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FIGURE 1

(57) Abstract: A tracheal coupling for interfacing between a patient and a gases source, the connector comprising a patient port
(33) for connecting to the trachca interface/inscrt, an outlet port (36), and inlet port (31) between paticnt port and outlet port for
receiving a flow of gases from the gases flow source, the connector restricting expiratory flow in use to produce PEEP of at least 1
cm H20 when flow to the inlet port is 50 litres per minute. A system or method tor supplying gases to a patient using the connec -
tor is also disclosed. Flow restriction is implemented using an orifice that can be adjustable, jetting or turbulence induced by a di-
rected flow nozzle (30). PEEP can also be varied by flow control of gas source.
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“TRACHEAL COUPLINGS AND ASSOCIATED SYSTEMS AND METHODS”

Field of Invention
The present invention relates to tracheal couplings (e.g. connectors/interfaces) for
connecting/interfacing between an intubated or tracheotomised spontaneously breathing patient

and a gas supply conduit from a continuous breathing gas supply.

Summary of the Invention

An object of the invention is to provide a tracheal coupling which will at least go some way
towards providing a useful choice.

In one aspect the present invention may be said to consist 1n a tracheal coupling for
interfacing between a patient and a gases Sourcé, the connector compuising a patient port for
connecting to the trachea interface/insert, an outlet port, and inlet port between patient port and
outlet port for receiving a flow of gases from the gases flow source, the connector restuicting’
expuatory flow 1n use to produce PEEP of at least 1emH,0 when flow to the mnlet port 1s 50 litres
per minute.

Preferably the coupling is a connector that can be connected to a trachea interface/insert in
ot on a patient to interface between a patient and a gases source.

Preferably the trachea interface/insert is one or more of:

a trachea button, a‘er.ldotrac‘heal- tube, a tacheostomy tube, a laryngeal mask.

Alternatively the coupling comprises-a trachea interface that can be attached to a patent to
interface between a patient and a gases source. V

Preferably the flow gestriction mncludes a restriction between inlet port and outlet port or at
outlet port.

Preferably the flow restriction includes an adjustable orifice.

Preferably the ﬂové restriction 1s caused by turbulence from inlet flow.

Preferably the flow resttiction is caused by jetung air from inlet flow.

Preferably the connector includes a nozzle extending ﬁ.;om the mlet port toward the patient
port. »

Preferably the nozzle extends through the patient port.

Preferably the nozzle includes a bend in a portion between an outlet' end of the nozzle and
the patent port.

Preferably the coupling further comprises a pressure relief valve.’

Preferably the restricion comprises a heat and moisture exchanger.
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In another aspect the present invention may be said to consist in a system for supplying
breathing gases to a patient comprising an airflow source including an adjustable flow control, and
a tracheal coupling for receiving gases from the airflow source in excess for a patient’s breathing
requirements, supplying breathing gases for the patient to inhale, and releasing‘exhalcd gases and
uninhaled gases through an outlet port, the connector restricting expiratory flow to generate
amount of PEEP according to ﬂow.through connector, and thereby according to the setting of the
adjustable flow control of the airflow source. .

Preferably the tracheal coupling is a connector that can be connected to a trachea
interface/inscrt in or on a patient.

Preferably the trachea interface/insert is one of: a (rachea button, a endotracheal tube, a
tacheostomy tube, a laryngeal mask.

Preferably the coupling comprtses a trachea interface that can be attached to a patient to
interface between a patient and a gascs source.

Preferably the flow restriction includes a restriction between an inlet port and outlet port,
or at the outlet port.

Preferably the flow restricuon includes an adjustable otifice.

Preferably the system further comprises a pressure telief valve.

Preferably the flow restriction is caused by turbulence from inlet flow.

Preferably the flow restriction is caused by jetting air from inlet flow.

Preferably the connector includes a nozzle extending from the inlet port toward the patient
pott.

Preferébly the nozzle extends through the patent port.

Preferably the nozzle includes a bend in a portion between an outlet end of the nozzle and
the patient port. .

In another aspect the present invention may be said to consist in a tracheal coupling
comprising a patient port, an outlet port, an inlet port between the patient port and the outlet port, -
such that flow from the inlet port can go to the patient port or direct to the outlet port, and a flow
restriction between the inlet port and the.ou'tlet portt, or at the oudet port.

Preferably the flow restricuon mcludes an adjustable orifice.

Preferably the tracheal coupling further comprises a pressure relief valve.

In anéther aspect the present invention may be said to consist in a tracheal cpuphng
comprising a pﬁtient port, an outlet port, an inlet port between the patient port and the outlet port,

such that flow from inlet port can go to the patient port or direct to outlet port, and a jet or nozzle
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discharging flow from the inlet port toward the patient port in the flow path of gases flowing from
the patient port to the outlet port.

Preferably the tracheal coupling further comprises a restriction between the inlet port and
the outlet port, or at the outlet port.

Preferably the flow restriction includes an adjustable orifice.

Preferably the tacheal coupling further compuises a pressure relief valve.

In another aspect the ?resent mnvention may be said to consist in a method of providing
breathing gases to a patient comprising: a) attaching a tracheal coupling to a breathing tube of the
patient, the coupling having a patient port, an outlet port, an inlet pott between the patient port
and the outlet port, such that flow from inlet port can go to the patent port or direct to the outlet
port, and a jet or nozzle discharging flow from the mlet port toward the patient port in the flow
path of gases flowing from the patient port to the outlet port, b) selecting a flow level for a supply
of gases to the connector to generate a desired amount of PEEP, ¢ supplying the flow level of
gases to the inlet port of the connector.

In another aspect the present invention may be said to- consist in a method of providing
breathing gases to a patient comprising: a) attaching a tracheal couphng to a breathing tube of the
patient, the connector having a patient pott, an outlet port, an inlet port between the patient port
and the outlet port, such that flow from mlet port can go to the paticnt port or direct to outlet
port, and a jet or nozzle discharging flow from the inlet port toward the patient port in'the flow
path of gases flowing from the patient port to the outet port, b) adjusting a flow restriction for the
connector according to an expected flow of gases and a desired amount of PEEP ¢) supplying a
flow of gases to the inlet port of the connector.

_In another aspect the present invention may be said to consist in a connector for
interfacing be~tween an endotracheal tube or tracheostomy tube and a gases source, the connector
comprising a patient port for connecting to the _endotmchea] or tracheostomy tube, an outlet port,
and inlet port between patient port and outlet port for receiving a flow of gases from the gases
flow source, the connector restricting expiratory flow in use to produce PEEP of at least icmHzO
when flow to the inlet port is 50 litres per minute.

In another aspect the présent inventioﬁ may bé said to consist i a systém for supplymg
breathing gases to a patient fitted with an endotracheal or tracheostomy tube compusing an airflow
source including an adjustable flow control, and a connector receiving gases from the airflow
source in excess for a pa.ticnt’s breathing requirements, supplying brcathing gases for the patent to

mnhale, and releasing exhaled gases and uninhaled gases through an outlet port, the connector
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restricting expiratory flow to generate amount of PEEP according to flow through connector, and
thereby according to the settung of the adjustable flow control of the airflow soutce.

In another aspect the present invention may be said to consist in a tracheal connector
comprising a patient pott, an outlet port, an inlet port between the lsatjeflt port and the outlet port,
such that flow from the inlet port can go to the padent port or ditect to the outlet port, and a flow
restriction between the inlet port and the outlet port, or at the outlet port.

In another aspect the present in;'ention may be said to consist m a tracheal connector
comprising a patient port, an outlet port, an inlet port between the patient port and the outlet port,
such that flow from inlet.port can go to the patient port or direct to outlet port, and a jer or nozzle
discharging flow from the inlct port toward the patient port in the flow path of gases flowing from
the patient pozt to the outlet port.

As used 1n this specification, “iwrachea connecror” means a connector coupling between a
gases supply conduit and the open end of a tracheostomy tube or ET tube.

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 the.mselves without
departing from the scope of the invention as defined in the appended clatms. The disclosures and
the descriptions herein are purely lustratve and are not intended to be in any sense limiting.

The term “comprising” is used in the specification and claims, means “consistng at least in
part of”. When interpreting a statement in this specification and claims that includes “comprising”,
features other than that or those prefaced by the term may also be present. Related terms such as

“comprise” and “comprises’ are to be interpreted in the same manner.

Brief Description of the Drawings

Embodiments of the present invention will be described with reference to the
accompanying drawings.

Figure 1 illustrates a system for supplying breathing gases to a tracheotomised patient.

Figures 2A and 2B illustrate a prior art trachea connectot.

Figure 2A illustrates the flow .throdgh the connector during patient inhalation.

Figure 2B illustrates the flow through the connector duting patient exhalation. -

Figures 3A and 3B are cross sectional views of a ﬁrachea connector according to oﬁ_e aspect
of the present imnventon. .

Figure 3A illustrates flows through the connectot during patent inhalation.

Figure 3B llustrates flows through the connector during patent exhalation.
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Figures 4A and 4B are cross sectional side elevations of a trachea connector according to a
second aspect of the present inventon. _

Figure 4A illustrates flows through the connector duting pﬂﬁent inhalation.

Figure 4B dlustrates flows through the connector during patient exhﬂl‘ation

Figure 5 1s a cross sectional side elevation of a trachea connector according to a further
aspect of the present invention where a restriction is provided intermediately located between the »
mlet port and the outlet port.

. Figure 6 1s a cross’_secrional side elevation of a trachea connector according to a further
aspect of the present invention including an adjustable flow restriction.

Figure 7 1s a cl‘oss' sectional side elevation of a trachea connector according to a further
aspect of the present invention including an alternative adjustable restriction.

Figure 8 1s a cross sectional side elevanon of a trachea connector according to a further
aspect of the present invention incorporating flow restrictions 1n the form of a restricted outlet and
a jet-generating nozzle.

Figﬁre 9 is a cross sectional side elevation of a trachea connector according to a further
aspect of the present invention illustrating the combination of a turbulence-generating nozzle and a
variable restricted outlet.

Figure 10 1s a cross sectional side elevation of a trachea connector according to a further
aspect of the present invention including an adjustable restricted outlet and a pressure relicf valve.

Figure 11 is a plot of pressure versus time dlustrating the pressure gencrated at the internal

end of the tracheostomy by three different tracheal connectors under high flow supply conditions

(50 litres per munute) used 1n conjuncuon with a lung simulator. Pressure generated at the end of

the tracheostomy tube in the patient airway of the prior art tracheal connector with no supply flow
1s also shown. »

Figure 12 1s a cross sectional side elevation of a trachea connector according to a further
aspect of the presént mvention ustraung the combination of a turbulence—genemri'ng nozzle and a
sensot port. ‘

Figure 13 shows a trachea interface (mask).

Figure 14 shows a stoma (trachea) button.

Figure 15 shows a tracheostomy tube.

Figure 16 shows an cndotracheal tube.

Figure 17 shows a trachea interface comprising a body and mask.

Figures 18 to 28 show vanious aspects of a trachea interface with a body and mask with

PEFEP control.
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Detailed Description

Tracheal couplings (e.g. in the form of connectots of trachea interfaces) according to the
present invention arc intended to be used in conjunction with the breathing gases supply system as
generally depicted 1n Figure 1. A tracheal coupling provides forb passage of bLeathing gases (e.g.
oxygen)/interfacing between a high flow gases supply and a patient (such as a tracheotomised or
intubated patient.) A tracheal coupling can take the form of a connector that couples to a trachea
insert/interface in or on a tracheotomised or intubated patient, either nasally or orally or othénvise.
Alternatively, 1t can take the form of a trachea interfacé which can be attached to a _
tracheotomised/intubated patient. The tracheal coupling can be used with other high flow gases
sources, such as a supply of air from a wall outlet or ventilator. The tracheal couplings are
intended for use in a high flow therapy situation (e.g., the gas supply exceeds peak mspiratory flow)
where the patient is spontaneously breathing. This means that a substantial proportion of the air
supplied to the connector vents directly to the toom without being breathed by the patient.

Figure 1 illustrates a system into which tracheal couplings in the form of connectors
according to the present invention may be incorporated. An external portion to a tracheostomy
tube extends out of the neck of patent 1. A male connector 3 extends from the tracheostomy
tube. A trachea connector 4 mncludes a patient end 5 connected to the male connector 3 of the
tracheostomy tube. The connector 4 includes outlet end 6 and an inlet tube 7. The inlet tube is
connected to the cuff 8 of a breathing tube 10. The breathing tube includes a flexible conduit 9 for
supplying breathing gases to the patient. A cuff 11 at the other end of the breathing tube 10 1s
connected to outlet connector 12 of a gases flow soutce. The gases flow soutce may be a flow
generator 13. The flow generator 13 may include a humidification sj’stem including humidificaton
chamber 14. Breathing gases can be delivered to the user at, or neat, optimal temperature and
humidity (37°C, 44 mg/I. humidity) as the gases are delivered. Emulating the (.:onditions within
healthy adult lungs (37°C, 44 mg/L humidity) can help maintain healthy mucociliary function in
users with réspiratory disorders affecting secretion.

The flow generator 13 typically inclu‘d‘es a blower receiving ait from an air intake 15 and
optionally oxygen from oxygen supply line 16. A user interface may include a.display screen 17 and
user controls 18. The user controls may be in the form of buttons on the housing of the flow
generator or combined with the display screen as a touch screen on the flow generator. An
example flow gencrator for use in this application is the Fishetr & Paykel Healthcare AIRVOTM
The flow generator includes a flow sensor and a feedback con.trol which monitors the delivered
flow and varies the blower speed to maintain the output flow of the generator at a level set through

the user controls.
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The trachea connector 4 may also be used with the endotracheal tube (1 tube) of orally or
nasally intubated patients. Endotracheal tubes and tracheostomy tubes are trachea
inserts/interfaces. Other types of trachea inserts/intetfaces that a trachea connector can be used
with or connected to comptise stoma (trachea) buttons, and laryngeal masks.

Tracheal couplings in the form of trachea interfaces could also be used with the blower 17
and conduit 10 syétem shown in Figure 1. |

A prior art trachea coupling 1n the form ofia connector is dlustrated 1n Figures 2A and 2B.
The connector includes an inner surface 22 at end 5 for connecting over the outlet 3 of the
tracheostomy tube, an outer surface 24 of inlet tube 7 for fitting inside the cuff 8 of the breathing
tube and an open outlet at end 6. The connector 1s for use m a high flow therapy where the patient
is spontaneously breathmg. The connector 1s not for use in a controlled méchanical ventlation.
The connector is Wustrated in Figure 2A with typical flows during patient inhalation and in Figure
2B with typical flows during patient exhalation. During patient ihalation, a portion 28 of inlet
flow 26 flows directly to outlet 20 of the connector. Another portion 29 of mnlet flow 26 flows to
the patent through end 5. During exhalation, a flow 26 continues to enter the connector from the
flow generator and, as indicated by arrows 23 ﬂows'tvo the outlet 20 together with flow 27 being
returned through port 5 from the patient.

A prior art trachcal coupling (in the form of a connector) shown in Figures 2A and 2B
provides an outlet port of about the same cross section as the inlet port and the patient port. In
the high flow environment, the connector produces a very small bressure in the patient airway.
Referting to Figure 11, with a flow of 50 litres per minute, this connector produced a pressure as
illustrated in section B of the pressure plot. In this section, maximum PEEP (Positive End
Expiratory Pressure) was less than TemH,0.

The tracheal couplings according to the present invention include adaptations to work with
the high flow environment (for example with the flow generator 13 in Figure 1) to produce an
elevated pressute in the patient airway and PEEP. Because a large portion of the supplied gases are
exhausted ditect to the room, there is a tolerance for variation in the delivered flow rate. The
tracheal couplings of the present invention provide a level of preésure support that varies
depending on the flow raté delivered to the connector. The clinician can use variation of the flow
rate supplied to the tracheal coupling of the present invention to vary the pressure support for the
patient. Exhaugt gas flow rates may be regulated by fixing the restriction to gas flow through
variable or non-varable adaptations. The end expiratory pressure expertenced by a ;Jser can
therefore be regulated. A positive end expiratory pressure (PEEP) can keep the airways and alveoli

from collapsing at end-expiration and reopen airways and alveoli that have already collapsed. The
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therapeutic provision of PEEP can improve gas exchange (decreased intra pulmonary shunt),
reduce the resistance to airflow (lung resistance), and makes the lungs less stiff (increased lung
compliance). Levels of oxygen and carbon dioxide also may improve, reducing the' need for
supplemental ox;rgen and the sensation of breathlessness. PEEP may aiso im?rovc cardiac
performance by increasing mean intra thoracic pressure. PEEP is of special advantage to assisting
in the treatment of obstructive lung diseases and heart failure, including efnphysema,
bronchiectasis, chronic bronchitis, cystic fibrosis and pulmonary edema.

A number of variations of tracheal couplings accox:dj.ng to the present invention are
illustrated in Figures 3A to 10, 12 and 17 to 28 and described below. Figures 3A to 10, 12 show
connectors, while Figures 17 to 28 show trachea interfaces. These tracheal couplings can provide
for interfacing between a patient and gases supply. These tracheal couplings include a range of
features for producing an elevated internal pressure from the flow flowing through the twacheal
couplings in otder to provide PEEP. The invention also contemplates tracheal couplings
incorporating more than one of these adaptations. Examples of tracheal couplings Incorporating
multiple adaptations are illustrated in Figures 6, 8 and 9 and Figures 24, 26 and 27. Nonetheless,
other combinations of these features arc also pbssible and within the scope of the invention.

Figures 3A and 3B illustrate a tracheal coupling in the form of a.connector mcluding a
directed flow nozzle 30 extending from the inlet pott 31. The directed flow nozzle 30 includes an
outlet end 32 facing towards the patient port 33. The outlet end 32 of the nozzle 30 is smaller than
the inlet port area and the inlet flow 34 accelerates through the nozzle 30. During inhalation, a
portion 35 of the flow 34 flows dirc;cr,ly to the outlet port 36. The remainder 37 flows through the
patient port 33 ro be inhaled by the patient. As can be seen in Figure 3B, when the patient exhales,

the flow of exhaled gases 38 is opposed by the mncoming gases 39. The opposed flows create a

- zone of turbulence adjacent the nozzle outlet 32. This turbulent flow zone resists with the patent

exhalation flow 38 to create an elevated pressure at the patient port of the connector.

The flow nozzle could extend beyond patient port intotiacheostomy »tube or other tra-chea
insert/i_nterface the connector is used with. This could include a bend so that the nozzle turns the
inlet flow into line with the patent airway. The nozzle would not extend further than necessary to
malke this turn For example, the porton in line with th_¢ patient airway would be no more than
30mm long. So it would not irritate mucosa in the trachea. '

Iigures 4A and 4B illustrate another connector including a flow restriction at the outlet
end. The flow restrictor may be in the form of a wall partially closing the end of the connector.
The wall includes an aperture 40 of a p‘zxrticular size, the area of the aperture 40 being smaller than

the cross sectional atea of the inlet port. Flow from the outlet end of the connector is restricted by
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the port 40, producing a back pressure in the connector that is a function of the flow rate through
the aperture. »

As illustrated in Figure 4A, during inhalation, a portion 41 of the incoming flow 42 flows
directly to the aperturé 40, while a portion 43 1s inhaled by the patient. As illustrated in Figure 43,
during patient exhalation, all of the incoming air 42 and the exhaled air 44 combines, and the
combined flow 45 flows through aperture 40. '

This greater combined flow durnng exhalaton leads to a greater pressure withim the
connector during patient exhalation. The aperture may be substituted by multiple apertures, or a
screen, mesh or filter.

In practice, a range of connectors may be providgid' with apertures 40 of different size
(cross sectional area). A clinician may select a connector from this range according to the flow and
pressure support needs of their patient. For example, a connector with a certain aperture size may
be rated to provide a fitst pressure support with a first flow level, a second (greater) pressure
support at a second (greater) flow level, a third (still greater) pressure support at a third (stll
greater) flow level and so on. Another connector with a larger aperture may be rated to provide
the first pressure suppott at the second flow level. Another connector with a smaller aperture may
be rated to provide the second pressure support at the first flow level. The clinician, knowing the
pressure support desired and the flow rated intended to be used, can select the connector with the
closest matching paiting of flow and pressure. This selection could be facilitated by a chart of

pressure support agamst tlow, with each connector being tepresented 1n the chast in the form of a

tegion or band. The clinician would select pressure suppozrt on one scale and flow on the other

scale. The point on the chart indicated by these selections would fall in the region or band of a
connector suitable for supplying that combination of flow and pressuré support.

Figure 5 illustrates a variétion of the connector of Figures 4A and 4B, including a fixed flow
restricting aperture 50 at a location intermediate between the inlet port and the outlet port. This
aperturc 50 may be provided in a wall 51 within the connector. Alternatively the intermediate
restriction could be provided by a neck in the surrounding wall 52 of the connector. The
subsequent expanded portion 53 of the outlet may allow other components with a male connector
to be fitted to the tracheal connector, with the pértion 53 acting as a female mterface.

Figure 6 illustrates a connector including an adjustable outlet aperture. The adjustable
outlet aperture includes a primary aperture 60 in the wall of the connector. A cap 61 covers the

outlet end 62 of the connector. The cap 61 wicludes 4 tapered slot 63 at generally the same

longitudinal location as the aperture 60 when the cap 61 is fitted to the connector. Rotaton of the

cap 61 changes the part of slot 63 which intersects with aperture 60. More of less of the aperture
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60 can be exposed to the mnternal portion of the connected, by rotation of the cap 61 to adjust the
amount of intersection of the slot 63 and the aperture 60. Multiple apertures 60 may be provided
on the outlet portion 62 of the connector and multiple slots on the cap 61.

Preferably the slot and apertute or slots and apertures are configured so that for all
positions of the cap there will be some outlet aperture exposed at all umes, namely at least some
intersection of the slot 63 and the aperture 60 val\vays exists.

The cap 61 may be retained on the end of the tracheal connector by any suitable
arrangement. In the llustrated atrangement; an outwardly extending lip 64 at the end of the
connector engages in an inwardly extending channel of the cap 61. The cap 61 might be moulded,
for example, from a plastics material, or from an elastomeric material such as silicone. An
e]'flstomeric material which would allow for internal undercuts to be moulded more easily. An
elastomeric material would also provide a fricuonal engagement on the connector to maintain the
rotational position of the cap.

Figure 7 illustrates an alternatve connector including an adjustable aperture. In this
version, one or more primary apertures 70 are provided in the wall of the conhector. A plug 71
may be adjusted into and out of the outlet end. An end portion of the plug partially overlaps the
outlet apertures 70 by a degree that varies according to the longitudinal position of the plug.

In the dlustrated arrangement the plug includes an external thread which engages with an
internal thread in the outlet end 72 of the connectors for adjusting the longitudinal position of plug
71. Rotation of the plug in a first direction draws the plug into the connector. Rotation of the
plug in a second direction (relative to the conne&tor} progressively withdraws the plug from the
connector to progressively open the outlet aperture.

Numerous alternative arrangements for providing an adjustable outlet aperture may suggest
themselves and be within the scope of the present invention. Many 'artangcme_n”gs? for providing a
minimum flow aperture may also suggest themselves, for example, movement of dny adjusting
member (such as plug 71 of cap 61) may be limited so that at all times at least part of the primary
outlet aperture remains uncovered. Alternatvely one or more additional by-pass outlets may be
provided through the body of the connector, or through any adjusting mel.nber (such as through
the_ end of cap 61 ot thfougﬁ the body of plug 71).

The cap 61 of the embodiment of Figure 6 may be reconfigured to be a hollow plug on the
inside of the connector. Similarly, the plug 71 of the embodiment of Figure 7 may be reconfigured
to be a cap with a-wall around the outside of the connector. This could for example have a

threaded wall like that shown in Figure 9, or a frictonal engagement portion like that shown in
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Figure 6. Other arrangements for opcxﬁng and closing a flow passage by adjusting the. position of a
covenng ot closing member may also be used, such as a ball cock ot similat valve.

Figure 8 illustrates a connector including a turbulent flow generator and an outlet
restriction. The turbulent flow generator comprises nozzle 81 extending from the inlet port 84 and
directed toward the patient port 85. The outlet flow restriction comptrises ?{.Il aperture 82 1n end
wall 83 closing the outlet end of the connector. Of course, other forms of adjustable flow
restriction may be provided and other forms of turbulent flow generating nozzle. According to
one example the nozzle may be configured to deliver a swirling or vortexs flow into the
tracheostomy or E'T tube or othertrachea msert/imterface that the connector is connected to. This
might have some benefit in clearing the airway of the tbe.

Figure 9 illustrates an arréngement including a rurbulence generator and a flow restriction.
In this case, the connector includes a turbulence generating nozzle 91 extending from the inlet port
98 toward the patient port 92. At the outlet end, the connector mcludeé an adjustable flow
restriction in a form sumilar to the flow restwiction of Figure 7. The adjustable flow restriction
includes a primary apertute 93 and a cap 94 which fits over the outler end of the tracheal
connector. The cap 94 is threaded over the end of the tracheal connéctor and can be advanced or
retreated along the body of the connector by rotating the cap relauve to the connectot.
Accordingly, the degree to which the cap 94 covers the prunary apertures 93 can be adjust(_ad.

Figure 10 tustrates a further embodiment of the tracheal connector. This embodiment
includes a-variable flow restriction of the type shown in Figure 7 with a plug 101 fitted in the outlet
end 102 of the tracheal connector. The plug covers a plurality of openings / outlet apertures 103
to a degree that depends on how far the plug 101 is threaded into the body of the connector.

In the embodument of Figure 10, the plug 101 includes a pressure relef valve, the pressure
relief valve maybe in any suitable form, and could alternatively be provided through the body of
the connector 1n any suitable location along the wall of the connector. The valve could be
passively activated or activeiy controlled, for example, by a solenpid energisable by the flow
generator or monitoring system.

In the embodiment illustrated the pressure relief valve includes a passage way 104 through
the body of the plug 101. A valve member 105 is seated against a tapered surface 107 at the
tracheal connector end ofthe passage 104. The valve member 105 1s held against the seat 107 by
pre-compression of a coil spring 108. The coil spring 1s held 1n its compressed state by a cap 109
clipped onto the body of pipe 101. The valve member 105 may slide along a gnide member 110
extending from the cover 109. The amount of pre-compiression of spring 108 controls the relief

pressure at which the valve member 105 withdraws from valve seat 107.
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Any other known form of pressure relief valve may be incorporated as an alternative.

Each connector shown in Iigures 3A to 10 could be adapted for mterfacing with a pauent
by connection to any typevof trachea insert/intetrface, such as an endotracheal tube, tracheo_stomy
tube, stoma (trachea) button, laryngeal mask or the like. Figures 13to 16 show examples of each,
which are know 1n the art. A trachea interface 130 is a removable interface that can be attached to
the neck of a patient with a tube for insertion into the trachea, such as that shO\%/n in Figure 13. A
stoma button 140 is permanently inserted into the trachea of a patient, such as that shown in
Figure 14. Trachcostomy tubes 150 and endotracheal tubés 160 are inserted further mnto the
trachea, such as that shown in Figures 15 and 16 respectively. The patient end of a connector can
be coupled to a trachea insert/interface in 'any suitable manner, for example by a friction push fit.
The term “trachea insert” or “trachea interface” can be used interchangeably to more generally
refer to any of the abovementioned or other related apparatus. v

Figure 11 dlustrates supporting pressure that can be generated using the illustrated tracheal
connectors in a high flow supply environment. Figure 11 plots internal pressute at the open end of
the tracheostomy tube against ume to show how the pressure varies during a patient breathing:
cycle. These plots wete generated using sample connectors connected to a lung simulator. The
sample connector is supplied with inlet gases at the inlet port, from a gas supply set to deliver 50
litres per minute. '

Poraon A of the wace of Figure 11 was generated by the prior att connector similar to
Figures 2A and 2B when supplied without flow. The negative pressureé are the result of suction
from the simulated inhalations.

Portion B of the trace in Figure 11 was generated using the prior art connectot with a flow
of 50 litres per muinute. It can be seen from this trace Lhafthe average pressure support is
approximately 0.5 cmH,0 and the maximum expiratory back pressure is approximately 0.75 cmH,0.

Portion C of the trace in Figure 11was generated using a connector having a flow restricting
orifice of a first size. In this connector, the flow restricting otifice was 79mm” cross section atea,

with the body of the connector having an internal cross secton of 165mm™. "This connector

. produced a peak pressure support (PEEP) of approximately 2 emH,0.

Portion D of the trace in Figure 11was generated using a connector having a flow
restricting orifice of a second size. At this connector, the ﬂow restricting orifice was 24mm’ cross
section area, with the body of the connector having a cross section of 165mm”. This connector
produced a peak pressure support (PEFP) of approximately 11 emH,0.

The general form of a trachea connector according to the present invention is described

above. Within that general form wide variations are possible but certain particulars are preferred.
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The trachea connector preferably includes a socket at the patent port to connect with a
male 15mm medical connector typical of standard tracheostomy and ET tubes. Tracheostomy
tubes conforming to ISO standard 5366-1:2000 should have a permanently attached male 15mm
conical connectot in accordance with ISO 5356-1.

The cormectof should be relatvely srhall, for example with an overall length of inlet tube of
approxtmately 20mm and overall length of main tube of approximately 40mm. A range of length
of inlet tube of 210mm to 50mum is contemp.lﬂted‘ A range of length of main tube of 30mm to
80mm 1s possible with the lower end of this range preferred. The inner diameter of the main tube
may be about 15mm. The inner diameter of the inlet tube may be about 10mm.

The inlet tube preferably mtercepts with the main tube at an angle that forms in an‘ obtuse
angle with the patient port and.an acute angle with the outlet port. An angle of about 60 degrees
between the main tube and the mnlet tube may be appropriate.

As shown in Figure 12, one or more additional ports 120may be included on the connector
for use with sensors for monitoring properties of the gas. For example, potential sensors that
could be usefully integtated with the connector include a pressure sensor or a CO, sensor. Ina
medical environment a standaid luer port formed in a sidewall of the connector would be
appropriate. A port for a CO, sensor or pressure sensor could be included anywhere along the wall
of the main tube. The port 120 in Figure 12 is shown on the embodiment of Figure 3A by way of
example. It could apply to any of the other embodiments in Figures 3B to 10, 12 and 17 to 28.

The connector may be made from any suitable medical plastic or polymer. The plastic may
be substantially rigid (by its matetial and detailed shape) so that 1t does not deform significantly
under the fluctuatng pressure support generated by pauent breathing.

The above describes preferred forms of the trachea connector according to the present
invention. Widely diffeting embodiments will suggest themselves to'a person skilled in the art
without departing from the scope of the invention as to finding appended claims.

" The tracheal coupling could also take the form of a wachea interface 172 tbat can be
attached directly to a tracheotomised pmient.‘ Such a coupling is shown generally in Figure 17. The
trachea coupling comptises an interface 170 such as that shown in Figure 17 integrated with a bod;v
portion 171 such as any of those connector embodiments shown i Figures 3A to 10. The tracheal
coupling 1 the form of a trachea interface 172 mught further comprise an additional tube/coupling
connected to that patient end that inserts into the trachea of a patient. Alternatively, the patient
end of the trachea interface might insert directly into the trachea. 7

l<xamples embodiments of tracheal couplings in .the form of a trachea interface 172 are

shown in Figures 18 to 28. The body portion any of those embodiments could take the form of
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any of the connectors shown in Figures 3A to 10, 12. The description for Figures 3A to 10, 12
app]ies to the body portion of the trachea interfaces shown in Figures17 to 28.

As shown mn Figure 2, one or more additional ports 120 may be included on the trachea
interface for use with sensors for monitoring properties of the gas. For example, potential sensors
that could be usefully integrated with the connector include a pressute sensor or 2 CO, sensor. In
a medical environment a standard luer port formed in a sidewzll of the connector would be
appropriate. A port for a CO, sensor or pressure sensor could be included anywhere along the wall
of the main tube. The port 120 in Figure 22 is shown on the embodiment. 18 by way of example.
It could applied to any of the other embodiments in Figures 17 to 28. |

The trachea interface may be made from any suitable medical plastic or polymer. The
plastic may be substantally rigid (by its material and detailed shape) so that it does not deform -
significandy under the fluctuating pressure support generated by patient breathing.

All the trachea couplings described hetein can be used in conjunction with the blower 13
and conduit 10 system shown in Figure 1

The above describes preferred forms of the trachea connector according to the present
inventon. Widely diftering embodiments will suggest themselves to a person skilled in the art

without departing from the scope of the invention as to finding appended claims.
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Claims

1. A tracheal coupling for interfacing between a pétiem and a gases source, the connector
comprising a patient port for connecting to the trachea interface/insert, an outlet port, and inlet
pd:t between patient port and oulet port for recerving a flow of gases from the gases flow source,
the connector restricting expiratory flow in use to produce PEEP of at least 1cmH,0 when flow to

the inlet port is 50 litres per minute.

2. A tracheal coupling as claimed in claim 1 whetein the coupling is a conncctor that can be
connected to a trachea interface/insert in or on a patient to interface between a patient and a gases

soufce.

3. A tracheal coupling as g]aimed in claim 2 wherein the trachea interface/insert is one or
more of:

a trachea button,

a endotracheal tube,

a tacheostomy tube,

a laryngeal mask.

4, ‘A tracheal coupling as claimed in claim 1 wherein the coupling comprises a trachea

interface that can be attached to a patient to interface between a patient and a gases source.

5. A tracheal coupling as claimed in claim 1 wherein the flow restriction includes a restriction

between inlet port and outlet port or at outlet port.

6. A tracheal coupling as claimed in claim 5 wherein the flow restriction includes an adjustable
orifice.
7. A tracheal coupling as claimed in claim 1 wherein the flow restriction is caused by

tutbulence from inlet flow.

8. A trachcal coupling as claimed in claim 1 wherein the flow restriction is caused by jetting air

from inlet flow.
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9. A tracheal coupling as claimed 11 one of claims 7 or 8 whetein the connector includes a

nozzle extending from the inlet port toward the patient pott.

10. A tracheal coupling as claimed 1n claim 9 wherein the nozzle extends through the patient
ping g P

port.

11. A tracheal coupling as claimed in 10 wherein the nozzle includes a bend in a portion

between an outlet end of the nozzle and the patient port.
12. A tracheal coupling as claimed 1n claim 1 further comprising a pressute relief valve.

13. A tracheal coupling as claimed in claim 1 wherein the restriction comprises a heat and

moisture exchanger.

14. A system for supplying breathing gases to a patient comprising an airflow source including
an adjustable flow control, and a wacheal coupling for receiving gases from the airflow source in
excess for a patient’s breathing requirements, supplying breathing gases for the patient to mhale,

and releasing exhaled gases and uninhaled gases through an outlet port, the connector restricting

“expiratory flow to generate amount of PEEP according to flow through connector, and thereby

according to the settung of the adjustable flow control of the airflow source.

15. A system as claimed 10 claim 14 wherein the tracheal coupling is a connector that can be

connected to a trachea interface/insert in ot on a patient.

16. A tracheal coupling as claimed in clatm 15 wherein the trachea intqface/insert 1s one of:
a trachea button, | ‘
a endotracheal tube,
a tacheostomy tube,

a laryngeal mask.

“17. A tracheal coupling as claimed 1n claim 16 wherein the coupling compiises a wachea

interface that can be attached to a patent to interface between a patient and a gases source.
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18. A system for supplying breathing gases as claimed i claim 14 wherein the flow restriction

includes a restriction between an inlet port and outlet port, or at the outlet port.

19. A system for supplying breathing gases as claimed claim 14 wherein the flow restriction

includes an adjustable orifice.

20. A system for supplying breathing gases as claimed in claim 14 further comprising pressure
relief valve.
21. A system as claimed in claum 14 whetein the flow restriction is caused by turbulence from

inlet flow.

22. A system as clazmed 1 claum 14 wherein the flow restriction is caused by jetting air from

mlet flow.

23. A systemn as claimed in claum 21 whetein the connector includes a nozzle extending from

the inlet port toward the patient port.

24. A system as claimed m claim 23 wherein the nozzle extends through the patient port.
25. A system as claimed in 24 wherein the nozzle includes a bend in a pottion between an

outlet end of the nozzle and the patient port.

26. A tracheal coupling comprising a patient port, an outlet port, an nlet pdrt between the
patient port and the outlet port, such that flow from the inlet port can go to the patient port-or
direct to the outlet port, and a flow restriction between the inlet port and the outlet port, or at the

outlet port.

27. A tracheal coupling as claimed m claim 26 wherein the flow restriction includes an

adjustable orifice.

28. A tracheal coupling as claimed 1n either claim 26 or claim 27 further comprising a pressure

relief valve.
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29. A tracheal coupling comprising a patient port, an outlet port, an inlet port between the
patient port and the outlet port, such that flow from inlet port can go to the patient port or direct
to outlet port, and a jet or nozzle discharging flow from the inlet port toward the pauent post in

the flow path of gases flowing from the patient port to the outlet port.

30. A tracheal coupling as claimed 1n claim 29 further comprising a restriction between the inlet

port and the outlet port, or at the outlet port.

31, A tracheal coupling as claimed in claim 30 wherein the flow restmcuon mcludes an

adjustable orifice.

32. A tracheal coupling as claimed 1 either claim 29 or claim 30 further comprising a pre'ssure
relief valve.
33. A method of providing breathing gases to a patient comprising:

a) attaching a tracheal coupling to a breathing tube of the patient, the coupling having a
patient port, an outlet port, an 1nlet port between the patient port and the outlet port, su-ch that
flow from inlet port can go to the patient port or direct to the outlet port, and a jet orrnozzlé
discharging flow from the inlet port toward the patient port in the flow path of gases flowing from
the patient port to the outlet port,

b) selecting a flow level for a supply of gases to the connector to generate a desired amount
of PEEPD, ‘

¢) supplying the flow level of gases to the inlet port of the connector.

34. A method of providing breathing gases to a patient comprising:

a) attaching a tracheal coupling to a breathing tube of the patient, the conncctor having a
patient port,. an outlet port, an inlet port between the patient port and the outlet port, such that
flow from inlet port can go to the patient port or direct to outlet port, and a ]et or nozzle.
discharging flow from the inlet port toward the patient port in the flow path of gases flowing from
the patient port to the outlet port,

b) adjustng a flow restricuon for the connector according to an expected flow of gases and
a desired amount ofPEEP; ‘

¢) supplying a flow of gases to the inlet port of the connector.
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35. A connector for mterfacing between an endotracheal tube or tracheostomy tube and a
gaées source, the connector comprising a patient port for connecting to the endotracheal or
tracheostomy tube, an outlet port, and inlet pott between padent port and outlet port for receiving
a flow of gases from the gases flow source, the connector restricting'expuatory flow m use to

produce PEEP of at least 1cmH,0 when flow to the inlet port 1s 50 litres per munute.

36. A system for supplying breathing gases to a patient fitted with an endotracheal or
tracheostomy tube comprising an airflow source including an adjﬁstable flow control, and a
connector receiving gases from the airflow source in excess for a patient’s breathing requirements,
supplying breathing gases for the patient to inhale, and releasing exhaled gases and uninhalea gases
through an outlet port, the connector restricling expuratory flow to generate amount of PEEP
according to flow through connector, and thereby according to the setting of the adjustable flow

control of the atrflow source.

37. A tracheal connector comprising a patient port, an outlet port, an inlet port between the
patient port and the outlet port, such that flow from the inlet port can go to the patient port or
direct to the outlet port, and a flow festriction between the inlet port and the outlet port, or at the

outlet port.

38. A tracheal connectot comprising a patieat port, an outlet port, an inlet port between the
patient port and the outlet port, such that flow from inlet port can go to the patient port or direct
to outlet port, and a jet or nozzle discharging flow from the inlet port toward the patient port in

the flow path of gases flowing from the patent port to the outlet port.
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