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Summary
Supraglottic airway devices (SADs) are used to keep the upper airway open to provide unobstructed
ventilation. Early (first-generation) SADs rapidly replaced endotracheal intubation and face masks
in > 40% of general anesthesia cases due to their versatility and ease of use. Second-generation
devices have further improved efficacy and utility by incorporating design changes. Individual
second-generation SADs have allowed more dependable positive-pressure ventilation, are made of
disposable materials, have integrated bite blocks, are better able to act as conduits for tracheal tube
placement, and have reduced risk of pulmonary aspiration of gastric contents. SADs now provide
successful rescue ventilation in > 90% of patients in whom mask ventilation or tracheal intubation
is found to be impossible. However, some concerns with these devices remain, including failing to
adequately ventilate, causing airway damage, and increasing the likelihood of pulmonary aspiration
of gastric contents. Careful patient selection and excellent technical skills are necessary for successful use of these devices. Key words: therapeutics; airway management; intubation; intratracheal;
laryngeal masks [Respir Care 2014;59(6):920 –932. © 2014 Daedalus Enterprises]
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Classification of Supraglottic Airway Devices
Supraglottic airway devices (SADs) are devices that keep
the upper airway clear for unobstructed ventilation. SADs
have also been called supraglottic airways and extraglottic
or periglottic airway devices. The laryngeal mask airway
(LMA) refers to SADs produced by the manufacturers of
the LMA Classic (LMA North America [San Diego]). The
acronym LM refers to a laryngeal mask manufactured by
anyone other than the original manufacturers.1 SADs can
be classified based on 2 main distinctions. The first is the
presence or absence of an inflatable cuff. Cuffless devices
may provide reduced risk of cuff-related morbidity but
may be associated with increased risk of leaks and failure.
A more commonly employed classification is first-generation and second-generation SADs. First-generation deTable 1.

vices are simple airway tubes that do not have specific
design characteristics aimed at reducing the risk of pulmonary aspiration of gastric contents. Second-generation
SADs incorporate specific features to improve positivepressure ventilation (PPV) and reduce the risk of
aspiration. The design characteristics of various SADs currently encountered in clinical care are summarized in
Table 1.
Evolution of the Supraglottic Airway Device
Dr Archie Brain is credited with the invention and development of the LMA in 1981.2 The prototype device
was crafted with a Goldman nasal mask fused with an
obliquely cut endotracheal tube (ETT). The aim of this
device was to obviate need for ETT placement and thereby

Features of Current Supraglottic Airway Devices
Device

First-generation devices
LMA Classic (LMA North America)
LMA Flexible (LMA North America)
Intubating LMA (Fastrach; LMA
North America)
Ambu AuraOnce
Ambu Aura40
Ambu Aura-i

Cuffed

Tube/Shaft

Integrated
Reuse
Bite Block

Modifications

Yes
Yes
Yes

Diagonally cut
Built-in coil for flexibility
Short shaft to accommodate ETT

No
No
Yes

Yes
Yes
Yes

Yes
Yes
Yes

No
No
Yes

No
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Preformed curve
Preformed curve
Preformed curve, conduit for tracheal
tube
Preformed curve, flexible tube
More traditionally curved
Disposable, PVC
Conduit for tracheal tube
Airway tube with 2 inflatable balloons
Cobra head with ramp for ETT

No
No
No
No
No
No

No
No
No
Both
Both
Yes

Yes
Yes

Airway tube, gastric drain tube
Elliptical airway tube, gastric drain

Yes
Yes

Yes
No

LTS-II/G-LT (VBM Medical)
i-gel (Intersurgical)
air-Q (Mercury Medical)

Yes
No
Yes

Yes
Yes
Yes

Yes
No
No

SLIPA (CurveAir Ltd)

No

No

No

Hollow, mimics pharynx

Combitube (Nellcor Puritan Bennett)

Yes

Airway tube with 2 inflatable balloons
Rigid tube that acts as bite block
Short shaft allows standard ETT
insertion
Lines pharynx to increase storage
capacity
Double cuff, double lumen

Reliable seal, displacement diagnosis
Flexibility, strong seal, placement
check
Drain tube, pronounced in LTS-G
Creates anatomic seal
Removable 15-mm connector

No

No

Oropharyngeal balloon

Ambu AuraFlex
Ambu AuraStraight
Portex SSLM (Smiths Medical)
ILA (LMA North America)
LT (VBM Medical)
CobraPLA (Engineered Medical
Systems)
Second-generation devices
LMA ProSeal (LMA North America)
LMA Supreme (LMA North America)

Softer, more flexible cuff than LMA

Ridges to improve tube seal
Airway orifices, lateral hole in tube

LMA ⫽ laryngeal mask airway
ETT ⫽ endotracheal tube
SSLM ⫽ soft seal laryngeal mask
PVC ⫽ polyvinyl chloride
ILA ⫽ intubating laryngeal airway
LT ⫽ laryngeal tube
PLA ⫽ perilaryngeal airway
LTS ⫽ laryngeal tube suction
G-LT ⫽ gastro-laryngeal tube
SLIPA ⫽ streamlined liner of the pharynx airway
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reduce airway morbidity related to tracheal intubation. It is
reported that Dr Brain tested LMA prototypes on ⬎ 7,000
subjects before the initial commercial devices were
launched in 1988.3 He is also known to have publicly
demonstrated the insertion of the LMA into his own pharynx using local anesthesia.1 Along with Dr Brain, Dr
Chandy Verghese was instrumental in describing specific
techniques and device modifications that have transformed
the clinical value of the LMA.2-7
The LMA Classic received wide recognition in a short
time and has had a major impact on anesthesia practice
and airway management.8 After almost a decade of preliminary reports starting in 1983, the LMA was approved
for sale in the United States. Over the first 3 y of its
clinical availability, the LMA replaced the ETT as the
airway management technique in ⬎ 40% of routine general anesthetics in one report.1 LMA use also increased
independently of ETT declining rates, suggesting that ease
of use allowed conversion of face-mask-only-based airway management to the LMA-based technique. There are
several possible reasons for this observation. First, SADs,
in general, and the LMA Classic, in particular, were extremely versatile and could be used in a variety of patient
positions.9,10 Additionally, they offered a hands-free
method of airway management associated with a low rate
of failure and high patient satisfaction, likely related to
reduced sore throat.11 Finally, first-generation SADs were
developed during the era of propofol, a drug with extremely beneficial effects on the upper airway reflexes in
comparison to alternatives such as barbiturates.12-14 With
widespread use, it became clear that new designs were
needed to deal with emerging problems and failures being
reported. This quest for improved SADs first resulted in
the invention of several devices with the ability to accommodate suction or nasogastric tubes. New features included
more dependable PPV, disposability, integrated bite blocks,
enhanced ability to function as conduits for ETT placement, and reduced risk of pulmonary aspiration of gastric
contents. The last decade has seen a rapid rise in the number of clinical studies evaluating these second-generation
SADs. A literature search of clinical trial publications on
PubMed using the search terms “laryngeal mask,” “supraglottic airway,” and “supraglottic airway device” and the
names of each of the first-generation and second-generation devices showed that the majority of studies were conducted on first-generation SADs (Fig. 1). The majority of
clinical trials in the last few years have continued to use
the LMA Classic, which has traditionally been considered
the accepted standard (Table 2). Despite the fact that the
LMA Classic is multiple-use with generic disadvantages
related to infection risks and device performance decline
over time, it still is in use in several countries. However,
most developed countries use second-generation SADs, as
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Fig. 1. Frequency distribution of clinical trials involving first-generation and second-generation supraglottic airway devices (SADs).
A literature search of clinical trial publications on PubMed using
the search terms “laryngeal mask,” “supraglottic airway,” and “supraglottic airway device,” and the names of each of the first-generation and second-generation devices showed that the majority
of studies were conducted on first-generation SADs. The majority
of clinical trials continue to be based on the LMA Classic, which
has traditionally been considered the accepted standard.

these provide exceptional advantages over the LMA Classic and similar devices.
Clinical Use of Supraglottic Airway Devices
SADs are now used in a wide variety of clinical indications. Their versatility and ease of use make them particularly valuable to caregivers practicing anesthesia, resuscitation, and intensive care. Unfortunately, several of
these devices have not undergone rigorous real-time clinical evaluation, so efficiency and safety data are inadequate. The majority of literature on SADs has focused on
the LMA family, particularly the first-generation devices.
Over the last few years, current market shares of the second-generation SADs have grown substantially, making
them more likely to be encountered in clinical use.
Alternative to Tracheal Intubation for Routine
Anesthesia
The introduction of SADs resulted in a paradigm shift in
airway management during anesthesia from a 2-choice (face
mask vs ETT) to a 3-choice (face mask vs SAD vs ETT)
model. Compared to tracheal intubation and extubation,
the use of SADs is associated with more stability in hemodynamics,15 intracranial pressure,16 and intraocular pressure.17-19 There is a lower incidence of emergence cough
and postoperative sore throat with SADs. A previous metaanalysis showed 17% incidence of sore throat with the
LMA Classic compared with 39% incidence after tracheal
intubation.11 Although initial clinical use was typically for
anesthetized patients breathing spontaneously, SADs are
now increasingly being used in patients who are paralyzed
with muscle relaxants. This practice change has occurred
because of significant device innovation and modification
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Table 2.

Number of Randomized Trials Involving Supraglottic Airway Devices

Device

1985–1990

1990–1995

1995–2000

2000–2005

2005–2010

2010–2013

Total

LMA Classic
LMA Flexible
Intubating LMA
LMA ProSeal
LMA Supreme
Ambu AuraOnce
Ambu Aura-i
SSLM
ILA
LT
CobraPLA
LTS-II/G-LT
i-gel
SLIPA
Combitube

5
0
0
0
0
0
0
0
0
0
0
0
0
0
0

73
0
1
0
0
0
0
0
0
0
0
0
0
0
1

235
8
23
3
0
0
0
0
0
0
0
0
0
0
10

253
5
39
37
0
0
0
5
0
5
0
3
0
1
8

279
7
26
61
15
3
0
13
0
4
7
19
13
5
7

142
3
15
27
17
1
1
3
2
1
1
7
28
5
3

987
23
104
128
32
4
1
21
2
10
8
29
41
11
29

LMA ⫽ laryngeal mask airway
SSLM ⫽ soft seal laryngeal mask
ILA ⫽ intubating laryngeal airway
LT ⫽ laryngeal tube
PLA ⫽ perilaryngeal airway
LTS ⫽ laryngeal tube suction
G-LT ⫽ gastro-laryngeal tube
SLIPA ⫽ streamlined liner of the pharynx airway

Table 3.

Effectiveness and Complications With Use of Supraglottic Airway Devices

Device

Insertion
Success (%)

First-Attempt
Success (%)

Airway Leak Pressure
(cm H2O)

Failed
Placement (%)

Airway
Injury (%)

References

LMA Classic
LMA ProSeal
LMA Supreme
Ambu AuraOnce
LT
CobraPLA
LTS-II/G-LT
i-gel
Combitube

88.6–100
98.4–100
97.0–100
92–100
90–94
100%
68.8–100
95.9–100
90.0–93.8

77.1–100
82.8–94.3
88.0–98.0
92–92.4
86–90
82–100
68.8–93.3
85–96
37.5–86.7

16–26.1
19.27–34
22.8–34.6
18–20
22–40
22.5
24–31
20–30
34–40

0.40–0.52

1.0–40.0
0.5–17.7
0–14.0
Little data
0–6
4–22
0–6
1.22–20.1
4.0–70.0

11, 20–27
20, 21, 23, 26, 28–33
1, 27, 31–36
1
1, 9, 21, 24
1
1, 20, 28, 30
20, 29, 34, 35, 37
23, 28, 38, 39

10–41.2
0–6.9
10–41.2
0–3.86
3–10

LMA ⫽ laryngeal mask airway
LT ⫽ laryngeal tube
PLA ⫽ perilaryngeal airway
LTS ⫽ laryngeal tube suction
G-LT ⫽ gastro-laryngeal tube

allowing higher seal pressures. Most first-generation SADs
develop an air leak during PPV of 16 –20 cm H2O. A few
studies show higher seal pressures in selected populations.
Second-generation devices maintain pharyngeal seals with
pressures of 25–28 cm H2O. This has permitted clinically
satisfactory conditions during the use of SADs in a variety
of complex surgical procedures, including laparoscopic
surgery, in which abdominal pressures are necessarily high
and cause encroachment on diaphragm excursion. The detailed description of individual SADs is beyond the scope
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of this article, as there are ⬎ 30 such devices in the market. A summary of the devices and their effectiveness data
are presented in Tables 1 and 3.
Tracheal Intubation Aide
Several techniques have been described to facilitate tracheal intubation using SADs. The typical scenario in which
this technique is useful is when the LMA has been placed
for rescue of failed direct laryngoscopy or failed intuba-
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tion. The SAD may be used for blind or fiberoptic bronchoscope-guided methods to aid intubation. A specific advantage of using SADs is the ability to continue ventilating
and anesthetizing the patient through the SAD until formal
tracheal intubation is achieved. Additional advantages of
specific devices include better visualization of glottic structures using a flexible fiberoptic bronchoscope and ability
to insert the ETT through the SAD. This specific functionality is perhaps one of the more important considerations when deciding to purchase SADs for hospital use.
SADs that are associated with high success rates as a
conduit for tracheal intubation, without need for significant device modification or maneuvers, are likely to be
best for management of unanticipated difficult airway scenarios. Several design characteristics limit the ability of
individual SADs to function as effective conduits for ETT
placement. Some SADs have bars on the pharyngeal bowl
to prevent the epiglottis from falling back into the shaft.
This imposes a mechanical impediment to easy passage of
both the fiberoptic bronchoscope and ETT. These bars
may be cut or removed to permit easier passage of the ETT
but are likely to still impede visualization, intubation, or
both. The length of the ETT may be inadequate to achieve
satisfactory depth of insertion of the ETT into the trachea.
This deficiency may result in dislodgement of the ETT
during removal of the LMA. Some SADs have short stems
(air-Q [Mercury Medical, Clearwater, Florida], Aura-i
[Ambu, Glen Burnie, Maryland], and LMA Fastrach [LMA
North America]) to permit easy ETT insertion without risk
of accidental extubation as detailed above. Another way to
achieve adequate insertion depth of the ETT is to use
longer ETTs such as the Ring-Adair-Elwyn ETT. The LMA
Fastrach is packaged with a long ETT in addition to having a short stem. The internal diameter of the SAD may
prevent use of ETTs of the appropriate size. The LMA
family typically accepts ETTs of smaller sizes (6.0 – 6.5-mm
inner diameter tubes). Some devices (air-Q and LMA Classic) permit removal of the SAD 15-mm connector, thereby
accommodating larger ETTs. Some newer devices (air-Q
and Aura-i) allow use of larger ETTs of up to 8.0-mm
inner diameter. Other techniques have been described to
aide tracheal intubation through the SADs. The Aintree
catheter may be used over a fiberoptic bronchoscope to
access the trachea through the SAD.40,41 The SAD can
then be removed while keeping the Aintree catheter in
place, and the ETT can be advanced over the Aintree
catheter into the trachea. Other 2-step techniques involve
use of a gum elastic bougie insertion through the SAD as
first step, followed by advancing the ETT over the bougie.
Three-step techniques involve insertion of a guidewire
through a fiberoptic bronchoscope into the trachea, followed by removal of SAD, railroading an Aintree intubating catheter over the guidewire, and railroading the ETT
over the Aintree catheter.

924

Blind Tracheal Intubation Through Supraglottic
Airway Devices
In general, it is advisable to use fiberoptic bronchoscope-guided techniques to ensure greater success of tracheal intubation through the SAD. However, blind insertion of the ETT through an SAD may be indicated in
certain clinical scenarios and is reported to have success
rates of 50 –97% with several SADs.22 Conversely, this
statistic also reflects a 1-in-2 to 1-in-33 chance of failing
to intubate the trachea blindly through the SAD, making
fiberoptic bronchoscope-guided techniques safer. Another
caution is to avoid extrapolation of data from controlled
study environments to real-world clinical scenarios where
SADs are used to rescue anatomically challenging airways. There are inadequate data to support generalization
of individual SAD success rates with intubation to emergent scenarios. The LMA Fastrach was used in a multicenter study of 254 subjects with known difficult airways.
The overall success rate for blind intubations through the
LMA Fastrach was 96.5%.42 There are inadequate data on
individual devices to support one device over another. The
pharyngeal anatomical dimensions tend to favor passage
of the ETT into the esophagus more readily than into the
trachea when inserted through most first-generation devices. The air-Q and intubating LMA Fastrach43 have design advantages that may increase success rates of blind
tracheal intubation.
Fiberoptic-Guided Tracheal Intubation Through
Supraglottic Airway Devices
As the recommended technique, fiberoptic bronchoscope-guided ETT placement through the SAD has significant benefits as listed above. A complete view of the
glottis is possible in the majority of patients when the
fiberoptic bronchoscope is inserted into the SAD.42 It is
important to note that a clear view of any glottic structure
may be lacking in up to 18% of cases, even though there
is no evidence of airway obstruction.44-47 This finding highlights the value of the SAD in maintaining upper airway
patency but also reflects inherent limits to success of this
tracheal intubation technique. Figures 2 and 3 depict blind
and fiberoptic-guided intubations through an SAD.
Rescue Airway: Difficult Intubation, Failed
Intubation, Cannot Intubate, and Cannot Ventilate
The early recognition of the value of the LMA in management of difficult airway situations has influenced the
widespread acceptance of SAD technology in clinical practice. SADs are capable of rescuing emergent situations
when traditional attempts to ventilate or oxygenate the
patient fail. The American Society of Anesthesiologists’
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Fig. 2. Blind intubation through a supraglottic airway device (SAD), in this case, the laryngeal mask airway (LMA) Fastrach. During blind
intubation, it is important to align the tracheal tube with the glottic opening, as the figure demonstrates. ETT ⫽ endotracheal tube. Courtesy
Teleflex Medical.

Fig. 3. Representative example of the use of a fiberoptic bronchoscope (FOB) to guide intubation through a supraglottic airway device. The
glottic opening should be visible on advancement of the fiberoptic bronchoscope positioned just beyond the bowl of the airway device. It
should then be possible to advance the tracheal tube into the trachea under direct vision. The full view of the glottic opening may not be
achieved in all situations. E ⫽ epiglottis; VC ⫽ vocal cords; ETT ⫽ endotracheal tube; EEB ⫽ epiglottic elevating bar; LMA ⫽ laryngeal mask
airway; T ⫽ tongue; A ⫽ arytenoids. Courtesy Teleflex Medical.

difficult airway algorithm has a prominent place for the
use of SADs in rescue capacity during such scenarios.
Rigorous evidence of efficacy of the LMA versus face
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mask ventilation exists only for patients without difficult
airways. There are several case reports that describe the
value of the LMA in maintaining or restoring ventilation
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in adult subjects with difficult airways.48-51 An observational study of LMA in subjects in whom mask ventilation
or tracheal intubation was impossible showed 94.1% success rates for rescue ventilation.51 The LMA has been
shown to be efficient in preventing significant desaturation
in pediatric patients with difficult airways.52,53 Similar success rates for ventilation and oxygenation were seen with
the laryngeal tube in 95% of patients with pharyngeal and
laryngeal tumors.54 Various SADs aid successful tracheal
intubation in situations in which traditional methods have
failed. Use of fiberoptic techniques through the intubating
LMA is associated with significantly higher frequency of
first-attempt successful intubation for patients with predicted or simulated difficult airways compared to standard
fiberoptic intubation.9,55 The intubating LMA was shown
to have extremely high success rates for blind and fiberoptic bronchoscope-guided intubations (97 and 100%, respectively) in patients with Cormack-Lehane grade 4 views;
immobilized cervical spines; airways distorted by tumors,
surgery, or radiation therapy; and stereotactic frames.42
Other observational studies cite 71.4 –100% intubation success rates in patients with difficult airways with the intubating LMA.56-61
Resuscitation and Prehospital Airway Management
Airway management during cardiopulmonary resuscitation may have significant impact on survival.62,63 Invasive
ventilation itself may have deleterious effects on physiology and likelihood of survival.64,65 Tracheal intubation is
more likely to be difficult in the emergent situations66 and
often requires cessation of chest compressions for significant durations. Interruption of chest compressions is associated with immediate cessation of cardiac output. Theoretically, SADs with significant ease of use may have
advantages to tracheal intubation during cardiopulmonary
resuscitation. However, clinical evidence is contradictory,
pointing to worse outcomes from prehospital cardiac arrests with invasive airway placement. In a large propensity
score-matched cohort (357,228 subjects), need for tracheal
intubation (adjusted odds ratio 0.45, 95% CI 0.37– 0.55) or
SAD placement (adjusted odds ratio 0.36, 95% CI 0.33–
0.39) was associated with significantly lower adjusted odds
of neurologically favorable survival compared with bagvalve-mask ventilation. It is unknown whether this finding
reflects greater arrest severity in patients needing advanced
airway management or increased morbidity directly related to placement of the SAD. A future study (REVIVEAirways) proposes to compare the ventilation success of 2
newer SADs, the i-gel (Intersurgical, Wokingham, Berkshire, United Kingdom) and the LMA Supreme (LMA
North America), to usual practice during the initial airway
management of out-of-hospital cardiac arrests.67 This study
may help cast further light on the value of SADs in car-
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diopulmonary resuscitation. The laryngeal tube is widely
appreciated as an acceptable method of airway management during cardiopulmonary resuscitation and is included
in the 2010 International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care guidelines.68 Its ease of insertion may be one of the reasons for
its wider acceptance into resuscitation guidelines.69-73 Another major consideration during prehospital airway management is cervical spine movement during placement of
the SAD or ETT. The LMA (median 2.5°) and the combitube (median 1.5°; Nellcor Puritan Bennett, Pleasanton,
California) caused less extension of the upper cervical
vertebrae (C0-C1) compared with the McCoy laryngoscope
(median 7°). A similar reduction in extension was noted at
the C2-C3 area of the cervical spine.74
Tracheal Extubation Aide
Because SADs are associated with significantly less
cough and increases in intracranial or intraocular pressures
compared to the ETT, they may have a role to play in
smooth emergence from anesthesia. The SAD may be
placed after removal of the ETT or placed alongside the
ETT before its removal. This approach may be particularly
helpful in situations in which airway and hemodynamic
reflexes are not desired or when surgical incisions prevent
the application of the face mask.75-78
Complications of Supraglottic Airway Devices
Complications related to SAD are rare and therefore
likely to become apparent years after introduction into
clinical use. The bevy of SADs on the market is understudied using large observational data sets reflecting realworld clinical use. The LMA family remains one of the
best studied, and estimates of effectiveness and safety are
likely to be generalizable. Table 3 summarizes the key
reported complications with each type of SAD. The estimates are provided as a range of data to reflect the variability in both success and complications in different study
environments.
Ventilatory Failure
Despite significant advances in safety with the development of second-generation devices, there is a significant
failure rate with SADs, which may translate to inadequate
performance especially in emergent scenarios. The failure
rates range from 0 to 41%, with the majority of devices
having failure rates of 0 –5% (Table 3). It is important to
recognize that specific design characteristics may contribute to this failure rate. For instance, although the laryngeal
tube is arguably the easiest to insert, it tends to rotate along
its long axis, causing misalignment of the laryngeal open-
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Fig. 4. Classic technique for insertion of a laryngeal mask airway (LMA) device. With the neck flexed and the head extended by pushing the
head from behind with one hand, the LMA is inserted into the mouth with the other hand (A). The inserting hand is positioned like a pen,
with the index finger placed at the junction of the cuff and tube. The LMA tip is pushed up against the hard palate after verifying that it is
lying flat against the palate and that the tip is not folded over. Using the index finger, the mask is pushed into the patient’s mouth, still
maintaining pressure against the palate (B). As the mask moves in, the index finger maintains pressure against the posterior pharyngeal wall
to avoid the epiglottis (C). The index finger is fully inside the mouth at the end of insertion (D). The other hand holds the LMA while the
inserting finger is removed from the mouth. The cuff is inflated without holding the tube, permitting the device to position itself correctly.
Courtesy Teleflex Medical.

ing with the glottis and subsequent loss of ventilation.
Similarly, preformed SADs such as the Ambu Aura-i may
fail because the rigid dimensions of the shaft and curve
may not adequately compensate for anatomic variability of
the upper airway seen in general populations. The risk of
ventilatory failure after insertion of the SAD can be reduced by sticking to simple rules described in the section
below on tips and tricks for successful insertion of SADs.
Airway Injury
Postoperative sore throat occurs in 0 –70% of patients
managed with SADs.79,80 Contributing factors include device type and size, insertion technique, and cuff pressure.81-85 Proactive measurement and reduction of cuff pressures to ⬍ 60 cm H2O have been shown to reduce the
incidence of sore throat.82 Tongue congestion and edema
may occur if the SAD is not inserted deeply enough or the
cuff is overinflated. This malposition is more likely to
occur if the cuff is partially or fully inflated prior to insertion. Compression injuries to pharyngeal nerves, including the lingual, hypoglossal, and recurrent laryngeal
nerves, have been described.86-88 These are typically neuropraxic in nature, with spontaneous recovery expected.
The frenulum of the tongue may be avulsed if the tongue
gets lodged in the bowl of the SAD.89 Device materials
with extremely low coefficients of friction such as the
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LMA Classic and i-gel may be associated with fewer injuries as a result.
Pulmonary Aspiration of Gastric Contents
SADs are associated with an extremely low incidence of
pulmonary aspiration of gastric contents during elective
surgery in fasted patients, but several case reports exist for
this complication.90,91 SADs may be associated with reduced lower esophageal sphincter tone in comparison with
face mask ventilation.92 Previous estimates of pulmonary
aspiration range from ⬃0.84 to 2 per 10,000 patients with
the LMA.93-95 Studies of pulmonary aspiration rates during PPV showed no increase in risk of aspiration with
LMA use (3 per 35,630 procedures) compared to ETT (7
per 30,082 procedures).96 Specific design characteristics
of SADs contribute to the extremely low incidence of
regurgitation and pulmonary aspiration of gastric contents.
Most first-generation and second-generation SADs have
extremely high esophageal seal pressures (⬎ 50 – 60 cm
H2O). This esophageal seal pressure refers to the opening
pressure of the esophagus and is different from the pharyngeal leak pressure, which is an indication of the airway
pressure at which there is leak of tidal volume into the
atmosphere. Second-generation devices have also been
shown to effectively vent gastric regurgitant fluid, thereby
reducing the risk of aspiration.97,98 The i-gel has a specific
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design at the tip that results in lower esophageal seal pressures, but this has not been seen to increase risk of aspiration, likely related to the presence of the esophageal
drain tube. Despite these safety features, peak airway pressures may have an extremely important part in preventing
esophageal insufflation of air and potential increases in
pulmonary aspiration risk. Cadaver studies indicate that
airway pressures ⬎ 20 cm H2O are associated with varying degrees of esophageal insufflation even with secondgeneration SADs, including the LMA Supreme and LMA
ProSeal (LMA North America), LTS-D and LTS-II laryngeal tubes (VBM Medical, Noblesville, Indiana), combitube, and i-gel.99
Contraindications for Use of Supraglottic
Airway Devices
Given that the most impactful complications with SADs
relate to ventilatory failure and aspiration, classic contraindications include patient factors that increase such risks.
Device failure related to inadequate ventilation is more
likely to occur with obesity and obstructive airways disease, whereas aspiration risks are increased with active
gastroesophageal reflux, intestinal obstruction, hiatal hernia, trauma, and intoxication. Patients with traumatic airway injuries are more likely to develop complications related to SAD placement.
Tips and Tricks for Successful Use of Supraglottic
Airway Devices
The following generic precautions will help improve
success with use of SADs.
• Patient Selection: In elective situations, most patients
with normal lung compliance who have fasted can be
mechanically ventilated effectively with the SAD. In
emergent situations, the SAD is often used as a rescue
device.
• Size Selection: If unsure, check the package cover for
size information. In general, larger cuffed SADs tend to
function better with PPV.
• Patient Position: Leaving the patient in sniffing position
helps the correct placement of most SADs except the
combitube, which specifies neutral head position.
• Insertion Technique: Carefully follow the correct insertion technique to ensure optimal positioning of the SAD
in the airway. Figure 4 shows a common method of
insertion of the LMA using the forefinger technique (or
pencil grip). The i-gel can be inserted by holding the
device like a soup spoon. In general, semi-inflated cuffs
tend to result in inadequate depth placement of the LMA.
The LMA ProSeal can be inserted using the classic LMA
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technique, using the metal introducer, or inserting a gum
elastic bougie upside down into the esophagus and then
advancing the LMA ProSeal over it by inserting the
bougie through the drain tube of the device.
• Fixation Technique: Fixing the LMA to the maxilla helps
secure the depth position. This ensures proper contact
between the LMA tip and the esophagus and prevents
gastric insufflation.
• Auscultation: Always auscultate over the stomach to ensure that gastric insufflation does not take place.
• Ventilatory Parameters: Limit tidal volumes to 8 mL/kg,
and control the end-tidal carbon dioxide by adjusting the
breathing frequency.
• Second Generation Devices: Do not use the gastric channel if there is an excessive air leak through the gastric
channel, esophageal varices, esophageal trauma, upper
gastrointestinal bleed, history of upper gastrointestinal
surgery, or coagulopathy.
• Removal Technique: Wait for full recovery from anesthesia. Do not pull on the SAD if the patient is biting
down on the shaft. Usually, patients emerge smoothly
with SADs.
Summary
Recent advances in SAD design have significantly enhancement function and clinical utility. SADs continue to
be an important mode of rescue ventilation in patients in
whom mask ventilation or tracheal intubation is impossible. Despite these advances, specific concerns such as ventilatory failure, airway injury, and pulmonary aspiration of
gastric contents remain, necessitating careful patient selection and appropriate techniques for the successful use
of these devices.
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Discussion
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the level of the glottis, an SAD [supraglottic airway device] is not going
to help. It doesn’t work for every patient you can’t intubate. I also wanted
to ask if you would comment on the
use of SADs for prone cases as well
as laparoscopic procedures. Especially
in the United Kingdom, they’re a lot
more adventurous with SADs than we
are here in the United States. I’m still
a little nervous putting them in a prone
patient or obese patient for laparoscopic surgery, but I know that it’s
being done.
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in our database, I was surprised to find
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98. Keller C, Brimacombe J, Rädler C, Pühringer F. Do laryngeal mask
airway devices attenuate liquid flow between the esophagus and
pharynx? A randomized, controlled cadaver study. Anesth Analg
1999;88(4):904-907.
99. Schmidbauer W, Genzwürker H, Ahlers O, Proquitte H, Kerner T.
Cadaver study of oesophageal insufflation with supraglottic airway
devices during positive pressure ventilation in an obstructed airway.
Br J Anaesth 2012;109(3):454-458.

we had 71 instances where an LMA
[laryngeal mask airway] had been
placed in a prone patient. And I want
to bet that all the anesthesiologists in
those cases were visiting instructors
from England. We actually did not find
a positional difference in failure rates.
But I think if you had a situation where
you lost the airway, you wouldn’t have
a leg to stand on in this country. In
England, perhaps the obesity rates are
a little bit lower, and perhaps there’s
less scrutiny of the techniques. But I
really don’t see the advantage in that
situation of avoiding the ETT. I think
“you can do it and therefore do it”
isn’t a great scientifically valid way
of using the LMA. For laparoscopic
procedures, I certainly would not recommend its use. The people who use
it in England say that it’s particularly
useful because it reduces the amount
of muscle relaxant they have to give;
it’s a big package deal; and they find
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the patients have less pain, there are
earlier wakeups, they’re more comfortable in recovery. But I’ve been
there as well when the LMA fails; in
those cases, it’s not very pretty at all.
We talked about environment a little
bit earlier today. In America, if I call
for help, there’s always somebody to
come to my OR [operating room] in
the next minute, and it’s usually an
anesthesiologist. In England, I may be
the only person in the OR suite for
that afternoon. So it’s not a very good
method, in my opinion, to place these
for laparoscopic surgeries. The profile
that’s been described suggests that, in
their hands and their technique, it’s
OK. I wouldn’t recommend it for here,
though.
Durbin: Using an LMA in the prone
position electively a few times allows
enough experience and skill, so that
if it’s necessary in an emergency situa-
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tion, it can be done without hesitation.
If you have a patient prone with one of
those face protection systems and the
ETT becomes dislodged, insertion of
an LMA prone is much more difficult if
not impossible. But if you can turn the
patient’s head to the side, an LMA can
easily be inserted and works really
nicely. I actually encourage our residents
to do prone face mask ventilation because I think that’s the gold standard
rescue technique, but I think the LMA
has made prone manual ventilation a lot
easier. I agree with Krish [Ramachandran]: I wouldn’t recommend elective
use of an LMA for laparoscopic procedures in this country. There’s no benefit
in this use and possibly some risk. I use
an LMA as a conduit for the fiberoptic
bronchoscope during PDTs [percutaneous dilational tracheostomies]. That’s
my standard procedure. I like one of
those mentioned because it allows the
RTs [respiratory therapists] to easily
place it, rarely fails for ventilation, and
usually provides a very good view of
the larynx. The RTs drive the bronchoscope, and I rarely have to help them
enter the larynx through the LMA. While
I’m preparing for the procedure, the RTs
just go ahead and place, confirm, and
use the LMA with the bronchoscope;
it’s extremely easy. The original LMA
with the crossbars was not easy to use
with the scope, but some of the newer
innovations are really quite useful for
this purpose.
Collins: In regard to practice patterns
in the United Kingdom, I’m struck by
such practice variability in the United
States. I’ll give 2 examples. The first
is a type of case such as in ophthalmology when the patient is often turned
180°, and the anesthesiologist is at the
patient’s feet during the procedure. Another similar example is a lithotripsy
case where a patient is somewhat at a
distance from the anesthesiologist and
submerged partially in water. There is
extreme variability in airway management preferences for such cases in what
seems to come down to the clinician’s
comfort level and patient selection given
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predictors for ease of mask ventilation
or intubation.
Ramachandran: I agree.
Hurford: As far as other uses, we
use the i-gel as our conduit of choice
for all of our interventional bronchoscope procedures. Also, for a lot of upper airway surgery, you get a lot of visualization of the upper airway that
you’d bypass with the ETT, so with some
pathologies, the surgeons are actually
requesting it. The other neat niche that
we amazingly use is we do a lot of pediatric burns, and the kids come back
and require multiple operations.1 Most
of our pediatric burns, including prone
position, are done with the LMA. One
insertion technique you didn’t mention
that we use with the i-gel, which avoids
fingers in the mouth, is to use a tongue
depressor and press down, and once the
airway is seated, do a jaw lift. The other
question I had is can you give us any
specific guidelines for mechanical ventilation with SADs? What is your practice?
Ramachandran: My personal practice is to have a very small amount of
PEEP and low VT [tidal volume]. So,
for a typical adult patient, I would set
about 4-5 cm PEEP and 400-450 mL of
VT to achieve a pressure of
⬍ 18 cm H2O. Even with the secondgeneration devices, where the big advantage is that pharyngeal leak pressures
are much higher, 25–30 cm H2O, compared to the first-generation devices,
which were 18 –20 cm H2O. So, you’re
more likely to have success with second-generation devices for procedures
like laparoscopy in obese patients. The
2 things which matter with positivepressure ventilation through LMA are:
how good is your lung compliance, and
how good is your seal? If you test your
seal pressure before you start somebody
on positive-pressure ventilation and if
you’re having a leak at 15–18 cm H2O,
you’re unlikely to have success with positive-pressure ventilation in that patient
with the SAD in that position. So PEEP

might help with compliance of the lung
and make ventilation easier. The second
thing to consider is depth of anesthesia;
it’s a supraglottic airway, so any change
in compliance that you see for positivepressure ventilation, the first sign of laryngospasm, is often a change in VT. So
if you set up pressure control, you first
see a change in VT as you’re beginning
to have a dynamic laryngospasm develop. These are tips and tricks, but the
most important thing is to just make sure
you’ve done a lot of these and do them
well. The key thing is to have the technique of anesthesia and the technique of
management of the SAD. Both are key
to the success of use of these devices
with positive-pressure ventilation.
Hurford: Do you have a preference
for the use of neuromuscular blockade?
Ramachandran: I’ve personally
used it on 3 continents, so I’m comfortable with the use of muscle relaxants with LMAs. It’s my experience
that if you hit the right anesthetic depth,
there’s no need for muscle relaxants,
and you can continue to ventilate a
patient even without muscle relaxants
with an SAD. The depth of anesthesia
is very important.
Berkow: One additional indication
for SADs you didn’t mention: the recent Difficult Airway Society guidelines for extubation2 recommend an
SAD as a bridge to extubation, either
replacing the ETT with an LMA or
passing it behind the ETT itself. That’s
also another use I wanted to mention.
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