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To provide a unit for adjusting humidification capable of improving inconveniences that may otherwise be caused to occur due to
damages, while sustaining the humidifying ability and other performance that are to be originally achieved by the humidification
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(57) Abrege(suite)/Abstract(continued):
adjusting unit. Around the outer surface of the exothermic member (13) are wound multiple hollow fibers (14) each having a minute

diameter and having a peripheral wall with minute openings each being large enough to allow water vapor to permeate
therethrough yet small enough to fall to permeate water therethrough, and the multiple hollow fibers (14) and the exothermic
member (13) are inserted tightly into an extendable mesh cover tube (15) In engagement therewith. In order to perform
humidification, water to be supplied to the multiple hollow fibers (14) iIs warmed by the exothermic member (13) to generate water

vapors. Even If the multiple hollow fibers (14) would be broken or damaged, the water to be leaked from the multiple hollow fibers
can be made extremely small in volume by taking advantage of the minuteness of each of the multiple hollow fibers (14), thereby
falling to cause to occur any substantial problems that may otherwise cause inconveniences due to the leakage of water.
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(54) Title: UNIT FOR ADJUSTING HUMIDIFICATION

(57) Abstract

To provide a unit for adjusting humidification capable of improving inconveniences that may otherwise be caused to occur due to
damages, while sustaining the humidifying ability and other performance that are to be originally achieved by the humidification adjusting
unit. Around the outer surface of the exothermic member (13) are wound multiple hollow fibers (14) each having a minute diameter and
having a peripheral wall with minute openings each being large enough to allow water vapor to permeate therethrough yet small enough
to fail to permeate water therethrough, and the multiple hollow fibers (14) and the exothermic member (13) are inserted tightly into an
extendable mesh cover tube (15) in engagement therewith. In order to perform humidification, water to be supplied to the multiple hollow
fibers (14) is warmed by the exothermic member (13) to generate water vapors. Even if the multiple hollow fibers (14) would be broken
or damaged, the water to be leaked from the multiple hollow fibers can be made extremely small in volume by taking advantage of the
minuteness of each of the multiple hollow fibers (14), thereby failing to cause to occur any substantial problems that may otherwise cause
iconveniences due to the leakage of water.
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Title of Invention

Unit For Adjusting Humidification

Detailed Description of The Invention

Field of Technology Belonging To The Invention

The present invention relates to a unit for adjusting humidification, a humidifying unit
for an artificially respiratory device using the unit for adjusting humidification and a method for

the preparation of a unit for adjusting humidification.

Prior Art
For example, Japanese Patent Application Unexamined Publication No. 62-26,076

discloses a unit for adjusting humidification which uses a tube having a peripheral wall with

minute openings large enough to allow water vapor to permeate therethrough yet small enough

- to fail to permeate water therethrough. This humidification adjusting unit is provided with one

tube having a peripheral wall with minute openings, the peripheral wall being somewhat larger
in diameter, and arranged in such a way that an electrically exothermic member having an inner
diameter of at least 3 mm or larger is disposed in the one tube. Upon use, the tube 1s allowed
to be communicated to a water supply source for supplying water, and 1t is filled in with water
always during use and water vapors are allowed to be discharged by the aid of heat generated
from the electrically exothermic member from the inside of the tube to the outside of the
hollow fibers through the minute openings provided in the peripheral wall.

Therefore, such a humidification adjusting unit as disclosed therein can not only ensure
the function of humidifying if it is located, for example, in an intake path (an intake circuit) of
an artificially respiratory device but also be disposed in an intake path by taking advantage of
an outer shape of the humidification adjusting unit being in the form of a tube. When 1t is

employed as a humidifying unit, it does not require a large volume chamber.

Problems Sought to be Solved by The Invention
For the humidification adjusting unit as described herein above, however, there is

provided one tube somewhat larger in diameter in order to ensure the generation of a certain

amount of water vapors. Once the tube would be broken, an unacceptably large amount of
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water may be forced to leak outside the tube and such leakage will suffer from various
inconvenience. For example, in the case where the such unit for adjusting humidification is
employed as an intake path for an artificially respiratory device, it may become hazardous if
leaked water would cause a decrease in the humidifying function and such leaked water
would flow into the intake side of the artificially respiratory device, i.e. the side on which it is
connected to a patient.

Given the foregoing situation, the present invention has been performed and, in one
aspect, provides a unit for adjusting humidification capable of remarkably improving
inconvenience that may otherwise be caused resulting from damages, even if such damages
would occur, while sustaining the humidifying function and so on that are originally provided
in the unit for adjusting humidification.

In a further aspect, the present invention provides a humidifying unit for an artificially
respiratory device using the humidification adjusting unit.

In a further aspect, the present invention provides a method for the preparation of the
unit for adjusting humidification.

Summary of the Invention

In one aspect of the present invention, there is provided a unit for adjusting
humidification comprising an exothermic member having an outer surface; and a plurality of
hollow fibers disposed on the outer surface of the exothermic member, wherein each hollow
fiber in the plurality of hollow fibers includes a liquid carrying channel defined by a
peripheral wall of the hollow fiber for carrying liquid proximate to the outer surface of the
exothermic member, wherein the peripheral wall of each hollow fiber has a plurality of
minute openings that are large enough to allow a gas to pass therethrough yet small enough to
prevent the liquid from passing therethrough, so that liquid carried in the channel of each
hollow fiber is maintained in a spaced apart relation from the exothermic member.

In a further aspect of the present invention, there is provided an artificial respiratory
system comprising (a) a pressure generator adapted to generate a flow of breathing gas; (b) an
intake circuit coupled to the pressure generator so as to deliver the flow of breathing gas to a
patient; and (c) a unit for adjusting humidification disposed in the patient circuit, the unit

comprising an exothermic member having an outer surface, and a plurality of hollow fibers
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disposed on the outer surface of the exothermic member, wherein each hollow fiber in the
plurality of hollow fibers includes a liquid carrying channel defined by a peripheral wall of
the hollow fiber for carrying liquid proximate to the outer surface of the exothermic member,
wherein the peripheral wall of each hollow fiber has a plurality of minute openings that are
large enough to allow a gas to pass therethrough yet small enough to prevent the liquid from
passing therethrough so that liquid carried in the channel of each hollow fiber is maintained in
a spaced apart relation from the exothermic member.

In a further aspect of the present invention, there is provided a method of
manufacturing a humidification element comprising providing a plurality of hollow fibers,
wherein each hollow fiber in the plurality of hollow fibers is defined by a peripheral wall
having minute openings large enough to allow a gas to pass therethrough yet small enough to
prevent a liquid from passing therethrough; and wrapping the plurality of hollow fibers
around an exothermic member such that the plurality of hollow fibers are disposed on the

outer surface of the exothermic member.
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. Brief Description of The Drawings

Fig. 1. A whole structural diagram showing a humidifying unit for an artificially

respiratory device according to the first embodiment of the present invention.

Fig. 2. A diagram showing an enlarged essential portion of Fig. 1.

Fig. 3. A perspective view showing the humidifying structural body to be employed in

the first embodiment of the present invention.

Fig. 4. A view describing the one connector of the humidifying structural body in the

first embodiment of the present invention.

Fig. 5. A perspective view describing the steps of the preparation of the humidifying

structural body in the first embodiment of the present invention.

Fig. 6. A perspective view describing the steps of the preparation thereof, following

the step of Fig. 5.

Fig. 7. A perspective view describing the steps of the preparation thereof, following

the step of Fig. 6.
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Fig. 8. A perspective view showing the humidifying structural body according to the

second embodiment of the present invention.

Fig. 9. A perspective view showing the humidifying structural body according to the

third embodiment of the present invention.

Fig. 10. A perspective view showing the humidifying structural body according to the

fourth embodiment of the present invention.

Fig. 11. A perspective view showing the multiple hollow fibers gathering in the tape

shape to be employed in the fourth embodiment of the present invention.

Fig. 12. A longitudinally sectional view showing the state in which the multiple hollow

fibers gathering in the tape shape is wound.

Fig. 13. A perspective view showing the humidifying structural body according to the

fifth embodiment of the present invention.

Fig. 14. A perspective view showing the humidifying structural body according to the

sixth embodiment of the present invention.

Fig. 15. A perspective view showing the humidifying structural body according to the

seventh embodiment of the present invention.

Fig. 16. A perspective view showing the humidifying structural body according to the

eighth embodiment of the present invention,

Fig. 17. A perspective view showing the humidifying structural body according to the

ninth embodiment of the present invention.

Fig. 18. A perspective view showing the humidifying structural body according to the

tenth embodiment of the present invention.
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Embodiments of the Invention

In one embodiment, the present invention has the multiple hollow fibers held on

the outer surface of the exothermic member. Each of the multiple hollow fibers has the

peripheral wall with the minute openings each being large enough to allow water vapor to
permeate therethrough yet small enough to fail to permeate water therethrough, it not only can
be diéposed in the path small in diameter but can exhibit its humidifying function to an

appropriate extent by discharging water vapors into the outside of each of the multiple hollow
fibers from the inside of each of the multiple hollow fibers through the minute openings
provided in each of the peripheral walls thereof simply by filling each of the muitiple hollow
fibers in with water and heating the multiple hollow fibers with the exothermic member.
Further, as the humidification adjusting unit is structured by the multiple hollow fibers
small in size as a whole and each one hollow fiber constituting the multiple hollow fibers being
minute in diameter. an amount of water leaking from the hollow fibers, if leaked therefrom, can
be reduced to an extremely small level, even if the hollow fibers would be damaged, broken,
etc., thereby failing to reduce its humidifying function and improving it to such an extent as
such water leaking therefrom causing neither inconveniences nor substantial problems.
Furthermore, as the multiple hollow fibers are held on the outer surface of the

exothermic member having a certain degree of physical intensity, the exothermic member may

also be employed as a member for supporting the posture of the multiple hollow fibers held to

the exothermic member.
From the foregoing, the present invention can provide such a humidification adjusting

4b
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unit so adapted as to sustain the humidifying ability as high as the humidification adjusting unit
should onginally have as well as to improve inconveniences that may otherwise be caused to
occur, even when it is damaged, and in addition thereto to hold the multiple hollow fibers

always at its given posture even if a member for supporting the posture thereof would not be

nraovided separatelv.

In a further embodiment, the present invention is structured in such a manner that the
exothermic member is of an extendable shape. It can improve the ability for humidifying by
increasing the area of the exothermic member heating the multiple hollow fibers and the area
thereof holding the multiple hollow fibers as well as the ability of holding the posture of the

multiple hollow fibers held to the exothermic member.

In a further embodiment, the present invention is structured such that the exothermic
member consists of the electrically exothermic member, the amount of heat to be applied to the

water in the multiple hollow fibers can be controlled without waste and with a high degree of

precision. Accordingly, the humidification adjusting unit according to the present invention can

~ ensure reliability and stability in its humidifying function.

In a further embodiment, the present invention provides the humidification adjusting unit

having the electrically exothermic member consisting of the heating wire for generating heat
upon transmission of electric current and the electrically insulating member disposed around

the heating wire for ensuring electrical insulation, it can ensure safety upon use because the

insulating performance can be ensured even if the electrically exothermic mémber is employed

as the exothermic member.

In a further embodiment, the present invention provides the humidification adjusting unit in

which the heat pipe is employed as the exothermic member. Therefore, the structure of the
humidification adjusting unit according to the present invention can be simplified because it
does not require to ensure electrical insulation, unlike the electrically exothermic member, at
least in a region in which the multiple hollow fibers are held and humidification is performed.
In addition, the heat pipe is made of a member generally having a physical intensity so
that the ability of holding the posture of the humidification adjusting unit according to the

present invention can be enhanced to a higher extent by taking advantage of the intensity of the

heat pipe for holding the posture of the multiple hollow fibers held on the heat pipe employed

as the exothermic member.
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In a further embodiment, the present invention provides the humidification adjusting unit -

in which the multiple hollow fibers are wound around the exothermic member, the secure

contact of the muitiple hollow fibers with the exothermic member can be ensured, thereby
capable of improving the transmission of heat from the exothermic member to the multiple
hollow fibers and the humidifying ability thereof can be readily increased or decreased by

adjusting the amount of the multiple hollow fibers wound around the exothermic member.

In a further embodiment, the present invention provides the humidification adjusting unit

in which the multiple hollow fibers are wound around the exothermic member in such a state

that the axis of each of the multiple hollow fibers is arranged so as to be generally parallel to
the axis of the exothermic member, it can aiso perform the same action and effects as achieved

by the present invention as claimed in claim 7.

In a further embodiment, the present invention provides the humidification adjusting unit
in which the multiple hollow fibers are bundled together at either of the sides of the exothermic
member and the bundled portion of the muitiple hollow fibers is formed with the connector to
be connected to the side of the water supply source. Therefore, the humidification adjusting

unit according to the present invention does not require to prepare for a connector separately
so that it can reduce the number of parts therefor.

In addition, as the connector to which the supply water is located on the one end side
of the exothermic member, the supporting of the humidification adjusting unit and the supply

of water thereto can be performed at one location by mounting the one end side thereof on the

mounting object, thereby capable of simplifying the manner of use of the humidification

adjusting unit,
, . In a further embodiment, the present invention provides the unit for adjusting

humidification in which the multiple hollow fibers are bundled together at each of the both

sides of the exothermic member and each of the bundled portions of the multiple hollow fibers

6
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is formed with the connector to be connected to the side of the water supply source, it is not
necessary to prepare the connector separately, thereby capable of reducing the number of parts

therefor. In addition, as water can be supplied to the multiple hollow fibers from the both end
sides thereof, the supply of water to each of the multiple hollow fibers can be performed at a

high speed and with high precision. In this case, as the peripheral wall of each of the multiple
hollow fibers is provided with such minute openings as each being large enough to allow water

vapor to permeate therethrough yet small enough to fail to permeate water therethrough, the

air present in each of the multiple hollow fibers can be discharged to the outside through the
minute openings formed in the peripheral wall of each of the multiple hollow fibers as the
water is supplied thereto even if the water is supplied to the multiple hollow fibers from their

both ends. Therefore, the humidification adjusting unit can be employed in such a state that the

multiple hollow fibers are filled in with water alone without the existence of air therein.

Furthermore, even if the multiple hollow fibers on the side of the one connector would
be blocked, water can be supplied from the side of the other connector. This can highly ensure
the certainty of supplying water to the multiple hollow fibers.

In a further embodiment, the present invention provides the unit for adjusting
humidification in which the both sides of the multiple hollow fibers are bundled together on
e.ither side of the exothermic member and the bundled portion of the multiple hollow fibers is

formed with the connector to be connected to the side of the water supply source.

~ In a further embodiment, the present invention provides the humidification adjusting unit

in which the multiple hollow fibers are bundled up at the one end portion thereof on the side of

the electric current supply end of the exothermic member and the bundled portion of the

multiple hollow fibers is formed with the connector to be connected to the side of the water
supply end thereof. This structure of the muitiple hollow fibers can simplify the arrangement of

the humidification adjusting unit because the electric current

supply system and the water supply system can be concentrated at the one location.
In a further embodiment, the present invention provides the humidification adjusting 8
unit in which the multiple hollow fibers are bundled up at the one end portion thereof on the

side opposite to the electric current supply end of the exothermic member and the bundled

portion of the multiple hollow fibers is formed with the connector to be connected to the side

7
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of the water supply end thereof. This structure of the multiple hollow fibers can make easier
the preparation of the humidification adjusting unit because the connector can be formed
simply for the purpose to supply water without taking the electric current supply system into
consideration.

In a further embodiment, the present invention provides the humidification adjusting unit
in which the humidifying structural body is structured by the multiple hollow fibers that are
held on the outer peripheral surface of the exothermic member and that have each the
peripheral wall with the minute openings each of which is large enough to allow water vapor to
permeate therethrough yet small enough to fail to permeate water therethrough and in which
the humidifying structural body is disposed in the short connection tube so as to be detachably
connected to the tube to be connected thereto. Hence, this invention can remarkably improve
inconveniences that may otherwise be caused by damages even if such damages would occur,

while sustaining the humidifying ability and so on that should be originally held by the

humidification adjusting unit.
In a further embodiment, the humidification adjusting unit

-can hold its predetermined posture without the aid of a separate unit for

supporting the posture of the multiple hollow fibers. In addition, the humidification adjusting

unit can be set ready for use simply by connecting the short connection tube to the tube

connected thereto.
In a further embodiment, the present invention uses the straight tube for the short

connection tube to achieve the same action and effects as achieved by the present invention as

claimed in claim 15 in thé manner as described herein above.

In a further embodiment, the present invention provides the humidification adjusting

unit having the mounting flange mounted detachably on the short connection tube, thereby

simplifying the mounting of the humidifying structural body on the short connection tube.

In a further embodiment, the tube portion on the one side of the L-shaped tube can be

employed as a portion for supporting (mounting) the humidifying structural body with high precision.
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Furthermore, the humidifying structural body can be set ready for use simply by
inserting the humidifying structural body into the mounting opening of the tube portion on the

one side of the humidifying structural body. This can improve mounting operability.

In a further embodiment, the present invention can accommodate the humidifying

structural body in its entirety within the short connection tube and therefore protect the

humidifying structural body by the short connection tube.

In a further embodiment, the present invention is so adapted as to allow a tight

insertion of the exothermic member and the multiple hollow fibers into the extendable mesh
cover tube by engagement, the present invention can hold the multiple hollow fibers on the
exothermic member with high precision and improve the transmission of heat from the
exothermic member to each of the multiple hollow fibers by pressing the multiple hollow fibers

onto the exothermic member with an appropriate degree of pressing force.

In a further embodiment, the present invention can humidify intake gases in the intake ke

circuit using the humidification adjusting unit, there is be provided a humidifying unit for an

artificial respiratory device using the humidification adjusting unit.
In a further embodiment, the mulitiple hollow

fibers are wound around the exothermic member in such a state that the axis of each of the

9
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multiple hollow fibers is generally parallel to the axis of the exothermic member and the

multiple hollow fibers are held on the outer surface of the exothermic member.

Further, upon the preparation of the humidification adjusting unit in the manner as
described herein above, there is employed the multiple hollow fibers gathering with the
multiple hollow fibers connected together integrally for winding around the exothermic

member so that they are not caused to be scattered, thereby improving workability for holding

the multiple hollow fibers on the exothermic member.

In a further embodiment, the present invention can increase the area of the multiple

hollow fibers held on the exothermic member simply by folding the multiple hollow fibers and

winding them on the exothermic member, then the humidifying ability of the humidification
adjusting unit can be enhanced.
In a further embodiment, the present invention can prepare the humidification adjusting

unit by locating the both end portions of the multiple hollow fibers gathering in a tape form at the

one end portion of the exothermic member as well as that can enhance the humidifying ability by

increasing the area of the multiple hollow fibers held on the exothermic member.

Manners of Practicing The Invention

The present invention will be described by way of examples with reference to the

10
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accompanying drawings.

Figs. 1 to 7 show the humidification adjusting unit according to the first embodiment
for practicing the present invention. As shown in Fig. 1, reference numeral 1 denotes an intake
tube of an intake circuit in an artificially respiratory device connecting an adapter (not shown)

5 connected to the lung of a patient to a source of supplying intake gases, although not shown,
an inner portion of the intake tube 1 constituting an intake path 2. Intake gases 3 (the existence
of intake gases and the direction of their flow being indicated by the arrow) flow toward the
adapter from the source of supplying the intake gases. The inner diameter of the intake path 2
may be set to be in the range of, for example, from 14 mm to 16 mm for an infant patient and

10 from 20 mm to 24 mm for a grown-up patient.

As shown in Figs. 1 and 2, in the embodiment according to the present invention, the
intake tube 1 is mounted detachably on a humidification adjusting unit 4 that is provided with a
short connection tube 5, a mounting flange 6, and a humidifying structural body 7.

The short connection tube 5 may be a straight tube and its both end portions are engaged

15 (connected) in an airtight fashion, each being connected to the connection end section of the
connection end portion la of the intake tube 1 to be connected thereto. The outer diameter of
the short connection tube S is set so as to be somewhat larger than the inner diameter of the
intake tube 1, in order to ensure the relationship of airtight engagement with the intake tube 1
to be connected thereto, and it may be set appropriately in accordance with the intake tube 1 to

20 be employed. As a matter of course, in this case, the relationship of engagement of the short
connection tube 5 with the connection end portion la of the intake tube 1 may be such that the
inner periphery of the short connection tube 5 is engaged with the outer periphery of the
connection end portion la of the intake tube 1. In such a case, the inner diameter of the short
connection tube 5 is set to be somewhat smaller than the outer diameter of the connection end

25 portion la of the intake tube 1 to be connected thereto, in order to ensure the relationship of
airtight engagement with the intake tube 1 to be connected thereto. Further, in this case, it is
needless to say that the use of a packing, a fastening band or the like may be preferably
employed in order to enhance airtightness.

The peripheral wall on the one end side of the short connection tube 5 (on the left side

30 in Figs. 1 and 2) is formed with a mounting opening 8 for mounting the mounting flange 6. The

mounting opening 8 is located at the position outside of the connection end portion la of the

intake tube 1 upon connection with the connection end portion la thereof and disposed so as to

11
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allow the inside of the short connection tube 5 to be communicated with the outside thereof

The mounting flange 6 consists of a flange portion 6a in a square-plate shape or the like
and a cylindrical holding portion 6b.

The flange portion 6a of the mounting flange 6 is shaped so as to be disposed along an
outer peripheral wall of the short connection tube 5 and it is fixed to the short connection tube
5 by a screw 9 so as to cover the mounting opening 8 of the short connection tube 5 in a tight
manner. The flange portion 6a is further provided with a communicating opening 10 that
allows the mounting opening 8 of the short connection tube 5 to open to the outside in the
center of the flange portion 6a.

The holding portion 6b of the mounting flange 6 is disposed so as to stand upright with
respect to the plate surface of the flange portion 6a in such a state in which the communicating
opening 10 of the flange portion 6a faces an opening 11 at the base end thereof. The holding
portion 6b is arranged to be inserted through the mounting opening 8 of the short connection
tube 5 over the entire length of the mounting opening 8 of the short connection tube 5,
extending up to the center of the short connection tube 5 in the radial direction, and then
curved on the other end side of the short connection tube 5 at a generally right angle (on the
right end side in Figs. 1 and 2). The end opening 12 is disposed so as to face the opening on
the other end of the short connection tube 5. The end opening 12 at the one end of the holding
portion 6b is large enough in size to be engaged with and held with the humidifying structural
body 7 and the end opening 12 is arranged so as to be communicated to the outside through
the communicating opening 10 of the flange portion 6a in the holding portion 6b.

As shown in Fig. 3, the humidifying structural body 7 comprises the exothermic
member 13, the multiple hollow fibers 14 to be held at the outer surface of the exothermic
member 13, and the mesh cover tube 15 to be inserted into and engaged with the exothermic
member 13 and the multiple hollow fibers 14.

In this embodiment of the present invention, the exothermic member 13 is an
electrically exothermic member of a columnar and extendable shape and may have a diameter

in the range of, for example, from approximately 3 mm to 6 mm and an entire length in the

range of, for example, from approximately 1 m to 2 m. The length 1n the extendable direction
(the length in left-hand and right-hand directions in Figs. 1 and 2) of the exothermic member

13 is set to be shorter than the axial length of the short connection tube 5. The exothermic

member 13 comprises a heating wire 16 (a heater wire) and an electrically insulating member

12
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17 enclosing the periphery of the heating wire 16, in order to ensure an electrical
configuration. The heating wire 16 is disposed in the inside of the electrically insulating
member 17 and has the function of generating heat upon supplying electric current. A
connection code 18 in a covering state to be connected to the heating wire 16 extends toward
the outside from the one end side of the exothermic member 13. The top end portion of the
connection code 18 is provided with one of connectors 19 for supplying electric current. The
insulating member 17 ensures insulating performance toward the outside and both of the
insulating member 17 and the heating wire 16 ensure somewhat high intensity.

Each of the multiple hollow fibers 14 constituting the multiple hollow fibers 14 has the
peripheral wall with the minute openings (for example, a porosity rate of approximately
57.8%) each of which allows water vapor to permeate therethrough yet fails to permeate water
therethrough. Each of the multiple hollow fibers 1s minute in size (for example, an outer
diameter, 413 microns; an inner diameter, 282 microns; an entire length, approximately 1.2
meters - 1.5 meters). In the embodiment of the present invention, the multiple hollow fibers
(the total number of from 40 to 60 hollow fibers in this embodiment) 14 are disposed in a state
such that the axis of each of the multiple hollow fibers 14 1s arranged about its entire periphery
so as to be nearly parallel to the axis of the exothermic member 13 and the entire periphery of
the exothermic member 13 is wound with the multiple hollow fibers 14. In this case, the
multiple hollow fibers 14 are folded in the middle in the direction in which they extend and the
exothermic member 13 is wound with the folded multiple hollow fibers 14. The end portion on
the path opening side of the both end portions of each of the multiple hollow fibers 14 is
arranged so as to extend outward from the one end side of the exothermic member 13 in a
state in which the ends of the multiple hollow fibers are arranged even.

It is now provided that the folded portion of the multiple hollow fibers 14 is rounded so
as not to be squashed.

As shown in Fig. 3 and 4, the both end portions of each of the multiple hollow fibers 14
in such an even arranged state are joined together at a position outside of either of the one end
sides of the exothermic member 13 with an adhesive agent 20 into a bundled state.

The bundled portion i1s formed with a one connector 21 of the connectors in a given shape
for supplying water. Upon the formation of the one connector 21, the adhesive agent 20 may

penetrate into the inside of the multiple hollow fibers 14 so that the one end portion of the

bundled multiple hollow fibers 14 into which the adhesive agent has penetrated is cut in round
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slices to form a new end surface. The connection code 18 is disposed so as to extend toward
the outside through the multiple hollow fibers 14.

As shown in Fig. 3, the mesh cover tube 15 1s in a mesh form extendable 1n both of its
axial and radial directions. The mesh cover tube 15 has an opening extending axially over the
entire length and communicating the inside to the outside thereof. The exothermic member 13
and the multiple hollow fibers 14 wound around the outer surface of the exothermic member
13 are inserted into the mesh cover tube 15 in a tight fashion. The multiple hollow fibers 14 are
allowed to press the outer surface of the exothermic member 13 by an appropriate degree of
pressing force that is created by the force upon the contraction of the mesh cover tube 13.

The humidifying structural body 7 is mainly of an extendable shape depending upon the

shape of the exothermic member 13 and it is shaped such that the diameter of the humidifying
structural body 7 is smaller than the inner diameter of the short connection tube 5 and that the

length in its extending direction is shorter than the axial length of the short connection tube 5.
The humidifying structural body 7 is arranged so as to be accommodated n its entirety within
the short connection tube 5.

A one end portion (the left end portion in Figs. 1 and 2) of the humidifying structural
body 7 is held in a tight engagement with the end portion of the holding portion 6b of the
mounting flange 6 in the short connection tube 5. On the other hand, the other end portion (the
right end portion in Figs. 1 and 2) of the humidifying structural body 7 is a free end side
extending toward the other end side of the short connection tube 5. Further, the connection
code 18 and the multiple hollow fibers 14 are extended in the holding portion 6b toward the
outside of the mounting flange 6 through the communicating opening 10. The one connector
21 in the connection code 18 and the one connector 19 for supplying electric current in the

multiple hollow fibers 14 are located outside of the mounting flange 6.

The humidifying structural body 7 may be prepared in the steps as shown 1n Figs. 5 to

As shown in Fig. 5, first, the multiple hollow fibers 14 each having the peripheral wall
with the minute openings each of which is large enough to allow water vapor to permeate
therethrough yet small enough to permeate water therethrough are prepared so as to be formed
into a multiple hollow fibers gathering 22a in a sheet shape in which the axis of each of the
multiple hollow fibers 14 is arranged so as to be generally paraliel to each other. By combining

the multiple hollow fibers 14 in the manner as described herein above, the multiple hollow
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fibers 14 can be treated in such a collective manner as failing to be scattered, whereby the
work for holding the multiple hollow fibers 14 to the exothermic member 13 can be improved
greatly.

In this case, a string member 23 or the like may be employed in order to join the
multiple hollow fibers 14 integrally to each other into the multiple hollow fibers gathering.

Then, as shown in Fig. 5, the multiple hollow fibers gathering 22a 1s folded in the
middle in the direction in which each of the multiple hollow fibers 14 extends, and the
exothermic member 13 is disposed on the folded multiple hollow fibers gathering 22a. At this
time, the other end portion of the exothermic member 13 is arranged so as to become even
with the folded portion of the multiple hollow fibers gathering 22a, while attention is being
paid to the fact that the folded portion of the multiple hollow fibers gathering 22a is not
squashed and that the axis of the exothermic member 13 is arranged so as to be generally
parallel to the axis of each of the multiple hollow fibers 14. Further, the both end portions of

the multiple hollow fibers 14 are disposed so as to project outward from the one end portion of

~ the exothermic member 13.

Thereafter, as shown in Fig. 6, the folded multiple hollow fibers gathering 22a is wound
around the exothermic member 13 while sustaining the state in the manner as described herein
above. By holding the multiple hollow fibers 14 in that state to the outer surface of the
exothermic member 13 and arranging the multiple hollow fibers 14 so as to increase the area of
the exothermic member 13 in which the multiple hollow fibers 14 are held to the exothermic
member 13, the humidifying ability of the humidifying structural body 7 (the humidification
adjusting unit 4) 1s improved.

At this time, as shown in Figs. 5 and 7, the connection code 18 is disposed
extending through the multiple hollow fibers 14 and projecting toward the outside of the
wound multiple hollow fibers gathering 22a. This can easily conduct the work for forming the
one connector 21 easy to be conducted in the step that follows.

Then, as shown in Fig. 7, the multiple hollow fibers gathering 22a and the exothermic
member 13 are inserted tightly into the extendable mesh cover tube 15. The multiple hollow
fibers 14 are held with high precision to the exothermic member 13 and each of the multiple
hollow fibers 14 is in contact with the exothermic member 13 with an appropriate degree of

the pressing force, thereby improving the transmission of heat from the exothermic member 13

to each of the multiple hollow fibers 14.
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Next, as shown in Figs. 3 and 4, the end portion of the folded hollow fibers gathering
22a on its path opening side (the both end portions of the multiple hollow fibers 14) is joined

together with the adhesive agent 20 into a bundle. The bundled portion is formed with the one
connector 21 to form the humidifying structural body 7. This does not require a connector to
be prepared separately and therefore can reduce the number of parts. Further, this allows water
to be supplied to the multiple hollow fibers 14 from the both end sides of the muitiple hollow
fibers 14, for example, thereby capable of filling each of the multiple hollow fibers 14 in with
water at a high speed and with a high degree of precision.

At this time, the one connector 21 may be formed by combining the both end portions
of the multiple hollow fibers 14 together or by separately combining each of the end portions
of the multiple hollow fibers 14 together.

As shown in Fig. 1, the one connector 21 of the humidifying structural body 7 prepared
in the manner as described herein above is connected through a water supply tube 25 to a
water bag 24 as a source of supplying water. The water bag 24 is filled with a predetermined
amount of water and the amount of the water filled in the water bag 24 can be visually
confirmed from the outside because the water bag 24 is made of a transparent or translucent
material. The water bag 24 is mounted on a pole (not shown) in a hung state and the water
filled 1n the water bag 24 is provided with a predetermined position head. The water bag 24 is
further provided at its lower portion with a water outlet 24a and at its upper portion with an
opening (not shown) through which the inside of the bag communicates to the outside.

The water supply tube 25 has its one end portton connected (for example, held by
engagement) to the water outlet 24a of the water bag 24 and its other end portibn formed with
the other connector 26 (schematically shown) as the counterpart of the one connector 21, as
shown in Fig. 1 and 4. The other connector 26 is formed so as to be engaged with the one
connector 21 in an airtight manner by a one-touch operation.

Further, as shown in Fig. 1, the water supply tube 25 1s provided with a water drops
count device 27 as a flow meter for measuring the flow of water. The water drops count
device 27 is so arranged as to allow a flow of water on the side of the connector 21 formed in
the multiple hollow fibers 14 after the water has been dropped from the water bag 24 into the
water drops count device 27. Further, the water drops count device 27 is so arranged as to
visually confirm the state in which the water drops from the outside.

To the one connector 19 for the supply of electric current, as shown in Fig. 1, is
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connected the other connector 28 for the supply of electric current, and the other electric
current supply connector 28 in turn is connected to a power source 30 through an adjustment
unit 29. By connecting both of the electric current supply connectors 19 and 28, electric
current is allowed to be supplied to the heating wire 16 generating heat and thus warming each
of the multiple hollow fibers 14 to discharge water vapors into intake gases 3 from the multiple
hollow fibers 14. The amount of the water vapors to be discharged at this time may be adjusted
automatically on the basis of the difference between the pressure of the water vapors in the
multiple hollow fibers 14 and the pressure of the water vapors in the intake path 2.

It 1s to be provided, however, that the temperature of the intake gases is set by the
electrically exothermic member 13 to fail to become higher than a predetermined degree of the
temperature, that 1s, the temperature at which inconveniences may be caused to occur for the
patient.

In Fig. 1, reference symbol M denotes a monitor. The monitor M is supplied on the
downstream side of the humidification adjusting unit 4 with signals from a
temperature-moisture sensor 31 for sensing the temperature and the moisture of the intake
gases 3 and signals from a water drops detecting sensor for sensing water drops in the water
dropping device 27. The monitor M monitors the contents of these signals and operates an
alarm means (for example, an alarm lamp or an alarm buzzer) as it detects them as being higher
than the set level.

Therefore, the humidifying unit 34 with the structure as described herein above, as a
matter of course, can demonstrate the humidifying ability for humidifying the intake gases 3 to
an appropriate extent on the basis of the discharging of water vapors from the humidifying
structural body 7 when the humidifying structural body 7 is disposed in the intake path 2
having a small diameter. Further, the humidifying unit 34 is so adapted as to monitor the
breakage of the hollow fibers 14 or other damages (i.e. a leakage of water from the hollow
fibers 14) with extremely high precision because the water drops detecting sensor can sense the
leakage of water, even if very small, from the hollow fibers 14 due to the breakage or damages
of the hollow fibers 14 as a variation in the state in which water drops on the side of the water
dropping unit 27 (i.e. whether the set state is satisfied), and the state detected is transmitted to
the monitor M and then to the alarm means 33.

Furthermore, in the embodiment of the present invention, in addition to the contents as

described herein above, the multiple hollow fibers 14 are structured by the multiple hollow
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fibers 14 having a small size in the entirety and each of the multiple hollow fibers 14
constituting the multiple hollow fibers 14 is extremely small in diameter. Therefore, even if the
hollow fibers 14 would be broken or damaged or undergo other faults, the amount of water
leaking from the hollow fibers 14 can be controlled to an extremely small level so that the
humidifying unit according to the present invention does not reduce the humidifying ability and
can improve the inconveniences and problems which may otherwise be caused due to the
leakage of water to such an extent as causing any such inconveniences and problems to no

substantial level, even if such would be caused to occur.

In this case, although the multiple hollow fibers 14 are generally flexible, they are held
on the exothermic member 13 that is physically stronger to some extent so that the exothermic
member 13 can demonstrate the function of supporting the flexible hollow fibers 14. Therefore,
the multiple hollow fibers 14 can always sustain their predetermined posture without the
disposition of a posture supporting means separately by taking advantage of the exothermic
member 13 as a unit for holding the posture of the multiple hollow fibers 14, too.

Further, the exothermic member 13 is of a columnar shape extendable in both
directions so that the area of the exothermic member for heating the multiple hollow fibers 14
and the area thereof for holding them can be increased readily, thereby enabling improvements
in the humidifying ability and enhancing the ability of holding the posture of the multiple
hollow fibers 14 to a higher extent.

Furthermore, as the exothermic member 13 consists of the electrically exothermic
member, the amount of heating the multiple hollow fibers 14 (i.e. the water contained therein)
can be controlled without waste and with high precision, thereby providing reliability and
safety for the humidifying ability of the humidification adjusting unit 4 according to the present
invention.

In this case, there is provided the electrically insulating member 17 enclosing the
heating wire 16 for ensuring insulation. Thus, even if the electrically exothermic member is

employed as the exothermic member 13, insulation against the outside can be ensured and at

the same time safety upon use can be ensured.

Furthermore, the multiple hollow fibers 14 are wound around the exothermic member
13 in such a manner that the axis of each of the multiple hollow fibers 14 1s arranged so as to

be generally parallel to the axis of the exothermic member 13, thereby ensuring a secure

contact of each of the multiple hollow fibers 14 with the outer surface of the exothermic
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member 13 and improving the transmission of heat to each of the multiple hollow fibers 14
from the exothermic member 13. In addition, the amount of the multiple hollow fibers 14
wound around the exothermic member 13 can be readily adjusted, thereby allowing a ready
adjustment of an increase or a decrease of the humidifying ability of the humidification
adjusting unit according to the present invention.

In addition, the multiple hollow fibers 14 are bundled outside the one end side of the
exothermic member 13 and the bundled portion is formed with the one connector 21 to be
connected to the water bag 24. Therefore, the humidification adjusting unit according to the
present invention can reduce the number of parts because such a connector is not required to
be prepared separately.

Further, the one connector 21 for supplying water is located on the one end side of
the exothermic member 13. By using the one end side of the exothermic member 13 as the side
for supporting a mounting object, the supporting system, the water supply system and the
electric current supply system of the humidification adjusting unit 4 according to the present
invention can be concentrated at one location, thereby capable of simplifying the manners of
use and the structure of connection and making the connection work more efficiently.

At this time, each of the multiple hollow fibers 14 can be filled in with water at a high
speed and with high precision by supplying water to the multiple hollow fibers 14 from their
both end sides. As the peripheral wall of each of the multiple hollow fibers 14 is provided with
the minute openings that are each large enough to allow water vapor to permeate therethrough
yet small enough to fail to permeate water therethrough, air present in each of the multiple
hollow fibers 14 can be discharged into the outside through the minute openings formed in the
peripheral walls of the multiple hollow fibers as the water is supplied therein to, even if each of
the multiple hollow fibers 14 is supplied with water from its both side ends. Hence, each of the
multiple hollow fibers 14 can always be filled in with water alone without the presence of air
therein.

Furthermore, even if the multiple hollow fibers 14 would be blocked on the
connector side on the one end side of the multiple hollow fibers 14, water can be supplied to
the multiple hollow fibers 14 from the connector side on the other end side of the multiple
hollow fibers 14. This arrangement can enhance reliability in the water supply to each of the
multiple hollow fibers 14.

Further, in the embodiment of the present invention, the humidification adjusting unit 4
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is provided with the short connection tube 5 of a straight tube shape so that it can be readily
set simply by connecting the short connection tube 5 to the connection end portion la of the
intake tube 1. This can improve workability of setting the humidification adjusting unit.

In this case, as the humidifying structural body 7 is combined in a unit, the assembly of
the humidifying structural body 7 with the short connection tube 5 can be performed in a
simplified manner by using the mounting flange 6. Further, the humidifying structural body 7
can be assembled directly with the intake tube 1 in a simplified manner by forming the
mounting opening 8 in the intake tube 1.

Further, as the humidifying structural body 7 is accommodated in the short connection
tube 5 in its entirety, the humidifying structural body 7 is protected by the short connection
tube 5, whereby the mounting operation, the transferring operation and other operations can be
carried out in a convenient manner.

In addition, as the exothermic member 13 and the multiple hollow fibers 14 are inserted
into the extendable mesh cover tube 15 in a tightly engaged manner, the multiple hollow fibers
14 can be held around the exothermic member 13 with high precision and the transmission of
heat from the exothermic member 13 to each of the multiple hollow fibers 14 can be improved
by allowing each of the multiple hollow fibers 14 to come into contact with the exothermic
member 13 with an appropriate degree of pressing force.

Figs. 8 et seq. show other embodiments of the humidification adjusting unit according
to the present invention. In each of the embodiments that follow, the same structuring elements
as in the first embodiment are provided with the identical reference numerals and symbols and
a duplicate description will be omitted.

Fig. 8 shows the humidification adjusting unit according to the second embodiment of
the present invention. In the second embodiment, the multiple hollow fibers 14 are bundled at
the both end sides of the exothermic member 13 and the bundled portions are formed each
with the one connector 21 to be connected to the side of the water bag 24

In this case, the humidification adjusting unit according to this embodiment can reduce
the number of parts because a connector is not required to be prepared separately. Further,
water can be filled in each of the multiple hollow fibers 14 at a high speed and with high
precision even if the water supply to each of the multiple hollow fibers 14 would be performed

from the both end sides thereof. In addition, even if the multiple hollow fibers 14 would be

blocked at the connector side outside either one side of the exothermic member 13, water can
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be supplied to each of the multiple hollow fibers from the connector outside the other end side
of the exothermic member 13, thereby enhancing reliability in supplying water to each of the
multiple hollow fibers 14.

Fig. 9 shows the humidification adjusting unit according to a third embodiment of the
present invention. In the third embodiment, the multiple hollow fibers 14 are bundled on the

other end side of the exothermic member 13 opposite to the electric current supply side of the

exothermic member 13 and the bundled portion is formed with the one connector 21 to be

- connected to the side of the water bag 24.

This arrangement can form the one connector 21 without taking an electric current
supply system into consideration, thereby making the formation of the one connector 21 easier.

On the contrary to the case in the third embodiment, as a matter of course, the one
connector 21 may be formed on the one end side of the exothermic member 13 which is the
electric current supply side of the exothermic member 13.

Figs. 10-12 show the humidification adjusting unit according to a fourth embodiment of
the present invention. In the fourth embodiment, the multiple hollow fibers 14 each being
large enough to allow water vapor to permeate therethrough yet small enough to fail to
permeate water therethrough are untted into the multiple hollow fibers gathering 22b formed in
a tape shape by connecting each of the multiple hollow fibers 14 integrally to each other with a
string member 23 or the like so as to allow the axis of each of the multiple hollow fibers 14 to
become generally parallel to the axis of the exothermic member 13 (as referred to in Fig. 11).
The multiple hollow fibers gathering 22b 1n a tape form is then wound around the exothermic
member 13 in a spiral manner, and the humidifying structural body 7 is then prepared by
inserting the multiple hollow fibers gathering 22b and the exothermic member 13 into the
extendable mesh cover tube 15 in a tightly engaged manner.

In the preparation of the humidifying structural body 7 in the manner as described
herein above, there can also be achieved the action and effects similar to those as achieved by
the method for the preparation of the humidification adjusting unit in the first embodiment of
the present invention.

In the fourth embodiment of the present invention, as shown in Fig. 10, the multiple
hollow fibers gathering 22b in the tape form i1s wound around the exothermic member 13
starting with a one end portion of the exothermic member 13 over the entire length thereof to

the other end portion thereof and then continually turning from the other end portion thereof
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back to the one end portion thereof. The winding of the muitiple hollow fibers gathering 22b
around the exothermic member 13 in the manner as described herein above locates the both
end portions of the multiple hollow fibers gathering 22b at the one end portion of the
exothermic member 13 and the both end portions of the multiple hollow fibers gathering 22b
are formed each with the one connector 21. As a matter of course, at this time, the both end
portions of the multiple hollow fibers gathering 22b can be bundled together integrally and the
bundled portion may be formed with the one connector 21.

In the fourth embodiment of the present invention, too, the amount of the multiple
hollow fibers 14 held on the exothermic member 13 can be increased improving the
humidifying ability. At the same time, as the both end portions of the multiple hollow fibers
gathering 22b are located at the one end portion of the exothermic member 13, the
humidification adjusting unit according to the fourth embodiment of the present invention can
achieve the action and effects equivalent of those as achieved in the first embodiment (Fig. 3).

Fig. 13 shows the humidification adjusting unit in a fifth embodiment of the present

~invention and specifically shows a variant of the manner of winding the multiple hollow fibers

gathering 22b in the tape form around the exothermic member 13 as in the fourth embodiment.
In the fifth embodiment, the multiple hollow fibers gathering 22b in the tape form is wound
around the exothermic member 13 starting with a one end portion of the exothermic member
13 and extending over the entire length up to the other end portion of the exothermic member
13 in such a manner that the one end portion of the multiple hollow fibers gathering 22b in the
tape form is located at the one end portion of the exothermic member 13 and the other end
portion of the multiple hollow fibers gathering 22b in the tape form is located at the other end
portion of the exothermic member 13. Further, the openings at the other end portion 35 of the
multiple hollow fibers gathering 22b in the tape form are closed with adhesive agent or the like
(the state in which the openings at the other end portion 35 of the multiple hollow fibers
gathering 22b in the tape form are closed 1s shown by oblique lines in the drawing).
Furthermore, the one end portion of the multiple hollow fibers gathering 22b in the tape form
1s bundled and the bundled portion is formed with the one connector 21.

As the multiple hollow fibers gathering 22b in the tape form is wound around the
exothermic member 13 in a spiral form in the manner as described herein above, even where

the one connector 21 is to be located at the one end side of the exothermic member 13 that is

the electric current supply stde of the exothermic member 13, the one connector 21 can be
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formed without taking the electric current supply system into consideration, thereby facilitating
the preparation of the one connector 21.

Fig. 14 shows the humidification adjusting unit in accordance with a sixth embodiment
of the present invention, which is a variant of the fifth embodiment as described herein above.
In the sixth embodiment, the one end portion of the multiple hollow fibers gathering 22b in the

tape form wound around the exothermic member 13 is located at the one end portion of the

exothermic member 13 and the other end portion of the multiple hollow fibers gathering 22b in
the tape form is located at the other end portion of the exothermic member 13.

Further, the multiple hollow fibers gathering 22b in the tape form is bundled at each of
the both end portions thereof and each of the bundled portions thereof 1s formed with the one
connector 21.

This arrangement can achieve the action and effects equivalent of those as achieved by

the humidifying structural body 7 in the second embodiment.

Fig. 15 shows the humidification adjusting unit in a seventh embodiment of the present
invention, which indicates a variant of the humidification adjusting unit 4. In the humidification
adjusting unit 4, the mounting flange 6 is arranged in such a manner that the holding portion 6b
is disposed standing upright from the flange portion 6a and a one end portion of the
humidifying structural body 7 is curved at a nearly right angle with respect to the other end
portion thereof. Further, the one end portion of the humidifying structural body 7 is held to the
holding portion 6b by engagement.

In this case, too, the humidifying structural body 7 can be disposed with the other
end portion thereof extending in the axial direction of the short connection tube 5 by mounting
the mounting flange 6 on the short connection tube 5.

Fig. 16 shows the humidification adjusting unit in accordance with an eighth
embodiment of the present invention, which indicates a variant of the humidification adjusting

unit. In the eighth embodiment, the short connection tube S is a generally L-shaped tube and it

1s disposed in such a manner that a one end portion of the humidifying structural body 7 is
mounted through the mounting flange 6 on the tube portion 5a on a one end side of the short
connection tube 5 in a region where the one end portion of the humidifying structural body 7
faces a sectional surface of the path of the tube portion 5b on the other side of the short
connection tube 5, and the other end side of the humidifying structural body 7 extends in the

axial direction of the tube portion Sb on the other side of the short connection tube 5 in the
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tube portion 5b on the other side thereof.

This arrangement allows the generally L-shaped tube to be detachably mounted on the
intake tube 1 in the same manner as in the first embodiment as described herein above. In this
embodiment, the tube portion 5a on the one side of the generally L-shaped tube 5 can be
employed as a supporting portion (a mounting portion) for supporting the humidifying
structural body 7 with high precision and further the humidifying structural body 7 is set ready
for use simply by inserting the humidifying structural body 7 into the mounting opening 8 of
the short connection tube 5 at a right angle to the tube portion Sa on the one side of the short
connection tube 5.

Fig. 17 shows the humidification adjusting unit according to a ninth embodiment of the
present invention, which indicates a variant of the humidification adjusting unit according to
the eighth embodiment as described herein above. In the ninth embodiment, the short
connection tube 5 is of an inner-outer double tube structure and the tube portion Sb on the
other side of the short connection tube S as used in the eighth embodiment may be employed
as an inner tube 36 of the short connection tube according to this embodiment, and the inner
tube 36 is disposed inserting an outer tube 37 so as to enclose the outer periphery of the inner
tube 36, thereby forming a ring-shaped path around and between the outer wall surface of the
inner tube and the inner wall surface of the outer tube.

In this embodiment, the short connection tube 5 can be connected to an artificially
respiratory circuit of an inner-outer double tube structure and the humidification adjusting
unit according to this embodiment can be set readily to such an artificially respiratory circuit.

In this case, exhaled gases are allowed to flow on the side of the outer tube (between
the inner tube and the outer tube) and, in this case, it 1s possible to prevent water vapors within
the inner tube from condensing using the heat from the exhaled gases flowing in the
ring-shaped path.

Fig. 18 shows the humidification adjusting unit in a2 tenth embodiment of the present
invention, which indicates a variant of the exothermic member 13. In the tenth embodiment, a
heat pipe 38 of an extendable shape is employed as the exothermic member 13 used in the
eighth embodiment (as shown in Fig. 16) and a heater 39 1s mounted on a one end portion of
the heat pipe 38.

This arrangement of the exothermic member can simplify the structure of the

humidification adjusting unit because it is not necessary to ensure insulation in a region where
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the multiple hollow fibers 14 are held and humidified. Further, using a general intensity

member for the heat pipe 38, the posture of the multiple holiow fibers 14 held to the heat pipe

can be enhanced to a higher extent.

pipe 38, the action of the heat pipe 38 as the exothermic member 13 can be more ensured.

Further, by using the heater 39 as a heat source of an endothermic portion of the heat

Description of Reference Numerals

22a
22b
24

34
36
37

38
39

Intake tube

Intake path

Intake gases

Humidification adjusting unit
Short connection tube
Tube portion on a one side
Tube portion on the other side
Mounting flange
Humidifying structurai body
Exothermic member
Hollow fibers

Mesh cover tube

Heating wire

Insulating member

One connector

Hollow fibers gathering
Hollow fibers gathenng
Water bag

Humidifying unit

Inner tube

Outer tube

Heat pipe

Heater

25

ettt e 25 T WO R T M et T ~imaa BN VRN R M, o0 - v it il IR R R vt saasion] mi St Ll aswiaido R Wl 2 Hen tienikens Tl il B R i St gt e e -t R Vo

BN LT Bl g D HTL |

~ummar ] S 2225, i VRN W N N e ARV | 0 v a2 Bl g e S WM



CA 02261594 2006-04-19

1. A unit for adjusting humidification comprising:

an exothermic member having an outer surface; and

a plurality of hollow fibers disposed on the outer surface of the exothermic
member, wherein each hollow fiber in the plurality of hollow fibers includes a liquid carrying
channel defined by a peripheral wall of the hollow fiber for carrying liquid proximate to the
outer surface of the exothermic member, wherein the peripheral wall of each hollow fiber has
a plurality of minute openings that are large enough to allow a gas to pass therethrough yet
small enough to prevent the liquid from passing therethrough, so that liquid carried in the

channel of each hollow fiber is maintained in a spaced apart relation from the exothermic

member.

2. The unit of claim 1, wherein the exothermic member is elongated with a

length that is greater than its diameter.

3. The unit of claim 2, wherein the exothermic member includes a heating
wire adapted to generate heat responsive to an electrical current being provided to the heating

wire.

4. The unit of claim 3, wherein the exothermic member further includes an
electrical insulating member disposed on the heating wire to electrically insulate the heating

wire.

5. The unit of claim 1, wherein the exothermic member comprises a heat pipe

adapted to be heated by a heater disposed at one end thereof.

6. The unit of claim 1, wherein the plurality of hollow fibers are disposed on

the exothermic member in a spiral manner.
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7. The unit of claim 1, wherein the plurality of hollow fibers include a
longitudinal axis, wherein the exothermic member includes a longitudinal axis, and wherein
the plurality of hollow fibers are disposed on the exothermic member such that the

longitudinal axis of the plurality of hollow fibers is substantially parallel to the longitudinal

axis of the exothermic member.

8. The unit of claim 1, wherein the plurality of hollow fibers include a
longitudinal axis, wherein the exothermic member includes a longitudinal axis, and wherein
the plurality of hollow fibers are disposed on the exothermic member such that the

longitudinal axis of the plurality of hollow fibers is substantially perpendicular to the

longitudinal axis of the exothermic member.

9. The unit of claim 1, further comprising a connector provided at a first end
of the plurality of hollow fibers to communicate a liquid to an interior of each of the plurality

of hollow fibers, and wherein a second end of the plurality of hollow fibers is closed.

10. The unit of claim 1, further comprising a first connector provided at a first
end of the plurality of hollow fibers and a second connector provided at a second end of the
plurality of hollow fibers opposite the first end, wherein the first and the second connectors

are adapted to communicate an interior of each of the plurality of hollow fibers to a liquid

supply system.

11. The unit of claim 1, further comprising a perforated covering disposed

over the plurality of hollow fibers.

12. The unit of claim 1, wherein the exothermic member and the plurality of
hollow fibers define a humidification element, and further comprising a support member

coupled to the humidification element.
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13. The unit of claim 12, wherein the support member is a generally straight
tube having a longitudinal axis and adapted to be connected in a patient circuit, and wherein
the support member is configured such that the humidification element is disposed within the
tube with a longitudinal axis of the humidification element generally aligned with the

longitudinal axis of the tube.

14. The unit of claim 12, further comprising a mounting flange to which the
humidification element is attached, and wherein the mounting flange is selectively attachable

- to the support member.

15. The unit of claim 12, wherein the support member is a tube having a first
leg and a second leg, wherein a longitudinal axis of the first leg intersects a longitudinal axis
of the second leg at a non-zero angle, and wherein the support member is configured such that
the humidification element is disposed within the tube with a longitudinal axis of the
humidification element generally aligned with a longitudinal axis of one of the first or second

legs of the tube.

16. The unit of claim 15, further comprising a second tube disposed about at

least a portion of the first leg or the second leg.

17. The unit of claim 15, further comprising a mounting flange to which the
humidification element is attached, and wherein the mounting flange is selectively attachable

to the support member.

18. An artificial respiratory system comprising:

(a) a pressure generator adapted to generate a flow of breathing gas;
(b) an intake circuit coupled to the pressure generator so as to deliver the flow

of breathing gas to a patient; and

(c) a unit for adjusting humidification disposed in the patient circuit, the unit

comprising:
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(1) an exothermic member having an outer surface, and

(2) a plurality of hollow fibers disposed on the outer surface of the
exothermic member, wherein each hollow fiber in the plurality of hollow fibers
includes a liquid carrying channel defined by a peripheral wall of the hollow fiber for
carrying liquid proximate to the outer surface of the exothermic member, wherein the
peripheral wall of each hollow fiber has a plurality of minute openings that are large
enough to allow a gas to pass therethrough yet small enough to prevent the liquid from
passing therethrough so that liquid carried in the channel of each hollow fiber 1s

maintained in a spaced apart relation from the exothermic member.

19. The artificial respiratory system of claim 18, wherein the exothermic
member includes a heating wire adapted to generate heat responsive to an electrical current

being provided to the heating wire.

20. The artificial respiratory system of claim 18, further comprising a
connector provided at a first end of the plurality of hollow fibers to communicate a liquid to
the liquid carrying channel of each of the plurality of hollow fibers, and wherein a second end
of the plurality of hollow fibers is closed.

21. The artificial respiratory system of claim 18, wherein the exothermic
member and the plurality of hollow fibers define a humidification element, and further

comprising a support member coupled to the humidification element and removeably to the

intake circuit.

22. The artificial respiratory system of claim 18, further comprising a liquid

delivery system coupled to the plurality of hollow fibers so as to deliver a liquid thereto.

23. The artificial respiratory system of claim 22, wherein the liquid delivery

system includes:

a source of liquid;
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a communication conduit coupled to the source of liquid and the plurality of

hollbw fibers;

a flow monitor associated with the communication conduit for monitoring a
flow of liquid therethrough; and

an alarm system associated with the flow monitor that provides an alarm

responsive to the flow of liquid in the communication conduit falling outside a predetermined

threshold.

24. The artificial respiratory system of claim 22, wherein the liuid delivery

system 1ncludes:
a source of liquid;

a communication conduit coupled to the source of liquid and the plurality of

hollow fibers; and

a control system associated with the source of liquid or the communication

conduit for controlling a flow of the liquid from to the plurality of hollow fibers.

25. The artificial respiratory system of claim 18, further comprising:

a pOWer source;
an electrical connector coupled to the power source and the exothermic

member for supplying electrical power from the power source to the exothermic member.

26. The artificial respiratory system of claim 25, further comprising a power

control system associated with the power source or the electrical connector for controlling the

power provided to the exothermic member.

27. The artificial respiratory system of claim 18, further comprising a sensor

disposed in the intake circuit and adapted to monitor a characteristic of the flow of breathing

gas carried by the intake circuit.
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28. The artificial respiratory system of claim 27, further comprising an alarm
system associated with the sensor that provides an alarm responsive to a parameter monitored

by the sensor falling outside a predetermined threshold.

29. A method of manufacturing a humidification element comprising:

providing a plurality of hollow fibers, wherein each hollow fiber in the
plurality of hollow fibers is defined by a peripheral wall having minute openings large enough
to allow a gas to pass therethrough yet small enough to prevent a liquid from passing
therethrough; and

wrapping the plurality of hollow fibers around an exothermic member such

that the plurality of hollow fibers are disposed on the outer surface of the exothermic member.

30. The method of claim 29, wherein the plurality of hollow fibers include a
longitudinal axis, wherein the exothermic member includes a longitudinal axis, and further
comprising arranging the plurality of hollow fibers in a sheet, and wherein wrapping the
plurality of hollow fibers around the exothermic member includes wrapping the sheet of
hollow fibers such that the longitudinal axis of the plurality of hollow fibers 1s substantially

parallel to the longitudinal axis of the exothermic member.

31. The method of claim 29, further comprising arranging the plurality of
hollow fibers in a strip, and wherein wrapping the plurality of hollow around the exothermic
member includes wrapping the strip of hollow fibers in a spiral around the exothermic

member.

32. The method of claim 29, wherein the plurality of hollow fibers include a
longitudinal axis, wherein the exothermic member includes a longitudinal axis, and wherein
wrapping the plurality of hollow fibers around the exothermic member includes wrapping the
hollow fibers such that the longitudinal axis of the plurality of hollow fibers is substantially

perpendicular to the longitudinal axis of the exothermic member.
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33. The method of claim 29, further comprising connecting an end portion of
the plurality of hollow fibers to a connector which is adapted for selective connection to a

liquid supply system.

34. The method of claim 29, further comprising disposing a perforated

covering over the exothermic member and the plurality of hollow fibers.

35. The method of claim 29, wherein the plurality of hollow fibers are
wrapped around the exothermic member such that both ends of the plurality of hollow tibers

are disposed at a common end portion of the exothermic member.
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