24 November 2003 -1- "COMPONENTS FOR BREATHING CIRCUITS" BACKGROUND TO THE
INVENTION 1. Field of the Invention The present invention relates to components for breathing
circuits and in particular to components for use in the expiratory arm of a breathing circuit. 2.
Summary of the Prior Art In assisted breathing, particularly in medical applications, gases having high
levels of relative humidity are supplied and returned through conduits of a relajvqy\/&steiesize.
Build up of condensation on the inside wall of the condyit is a frequent result of this high humidity. In

the prior art, attempts have bee pefIENGAUE B8 REVETS§ Rife el ipftisTeendensation by either

reducing the level of condensation or providing collection points in the conduit for draining condensed
liquid from the conduit. Reducing the condensation has generally been by maintaining or elevating the

temperatyse\ pftagssRiT oW agen el bR Tgesguit wall to reduce the formation of condensation.
SUMMARY OF THE INVENTION It is an object of the present invention to provide a component, with

particular 1a5ﬂﬁi_@b@|f)'fh&)| ﬂvéretmatory_limb of a breathing circuit, which will at least go some way
towards 'mpfoV'“ﬁm%r%}%rﬂ*?R\Y&nﬂr)Wgﬁfaegfo %W&EQY&%FQ&IHHQ&%SQ%;%%% h‘fﬂlilﬁ pigssion

with a useful choice. In a first aspect the invention consists in a brea including: an
inlet, an otRBRCNEHtSH0E OIS BEVO X tRiGININGNa GlLbBTaatidng eilisgillar exhalation flow passage

between Sza'gdm%aﬂnafo?% oytlet, glleast a region of said enclosing wall being of a material that

allows the passage of water vapour without allowing the passage of respiratory gases, and a water
vapour flow pathlfrassisted krrathiago pait ou [saksigaadi cahapphicationsgages Bavthmbiehiddvets@further

aspect the JpYRRUMAGARS'SH 'LARRA AT AL IREE IR S SR RASCHFY Tl RO TRHRANG size.

Build up of condensation on the inside wall of the conduit is a frequent result of this high
humidity. In the prior art, attempts have been made to reduce the adverse effect of this
condensation by either reducing the level of condensation or providing collection points in the
conduit for draining condensed liquid from the conduit. Reducing the condensation has
generally been by maintaining or elevating the temperature of the gases flow and/or of the
conduit wall to reduce the formation of condensation.
SUMMARY OF THE INVENTION

It is an object of the present invention to provide a component, with particular
application to the expiratory limb of a breathing circuit, which will at least go some way
towards improving on the above or which will at least provide the public and the medical
profession with a useful choice.

In a first aspect the invention consists in a breathing circuit limb including:

an inlet, an outlet, and an enclosing wall defining a substantially singular exhalation flow
passage between said inlet and said outlet, at least a region of said enclosing wall being of a
material that allows the passage of water vapour without allowing the passage of respiratory
gases, and a water vapour flow path from said exhalation flow passage to ambient air through
said material.

In a further aspect the invention consists in apparatus for forming a breathing circuit
limb comprising:

a former, onto which a tube wall can be deposited and which advances said deposited
tube wall in an advance axis and rotates said deposited tube wall about said advance direction,

the speed of said advance and the speed of said rotation together



a former, onto which a tube wall can be deposited and which advances said deposited tube wall in an
advance axis and rotates said deposited tube wall about said advance direction, the speed of said
advance and the speed of said rotation together 24 November 2003 -2 defining a pitch, at least one
film laying head which deposits a film on said former, the combined width of said film deposited by
said film laying heads being wider than said pitch such that adjacent turns of {gjc\fiireaysdapdpsorm
an overlap seam, a bead laying head for each said filnplaying head, each said bead laying head
laying a reinforciggehqa 8%%9verlap seam, an axial thread laying head, said thread laying head
fitted over and around said” former and carrying a plurality of thread feeds, each thread feed allowing
the drawing of aathiesst drenfi lrdaynvg haad whithtdepositsadibaid msaadtforadrdyiegdrehihed

substantially the sam eed as the expected rotatian speed qf said tuhe. Hereinafter, throughout the
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water or rgsRiripReaRsahiScTaarl et averlabrepfearianpatersy skiierials may be breathable due to
their composition, physical structure a combination thereof. To those skilled in the art to which the
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according{QPRE from a reserve, and

a rotator to rotate said axial thread laying head at substantially the same speed as
the expected rotation speed of said tube.

Hereinafter, throughout the description, a material that allows the passage of water
vapour without allowing the passage of liquid water or respiratory gases is described as a
“breathable” material. Materials may be breathable due to their composition, physical
structure a combination thereof.

To those skilled in the art to which the invention relates, many changes in
construction and widely differing embodiments and applications of the invention will
suggest themselves without departing from the scope of the invention as defined in the
appended claims. The disclosures and the descriptions herein are purely illustrative and
are not intended to be in any sense limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross sectional elevation of a conduit for the expiratory limb of a
breathing circuit according to one embodiment of the present invention,

Figure 2 is a cross sectional view of a section of conduit wall according to one
possible construction,

Figure 3 is a cross sectional view of a co extrusion die head for extruding a
conduit including two longitudinal strips of permeable material, similar to the conduit of
Figure 1,

Figure 4 is a cross sectional elevation of a coaxial breathing circuit according to a

further embodiment of the present invention and incorporating a conduit in accordance



possible construction, Figure 3 is a cross sectional view of a co extrusion die head for extruding a
conduit including two longitudinal strips of permeable material, similar to the conduit of Figure 1,
Figure 4 is a cross sectional elevation of a coaxial breathing circuit according to a further embodiment
of the present invention and incorporating a conduit in accordance 24 November 2003 -3 with the
present invention, Figure 5 is a side elevation in partial cross section of the coaxigyeabEIRgZIt of
Figure 4, Figure 6 is a side elevation partially in cross_sgction of an expiratory limb conduit according

toa furth%ﬁﬂ’ﬁf@m{?@hf’mo@rﬁfﬁﬁem invention, Figure 7 is a cross sectional side elevation of an
expiratory limb for a breathing circuit according to a further embodiment of the present invention,

Figure 8 is a cro$dgetivis side elevatiion iofantedmrassisetitiinfof thécamialdoreiatiingcomuling to a
still furtheri/r%r.iant Figures 9a-9i demonstrate a range of conduit constructions including longitudinal
reinforcen? t'glfj(ﬁaéying types, Figure 10 is plain view of a conduit forming device for forming a

rginforced twin . Qﬂam@%t@%%ﬂ%%ﬂﬂﬁa‘?rﬁﬁ%?é@y%@é@@m é*ﬁ‘éh @ﬁphﬁt@%ﬂ%b%@iﬁtﬁﬂ in .
Figures 9h or 9i, Figure 11 is a plain view of a conduit forming device for forming a reinforced conduit

accordingaecpiging o &itiitber 2mkogiaeniof tbe LEaeiM i BYRdiRTorming device for forming a
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circuit according to a further embodiment of the present invention,

Figure 8 is a cross sectional side elevation of an expiratory limb for a breathing
circuit according to a still further variant,

Figures 9a-9i demonstrate a range of conduit constructions including longitudinal
reinforcement of varying types,

Figure 10 is plain view of a conduit forming device for forming a reinforced twin
walled conduit according to the present invention, such as the conduit depicted in Figures
9h or 9i,

Figure 11 is a plain view of a conduit forming device for forming a reinforced
conduit according to Figure 7,

Figure 12 is a plain view of a similar conduit forming device for forming a
reinforced conduit according to Figure 8, and

Figure 13 is a cross sectional side elevation of a catheter mount incorporating the
present invention.

DETAILED DESCRIPTION

Referring to Figure 1 in one embodiment of the invention the conduit 4 of the

expiratory limb of a breathing circuit is formed having one or more longitudinal strips 2,

3 of breathable membrane as part of the wall 1 thereof.

One possible material for the breathable regions is an activated perfluorinated
polymer material having extreme hydrophilic properties. An example of this polymer
material is marketed under the trade mark NAFION by DuPont Fluoro products of
Fayetteville USA. This material is useful due to its extreme hydrophilic properties and

due to its ability to be extruded, particularly to be co-extruded in combination with other



Referring to Figure 1 in one embodiment of the invention the conduit 4 of the expiratory limb of a
breathing circuit is formed having one or more longitudinal strips 2, 3 of breathable membrane as part
of the wall 1 thereof. One possible material for the breathable regions is an activated perfluorinated
polymer material having extreme hydrophilic properties. An example of this polymer material is
marketed under the trade mark NAFION by DuPont Fluoro products of Fayettevilg Wshp dhisoamsterial
is useful due to its extreme hydrophilic properties and_glue to its ability to be extruded, particularly to
be co-extr&ﬂgﬁdwgpmﬁqtion with other 24 November 2003 -4 plastic materials. Alternative materials
are also envisaged including: (a) Hydrophilic thermoplastics, (b) woven treated fabric products
exhibiting breathAliterohtikecreaistital STare pledernaiisageie iiad lisdartgydrophilic polyester block copolymer
formed into a homogeneoys flat film. An example of such a film is sold under the brand SYMPATEX.
This material is ticu;ﬁxﬁgﬁﬁ{%ﬁ'%{h‘;ﬁwnj‘%@%ctions. Referring to Figure 6 an alternative

gmbodiment of tl@)“ﬂ\?@é@@h'%ﬁf&i%ﬁ\‘\iﬁ dm%r@@@éﬁﬁiﬁﬂmg B%ﬁ%w@&ﬁﬁ%ﬁ@m@c the qonduit
is formed from a breathable plastic membrane, extruded and wound helically with edges of adjacent

turns sealed to_drié @pteedrmaiesialdsiatiyel epnihie palisesien oot Fapaly BelrEOfRGR (NN
Fioures 9358 L0 Rl oA e debie Wl TR IRE o et fsusted

by reinforcing 10 provide resistance crushing and tolongi C e coriduit.

Further varfaiionmerdaihewartiilshiyosuidarnts thiwifigmpridigie tiopsthable plastic membranes.
Apparatus for forming such conduits is described with reference to Figures 10, 11 and 12. Referring to

Figures 4 and 5 Bﬁﬁ%ﬁ%@b@@ﬂ’ﬁtﬁé‘@)%@Hﬁtﬁ%ﬁm@@@ﬁaw ineeMRatAng BBt s conduit
according;p i asE BhiTREALRIbIE RIAY ARSI MR 4RE of the conduit is formed from a breathable

plastic membrane, extruded and wound helically with edges of adjacent turns sealed to
one another.

Further variations on the embodiment of Figure 6 are depictured in Figures 9a to
9i, 7 and 8. In these figures the flexible wall membrane of the conduit is supplemented
by reinforcing to provide resistance to lateral crushing and to longitudinal stretching of
the conduit. Further variations are shown including variants having multiple breathable
plastic membranes. Apparatus for forming such conduits is described with reference to
Figures 10, 11 and 12.

Referring to Figures 4 and 5 a further aspect of the present invention is shown in
which an expiratory limb conduit according to the present invention is provided as the
inner conduit of a coaxial conduit configuration, such that expiratory gases and
inspiratory gases each flow in one of the inner conduit or the space between the inner
conduit and the outer conduit and in use water vapour but not liquid water is transmitted
from the expiratory gases passageway to the inspiratory gases passageway.

A further component that may usefully include the present invention is a catheter
mount. The application of the invention to a catheter mount is described with reference to
Figure 13.

It would be possible alternatively, to have one or more longitudinal sections
(lengths) of the conduit being formed of the breathable material or isolated regions of the
conduit wall being formed from the material. However the embodiments described

herein are preferred due to their apparent simplicity of manufacture, being capable of



inner conduit of a coaxial conduit configuration, such that expiratory gases and inspiratory gases each
flow in one of the inner conduit or the space between the inner conduit and the outer conduit and in
use water vapour but not liquid water is transmitted from the expiratory gases passageway to the
inspiratory gases passageway. A further component that may usefully include the present invention is
a catheter mount. The application of the invention to a catheter mount is descripgg wath palepgee to
Figure 13. It would be possible alternatively, to have arg or more longitudinal sections (lengths) of the

conduit bajpgPfFRAd L RLEARIAY S RfRIBLOSeRHer dRaiRyB AL digipIMbNRl e dprmed

from the material. However the embddiments describ ein are preferréd due to their apparent
simplicity by mwandifagtongo bdimgmesipable of 24 November 2003 -5- linear manufacture, either by

continuous stitching, gluing or weldin cq extrusion.or by windjng ontg a former. As a corollary of
material coot t 19Tt e RN AREL. Prols REAHER o B chE SEHoLly TR
thickness n%ﬁ!‘d@fh?@dﬂf@h% GORGBITR) IWWQW%Q%@ﬁ‘rlfﬁﬁigﬁtfhﬁtﬂﬁ@ﬂfhi%’iﬁﬁ)ﬁl I
supporting. Referring to Figures 2, 6, 9a to 9i, 7 and 8, a spiral or helical internal (or external)

reinforcingMeraRIgas Mayzbedes fbICiTHN-A WEhptecherspdfriy PROMEYs, may be provided outside (or
mide) e el EEREAEEG ARG SR, THR AWKl R 0 08 PRSI Eers may

for example be form m potymer plastic matérials, suc he materia € wallof the
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such as drawn steel wire. The conduit shown in Figure 2 may be formed in any one_of a number of

methods. qﬂ@)‘iig%ﬂ?ﬁﬂ@m@ h@dlﬁ?%mﬁ%@%%%lwm% cEHﬁWEtﬁPéf%@éﬁ%ﬁR/ely it
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molten stdte isndten dhidseaa the theenaglibefviberconduit (not being the breathable regions), or
alternatively may for example be a metal wire support, such as drawn steel wire.

The conduit shown in Figure 2 may be formed in any one of a number of methods.
For example the tubular membrane may be supplied in a continuous tube. Alternatively
it might be supplied in tape form, which may result in the conduit of Figure 6. Supplied
as extruded tape, the membrane may be wound helically onto a former. The helical
supporting rib, provided in a semi molten state is then laid on the overlap between
adjacent turns. The heat from the helical supporting rib bonds the two adjacent strips
with the rib forming a flexible resilient conduit once cooled.
Referring to Figure 6 an additional sheathing layer 83 may be provided over the

outside of the conduit. The sheathing layer 83 is supported on the apexes of the ribs 30.
The sheathing layer 83 may be a further strip or tape of extruded plastic film wound
helically onto the conduit formed on the former. This additional sheath may have a
number of purposes and benefits. The sheathing layer 83 may be formed to provide
additional strength, reinforcement and protection, for example by selecting an
appropriate material or by selecting an appropriate material thickness. The material may
be a breathable material, such as that which may be the basis of the inner conduit wall or
may be formed from a less expensive non-permeable material. In that case a series of
holes or perforations 85 are preferably provided along the strip or tape 84 to provide
egress of water vapour or collected condensed water. The holes or perforations 85 may

advantageously be formed by pricking holes in the tape 84 using a heated lance during



adjacent turns. The heat from the helical supporting rib bonds the two adjacent strips with the rib
forming a flexible resilient conduit once cooled. Referring to Figure 6 an additional sheathing layer 83
may be provided over the outside of the conduit. The sheathing layer 83 is supported on the apexes
of the ribs 30. The sheathing layer 83 may be a further strip or tape of extruded plastic film wound
helically onto the conduit formed on the former. This additional sheath may have Qoember 2003
purposes and benefits. The sheathing layer 83 may begormed to provide additional strength,
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appropriate materialthickness. The material m e a breathable material, such as that which may be
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for the inner conduit,”also provides a barrier 10 airflow over the iriner conduit thereby providing an

insulating effect. Rk iringladi Figeiiervis- gidates bdearfotherehate modfeNioifldns Bes tvidugsitge sheath
83. Referringe;o Figures 9a - 9i it has been found that one of the difficulties with using a breathable
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goes some way toward overcoming this difficulty, providing as it does a second layer of

breathable material. Furthermore in the perforated form the outer plastic membrane may

be formed from a plastic material having a greater elastic yield strength than the preferred

SYMPATEX.

An alternative structure may be used as a longitudinal reinforcement for the tube.

This reinforcement is preferably provided in a form of an additional sheath having an

open or mesh structure. For example the sheath may be provided by a plurality of

parallel extruded polymer threads running parallel to the axis of the conduit, a plurality of

extruded polymer threads braided or similarly arranged about the conduit and having a

substantial axial component in their direction, or by a pre-formed or continuously formed

mesh, formed to make a sheath in a similar fashion to the method used for forming the

breathable wall. Such a mesh material may be produced by forming a non-woven or

woven mesh of individual polymer threads or by stretching a micro perforated sheet to

make an expanded mesh, or by other suitable processes. Part or each of these processes

may be conducted at the time of, or immediately preceding, using the mesh in forming

the reinforcing sheath.

A variety of alternative conduit embodiments incorporating a reinforcing sheath,

such as introduced above, are depicted in Figures 9a to 9i. Two other preferred forms are

depicted in Figures 7 and 8. These embodiments have various advantages and/or



be formed from a plastic material having a greater elastic yield strength than the preferred
SYMPATEX. An alternative structure may be used as a longitudinal reinforcement for the tube. This
reinforcement is preferably provided in a form of an additional sheath having an open or mesh
structure. For example the sheath may be provided by a plurality of parallel extruded polymer threads
running parallel to the axis of the conduit, a plurality of extruded polymer thread\Rraédge & stipdarly
arranged about the conduit and having a substantial axial component in their direction, or by a
pre-formeg; &t fRH{nyQusly formed mesh, formed to make a sheath in a similar fashion to the method
used for forming the “breathable wall. Such a mesh material may be produced by forming a non-woven
or woven mesh Beiiedividutal podymec®alacads ot by kratedifp e @icexipedfat det A0Oehebicalhke an
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depicted in Figures 9a to 9i. Two other preferred forms are depicted in Figures 7 and 8. These
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membrane tape coincide and a molten plastic bead 201 is laid along these edges. The molten bead
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smooth anercomzhiit iwgltdfe smd dtiattitchereshitapprbteapplibdttthehmesh tape be applied to the
outside of the breathable membrane. It will be appreciated that each turn of mesh tape
may be applied directly over each turn of breathable membrane contemporaneously so
that the edges of adjacent turns overlap an edge of mesh tape comes between the edges of
adjacent turns of breathable membrane tape, which is alternative to how it is depicted in
Figure 9a. Itwill also be appreciated that either or both of the breathable membrane tape
and the mesh tape may be formed contemporaneously with forming the conduit
therefrom and the mesh and membrane may accordingly bond over some or all of their
contacting surfaces in addition to bonding achieved by heat from the bead 201.

Referring to Figure 9b a conduit is formed having the same construction of
breathable membrane 200, mesh 202 and bead 201. In addition a further sheath of
breathable membrane 203 may be applied to the outside of the conduit, with the edges of
adjacent turns 203 pressed onto and bonded to the outside of bead 201. This provides
additional thermal insulation while allowing for dehumidification of the space between
the inner and outer walls.

Referring to Figure 9c the conduit of 9a is shown having breathable membrane
wall 200, mesh sheath 202 and bead 201. In the embodiment of Figure 9c a further
breathable membrane sheath 204 is provided on the outside of the mesh sheath 202. The
effect of this is to encapsulate the mesh 202 providing an improved aesthetic appearance
and more acceptable external surface. A disadvantage of this constriction is the

multitude of layers which the heat from bead 201 is required to thermally bond.



outside of the breathable membrane. It will be appreciated that each turn of mesh tape may be
applied directly over each turn of breathable membrane contemporaneously so that the edges of
adjacent turns overlap an edge of mesh tape comes between the edges of adjacent turns of
breathable membrane tape, which is alternative to how it is depicted in Figure 9a. It will also be
appreciated that either or both of the breathable membrane tape and the mesiytRpgs &M &edonped
contemporaneously with forming the conduit therefrongand the mesh and membrane may accordingly
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bead 201. Referrin Figure 9b a condult is d having the same construction of breathable
membranth20Dathesle 20D eodekag ipgledges ddiddjace fuitiams sHeaembf abesa06 20 2nendz8de 203
may be applied to the outside of the conduit, with the edges of adjacent turns 203 pressed onto and
bonded to the outside of bead 201. This provides additional thermal insulation while allowing for
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Referring to Figure 9e a section of the conduit in which the mesh sheath is
provided spaced from the breathable membrane conduit wall 200. The mesh sheath 206 is
provided over the bead 201 at least in the vicinity of the joining of adjacent turns of the
breathable membrane 200. Where the mesh sheath is formed from a wound tape then
adjacent turns 206 of the wound tape bond over the bead 201 upon action of the heat
residing in the bead 201. This embodiment reduces the number of adjacent layers
required to be bonded by the bead 201 and allows the layers of breathable membrane and
mesh respectively to operate independently making this tube more supple than for
example for tube in Figure 9a.

Figure 9f is a variation of the embodiment of Figure 9e. While an air space was
provided between the mesh layer 206 and the breathable membrane layer 200 in Figure
9e, in Figure 9f the mesh layer 207 is shrunk, vacuumed or collapsed to lie adjacent the
breathable membrane layer 200. Where one or more of the breathable membrane and
mesh are formed contemporaneous with forming of the conduit then where these layers
207 and 200 meet they may bond across some or all of their contacting area. This
embodiment provides the formative advantages of Figure 9e and a construction having
similar qualities to that of Figure 9a.

Referring to Figure 9g, in a further embodiment, an additional breathable

membrane is provided to the embodiment of Figure 9f, spanning between turns of bead



This may be considered a variant of Figure 9b wherein the bead 201 is provided entirely on the
outside of the conduit. The multitude of layers at adjoining edges poses the same forming difficulties
as the embodiment of Figure 9c. Referring to Figure 9e a section of the conduit in which the mesh
sheath is provided spaced from the breathable membrane conduit wall 200. The mesh sheath 206 is
provided over the bead 201 at least in the vicinity of the joining of adjacent turps Rigtheniyeptesdie
membrane 200. Where the mesh sheath is formed frarg a wound tape then adjacent turns 206 of the
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embodiment reduces the number of adjacent layers required to be bonded by the bead 201 and
allows thertagtorcefraripnbamdsana mistherchend 208 shagelkp potvidgdoo peeatetsndepbtiveseatyntbking
this tube more supple tha example for tube in Figure 9a. Figure 9f is a variation of the
embodimgﬁ?%tpéﬁﬁéw. ile an air space was provided between the mesh layer 206 and the
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collapsed to lie adjacent the breathable membrane layer 200. Where one or more of the breathable
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Referring to Figure er embodiment is shown which is a vdriation of the embodiment
shown in poyracdgfilmtoe meshorimei @idHig beekindeseoy tioeldpadoP01 or 2009.

Referring to Figure 9i a still further embodiment is shown, being a variation of the
embodiment shown in 9h. In the embodiment of 9i the mesh layer 206 rather than being
the deflated, collapsed or vacuumed form as in Figures 9f - 9h, it is taut between turns of
bead 201, in the fashion of 9e. This provides a pair of air spaces between the breathable
layers 200 and 210, with the mesh layer 206 partially inhibiting the free air flow between
the layers. However, this construction has the disadvantage that the freely suspended
mesh 206 may encourage rain out in the space enclosed between the breathable
membranes 200 and 210, thereby retaining liquid water within the helical wall cavity.

All of the above described configurations are considered to provide additional
longitudinal reinforcement, with each having advantages and disadvantages, some of
which have been specified. In forming these constructions bonding is required between
some or all of the various layers, for example between the breathable membrane and one
or other bead, the bead and the mesh, the mesh and breathable membrane. Accordingly,
it is preferred that appropriately compatible materials are used for each element of the
construction. For example while a molten polyester bead may mechanically bond
adequately with nylon or polypropylene mesh a brittleness may develop and/or this
impeded the simultaneous bonding of the bead with an adjacent layer of polyester based
breathable membrane, for example in the embodiment of Figure 9a. Consequently it is
preferred that all three elements have the same base polymer, and for example, for

SYMPATEX which is polyester based product, a polyester bead and mesh are preferred.



breathable membrane 210 is provided on the outside of second bead 209. This is instead of being
between the second bead 209 and the mesh layer 207 as the second breathable layer 208 was in the
embodiment Figure 9g. This provides a larger included air space between breathable layers 202 and
210 and at any time only a double thickness of polymer, film or mesh is required to be bonded by the
beads 201 or 209. Referring to Figure 9i a still further embodiment is shown, Beinge ¥a{sdiopgfshe
embodiment shown in 9h. In the embodiment of 9i the ypesh layer 206 rather than being the deflated,

collapsed or vacyyfie RARIT RS o\ Bl D IRHERRINRS] HETRE'r5aEAEn b dashion

of 9e. This provides a pair of air spaces between th yers 200 and 210, with the mesh
layer 206 paieidiseathisitntpyies mneEa@mréﬁo&bM@bm%emﬁempenmﬂmmnq)emsabtﬁhyﬂas the
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reinforcement each having advantages and disadvantages, some of which have been specified.
In formlngﬂtﬁlé‘é@lé&k%tmhfﬂbﬁb Hihenmglidtraqlired between some or all of the various layers, for

o breathable fAnATE AELIRTING TR RACHAY Ao e Ml TR e e e

used for eacatbieyenbeaterdimsto diernitdiramnilesebidedolkguretyesteobaashman in
mechanically bond adequately with nylon or polypropylene mesh a brittleness may develop and/or this

impeded thiYlhdRarl8dr heamGAaRaIssaI Mo JarBue %W%'b@ﬁ%@ﬂﬁé@éﬂgtifééthable
membran thF a”ﬁﬁéea’ ERRAGIHES T[gﬁ‘ﬁ’éi’ 3 Fe?@%?ﬂ&"gﬁkhwr ‘i'ﬂxﬂﬁ hree

elements avet e same base polymer, and for examp for EX wh| IS po yest ased
product, apﬂmiyhgtemﬂm@atmgdmhsﬁrmngpdedemwm %cbluivehshpp@ﬂ%dlﬁhéuadeexmmmmn the
above embodiments m mclude re ace ent of the outer b[‘(e%rlak’)&t |aXer in b,c.d,g,hand i

with a perfY& &8 ﬁ%t,qtﬁ VAW TEY Wlt In a machine stoc stin th ormin
region the rotating rods follow a helical path. The pitch angle of the rods relative to the

support rod controls the pitch angle of the tube being formed. An example of such a
machine is a spiral pipeline mandrel available from OLMAS SRL of Italy. Tube being
formed on the former is rotated and advanced in the direction of arrow 303 by the
movement of the rotating rods. The advance speed of the former is selected relative to
the rotational speed so that the pitch of the helical laying of the strip or tape on to the
former 300 is a little less than the width of the strip so that adjacent turns narrowly
overlap. A first extruder 304 extrudes a tape 314 of breathable polymer materials. The
tape 314 deposits on the former 300 in a helical fashion by action of the former. The
pitch of the helical disposition of tape 314 is slightly less than the width of tape 314. The
helical deposition of tape 314 forms the inner breathable wall 200 of the conduit. A
second extruder 305 extrudes a bead 315 of polymer material. The bead 315 deposits on
the former over the joint or overlap between adjacent turns of tape 314 forming a raised
bead 201 along this join. A tape 316 of reinforcing membrane is unrolled from a reel 306
to have edges depositing on adjacent turns of bead 201. The helically deposited
reinforcing tape 316 forms reinforcing layer 206. A third extruder 307 extrudes a second
molten polymer bead 317. The bead 317 is helically deposited along the overlap between
adjacent turns of reinforcing tape 316. A fourth extruder 308 extrudes a second tape 318

of breathable polymer. The second tape 318 of breathable polymer is deposited on the



as desired. However, such variation does not provide the full insulative effect while retaining liquid
vapour transmission from the insulating space to allow for further transmission through the conduit
wall. An example of forming apparatus suitable for manufacturing the product the breathing tube
according to the embodiments described in Figures 9a - 9i is shown in Figure 10. In particular the
apparatus is shown forming a conduit according to Figures 9h or 9i. The appaaiys ReHsiasfymer
300 preferably of a known type including a plurality ofyrptating rods arranged around a central support

rod. The regsxt8hd fé%Paﬁ'.B‘ét@\F@eW&@‘ﬂ%@é?ﬁ B WA DT AINAG[ACkE U rrRtdpRgIdN the

tube forming region the rotating rods foflow a helical path. The pitch angle of the rods relative to the

support rasil8anteslapivehplecsufigiendiytheolidretb dimg fdyavedha sesxmeh pead 209 e nmieg birteris a
spiral pipeline drel ayvailahle from OLMAS SRL of Italy. Tube being formed on the former is
rotated aﬁ?f %E%%eﬁ]ﬁ?\fﬁmection of arrow 303 by the movement of the rotating rods. The
advance speed qhthgdRIGHEIISREIRABThEEG R Wl ﬁh@\f@ﬂ%ﬁ%&%?ﬁﬁ@ﬁt%tbﬂm@%l%h%ém helical

laying of the strip or tape on to the former 300 is a little less than the width of the strip so that adjacent
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molten polgetkotdad Bdeh Tthebeaasdaabibyselocalgfdeposited along the overlap between adjacent
turns of reinforciérlg“t pe 33[6. A f? rth extru%e&{ 308 extru gg a second tape 318 of breathable
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melt the film together. Like hot air welding hot roller welding relies on the application of
a localised direct heating to the film overlap.

For radio frequency welding the film acts as an insulation layer between a pair of
plates. A charge is passed between the plates melting and fusing the plastic film overlap
together. The plates may take the form of a pair of rollers, one inside and one outside the
tube, or aroller and one of the rotating rods of the former. Providing the plates as rollers
(or as roller and forming mandrel) may render the radio frequency welding a continuous
process with similar advantages to hot air welding and hot roller welding.

In a further variation on the manufacturing process the breathable film tube may
be manufactured having a longitudinal seam rather than being formed as a continuous
helical strip. In such an embodiment a wider web of film would be wrapped around a
mandrel as it is extruded or unrolled from a reel. Longitudinal edges would overlap
and be seam welded by any of the above mentioned methods. A rotary extruder may
then extrude a reinforcing bead or beads on to the plastic film. Further reinforcing or
film layers and helical beads may be applied by additional wrapping stations or rotating
extruders as required.

Still further embodiments of a expiratory breathing conduit including longitudinal
reinforcement are depicted in Figures 7 and 8. These embodiments utilise longitudinal

reinforcing threads running parallel to the axis of the conduit.



-11- former 300 to span between adjacent turns of second bead 317. Adjacent turns of tape 318
overlap while sufficiently molten to fuse above the second bead 209, forming outer breathable sheath
210. In addition to the bonding of the film overlap by application of the molten bead other active fusing
techniques may be applied. This may be particularly useful where a layer of longitudinal reinforcement
or scrim is provided immediately adjacent the breathable film layer. Active methogs/ammbEchsigshot
air welding, hot rollers or radio frequency welding. In_Ret air welding a stream of hot air is blown on to

the overlap of adjagRELIEGIRh ﬁ%ﬁfﬁﬁsﬂﬁt@%ﬁ%ﬂriﬂﬁlﬂ%%?Hi%‘?%?%&fgﬁg?%?@ R This

method has been found reasonably s ot roller welding a heated r rollers run in
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manufacturing process able i e may be man aving'a seam

rather thathbgirigdipaneldresde aamiingatarhatighd sbripe!majarhagis efmbxidioweriuityedelosebthé film
would be Wrapﬁggdaround a mandrel as it is extruded or unrolled from a reel. Longitudinal edges

would ovegat _ %B%@%ﬁﬁ%ﬂéﬁ @V‘éﬁ?iﬂf@lﬁ@%dﬁemti&\é@“@@{h@%@d _@5 téﬁ'yf B8 I@Er may
then extr @régqéogﬁgqg eﬁqg g ﬁﬁgﬁﬁpgébe plastic film. Further reinforcing or film layers and

helical beads may be applied by a wrapping stations or rotating extruders as required. Still
further embodiménpsede erexk pisdhony diréathnyg che duleinctalthgddodhedimblodiment of Figure 7
is described with reference to the apparatus shown in Figure 11. In particular in the
apparatus of Figure 11 both the inner, breathable, tube 250 and longitudinal
reinforcement layer 252 are formed by helically wrapping a preformed tape or strip of the
base material (breathable polymer strip 260 or mesh strip 262 respectively) on to a
rotating former 270 (such as described earlier with reference to Figure 10). The strip
260 or 262 unrolls from reels 273 and 274 respectively. Adjacent turns of breathable
polymer 260 overlap at their edges. These overlapping edges are fused by thermal
welding. Thermal welding is conducted as a continuous process by a hot air welding
head 275. Rotation and advancement of the former 270 by the rotation head 271
continually passes the seam between adjacent turns of tape 260 past the head 275. A
freely rotatable thread laying head 276 is located over the former 270 at a position
between the hot air welding head 275 and the mesh spool 274. The rotating head 276
carries a plurality of spools 279 holding the reinforcing threads 251. The head 276 is
rotatable by an electric motor and drive belt 277 and 278 respectively. The head 276 is
preferably rotated at a speed synchronized with the speed of rotation of the former 270.
Advancement of the former 270 draws thread 280 from the spools 279 to be laid as
parallel threads 251 on the outside of the breathable membrane 250. The tape 262 of
longitudinal reinforcement is subsequently applied over the threads 251 as a helical
arrangement with edges of adjacent turns overlapping to form a continuous sheath. A

bead 263 is extruded by an extruder 281 on to the overlap between adjacent turns of the



reinforcement are depicted in Figures 7 and 8. These embodiments utilise longitudinal reinforcing
threads running parallel to the axis of the conduit. 24 November 2003 -12- In the embodiment of
Figure 7 the conduit includes an inner breathable polymer wall 250 with a plurality of axially extending
reinforcing threads 251 running the length of said wall and spaced around the perimeter of the tube.
The threads 251 are aligned parallel to one another and to the major axis of thg Rendibarlayryof
additional longitudinal reinforcement 252, such as desgeyibed earlier, and which may be a woven or

non Wove%ﬁ%ﬁ%p@'%?ﬂ)im@%?@m%ﬂ_iﬁgﬁé??eﬁﬁ%%ﬁg pegesafaly aligned with the principal

threads running at an angle to thé major axis of said conduit) encloses the breathable permeable wall
and reinforcing tArelsdsnboeivahbeat] 053 invastidor paohiciesd o ieathabide thhatioesHipH2. A
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a preformed tape or strip of the base material (breathable polymer strip 260 or mesh strip 262
respectivélyjldtgto a rotating former 270 (such as described earlier with reference to Figure 10). The
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260 overlap at their edges. These overlappihg edges are fuse erma ing. al’'welding

is conducigdl h350comtidieas psadessadls diretianr weltkirg beateZinneRbtatitaBledadlyB50enent of
the former 270 by the rotation head 271 continually passes the seam between adjacent turns of tape
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SynChroniteéj s\f)vziltcheg eetS ggr? tafrrqgto It%% REH&%EBE%‘ .rlﬁzﬁis embodiment it is important to choose
the reinforcing threads (material, gauge and number) such that the threads are sufficiently
stiff to resist buckling under the transiently reduced internal pressures that could be
expected during patient breathing. Unrestrained or excessive buckling of the threads
could lead to unacceptable levels of conduit axial contraction. The axial threads 351 may
be a spun or braided fibres, drawn or extruded mono filaments or other equivalent forms.
A preferred method of forming the tube according to the embodiment of Figure 8
is described with reference to the apparatus shown in Figure 12. In particular in the
machine of Figure 12 the breathable tube 350 is formed by helically wrapping a
preformed tape or strip of breathable polymer strip 360 on to a rotating former 370. The
strip 360 unrolls from reels 373. Adjacent turns of breathable polymer 360 overlap at
their edges. These overlapping edges are fused by thermal welding. Thermal welding is
conducted as a continuous process by a hot air welding head 375. Rotation and
advancement of the former 370 continually passes the seam between adjacent turns of
tape 360 past the head 375. A bead 363 is extruded by an extruder 381 on to the overlap
between adjacent turns of the breathable tape 362 to thereby form the helical reinforcing
bead 353. A freely rotatable threadlaying head 376 is located over the former after the
bead extruder 381. The rotating head 376 carries a plurality of spools 379 holding the
reinforcing threads 351. The head 376 is rotatable by an electric motor and drive belt

377 and 378 respectively. The head 376 is preferably rotated at a speed synchronized



Advancement of the former 270 draws thread 280 from the spools 279 to be laid as parallel threads
251 on the outside of the breathable membrane 250. The tape 262 of longitudinal reinforcement is
subsequently applied over the threads 251 as a helical arrangement with edges of adjacent turns
overlapping to form a continuous sheath. A bead 263 is extruded by an extruder 281 on to the overlap
between adjacent turns of the 24 November 2003 -13- mesh tape 262 to therebyNen thsdiediges
reinforcing bead 253. This embodiment of the inventiopprovides a breathable exhalation limb
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251. The mesh sheath 252 protects the axial threads from snagging or pulling.”In the embodiment of
Figure 8 theagemidiuitaic 380 droam timmep dotsa2F Atk hsolgdas paadl B3 ohreddsidal lnseitS66tsdeséd or
adhered tg the inner bre thaﬁ:le wall 350. A plurality of reinforcing threads 251 running the length of
the wall a srﬁé{?:%(ﬁ P@&ﬁ%ﬁ e perimeter of the tube are aligned parallel to one another and to the
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conduit axjaHeestefaherbréag exliek tive add @ingnby rik aspuncaufeised figiléice. drawn or extruded
mono filaments or other equivalent forms. A preferred method of forming the tube according to the
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or strip of breathable polymer strip on to a rotating he strip 360 unrolls'from reels
373. AdjastpginsitihbeoathpbieptigrfenisCotleatapedtisireatge by Haehdapeatappiepesiges are
fused by tB)?rtWrarlllsvg lgtiﬁgr' tEBgsr,r% lgvéls? lc?\}gﬂail%ping and being bonded together. For example a pair

of tapes may be laid as a double helix. This would require a multiplication in the number

of forming stations associated with the wound on components of the tube or conduit.

Referring to Figure 3 other forms of the conduit, such as that shown in Figure 1,
may be formed by co extrusion of the breathable material (where the material is a
suitable extrudable material) with a plastic material forming the remainder of the conduit
wall. A suitable co extrusion die 9 is depicted in Figure 3 in which a pair of
circumferential sections 7 of the die opening have the breathable plastic material
extruded therethrough, and the remainder sections 8 of the annular extrusion opening
have the non permeable plastic wall material extruded therethrough.

The purpose of the breathable region or regions of the conduit wall is to allow
diffusion of water vapour from the expiratory limb of the breathing circuit along the path
thereof independent of specific drain locations. This eliminates the build up of
condensation within the expiratory limb by drying the humidified gases during their flow
through the expiratory limb. This furthermore reduces the humidity of the gases arriving
at ancillary equipment, such as filters, ventilators and the like reducing the risk of
condensation accumulation, thereby improving their operation.

In accordance with a further aspect of the invention, and as exemplified in Figures
4 and 5 the conduit incorporating one or more longitudinal strips of breathable membrane

may further be incorporated in a coaxial breathing circuit as a passive humidification



conducted as a continuous process by a hot air welding head 375. Rotation and advancement of the
former 370 continually passes the seam between adjacent turns of tape 360 past the head 375. A
bead 363 is extruded by an extruder 381 on to the overlap between adjacent turns of the breathable
tape 362 to thereby form the helical reinforcing bead 353. A freely rotatable threadlaying head 376 is
located over the former after the bead extruder 381. The rotating head 376 cauiggpa ikt oHspools
379 holding the reinforcing threads 351. The head 3764s rotatable by an electric motor and drive belt
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The breathable membrane works on relative partial pressures of water vapour so,
with the flows in a counter flow arrangement substantial passive humidification of the
inspiratory flow can be achieved.

Referring to Figure 5 a circuit configured including the coaxial conduit depicted in
Figure 4 is represented. In this circuit the conduit has a patient end connector 15 and a
ventilator end connector 16 having inspiratory port 17 and an expiratory port 18. The
inspiratory 20 and expiratory 19 counter flows are indicated.

With the coaxial conduit the ventilator may not become aware of the leak in the
interior conduit. Such a leak may short circuit the patient meaning that the patient will
not be supplied with sufficient oxygen. Such a short circuit may be detected by
placement of a sensor at the patient end. Preferably this sensor may be located in the
patient end connector 15. A short circuit closer to the ventilator will lead to continued
patient rebreathing of the air volume close to the patient. This will lead to a rise in the
concentration of carbon dioxide in the conduit close to the patient which can be detected
directly by a CO? sensor. Such a sensor may comprise any one of a number of such
sensors as is currently commercially available. Alternatively this re breathing may be
detected by monitoring the temperature of the gases at the patient end connector 15,
wherein a rise in temperature above a predetermined level indicates that rebreathing is

occurring.



have the non permeable plastic wall material extruded therethrough. The purpose of the breathable
region or regions of the conduit wall is to allow diffusion of water vapour from the expiratory limb of the
breathing circuit along the path thereof independent of specific drain locations. This eliminates the
build up of condensation within the expiratory limb by drying the humidified gases during their flow
through the expiratory limb. This furthermore reduces the humidity of the gasemaiviaen 3¢ apotiary
equipment, such as filters, ventilators and the like redygjng the risk of condensation accumulation,
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exemplified in Figures 4 and 5 the conduit incorporating one or more longitudinal strips of breathable
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including t coaX|a conduit eplcte Igure 4 is represented. In this CII’C the condu
patient encbooporesribsuchansd enouth piece, nasal mask or endotracheal tube and the dual limbs of
a breathing circuit. Connection with the dual limbs of the breathing circuit is generally
via a wye connector. In the patient inhalation and exhalation cycle the dual limbs of the
breathing circuit each have a distinct role, one as inhalation conduit and one as exhalation
conduit. The catheter mount serves a dual role, transporting both inhaled and exhaled
gases. Accordingly, the catheter mount can have significant disadvantages. A
volume of exhaled air remains in the catheter mount between exhalation and inhalation.
Accordingly some air is re-breathed by the patient. While not unacceptable, rebreathing
is not generally desirable and where significant rebreathing is likely, a boost in oxygen
supply levels may be required.
Gases inhaled by a patient are, in a well managed ventilation system, delivered in
a condition having humidity near a saturation level and at close to body temperature,
usually at a temperature between 33°C and 37°C. This temperature may be maintained
by a heater in the inhalation conduit right up to the point where the gases enter the
catheter mount. Gases exhaled by a patient are returned fully saturated and are subjected
to further cooling as they flow through the catheter mount. Accordingly, although little
condensation forms on the interior walls during patient inhalation, significant
condensation levels may form during patient exhalation. The condensation, or rain out,
occurring inside the catheter mount is particularly deleterious due to its proximity to the
patient. Mobile condensate breathed or inhaled by a patient may lead to coughing fits or

other discomfort.



ventilator end connector 16 having inspiratory port 17 and an expiratory port 18. The inspiratory 20
and expiratory 19 counter flows are indicated. With the coaxial conduit the ventilator may not become
aware of the leak in the interior conduit. Such a leak may short circuit the patient meaning that the
patient will not be supplied with sufficient oxygen. Such a short circuit may be detected by placement
of a sensor at the patient end. Preferably this sensor may be located in the patienhoae¢rNEsHR 15.
A short circuit closer to the ventilator will lead to continied patient rebreathing of the air volume close

to the patient. Thie wiihiar e fisheb herARTERL BHARAY FRTbMToHTXideT ke RPRRyLlose 1o the
patient which can be detected directly by a CO2 sensor. Such a sensor may comprise any one of a
number ofl$ectatbetaronsoam id rRLorpathtedthmerytatigraedtablat thirerentilatiy tei reAnetteinginay be

tomporat AUl Ao Bt oA A e B R RREARR ; Fhe PReIAAEca A SR 2005
-16- In addifiginieet ﬁ?oﬁé‘éﬁéﬁtr@r%léﬁ iRliminas e fesmasiardsondrasaienEkipeiherthe

inner or outer conduit, 10 or 11 respectively, and to maintain a substantially uniform temperature in
the gasesMiaveuRRAIGIStHESCR8UTI i PatiaheAAsCONNSEas 4%8sistEied Miteonshelt & He

provided witin, ilnel the Inner gn auierondult disnased WINin R.635RR SAAFAR FRAI Y AL within
e conduit s themselves. In‘one  possibility the heater wiré may also sérve as a'reinforcing
support (hadigdlardreedd dornetteg 4pvithin the inner conduit 10 or in the outside conduit as with

coaxial conduit. A further breathing circuit component to which the present invention can be 6zljgplied is
a

catheter mounts JABSHRIRGER FPHREAHEtEY rSét\?v%VﬁrBHﬁEfPﬁ GRELHRAGNHEC r&@%ﬁo@ﬂm%ﬂ _
el e Hpie R S A T A
and exhalbgish &ywdet tbf daavsithbsiofjtineade datimmg oireatihazehnhateeial distnetenaiddy dhe astarhalation
conduit ar}:%r?crlll?ita%%(?sajf%tri%%d entirely from breathable material, and may also include lateral
reinforcement (a spiral reinforcing bead 467) and longitudinal reinforcement (axially
oriented threads 490) on the outside thereof. When constructed according to the manner
earlier described with respect to Figures 12 and 8 the spiral bead 467 is laid on the
overlap between consecutive turns of the extruded tape and assists fusion of the overlap
and reinforcement against crushing.

Therefore in use the catheter mount according to Figure 13 has an inspiratory
flow entering the catheter mount as indicated by arrow 470. The inspiratory flow passes
through the inner conduit to exit to the patient through the patient end connector 459 as
indicated by arrows 471. Upon patient exhalation, whether assisted or otherwise,
expired gases pass through connector 459 and into the space surrounding the inner
conduit 455 as indicated by arrows 472. These gases pass along the inside of the wall of
outer conduit 456 as indicated by arrows 473 and out through the expiratory tube
connector 463 of ventilation connector 461 as indicated by arrow 474. In passing
through the catheter mount within the space between the inner conduit 455 and the outer
wall 456 water vapour may pass through the water vapour permeable portions of the
outer conduit 456. Preferably the entire of outer conduit 456, apart from any reinforcing
rib, is breathable. In this way, although the expired gases may experience some

temperature drop as they pass through the catheter mount to the expiratory conduit

connector 463, hand in hand with this temperature drop is a reduction in humidity by



conduit. The catheter mount serves a dual role, transporting both inhaled and exhaled gases.
Accordingly, the catheter mount can have significant disadvantages. A volume of exhaled air remains
in the catheter mount between exhalation and inhalation. Accordingly some air is re-breathed by the
patient. While not unacceptable, rebreathing is not generally desirable and where significant
rebreathing is likely, a boost in oxygen supply levels may be required. Gasesinhapetbyh patient are,
in a well managed ventilation system, delivered in a cggdition having humidity near a saturation level
and at clogg g bodydGmRARIGE: A 3ha BrRRGIANES RRMBRMG 6t antk Sl NisiRmperalure
may be maintained by a heater’in the inhalation conduit right up to the point where the gases enter
the cathefscaorslinglsastatigrisatachbipaqfdtierexaicatetyriiod fisihgdiztad=ed ki Gutistdgjacesd to
further cooling as they flow through the catheter mount. Accordingly, although little condensation
forms on the interior walls during patient inhalation, significant condensation levels may form during

patient_eXha|atiOI‘rh7§h§iﬂf§iéi|?ﬁ$@\ﬁiﬁP i ﬁd@@r@ﬁh%ﬁ’l‘é@ﬁﬁ%@ dpeistg iW{jE f%ﬁih@t%_rré@éﬁ{ntﬂ‘%é?ﬁ[gﬁ}“a”y
deleterious due to its proximity to the patient. Mobile condensate breathed or inhaled by a patient may

lead to colitfhusipsiexel AtHdvisitoefdhe 2asNisa@nbanceoiretony Hawsttirmdihthecerihsiating the

present inyention is.deni in Ei 3. The tey_ mount tncqrpor at the
ventilator Pehr?é}.nin %iﬁrﬁgﬁtaenc%kdﬁgqgg i)'gﬁ-egrpl]%%ﬁj}o 'igﬁ/mwf%ﬁ{tljfcé %Iﬁ%e@ac‘)an%é &?ﬁgﬁ%@ﬂﬁiﬁéal
conduit 43k iaidityp pdties extpircaajiert evdwasativtesnperangdeibEonoRctRisdd redindeb. is turn is
supported via support struts 458 from patient end connector 459. The inner conduit 455 is supported

at its other end oWAHSnpRMEoATNREEBRRRE R T4BEWHRISRSIRY BT fRvevBRBMEBREAPEA R ctor
In th . : ) . .
461.Int r%f?QPF'éﬁré‘hﬂ“@bﬂ@%‘ﬁéﬂiﬁt}%@f@%ﬁﬁ&”ﬂﬁﬁ%&%@?%%&‘ﬁﬁ&ﬁ% HhnyoBiaynicates

with the inspiratory conduit co e outer con has at least a part of'its wall being
made froroantbertiahsamagteraie Roferantyaty osatul.



conduit 456 is formed entirely from breathable material, and may also include lateral reinforcement (a
spiral reinforcing bead 467) and longitudinal reinforcement (axially oriented threads 490) on the
outside thereof. When constructed according to the manner earlier described with respect to Figures
12 and 8 the spiral bead 467 is laid on the overlap between consecutive turns of the extruded tape
and assists fusion of the overlap and reinforcement against crushing. Therefarg NoNgsHiBecatitger
mount according to Figure 13 has an inspiratory flow ggtering the catheter mount as indicated by
arrow 4703[%|Wiratory flow passes through the inner conduit to exit to the patient through the
patient end connector 459 as indicated by arrows 471. Upon patient exhalation, whether assisted or
otherwise, expired gases pass through connector 459 and into the space surrounding the inner

conduit 455 as i%igate?pb arrows 4.;)35 Thﬁsa.ﬁa_ses pass along the inside of the wall of outer
conduit 4536 as ifdif58 Hi)lgé\rlrr&%h' ARG'Hat Hrough the expiratory tube connector 463 of
ventilation connegiqpffl as indicated by arrow 474. In passing through the catheter mount within the

space between the inner conduit 455 and the outer wall 456 water vapour may pass through the water
vapour permeabRNsitieh€0f the outer conduit 456. Preferably the entire of outer conduit 456, apart

from any reinforcing_ rily, is breathable c.In this w [thouah th ire m Xperience some
iemperature arod et LA e e D R SR B TS e
hand in hayadveith thikitenigesati saidroptiee sede@iton iegiomistityaiy @dchdsitegniali 81ag - avater
vapour passing through the breathable membrane of the outer conduit. Accordingly, relative
saturationoAigTeab hrh i iswie rpatkass AfdwalsoVBROHIVdE Ut loxvhage tNe RRassAt Plorating

features ; 'r&grg) presgnt invention includes explicit division of the inspiratory and expiratory
flows through the catheter’ mount - significantly reducing rebreathing. Rain out is also reduced by

reducing the huanigiie o apendtoredgtshs msandexiiadateonftoat pes sz tsengaices agdocgWhile
some emlggfl'nr}]eaqtesrigf the present invention have been described as

2. A breathing circuit limb as claimed in claiml1 wherein said material is selected
from:

(@  hydrophilic thermoplastics,

(b)  perfluorinated polymers

(c)  woven treated fabrics.

3. A Dbreathing circuit limb as claimed in claim 1 wherein said material is a

perfluorinated polymer membrane.

4, A breathing circuit limb as claimed in claim 1 wherein said material is a

hydrophilic polyester block copolymer.

5. A breathing circuit limb as claimed in any one of claims 1 to 4 wherein said flow
passage is a conduit and said region or regions is or are distributed over the length of said

conduit.

6. A breathing circuit limb as claimed in claim 5 wherein said region or regions are

elongate and run at least a substantial part of the length of said conduit.



preferred and convey particular advantages over other embodiments many other combinations may
prove commercially useful. 24 November 2003 -19 CLAIMS 1. A breathing circuit limb including: an
inlet, an outlet, and an enclosing wall defining a substantially singular exhalation flow passage
between said inlet and said outlet, at least a region of said enclosing wall being of a material that
allows the passage of water vapour without allowing the passage of respiratopy §as@snt 2u@ier
vapour flow path from said exhalation flow passage togmbient air through said material. 2. A
breathing circuit limb as claimed in claiml wherein said material is selected from: (a) hydrophilic
thermoplastics, (b) perfluorinated polymers (c) woven treated fabrics. 3. A breathing circuit limb as
claimed in/claim A Wreatbimg aidicuidtb i) &salgpienfiddrrcieeo Solgoledimg mbesies.0f . SAibregftaing) circuit

limb as claimed in claim, 1 wherein said material is a hydrophilic polyester block copolymer. 5. A
breathing St‘RPcct?lg Imgy@;{vﬁﬂgﬁiﬂf}@%ﬁ@@&haims 1 to 4 wherein said flow passage is a conduit

and said region or regions is or are distributed over the length of said conduit. 6. A breathing circuit

limb as claimed in claim 5 wherein said region or regions are elongate and run at least a substantial
part of theBlengthoPEathithairu 4 inG\asekaimeg® any one of claims 1 to 4 wherein said flow

passage includes at least one helically wound polymer tape or strip, part or all of said
strip being of a material that allows the passage of water vapour without allowing the
passage of liquid water or respiratory gases, respective edges of adjacent turns of said

strip being adjoining or overlapping and bonded.

9. A breathing circuit limb as claimed in any one of claims 1 to 4 wherein said flow
passage includes at least one longitudinal strip, part or all of said strip being of a material
that allows the passage of water vapour without allowing the passage of liquid water or
respiratory gases, said strip or strips extending parallel to the axis of said flow passage,
edges of said strip or strips adjoining or overlapping to form an enclosed tube and
bonded.

10. A breathing circuit limb as claimed in any one of claims 1 to 4 wherein said flow
passage, is a blown film tube of a material that allows the passage of water vapour

without allowing the passage of liquid water or respiratory gases.

11. A breathing circuit limb as claimed in any one of claims 8 to 9 including lateral

reinforcement against crushing.

12.  Abreathing circuit limb as claimed in claim 11 wherein said lateral reinforcement
includes a plurality of annular corrugations, whether discrete annular rings or one or

more helical corrugations, distributed over the length of said flow passage.

13.  Abreathing circuit limb as claimed in claim 11 wherein said lateral reinforcement

is a helical bead or a series of annular ring beads or ribs distributed over the length of



-20 7. A breathing circuit limb as claimed in claim 5 including a series of said regions spaced along
the length of said conduit. 8. A breathing circuit limb as claimed in any one of claims 1 to 4 wherein
said flow passage includes at least one helically wound polymer tape or strip, part or all of said strip
being of a material that allows the passage of water vapour without allowing the passage of liquid
water or respiratory gases, respective edges of adjacent turns of said strip beypongfiaipero»003
overlapping and bonded. 9. A breathing circuit limb asglaimed in any one of claims 1 to 4 wherein said
flow passagg mw%%gg@ast one longitudinal strip, part or all of said strip being of a material that
allows the passage of water vapour without allowing the passage of liquid water or respiratory gases,
said strip or strips extending parallel to the axis of said flow passage, edges of said strip or strips

djoini lapping, to form an enclosed fube and bpnded. 10, A breathing circuit limb as claimed
i any ondAr D IO S En A Rl LR R BT R R B owe e

passage qg‘é(ﬁ‘{@d@@ﬁh’fg WH@%MHIW%%P@P l’@ﬁ?ﬁﬁG@rﬁérﬁiﬂﬁiﬁ H@i@él%éﬁ%%}i@&(ﬂé@@lsséiﬁ- A
breathing circuit limb as claimed in any one of claims 8 to 9 including lateral reinforcement against

crushing. adoMBYg h R tirppnghsslges hatmeentuerRsafstipherein said lateral reinforcement
includes a plurality of annular corrugations, whether discrete annular rings or one or more helical
corrugations, distributed over the length of said flow passage. 13. A breathing circuit limb as claimed in

claim 11 vibereinssbiddetiigloietnioldemest|id adutiicaldbest aviepsrieaidl |l analasinfgrb@adstor ribs
distributed over the length of 24 November 2003 said flow passage. -21 14. A breathing circuit limb as

claimed i ThietelRL eI g NeiRIAFEMH FBHBIN SalfhifRNCPassAEs- wherein said lateral reinforcement

is a helical bead disposed over said

16. A breathing circuit limb as claimed in claims 8 to 13 and 15 wherein said flow
passage, includes longitudinal reinforcement against longitudinal stretching of said flow

passage.

17. A breathing circuit limb as claimed in claim 14 wherein said flow passage,

includes longitudinal reinforcement against longitudinal stretching of said flow passage.

18. A breathing circuit limb claim 16 wherein said longitudinal reinforcement
includes a plurality of longitudinally extending threads spaced around the perimeter of
said enclosing wall, each said thread aligned substantially parallel with the overall axis of

said flow passage.

19. A breathing circuit limb as claimed in claim 17 wherein said longitudinal
reinforcement includes a plurality of longitudinally extending threads spaced around the
perimeter of said enclosing wall, each said thread aligned substantially parallel with the
overall axis of said flow passage and said threads are supported away from said flow

passage by said helical bead.

20. A breathing circuit limb as claimed in claim 19 wherein said thread is bonded to
said bead at crossings of said bead, and spans the gaps between adjacent turns of said
bead.



adjoining or overlapping edges between turns of strip. 15. A breathing circuit limb as claimed in claim
11 wherein said lateral reinforcement is a skeletal reinforcing structure within said flow passage. 16. A
breathing circuit limb as claimed in claims 8 to 13 and 15 wherein said flow passage, includes
longitudinal reinforcement against longitudinal stretching of said flow passage. 17. A breathing circuit
limb as claimed in claim 14 wherein said flow passage, includes longitudinal e{n{RyGemeri agrinst
longitudinal stretching of said flow passage. 18. A breathing circuit limb claim 16 wherein said
longitudinal reinforcement includes a plurality of longitudinally extending threads spaced around the
perimeter of said enclosing wall, each said thread aligned substantially parallel with the overall axis of
said flow @dssagA hieathbgainowgt dirobitsmiabsedaimethier ckinm 12 wheteim20dibetgindiaml
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passage %g@%&@g%@r@@g@g@yted away from said flow passage by said helical bead. 20. A

breathing circuit limb as claimed in claim 19 wherein said thread is bonded to said bead at crossings
of said bead, and spans the gaps between adjacent turns of said bead. 24 November 2003 -22 21. A

breathing giycuit Iy i in gither clain lai 2in said. longitudi inforcement
includes a%buteé&%%ﬁﬁ@%jgggg aﬁ‘&gﬁ Ssé?é%c])ev% %{aéga@eg,lo% iﬁéggﬁe% g?? %ggc?ﬂoﬁﬁéﬁ?fs A

breathing gineqitliei @ chtitordiia cfamaterdlateinaod ottersiReage folustes vaptaasiviggions which
are of a material that allows thegfass%?e of water vapour without allowing the passage of liquid water

or respirafI)\WH¥: NS Bagage il Y rR@amab ESRIEAABA $3%8%im 21 wherein said outer sheath has
a

23. A breathing circuit limb as claimed in claim 21 wherein said outer sheath has a

plurality of holes or apertures therethrough.

24. A breathing circuit limb as claimed in any one of claims 17, 19 and 20 wherein
said longitudinal reinforcement includes an outer sheath disposed about said flow

passage, and bonded with said enclosing wall.

25. A breathing circuit limb as claimed in claim 24 wherein said outer sheath is

bonded to said enclosing wall by action of a helical bead.

26.  Abreathing circuit limb as claimed in claim 21, claim 24 or claim 25 wherein said
outer sheath includes a plurality of longitudinally extending polymer threads, either

parallel with the axis of said flow passage, or braided about said flow passage.

27. A breathing circuit limb as claimed in any one of claims 13, and 17 to 26
including a further wall of a material that allows the passage of water vapour without
allowing the passage of liquid water or respiratory gases is spaced from said enclosing

wall by at least said helical bead.

28. A breathing circuit limb as claimed in any one of claims 13 and 17 to 27 wherein

where said longitudinal reinforcement is supported on said bead from said enclosing



plurality of holes or apertures therethrough. 24. A breathing circuit limb as claimed in any one of claims
17, 19 and 20 wherein said longitudinal reinforcement includes an outer sheath disposed about said
flow passage, and bonded with said enclosing wall. 25. A breathing circuit limb as claimed in claim 24
wherein said outer sheath is bonded to said enclosing wall by action of a helical bead. 26. A breathing
circuit limb as claimed in claim 21, claim 24 or claim 25 wherein said outer sheai)doesiRs 2otality
of longitudinally extending polymer threads, either pargdlel with the axis of said flow passage, or

braided abouj said oy Béé&?&ﬁigf%s@d%é\“é%la ﬁV%%ngg‘g gggg@gpmﬂ%%m*o?@émé&& and

17 to 26 including a further wall of a material that allows t water vapour without allowing
the passatgehetditpaitveensant farspantbsyapseleadspaced from said enclosing wall by at least said
helical bead. 28. A breathing circuit limb as claimed in any one of claims 13 and 17 to 27 wherein
where said longitudinal reinforcement is supported on said bead from said enclosing 24 November

2003 -23-pwall, amepeatpeaddieuiInnbed eranraiqdicsineae inBfiame Ionahelinaldeiapeement is
held between said first and second beads. 29. A breathing circuit limb as claimed in claim 28 including

a further SaRferkl B7od aheue ihepassause ielphyspgeroniteest apvingiropessrgringlineifassage
of liauid wolron IESRAIAN 9pses dispeseran e ApLsHiass pLsIdgragkagad. 30 A

breathing circuitli I C ncluding a further said wall 'of 'a’ material that allows the
passage of water vapour without allowing the passage of liquid water or respiratory gases adjacent

said longitudinal reinforcement and between said first and second beads. 31. Apparatus for forming a

breathing Bcuit fhiRBHPRSHEUL fiTRGE GRITEMEFIRTLEtIaraBaduaereadaEr
advancessgid PRRIAT L T Y BIS.AR BFYARSFVAHS AMWIAIRIER RA AFBRSSS ARG PRt Alout said

water or respiratory gases adjacent said longitudinal reinforcement and between said first

and second beads.

31.  Apparatus for forming a breathing circuit limb comprising:

a former, onto which a tube wall can be deposited and which advances said
deposited tube wall in an advance axis and rotates said deposited tube wall about said
advance direction, the speed of said advance and the speed of said rotation together
defining a pitch,

at least one film laying head which deposits a film on said former, the combined
width of said film deposited by said film laying heads being wider than said pitch such
that adjacent turns of laid film overlap to form an overlap seam,

a bead laying head for each said film laying head, each said bead laying head
laying a reinforcing bead on an overlap seam,

an axial thread laying head, said thread laying head fitted over and around said
former and carrying a plurality of thread feeds, each thread feed allowing the drawing of
a thread from a reserve, and

a rotator to rotate said axial thread laying head at substantially the same speed as

the expected rotation speed of said tube.

32.  Apparatus as claimed in claim 31 wherein, in said advance direction, said bead

laying head precedes said thread laying head.



advance direction, the speed of said advance and the speed of said rotation together defining a pitch,
at least one film laying head which deposits a film on said former, the combined width of said film
deposited by said film laying heads being wider than said pitch such that adjacent turns of laid film
overlap to form an overlap seam, a bead laying head for each said film laying head, each said bead
laying head laying a reinforcing bead on an overlap seam, an axial thread laynoNwasntstid Hogad
laying head fitted over and around said former and cagpying a plurality of thread feeds, each thread
feed allowing the drawing of a thread from a reserve, and a rotator to rotate said axial thread laying
head at substantially the same speed as the expected rotation speed of said tube. 32. Apparatus as
claimed ir33laim Appaneiiesrasicisaieddvatiasndiddctiderstaidibeadt Edingdecdidestevedasdshanthread
laying hegd. 24 Nov gmber %i% é-l 33. A arat as claimed in claim 31 wherein, in said advance
direction, WBAE@ I%)fﬁcﬁ g E?:@@g le laying head. 34. Apparatus as claimed in claim
33 including at least one, but less than the number of said bead laying heads, reinforcement laying
head, between said thread laying head and said bead laying head in said advance direction, said

reinforcerddnt layivipaiaius aeplasied ia plakn Epedndingrt torsienenbuidashihed Wieoikelid mesh
tapes de%?%ié%i Egaﬁqi%mﬁﬁpe%ppem%?@eﬁ%ﬂgIg)rﬁ%eﬁég&,nbse?\iﬁe@iﬁcgﬁid thread laying head
and said bead laying head in said advance direction, said reinforcement laying head
depositing a mesh tape onto said former, the combined width of said mesh tapes

deposited by said mesh laying heads being greater than said pitch.



