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IMPROVED ARTIFICIAL AIRWAY

This invention relates to an artificial airway of the type which is normally used in 

surgery.

There are many forms of artificial airways available. One common form has a 

hollow tube which is coupled to a mask, which frequently includes an inflatable cuff, 

which when inserted covers the laryngeal opening and provides an effective seal around 

the laryngeal opening. Anaesthetic gases can then be supplied through the hollow tube to 

the patient.

Normally the tube is moulded from plastics material and is flexible at least to some 

extent. Some tubes are relatively rigid whereas others are much more flexible or floppy 

and are such that they would bend under their own weight.

The essentially rigid tubes are capable of maintaining their shape during the 

insertion of the mask and can be used as a handle during this process. Some are gently 

curved, but capable of further bending to conform to shape required to sit against the hard 

palate and posterior pharynx. Other airway tubes are preformed with a curve of 60 to 90 

degrees to more closely match this anatomical angle.

The more flexible tubes are generally made from a soft plastics or elastomeric 

material such as silicone rubber or PVC that allow the tubing to be easily bent or floppy. 

The tube is generally reinforced with a spiral wire in order to prevent occlusion by sharp 

bending. Furthermore, the wire reinforcement prevents crushing and occlusion should a 

patient bite down upon the tube. The advantage of the flexible tubes is that they can be 

easily be manoeuvred after the airway is in place so as not to interfere with a surgeon 

working in the area of the head, neck or oral cavity. As such laryngeal mask airways with 

flexible tubes are popular with such specialities as head and neck surgery and ear, nose and 

throat surgery. A disadvantage of these tubes is that they are difficult to insert as the tube 

cannot be used as a handle because the tube tends to bend uncontrollably if any pressure is
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applied to it during the insertion process. The recommended technique for 

insertion of these airways is for the mask section of the airway to be grasped and inserted 

using (gloved) fingers. This is not popular with anaesthetists. Various introducers have 

been designed to avoid this requirement, but by and large have also proved to be 

unpopular.

The object of the invention is to avoid the disadvantages above.

Broadly speaking, the invention provides an artificial airway which has a 

composite tube which has characteristics of both rigid and flexible tubes.

More specifically, the invention provides an artificial airway including an airway 

tube having proximal and distal ends and a mask mounted at the distal end of the airway 

tube characterized in that the airway tube includes a curved portion adjacent to its distal 

end and a straight portion extending from the curved portion to the proximal end of the 

airway tube and the curved portion is more rigid than the straight portion and wherein the 

curved portion is moulded from first material which is less flexible than second material 

from which the straight portion is moulded.

Preferably the Shore A hardness of the first material is 40 to 50 and the Shore A 

hardness of the second material is 30 to 40.

Preferably the curved and straight portions are of annular cross-section.

Preferably the outer diameter of the curved portion is greater than that of the 

straight portion.

Preferably the outer diameter of the curved portion is in the range 15 to 17 mm.

Preferably the wall thickness of the curved portion is in the range 3 to 3.2 mm.
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Preferably the outer diameter of the straight portion is in the range 11 to 13 mm.

Preferably the wall thickness of the straight portion is in the range 1.4 to 1.5 mm.

Preferably the straight portion includes a supporting spring to help prevent 

occlusion thereof.

Preferably the curved and straight portions are moulded separately and then joined 

together.

Preferably they are integrally moulded by co-moulding.

Preferably the modulus of elasticity of the curved portion is substantially greater 

than the modulus of elasticity of the straight portion.

Preferably, when straight samples of equal lengths are supported at one end and a 

lateral force is applied to the other end, the deflection of the sample of the curved portion 

is about 10 times that of the sample of the straight tube.

Preferably the modulus of elasticity of the sample of the curved tube is about 1.5 to 

5 times greater than that of the straight tube. Preferably further the ratio is about 2.5.

The artificial airway of the invention has the advantage that it can be inserted in a 

similar manner to a rigid laryngeal mask. The user can grasp the relatively rigid curved 

portion and use it as a handle for inserting the mask. After insertion, the more flexible 

straight portion can be positioned in much the same way as the tube of known flexible 

laryngeal mask airways to allow good surgical access.

In addition, the mask of the airway of the invention is effectively stabilised once 

inserted because the curved portion is seated against the hard palate and the posterior 

pharynx and therefore it is much less likely to be inadvertently displaced as can sometimes
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happen with known devices which have a fully flexible tube.

The invention also provides an airway tube for an artificial airway, the airway tube 

having proximal and distal ends and, in use, a mask mounted at the distal end of the airway 

5 tube characterized in that the airway tube includes a curved portion adjacent to its distal 

end and a straight portion extending from the curved portion to the proximal end of the 

airway tube and the curved portion is more rigid than the straight portion and wherein the 

curved portion is moulded from first material which is less flexible than second material 

from which the straight portion is moulded.

10

The invention will now be further described with reference to the accompanying 

drawings, in which:

Figure 1 is a schematic side view of a laryngeal mask constructed in accordance 

with the invention;

15 Figure 2 is an underside view of the mask;

Figure 3 is a schematic longitudinal cross-section along the line 3-3;

Figures 4 and 5 are diagrams useful in understanding the physical properties of the 

tube;and

Figure 6 schematically shows the artificial airway of the invention inserted in a 

20 patient.

Figure 1 shows an artificial airway 2 constructed in accordance with the invention. 

The airway includes a mask 4 and airway tube 6, the tube 6 being fitted with a male Leur 

connector 8 at its proximal end. The mask 4 includes an inflatable peripheral cuff 10 

25 which is inflated in use by means of an inflation line 12 which opens to the interior of the 

cuff by means of a spigot 14. The mask 2 is preferably moulded from silicone rubber. The 

structure of the mask can be the same or similar to known masks and therefore need not be 

described in detail.

30 The airway tube 6 of the invention includes a curved portion 16 and a relatively

straight portion 18. As will be described in more detail below, the curved portion 16 is 

moulded in such a way that it is much more rigid than the straight portion 18. In this 

specification the reference to the portion 18 as being straight means it is moulded so as to
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be linear or slightly curved. The flexibility of the portion 18 however is such that it can 

readily be resiliently deflected and the word straight in that context should be understood 

in that context.

In one embodiment, the length X as shown in Figure 3 of the curved portion 16 is 

about 80 mm whereas the length of the straight portion 18 can be 210 mm. Typically, the 

ratio of the lengths is about 1:3 but this can be varied in accordance with the size of the 

airway device.

The curved portion 16 is preferably moulded from silicone rubber or PVC and the 

straight portion 18 is preferably moulded from silicone rubber or PVC so that it is 

significantly more flexible than the portion 10. The straight portion 18 is preferably 

reinforced by a spiral wire (not shown). The techniques for providing the spiral wire 

support are known in the art and therefore need not be described. The material from which 

the curved portion 16 is moulded is preferably more rigid than the material which is used 

for moulding the straight portion 18. Typically the Shore hardness of the material for the 

rigid portion 16 is 40 to 50 A whereas that of the straight portion 18 is 30 to 40 A. Both 

the curved portion 16 and the straight portion 18 are preferably of circular inner and outer 

diameters. The wall thickness of the curved portion 16 is preferably greater than the wall 

thickness of the straight portion 18. Typically the wall thickness of the curved portion 16 

is the range 3 to 3.2 mm whereas the wall thickness of the flexible tube is in the range 1.4 

to 1.5 mm.

It is possible that the curved portion 16 and straight portion 18 could be integrally 

moulded from the same material and the differential wall thicknesses provides the 

difference in rigidity between these two parts of the tube.

It is preferred however that the curved portion 16 and straight portion 18 are 

separately moulded and then joined together by over-moulding, solvent welding, bonding 

or other techniques. As best seen in Figure 3, the proximal end 20 of the curved portion 16 

is somewhat tapered so that it can be inserted in the distal end 22 of the straight portion 18
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so that the transition between the portion 16 and 18 is relatively smooth internally and 

externally.

It is also possible that the airway tube 6 could be integrally moulded by injecting 

harder material in that part of the mould which forms the curved portion 16 and softer 

material into that part of the mould which forms the straight portion 18 by using known co

moulding techniques.

A prototype of the device 2 of the invention has been constructed and has been 

found to have desirable properties in that the curved portion 16 is much less susceptible to 

bending than the straight portion 18. An investigation of the deflection and modulus of 

elasticity for the curved portion 16 and straight portion 18 has been carried out. Figure 4 

shows a diagram which enables calculation of the moment of inertia I for a hollow tube 

where D] is the outer diameter and D]i is the inner diameter. The moment of inertia is 

given by: I = (Pi + 64) (Dj4 - Dh4).

I = “ Dv ) Equation 1

For a typical curved portion 16, the outer diameter Dj is say 16 mm whereas the 

inner diameter Du is 9.8 mm. Using Equation 1 above, the moment of inertia I is 2.764 x 

10'9m4.

Typically, for the straight portion 18, Di is 12 mm and Di, is 9.1 mm. Therefore 
using Equation 1 above, the moment of inertia I is 6.813 x 10’10m4.

Sample lengths of the material, each 100 mm long for the curved portion 16 and

straight portion 18 which were both initially straight were then clamped at one end and

subjected to a transverse force applied to the other end in order to measure the deflection.

In the deflection test, the free end was deflected by 5 mm. In the case of the rigid sample,

the force required was 25 gms. In the case of the flexible sample, the force required was
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2.5 gms. This illustrates that the straight portion 18 is much more susceptible to bending 

than the curved portion 16. From these deflection tests, it is possible to compute the 

approximate values for the modulus of elasticity for the straight samples of the curved and 

straight portions of the tube. The following equation can be used for this purpose:

5

10

15

20

25

3EI Equation 2

where d is the deflection, P is the applied force, L is the length, E is the modulus of 

elasticity and I is the moment of inertia.

Using Equations 1 and 2 above, for the straight samples, the modulii of elasticity 

can be determined as follows as in Table 1 below:

Table 1

Force (g) Outer

D(m)

Inner

D(m)

I (m4) E (n/m2) E (psi)

Straight Portion 18 2.5 0.012 0.0091 6.81259E-10 2399966.648 348.085734

Curved Portion 16 25 0.016 0.0098 2.76422E-09 5914859.739 857.8778772

The ratio of the modulii is therefore about 2.5 for the prototype.

It will be appreciated that when the curved portion 16 itself (rather than a straight 

sample thereof) is subjected to a bending force such as a force P applied at its proximal 

end, as indicated by the letter P in Figure 1 the force required for 5 mm of deflection is 

greater than for the straight sample. In one test on the prototype a force of about 65 gm 

was required to produce 5 mm deflection and therefore it will be understood that the 

modulus of elasticity for the curved portion 16 is at least 5 times that of the straight portion 

18.

The airway device 2 can be made in different sizes for use with patients in different 

age categories. Table 2 below shows the nominal size S of the device 2 and the typical
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values for RDi and the length X, as shown in Figure 3.

Table 2

s R mm D| mm X mm

3 50 15.6 80

4 54 15.6 90

5 65 16.8 100

5 The dimensions may be varied for larger or smaller sizes.

Also the angle A is typically about 100°. Figure 6 shows the artificial airway 2 

deployed in a patient 30. In use, the user of the airway 2 grasps the curved portion 16 and 

inserts it through the mouth 32 of the patient and locates the mask 4 so that it surrounds the 

10 laryngeal opening 34. The cuff 10 can then be inflated so as to form a seal against the 

laryngeal opening. It will be seen that the curve of the curved portion 16 generally follows 

the anatomy of the patient and the convex side of the curved portion 16 is seated against 

the posterior pharynx 36 thus tending to stabilise the position of the mask in the patient. 

The straight portion 18 however can be moved inside the mouth cavity to allow good 

15 access for surgical procedures.

Many modifications will be apparent to those skilled in the art without departing 

from the spirit and scope of the invention.

20 The reference in this specification to any prior publication (or information derived

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 that 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.

25
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. An artificial airway including an airway tube having proximal and distal ends and a 

mask mounted at the distal end of the airway tube characterized in that the airway tube

5 includes a curved portion adjacent to its distal end and a straight portion extending from 

the curved portion to the proximal end of the airway tube and the curved portion is more 

rigid than the straight portion and wherein the curved portion is moulded from first 

material which is less flexible than second material from which the straight portion is 

moulded.

10

2. An artificial airway according to claim 1 wherein the Shore A hardness of the first 

material is 40 to 50 and the Shore A hardness of the second material is 30 to 40.

3. An artificial airway according to claim 1 or 2 wherein the curved and straight 

15 portions are of annular cross-section.

4. An artificial airway according to claim 3 wherein the outer diameter of the curved 

portion is greater than that of the straight portion.

20 5. An artificial airway according to claim 4 wherein the outer diameter of the curved

portion is in the range 15 to 17 mm.

6. An artificial airway according to claim 5 wherein the wall thickness of the curved 

portion is in the range 3 to 3.2 mm.

25

7. An artificial airway according to any one of claims 4 to 6 wherein the outer 

diameter of the straight portion is in the range 11 to 13 mm.

8. An artificial airway according to claim 8 wherein the wall thickness of the straight 

30 portion is in the range 1.4 to 1.5 mm.
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9. An artificial airway according to any one of claims 4 to 8 wherein the straight 

portion includes a supporting spring to help prevent occlusion thereof.

10. An artificial airway according to any preceding claim wherein the curved and 

5 straight portions are moulded separately and then joined together.

11. An artificial airway according to any one of claims 1 to 9 wherein the curved and 

straight portions are integrally moulded by co-moulding.

10 12. An artificial airway according to any preceding claim wherein the modulus of

elasticity of the curved portion is substantially greater than the modulus of elasticity of the 

straight portion.

13. An artificial airway according to claim 12 wherein, when straight samples of equal

15 lengths are supported at one end and a lateral force is applied to the other end, the 

deflection of the sample of the curved portion is about 10 times that of the sample of the 

straight tube.

14. An artificial airway according to claim 13 wherein the modulus of elasticity of the 

20 sample of the curved tube is about 1.5 to 5 times greater than that of the straight tube.

15. An artificial airway according to claim 14 wherein the modulus of elasticity of the 

sample of the curved tube is about 2.5 times greater than that of the straight tube.

25 16. An airway tube for an artificial airway, the airway tube having proximal and distal

ends and, in use, a mask mounted at the distal end of the airway tube characterized in that 

the airway tube includes a curved portion adjacent to its distal end and a straight portion 

extending from the curved portion to the proximal end of the airway tube and the curved 

portion is more rigid than the straight portion and wherein the curved portion is moulded

30 from first material which is less flexible than second material from which the straight 

portion is moulded.
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17. An airway tube according to claim 16 wherein the Shore A hardness of the first 

material is 40 to 50 and the Shore A hardness of the second material is 30 to 40.

18. An airway tube according to claim 16 or 17 wherein the curved and straight 

5 portions are of annular cross-section.
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