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TRACHEAL TUBES, ASSEMBLIES AND METHODS

This invention relates to tracheal tubes of the kind having sealing means on its outer

surface towards its patient end adapted to form a seal with the wall of a trachea.

Tracheal tubes are used to enable ventilation, respiration or spontaneous breathing of
a patient. Endotracheal tubes are inserted via the mouth or nose so that one end locates in the
trachea and the other end locates outside the patient. Tracheostomy tubes are inserted into
the trachea via a surgically-formed opening in the neck. It is common practice for such tubes
to include a sealing member close to the patient end of the tube that forms a seal between the
outside of the tube and the tracheal wall. In this way gas flow into the lungs is confined
along the bore of the tube and cannot flow between the outside of the tube and the trachea.
Usually the sealing member is in the form of a hollow annular cuff that can be inflated and
deflated via a small bore inflation line opening into the interior of the cuff and extending
rearwardly towards the machine end of the tube where it can be connected with a syringe or

the like to supply air or liquid via the inflation line to or from the inside of the cuff.

'One problem with cuffed tracheal tubes is that secretions can collect above the cuff
between the tube and the wall of the trachea. These secretions can provide a site for bacterial
growth. It is important, therefore, to minimise the amount of secretions that leak past the cuff
during use such as by special design of the cuff shape and material and by control of the cuff
inflation pressure. It is also important to minimize the amount of secretions released into the
trachea when the cuff is deflated prior to removing the tube from the trachea. Cuffed tubes
are available with a suction channel opening above the cuff to enable secretions to be
periodically removed, such as described in US4607635 which describes a tracheal tube
having a channel open at various locations along its length and through which a suction
catheter can be inserted to remove secretions at any desired location above the cuff.
US4305392 describes a tracheal tube with a bulbous chamber above the cuff in which
secretions are collected for removal through a suction lumen extending through the wall of
the tube. US4840173 describes a catheter having a suction tube projecting over the proximal
collar of the cuff to increase the amount of secretions that can be collected. GB2250440
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describes a tube where the upper end of the cuff is everted within the cuff so that it does not
provide any obstruction to locating a suction opening as close as possible to the cuff.
JP-A-10005340 describes a tube with two suction lumens linked by a gutter where they open
on the side of the tube. US6796309 describes a tracheal tube with 2 gutter extending around
the tube from the suction opening. US5819723 describes a tracheal tube with suctioning
above the cuff and with an irrigating lumen that opens on the outside wall of the tube to
deliver liquid above the cuff to help loosen the secretions for suctioning. US2018/0296782
describes a tube with two sealing cuffs separated from one another by a cavity from which

fluid can be aspirated via a lumen opening into the cavity.

It has also been proposed to use positive pressure to expel secretions by rapidly
applying an elevated pressure to the main bore of the tracheal tube using a self-inflating
resuscitation bag while at the same time deflating the sealing cuff so that the air delivered by
the bag is forced rearwardly in a cephalic direction around the outside of the tracheal tube. In
this way, secretions are blown away from the respiratory passages. See: “Evaluation of the
Safety and Effectiveness of the Rapid Flow Expulsion Maneuver to Clear Subglottic
Secretions in Vitro and Vivo” by Jie Li et al Respiratory Care — April 4, 2017. A problem
with this technique is that it relies on coordinating the deflation of the cuff with the
administration of the rapid expulsion pulse. US5544648 describes a tube having a sleeve
attached to its outside that opens at its rear end so that gas supplied to the sleeve blows
rearwardly along the trachea away from the respiratory passages. This arrangement does not

suggest how such an arrangement could be used in conjunction with a sealing cuff.

It is an object of the present invention to provide alternative tracheal assembly and

method of manufacture.

According to one aspect of the present invention there is provided a tracheal tube of
the above-specified kind, characterised in that the tube includes an expulsion chamber
adjacent with the machine end of the sealing means, that the expulsion chamber has a
plurality of openings around the tube facing away from its patient end, and that the assembly
includes an expulsion conduit opening at one end into the expulsion chamber and arranged at

its opposite end for connection with a source of expulsion fluid so that expulsion fluid can be
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delivered rapidly to the expulsion chamber while the sealing means maintains a seal with the
trachea on the patient side of the expulsion chamber such that the expulsion fluid flows into
the expulsion chamber and out through the openings causing secretions above the expulsion

chamber to be displaced away from the patient end of the tube.

The sealing means preferably includes an inflatable sealing means. The expulsion
chamber may be attached with a machine end of the sealing means. The sealing means and

expulsion chamber may be moulded together as a one-piece, unitary construction.

According to another aspect of the present invention there is provided a method of
manufacturing a tracheal tube including the steps of providing a shaft for the tube, moulding
a one-piece unitary moulding having a sealing cuff and an expulsion chamber arranged
coaxially of one another and joined with one another by a tubular extension, the expulsion
chamber having a plurality of expulsion openings arranged around its machine end face, and
displacing the expulsion chamber and sealing cuff towards one another such that the tubular
extension extends into the interior of the expulsion chamber and the expulsion chamber

contacts the machine end surface of the sealing cuff.

The method may include the step of bonding the expulsion chamber with the
machine end surface of the sealing cuff. The moulding is preferably assembled on the shaft
before bonding the expulsion chamber with the sealing cuff.

According to a further aspect of the present invention there is provided a tracheal

tube made by a method according to the above other aspect of the present invention.

According to a further aspect of the present invention there is provided an assembly
of a tracheal tube according to the above one or further aspect of the present invention and a

source of expulsion fluid connected with the expulsion conduit.

According to another aspect of the present invention there is provided an assembly of
a tracheal tube of the above-specified kind and a source of expulsion fluid connected with

the expulsion conduit.
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The source of expulsion fluid is preferably a self-inflatable resuscitation bag.

Two forms of tracheal assembly and a method of manufacture will now be described,

by way of example, with reference to the accompanying drawings, in which:
Figure 1 is a side elevation view of a first form of the tracheal assembly in use;
Figure 2 is a side elevation view of the first form of assembly;

Figure 2A is an enlarged, cut-away, perspective view showing the expulsion

chamber in more detail;

Figure 3 is a side elevation view of a moulding used in a second form of
assembly;

Figure 4 is a side elevation view of a part of the moulding of Figure 3 to an
enlarged scale;

Figure 5 is a side elevation sectional view of the moulding of Figures 3 and 4
assembled on the shaft of a tracheal tube at a preliminary stage of

manufacture;
Figure 6 is a partly cut away perspective view of the assembly of Figure 5;
Figure 7 is a side elevation view of a part of the assembly at a subsequent stage
of manufacture;
Figure 8 is a side elevation view of the part of the assembly at the final stage of

manufacture, omitting the tube; and
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Figure 9 is a side elevation view of the part shown in Figure 8 assembled on a

tube.

With reference first to Figure 1 there is shown a first form of a tracheostomy tube
assembly having a curved shaft 1 with a patient end 2 for location in the trachea T and a
machine end 3 that projects through a tracheostomy stoma on the neck surface. The
tracheostomy tube assembly also includes a sealing cuff 4 close to its patient end 2 and an
expulsion chamber 5 bonded to the machine side of the cuff. The sealing cuff 4
communicates with the patient end of an inflation lumen 6 extending rearwardly along the
shaft 1 within the thickness of its wall and joined with one end of an inflation line 7 towards
the machine end of the shaft 1. The opposite end of the inflation line 7 is joined with a
combined inflation indicator, valve and connector 8 of a conventional kind. The expulsion
chamber 5 is described in detail later, its interior being in communication with an expulsion
fluid line 9 of a larger internal diameter than the cuff inflation line 7 and extending
externally along the shaft 1. At its machine end the expulsion fluid line 9 is terminated by a
15 mm male connector 10 adapted to receive a mating female coupling 11 on a conventional
self-inflating resuscitation bag 12. The expulsion chamber 5 has a fing of several (typically
around eight) expulsion openings or ports 13 spaced from one another around the shaft 1 and
facing upwardly, that is, away from the patient end, outwardly of the respiratory passages
and generally parallel with the axis of the shaft. In this way, when the resuscitation bag 12 is
squeezed forcefully a large volume of air is rapidly driven along the expulsion fluid line 9 to
the interior of the expulsion chamber 5. The air forced into the expulsion chamber 5
immediately flows out through the openings 13 to form a ring of air jets around the shaft 1
that forces any secretions above the expulsion chamber 5 upwardly and outwardly of the
respiratory passages, away from the sealing cuff 4.

The expulsion process simulates a cough. The secretions driven up the trachea “T”
may be removed by the patient swallowing or spitting into a bowl. Alternatively, if the
patient is unable to do this himself the secretions may be removed by a clinician immediately
following expulsion using a Yankauer or similar suction tube inserted through the mouth and

into the pharynx.
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The construction of the expulsion chamber 5 is shown more clearly in Figures 2 and
2A. Opposite ends 41 and 42 of the sealing cuff 4 both have a domed, almost hemispherical
shape. The expulsion chamber 5 is formed by a flexible domed cap 50 enclosing the upper,
machine end 42 of the sealing cuff 4 and sealed around its lower, patient end edge 51 with
the outside of the sealing cuff at the boundary between its upper domed end 42 and its |
cylindrical central portion 43. The upper, machine end of the cap 50 is formed into a
| cylindrical collar 52 bonded onto the outside of the machine end collar 44 of the sealing cuff
4. The expulsion ports 13 are formed in the domed cap 50. The cap 50 and machine end 42
of the sealing cuff 4 form between them a thin, tapering, domed shell-like expulsion chamber
5 with a relatively small volume compared with that of the sealing cuff 4 and compared with
the volume of the resuscitation bag 12. In this way, when the resuscitation bag 12 is
squeezed to expel secretions the air flows through the expulsion line 9 and into the small
volume of the expulsion chamber 5. This causes a small expansion of the chamber 5 because
of the resilience of the material of the cap 50 and theI compressibility of the air volume in the
sealing cuff 4 but most of the air supplied to the chamber will immediately jet out through
the expulsion ports 13 and be directed parallel to the axis of the shaft 1 away from its patient
end 2.

This arrangement enables secretions to be removed without the need to interrupt the

seal between the tube and the trachea.

An alternative, second form of assembly is shown in Figures 3 to 9 where the sealing
cuff and expulsion chamber are formed as a one-piece, unitary silicone moulding 60. Figures
3 and 4 show this moulding 60 before further assembly operations, that is, before it is
assembled on a shaft 81. The moulding 60 comprises a relatively large volume sealing cuff
61 having a domed lower or patient end 62 that continues as a patient end collar 63. The
upper end 64 of the cuff 61 is substantially flat with a slight concave dished machine end
surface 65. Centrally of the surface 65 the moulding continues as a short tubular extension
66 of approximately the same diameter as the collar 63. The upper end of the extension 66
continues as a radially-enlarged dish-shape formation 67, which provides the eventual
expulsion chamber and is arranged coaxially of the sealing cuff 61. The formation 67 has a

circular section with a tapered base portion 68, an outwardly flared side wall 69 and an
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inwardly tapered upper or machine end face 70 formed with a series of several expulsion
openings or ports 71 around its circumference. Centrally of the upper face 70 extends an

axial tapered sleeve 72 that is terminated by a cylindrical collar portion 73.

The moulding 60 in the form described above is slid on to the patient end 80 of the
tracheostomy tube shaft 81 with the patient end collar 63 spaced a short distance from the
patient end of the shaft, as shown in Figures 5 and 6. The shaft 81 is preferably coated with
an adhesive or solvent along its patient end to help lubricate sliding the moulding 60 into the
correct position and to form an eventual bond and seal between the outside of the shaft and
the moulding. The next step is to apply a layer of a silicone adhesive to the upper dished
surface 65 on the sealing cuff 61. Then, as shown in Figures 7 and 8, the upper, machine end
of the moulding 60 is slid down in the direction of the patient end 80 of the shaft 81. As this
happens the tubular extension 66 pushes up the tapered base portion 68 so that it snaps from
having a concave shape (when viewed from above) to a convex shape. Further displacement
of the upper end of the moulding 60 flattens the side wall 69 against the upper surface 65 of
the sealing cuff 61 and against the adhesive on that surface, as shown in Figure 8. When
fully displaced, the upper end of the tubular extension 66 contacts the inside of the tapered
sleeve 72, the upper face 70 of the formation 67 lying substantially flat and closely spaced
from the lower part of the formation now in contact with the upper surface 65 of the sealing
cuff 61. In this way a small interior volume or expulsion chamber 75 is defined between the
inner surfaces of the upper face 70, the upper surface of the base of the formation 67 adhered
to the upper face of the sealing cuff and externally of the outer surface of the tubular
extension 66. When the adhesive has cured and the moulding 60 is securely retained in this
compressed state on the tube shaft 81 connection is made to the expulsion chamber 75 by the
patient end of an expulsion line 79 (Figure 9). The small volume of the expulsion chamber
75 ensures that when air or other expulsion fluid is delivered to the chamber this
immediately jets out forcefully from the chamber via the ports 71. The ports 71 are arranged
to face upwardly, towards the machine end of the shaft 81, so that the expulsion jets are |
directed parallel to the axis of the shaft 81, thereby blowing any secretions collected on the
upper machine end of the sealing cuff 61 rearwardly up the trachea.
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Making the expulsion chamber 75 and sealing cuff 61 as a single component 60
avoids any risk of leakage or separation of components and keeps manufacturing and

assembly costs to a minimum.

Other sources of expulsion fluid could be used in place of a self-inflating
resuscitation bag, such as, for example, a large volume syﬁnge or a source of compressed
gas. Instead of using a gas as the expulsion fluid it would be possible to use a liquid,
providing provision was made to remove the liquid from the trachea. The invention is not
confined to tracheostomy tubes but could be used with other cuffed tracheal tubes, such as
endotracheal tubes.
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CLAIMS

A tracheal tube having sealing means (4, 61) on its outer surface towards its patient
end (2) adapted to form a seal with the wall of a trachea, characterised in that the tube
includes an expulsion chamber (5, 75) adjacent with the machine end of the sealing
means (4, 61), that the expulsion chamber (5, 75) has a plurality of openings (13, 71)
around the tube facing away from its patient end (2), and that the assembly includes
an expulsion conduit (9, 79) opening at one end into the expulsion chamber (5, 75)
and arranged at its opposite end for connection with a source (12) of expulsion fluid

- so that expulsion fluid can be delivered rapidly to the expulsion chamber (5, 75)
while the sealing means (4, 61) maintains a seal with the trachea on the patient side
of the expulsion chamber such that the expulsion fluid flows into the expulsion
chamber (5, 75) and out through the openings (13, 71) causing secretions above the
expulsion chamber to be displaced away from the patient end (2) of the tube.

A tracheal tube according to Claim 1, characterised in that the sealing means includes
an inflatable sealing means (4, 61).

A tracheal tube according to Claim 1 or 2, characterised in that the expulsion
chamber (5, 75) is attached with a machine end of the sealing means (4, 61).

A tracheal tube according to any one of the preceding claims, characterised in that
the sealing means (61) and expulsion chamber (75) are moulded together as a one-

piece, unitary construction (60).

A method of manufacturing a tracheal tube including the steps of providing a shaft
(81) for the tube, moulding a one-piece unitary moulding (60) having a sealing cuff
(61) and an expulsion chamber (75) arranged coaxially of one another and joined
with one another by a tubular extension (66), the expulsion chamber (75) having a
plurality of expulsion openings (71) arranged around its machine end face (70), and
displacing the expulsion chamber (75) and sealing cuff (61) towards one another such
that the tubular extension (66) extends into the interior of the expulsion chamber (75)
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and the expulsion chamber (75) contacts the machine end surface (65) of the sealing
cuff (61).

A method according to Claim 5, characterised in that the method includes the step of
bonding the expulsion chamber (75) with the machine end surface (65) of the sealing
cuff (61). '

A method according to Claim 6, characterised in that the moulding (60) is assembled
on the shaft (81) before bonding the expulsion chamber (75) with the sealing cuff
(61).

A tracheal tube made by a method according to any one of Claims 5 to 7.

An assembly of a tracheal tube according to any Claims 1 to 4 or Claim 8 and a

source (12) of expulsion fluid connected with the expulsion conduit.

An assembly according to Claim 9, characterised in that the source of expulsion fluid

is a self-inflatable resuscitation bag.
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