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(57) ABSTRACT 

The disclosed laryngeal mask airway device includes an 
inflatable cuff and an airway tube. The inflatable cuff defines 
a central opening at least when inflated. The cuff is insertable 
through a mouth of a patient to an inserted location within 
the patient. The cuff Surrounds a glottic opening of the 
patient when the cuff is inflated and at the inserted location. 
The airway tube extends from a proximal end to a distal end. 
The airway tube defines an internal passage, an anterior 
portion, a posterior portion, a left portion, and a right 
portion. An airway passage extends from the proximal end 
of the tube through the internal passage to the glottic 
opening when the cuff is inflated and at the inserted location. 
The anterior portion is characterized by a thinner wall 
thickness than the left and right portions. The posterior 
portion is characterized by a thinner wall thickness than the 
left and right portions. 
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LARYNGEAL MASK AIRWAY DEVICE WITH 
AIRWAY TUBE HAVING FLATTENED OUTER 
CIRCUMIFERENCE AND ELLIPTICAL INNER 

AIRWAY PASSAGE 

CROSS-REFERENCE SECTION 

0001. This application is a continuation of currently 
pending U.S. patent application Ser. No. 10/946,584, filed 
Sep. 21, 2004, and entitled Laryngeal Mask Airway Device 
With Airway Tube Having Flattened Outer Circumference 
and Elliptical Inner Airway Passage, which is a continuation 
of and claims priority to U.S. patent application Ser. No. 
10/348,813, now U.S. Pat. No. 6,792,948, filed Jan. 22, 2003 
and entitled Laryngeal Mask Airway Device With Airway 
Tube Having Flattened Outer Circumference and Elliptical 
Inner Airway Passage, the entire contents of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a laryngeal mask 
airway device. More specifically, the present invention 
relates to an improved airway tube for use with such devices. 
0003. The laryngeal mask airway device is a well known 
device that is useful for establishing airways in unconscious 
patients. Such devices have been in use for about thirteen 
years and offer an alternative to the older, even better known, 
endotracheal tube. For at least seventy years, endotracheal 
tubes comprising a long slender tube with an inflatable 
balloon disposed at the tube's distal end have been used for 
establishing airways in unconscious patients. In operation, 
the endotracheal tube's distal end is inserted through the 
mouth of the patient, past the patient’s laryngeal inlet (or 
glottic opening), and into the patient's trachea. Once so 
positioned, the balloon is inflated so as to form a seal with 
the interior lining of the trachea. After this seal is estab 
lished, positive pressure may be applied to the tube's proxi 
mal end to ventilate the patient’s lungs. Also, the seal 
between the balloon and the inner lining of the trachea 
protects the lungs from aspiration (e.g., the seal prevents 
material regurgitated from the stomach from being aspirated 
into the patient's lungs). 
0004 Although they have been enormously successful, 
endotracheal tubes Suffer from several major disadvantages. 
The principal disadvantage of the endotracheal tube relates 
to the difficulty of properly inserting the tube. Inserting an 
endotracheal tube into a patient is a procedure that requires 
a high degree of skill. Also, even for skilled practitioners, 
insertion of an endotracheal tube is sometimes difficult or 
not possible. In many instances, the difficulty of inserting 
endotracheal tubes has tragically led to the death of a patient 
because it was not possible to establish an airway in the 
patient with sufficient rapidity. 
0005. In addition to this principal disadvantage, there are 
also other disadvantages associated with endotracheal tubes. 
For example, intubation with an endotracheal tube often 
causes patients to suffer from severe “sore throats.” The 
“sore throat' is principally caused by friction between the 
tube and the notch between the patients arytenoid carti 
lages. Another disadvantage is that patients can not cough 
effectively while intubated with an endotracheal tube. Yet 
another problem with endotracheal tubes relates to the 
manner in which they are inserted. Inserting an endotracheal 
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tube normally requires manipulations of the patient's head 
and neck and further requires the patient’s jaw to be forcibly 
opened widely. These necessary manipulations make it 
difficult, or undesirable, to insert an endotracheal tube into 
a patient who may be suffering from a neck injury. Still 
another disadvantage is that endotracheal tubes provide an 
airway that is relatively small or narrow. The size of the 
airway must be relatively narrow because the distal end of 
the tube must be sufficiently small to fit into the trachea. 

0006. In contrast to the endotracheal tube, it is relatively 
easy to insert a laryngeal mask airway device into a patient 
and thereby establish an airway. Also, the laryngeal mask 
airway device is a “forgiving device in that even if it is 
inserted improperly, it still tends to establish an airway. 
Accordingly, the laryngeal mask airway device is often 
thought of as a “life saving device. Also, the laryngeal mask 
airway device may be inserted with only relatively minor 
manipulations of the patient's head, neck, and jaw. Further, 
the laryngeal mask airway device provides for ventilation of 
the patient's lungs without requiring contact with the sen 
sitive inner lining of the trachea and the size of the airway 
established is typically significantly larger than the size of 
the airway established with an endotracheal tube. Also, the 
laryngeal mask airway device does not interfere with cough 
ing to the same extent as endotracheal tubes. Largely due to 
these advantages, the laryngeal mask airway device has 
enjoyed increasing popularity over the last thirteen years. 

0007 FIGS. 1A and 1B show perspective and side views, 
respectively, of a prior art laryngeal mask airway device 100. 
FIG. 2 illustrates a device 100 that has been inserted into a 
patient. Laryngeal mask airway devices such as device 100 
are described for example in U.S. Pat. No. 4,509,514. 
Laryngeal mask airway devices similar to device 100 have 
been marketed commercially as the “Classic' for many 
years by the Laryngeal Mask Company of Cyprus. Device 
100 includes a flexible cylindrical airway tube 110 and a 
mask portion 130. Tube 110 extends from a proximal end 
112 to a distal end 114 and mask portion 130 is coupled to 
the tube's distal end 114. Mask portion 130 includes a 
proximal end 132 and a generally elliptical inflatable cuff 
134. Mask portion 130 also defines a central passageway 
extending from proximal end 132 to an open end 136 of cuff 
134. The distal end 114 of tube 110 fits telescopically into 
the cylindrically shaped proximal end 132 of mask portion 
130, and device 100 provides a continuous, sealed, airway 
extending from proximal end 112 of tube 110 to the open end 
136 of cuff 134. Device 100 also includes an inflation tube 
138 for selectively inflating or deflating cuff 134. 

0008. In operation, the cuff 134 is deflated, and then the 
mask portion is inserted through the patient’s mouth into the 
patient's pharynx. The mask portion is preferably positioned 
so that a distal end 140 of cuff 134 rests against the patients 
normally closed esophagus and so that the open end 136 of 
the cuff 134 is aligned with the entryway of the patients 
trachea (i.e., the patient’s glottic opening). After the mask 
portion is so positioned, the cuff is inflated thereby forming 
a seal around the patient’s glottic opening and this estab 
lishes a sealed airway extending from the proximal end 112 
of the tube 110 to the patient’s trachea. 

0009 For convenience of exposition, the term “fully 
inserted configuration' shall be used herein to refer to a 
laryngeal mask airway device that has been inserted into a 
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patient and has the following characteristics: (1) the mask 
portion is disposed around the patient’s glottic opening; (2) 
the cuff is inflated forming a seal around the patient’s glottic 
opening; and (3) the airway tube extends from a proximal 
end located outside the patient’s mouth to a distal end that 
is coupled to the mask portion, the tube extending through 
the patient’s mouth and the patient's natural upper airway so 
that the device provides a sealed airway extending from the 
tube's proximal end to the patient’s lungs. FIG. 2 shows a 
laryngeal mask airway device in the fully inserted configu 
ration. 

0010 When device 100 is in the fully inserted configu 
ration, device 100 advantageously does not contact the 
interior lining of the trachea. Rather, the seal is established 
by contact between the tissues Surrounding the patients 
laryngeal inlet and the inflatable cuff 134. Unlike the deli 
cate interior lining of the trachea, the tissues at the laryngeal 
inlet are accustomed to contact with foreign matter. For 
example, during the act of Swallowing food, the food is 
normally squeezed against these tissues on its way to the 
esophagus. These tissues are accordingly less sensitive and 
less Susceptible to being damaged by contact with the 
inflatable cuff. 

0011 U.S. Pat. No. 5,303,697 describes an example of 
another type of prior art device that may be referred to as an 
"intubating laryngeal mask airway device.” The intubating 
device is useful for facilitating insertion of an endotracheal 
tube. After an intubating laryngeal mask airway device has 
been located in the fully inserted configuration, the device 
can act as a guide for a Subsequently inserted endotracheal 
tube. Use of the laryngeal mask airway device in this fashion 
facilitates what is commonly known as “blind insertion' of 
the endotracheal tube. Only minor movements of the 
patient’s head, neck, and jaw are required to insert the 
intubating laryngeal mask airway device. Once the device 
has been located in the fully inserted configuration, the 
endotracheal tube may be inserted with virtually no addi 
tional movements of the patient simply by inserting the 
endotracheal tube through the airway tube of the intubating 
laryngeal mask airway device. This stands in contrast to the 
relatively large motions of the patient’s head, neck, and jaw 
that would be required if the endotracheal tube were inserted 
without the assistance of the intubating laryngeal mask 
airway device. 

0012. As shown in FIG. 2, when the device 100 is in the 
fully inserted configuration, the airway tube 110 assumes a 
curved profile that is principally defined by the shape of the 
patient’s natural upper airway (i.e., the patient's natural 
airway passage defined by anatomical structures such as the 
hard and soft palettes and the pharynx that allows air to 
freely pass between the mouth and the glottic opening). For 
convenience of exposition, the term “inserted shape” will be 
used herein to refer to the shape assumed by the airway tube 
when a laryngeal mask airway device is in the fully inserted 
configuration and the terms “resting shape' or “resting 
configuration' will be used herein to refer to the shape 
assumed by the airway tube when no external forces are 
acting on the tube (e.g., when the device is not inserted into 
a patient and is simply at rest). 

0013 In intubating laryngeal masks, the airway tube is 
often formed from rigid or semi-rigid material and the tube's 
resting shape is often identical or nearly identical to the 
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tube's inserted shape. However, it is not always desirable to 
form the airway tube out of rigid material. For example, use 
of rigid materials. Such as metal, for the airway tube 
increases the cost of the device and may also complicate 
insertion of the device. 

0014. Other laryngeal mask airway devices, such as 
device 100, use a more flexible airway tube for which the 
resting shape is different, and Substantially straighter, than 
the tube's inserted shape. Use of such flexible airway tubes 
can facilitate insertion, and reduce the cost, of the device. 
However, it also requires the airway tube to bend or flex 
during insertion and to remain in a flexed, or stressed, 
position for as long as the device remains in the patient. In 
device 100, the amount by which the airway tube flexes 
during insertion (or the difference between the tube's resting 
and inserted shapes) is reduced by manufacturing the tube 
Such that its resting shape is slightly curved rather than 
straight. FIG. 1 B shows the resting shape of the airway tube 
110 of device 100. 

0015 Several factors influence the design of the airway 
tube for a flexible tube device Such as device 100. The 
airway tube 110 should be sufficiently flexible to permit the 
tube to easily flex or bend between the resting and inserted 
shapes. However, the tube 110 should also be sufficiently 
stiff, or have sufficient strength, to resist formation of kinks 
when flexing to the internal shape. FIG.3 shows an example 
of a tube that has formed a kink 180 as a result of bending 
the tube by an extreme amount. As is well known, the size 
of the internal passageway defined by any tube is dramati 
cally decreased at any such kinks 180. The effects of kinks 
in tubes is commonly experienced in connection with garden 
hoses. For example, formation of a single kink in a garden 
hose can dramatically decrease the amount of water that can 
pass through the hose and be distributed by a sprinkler. The 
effects of kinks are similar in laryngeal mask airway devices. 
Any kinks forming in the airway tube of a laryngeal mask 
airway device essentially close off the tube's airway passage 
and dramatically decrease the Volume of air that can pass 
through the tube. Accordingly, it is very important to design 
the airway tube so that kinks in the tube do not form when 
the tube flexes to the internal shape. The tube should be 
flexible enough to permit relatively easy movement between 
the resting and internal shapes, but not so flexible as to cause 
formation of kinks when the tube is flexed to the internal 
shape. 

0016 Device 100 achieves this compromise with a gen 
erally cylindrical airway tube 110. If not for the pre-bend 
(shown in FIG. 1B) of the airway tube that makes the tube's 
central axis curved rather than straight when the tube is in its 
resting position, the tube would be essentially perfectly 
cylindrical. FIG. 4 shows a cross section of airway tube 110 
taken along line 4-4 as shown in FIG. 1B. As shown in FIG. 
4, the outer perimeter 110-O of the airway tube 110 is 
circular. The inner perimeter 110-i of tube 110, which 
defines the tube's internal airway passage, is also circular. 
Also, the inner and outer perimeters, 110-i and 110-O, 
respectively, are centered about a common point C. The 
airway tube 110 may be fabricated from poly vinyl chloride 
(PVC) or silicone characterized by a durometer of about 
50-80 Shore A. In adult male sizes, the inner radius Ri, (i.e., 
the distance from the center C to the inner perimeter 110-i) 
is substantially equal to 5 millimeters and the outer radius 
R. (i.e., the distance from the center C to the outer perimeter 
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110-o) is substantially equal to 7.5 millimeters, such that the 
thickness T of the wall of the airway tube 110 is substantially 
equal to 2.5 millimeters. 
0017 Although the airway tube 110 of device 100 
achieves the desired compromise of being sufficiently flex 
ible to permit easy insertion into a patient (and relatively 
easy flexing between the resting and internal shapes) and 
sufficiently stiff to prevent formation of kinks when bent to 
the inserted shape, the tube 110 is under stress whenever it 
is in the internal shape. This stress reflects the resilient 
airway tube's tendency to automatically return to its resting 
shape. As a result of this stress, a force F, as shown in FIG. 
2, is applied to anatomical structures of the patient whenever 
the device 100 is in the fully inserted configuration. 
0018. There remains a need for improved airway tubes 
for use with laryngeal mask airway devices. 

SUMMARY OF THE INVENTION 

0019. These and other objects are provided by laryngeal 
mask airway devices that are characterized by improved 
airway tube. The outer perimeter of the airway tube may 
define a flattened portion. The flattened portion may extend 
from near the distal end of the tube to near the proximal end 
of the tube. The inner perimeter of the airway tube may be 
characterized by an oval shape. 
0020. The tube geometry advantageously reduces forces 
applied by the device to the patient when the device is 
inserted within a patient. The tube geometry also advanta 
geously increases the size of the airway passage provided by 
the tube. The tube geometry may also facilitate insertion of 
the device into a patient. 
0021. In one aspect, the invention provides a laryngeal 
mask airway device that includes an inflatable cuff and an 
airway tube. The inflatable cuff defines a central opening at 
least when inflated. The cuff is insertable through a mouth of 
a patient to an inserted location within the patient. The cuff 
Surrounds a glottic opening of the patient when the cuff is 
inflated and at the inserted location. The airway tube extends 
from a proximal end to a distal end. The airway tube defines 
an internal passage, an anterior portion, a posterior portion, 
a left portion, and a right portion. An airway passage extends 
from the proximal end of the tube through the internal 
passage to the glottic opening when the cuff is inflated and 
at the inserted location. The anterior portion is characterized 
by a thinner wall thickness than the left and right portions. 
The posterior portion is characterized by a thinner wall 
thickness than the left and right portions. 
0022. Still other objects and advantages of the present 
invention will become readily apparent to those skilled in 
the art from the following detailed description wherein 
several embodiments are shown and described, simply by 
way of illustration of the best mode of the invention. As will 
be realized, the invention is capable of other and different 
embodiments, and its several details are capable of modifi 
cations in various respects, all without departing from the 
invention. Accordingly, the drawings and description are to 
be regarded as illustrative in nature, and not in a restrictive 
or limiting sense, with the scope of the application being 
indicated in the claims. 

BRIEF DESCRIPTION OF THE FIGURES 

0023 For a fuller understanding of the nature and objects 
of the present invention, reference should be made to the 
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following detailed description taken in connection with the 
accompanying drawings in which the same reference numer 
als are used to indicate the same or similar parts wherein: 
0024 FIGS. 1A and 1B show perspective and side views, 
respectively, of a prior art laryngeal mask airway device. 
0.025 FIG. 2 shows the prior art device shown in FIGS. 
1A and 1B in the fully inserted configuration. 
0026 FIG. 3 shows a tube bent sufficiently to cause 
formation of a kink. 

0027 FIG. 4 shows a sectional view of the airway tube of 
the device shown in FIGS. 1A and 1B taken along line 4-4 
as shown in FIG. 1B. 

0028 FIG. 5A shows a perspective view of a laryngeal 
mask airway device constructed according to the invention. 
0029 FIGS. 5B and 5C show side views of the device 
shown in FIG. 5A showing the resting shape and inserted 
shape, respectively, of the airway tube. 

0030 FIG. 5D shows the device shown in FIGS. 5A-C 
disassembled into Some of its component parts. 
0031 FIG. 6A shows a sectional view of the airway tube 
taken along the line 6A-6A as shown in FIG. 5B. 
0032 FIG. 6B shows a sectional view of the airway tube 
taken along the line 6B-6B as shown in FIG. 5C. 
0033 FIG. 7 shows a view of the intersection of the 
airway tube and mask portion of the device shown in FIG. 
5A taken in the direction of line 7-7 as shown in FIG. 5A. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0034 FIGS.5A and 5B show perspective and side views, 
respectively, of a laryngeal mask airway device 500 con 
structed according to the invention when no external forces 
are acting on the device. FIG. 5C shows a side view of the 
shape assumed by device 500 when in the fully inserted 
configuration. So, FIGS.5A and 5B show the resting shape 
of the device's airway tube and FIG. 5C shows the inserted 
shape of the device's airway tube. As shown, device 500 has 
many features in common with prior art device 100. How 
ever, instead of airway tube 110, device 500 includes an 
improved airway tube 510. FIG. 6A shows a sectional view 
of airway tube 510 taken along line 6A-6A as shown in FIG. 
5B. FIG. 6B shows a sectional view of tube 510 taken along 
line 6B-6B as shown in FIG.5C. So, FIGS. 6A and 6B show 
sectional views of resting and inserted shapes, respectively, 
of the airway tube 510. 
0035. As discussed in greater detail below, the airway 
tube 510 is distinct from prior art airway tube 110 in two 
principle respects. First, improved tube 510 defines a flat 
tened portion 510-f (shown, e.g., in FIG. 5A). Second, at 
least when tube 510 is in the resting shape, the inner 
perimeter of improved tube 510 is not circular; rather, it is 
oval, or characterized by the shape of an ellipse, as shown 
in FIG. 6A. As will be discussed further below, the con 
struction of airway tube 510 advantageously reduces the 
force applied by the airway tube to sensitive anatomical 
structures of the patient when the device 500 is in the fully 
inserted configuration. The construction of airway tube 510 
also advantageously reduces the tendency of the tube 510 to 
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collapse, or form kinks, when flexed to the inserted shape 
and also maximizes the Volume of the internal airway 
passage defined by the tube 510, thereby reducing flow 
resistance. Other advantages of device 500 will be discussed 
further below. 

0036 FIG.5D shows device 500 disassembled into some 
of its component parts. As shown, the airway tube 510 
includes a connector section 550 and a tube section 560. 
Connector section 550 is preferably the same as that used in 
prior art devices. It is generally harder than tube section 560, 
its proximal end is designed to mate with standard ventilat 
ing devices, and its distal end fits telescopically into the 
proximal end of tube section 560. The proximal end of tube 
section 560 receives the distal end of connector section 550, 
and the distal end 514 of tube section 560 extends telescopi 
cally into a cylindrical opening defined by the proximal end 
132 of mask portion 130. As shown in FIGS. 5A-D, the 
flattened portion 510-fpreferably extends from the distal end 
514 of the tube section 560 to a location 562 of the tube 
section 560, location 562 being near the proximal end of the 
tube section 560. 

0037. As shown best in FIGS.5A, 5B, and 6A, the outer 
perimeter 510-O of airway tube 510 is not circular. Rather, 
the outer perimeter 510-O is defined by two segments: a 
curved segment 510-c and a linear segment 510-l. Curved 
segment 510-c is a major arc of a circle defined by a center 
of curvature C and a radius R and extends in a clockwise 
direction from point A to point B. Linear segment 510-l is a 
substantially straight line defined by the shortest distance 
between points A and B. Presence of the linear segment 
510-1 in the outer perimeter of airway tube 510 gives the 
tube a “flattened' appearance. As shown in FIGS. 5A-D, 
tube 510 defines a flattened portion 510-f that extends 
substantially from the distal end 514 to location 562. 
0038 Airway tube 510 may be thought of as defining an 
anterior side, a posterior side, a left side, and a right side. 
Comparing FIGS. 6A, 5C, and 2, and in particular the part 
of FIG. 2 showing the portion of the airway tube near the 
mask portion, it may be seen that the flattened portion 510-f 
defines the anterior portion of the airway tube 510, and that 
the posterior portion 510-p is opposite to the flattened 
portion (i.e., since when device 500 is in the fully inserted 
configuration, the posterior portion 510-p will be adjacent to 
the patient’s pharyngeal wall and the flattened portion 510-f 
near the mask portion 130 will be “forward' or anterior with 
respect to the posterior portion 510-p). The left and right 
portions of the airway tube, 510-left and 510-right, respec 
tively, are also shown in FIG. 6A. It will be understood that 
the designations of anterior, posterior, left, and right are all 
made with respect to the device 500 when located in the 
fully inserted configuration. 

0.039 Airway tube 510 defines an interior airway passage 
520 that extends between the tube's proximal and distal 
ends. In tube section 560, the boundary of airway passage 
520 is defined by an inner perimeter 510-i of the tube section 
560. As noted above, at least when the tube 510 is in its 
resting shape, the inner perimeter 510-i of tube section 560 
is oval. The oval inner perimeter 510-i is characterized by a 
short axis 521 and a long axis 522 (the short and long axes 
521, 522 being shown in FIG. 6A by dashed lines). Short 
axis 521 extends between the left and right sides of the tube 
section 560. Long axis 522 extends between the anterior side 
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510-land the posterior side 510-p of the tube section 560. As 
the names Suggest, long axis 522 is longer than short axis 
521, at least when tube 510 is in the resting position. 

0040. The oval inner perimeter 510-i is not centered on 
the center of curvature C of the curved segment 510-c. In 
FIG. 6A, the dashed horizontal line 521 bisects the airway 
passage 520 into equal sized upper and lower halves. As 
shown, this bisecting line 521 is offset from the center of 
curvature C and lies between the center of curvature C and 
the posterior portion 510-p. 

0041 As shown in FIG. 6A, the wall thickness of the 
anterior portion of the tube section 560 is T, the wall 
thickness of the posterior portion of the tube section 560 is 
T, the wall thickness of the left portion of the tube section 
560 is T, and the wall thickness of the right portion of the 
tube section 560 is T. As a result of the tube's flattened 
posterior portion and the offset oval internal passage, the 
wall thicknesses of the anterior and posterior portions. T 
and T, respectively, are thinner than the wall thicknesses of 
the left and right portions, T and T, respectively. Prefer 
ably, the thickness of the anterior portion T is substantially 
equal to the thickness of the posterior portion T. Also 
preferably, the thickness of the left portion T is substantially 
equal to the thickness of the right portion T. In one 
preferred embodiment of an adult male size, the thicknesses 
T. T. T., and T of the tube section 560 are substantially 
equal to 1.7 millimeters, 1.7 millimeters, 3.3 millimeters, 
and 3.3 millimeters, and the radius R of curved segment 
510-c is substantially equal to 7.5 millimeters. In that 
preferred embodiment, the tube section 560 of the airway 
tube 510 is made from PVC material characterized by a 
durometer in the range of 50-90 Shore A. 

0042. As illustrated generally in FIGS. 5A-C, and 2. 
when a resilient flexible airway tube is bent to the inserted 
shape, the tube naturally tends to spring back to its resting 
shape. This tendency causes a device in the fully inserted 
configuration to apply a force F to sensitive anatomical 
structures of the patient. Such a force does not present a 
significant concern when the duration of insertion is rela 
tively short (e.g., a few minutes). However, in Some cir 
cumstances it may be desirable to leave a laryngeal mask 
airway device in the fully inserted configuration for 
extended periods of several hours. Under these conditions, 
the force F applied to the patient (as shown in FIGS. 2 and 
5C) is of concern and it is desirable to minimize it. 
0043. When a flexible airway tube is bent from its resting 
shape to its inserted shape, portions of the tube wall deform 
as a result. Specifically, at least part of the anterior portion 
of the tube is compressed and at least part of the posterior 
portion of the tube is elastically stretched, or placed under 
tension. The force F is principally generated in response to 
this compression and stretching in different parts of the 
airway tube. In general, the force generated by compressing 
or stretching an elastic member increases with the thickness 
of the member. When airway tube 510 is bent to the inserted 
shape, the maximum compression and stretching occur in 
the anterior portion 510-f and the posterior portion 510-p, 
respectively of tube section 560. The wall thicknesses of 
these portions of airway tube 510 (i.e., anterior portion 510-f 
and posterior portion 510-p) are by design reduced to a 
minimum. Reducing the wall thicknesses in areas of tube 
510 that experience maximum compression and stretching 
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advantageously reduces the force F generated by the tube 
and applied to the patient when the device is in the fully 
inserted configuration. 

0044) In addition to reducing trauma in the patient, reduc 
ing the force F also advantageously increases the stability of 
the laryngeal mask airway device 500. When a laryngeal 
mask airway device is in the fully inserted configuration, 
ideally there should be no forces acting on the device that 
may cause it to move relative to the patient. However, the 
force F can cause movement of the device within the patient. 
If the force F is large enough, or if it becomes combined with 
other forces resulting from patient movement or movement 
of the airway tube external to the patient, the resulting forces 
can cause the device to move within the patient. By reducing 
the force F to a minimum, device 500 advantageously 
reduces the likelihood that the device will move relative to 
the patient when in the fully inserted configuration. 

0045. As discussed above, reducing the wall thicknesses 
of the anterior portion 510-f and the posterior portion 510-p 
of the airway tube advantageously reduces the force F 
applied to the patient when the device 500 is in the fully 
inserted configuration. Also, reducing these wall thicknesses 
advantageously does not substantially affect the ability of 
tube 510 to resist forming kinks when the tube is bent to the 
inserted shape. This is because a tube's ability to resist 
forming kinks when the tube is bent is principally deter 
mined by the thickness of the left and right walls of the tube 
(because these left and right walls collapse in an outward 
direction when a kink is formed). In tube 510, the left and 
right walls of the airway tube are sufficiently thick to prevent 
kink formation and the anterior and posterior walls of the 
airway tube are sufficiently thin to reduce the force F applied 
to the patient. 

0046) Another advantageous feature of tube section 560 
is that it is configured so as to provide Support to the thinnest 
portions of tube section 560 (i.e., the anterior and posterior 
portions 510-f and 510-p) and thereby resist formation of 
kinks. Referring to FIG. 6A, the portion of the tube above 
dashed line 521 is characterized by an “arched shape'. The 
tube walls at the base of the arch (near dashed line 521) are 
thicker than the tube wall near the top of the arch (near 
posterior portion 510-p). This “arched shape” results from 
the oval, or elliptical, shape of the inner perimeter 510-i, and 
in particular from the long axis 522 of the ellipse being 
oriented so as to extend from the anterior portion to the 
posterior portion of the tube. The “arched shape' conve 
niently supports the relatively thin posterior portion 510-p 
and resists formation of kinks. Similarly, the portion of the 
tube below dashed line 521 is also characterized by an 
“arched shape” that supports the thin anterior portion and 
resists formation of kinks. 

0047 FIG. 6B illustrates yet another advantage of airway 
tube 510. Bending tube 510 into the inserted shape generates 
compressive forces F that push on the anterior and posterior 
portions of the tube. As discussed above, tube 510 is 
configured so as to resist these compressive forces and 
prevent collapse of the tube, or formation of kinks in the 
tube. However, the compressive forces F. nonetheless have 
an effect on the geometry of tube 510. In particular, these 
compressive forces Squeeze the tube and tend to make the 
inner perimeter 510-i more circular. That is, inner perimeter 
510-i is oval when the tube 510 is in the resting shape. 
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However, as tube 510 is forced into the inserted shape, the 
naturally oval inner perimeter 510-i is deformed into a more 
circular profile. 
0048 When the tube 510 is in the resting shape, inner 
perimeter 510-i is characterized by an oval shape and the 
long axis 522 (shown in FIG. 6A) of the inner perimeter 
extends between the anterior and posterior portions of the 
tube. The long axis 522 of the inner perimeter is aligned with 
the compressive forces that are generated by bending the 
tube to the inserted shape (or alternatively, the long axis 522 
and the central axis of airway tube 510 both lie in a common 
plane regardless of whether the tube 510 is in the resting or 
inserted shape). Aligning the long axis 522 with these 
compressive forces advantageously shortens the inner 
perimeter in a direction aligned with the long axis when the 
tube is bent to the inserted shape and thereby causes the 
inner perimeter to deform to a more circular profile when the 
tube is bent to the inserted shape. The outer perimeter 510-O, 
which is generally circular (except for the flattened portion 
510-1) when tube 510 is in the resting shape, is similarly 
deformed into a more oval profile. When prior art cylindrical 
tubes are bent into the inserted shape, both the inner and 
outer perimeters, which are circular in the resting shape, are 
deformed into oval profiles. So, when prior art airway tubes 
are forced into the inserted shape, their internal airway 
passages become narrowed, or oval, thereby making it 
harder to pass Subsequently inserted catheters or endotra 
cheal tubes and increasing resistance to flow of gas through 
them. However, when tube 510 is bent into the inserted 
shape, its internal airway passage deforms to a more circular 
shape thereby facilitating insertion of catheters or endotra 
cheal tubes and preserving good flow characteristics. 
0049. In addition to the above-described advantages, the 
configuration of airway tube 510 also advantageously pro 
vides an airway passage of increased cross sectional area in 
comparison to similarly sized prior art tubes. Referring to 
FIGS. 4 and 6A, the illustrated dimension D is the distance 
between the outer posterior and outer anterior portions of the 
airway tube. In the case of prior art tube 110 shown in FIG. 
4, the distance D is simply the outer diameter of the tube. In 
the case of tube 510 shown in FIG. 6A, the distance D is not 
a "diameter, since the outer profile of the tube is not 
circular. However, in both tube 110 and tube 510, the 
distance D determines the inter-dental gap required to insert 
the tube (i.e., the space between the upper and lower teeth 
required to accommodate the airway tube, or the amount by 
which the patient must open their jaw to accommodate the 
tube). For any given distance D, the cross sectional area of 
airway passage 520 is greater than the cross sectional area of 
the airway passage provided by prior art tube 110. That is, 
a prior art cylindrical tube characterized by an outer diam 
eter D provides an airway passage of reduced size as 
compared with the airway passage provided by a tube 510 
characterized by the same dimension D. This is so because 
the wall thickness required in a prior art cylindrical tube to 
prevent kink formation results in an airway passage of 
decreased cross sectional area as compared with passage 
S2O. 

0050. In general, it is desirable to minimize an airway 
tube's outer dimension D (and the corresponding inter 
dental gap) while at the same time maximizing the area of 
the tube's airway passage. A large airway passage facilitates 
ventilation of the patient’s lungs and also facilitates using 
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the laryngeal mask airway device as an intubating device for 
guiding a Subsequently inserted endotracheal tube. 
0051. As compared with prior art cylindrical tubes, air 
way tube 510 provides an airway passage 520 of enlarged 
area for any given outer dimension D. Accordingly, airway 
tube 510 may be configured to provide an internal airway 
passage having an area equal to that of a prior art tube while 
at the same time having a reduced outer dimension D. 
Laryngeal mask airway devices constructed using Such 
airway tubes provide equivalent ventilation capacity while at 
the same time being easier to insert than a corresponding 
prior art device. Alternatively, airway tube 510 may be 
configured to provide an outer dimension D equal to that of 
a prior art cylindrical airway tube while at the same time 
providing an airway passage of enlarged area. Laryngeal 
mask airway devices constructed using Such airway tubes 
are no more difficult to insert than corresponding prior art 
devices and yet advantageously provide increased ventila 
tion capacity and permit intubation with a larger diameter 
endotracheal tubes. 

0.052 Another advantage of airway tube 510 is that its 
flattened portion 510-ffacilitates insertion of the device 500. 
Physicians normally insert laryngeal mask airway devices 
by placing an index finger on the device, near the junction 
of the airway tube and the mask portion, and by using the 
finger to apply pressure to the device and thereby push the 
mask portion through the patient’s mouth and throat. Prior 
art cylindrical airway tubes make this type of insertion 
Somewhat difficult because the physician’s finger can easily 
slip off of the airway tube during insertion. The flattened 
portion 510-f of the airway tube 510 provides a stable 
platform for a physician's finger to rest on, and to apply 
pressure to, during insertion of the device. 
0053 Another advantage of device 500 relates to the use 
of insertion tools to control insertion of the device into a 
patient. A well known alternative to the use of a finger to 
control insertion is to use an “insertion tool’. Such insertion 
tools generally have a distal end that attaches to the laryn 
geal mask airway device near a junction of the airway tube 
and the mask portion. Such insertion tools also generally 
have a proximal end that is gripped by the physician during 
insertion and that remains outside the patient’s mouth during 
the entire insertion procedure. 
0054 FIG.7 shows a view of device 500 taken along line 
7-7 as shown in FIG. 5A, and in particular shows a view of 
the device near the intersection of airway tube 510 and mask 
portion 130. As shown, the distal end of airway tube 510 fits 
telescopically into the cylindrical proximal end of mask 
portion 130. As shown, a gap 710 is defined between the 
flattened portion 510-fof tube 510 and the proximal end of 
mask portion 130. The gap 710 provides a convenient place 
for locating the distal end of an insertion tool during 
insertion of the device 500. 

0055 As noted above, FIG. 6A shows a sectional view of 
the tube section 560 when the tube is in the resting shape. 
The outer perimeter 510-O has been described as being 
bounded by a curved segment 510-c and a linear segment 
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510-l. In the preferred embodiment, the curved segment 
510-c is a major arc of a circle centered about point C, and 
the linear segment 510-O is a chord of the circle that extends 
between the two endpoints of the major arc 510-c. However, 
it will be appreciated that airway tubes constructed accord 
ing to the invention need not have this exact cross section 
and that the invention embraces generally airway tubes that 
define a flattened portion 510-f. For example, instead of 
being the major arc of a circle, the curved segment 510-c 
could follow an elliptical, or other non-circular, curve. 
Further, the curved segment 510-c need not be centered 
about a point C. Similarly, the linear segment 510-l need not 
be a straight line. Rather, it could also follow a curved, or 
arced, path. However, a radius of curvature of the linear 
segment 510-1 is preferably significantly greater than that of 
the curved segment 510-c, or in other words, the linear 
segment 510-1 is preferably straighter than curved segment 
510-c. Also, cross sections taken at any point along a 
substantial length of the airway tube are preferably charac 
terized by the union of a curved segment 510-c and a linear 
segment 510-l. Presence of a linear segment 510-1 in cross 
sections taken at any point along a length of the tube in effect 
provide the tube with the desired flattened portion 510-f. 
0056 Similarly, while the preferred inner perimeter 510-i 
is oval, it will be appreciated that airway tubes construed 
according to the invention may be characterized by inner 
perimeters that have other types of curves. Preferably, the 
inner perimeter of the tube, when in the resting shape, is not 
circular and preferably a distance between the left and right 
sides of the inner perimeter is less than a distance between 
the anterior and posterior sides of the inner perimeter. 
0057 Since certain changes may be made in the above 
apparatus without departing from the scope of the invention 
herein involved, it is intended that all matter contained in the 
above description or shown in the accompanying drawing 
shall be interpreted in an illustrative and not a limiting sense. 

What is claimed is: 
1. A laryngeal mask airway device, comprising: 
(A) an inflatable cuff, the cuff defining a central opening 

at least when inflated, the cuff being insertable through 
a mouth of a patient to an inserted location within the 
patient, the cuff Surrounding a glottic opening of the 
patient when inflated and at the inserted location; 

(B) an airway tube extending from a proximal end to a 
distal end, the airway tube defining an internal passage, 
an anterior portion, a posterior portion, a left portion, 
and a right portion, an airway passage extending from 
the proximal end of the tube through the internal 
passage to the glottic opening when the cuff is inflated 
and at the inserted location, the anterior portion being 
characterized by a thinner wall thickness than the left 
and right portions, the posterior portion being charac 
terized by a thinner wall thickness than the left and 
right portions. 


