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DEVICE AND METHOD FOR PROVIDING AN AIRWAY'

Background 6f the Invention

The present invention relates to a device and method for providing an airway through a
tracheal wall of a subject, and in particular to a device and method suitable for performing a

percutaneous cricothyrotomy or percutaneous tracheostomy procedure.

Description of the Prior Art

The reference in this specification to any prior publication (or information dqrived from it), or ‘
to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that the prior publication (or information derived from
it) or known matter forms part of the common general knowledge in the field of endeavour to

which this specification relates.

| Cricothyrotomy and tracheostomy procedures are surgical procedures to open an airway

through a subject's cricothyroid membrane or trachea, respectively. Such procedures are used
in situations when the subject's airway is obstructed or the subject is otherwise unable to -
breathe through their mouth or nasal passages, and are often required in emergency settings

to prevent asphyxiation of the subject in those situations.

Early tracheostomy procedurés were invasive and required relatively large incisions through
the tracheal wall to provide a sufficiently sized opening to.allow a tracheostomy tube to be
inserted. Percuténeous techniques have since been developed, which require only a single'
small incision or needle puncture through the subject's skin and tracheal wall, and these

techniques generally help to reduce trauma and post-operative complications to the subject.

Commonly used percutaneous techniqués typically involve the initial use of a syringe vx;ith a
needle to provide a hole through the tracheal wall. After the hole is provided, separate
apparatus is typically used to prepare the hole for the eventual insertion of a tracheostomy
tube which will provide the airway through the tracheal wall. Numerous separate pieces of

equipment may be used in such procedures, such as guide wires, cannulas and dilators.

Dilating equipment can vary from tapered dilators, for gradually dilating the hole as they are
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inserted, to specially designed forceps, which can be guided into bthe hole and opened when in

place to dilate the hole.

"The use of separate pieces of medical equipment makes the procedures relatively complicated

and time consuming. Furthermore, the procedures typically require a medical professional
with considerable skill to operate fhe different pieces of equipment when pei‘forming the
procedure. -This can be particularly problematic in the emergency settings where such
procedures are often required, as delays waiting for the attention of appropriately skilled

personnel could potentially result in the loss of a life.

US-4,978,334 discloses an apparatus and method for 'providing a percutaneous or non-

dissection passage into a body cavity or hollow viscus. A needle is attached to a syringe for

insertion within the‘body cavity. Operation of the syringe confirms p'roper location of the
needle within. the body cavity. The needle is coaxially fitted within a dilator which is
coaxially fitted within a tube. A leader portion of the dilator follows the insertion path
defined by the needle to diiate the tissues for entry of the larger portions of the dilator and the
tube. The needle and dilator can be slidably'withdrawn to leave the tube in position. Various

dilator leader structures are disclosed.

US-5,217,005 discloses a percutaneoué ‘device for performing tracheostomies or
cricothyroidectomies having a hollow needle with a sharp distal end. The device includes a

flexible dilator slidably positioned over the needle. The dilator includes a conical portion and

‘an annular groove, the apex of which is positioned adjacent the distal end of the needle and

the base thereby terminating at the annular groove. A flexible breathing tube is slidably

positioned over the dilator for insertion into a trachea or larynx.

US-6,109,264 discloses a surgical apparatus for manipulating body tissue including a hollow
needle, a bulb connected to the needle for aspirating air throuéh an end of the needle, a
flexible gﬁide wire extending tﬁrough the needle; a fitting on one end of the guide wire ‘for-
permitting the guide wire to be reciprocated with the same hand that holds the instrument,
from a retracted position .substantially within the needle, to an extended position in which 5

substantial length of the guide wire extends beyond an end of the needle, an expandable

dilator attached to the dilation tip for dilatingv a tracheal wall when the dilator is inflated, and
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a tracheostomy tube detachably mounted with respect to the dilator for p]accment into a

lumen of a trachea.

US- 6 706,017 dlSClOSCS an ostomy device and method for creating a stoma and implanting a
canula. The ostomy dev1ce includes an elongate needle having a sharpened tip for-
percutaneous entry ofa bodyl forming a stoma. The needle includes a plurallty of channels
extending axially through the needle, and each of thé plurality of channels having a distal end
adjacent the needle tip. The channels permit the monitoring of the needle tip to assist in
properly iocating the needle within the body. A dilation device is disposed about the distal
end of the needle and is insertable within the stoma. The dilation device includes a radially
expandable surface to dilate the stoma for atraumatic receipt of a canula. The dilation device
may include a primary dilator for dilating the stoma a first degree and a secondary dilator for

dilafing the stoma a second degree such that cannula may be atraumatically implanted.

US-7,036,510 discloses an appafatus and method for performing a percutaneous
fracheostomy procedure utilizing dilatation means that do not require entry into the trachea
by downward pressure, in order to minimize the risk of posterior tracheal trauma. In addition,
the apparatus is structured to facilitate entry of the tracheostomy tube into the dilated entry
site without permitting any significant shrinkage or reduction. in diameter of the dilated

opening.

US-7,341,061 discloses a tracheostomy system inclhding an outer multi-layercd tube, which

can be expanded or allowed to contract as necessary in order to receive various sizes of

cannula tubes. A dilator is used to initially insevrt‘ the outer tracheostomy tube into the

tracheostoma. After the initial installation dilator is removed, various sizes of dilators having

a cannula mounted about them can be inserted into the outer tracheostomy tube. The

multilayered tube will then expand in response to insertion of the various sizes of dilator

cannula assembly being placed. When the dilator is removed the cannula tube will remain in
place to maintain the desired diameter tracheostomy tube. This provides a means in which the

diameter of the tube can be changed without having to 'actually remove and reinsert a

" different tube.
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Summary of the Present Invention

In a first broad form the present invention secks to provide a device for providing an airway
through a tracheal wall of a subject, the device including: |
a) A tracheal tube having an airway running from a proximal end to a distal énd; ]
b) A hollow needle detachably coupled to the distal end of the fracheal tube, the neédle
being for insertion through the tracheal wall and being 4moveable from an extended
position in which at least part of the needle extends from the distal end of the tracheal
tube to a retracted position; ‘ ‘
¢ A 'handlé detachably connected to the proximal enid of the tracheal tube, wherein
detachment of the handle from thé tracheal tube allows at least the needle to be
extracted from the tracheal tube, thereby allowing the tracheal tube to provide an

airway through the tracheal wall.

Typically the device is configured to allow aspiration. o ' |

‘Typically the device includes a guide configured to extend from the distal end of the tracheal

tube, thus allowing insertion of the tracheal tube through the tracheal wall to be guided by the
guide.

Typically the guide passes along at least part of the airway and at least part of the needle '

Typically the guide includes at least one of the following:
a) A guide wire; |
b) A resilient cord; and,

¢) A cannula.

~Typically the guide includes a cannula having a longitudinal guide wire bore configured to

allow passage of a guide wire therethrough and a 'longitudihal aspirate bore for allowing

aspiration therethrough.

Typically the handle includes:
a) An aspirate aperture for allowing air communication between the aspirate bore of the

cannula and air outside of the handle; and
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b) A guide wire aperture for allowing the guide wire to pass from the guide wire bore to

outside the handle.

Typically a length of the guide wire extends from the guide wire aperture, such that
movement of the length of the guide wire allows a user to control an amount of the guide

wire that extends from the distal end of thev tracheal tube.

'Typically a tip of the guide wire is configured to substantially prevent trauma to the subject

during insertion. -

Typically the tip of the guide wire is at least one of the following:
a) Curved; |
b) Blunt;
c) Capped with a roﬁnded end piece.

Typically the device includes a retractor wire for retracting the needle.

Typically the retractor wire is attached to the needle at a first end and passes through at least

part of the tracheal tube.

Typically the handle includes a retractor aperture for allowing the retractor wire to pass from

the tracheal tube to outside .thg: handle.

Typically a length of the retractor wire extends from the retractor wire aperture, such that

movement of the length of the retractor wire allows a user to control the movement of the

needle from the extended position to the retracted position.

Typically the tracheal tube includes a dilator at the distal end, the dilator being for dilating a
hole through the tracheal wall formed by insertion of the needle to allow insertion of the _

tracheal tube through the dilated hole.

Typically the tracheal tube includes a flange at the proximal end, the flange being adapted to

abut against skin of the subject on the outside of the tracheal wall,

Typically the flange is for at least one of the following:
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é) Preventing over-insertion of the tracheal tube;
-b) Securing the tracheal tube to the subject; and,
c) AlloWing the tracheal tube to be removed without the handle.

Typically the tracheal tube includes a connector at the proximal end, the connector being for

connection of the tracheal tube to the handle:

~Typically the connector is adapted to allow a ventilation system to be connected to the

- tracheal tube when the handle is detached.

Typicélly the connector is a universal oxygen connector.

Typically the "tracheal tube iincludes a cuff for substantially sealing against an inner

circumference of the tracheal wall.

Typically the cuff is a balloon configured to allow the tracheal tube to be inserted or removed

through tracheal wall when the balloon is deflated. -

Typically the balloon is connected to an inflator tube running along the tracheal tube from the
balloon to the proximeil' end of the tracheal tube, the inflator tube allowing the balloon to be

inflated so that the balloon thereby seals against the inner circumference of the tracheal wall.

Typically the inflator tube runs along a groove of the tracheal tube which runs along an

outside surface of the tracheal tube from the ball'oon to the proximal end of the tracheal tube. |

Typically the inflator tube includes an inflator fitting to allow the balloon to be inflated by at
least one of the following:

a) A syringe;

b) A manual pump;

¢) An automatic pump.

Typically an outer surface of the tracheal tube includes a coating for lubricating the insertion

of the tracheal tube through the tracheal wall.

Typically the tracheal tube is substantially rigid énd curved.
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Typically the device includes at least one of the following:

a) An aspiration indicator for indicating aspiration to a user; and,

'b) An optical indicator for allowing a user to visually monitor the insertion process.

5 Typically the needle is curved.
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Typically:

a)
b)

The device includes a retractor wire for retracting the needle; and,
The trach_eai tube includes: A.
i) - A dilator at the distal end, the diiator being for dilating a hole through the tracheal
~wall formed by insertion of the needle to allow insertion of the tracheal tube
through the dilated hole;
ii) An inflatable balloon for substantially sealing against an inner circumference of
the tracheal wall, the balloon being configured to ailow _the tracheal tube to be |
" inserted or removed through the tracheal wall when the balloon is deflated; and,

iii) A connector for allowing connection of the handle.

Typically:

a).

b)

The device includes a guide configured to extend from the distal end of the tracheal

tube, thus allowing insertion of the tracheal tube through the tracheal wall to vbe ‘

guided by the guide, the guide including a cannula héving'a longitudinal guide wire

bore configured to allow passage of a guide wire therethrough and a lc;ngitudinal

aspirate bore for allowing aspiration therethrough; and,

The handle includes: _

i) An aspirate aperture for allowing air communication between the aspirate bore of
the cannula and air outside the handle; ,

ii) A guide wire aperture for allowing the guide wire to pass from the guide wire bore
to outside the handle; and, . | |

iii) A retraétor wire aperture for allowing the retractor wire to pass from the tracheal

" tube to outside the handle, and wherein detachment of the handle from the tracheal

tube allows the needle and the guide to be extracted from the tracheal tube.
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Typically:

a)

.b)

The needle is curved; and,

The handle includes:

i) An aspirate aperture for allowing air communication between the tracheal tube
and air outside the handle; and,

ii) A retractor wire aperture for allowing the retractor wire to pass from the tracheal
tube to outside the handle, and wherein detachment of the handle from the tracheal

tube allows the needle and the guide to be extracted from the tracheal tube.

In a second broad form the present invention seeks to provide a method for providing an

éirway through a tracheal wall of a subject using a device including a tracheal tube having an

airway running from a pfoximal end to a.distal end, a hollow needle detachably coupled to

the distal end of the tracheal tube, a guide, and a handle detachably connected to the proximal "

end of the tracheal tube, wherem the mcthod includes:

2)

a)

b)

With the needle in an extended position in which at least part of the needle extends
from the distal end of the tracheal tube, inserting the needle through the frachéal wall;
Moving the needle to a retracted position in which the needle is positioned inside the
airway and at least part of the guide extends from the distal end of the tracheal tube;

Insertlng the tracheal tube through the tracheal wall, the insertion of the tracheal tube

. belng guided by the guide; and,

d)

Detaching the handle from the tracheal tube and extracting at least the needle from the
tracheal tube, thereby allowing the tracheal tube to provide an airway through the

tracheal wall.

In a third broad form the present invention seeks to provide a method for providing an

airway through a tracheal wall of a subject using a device including a tracheal tube having

an airway running from a proximal end to a distal end, a hollow needle detachably

coupled to the distal end of the tracheal tube, and a handle detachably connected to the -

proximal end of the tracheal tube, wherein the needle is curved, and wherein the method

includes:
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a) With the needle in an extended position in which at least part of the needle extends -
from the distal end of the tracheal tube, inserting the needle through the tracheal wall;

b) 'Insertmg the tracheal tube through the tracheal wall

¢) Moving the needle to a retracted position in which the needle is positioned inside the
airway; and, - |

d) Detaching the handle from the tracheal tube and extracting the needle from the
tracheal tube, thereby allowing the tracheal tube to provide an airway through the

tracheal wall.

Brief Description of the DraWings

An example of the present invention will now be described with reference to the _
accompanying drawings, in which: -- |
Figure 1 is a schematic cross sectional view of a first example of a device for providing an
airway through a tracheal wall of a subject; “ '

Figure 2 is a flow chart 'outlihing an example method of use of the device for providing an
airway through the tracheal wall of the subject;

Figure 3A is a schematic view of a second example of the device;

Figure 3B is a cross section view across plane A-A of Figure 3A; and,

: Figixres 4A to 4H show schematic views of the device of Figure 3A at various stages of its

use in providing an airway through the tracheal wall of the subject; and,
Figures SA to 5D show schematic perspective, plan, side and end views of a third example of ,

a device for providing an airway through a tracheal wall of a subject.

Detailed Description of the Preferred‘Embodinients 7

An example of a device for providing an airway through a tracheal wall of a subject will now

be described with reference to Figure 1.

In this example, the device includes a tracheal tube 100 having e_n airway 110 running from a
proximal end 101 to a distal end 102. A hollow needle 200 is detachably coupled to the distal
end 102 of the tracheal tube 100, and a handle 300 is detachably conneeted to the proximal
end 101 of the tracheal tube.
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The tracheal tube 100 can be formed from bio-compatible matérials such as medical grades of |
metal, plastic or silicone, or a combination thereof. In this example, the tracheal tube 100 is a
substantially rigid curved type, such that the shape of the tracheal tube 100 is maintained
throughout the procedure and after insertion. However, it will be appreciated that other types

of tracheal tubes, such as flexible tubes, can be used.

The needle 200 is for insertion through the tracheal wall of the 'subjeét. Insertion of the needle
200 through the tracheal wall provides a hole (of stoma) through the tracheal wall throﬁgh
which the tracheal tube 100 can be inserted to provide the airway through the tracheal wall.
The needle 200 is retractable, such that the needle 200 can be moved from an extended
position in which at least part of the needle 200 extends from the distal end 102 of the
tracheal tube 100, as illustrated in‘ figure 1, to a retracted position in which the needle/ 200 is
posifioned at least partially inside the airway 110. The needle 200 can be .retract’ed into the
airway 110 after the hole through the tracheal wall is provided, so that when the tracheal tube
100 is inserted thé needle 200 no longer exte'nds from the tracheal tube 100, thus preventing

the needle 200 from causing trauma to the subject

- The device also includes a guide 400 for guiding the insertion of the tracheal tube 100

throu'gh-the tracheal wall. The guide 400 is configured so that the when the needle 200 is in

the retracted position at least part of the guide 400 extends from the distal end 101 of the

tracheal tube 100, thus allowing insertion of the tracheal tube 100 through the tracheal wall to
be guided by the guide 400.

The. handle 300 can be gripped by a user and allows the user to control the insertion of the
needle 200 and tracheal tube 100. In one example, the handle 300 includes a grip portion
which can be contoured to allow a user to comfortably and steadily hold and manipulate the
device. The handle 300 is detachable from the tracheal tube 100, and detachment of the
handle 300 allows at least the needle 200 to be extfacted from the tracheal tube 100. Once the
needle 200 is extracted, the airway 110 of the tracheal tube 100 is able to provide an

unobstructed airway through the tracheal wall.

An example method of using the device described above to provide an airway throﬁgh a

tracheal wall of a subject will now be described with_referenée to Figure 2.
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As the device is for insertion into part of a subject's body, it will be appreciated that standard
preparation of the subject will be necessary prior to use of the device. The following example
method therefore assumes that the subject is adequately prepared as per preparations required

when using other percutaneous airway access devices..

Due to the detachable/retractable needle 200 and the detachable handle 300, it will also be
appreciated that the device can exist in a number of different configurations. The following
example method therefore assumes that the device is provided in an initial configuration in
which the needle 200 is in the extended position and the handle 300 is attached to the tra_cheal .
tube 100. In other words, the device is provided with a pre-loaded needle 200. This initial

| conﬁguration is as per the conﬁguration of the device illustrated in Figure 1. The device can

be - stored in this configuration so that it is ready for use without requiring any

reconfiguration, which can be partlcularly beneficial in emergency situations.

‘At step 500, the needle 200, which is in the extended position, is inserted through the tracheal

wall of the subject. The specific insertion point is dependent on the particular procedure to be

' performed by the device. In the case of a cricothyrotomy procedure the needle 200 is

inserted through the cr1cothyr01d membrane, and in the case of a tracheostomy procedure, the
needle 200 is inserted between the first and second tracheal rings. The insertion of the needle
200 can be controlled by the user by gripping the handle 300, and then manually allgnlng the
needle 200 with the relevant part of the subject

When the needle 200 has passed through the tracheal wal_‘l into the trachea of the subject, it is
possible for aspiration to occur via the device. In one example, air communication from the
subject's trachea to outside of the tracheal wall is possible through the hollow needle 200 and
the airway 110 of the tracheal tube 100, via an aspirate aperture provided in the handle 300.
Aspiration through the aspirate aperture can therefore be used to indicate when the needle

200 has fully passed through the tracheal wall of the subject.

At step 510, once the needle has fully passed through the tracheal wall, the needle 200 is
retracted into the airway 110 of the tracheal tube 100. The part of the guide 400 which-
extends from the distal end 101 of the tracheal tube continues to extend through the tracheal

wall when the needle 200 is retracted. The guide 400 therefore operates to prevent the hole in
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 the tracheal wall, which was formed by the. insertion'of the needle 200, from closing after

~ retraction of the needle 200.

In one ekample,' the device includes a retractor wire 210 for retracting needle 200. The
retractor wire 210 is attached to the needle 200 at one end, and passes through the tracheal

tube 100. In one particular example, the retractor wire 210 extends through a retractor

: aperture prov1ded in the handle so that a user can control the retraction of the needle 200 by

moving the retractor wire. The use of a retractor wire allows the needle 200 to be retracted

along a curved path and thus allows the device to utilise a curved, rigid tracheal tube 100

" similar to those employed in conventional tracheotomies. However, it will be appreciated that

any retraction mechanism can be used.

In one e'xarhple, the guide 400 is a guide Wire which passes through at least part of the
tracheal tube 100 and at least part of the hollow needle 200. In this case, the needle 200 is
retracted over the guide wire so that the portion of the guide wire that passes through the
needle 200 when in the extended state will extend from thedistal end 101 of the tracheal tube
100 when the needle is retracted: Further details of an example guide will be described

below. However, it will be appreciated that any guide mechanism can be used. .

At step 520, the tracheal tube 100 is inserted through the tracheal wall. The insertion of the
tracheal tube 100 is guided through the hole in the tracheal wall by the guide 400. It will be

'appreciated that guiding the insertion of the tracheal tube 100 with the guide 400 helps to

simplify.the insertion process, by aligning the tracheal tube 100 with the hole created by the
needle 200, and thereby helps to reduce trauma to the subject compared to directly inserting
the tracheal tube 100 through a hole in the tracheal wall without using a guide 400. The
insertion of the tracheal tube 100 can be controlled by the user by gripping and moving the

‘handle 300 in the appropriate directions.

In one example, the tracheal tube 100 includes a dilator 140 at the distal end 102, \ for dilating
the hole through the tracheal wall as the tracheal tube 100 is inserted. For example, the dilator
140 can be provided as a tapered end of the tracheal tube 100 so that the diameter of the
tracheal tube 100 passing into the hole in the tracheal wall increases as the tracheal tube 100 A

is inserted, thus gradually dilating the hole during insertion. In one example, the dilator 140
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: extends from the distal end 102 of the tracheal tube 100 by a length selected to allow the

taper in the diameter of the dilator 140 to be sufficiently gradual so that trauma to the subject

‘duri_ngvinsertion of the tracheal tube 100 is substantially reduced.

The outer surface of the tracheal tube 100 and/or the dila_tor‘140 can be provided with a
coating for lubricating the insertion of the tracheal tube 100 through the tfacheal wall. Such a
coating can include a biologically compatible substance that, when wet, becomes slippery and
therefore helps to allow the tracheal tube 100 to be easily passed through the tracheal wall.
For example, the tracheal tube 100 can have a hydrophilic coating, such as "PHOTO-LINK"
coating material commercially available from SurModics,- Inc., which can be activated by
being dipped into sterile saline or water. Once hydrated, the coating on the tracheal tube 100
is made very slippery ‘without the need for additional lubricants. Alternatively, the outer
surface of the tracheal tube 100 and/or the dilator can be coated vﬁth a low friction material
such as polytetraﬂu}orvoeth.ylene (commonly known as "TEFLON™") or the like. However, it

will be appreciated that any suitable coating can be used.

In any event, a coating such as those described above will help to reduce the force rcquirc-d.

during the insertion of the tracheal tube 100 through the tracheal wall.

The tracheal tube 100 is inserted through the hole in the tracheal wall until a sufficient length
of tracheal tube 100 has been inserted. In one example, the tracheal tube 100 includes a _

flange 120 at the proximal end. The flange 120 can have numerous uses, but in particular, the

. flange 120 can be used to control the insertion length of the tracheal tube 100, thus helping to

prevent over-insertion. In addition, the flange 120 can be used to secure the tracheal tube 100
to the skin of the subject once fully inserted, by way of tape or sutures, for example. The

flange 120 can also assist the eventual removal of the tracheal tube 100.

- Furthermore, the flange 120 can provide the point of connection ..betw‘een the tracheal tube

100 and the handle 300. This facilitates the use of connection fittings with sizes other than the
diameter of the tracheal tube 100. Accordingly, in one example the flange 120 includes a
trachcal tube connector 130, which is configured to connect with an appropriately configured

handle connector 310 provided on the handle 300.
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‘

In another example, the tracheal tube connector 130 is a standard connector of the type

typically used for medial oxygen systems, such as a 15mm or 22mm tapered connector

.conforming to one of the following, or similar standards: AS2496 (1981), BS3849, ANSIZ-
-79.6 ('19'75) and 1S05356-1. It will be appreciated that in this example, the handle connector

310 will be similarly configured to comply with the same standards.

At step 530, following insertibn of the tracheal tube 100, the handle 300 is detached from the
tracheal tube 100. The particular means of detaching the handle 300 is dependent on the type

of connection used. In one example, the connection is a twist fit connection, so that the

“handle 300 is detached by rotation about a longitudinal axis. In another example, the

connection is a friction fit connection, allowing the handle 300 to be detached by pulling the
handle away from the flange 120 whilst simultaneously applying pressure to the flange 120 to
prevent movement of the tracheal tube 100. However, it will be ‘appr‘eciated that other

connections and detachment mechanisms may be used. In any event, detachment of the

“handle 300 allows at least the needle 200 to be extracted from the tracheal tube 100.

At step 540, the needle 200 is extracted such that the needle 200 is no longer positioned in the
airway 110. This therefore allows the tracheal tube 100 to provide the airway 110 through the
tracheal wall without the needle 200 obstructing the airway 110. |

Extraction‘bf the needle 200 can be performed using the same mechanism as the retraction of
the needle in step 510. In one example, in which the device includes the retractof wire 210,
the needie 200 can be extracted by extracting the retractor wire 210 and the needle 200 along.
with it. In one example, the guide 400 can also be extr;acted from the tracheal tube 100 after
the handle 300 is detached. This further prevents the guide 400 from obstructmg the airway

110. However, this is not essential.

In another example, the handle 300 is .configured so that the needle 200 and guide 400 are

‘extracted when the handle 300 is removed after being detached. In this example, the removal

of all potential obstructions from the airway 110 can be simply performed in a single step as -

the handle 300 is removed.
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It will be appreciated that the above described example device and method of use allow an
airway to be provided through the tracheal wall of the Subject using a single device. This is in
direct contrast with conventional methods of providing access to the subject's trachea, which
typically require separate apparatus for performing different parts of the procedure. For
exémple, many conventional methods require the ﬁse of a scalpel or a syringe with a needle

to form an opening through the tracheal wall, after which one or more further devices are

‘used to dilate the opening before a tracheostomy tube or the like is finally able to be inserted.

It will also be appreciated that the inclusion of a detachable needle 200 allows the devicé to
be provided in a configuration that is ready for use whilst allowing the needle to be retracted

and extracted from the device. For example, a user is able to grip the ready-for-use device by

the handle 300 and quickly initiate the procedure. The user can easily control the insertion of |

the needle 200 and tracheal tube 100 via the handle 300 with dne hand, with the other hand

. available for operating retraction mechanisms and the like. When the insertion is cbmplete,

the user can then remove the handle 300 and extract at least the needle 200 from the airway
110. It will be appreciated that it is possible for the user to maintain a grip on the handle 300

throughout the entire procedure.

The above described device therefore provides a convenient and simplified way 6f providing
an airway through the tracheal wall of the subject. This is of particular benefit for providing
emergency access to the trachea, as the device may be used quickly and without the need for

separate items of medical equipment.

A second example device for providing an airway through a tracheal wall of a shbject will

now be described with reference to Figures 3A and 3B. Features similar to those of the

example device described above. with respect to Figures 1 and 2 have been assigned

correspondingly similar reference numerals.

Figures 3A shows the example device, which includes the tracheal tube 100, needle 200, and
handle 300 as described above with respect to Figure 1 and 2. However, in this examplé, the .
guide 400 inclﬁdes a cannula 401. Figure 3B shows a cross section across the tracheal tube

100 at plane A-A as indicated on Figure 3A, allowing the internal configuration of the

cannula to be seen.
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The cannula 401 is a tube with a split cross section providing the cannula 401 with a
longitudinal guide wire bore 403, configured to allow passage of a guide wire 410
therethrough, and a longitudinal aspirate bore 404, for allowing aspiration théréthrough. The
provision of two separate bores 403, 404 in the cannula 401 allows the guide wire 410 to be
moved in its own guide wire bore 403 without obstructing the aspirate bore 404 and

compromising aspiration. Accordingly, aspiration is allowed throughout the insertion process.

In this example, the guide wire bore 403 and the aspirate bore 404 are sepérated along the
length of the cannula 401 by an internal membrane 402. However, it will be appreciated that

different cannula configurations can be used. "For example, the guide wire bore 403 can be -

. provided as a cylindrical bore with a diameter slightly larger than the guide wire 410 to allow

“movement of the guide wire 410. This would allow the aspirate bore 404 to occupy a greater

cross sectional area of the cannula, thus allowing increased airflow when compared to a

cannula configuration providing equally sized guide wire and aspirate bores 403, 404.

The cannula 401 passes along the tracheal tube 100 and at least part of the needle 200, and

when the needle 200 is retracted, the needle 200 is moved along the outside of the cannula

401 into the airway 110. The cannula 401 is made from a compliant material to allow the

portion passing through the needle 200 to be straightened.

The guide wire 410 pésses along the length of the guide wire bore 403 of the cannula 401.
The guide wire 410 is able to be moved through the cannula 401 to adjust a length of the
guide wire that extends from the distal end 102 of the tracheal tube 100.

In this example, the cannula 401 passes from the proximal end 101 of the tracheal tube 100
towards the handle 300 and is fixed to the handle 300 at one end. The handle 300 includes an
aspirate aperture ‘340 for allowing air communication between the aspirate bore 404 of the
cannula 40 and the air outside of the handle 300, and a gﬁide wire aperture 330 fof allowing

the gﬁide wire 410 to pass from the guide wire bore 403 to outside the handle 300.

" A length of the guide wire 410 extends outside of the handle 300, via the guide wire aperture

330, so that this is accessible to the user. This allows the user to move the length of the guide

wire 410 to control the amount of the guide wire 410 that extgnds from the distal end 102 of
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the tracheal tube 100, In this example, the user can feed an additional length of guide wire
410 into the aperture so- that the guide wire 410 extends from the distal end 102 of the
tracheal tube 100 by a similar length.

- The handle 300 also includes a retractor aperture 320 for allowing the retractor wire 210 to

| pass from the tracheal tube 100 to outside the handle 300. This allows a length of the retractor

wire 210 to extend outside of the handle 300 so that it is accessible by the user, thereby
allowing the user to move the length of the retractor wire 210 to control the retraction of the
needle 200. In this example, the user can pull a length of retractor wire 210 through the
retractor aperture 320 so that the needle 200 is retracted by a distance corresponding to that
length. In this example, the end of the retractor wire 210 protruding from the retractor
aperture 320 is connected to a pull tab 211 in order to simplify pulling the retractor wire 210,
and additionally preventing the end of the retractor wire 210 from inadvertentI)" withdrawing

into the retractor aperture 320..

It will be appreciated that the ability to manipulate the guide wire 410 and the retractor wire

210 allows the user to control parts of the device located inside the subject's body from

. outside of the subject's body.

The needle 200 is detachably connected to the. distal end 102 of the tracheal tube 100. When
the needle 200 is in the extended configuration in which it extends from the distal end 102 of
the tracheal tube 100, the detachable connection is typically configured to allow the needle

200 to penetrate the tracheal wall of the subject without inadvertently retracting, whilst

' allowing the needle 200 to be retracted when the user pulls on the retractor wire 210. Such a

detachable connection can be achieved in a number of 'ways‘.

In one exam.ple the needle base 202 is attached to the tracheal tube 100 using a frangible
connection which is configured to remain intact during the insertion of the needle 200
through the tracheal wall, but is broken when the retractor wire 210 is pulled. For example,
the frangible connection may be a plastic material with a tearable portion around the
circumference of the needle base 202, such that when the retractor wire 210 is pulled the

tearable portion is torn-and the connection is broken, allowing retraction of the needle 200. It
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will be appreciated that configurations similar to those used in pill jars with seals which may

be torn by a pull tab could be adapted to provide the frangible connection in such cases.

In another example, the needle base 202 is attached to the tracheal tube 100 using a
conneqtion which includes a latch, configured such that the connection is secure during

insertion of the needle 200, but when the retractdr wire 210 is pulled the latch is released and

. {
_the needle base 202 is allowed to move, subsequently allowing retraction of the needle 200.

The skilled person will appreciate that numerous other meaﬁs for providiljg'the detachable

‘connection between the needle 200 and the tracheal tube 100 are possible, such as friction

vﬁts, or the like. -

The tracheal tube 100 can optionally include a cuff which can be used to seal against an inner . -

_ circumference of the tracheal wall when the tracheal tube 100 has been inserted. The use of a

cuffed tracheal tube is not essential, but the 'cuff helps to prevent fluids from passing the cuff,
and also helps to ensure that the subject's breathin'g takes place entirely via the tracheal tube
100, '

In this. examplé, the cuff is a balloon 150 which is collapsed against the outer surface of the .
tracheal tube 100 when in a deflated state, in order to allow the tracheal tube 100 to be easily

inserted or removed despite the presence of the balloon 150. The balloon 150 can be inflated

-so that the ballobn 150 volume expands to contact the inner surface of the tracheal wall about

its circumference, so as to lightly seal the subject's trachea about the tracheal tube 100. The
balloon 150 is typically of a high-volume low-pressure type and this helps to minimise

pressure related effects on the tracheal mucosa.

The balloon 150 is connected to an inflator tube 151 which runs along the outside of the
tracheal tube 100 from the balloon 150 to the proximal end 101 of the tracheal tube 100, and -
allows the balloon 150 to be inflated. In this example, the inflator tube 151 runs along a
groove 105 formed along the outside of the tracheal tube 100, ‘scv> that the inflator tube 151
does not result in an additional protrusion from the tracheal tube 100, and therefore does n;)t
substantially.affect the insertioh_ of the tracheal tube 100 through the tracheal wall. Figure 3B

shows cross sectional details of the configuration of the groove 105 and inflator tube 151.
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In this example, the inflator tube 151 passes through the flange 120, so that the inflator tube
151 can be accessed by a user when the tracheal tube 100 is inserted. A pilot balloon 152 and
valve 153 are provided to assist in the inflation of the cuff balloon 150. Inflation can be
performed ménually by.injecting air through the valve 153 using an air-filled syringe. The
inflated volume of the ballbon 150 can be controlled by monitoring the volume of air

supplied to the balloon 150 via the syringe.

The pressure in the pilot balloon 152 will be equal to the pressure in the cuff balloon 150 and

this can be used to determine whether the cuff balloon 150 is sufficiently inflated. In addition,
fhg user can feel the back-pressure resisting further compression of the éyringe plunger and
use this as another indicator of the dégree of inflation of the cuff balloon 150. Onpe the cuff
balloon 150 is inflated, the syringe can be removed and escape of air\from the cuff balloon

152 will be prevented by the valve 153.

It will be appreciated that numerous alternative methods of inflating the balloon 150 are )
possible, including the use of a manual pump or an automatic pump. Furthermore, means can
be provided to regulate the pressure in the balloon, such as valve arrangements that allow
excess pressure to be released, and such means would further help to prevent pressure related

trauma to the trachea.

In this example, the inflator tube 151, pilot balloon 152 and valve 153 are retained with the
tracheal tube 100 after the handle 300 is removed. This allows monitoring and adjustments of

the cuff balloon 150 whilst the tracheal tube 100 is providing the airway through the tracheal

‘wall of the subject.

A detailed examplé outlining the steps involved in providing an airway through the tracheal
wall of a subject, using the device described above with reference to Figures 3A and 3B, will

now be described with reference to Figures 4A to 4H.

As was the case for the example method described with reference to Figure 2, it is assumed

that th'e‘ device is provided with the needle 200 extended and the handle 300 attached to the

 tracheal fube 100 at the start of the procedure, and that the patient has been adequately .

prepared for the procedure. Additionally, the cuff balloon 150 should be deflated with the
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cannula tube 401 passing along the inside of the needle 200 such that an end of the cannula
tube 401 is located near the tip of the needle 200, with the guide wire 410 running through
the cannula tube 401. In other words, in this example the device is provided with a pre-loaded
needle 200 and guide 400. This initial configuration is as per the configuration of the device
illustrated in Figure 3A, with the cuff balloon 150 deflated. The device can be stored in this -
configuration so that it is ready for use without requiring any reconfiguration, which can be

particularly beneficial in emefgehcy situations.

With reference to Figure 4A, the procedure begins by penetrating the subject's skin.610 with
the needle 200 and inserting the needle 200 through the trach;zal wall 600 until the needle
passes completely through the tracheal wall 600 such that the tip 201 of the needle 200 is
positioned inside the subject's trachea 620. As per the method previously describe with
reference to Figure 2, the insertion point is dependent on the paﬂiéular procedure. For

example the needle 200 may be inserted through the cricothyroid membrane for a |

cricothyrotomy, or between the first and second tracheal rings for a tracheostomy.

Once the needle tip 201 enters the trachea 620, air is allowed to flow through the aspirate
bore 404 of thé cannula 401 and the aspirate aperture 340 of the handle 300. A continuous
aspiration path is therefore provided, thus allowing the subject to 'aspirate throughout the
procedure. Addition’ally, a user is able to detect thé commencement of aspiration through the
aspirate bore 404 and use this to provide an indication that the needle 200 has successfully -
passed thr(;ugh the tracheal wall 600. This confirms that the needle 200 has been inserted by
a sufficient length é.nd allows the user to stop inserting the needle 200 before it penetrates the

far wall 630 of the trachea 630.

There are numerous ways that the user can detect aspiration. For example, the user can place

~ a finger over the aspirate aperture 340 and detect a puff of air that will typically indicate the’

commencement of aspiration, or the user can observe the aspirate aperture 340 to detect a
mist of vapour expelled from the aspirate aperture at the commencement of aspiration. In
another example, the aspirate aperture 340 is configured to allow a fluid filled syringe to be

connected thereto, with the appearance of bubbles in the fluid in the syringe being indicative

. of aspiration.
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Altérnatively and/or additionally, the handie\ 300 can include an aspiratidn -ind.icator for
indicating that aspiration is taking place. For éxample, the handle 300 can include a clear
aspiration window (not shown) which allows the user to see through the handle 300 to a
portion of the aspirate aperture 340 inside the handle 300. in one example, the user can detect.

aspiration via the window by observing the appearance of a mist of vapour in the window

- which can indicate commencement of aspiration.

The aspiration window can include a visual indicator that aspiration is taking place. In one
example, the indicator can be provided mechanically, such as by way of threads installed in
the aperture, which move with the flow of air. In another example, the indicator may be
provided using a substance in the window which changes colour when vthe presence of
oxygen or exhaled. carbon dioxide is detected. If the colour of the window reverts back to

clear then this would indicate that the flow of air is impeded. -

In another example, the handle 300 may include sensors for detecting and indicating airflow
or the presence of oxygen or exhaled carbon dioxide. In these cases, the sensors can provide a
signal that causes an indicator to be provided to the user, such as a light turning on or a sound

being emitted when aspiration is detected.

It will be.appre_ciated that the use of an aspiration indicator can be helpful in allowing the
user to control the insertion of the needle 200 through the tracheal wall 600, and to monitor

aspiration once it has commenced. However it will be appreciated that an aspiration indicator

. is not essential.

The device can also include an optical indicator (not shoWn) to allow the user to visually

monitor the insertion process.

In one example, the device includes an gptical fibre which allows light to be transmitted from

“one end of the optical fibre to the other end of the optical fibre. For example, the optical fibre

can be provided as an additional element of the guide 400, such that the optical fibre passes
from the handle 300, along the airWay 110, and through the needle 200. The handle 300 can
include an additional viewing window (not shown) allowing the user to view the light from a

distal end of the opticial fibre, wherein changes in the colour observed by the user in the
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viewing window are indicative of the position of the distal end of the optical fibre inside the

- subject. A separate light source may also be included in the device at the distal end of the

optical fibre to illuminate the surrounding tissue. This may bé provided, for example, by a
second optical fibre with a light source at its proximal end, such that the light is transmitted to
the distal end of the second optical fibre to provide a light source inside the subject during

insertion.

In another example, a bundle of a plurality of optical fibres can be used, and a proximal end

" of the bundle of optical fibres can be fitted with a viewing lens to allow an image to be

observed by the user that is indicative of the position 6f the distal end of the bundle of optical
fibres. It will bé appreciated that this is similar to the functionality of an endoscope, and
acéordingly, similar imaging techniques..can be used, such as the use of an optical detector, or
camera, allowing the inside of the trachea to be imaged. This allows the operator to view the
positioning of the tracheal tube 100, for example on a video display, théreby allowing the

user to confirm the tracheal tube 100 has passed through the tracheal wall 600.

In any event, the guide 400 can be adapted to allow the use of an 6ptical indicator as -
described above. In one example, the cannula 401 includes an additional optical bore (not
shown) for allowing passage of one or more 'optical fibres therethrough. However, in another
example, the cannula 401 is configured as described above with referencé to Figure 3B, but
with one or more optical ﬁl.)resv provided in place of a guide wire 410. Alternatively, the guide
wire 410 can be configured to include one or more optical fibres running along it, sucﬁ that

the guide wire 410 includes an optical indicator.

1t will be appréciated that the use of an optical indicator can be helpful in providing visual

feedback to the user during the procedure, in particular allowing the user to monitor the

" insertion of the needle 200 and the subsequent insertion of the tracheal tube 100. However, it

will be appreciated that an optical indicator is not essential.

‘With reference to Figure 4B, the next step involves feeding an additional length of the guide

wire 410 through the guide wire aperture 340 in the direction indicated by arrow 700. This
causes a corresponding length of guide wire 410 to extend from the end of the cannula 401

and out of the needle tip 201 into the subject's trachea 6'20, in the direction indicated by arrow
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710. This additional length of the guide wire 410 helps to guide the later insertion of the
tracheal tube 100 into the subject's trachea 620. |

In this example, the guide wire tip 411 is curved back on itself to help to prevent the guide
wire tip 411 from causing trauma to the inner tracheal wall during the procedure.
Alternatively and/or additionally, the guide wire tip 411 may be rounded or blunt, or capped

with an end piece configured to minimise the risk of trauma.

With reference to Figure 4C, after the guide wire 410 is fed into the subject's trachea the
needle 200 is retracted into the airway 110 of the tracheal tube 100. The user controls the -

retraction of the needle by pulling the pull tab 211 end of the retractor wire 210, thus pulling

the retractor wire 210 through the retractor aperture 320 in the direction indicated by arrow

- 720.

As the retractor wire 210 is pulled through the retractor aperture 320, the needle 200 is

‘correspondingly retracted into the airway 110 of the tracheal tﬁbe' ‘1‘00 in the direction

indicated by arrow 730. In this example, the needle 200 is retracted until the entire length of
the needle 200 is inside the airway 110. However, in other examples, the needle 200 is
retracted soj that the needle 200 is drawn further along the airway 110, and when fully
retracted the needle 200 may be positioned at the proximal end 101 of the tracheal tube 100,

or within a recess in the handle 300, itself.

In another example, the retractor wire 210 may include a stopper (not shown) fixed at-a point
along the retractor wire 210 inside the airway 110. The stoppef has a diameter larger than the
diameter of the retractor aperture 320. The retractor wire 210 i§ pﬁlled through the retractor
éperture 320, and when the stopper reaches the retractor aperture 320 the stopper will not be
able to pass through the retractor aperture 320 aﬁd will thus prevent the retractor wire 210
from being pulled any further. The stopper helps to control the amount of retraction of the
needle 200, and also helps to indicate when the needle 200 has been sufficiently retracted

such that it no longer extends from the di'sfal end 201 of the tracheal tube 100.

In any event, after retraction is complete, the needle 200 no longer extends from the distal

end 102 of the tracheal tube 100, and therefore is no longer able to penetrate any part of the
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subject. This helps to ensufe that fhe needle 200 will not cause any trauma to'v_the inner
tracheal wall during the rest of the insertion procedure, throughout which the needle 200 is

retained in the retracted position.

It will be appreciated that the needle 200 is retracted over the cannula 401 and guide wire 410
passing thérethfough, such that the cannula 401 and guide wire 410 remain in the same
respective positions as the needle 200 is moved through the airway 110. As a result, as the
needle 200 is retracted from the hole it has formed in the tracheal wall 600 and skin 610, the
cannula 401 is left to pass through the hole such that the hole is not allowed to close once the
needle 200'is retracted. The passage of the cannula 401 through the hole allows aspiration to.
continue through the aspirate bore 404, a_nd also allows ‘the subsequent insertion of the
trécheal tube 100 to bé guided by the cannula 401 and the guide wire 410. It will be

'appreiciated that if no guide 400 was provided, the hole would close after the needle was

retracted and insertion of the tracheal tube 100 through the closed hole would be difficult and

potentially traumatic to the subject.

With reference to Figure 4D, following retraction of the needle 200, the distal end 102 of the
tracheal tube 100 is inserted tﬁrough the skin 610 and the tracheal wall 600. It should bg
noted that the lengths of the retractor wire 210 and guide wire 410 extending from the -
retractor aperture 320 and guide wire aperture 330 are not shown in Figures 4D to 4H, for
clarity reasons. The msertlon of the tracheal tube 100 is guided by the cannula 401 such that
the tracheal tube 100 follows the cannula 401 through the hole in the subject's skin 610 and
tracheal wall 600. The user is able to control the insertion by appropriate manipulation of the

devi_ce via the handle 300.

The dilator 140 at the distal end 102 of the tracheal tube 100 is provided to help to dilate the

" hole as the tracheal tﬁbe 100 is inserted. In this example, the extremity of the dilator 140 at

the distal end 102 has a diameter slightly larger than the outer diameter of the needle 200, and.
the diameter increases away from the distal end 102 until the full diameter of the tracheal
tube 100 is provided. This gradual increasé of didmeter allows the dilator 140 to gradually
dilate the hole during insertion of the tracheal tube 100, and helps to minimise any trauma

associated with inserting the tracheal tube 100 through the hole left by the needle 200.
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As_discussed above, the outer surface of the tracheal tube 100 can be coated with a _

_ lubricating material to also allow for easier insertion.

The insertion of the tracheal tube 100 continues until it is fully inserted, as.shown in Figure

4E. The depth of insertion is controlled by the flange 120 at the proximal end 101 of the

tracheal tube 100, which abuts against the skin 610 of the subject when the tracheal tube 100
is fully inserted. As discussed above, the flange 120 also allows the tracheal tube 100 to be
secured to the skin 610 of the subject, by an adhesive, tape or sutures, for example. in
addition,v the flange 120 can be used to ensure the appropriate orientation of the tracheal tube
100 in the subject's trachea«620, by providihg an indication of the orientation to the user, as
the actual orientation of the tracheal tube 100 itsélf can not be readily observed by the user. In
general, the tracheal tube 100 is in a proper orientation when the distal end 102 passes

through the approximate centre of the trachea 620 towards the subject's lungs, without

_contacting the tracheal wall 600.

Following full insertion of the tracheal tube 100, the cuff balloon 150 can be inflated as
shown in Figuré 4F. As discussed above with reference to Figures 3A and 3B, inflation of the
cuff balloon 150 takes place via the inflator tube 151 ‘which passes along a groove in the.
outside of the tracheal tube 100. The pilot balloon 152 and valve 153 located outside of the
subject's .body can therefore be used to inflate the cuff balloon. In this example, an air-filled
syringe is inserted into the valve 153 and compression of the syringe .provides' air to inflate
the cuff balloon 150. The volume of air provided can be controlled by directly édjusting the
amount of compression of the syringe. The pressure can be monitored via the pilot balloon
152 which will be inflated with the same pressure as the cuff balloon 150. The cuff balloon
150 is inflated so as to just contact the tracheal wall 600 so that a seal is provided about the
circumference of the tracheal wall 600 without providing excessive pressure against the

tracheal wall 600 which can be a cause of trauma to the subject. The degree.of inflation of the
{ . .

 cuff balloon 150 can also be adjusted at a later time as required using the same methods.

- Once the cuff balloon 150 makes a seal against the subject's tracheal wall 600, passage of

fluids and airflow past the cuff balloon 150 is prevented, however the subject is able to
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continue to breathe through the device via the aspirate‘bore 404 and the aspirate aperture 340
in the handle 300.

In addition to its sealing function, the cuff balloon 150 also gently helps to keep the tracheal
tube located inside the subject's trachea 620 without contacting the tracheal wall 600. Should

the patient move in a way that changes the shape of the tracheal wall 600 in relation to the.

~ ‘tracheal tube 100, the cuff balloon 150 will help to hold the tracheal tube in position without

trauma to the tracheal wall 600.

It should be noted that the use of the cuff balloon 150 is optional, but it is generally of

assistance to the procedure.

Once the cuff balloon 150 is inflated, handle 300 and the equipment passing through the

airway 110 including the retracted needle 200, cannula 401, guide wire 410 can be removed.

In one example, the detachable connection between the handle 300 and the tracheal tube 100
is configured so that the handlé 300 is rotated anti-clockwise about its longitudinal. axis to
disconnect the handle 300 from the tracheal tube 100. This turning action woﬁld not normally
occur during the previous insertion steps and theféforg inadvertent disconnection of the

handle 300 during insertion is prevented. However, it will be appreciated that numerous types

~ of connectors can be used for allowing the handle 300 to be detached by the user, whilst

preventing inadvertent detachment duﬁng insertion. The type of connectors 130, 310 used in -

the devi_ce' will result in corresponding modification of the detachment operation.

Once the handle 300 is detached, the handle 400 can moved away from the tracheal tube‘ 100
as shown in Figure 4G. In this example, the handle 300 is configured so that when it is moved
away from the tracheal tube 100 as indicated by arrow 740, the needle 200, cannula 401 and
guide wire 410 are extracted from the airway 110. However, in other examples the handle

300 may be first removed and then the other equipment can be extracted separately.

In one example, the handle 300 is _conﬁgured so that the retractor wire 2_10,.canhula 401 and
guide wire 410 are pulled together with the handle 300. The handle 300 can include a

mechanism that prevents the cannula 401 and wires 210, 410 from moving relative to the

‘handle 300 as the handle 300 is moved, thus ensuring that they, and the needle 200 attached
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to the retractor wire 210, are extracted from the airway 110. For example, the mechanism can
be provided as a lever that is operated by the user and facilitates cl:amping of the wires 210,

410 so that they can no longer pass freely through the retractor and guide wire apertures.

After the handle 300 is removed and the needle 200, cannula 401, and guide wire 410 are
extracted from the airway, only the tracheal tube 100 and cuff balloon’ 150 are left in the

- subject's trachea, as shown in Figure 4H. This is the final inserted configuration of the device,

and an unobstructed airway is now provided through the tracheal wall 600, allowing the

subject to breathe freely therethrough.

“After an 'airway through the tracheal wall 600 is provided, the tracheal tube 100 may be

optionél-ly connected to a ventilation system to pfqv’ide a direct air or oxygen source to the
subject. In this.example, the connector 130 is a standard connector which is compatible with
standard ventilation system tubing, such that the ventilation system can be easily connected to
the tracheal tube 100. After the ventilation system is attached and pressurised, a final
adjustment of the cuff balloon 150 inflation is typically performed using the method

described above for the initial inflation of the balloon, in order to ensure an adequate seal is

- provided in the subjecfs trachea 620, which assists the subject to comfortably breathe through

the tracheal tube 100. The balloon inflation equipment, namely the pilot balloon 152 and
valve 153 is typically left in place, however in other examples tracheal tube 100 can be

configured so that this equipment can also be removed or re-attached as required.

As discﬁssed, above, the flange 120 can be secured to the subject' to hold the tracheal tube 100

in place. When the tracheal tube 100 is no longer needed, the ﬂange' 120 can also be used to

‘ | facilitate removal of the tracheal tube 100, after the cuff balloon 150 is deflated.

Some variations in the order of the steps outlined above are possible without changing the
overall operatibn of the device. For example, the additional length of the guide wire 410 may

be extended into the trachea 620 after the needle 200 is retracted, or the cuff balloon 150 can

- be inflated after the handle 300 is detaéhed.
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A third example of a device for providing an airway through a tracheal wall of a subject will

now be described with reference to Figures 5Ai-to 5D. For the purpose of this example

_similar reference numerals are used to refer to similar features.

In this example, the device includes a tracheal tube 100 having an airway 110, running from a
proximal end 101 to a distal end 102, the distal end including a dilator 140. A hollow needle
200, having a tip 201, is detachably coupled to the distal end 102 of the tracheal tube 100.
The tracheal tube 100 includes a flange 120, which is coupled to a handle 300 via a tracheal

tube connector, configured to connect with an appropriately configured handle connector 310

provided on the handle 300.

The handle 300 includes a first portion 301 defining an aspirate aperture 340, which is ih
fluid communication with the airWay 110, allowing airflow therethrough. The handle also
includes a second handle portioh 302 housing a retractor wire 210, and tab 211, held in
position via a retractor guide 303. Asin previoué examples, the retractor wire 210 is attached
to the needle 200 at one end, allowing this to be retracted into the airway 110. However, in
thie ekample, the retractor wire 210 also functions as a guide 400 as will be explained in more

detail below.

In this examp]e, a balloon 150 is provided on an outside of the tracheal tube 100, with the
balloon 150 being connected via an inflator tube 151 to a pilot balloon 152, to allow the

balloon 150 to be inflated.

In use, operation of the third example de\}ice is substantially similar to that of the first and
second example devices described above. Accordingly, in use, the needle tip 201 is inserted
into the into the subject's trachea. At this point, the subject is able to breathe via the aspirate

aperture 340.

The retractor wire 210 is 'then depressed, by pushing the tab 211, causing the retractor wire
210 to extend into the subject’s trachea, thereby acting as a guide in a manner similar to that
described above with respect to the guide wire of the previous examples. Following this, the |
needle 200 can be pushed further into the subject’s trachea, along the guide, as in previous

examples; allowing the dilator 400 to dilate the trachea so that the tracheal tube 100 can be
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inserted. At this point, the needle: 200 can be retracted by pulling out the retractor wire 210,
so that the tracheal tube 100 can then be fully inserted into the subject’s trachea.

Following this, the handle 300 can be decoupled from the tracheal tube, and removed,
allowing the needle 200 to be removed from the airway 110, so that the tracheal tube 100 to

act as an airway for the subject.

Accordingly, it will be-appreci‘ated that in one example the retractor wire 210 can act to both
retract the needle 200 and provide a guidé fqr insertion of the needle. However, this is not
essential, and in an alternative example, the retractor wire 210 can be replaced with a guide
400, with retraction of the needle 200 being achieved by having the needle 200 coupled to the
handle 300, so that the needle 200 i.c; retracted as the handle 300 is deéoupled from the -
tracheal tube 100. '

In the above descri‘bediexar.nple, the needle 200 has a curved configuration which is similar to-

the curvature of the tracheal tube 100. This facilitates the insertion of the needle 200 into the

subject, and in particular prevents unwanted penetration of the tracheal wall.

As a result of this configuration, in 'é further example the requirement for a separate guide can

* be eliminated, with the needle itself acting as the guide to thereby ensure that the device is

inserted into the subject’s trachea.

It will be appreciated that a device in accordance with the above described examples
facilitates a simplified method of prbvidihg an airway through the tracheal wall of a subject.
By simplifying the ;)rocedure and reducing the required equipment to a single device, it is
feasible that users could operate the device to perform cricothyrotomy or tracheostomy
procedures with minimal training, thus allowing .thc device to be used in emergency scenarids

by personnel other than qualified medical professionals. For example, this device could be

.'provided to emergency response personnel or the like, in a ready-for-use configuration. -

~ Persons skilled in the art will appreciate that numerous variations and modifications will

become apparent. All such variations and modifications which become apparent to persons

skilled in the art, should be considered to fall within the spirit and scope that the invention

‘broadly appearing before described. -
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

D

A device for providing an airway through a tracheal wall of a subject, the device

including:

‘a) A tracheal tube having an airway running from a proximal end to a distal end;

b) A hollow needle detachably coupled to the distal end of the tracheal tube, the needle

being for insertion through the tracheal wall and being moveable from an extended
position in which at least part of the needle extends from thé distal end of the tracheal

tube to a retracted position;

- ¢) A handle detachably connected to the proximal end of the tracheal tube, wherein

- 2)

3)

4

5)

6)

7)

detachment of the handle from the tracheal tube allows at least the needle to be
extracted from the tracheal tube, thereby allowing the tracheal tube to provide an
 airway through the tracheal wall. - _
A device according to claim lv, wherein the device is configured to allow aspiration.

A device according to claim 1or claim 2, wherein the device includes a guide configured

‘to extend from the distal end of the tracheal tube, thus allowing insertion of the tracheal

tube through the tracheal wall to be guided by the guide.

A device according to claim 3, wherein the guide passes along at least part of the airway
and at least part of the needle a | , ' 7

A device accbrding to claim 3 or claim 4, wherein the..guide includes at least one of the
following: ' '
a) A guide wire;

b)- A resilient cord; and,

¢) A cannula. .

A device according to claiim 4 or claim 5, wherein the guide includes a cannula having a
longitudinal guide wire bore configured to allow passage of a guide wire therethrough
and a longitudinal aspirate bore for allowing aspiration therethrough.

A device according to claim 6, wherein the handle includes:

a) -An aspirate aperture for allowing air communication between the aspirate bore of the

cannula and air outside of the handle; and
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b) A guide wire aperture for allowing the guide wire to pass from the guide wire bore-to
~ outside the handle. -

8) A device according to claim 7, wherein a length of the guide wire extends from the guide
wire aperture, such that movement of the length of the guide wire allows a user to control
an amount of the guide wire that extends from the distal end of the tracheal tube.

9) A device according to any one of claims 6 to 8, wherein a tip of the guide wire is

. configured to substantially prevent trauma to the subject during insertion.

10) A device acéording to claim 9, wherein the tip of the guide wire is at least one of the
following: ' '
a) Curved;

b) Blunt;
¢) Capped with a rounded end piece. _

11) A device according to any one of claims 1 to 10., wherein the device includes a retrac.tér
wire for retracting the needle.

12) A device according to claim 11, wherein the retractor wire is .attached'to the needle at a
first end and passes through at least parf of the tracheal tube. . ) | |

13) A device according to claim 12, wherein the handle includes a retractor aperture for
allowing the retractor wire to pass from the tracheal tube to outside the handle. |

14) A device according to claim 13, wherein a length of the retractor wiré exténds. from ihe
retractor wire aperture, such that movement of the length of the retractor wire allowé a
user to control the movement of the needle from the extended position to the retracted
position. | ‘

15) A device acéording to any one of claims 1 to 14, wherein the tracheal tube includes a
dilator at the distal end, the dilator being for dillating a hole through the tracheal wall

- formed by insertion of the needle to allow insertion of the tracheal tube fhrou_gh the
| dilated hole. o A

16) A device according to any one of claims 1 to 15, wherein the tracheal ,tﬁbe includes a
| ﬂahge at the proximal end, the flange being adapted to abut against skin of the subject on
the outside of the tracheal wall. |

17) A device according to claim 16, wherein the ﬂange is for at least one of the following:-

a) Preventing over-insertion of the tracheal tube;
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b) Securing the tracheal tube to the subject; and,
¢) Allowing the tracheal tube to be removed without the handle.

18) A device according to any one of claims 1 to 17, wherein the tracheal fube includes a
vconnector at the proximal end, the connector being for connection of the tracheal tul;e to
the handle. ' '

19) A device according to claim 18, wherein therconnector is adapted to allow a venﬁlati(')n
system to be connected to the tracheal tube when the handle is detached.

20) A device according to claim 19, wherein the connector is a universal oxygen connector.

21) A device according to any one of c_lairﬁs 1 to 20, wherein the tracheal tube includes a cuff

for substantially sealing against an inner circumference of the tracheal wall.
22) A device according to claim 21, wherein the cuff is a bailoon configured to allow the
~ tracheal tube to be inserted or removed through tracheal wall when the balloon is
deflated. | _ ' '

23) A device according to claim 22, wherein the -balloon is connected to an inflator tube
running along vthe tracheal tube froni the balloon to the proximal end of the tracheal tube,
the inflator tube alloWing the balloon to be inflated so that the balloon thereby seals
against the inner circumference of the tracheal wall. |

24) A device according to claim 23, wherein the inflator tube runs albng a groove of the
tracheal tube which runs along an outside surface of the tracheal tube from the balloon tb
the proximal end of the tracheal tube. v _

25A Adevice according to claim 23 or claim 24, wherein the inflator tube includes an inflator
ﬁttihg to allow the balloon to be inflated by at least one of the following:

a) A syringe; '
© b) A manual pump;
¢) An automatic purhp. ,

26) A device according to any one of claims 1‘ to 25, wherein an outer surface of the tracheal
tube includes a coating for lubricating the insertion of the tracheal tube through the.
tracheal wall. |

27) A device according to any one of claims 1 to 26, wherein the tracheal tube is substantially

rigid and curved.
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28)A deifice according to any one of claims 1 to 27, wherein the device includes at least one '
of the Vfollowi.r.lg:

a) An aspiration indicator for indicating aspiration to a user; and, _

b) An optical indicator for allowinga user to visually monitor the insertion process.

29) A device according to any one of claims 1 to 28, wherein the needle is curved.
30) A device according to any one of claims 1 to 29, wherein:

a) The device includes a retractor wire for retracting the needle; and,

b) The tracheal tube includes: ,

i) A dilator at the distal end, the dilator being for dilating a hole through the tracheal
| wall formed by insertion of the needle to allow insertion of the ‘tracheal tube
through the dilated hole; ' ,
ii) An inflatable balloon for substantially sealing against an inner circumference of
the- tracheal Wall,’ the balloon being configured to allow the tracheal tube to be
" inserted or remov_ed threug}i the tracheal wall when the balloon is deflated; and,
iii) A connector for allowing connection of the handle. |
3DA dev1ce accordmg to claim 30, wherein:

a) The device includes a guide conﬁgured to extend from the distal end of the tracheal
tube, thus allowing insertion of the tracheal tube through the tracheal wall to be
guided by the guide, the guide including a cannula having a longitudinal guide wire
bore configured to allow passage of a guide wire therethrough and a longitudinal
aspirate bore for allowing aspiration therethrough; and,

b) The handle includes:

i) An aspirate aperture for allowing air communication between the aspirate bore of
the cannula and air out51de the handle; o

ii) A guide wire aperture for allowmg the guide wire to pass from the guide wire bore-
to outside the handle; and,

iii) A retractor wire aperture for allowing the retractor wire to pass from the trachéal
tube to outside the handle, and wherein detachment of the handle from the tracheal
tube allows the needle and the guide to be extracted from the tracheal tube.

32) A device according to claim 30, wherein: D

a) The needle is curved; and,
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b) The handle includes:
i) An aspirate aperture for allowing air coxﬁmunicatiOn between- the tracheal tube
and air outside the handle; and, - | |
ii)‘ A retractor wire aperture for allowing the retractor wire to pass from the tracheal
~ tube to outside the handle, and wherein detachment of the handle fromvthe‘tracheal

tube allows the needle and the guide to be extracted from the tracheal tube.

33) A method for providing an airway throﬁgh a tracheal wall of a subject using a device

including a tracheal tube having an airway running from a proéimal end to a distal end, a
hollow needle detachably coupled to the distal end of the tracheal tube, a guide, and a
handle detachably connected to the proximal end of the tracheal tube, wherein the method
includes: | .
a) With the needle in an extended position in which at least part of the needle extends
from the disfal end of the tracheal tube, inserting the needle through the tracheal wall; .
b) Moving the needle to a retracted position in which the needle is positioned inside the
. airway and at least part of the guide extends from the distal end of the tracheal tube;
¢) Inserting the tracheal tube through the tracheal wall, the insertion of the tracheal tube
being guided by the guide; and, . | ’
d) Detaching the handle from the tracheal tube and extracting at least the needle from the
tracheal tube, thereby’ allowmg the tracheal tube to provide an.airway through the

tracheal wall.

34) A method for providing an airway through a tracheal wall of a subject using a device

including a tracheal tube having an airway running from a proximal end to a distal end, a

hollow needle detéchably coupled to the distal end of the tracheal tube, and a handle

detachably ‘connected to the proximal end of thé tracheal tube, wherein the needle is

curved, and wherein the method includes: ‘ ‘

a) With the needle in ar{ extended position in which at least part of the needle extends
from the di.stal end of the tracheal tube, inserting the needle throﬁgh the tracheal wall;

b) Inserting the tracheal tube through the tracheal wall;

c) Moving the needle to a retracted position in.which the needle is positioned inside the

airway; and,
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d) Detaching the handle from the tracheal tube and extracting the needle from the
tracheal tube, thereby allowing the tracheal tube to provide an airway through the
tracheal wall. ‘ | | |

35) A device and a method for providing an airway through a tracheal wall of a subject,

substéntially as hereinbefore described. _
36) A device and a method for providing an airway through a tracheal wall of a subject,

substantially as hereinbefore described and illustrated with reference to the accompanying

drawings.
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