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Introduction

THE laryngeal mask airway (LMA) (Intavent Interna-
tional SA, Henley-on-Thames, England) is a novel device
that fills the gap in airway management between tra-
cheal intubation and use of the face mask. The LMA is
inserted blindly into the pharynx, forming a low-pres-
surc seal around the laryngeal inlet and permitting
gentle positive-pressure ventilation. It allows the ad-
ministration of inhaled anesthetics through a minimally
stimulating airway.'~'? It is relatively simple to insert
and may have a useful role in management of the dif-
ficult or failed intubation.

The LMA became commercially available in the
United Kingdom in 1988, and, within 12 months, was
in use in more than 500 British hospitals.!* The LMA
is now used in more than 50% of general anesthetics
administered in some centers in the United Kingdom,?
and its use is increasing in many clinical settings, es-
pecially day-case surgery®'* and for short procedures
in which intubation is unnecessary.!4

Recently, the LMA was introduced in Australia, Japan,
and North America. In August, 1991, the LMA was ap-
proved by the U.S. Food and Drug Administration. In
anticipation of its widespread distribution in the U.S.,
it was felt that a thorough review of the current anes-
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thesia literature would be helpful to the practitioner.
Unfortunately, many of the published articles are in
the form of anecdotal case reports or appear in nonpeer-
reviewed journals. More carefully controlled studies
are needed to establish the indications and contrain-
dications for the clinical use of this new airway device.

History and Development of the LMA

The development of the LMA began in 1981 at the
Royal London Hospital, Whitechapel, in the East End
of London."'* A British anesthesiologist, Dr. Archie
Brain, suggested that the Goldman Dental Mask could
be modified so as to be positioned around the laryngeal
inlet rather than over the nose. Similar devices had been
described a half-century earlier (e.g., Leech’s Pharyn-
geal Bulb Gasway).>!%-!7

It was Dr. Brain’s belief that the two methods by
which the anatomical airway was commonly connected
to an artificial airway were less than ideal. The most
elegant way to join the two involves an end-to-end
junction at the glottis. The face mask falls short because
it forms this connection at the mouth and nares, and
the tracheal tube goes too far, penetrating the lumen
of the respiratory tree. A high lateral pressure is then
applied to the delicate epithelial surface, impairing its
specialized function and provoking undesirable auto-
nomic responses.

Brain’s goal was to develop a device that could rapidly
overcome an obstructed airway, and, yet, be simple
and atraumatic to insert. Initial studies using plaster-
of-Paris casts of the cadaver pharynx indicated the op-
timal shape for the LMA. A prototype was used on a
human patient in 1981, and a successful pilot study
on 23 patients soon followed.' The LMA was first used
in a failed intubation in 1983. Careful observations
and clinical experience in more than 7,500 patients
led to small changes in design. The availability of pro-
pofol and the development of a silicone cuff led to
greater success in the use of the LMA. Initially, masks
of four different sizes were manufactured (table 1). In
1991, a size 2¥2 LMA became available for use in older
children.

Physical Structure of the LMA

Several refinements of Brain's original prototype have
led to the current model, which is manufactured by
Bivona (Chicago, IL), and distributed by Gensia Phar-
maceuticals (San Diego, CA). Constructed entirely of
soft medical-grade silicone rubber, so as to withstand
repeated autoclaving, the size 4 device consists of a
12-mm ID internally ridged tube or shaft that is fused
ata 30° angle to a distal elliptical spoon-shaped mask
with an inflatable rim resembling a miniature face mask
(figs. 1a, b). There is no latex in any part of the LMA.

Table 1. Description of Different Sizes of Laryngeal Mask Airway Devices

Patient Welight

Internal Diameter Length
Mask Size (kg)

(ID, mm) (cm)

Cufif Volume Largest ETT FOB Size

Type of FOB That Will
(ml) (ID, mm) (mm)

Pass through

1 <6.5 5.25 10

2 6.5-20 7.0 11.5

2Y2 20-30 8.4 12.5

3 30-70 10 19

4 >70 12 19

Olympus
PF-27M
ENF-P2
BF-N20

Pentax
FB-10H
Fl-10P

Olympus
ENF-P3
BF-3C20

Pentax
FNL-15S

Olympus
LF-1

Olympus
BF-2TR
BF-P20D

25-30 6.5 cuffed 5.0 Pentax

FB-19H
FB-19H3

2-5 3.5 27

14 5.0 4.0

15-20 6.0 cuffed 5.0

ETT = endotracheal tube; FOB = fiberoptic bronchoscope.
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The cuff is inflated via a pilot balloon. The shaft opens
into the concavity of the ellipse via a fenestrated ap-
erture with three orifices to prevent the epiglottis from
falling back and blocking the lumen (fig. 1a). A black
line runs longitudinally along the posterior curvature
of the shaft to aid in orientating the tube in situ (fig.
1b). The other four sizes of LMA (#1, 2, 2%, and 3)
are scaled-down versions (table 1). Many modifications
have been devised, including substitution of a flexo-
metallic shaft'® or a nonkinkable corrugated upper shaft
for use in maxillofacial procedures, in which angula-
tion of the tube could result in airway obstruction.?:2°
These modified versions of the LMA are not yet available
commercially.
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Fig. 1. (4) Anterior view of the size 1 and 4 laryngeal mask
airways. @ = standard 15 mm proximal connector; b = shaft;
¢ = distal elliptical inflatable cuff; d = fenestrated opening of
the shaft into the concavity of the laryngeal mask; e = pilot
balloon. (B) Lateral view of the size 1 and 4 laryngeal mask

airways. f'= longitudinal black line running along the posterior
aspect of the shaft,
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Cost Considerations

The complicated manufacturing process explains the
relatively high cost of the LMA. Presently, it retails for
approximately $200 in the United States. If each device
is reused even 30 times, it will prove to be financially
and environmentally beneficial compared with dispos-
able face masks and tracheal tubes. It remains to be
seen whether American-trained anesthesiologists will
embrace this nondisposable device.

Technical Aspects of the LMA

Insertion

Preparation of the LMA. Before it is used in an anes-
thetized patient, the LMA should be carefully inspected
for leaks with the cuff slightly overinflated. In addition,
after removing the air from the cuff, it should remain
completely deflated. Flexing the LMA 180° should not
kink the shaft. Because repeated autoclaving may result
in changes in its shape, the dimensions of the cuff can
be measured to ensure that they fall within acceptable
limits, as defined in the instruction manual.?!

An LMA of the appropriate size (and one size smaller)
should be available for each patient. The cuff is com-
pletely deflated while firmly applying its anterior face
against a hard surface. It is crucial that the leading edge
of the cuff is a smooth, wrinkle-free, rigid wedge to
facilitate its passage around the posterior pharyngeal
curvature and into the floor of the hypopharynx without
colliding with the epiglottis. The posterior aspect of
the LMA should be lubricated. Because the lubricant
gel may obstruct the distal aperture or trickle into the
larynx (and provoke laryngospasm), care should be
taken to avoid lubricating the anterior surface of the
device. There is no obvious advantage in using lido-
caine gel, because this lubricant contains preservatives
that may cause throat soreness or allergic reactions.?!

Induction of Anesthesia. Insertion of the LMA re-
quires an anesthetic depth similar to that which allows
placement of an oropharyngeal airway.?' The optimal
induction agent would produce jaw relaxation and at-
tenuation of airway reflexes, allowing insertion within
30-60 s of loss of consciousness. With propofol, an
induction dose of 2.0-2.5 mg/kg or a blood propofol
level of 6-9 ug/ml are necessary.**** When 2.5 mg/
kg propofol was compared with 4 mg/kg thiopental in
two groups of 40 patients, gagging or coughing oc-
curred in only 2/40 and 3/40 in the propofol group,
compared with 12/40 and 6/40 patients, respectively,

20z ludy /1 uo 3sanb Aq ypd* | Z000-000L0£66 1-Z2¥S0000/8LSIZE/ ¥ L/1/6.L/4Pd-01011e/ABO|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}Y WOl) papeojumoq



THE LARYNGEAL MASK AIRWAY

147

with thiopental.*! An additional bolus of induction
agent usually prevents these reflexes. Most problems
occurring at induction are resolved by administering
supplemental anesthetic agent, although it may be
tempting to remove the device if coughing begins. In-
deed, removal of the LMA often makes matters worse
because airway stimulation is increased.

Insertion Technique. The classical intubating or
“sniffing’’ position is recommended, with the neck
flexed and head extended. This is best maintained dur-
ing insertion of the LMA by having the nonintubating
hand stabilize the occiput (fig. 2). The jaw may be
allowed to fall open, or is held open by an assistant,
Use of topical local anesthesia permits insertion in the
awake patient. A recent change in insertion technique
that may increase the success rate has been recom-
mended by Brain.?' With the patient’s mouth open,
and the distal aperture of the LMA facing anteriorly,
the tip of the cuff is firmly and continuously applied
against the hard palate**?¢ using the index finger of

the right hand to guide the tube over the back of the

Fig. 2. With the left hand stabilizing the occiput, the posterior
surface of the lubricated, deflated cuff is firmly applied against
the hard palate as it is advanced into the pharynx. Reproduced
with permission.?!

Anesthesiology, V 79, No 1, Jul 1993

Fig. 3. The cuff is advanced into the posterior pharynx. The
right index finger still firmly presses the posterior surface of
the cuff against the palate. Reproduced with permission.?!

tongue (figs. 3 and 4). The tube is then advanced in
one smooth movement until a characteristic resistance
is felt as the upper esophageal sphincter is engaged. If
difficulty is encountered, a rotational movement of the
tube,?” slight inflation of the cuff,?® a jaw thrust ma-
neuver,* or, in rare cases, use of a laryngoscope?® may
be helpful. Usually, once the mask portion is in the
mouth, insertion can be completed merely by firmly
pushing on the connector with one finger.

Without holding the tube, the cuff is inflated with
10-30 ml of air. This usually causes a characteristic
outward movement of the tube of up to 1.5 cm, as the
cuff centers itself around the laryngeal inlet, and a slight
forward movement of both thyroid and cricoid carti-
lages (fig. 5).*' The longitudinal black line on the shaft
of the tube should lie in the midline against the upper
lip. Any deviation may indicate misplacement of the
cuff and partial airway obstruction.

The 15-mm proximal connector is attached to the
anesthetic circuit and either spontaneous respiration
or intermittent positive pressure ventilation (IPPV) is
begun. With IPPV, an audible leak at 15-20 cmH,0 is
common. This rarely complicates ventilation, and often
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Fig. 4. The cuff is pushed into the hypopharynx. Further gentle
downward pressure on the shaft or proximal connector should
insure complete insertion. Reproduced with permission.?!

disappears with time as the hypopharyngeal mucosa
molds itself around the cuff perimeter. The LMA has
been used without problems in operations of up to 7
h duration, but further studies are needed to determine
how long the device can be safely left ¢z situ.?' Concern
has been expressed about the prolonged transmission
of high cuff pressures against the pharyngeal mucosa.??

Nitrous oxide diffuses into the cuff, elevating intracuff
pressure to as high as 19 kPa (142 mmHg) over 20-
40 min; this can dislodge the device.?? Other investi-
gators have reported a mean rise in cuff pressure of 30
mmHg over 30 min.** Cuff pressure should be moni-
tored if nitrous oxide is used during procedures lasting
longer than 1 h. Problems are managed by withdrawing
about 25% of the volume from the cuff, or by using a
similar nitrous oxide—oxygen mixture to inflate the
cuff.

Problems on insertion (e.g., swallowing movements)
most commonly result from an inadequate depth of
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anesthesia. Supplemental anesthesia should be admin-
istered before attempting to reposition the device.
Correct insertion on the first attempt occurs in 88—
90% of patients, rising to 95-98% on the second at-
tempt.*” Curiously, some authors find it easier to insert
the LMA with the bowl facing in a posterior direc-
tion,35:36

Cardiovascular Response to Insertion. Several in-
vestigators have commented on the minimal hemody-
namic response to insertion of the LMA.>”-*2 One study
examined cardiovascular variables in 100 patients
when either the LMA or a Guedel oral airway were in-
serted after a standard induction dose of propofol.?®
Both devices produced identical rises in blood pressure
and heart rate that returned to preinsertion levels within
1 min. Another study involving 50 patients compared
the pressor responses to both LMA insertion and tracheal
intubation after a thiopental induction.*® Both groups
demonstrated a transient rise in systolic and diastolic
pressures, although the increases were attenuated and

Fig. 5. Without holding the device, the cuff is inflated with the
appropriate volume of air. Often, the mask will rise up about

1.5 cm as it settles into its final position. Reproduced with
permission.?
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of a shorter duration in the LMA group. A subsequent
study showed that the heart rate was elevated for a
longer period of time after tracheal intubation com-
pared with LMA insertion.*? The authors speculate that
the decreased cardiovascular response after insertion
of the LMA may be related to a lack of direct laryngeal
and tracheal stimulation, to lesser stimulation of the
pharynx than with laryngoscopy, or to a shorter dura-
tion of direct airway stimulation (because LMA insertion
is usually completed more rapidly than tracheal intu-
bation). These minor alterations in cardiovascular dy-
namics may be further attenuated by superior laryngeal
nerve block,*® and indicate that use of the LMA could
be advantageous in situations in which a marked pressor
response is undesirable, such as in patients with car-
diovascular or cerebrovascular disease.

LMA Position in the Pharynx

When correctly positioned, the tip of the LMA cuff
lies at the base of the hypopharynx against the upper
esophageal sphincter, the sides lie in the pyriform fos-
sae, and the upper border of the mask lies at the base
of the tongue, pushing it forward.* The perimeter of
the cuff usually forms a seal around the laryngeal inlet
up to a pressure of 25 cmH,0.% The cuff is too broad
to pass into the esophagus or larynx. Although the epi-
glottis often lies within the bowl of the LMA mask, the
device functions satisfactorily even when the epiglottis
adopts an upright, horizontal, or downfolded position.
When grossly malpositioned, the mask may still create
a useful airway.?°

A radiologic investigation of 24 elderly men dem-
onstrated epiglottic downfolding within the cuffin 66%
of these cases; this was confirmed by flexible laryngos-
copy.*® In one case, the mask tip was folded back on
itself; in another, the tip lay within the larynx, yet ven-
tilation was clinically normal. The high incidence of
epiglottic downfolding is a common finding in older
men, who tend to have long, floppy epiglottides.

Securing the LMA in Position

To insure that the LMA does not become dislodged
during movement of the patient, the tube should be
secured with tape (analogous to the endotracheal
tube). A bite block prevents the patient from biting
down and obstructing or damaging the LMA during
emergence. Several special devices have been suggested
to secure and protect the LMA, including a tracheal
tube holder (Portex, Hythe, UK)*” and a fiberscope bite
guard.®

Anesthesiology, V 79, No 1, Jul 1993

Removal Technique

The LMA cuff protects the larynx from pharyngeal
secretions, and must be kept inflated until protective
reflexes return. The LMA cuff sits in an area that with-
stands the passage of boluses of food and liquid, and
is tolerated at a light plane of anesthesia in an unstim-
ulated patient.*® Some patients will even talk with the
LMA in place, or calmly remove the device themselves.
Otherwise, it should be removed when the patient
opens his or her mouth to command.>® Controversy
exists as to whether recovery-room nurses should be
allowed to remove the device or whether this proce-
dure should be left to the anesthesiologist.>'~* The
usual equipment for managing airway emergencies, in-
cluding a suction device, must be immediately avail-
able.

Sterilization and Cleaning

The LMA is manufactured of medical-grade silicone
and can withstand repeated autoclaving procedures.
Sterilization using glutaraldehyde, formaldehyde, or
ethylene oxide is contraindicated. The manufacturers
guarantee each mask for a minimum of 10 autoclavings,
although some centers have masks that are functional
after 250 cycles.? It may be a problem to keep track of
how many usage cycles an individual LMA has under-
gone.>1-%¢

The LMA should be washed with water and a mild
detergent as soon as possible after extubation (7.e., be-
fore secretions solidify). A pipe cleaner-type brush
should be used to clean out the shaft by insertion
through the distal aperture to avoid damaging the grille
bars. If the cuff is not completely deflated before au-
toclaving, it may rupture, or the pilot tube valve may
become dislodged from its seating. This valve is the
most vulnerable component of the LMA (but the man-
ufacturer will supply replacements). The device should
then be autoclaved at 121~134° C for at least 3 min.
At higher temperatures the tube is prone to fragmen-
tation.***” The life span of the LMA is prolonged by
careful use and by avoiding forceful removal of the
device through a partially open mouth.

Protection of the Airway and Aspiration
with the LMA

The LMA is contraindicated if a risk of aspiration ex-
ists, unless other techniques for securing the airway
have failed. It is the potential for aspiration that has
caused most concern among users of the LMA device.
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The inflatable cuff does not guarantee an airtight seal
to protect the larynx from vomitus. It is not an alter-
native to the cuffed tracheal tube, and cannot reliably
isolate the airway. An uncontrolled study using fiber-
optic bronchoscopy showed the esophagus to be visible
within the mask in 6-9% of patients,*®>? although the
device’s position permitted satisfactory ventilation. In
these situations, the LMA is malpositioned and may
produce gastric distention, which may increase the risk
of regurgitation. Using Brain's modified insertion tech-
nique,?' the risk of inclusion of the esophagus within
the bowl of the mask may be reduced. Routine fiber-
optic bronchoscopy cannot be recommended to con-
firm correct placement of the device.

Case Studies

The LMA was used without problems for emergency
laparotomy in an obese patient with bowel obstruction
who could not be intubated.®® However, several reports
have described episodes of aspiration in “fasted” pa-
tients during elective procedures.?"5261-%5 I one case,
aspiration occurred on emergence when the cuff was
prematurely deflated.® In another, anesthesia had be-
come too light in a patient at risk of aspiration after a
femoral fracture the previous day.®®> Contamination of
the bronchial tree was confirmed by bronchoscopy in
several of these cases. Although all patients recovered,
some developed severe aspiration pneumonitis.3%%4:65

The bowl of the LMA may channel vomitus into the
larynx in situations in which its cuff includes the
esophagus. Prior use of a gastric tube may prevent these
problems, although its presence may also impair the
integrity of the lower esophageal sphincter and make
regurgitation more likely. The effect of the use of a
nasogastric tube was studied in 15 patients being ven-
tilated with a LMA.%¢ Although no gastric insufflation
of air was detectable, the authors recommend avoiding
a nasogastric tube in routine cases. Brain, on the other
hand, believes that a wide-bore tube is best passed into
the esophagus before inserting the LMA. Alternatively,
an orogastric tube may be introduced later if the cuff
is slightly deflated.?"2:67

The overall incidence of regurgitation and aspiration
with the LMA is unknown. One investigation found no
cases in 200 patients,” although another study reported
8 instances of regurgitation with 2 aspirations in 546
“fasted” patients.®® One aspiration was mild, and the
other occurred in a patient who should have been con-
sidered as having a ““full stomach.” Experience with
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more than 7,000 patients in one center in England in-
dicates that the incidence of regurgitation is “‘very
low.”? The incidence appears lower than in earlier re-
ports involving paralyzed intubated patients in which
70 of 900 subjects (7.8%)% and 22 of 152 subjects
(14.5%),7° respectively, demonstrated “silent’’ regur-
gitation during general anesthesia. To further confuse
the issue, a recent abstract studied 30 subjects and dis-
covered a 33% incidence of regurgitation of methylene
blue into the esophagus during spontaneous ventilation
with the LMA, although none was noted when using a
face mask and Guedel airway.”" This disturbing report
conflicts with the results of other investigators, who
repeated the study but could not demonstrate regur-
gitation in any patient,”?

The significance of detecting small amounts of gastric
acid or methylene blue refluxing into the esophagus
from the stomach is unclear. The variable figures found
in the many studies may simply reflect the sensitivity
of the detection techniques. Although the incidence
of clinically significant regurgitation appears to be very
low, a large controlled study is needed to settle this
controversial issue. If the LMA is correctly inserted and
positioned, no aspiration of regurgitant fluids should
occur, but in those instances in which the upper
esophageal sphincter is included within the bowl of
the mask,*®>® aspiration is a distinct possibility.

Provided that the manufacturer’s recommendations
are followed, the risk of aspiration using the LMA can
be minimized.” It has been suggested that the operator
should: (1) routinely test the cuff for defects before
the operation; (2) avoid lubricating the anterior surface
of the mask (lubricant may be aspirated); (3) only in-
sert the LMA when an adequate anesthetic depth has
been obtained; (4) maintain an adequate anesthetic
depth throughout surgery; (5) avoid disturbing the pa-
tient during emergence; and (6) keep the cuff inflated
until the patient is awake.

Should regurgitation or vomiting occur with the LMA
in place, the hypopharynx should be suctioned and the
LMA replaced with a tracheal tube if aspiration has oc-
curred. Following a severe case of aspiration pneu-
monitis that occurred preoperatively, Nanji and Maltby
recommend removal of the LMA.%®* They suggest that
vomitus can ‘“‘escape’’ into the oral and nasal cavities
if the LMA is removed, implying that the LMA may fun-
nel regurgitated material into the trachea. According
to Brain, aspiration is detected earlier when using the
LMA than with a face mask because vomitus is quickly
noted welling up the transparent shaft of the LMA. He
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recommends tilting the patient head-down, leaving the
LMA in situ, and suctioning through the LMA tube.%3
What about aspiration from above the LMA cuff? In
contrast to the conflicting opinions regarding regur-
gitation of gastric contents, the findings on aspiration
of pharyngeal contents are clearer. No methylene blue
could be detected within the airway when it was in-
stilled above the cuff in 64 patients,* and no barium
introduced into the oropharynx was detectable in the
trachea or lungs by either fiberoptic bronchoscopy or
x-ray in another study.”* When the LMA was employed
in dental surgery, blood was visible within the bowl
of the mask after its removal in only 3% of 223 cases.””
However, a case report of cleft palate repair did find
blood on the laryngeal aspect of the LMA.”® Although
these observations indicate that the LMA may be suitable
for use during ENT and dental procedures, the possi-

bility of aspiration from the esophagus remains a con-
cern.

Cricoid Pressure and the LMA

The LMA has been successfully used in emergencies
when tracheal intubation by an experienced anesthe-
siologist was impossible.””"”® However, one report of
a failed obstetric intubation stated that the LMA could
not be successfully inserted when cricoid pressure was
applied.” A larger study of 80 patients found that cri-
coid pressure did not affect the ease of intubation or
the final position of the LMA. By tilting the larynx, the
LMA made blind intubation (through the LMA) more
difficult.®*®*' A more recent study showed that the LMA
could only be inserted correctly in 3 of 22 patients
when cricoid pressure was applied,3? although venti-
lation with a face mask was still possible. However,
muscle relaxants were not employed. It would appear
that transient release of cricoid pressure aids LMA
placement and subsequent intubation through the LMA.
With respect to the risk of aspiration, it may be safer
to maintain ventilation with a face mask using contin-
uous cricoid pressure, rather than attempting LMA in-
sertion, in this situation.

The Difficult Airway

Background

Difficulty with tracheal intubation or the ability to
maintain a patent airway occurs in 1-3% of patients
and contributes to anesthetic morbidity and mortal-
ity.®>84 Although the LMA was developed as an artificial
airway for routine general anesthesia, it has a role in
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supporting airways that are difficult to manage and as
an aid to blind'>*>#6 and fiberoptic intubation®~%° in
both elective®'~*7 and emergent situations,0.77:78.98-103
The LMA has even been used as the sole means of airway
support for open-heart surgery when intubation was
impossible.'* The advantages of the LMA are that it is
easy to insert even when used by inexperienced op-
erators,*>'% and that it is positioned blindly without
laryngoscopy. Interestingly, Brain suggests that the LMA
is easier to insert when the larynx is more anterior, a
situation in which tracheal intubation is thought to be
more difficult.?"%° The ability to insert the LMA without
having to extend the neck indicates an additional ad-
vantage in patients with disease or instability of the
cervical spine.'°""'971%8 However, if intubation is dif-
ficult because of limitation of mouth opening (<1.5
cm), the LMA cannot be used.

Benumof suggests that the low risk/benefit ratio as-
sociated with the LMA means that it may be a suitable
alternative before trans-tracheal jet ventilation is at-
tempted in the ‘“‘difficult airway management algo-
rithm.”’'% Familiarity with the LMA should be obtained
before attempting to use it in difficult situations, and
a full range of equipment and personnel should be
available if alternative means for obtaining an accept-
able airway are required. Although protection against
aspiration is not reliably provided by the LMA, it js
probably safer, in this respect, than a face mask. Passage
of the LMA in the emergency patient with a full stomach
who cannot be intubated is controversial, and correct
placement may be more difficult when cricoid pressure
is applied (see section on Cricoid Pressure and the
LMA .82

Fisher et al.'' believe the LMA is unsuitable for elec-
tive cases in the prone or jack-knife position, although
it has been successfully employed in these situa-
tions. #3310 Frerk also advises caution,!'! because
most published studies of the LMA as an aid to difficult
intubation involved patients whose airways were easily
managed using conventional techniques. One small
prospective study concluded that the LMA is as easy to
use in the difficult intubation.''? A litany of case reports
exist in which the LMA has been lifesaving,5%:85:98:100~
102113115 and it may also facilitate tracheal intubation.
Further studies are needed to define the role of the LMA
in these challenging situations.

Blind Intubation Techniques Using the LMA
When the LMA is correctly inserted, its distal aperture
sits directly over the laryngeal inlet, thereby allowing
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tracheal intubation by a variety of blind and fiberoptic
techniques in awake or anesthetized patients. Because
blind intubation can be accomplished rapidly with the
LMA and does not require specialized equipment, it
may play a role in both elective and emergent situa-
tions, even on awake patients.®11¢ Placement of the
LMA is facilitated if glottic reflexes can be obtunded
by either deep anesthesia, topical anesthesia, or the
use of muscle relaxants. Techniques for blind intuba-
tion with the LMA include the following.

1. A gum elastic bougie (GEB) with an anterior an-
gulation of its distal tip was passed blindly through
a LMA into the tracheas of two patients who expe-
rienced difficulty at intubation''® and in 21 of 25
cases in another study.''” Once the distal aperture
of the LMA has been negotiated, the authors rec-
ommend rotating the GEB 180° to facilitate its pas-
sage into the trachea. The LMA was withdrawn and
a tracheal tube ‘‘railroaded’’ over the GEB into the
trachea. This maneuver permits removal of the LMA
and the passage of any size of tracheal tube, and
allows better surgical access to the oropharynx. The
disadvantages are that the airway is neither pro-
tected nor controlled once the LMA has been taken
out, and passage of a tracheal tube over the GEB
may not be successful. The success rate in a study
of 50 patients was 84—88%.''7-!'? Malpositioning
of the LMA was the usual cause of failure to suc-
cessfully pass the GEB. Other investigators have re-
ported success using this technique,'?*!'?! which
has also been used in a 4-kg baby.5®

2. Some investigators have refined the blind technique
by passing a GEB or a guide tube into the trachea
under vision with a fiberoptic bronchoscope (FOB)
positioned within the LMA.

3. Brimacombe removed the distal aperture bars of the
LMA and passed a GEB through the LMA into the
trachea, followed by a 5.0-mm cuffed microlaryn-
goscopy tube (over the GEB) to allow ventila-
tiOﬂ.lzszs

4. With the LMA in place, an uncut, lubricated, 6.0-
mm cuffed tracheal tube can be blindly passed
through the shaft of a size 3 or 4 LMA and into the
trachea before the tracheal tube’s cuff is in-
flated 6124125 The LMA length is such that, when
the tracheal tube is fully inserted, about 8 cm pro-
ject beyond the distal aperture, and the upper mar-
gin of the tube cuff lies about 3 cm below the vocal
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cords. The tracheal tube must be rotated 15-90°
counter-clockwise?*'*! to allow its bevel to pass
between the grille bars of the LMA distal aperture.
In a study of 50 patients, 72% were intubated in an
average of 13 s using this technique, and a further
12% after minor adjustments.5®'24 A later study per-
formed by the same authors on 100 patients re-
ported 90% success using this blind intubation
technique.®® A similar degree of success was re-
ported using the size 1 and 2 LMA.'?° However,
when cricoid pressure was applied (to mimic the
emergency situation), this figure fell to 56%. Mo-
mentary relaxation of cricoid pressure allowed tra-
cheal intubation in 96% of cases. Cricoid pressure
increases the angle between the axes of the LMA
and the trachea, making intubation more difficult.
Problems were most frequent in men with large
floppy epiglottides that would fold down over the
laryngeal inlet. Although ventilation was normal,
the floppy epiglottis provides a physical barrier to
passage of the tracheal tube. Furthermore, removing
the LMA with the 6.0-mm tube in place is difficult,
as there is no way of stabilizing the tracheal tube
as the LMA is withdrawn; the tight fit between the
tracheal tube and the inner wall of the LMA shaft
tends to result in extubation of the trachea. Passage
of a fiberoptic bronchoscope through the tracheal
tube before removal of the LMA is helpful in this
situation.

These studies may be criticized for including healthy,
paralyzed patients who would probably have been eas-
ily intubated using a laryngoscope. The applicability
of these data to the difficult intubation scenario can
only be inferred. However, three patients with a history
of difficult intubations were easily intubated using this
technique.'?* These authors suggest the rapidity with
which the emergent airway can be secured with a LMA
makes it a better option than the use of a face mask,
and that it should be included in the failed intubation
drill before a surgical airway is attempted.

Fiberoptic Bronchoscope Techniques

Using the LMA

The fiberoptic bronchoscope (FOB) is often useful
in the acute emergency, but is time-consuming, may
be less available, and may be difficult to use when blood
or secretions obscure the view. Situations in which the
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FOB may be helpful in conjunction with the LMA in-
clude the following.

1. A FOB can easily be passed through the LMA into
the trachea (table 1).87:89:90:122.127 {jge of a tracheal
tube connector with a rubber seal allows leisurely
inspection of the tracheobronchial tree while
keeping the patient asleep. A lubricated 6.0-mm
cuffed tracheal tube premounted on the FOB can
then be advanced into the trachea. The LMA cuff
should be deflated after the tracheal tube cuff is
inflated. If an adaptorless tracheal tube is used, the
LMA can be withdrawn up the shaft of the broncho-
scope before the trachea is intubated. However,
leaving the LMA ¢n situ permits tracheal extubation
before the patient awakens. If necessary, a tube ex-
changer or GEB can be used to allow removal of the
LMA and replacement with a larger tracheal
tube.? 18119 Given the difference between the di-
ameter of the bronchoscope and the internal di-
ameter of the LMA shaft, little resistance to venti-
lation is encountered during bronchoscopy.

2. Brimacombe devised a LMA with its distal aperture
bars removed and a longitudinal slit up its shaft.!??
A FOB with a mounted tracheal tube is passed
through the LMA into the trachea; the LMA is then
“peeled off”’ and the tube advanced over the FOB
into the trachea. This allows insertion of a larger
tracheal tube than when using an unmodified LMA.
However, the modifications are not simple to pet-
form and a 6.0-mm tracheal tube is satisfactory in
most clinical situations.

Use of the LMA in Emergencies and
Cardiopulmonary Resuscitation

The role of the LMA when used by paramedical per-
sonnel in the initial phase of resuscitation has not been
defined. Paramedics are increasingly able to perform
tracheal intubation, but in difficult cases (e.g., because
of anatomical reasons or for fear of moving the cervical
spine and causing secondary neurological damage), the
LMA should be available.’®® Two studies have shown
that personnel with no previous experience using the
LMA were successful in more than 90% of cases.!?%1%6
However, all the subjects in these trials were healthy,
nonobese, fasted, anesthetized adults; therefore, ex-
trapolation to the field scenario can only be speculated.
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Although one small field study confirmed these findings,
no clinical information was provided regarding the 25
patients investigated.'® Use of the LMA in the semi-
conscious combative trauma patient with a full stomach
and possible cervical spine or thoracic injury may not
be helpful and may provoke vomiting. However, it may
prove to be a safe alternative to the Esophageal Obtu-
rator Airway, which has serious complications and re-
quires neck flexion for insertion.’® The role of the
LMA in cardiopulmonary resuscitation merits formal
evaluation,'21:101.130

Experience with the LMA in Obstetric
Patients

Although the LMA is contraindicated in patients ‘‘at
risk” of regurgitation, several anecdotal accounts exist
in which it proved lifesaving in cesarean sections when
tracheal intubation or ventilation with a face mask were
unsuccessful 777898102 15 each case, the LMA was
quickly inserted on the first attempt. Many authors be-
lieve it should be available in the “failed intubation
pack” in every delivery suite.'3'~'?3 If desired, a na-
sogastric tube can be passed behind the LMA cuff into
the esophagus to allow gastric drainage.?"%3

The LMA is not a fail-safe device, and its placement
may be unsuccessful even when cricoid pressure is re-
leased (see section on Cricoid Pressure and the
LMA).7®'3 Tunstall believes it has a role in the difficult
obstetric intubation when spontaneous ventilation has
resumed.'® Other investigators think instrumentation
of the airway at this stage could provoke vomiting and
risk aspiration, as cricoid pressure may have to be mo-
mentarily released to allow its successful insertion.®?
Similarly, if ventilation with a face mask is possible
when cricoid pressure is applied, it may be safer not
to attempt to use the LMA unless surgery must proceed
immediately. In the worst case scenario, in which in-
tubation and face mask ventilation of the obstetric pa-
tient are unsuccessful and spontaneous ventilation has
not resumed, the LMA should be considered before the
institution of cricothyroid puncture or cricothyroid-
otomy,'%:199135% hoth of which may require prolonged
release of cricoid pressure. Once inserted, it may then

¥ Report on Confidential Enquiries into Maternal Deaths in the
United Kingdom 1985-87. London, Her Majesty's Stationery Office,
1991.
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be possible to intubate the trachea with a 6.0-mm
cuffed tube passed through the LMA (see section on
Blind Intubation Techniques Using the LMA).'?* Thor-
ough familiarity with the LMA is essential, and only a
brief trial should be attempted if the procedure is un-
successful.

Experience with the LMA in Pediatric
Patients

General Overview

Studies of the pediatric airway using infant cadavers
led Brain to conclude that their pharyngeal anatomy
was similar to that of adults, allowing scaled-down ver-
sions of the adult LMA to be developed.'? Sizes 1 and
2, and, later, a size 2% pediatric LMA have been pro-
duced (table 1). When a size 2 was used in patients
weighing more than 25 kg, inflation of the stomach
tended to occur; the size 3 corrected this, but was too
large for some children. _

Experience in adults is essential before attempting
to utilize the LMA in pediatric patients, because diffi-
culties are encountered more commonly, particularly
with the size 1 LMA.'* Greater anesthetic depth is re-
quired when placing the LMA in a child than when
inserting an oral airway. It was recommended that the
LMA should only be inserted in spontaneously breathing
children, and positive pressure ventilation should be
avoided. The reasons may be related to the smaller
margin for error in positioning the device in children.
Even when the LMA is correctly positioned, inflation
of the stomach is still possible if airway inflation pres-
sures exceed the LMA cuff seal pressure (a leak at about
20 cmH0 is usually found).'®” A recent prospective
study involving 2,359 patients, many of whom were
children who were ventilated, did not report this com-
plication.'*® Dislodgement occurs more easily in chil-
dren and the LMA must be securely fixed in place. Cap-
nography is most accurate if sampling is performed at
the distal end of the LMA.'* Breath-holding and laryn-
gospasm may be mistaken for incorrect positioning,
but usually result from inadequate anesthesia. Tonsillar
enlargement can make LMA insertion difficult.'® Cor-
rect placement on the first insertion attempt occurs in
85-90% of cases, increasing to 92-98% after two at-
tempts.'***! In a study of 48 children undergoing oto-
logical surgery, successful positioning on the first at-
tempt occurred in 67% of cases, although the operators
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had little prior experience with the pediatric LMA and
performance improved with increased experience.'42
The most difficult aspect of insertion in children is ne-
gotiation of the posterior pharyngeal curvature. Various
maneuvers may be performed to minimize this prob-
lem, including: (1) inserting the LMA laterally, rather
than in the midline; (2) applying the mask firmly
against the hard palate; (3) pulling the tongue forward;
(4) repositioning the head; (5) adding or removing air
to the cuff; (6) application of continuous positive air-
way pressure (CPAP); (7) use of a laryngoscope; and
(8) insertion, like a Guedel oropharyngeal airway, in
the “*back-to-front’’ position before rotating 180°,3%:36
Difficulty occurred in 46 of 200 cases in a group of
children aged 14 months to 14 yr: the rotational ma-
neuver was successful in 56% of the initial failures,
and the other maneuvers overcame the difficulty in the
remainder.'°

The epiglottis is included within the bowl of the LMA
in 49% of children and is frequently displaced down-
ward over the vocal cords.’** This has been indepen-
dently confirmed by fiberoptic laryngoscopy'*' and
magnetic resonance imaging (MRI).'*” Magnetic reso-
nance imaging confirmed some degree of epiglottic
downfolding in 82% of pediatric patients, and also
demonstrated that, although the cuff lay in the oro-
pharynx (instead of the hypopharynx) in 7% of chil-
dren, no interference with its normal function was ev-
ident.'* McLeod et al. intubated 20 children with a
size 1 LMA, and 20 with a size 2 LMA, and determined
their position by flexible laryngoscopy.'*! A clear view
of the larynx was possible in 25% of cases and a partial
view in 25% of cases; downfolding of the epiglottis
obscured the laryngeal inlet in the remaining 50% of
cases. Mizushima et al. inserted the size 1 LMA in 50
infants.'** A clinically acceptable airway was obtained
in 94% of cases on the first attempt, although, on fi-
beroptic examination, in only 44% of instances had
perfect positioning been achieved. Delayed airway ob-
struction developed in 12 infants. They concluded that
a clinically patent airway does not guarantee ideal LMA
positioning or continued airway patency in infants. Al-
though downfolding of the epiglottis can impair blind
intubation techniques,’*® it only interferes with ven-
tilation in about 2% of cases. Reinsertion or use of a
larger mask typically corrects the problem. It is rec-
ommended that intubation through the LMA in children
should always be preceded by a fiberoptic assessment
of the epiglottis position.'*’
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Because of its smaller size, the size 2 pediatric LMA
tube may occasionally kink.'*'47 partial obstruction
of the LMA shaft was reported in 20-50% of pediatric
patients,'*® although kinking with the adult LMA was
detected in only 10% of cases when a fiberoptic as-
sessment was performed.®® Recent changes in the man-
ufacturing process have decreased the likelihood of
kinking.!*®

The largest study of LMA use in children involved
200 patients at the Hospital for Sick Children in Lon-
don.'° A size 2 was used in 198 cases and the size 1
was used twice. Sixteen children had known airway
problems, but in only one was the LMA unsuccessful
in obtaining a patent airway. There were problems in
47 cases, leading to abandonment of the technique in
5 children. Fiberoptic laryngoscopy was performed in
24 cases and epiglottic downfolding was seen in 8 (all
of whom had unobstructed airways). Removal of the
LMA was uneventful in 95% of cases, and the 5% in
which problems were encountered during emergence
from anesthesia did not require intervention. In three
children, it was impossible to correctly insert the LMA
after repeated attempts. The authors concluded that
the LMA is a useful adjunct to upper airway management
during spontaneous ventilation in pediatric patients.
These investigators recommend antisialogogue pre-
medication, insertion at an adequate depth of anes-
thesia, secure fixation, and use of a bite block. How-
ever, they do not consider the LMA to be the technique
of choice for managing children with known airway
problems. There are few reports on the use of the LMA
in children younger than 3 months. Anatomical differ-
ences in the larynx of these small patients may explain
the lower success rate when using the device in this
subpopulation.

Otbher Uses for the LMA in Children

Diagnostic Fiberoptic Bronchoscopy. A FOB can
be easily passed through the LMA, avoiding nasal trauma
secondary to passage through the nasopharynx.'0-153
It thereby avoids the need for tracheal intubation
(which, itself, may cause pathological change) and al-
lows an unimpaired dynamic view of the vocal cords.
As the internal diameter of the LMA is greater than the
equivalent tracheal tube that would have to be used,
a larger FOB may be used, and, accordingly, a better
view of the lower airway can be obtained. The space
between the FOB and the inner wall of the LMA allows
adequate ventilation to continue during bronchoscopy,
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whereas the airway resistance may be excessive when
an appropriately sized tracheal tube is used. Conven-
tional rigid bronchoscopes with an internal diameter
of less than 2.5 mm have no suction channdl or tip
control, and ventilation is impossible when the eye-
piece is inserted. Several sizes of FOB are small enough
to pass through the size 1 and 2 LMA (table 1).'%4
Difficult Intubations®®. The LMA has been used for
surgery in children with subglottic stenosis, in whom
instrumentation of the trachea may provoke edema and
worsen airway obstruction,'®> and for maintenance of
an airway during emergency tracheostomy in a neonate
with Pierre-Robin syndrome in whom tracheal intu-
bation and ventilation with a face mask were unsuc-
cessful.'®® It has been successfully inserted in four
awake children with severe Pierre-Robin syndrome be-
fore induction of general anesthesia.'®” Passage of a
guide tube through the LMA allowed blind tracheal in-
tubation over the guide in a baby with Pierre-Robin
syndrome who was difficult to intubate.®® In a 30-
month-old child with Pierre-Robin syndrome in whom
tracheal intubation had been impossible on several oc-
casions, causing surgery to be cancelled, a cleft palate
repair was performed using a LMA.”® Surgical access
was impaired, but the procedure was performed sat-
isfactorily. The LMA also proved useful for surgery in
patients with juvenile-onset rheumatoid arthritis.®!
Outpatient Dental Extractions. During mainte-
nance of anesthesia, the incidence of hypoxia is lower
and the mean arterial oxygen saturation is higher with
the LMA than with the conventional nasal mask, al-
though surgery may be prolonged because of impaired
surgical access.'® The LMA cuff acts as a “throat pack,”
preventing aspiration of blood, teeth and secretions.”®
It also provides a better seal than a nasal mask, allowing
more precise control of anesthetic depth and less en-
vironmental pollution with anesthetic gases.
Radiation Therapy. For repeated treatments in small
children, tracheal intubation can produce subglottic
mucosal damage. Use of the LMA offers an excellent
alternative to the endotracheal tube.”5159-161
Children Undergoing Examinations under
Anesthesia and Measurements of Intraocular
Pressure (IOP). Tracheal intubation and the pressure
of a face mask on the globe interfere with the IOP mea-
surements.*"''%> However, insertion of the LMA pro-
duced no significant change in IOP, and allowed anes-

thesiologists to keep their hands outside the surgical
field.*!
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Minor Otological Surgery. With a LMA, children
experience fewer hypoxic episodes and interruptions
to surgery because of airway manipulation than with
face mask anesthesia, in which jaw thrusts move the
operative field.'*?

Other Clinical Situations in Which the LMA
Has Been Used

Head and Neck Surgery

The large shaft of the LMA impairs surgical access to
the oral cavity.”? However, tonsillectomy is easily per-
formed using the LMA, because the tonsils lie above
the cuff. The LMA protects the larynx from blood and
secretions, making a throat pack unnecessary. The head
can be turned to the side without displacing the LMA,
although extreme neck flexion may obstruct the tube.?!
The LMA provides for a quiet recovery with minimal
coughing. Prototype tubes with a flexometallic shaft
are more difficult to insert, but may prevent compres-
sion by the mouth gag.'2°

Thyroidectomy procedures have been performed us-
ing the LMA. The cuff displaces the thyroid more an-
teriorly, facilitating surgical access.?' However, some
authors believe that use of the LMA is dangerous during
thyroidectomy, because tracheal manipulation by the
surgeon can move the larynx relative to the mask.'%?
The LMA was successfully used in 11 of 13 thyroid-
ectomy patients, even when tracheal deviation was
present.'® In one case with tracheal deviation, the LMA
could not be positioned, and, in another case, an en-
dotracheal tube had to be used when surgical manip-
ulation of the goiter produced a large leak around the
LMA cuff.’®* The vocal cords are easily inspected intra-
operatively by passing a flexible laryngoscope through
the LMA, facilitating identification of the recurrent la-
ryngeal nerves.'?3130:164-166 yigyalization of the vocal
cords at the end of surgery avoids the need for direct
laryngoscopy.

Use of the LMA is also a suitable alternative to tracheal
intubation in ophthalmologic procedures, because it
is associated with a lower IOP and less coughing and
straining than with tracheal intubation.*"167-17¢ \hen
used for minor dental surgery that would otherwise be

§ Harris TM, Johnston DF, Collins SRC, Heath ML: A new general
anaesthetic technique for use in singers: The Brain laryngeal mask
airway versus endotracheal intubation. J Voice 4:81-85, 1990.
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pecformed using a nasal mask or tracheal intuba-
tion,”>!'!7! the LMA provided a satisfactory airway in

" 98% of 687 patients.” The LMA was also successfully

used during surgical reduction of a nasal fracture.'”?

Burn Patients

The LMA provides a good airway for repeated dressing
changes in patients with facial burns and contractures,
in whom intubation may be difficult and application
of a face mask would interfere with the procedure and
could damage the healing burn.?3

Professional Singers

Tracheal intubation may produce changes in the ep-
ithelial lining of the vocal cords.!” An extensive dou-
ble-blind comparison of the LMA and tracheal tube
demonstrated a significant reduction in voice changes
with the LMA.§ It has been suggested that the LMA has
advantages over tracheal intubation for professional
voice users requiring general anesthesia, '

Intensive Care Unit

Little experience exists regarding the role of the LMA
in the intensive care setting, where the device may be
left in situ for several hours (or days). One report de-
scribes intermittent insertion of the LMA under topical
anesthesia to facilitate tracheal suction in an elderly
hemiplegic patient who would otherwise have required
a minitracheotomy.'” However, carefully performed
trials are needed before more widespread use of this
technique in the Intensive Care Unit can be recom-
mended.

Electroencephalograpby Mapping Procedures

The LMA is recommended in patients being evaluated
for epilepsy surgery.'”® Temporal lobe electroenceph-
alographic recordings are performed using percuta-
neous clectrodes passed through the foramen ovale;
using a face mask impairs access. The LMA provides an
excellent alternative to tracheal intubation when used
with intravenous sedation techniques for this short
procedure.

Laser Surgery to the Face

Formal testing of the flammability of the LMA with
various laser devices has not been performed. However,
a study of its role in day-case anesthesia for removal of
port wine stains in children showed it to be superior
to the conventional face mask technique.!”® Because
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these lesions usually occur in the periorbital area, la-
sering requires intermittent removal of the face mask
(which is flammable), allowing anesthetic gases and
high levels of oxygen to flood into the operating field.
The LMA reduces this fire hazard by confining the an-
esthetic mixture to the anesthetic circuit. However,
when positive pressure ventilation is employed, some
leakage of the anesthetic mixture around the LMA cuff
may occur. Repeated direct laser pulses of 10 J- cm™?
did not ignite the LMA, even when 100% oxygen or a
nitrous oxide—oxygen mixture was flowing through the
device. The black markings on the shaft of the tube

may vaporize, but the underlying plastic remains un-
damaged.

Magnetic Resonance Imaging

Administration of general anesthesia in the MRI scan-
ner poses several problems for the anesthesiolo-
gist.'"”7"!’% The LMA contains no ferromagnetic com-
ponents and provides a suitable alternative to tracheal
intubation for procedures in children.!*”'7® It also
avoids the necessity for laryngoscopes, which are mag-
netically attracted to the scanner and become difficult
to use. The LMA is now manufactured with a tiny me-
tallic spring in the pilot valve; this can interfere with
scanning.'®® Spring-free LMA are available for use with
MRI. Furthermore, the LMA may not be suitable if mag-
netic resonance spectroscopy is performed, because
the resonance of some silicone-containing materials is
identical to that of human tissue, impairing the inter-
pretation of the scans.'®!

Advantages of the LMA

Compared with the tracheal tube, sore throat is less
problematic with the LMA, occurring in 4-12% of pa-
tients, 342110182183 Thege figures are comparable with
the incidence of sore throat for anesthetized unintu-
bated patients,'® whereas the incidence for patients
who have undergone tracheal intubation may exceed
289152185186 The largest survey evaluated 321 patients
after a variety of procedures. Compared with a 47%
incidence in patients who had their trachea intubated,
mild or moderate soreness was reported by only 7% of
those who had an LMA inserted, and 10% who had a
face mask and oropharyngeal airway. Twenty-four hours
later, 3% of the intubated group still complained of
severe soreness, and none of the patients in the other
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groups had any complaints.’®” These authors do not
state whether the anesthetic gases were humidified or
warmed. Dryness of the throat is reported more often
with the LMA than with the face mask. Finally, the in-
cidence of sore throat does appear to decrease with
increased clinical experience in using the LMA.

The LMA frees the anesthesiologist’s hands for record
keeping, monitoring and drug administration. Fatigue
from maintaining the airway is eliminated,'®® prevent-
ing deterioration of the airway over time.

The technique for using the LMA is casily learned,
and quickly mastered by medical and paramedical per-
sonnel.?"“’s'“’(’

Avoidance of a face mask reduces injury to the eyes
and facial nerves.®

Inserting the LMA is simple, and does not require
muscle relaxants or the use of a laryngoscope. Avoid-
ance of succinylcholine may minimize postoperative
myalgia, and elimination of the need for muscle relax-
ants may contribute to financial savings. Avoidance of
laryngoscopy also reduces the risk of trauma to the lips,
gums, and teeth. Coughing, laryngospasm, and stridor
appear to be no more common with the LMA than when
using an oropharyngeal airway. The LMA appears to be
a safe and acceptable technique for day-case anes-
thesia 6188189

There is minimal cardiovascular response to insertion
of the LMA.%*

The LMA is better tolerated than a tracheal tube at
“lighter” levels of anesthesia, and patients usually
awaken before they strenuously object to its presence.

In the absence of a sizable gas leak around the LMA
cuff, operating room pollution is reduced compared
with a face mask,*'”° particularly in edentulous or
bearded patients. Sarma studied the LMA in seven sub-
jects breathing 70% nitrous oxide through a circle sys-
tem, and found that the mean N,O level in the area of
the anesthesiologist was 4.5 parts per million (ppm),
far below the 25 ppm recommended by NIOSH?:191-193
and comparable to levels seen with tracheal intubation.
However, when IPPV was employed, N,O levels in-
creased and, on one occasion, reached 280 ppm.

The LMA provides a safer and more secure airway in
children and adults than a face mask, with fewer epi-
sodes of hypoxia detected by pulse oximetry.”

Unlike the tracheal tube, there is minimal risk of
esophageal or endobronchial intubation.

Insertion and removal of the LMA has minimal (if
any) effects on IOP,#1:167:168
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The LMA may have a useful role in the management
of difficult intubations and emergency resuscitation.

The LMA is useful in operations on professional sin-
gers, in whom tracheal intubation carries the risk of
damage to the vocal cords, resulting in voice changes.

The LMA imposes less resistance to breathing com-
pared with the corresponding tracheal tube.!®"

Disadvantages of the LMA

Aspiration of gastric contents remains the most serious
potential problem during the use of the LMA device.

Inflation of the stomach has occurred (especially in
children) when IPPV is employed and airway pressures
exceed 20 cmH,0.**'? Although the upper esophageal
sphincter opening pressure is around 38 mmHg (51
c¢mH,0) in the awake patient, it decreases to a mean
of 6 mmHg (8 cmH,0) in paralyzed, anesthetized
adults.**'*% One study showed that the LMA produced
a sustained fall in lower esophageal sphincter pressure
of 3.6 cmH,0.""” Air swallowing during spontancous
ventilation with the LMA in the presence of an inade-
quate depth of anesthesia has also been described.'?®
The vigilant anesthesiologist should regularly check
for gastric distention.

Cuff herniation after overinflation or repeated auto-
claving may lead to difficulty in placement.'®?

Partial airway obstruction can be detected using fi-
beroptic bronchoscopy in 10% of adult? and 25-50%
of pediatric cases’' when the LMA is in use. This is
clinically unimportant in most instances, and is usually
caused by downfolding of a long, floppy epiglottis.58
Another cause of ‘“‘obstruction” is laryngospasm on
insertion; this usually resolves spontaneously within
20 5.2 Occasionally, the inflated LMA cuff displaces the
cricoid region anteriorly, producing airway obstruction
secondary to large aryepiglottic folds prolapsing into
the larynx.2%°

Coughing and laryngospasm occur about as fre-
quently with the LMA as with an oropharyngeal airway,
and are usually caused by insertion in the presence of
inadequate anesthesia.*3

Kinking of the pediatric-size LMA (#2) is possible,
although this is less common now that the shaft is more
rigid.'*®

Postextubation stridor has been described, but the
case report involved a patient with severe chronic ob-
structive pulmonary disease, and may have been related
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to an allergic reaction to preservatives in the lidocaine
gel used for lubricating the LMA.2°!

Trapping of the epiglottis in the distal aperture could
have resulted in severe epiglottic edema and complete
obstruction. Fortunately, this complication was diag-
nosed by fiberoptic laryngoscopy performed because
of increasing airway obstruction.!>®

Difficulty positioning the LMA in the presence of ton-
sillar hypertrophy has occurred.>® This problem was
easily circumvented by using a laryngoscope to help
guide the LMA into the hypopharynx.

When used for dental surgery, access to the mouth is
impaired and operating time may be prolonged.'*®

Air leakage around the cuff occurs at ventilatory pres-
sures > 17 cmH,O if the size 3 LMA is used in a large
adult,” or >20 cmH,0 if the appropriate size is used.'8?
A leak is usually seen at higher pressures in women
than men.

Transient dysarthria may occur if the LMA cuff is ov-
erinflated during prolonged procedures.?'

Nitrous oxide diffuses into the cuff and, with time,
may cause overinflation and, eventually, displacement
of the device. This may account for the gradual onset
of airway obstruction in one case report.>?

Uvular bruising may follow forceful attempts to pass
the LMA around the posterior pharyngeal curvature.®?’
This problem is avoidable if the cuff is fully deflated
and lubricated. Posterior pharyngeal wall edema has
been described in one child with Down’s syndrome,
leukemia, and oral candidiasis, occurring as a band
across the area where the mucosa was compressed be-
tween the posterior surface of the LMA and the anterior
border of the third cervical vertebral body.?*? This child
had received 14 anesthetics using the LMA in a 25-day
period of time.

Contraindications to Use of the LMA

The following are contraindications to use of the LMA:
(1) inability to extend the neck or open the mouth >
1.5 em, making advancement of the LMA into the hy-
popharynx difficult (e.g., ankylosing spondylitis, severe
rheumatoid arthritis, cervical spine instability); (2)
pharyngeal pathology (e.g., abscess, hematoma, tissue
disruption); (3) airway obstruction at or below the
larynx; (4) low pulmonary compliance or high airway
resistance (e.g., morbid obesity, bronchospasm, pul-
monary edema or fibrosis, thoracic trauma); (5) inad-
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equate depth of anesthesia to relax pharyﬁgeal mus-
culature; (6) increased risk of regurgitation (e.g., hiatus
hernia, pregnancy, “full” stomach, intestinal ileus);
and (7) one-lung ventilation.

Future Directions

A nasal LMA has been developed, and work continues
in the search for the “ultimate’ LMA that would also
protect against aspiration. Although many specialized
versions of the LMA are under investigation (including
models with temperature and oximetry probes), new
roles are continually found for the standard model, as
experience is gained in its clinical use. Further studies
are warranted to define the other indications for its use.
Concern has been expressed that anesthesiologists in
training will not acquire the manual skills required for
airway management with a face mask, because LMA in-

sertion has proved to be a simple and successful alter-
native.

~Summary

The LMA is a useful airway device for most adult and
pediatric patients. It is easy and atraumatic to insert,
with minimal somatic and autonomic responses from
the patient. It is a suitable alternative to the face mask
and to tracheal intubation in a wide variety of clinical
situations. In addition, the LMA facilitates blind and
fiberoptic techniques of intubation, but its role in the
emergency scenario has yet to be established. The pre-
liminary experience gained with this device in Europe
and Australasia suggests that it may also transform con-
temporary anesthetic practice in the United States.

The authors wish to thank Drs, A. I. J. Brain and M. F. Watcha for
their helpful advice and comments.
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