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Abstract: Laryngeal masks are invasive devices for airway management placed in the supra-
glottic position. The Shiley™ laryngeal mask (Shiley™ LM) features an integrated inflation
tube and airway shaft to facilitate product insertion and reduce the chance of tube occlusion
when patients bite down. This study compared the Shiley LM to two other disposable laryn-
geal mask devices, the Ambu® AuraStraight™ and the LMA Unique™. Overall device design,
tensile strength, flexibility of various structures, and sealing performance were measured. The
Shiley LM is structurally stronger and its shaft is more resistant to compression than the other
devices. The Shiley LM is generally less flexible than the other devices, but this relationship
varies with device size. Sealing performance of the devices was similar in a bench assay. The
results of this bench study demonstrate that the new Shiley LM resembles other commercially
available laryngeal mask devices, though it exhibits greater tensile strength and lower flexibility.
Keywords: laryngeal mask, supraglottic airway, supralaryngeal device

Introduction

Supralaryngeal or supraglottic airway devices are placed above the larynx to maintain an
open airway during anesthesia without endotracheal penetration of the device. Defined
under ISO 11712, these devices seal and isolate the supralaryngeal area providing a
hands-free alternative to face masks and a less invasive alternative to tracheal devices.
The first supralaryngeal device, the laryngeal mask, was introduced in 1988 and
obtained US Food and Drug Administration clearance for medical use as an alternative
to face masks during anesthesia in 1991.! Structurally, supralaryngeal masks include a
shaft attached to a dome surrounded by an inflatable cuff that covers the periglottic tis-
sues.! Since the approval of the first laryngeal mask, other similar and dissimilar supra-
laryngeal airway devices have been introduced, and there are now more than 30 related
devices.? A disposable, single-use laryngeal mask, the LMA Unique™ (LMA-U),
was introduced in 1997.2 Despite being stiffer than the reusable laryngeal mask, the
LMA-U was found to have similar ease of insertion and similar low incidence of
reported sore throat after use.?

Because laryngeal masks are quick and relatively easy to use, they have found utility
in a wide range of clinical situations, including anesthesia, resuscitation, and intensive
care.? Laryngeal masks were initially used for spontaneously breathing patients, but
innovations have made it possible to use the devices with positive pressure ventilation
in patients not breathing on their own.? The devices may be used as an alternative to
mask anesthesia for short procedures in the operating room. Laryngeal masks are
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absolutely contraindicated in patients with limited oral open-
ing and upper airway obstruction. Relative contraindications
exist for the morbidly obese, people who have not fasted, and
others with increased risk of aspiration, as well as patients with
upper gastrointestinal bleeding and pregnant patients in the
second and third trimesters.** The increasing use of laryngeal
masks in out-of-hospital settings necessitates that the devices
be easy to insert correctly, even by inexperienced personnel.

The Shiley™ laryngeal mask (Shiley LM) is a dispos-
able, single-use supraglottic airway device that introduces an
integrated airway and cuff-inflation tube (Figure 1). This inte-
gration was designed to provide easier insertion and reduced
opportunity for the inflation tube to become crimped or be
bitten by the patient. The main objective of this study was
to compare the physical characteristics of the Shiley LM to
those of other disposable laryngeal masks, the Ambu® Aura-
Straight™ (AA) and the LMA-U, to test the hypothesis that
these devices are similar with respect to flexibility, stability,
and sealing performance.

Materials and methods

Descriptive comparison of devices

The curvature and inner diameter of the shaft of various
sizes of each device were compared. Three-dimensional
scanning (OpticScan-3M, Ricoh Imaging Company, Ltd,
Tokyo, Japan) was used to measure the curvature of the shaft
of various sizes of the LMA-U and AA. The inner diameters
of the shafts of the LMA-U and AA were measured and
compared to the product design dimension for the shaft of
the Shiley LM.

Shaft flexibility

Shaft flexibility was assessed by bending the shaft into a “U”
shape and measuring the force, in N (newtons), applied by
the shaft on a test probe. Measurements were made with an
advanced tensile and compression testing machine (ESM301L,
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Figure | The Shiley™ laryngeal mask with integrated inflation tube and airway shaft.

Figure 2 Measurement of shaft flexibility.

Figure 3 Measurement of dome and cuff flexibility.

Mark-10 Corporation, Copiague, NY, USA), a motorized test
stand designed for tension and compression testing up to 1,500
N (Figure 2). The axis of the 15 mm connector was positioned
parallel to the outside ridgeline of the dome. Each specimen
was maintained in the test position for 10 seconds, and the
maximum force was recorded. A minimum of ten specimens
of sizes 1, 3, and 5 of each device were tested.

Flexibility of dome and cuff

The flexibility of the dome and cuff was assessed by bending
the tip of the dome to form a right angle and measuring the
force applied by the product on a test probe. Measurements
were made using a tensile and compression testing machine
(5944U2137 MicroTester, Instron, Norwood, MA, USA), an
instrument designed for carrying out multiple mechanical tests,
including tension, compression, and sensitive load measure-
ment on small specimens (Figure 3). The maximum force was
recorded. A minimum of ten specimens, each of sizes 1, 3, and
5 of each device, were tested.
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Tensile strength

The tensile strength of bonding at the following junctures
was tested: dome to cuff, dome to airway tube, airway tube
to the connector, and pilot balloon to inflation tube. Each
component was tested to failure, and the maximum force was
recorded with a tensile and compression testing instrument
(Instron) using either a 100 N or 10 kN load cell depending
on the required force. The tests were carried out on size 1
specimens of the Shiley LM and the LMA-U devices. The
AA device has an integrated dome and airway tube and was
not tested due to this design difference.

Sealing performance

A laryngeal mask cuff, inflated to 60+2 cm H, O, was pressed
on a flat glass surface and air was evacuated from the con-
nector by a standard syringe pump, forming a vacuum inside
the laryngeal mask. A water-based lubricant was applied to
the exterior of the cuff. The vacuum pressure was controlled
at =60 cmH,O. The inner pressure was measured after 20
seconds. The vacuum pressure at the end of the 20-second
period was subtracted from the pressure at the start of the
test, and the difference in pressure was used to determine the
volume of air that had passed between the cuff and the glass
surface. A minimum of ten specimens, representing sizes 1,
3, and 5 of each device type, were tested.

Shaft compressibility

During the clinical use of a laryngeal mask, it is possible
that the patient may bite the shaft of the tube. Therefore,
the compression resistance of the shaft of each of the three
devices was measured. Ten specimens each of sizes 1, 3,
and 5 were assessed. A ventilator was connected to the
device and set to a specific airflow depending on product
size (Table 1). The pressure at the 15 mm connector was
measured. A compression force was then applied to the air-
way tube using a probe designed to mimic teeth (Table 1),
and the change in pressure at the 15 mm connector was mea-
sured using a pressure meter (DPM2Plus, Fluke Biomedi-
cal Corporation, Everett, WA, USA) designed to measure
positive and negative pressures of medical devices in either
liquid or gaseous form (Figure 4). The drop in pressure after
compression was reported.

Table | Settings during measure of shaft compressibility

Product size Airflow (L/min) Compression force (N)

| 15 12
3 60 40
5 60 50

Figure 4 Measurement of shaft compressibility.

Statistics

All data were reported as mean and standard deviation. The
statistical analysis of pairwise comparisons of means was
conducted using two-sample #-tests. A difference between
means was considered statistically significant when the
P-value was <0.05.

Results

Configuration

All three devices consist of a dome surrounded by an
inflatable cuff, a shaft, and an inflation system for inflation
of the cuff. The Shiley LM differs from the LMA-U and
the AA in that the inflation tube of the Shiley LM is inte-
grated into the shaft (Figure 1) while in the other devices,
the inflation tube is separated from the shaft with one end
bonded to the cuff.

Shaft curvature

The track of LM insertion is a curve from the patient’s hard
palate to the laryngopharynx, passing through the soft pal-
ate. The curvature of the product shaft should approximate
this curve for easiest insertion. The curvature of the shaft of
various sizes of the Shiley LM, LMA-U, and AA is shown
in Table 2. The minimum radius was recorded. The shaft of
the Shiley LM is designed to have the same curvature as an
endotracheal tube, which is a constant curvature for all device
sizes. In contrast, the shafts of the LMA-U and AA vary with
the device size.

Minimum internal diameter of the shaft
The internal diameter of the shaft determines airflow and
thus is associated with the work of breathing. The minimum
internal diameter of the shaft of various sizes of Shiley LM,
LMA-U, and AA is shown in Table 2. The inner diameter of
the shaft of the Shiley LM is larger than that of the others
for device sizes | through 2.5.
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Table 2 Shaft curvature and minimum internal diameter

Size Radius (mm) Minimum internal diameter (mm)
Shiley™ LM LMA-U AA Shiley™ LM LMA-U AA
| 139.7 73.8 109.31 5.99 5.16 5.06
1.5 139.7 71.2 Not measured® 6.79 6.43 Not measured®
2 139.7 87.06 135.34 8.59 6.73 7.05
2.5 139.7 92.14 Not measured® 8.59 8.30 Not measured®
3 139.7 131.82 205.28 9.60 9.82 9.79
4 139.7 140.31 168.10 9.60 9.82 10.17
5 139.7 142.6 222.44 11.10 10.92 11.14
6 139.7 No size 6° Not measured® 11.10 No size 6° Not measured®

Notes: *Specimens of the sizes 1.5, 2.5, and 6 of the AA were not available to be measured. ®The LMA-U is not manufactured in a size 6.
Abbreviations: AA, Ambu® AuraStraight™; LMA-U, LMA Unique™; Shiley™ LM, Shiley™ laryngeal mask.

Table 3 Shaft and dome/cuff flexibility

Size Shaft flexibility Dome/cuff flexibility
Force exerted on probe (N) Force exerted on probe (N)
Shiley™ LM LMA-U AA Shiley™ LM LMA-U AA
I 2.06 (0.14) 0.93 (0.10), 1.23 (0.10) 1.85 (0.08) 0.82 (0.04) 0.98 (0.06)
P<0.0001* P<0.0001* P<0.0001* P<0.0001*
3 2.70 (0.10) 2.00 (0.13) 2.66 (0.13) 1.98 (0.18) 1.26 (0.12) 1.81 (0.09)
P<0.0001* P=0.2053* P<0.0001* P<0.0001*
5 2.68 (0.13) 2.60 (0.16) 3.05 (0.09) 1.84 (0.07) 1.50 (0.09) 2.60 (0.09)
P=0.0318* P<0.0001* P<0.0001* P<0.0001*

Notes: Data are presented as mean (standard deviation). *Significance compared to Shiley™ LM.
Abbreviations: AA, Ambu® AuraStraight™; LMA-U, LMA Unique™; Shiley™ LM, Shiley™ laryngeal mask.

Shaft flexibility

The flexibility of the LM shaft affects the ease of insertion;
a more flexible shaft may provide better compliance with
patient anatomy but may make it more difficult to convey
required force during insertion. The flexibility of the shaft of
three sizes of the Shiley LM, LMA-U, and AA is shown in
Table 3. The shafts of all three sizes of the Shiley LM were less
flexible than those of the corresponding sizes of the LMA-U
(P<0.05), and the shafts of the sizes 1 and 5 were less flexible
than those of the corresponding sizes of the AA (P<0.05).

Dome and cuff flexibility

Flexibility of the LM dome and cuff affects LM insertion
and function; increased flexibility may be associated with
formation of an effective seal and prevention of air leaks, but
may also be associated with increased opportunity for folding
during insertion. The flexibility of the dome and cuff of three
sizes of the Shiley LM, LMA-U, and AA is shown in Table 3.
The dome and cuff of all three sizes of the Shiley LM were less
flexible than those of the corresponding sizes of the LMA-U
(P<0.05). The dome and cuff of the sizes 1 and 3 of the Shiley
LM were less flexible than those of the corresponding sizes
of the AA, while the dome and cuff of the size 5 of the Shiley
LM was more flexible than those of the AA size 5 (P<0.05).

Table 4 Tensile strength

Connection tested Maximum force before failure (N) P-value

Shiley™ LM LMA-U
Cuff-dome 97.69 32.54 <0.0001
Dome—tube 152.04 127.68 0.0142
Connector—tube 338.33 289.74 0.0018
Inflation tube—pilot ~ 35.03 29.01 0.0004

Abbreviations: LMA-U, LMA Unique™; Shiley™ LM, Shiley™ laryngeal mask.

Tensile strength

The force required to cause failure of various connections
in the size 1 of Shiley LM and LMA-U is shown in Table 4.
In every case, the bonding of components of the Shiley LM
was stronger than that of the components of the LMA-U. The
AA device has a different design, with an integrated dome
and airway tube, so it was not tested.

Sealing performance

The sealing performance of three sizes of the Shiley LM,
LMA-U, and AA was assessed by measuring the volume
of air that leaked from the device after creating a vacuum
between the cuff and dome and a flat glass surface. The
results are shown in Table 5. The sizes 1 and 5 of the Shiley
LM performed similarly to the corresponding sizes of the
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Table 5 Sealing performance

Size Air leak (cmH,0) Pressure difference after compression of shaft (cmH,0)
Shiley™ LM LMA-U AA Shiley™ LM LMA-U AA

| 1.32 (0.918) 9.43 (1.880) 1.30 (1.418) 0.27 (0.157) 9.43 (1.880) 4.92 (0.689)
P<0.0001* P=0.9630* P<0.0001* P<0.0001*

3 0.25 (0.439) 19.66 (2.383) 1.00 (0.471) 3.63 (0.347) 19.66 (2.383) 7.35 (1.455)
P<0.0001* P<0.0001* P<0.0001* P<0.0001*

5 1.30 (0.949) 20.26 (5.032) 1.60 (0.966) 1.38 (0.249) 20.26 (5.032) 4.90 (0.769)
P<0.0001* P=0.4925% P<0.0001* P=0.7278%

Notes: Data are presented as mean (standard deviation). *Significance compared to Shiley™ LM.
Abbreviations: AA, Ambu® AuraStraight™; LMA-U, LMA Unique™; Shiley™ LM, Shiley™ laryngeal mask.

AA, and allowed more air to leak than the corresponding
sizes of the LMA-U (P<0.05). The size 3 of the Shiley LM
performed similarly to the corresponding size of the LMA-U
and maintained a better seal than the AA (P<0.05).

Shaft compressibility

During use, the shaft of an LM may become compressed
due to crimping or patient biting. The ability to compress
the shaft of three sizes of the Shiley LM, LMA-U, and AA
was assessed by measuring the change in the air pressure
through the shaft before and after application of pressure to
the shaft. The compression force applied ranged from 12 to
50 N, depending on the device size (Table 1). The average
bite force of adults depends on many factors including age,
sex, and dentition, and tends to average ~250-285 N at the
first molar.® The results of the compression test are shown in
Table 5. The shaft of the Shiley LM was less compressible
than those of the LMA-U and the AA for every size tested.

Discussion

Laryngeal masks cover and isolate the patient’s tracheal inlet
via an inflatable cuff. Generally, these devices consist of a
dome surrounded by an inflatable cuff, a shaft, and an infla-
tion system for inflation of the cuff. The Shiley LM introduces
an inflation system integrated into the shaft, a difference
from the LMA-U and the AA, in which the inflation tube is
loose and the inflation system is bonded only at the cuff. The
integrated inflation system of the Shiley laryngeal device is
designed to simplify insertion by avoiding interference from
a loose inflation tube. Additionally, integrating the inflation
system into the shaft can prevent occlusion resulting from
kinking or patient biting on the inflation tube.’

Laryngeal masks come in a range of sizes to fit patients
of a wide range of body weights, from infants to large adults.
The Shiley LM size offerings are identical to those of the
LMA-U and the AA, including a size 6 for patients who weigh
>100 kg. The dome and cuff of the sizes 1 and 3 Shiley LM
were found to be less flexible than those of the corresponding

sizes of the LMA-U and the AA, while the flexibility of the
size 5 was intermediate to those of the AA and the LMA-U.
The shaft of size 1 of the Shiley LM was also less flexible than
those of the other two devices, and the size 3 shaft was less
flexible than the shaft of the LMA-U but no different from the
shaft of the AA. The flexibility of the size 5 shaft was inter-
mediate to those of the size 5 of the other two devices. These
differences in flexibility correlate to differences in stability.
The connections between structures of the Shiley LM were
much more resistant to failure than those of the LMA-U. This
may prevent separation or tearing of the device under clinical
scenarios in which stress is placed on the device.?

The conformation of the shaft of the Shiley LM differs
from those of the LMA-U and the AA. First, the curvature
of the shaft of the Shiley LM is identical to that of an endo-
tracheal tube and therefore does not differ across different
product sizes intended for different patients of different body
weights. In contrast, the shafts of the other two devices vary
with product size (Table 2). Second, the minimum internal
diameter of the shaft of the Shiley LM is larger than that of
the other devices for the four smallest product sizes (Table 2).
The larger internal diameter could correlate to increased
airflow and decreased work of breathing for small patients
(body weight <30 kg).? Third, the shaft of the Shiley LM is
much more resistant to compression than those of the other
two devices. This compression resistance could reduce the
chance of crimping and also of occlusion due to patient bit-
ing, a common event that, in rare circumstances, may result
in complications.’

Functionally, the different devices performed similarly in a
test of sealing ability. The Shiley LM sealed as well as or bet-
ter than either the LMA-U (size 3) or the AA (sizes 1 and 5).

Study limitations

The flat glass surface used in the sealing performance study
does not model the actual environment of the trachea so may
not accurately model the ability of the devices to form a seal
in the clinical situation. Additionally, the tests were carried
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out at room temperature while the devices are used at body
temperature, and flexibility and other characteristics may vary
with temperature. The effects of differences in flexibility of
the parts of the devices on ease of insertion or patient comfort
were not examined.

Conclusion

The Shiley LM represents a new disposable laryngeal mask
device. The results of the study demonstrate that the device
resembles other commercially available laryngeal mask
devices, though it exhibits greater tensile strength and lower
flexibility. The unique integrated inflation tube present in the
Shiley LM could make insertion easy and protect against
occlusion of the inflation tube by patient biting on the tube.
As this is a bench study, drawing clinical conclusions is
limited as well. Further clinical work should be performed
to evaluate the effectiveness of the Shiley LM in its new con-
figuration relative to other commercially available laryngeal
mask devices.
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