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Anesthesiologists are encountering patients with morbid obesity
in increasing numbers and as many as one in 3 of the regular
caseload may be obese.1 The specialty of bariatric anesthesiology
is emerging as a valuable resource in addressing the physiological
problems and metabolic complications of the obese patient.2

Many institutions have appointed a clinical lead anesthesiologist
in this specialty, especially with expertise in airway management
of the obese patient.

The airway management of obese patients has benefited from an
explosion of technology and expertise in the last decade, such that
the feared complications of rapid desaturation and catastrophic
airway failure may be potentially avoided with foresight and plan-
ning. In this chapter, we describe methods and alternative airway
strategies that can help expert anesthesiologists to counter and
prevent adverse airway outcomes in patients with obesity.

Why do we need alternate airway strategies?

Although high body mass index is not necessarily an independent
predictor of intubation difficulty, a large airway audit project in
the United Kingdom (NAP4) identified life-threatening airway
difficulties to be 2 to 3 times more common in patients with
obesity compared with their lean counterparts.3–5 This, com-
bined with reduced functional residual capacity (FRC), can lead
to a precipitous fall in oxygen saturation even after adequate
routine preoxygenation, giving the anesthesia team less time to
successfully and safely intubate the airway.6 Thus, a strategy
needs to be in place where anesthesiologists rely on a series of
preconsidered airway interventions in case the previous plan fails.

Routine strategies can fail in the obese

The NAP4 project found that obesity was over-represented in
multiple categories of airway difficulty across clinical locations
including emergency rooms, the operating room, and critical care
units.5 Unanticipated airway difficulty, aspiration, secondary
failure of the chosen airway device, failure of extubation, and
failure of selected rescue techniques were twice as common in
patients with obesity than in the nonobese patients. NAP4 was a
rigorous report and indicated that the airway management of the

obese patient may require more sophistication and advanced
planning than routine airway management strategies can offer.

Why is the obese airway different?

Obese patients present with a variety of significant anatomical
and physiological changes. These may make both mask ventila-
tion and intubation difficult.

Anatomic changes that increase airway difficulty include
(Fig. 1)7:
• neck circumference >42 cm,
• fat deposition in the upper and lower airway including tonsils,

and laryngeal structures,
• cervical fat pad,
• thoracic fat pad,
• excessive neck tissue,
• limited neckmovement due to accelerated arthritis in the obese

patient, and
• large breasts and/or chest wall adiposity.

These anatomic changes contribute to physical difficulty
throughout preparation and airway management. Facial anat-
omy may make mask fit and bag-mask ventilation difficult, and a
large chest may obstruct laryngoscopic maneuvers. The necessary
head-up position may be difficult to achieve while instrumenting
the airway, and tissue deposition in the upper airway including
the tonsils, tongue, and pharynx may obstruct vision and even
lead to upper airway closure under anesthesia.

Respiratory pathophysiological changes

Obesity leads to a multi-factorial stiffening of the chest wall and pul-
monary architecture, leading to a compromised respiratory system.8

The following changes to pulmonary physiology can be expected
(Figs. 2, 3):
• Total respiratory compliance is reduced by up to 66% of the

normal value and is worsened in the supine position.
• Increased respiratory rate and decreased tidal volume lead to

rapid shallow breathing at rest.
• A linear reduction in FRC with increasing body mass.
• Expiratory reserve volume may be as low as 21% of predicted

value.8

• Increased airway resistance independent of any co-existing
diseases or smoking.

• Increased oxygen cost of breathing (4 times normal).
• Increased work of breathing by up to 70%.
• Widened alveolar to arterial (A-a) gradient and ventilation/

perfusion mismatch.
In summary, the patient with obesity presents with profound

underlying adverse respiratory physiological changes, a mixed
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restrictive/obstructive lung lesion, markedly reduced total com-
pliance and a widened A-a gradient, all of which lead to more
rapid arterial desaturation during airway management.

Preoxygenation

Preoxygenation is an essential component of anesthesia before
intubation and before extubation to reduce the possibility of
arterial desaturation during the periods of apnea that follow each
of those phases. Excessive weight around the chest, increased

work of breathing, reduced lung volumes, and excessive soft
tissue in the oropharyngeal area lead to insufficient pre-
oxygenation by traditional methods, especially in the supine

Figure 1. “The heaviest man in the world.” From Terkawi et al.7 Reproduced with the permission of the copyright holder.

Figure 2. Schematic representation of the effects of severe obesity on functional
residual capacity (FRC). Under normal circumstances, the FRC (and therefore the
tidal excursion) is higher than the closing volume of the lungs. Both anesthesia and
obesity are associated with a reduction in FRC, resulting in airway closure and
ventilation/perfusion mismatching even during normal tidal ventilation. From Adams
and Murphy.9 Reproduced with the permission of the copyright holder.

Figure 3. Flow-volume loops from a healthy obese woman, aged 35 year, BMI
43 kg/m2, with reduced total lung capacity (TLC), functional residual capacity
(FRC), and vital capacity, but well-preserved expiratory flows. The dashed line
shows the predicted flow-volume loop; the solid line shows the actual loop. The
predicted lung volumes are shown on the bar, vertical arrow shows predicted
flow at 50% vital capacity, and the horizontal arrow shows the actual value. RV
indicates residual volume. From Salome et al.10 Reproduced with the per-
mission of the copyright holder.
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position. Because of preexisting decreased FRC and residual
volume, patients with morbid obesity desaturate faster than
normal-weight patients. Patients with obesity, sleep apnea,
large jaw, and neck circumference > 42 cm are more likely to
have both difficult mask ventilation and difficult tracheal
intubation.11,12

Adequate preoxygenation is achieved when patients reach an
end tidal oxygen of at least 90%. This may be achieved within
3 minutes of tidal volume ventilation with 100% oxygen in
normal-weight patients. Patients with morbid obesity may need
up to 7 minutes to reach an end tidal oxygen of 90% or more or
an end tidal nitrogen of <5%.13 In patients at high risk of desa-
turation or with high risk of difficult intubation, several man-
euvers have been studied to extend the effects of preoxygenation
during apnea. Adequate upright positioning, apneic nasal can-
nula oxygenation, use of noninvasive positive pressure ventila-
tion (NIPPV), and use of high-flow humidified oxygen via the
nasal route (Figs. 4, 5) are some of the interventions that have
been shown to prolong apnea time before desaturation occurs.

Upright positioning allows adequate expansion to improve
lung volumes during spontaneous ventilation by pushing the
diaphragm down.14 At least a 25-degree head-up position is
recommended in the operating room for preoxygenation of
patients with morbid obesity to prolong time to desaturation by
about 50 seconds.15

After adequate preoxygenation, passive insufflation of nasal
oxygen at 3 to 5 L/minvia cannula prolongs the time to desa-
turation before tracheal intubation.16 Apneic oxygenation can be
provided by nasal insufflation of oxygen through a cannula,
nasopharyngeal airway, or high-flow humidified oxygen to
improve safe apnea time.17,18 High-flow humidified nasal oxygen
provides a number of physiological advantages including flushing
of anatomical dead space, positive airway pressure, a constant
fraction of inspired oxygen (FiO2), carbon dioxide (CO2)
clearance as a result of cardiogenic oscillations, CO2 transport
from the carina to the pharynx, and effective humidification.19

NIPPV for 5 minutes before induction of anesthesia substantially
improves oxygenation in patients with morbid obesity.20,21 A
facemask connected to a ventilation system set at a positive airway
pressure of 5 cmH2O and inspiratory positive airway pressure
of 10 cmH2O and 100% oxygen can provide higher end tidal
oxygenation and saturation.22 The SuperNO2VA device is a novel
airtight sealed anesthesia mask designed to deliver positive pressure
when connected to an anesthesia circuit or a Mapleson circuit,
with fresh gas flow ≥10 L/min and closing the adjustable pressure-
limiting valve. Standard oxygen tubing can also be connected to the
auxiliary oxygen port while the circuit may be used for other
purposes.23,24 This device can be used not only for preoxygenation
in very high-risk patients but also as a transition device during
extubation and for transport to the post anesthesia care unit (PACU)
or the intensive care unit (ICU).

Role of supraglottic airways (SGAs)

Recent studies suggest that the airway of the morbidly obese
patient under anesthesia may be managed effectively with a SGA.
A Cochrane review identified 2 studies where postoperative
outcomes improved with the use of a SGA compared with a
similar cohort of endotracheally intubated patients.25–27 Carron
and colleagues showed a significant reduction of almost 75% in
hypoxemic episodes in the PACUwith the use of a SGA compared
with endotracheal intubation, whereas Zoremba and colleagues
showed a statistically significant improvement in oxygen
saturation of 2.5% in the PACU. Because bag and mask venti-
lation is commonly difficult in the patient with morbid obesity,
there may be a role for routinely using a SGA for ventilation
before placement of an endotracheal tube.28–30

Classification of supraglottic airways

Cook and Howes31 classify a first-generation SGA as a simple
airway tube with no specific safety features or channels for
decompression of the stomach (Table 1). Second-generation
SGAs have additional safety features such as a gastric drain tube
and an improved pharyngeal seal together with a built-in bite
block. Timmermann et al32 reinforce Cook’s classification and
provide a method for the expanded indications for SGA use
including obesity. They also propose that each extended

Figure 4. Optiflow/Thrive setup (https://www.fphcare.com/au/hospital/optiflo-
wthrive).

Figure 5. Optiflow with nasal prongs (https://www.fphcare.com/au/hospital/
optiflow-thrive/).
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indication for SGA use is subject to an individual risk analysis and
must be backed up by alternate methods in case of failure.

Multiple versions of second-generation SGAs now come with
improved gastric drainage, a superior seal, and the option of
intubation through the ventilation lumen. A supraglottic path-
way to endotracheal intubation is an important step forward in
airway management of the patient with morbid obesity, as it
helps maintain gastric drainage and adequate gas exchange. The
endotracheal tube may be inserted blindly or with the aid of a
flexible bronchoscope, and, depending on the brand of SGA
selected, it does not always require the use of an airway exchange
catheter.

Moser et al,33 in a prospective randomized trial, validated the
fiberoptic option in the morbidly obese population for both the
Ambu AuraGain laryngeal mask and the i-gel airway. Their trial
concluded that trans-device fiberoptic intubation was both fast
(under 10 s) and effective for both devices. Once intubation has
been achieved, clinicians have the option of removing the SGA or
leaving it in situ and using it for “bridging” at extubation.

The modern SGA offers advantages of easier tolerability,
noninvasiveness, hemodynamic stability, and, more recently,
protection against gastric aspiration by venting of the stomach
contents. An international survey pilot study of SGA use in
patients with obesity identified many regional differences among
experienced anesthesiology providers. These included variable
availability of second-generation devices, variable or no upper
limit for body mass index, no upper limit for duration of surgery,
and use during pneumoperitoneum.34 Many senior anesthesiol-
ogists continue to prefer endotracheal intubation for elective
general anesthesia in a patient with morbid obesity due to con-
cerns about aspiration.35

SGA in airway rescue of the morbidly obese

Shortly after the introduction of the Laryngeal Mask Airway into
anesthetic practice in the United Kingdom in 1983, Dr Brain, the
inventor, used it as a rescue device in a morbidly obese patient
who had been impossible to intubate. Since then, countless lives
have been saved in this manner and aspiration is reported infre-
quently in this context.36,37

The difficult intubation guidelines published by the American
Society of Anesthesiologists (ASA) and by the Difficult Airway
Society (DAS) introduce the SGA early in the rescue pathway
(Figs. 6, 7).38,39

Table 1
Classification of supraglottic airways (SGA).

SGA Generation Gastric Drainage Intubation conduit

LMA Classic 1st No No
LMA Unique 1st No No
Ambu AuraOnce 1st No No
King LT 1st No No
LMA FastTrach 1st No Yes
AirQ 1st No Yes
LMA ProSeal 2nd Yes No
LMA Supreme 2nd Yes No
LMA Protector 2nd Yes Yes
Ambu Auragain 2nd Yes Yes
King LTS 2nd Yes No
AirQ Blocker 2nd Yes Yes
i-Gel 2nd Yes Yes
Baska 2nd Yes No
LMA Gastro 2nd Yes*(14 mm) No

*LMA Gastro admits a gastroscope or surgical stomach bougie.

Figure 6. Difficult Airway Society (DAS) intubation guideline. SAD indicates Supraglottic Airway Device. CICO indicates can’t intubate, can’t oxygenate. From Frerk
et al.38 Reproduced with the permission of the copyright holder.
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Both guidelines use the SGA as a plan B, should mask ventilation
or tracheal intubation fail. Should the SGA fail, both guidelines
suggest proceeding to a surgical airway. The SGA, therefore, has a
clear mandate in airway rescue for all patients including morbidly

obese patients. A second-generation SGA device is preferred in the
obese patient because of higher sealing pressures. In the event of
urgent or emergent airway rescue, the airway provider should use
any SGA that is immediately available.

Figure 7. Difficult airway algorithm. *Confirm ventilation, tracheal intubation, or SGA placement with exhaled CO2.
aOther options include (but are not limited to):

surgery utilizing face mask or SGA anesthesia (eg, LMA, ILMA, laryngeal tube), local anesthesia infiltration or regional nerve blockade. Pursuit of these options
usually implies that mask ventilation will not be problematic. Therefore, these options may be of limited value if this step in the algorithm has been reached via the
Emergency Pathway. bInvasive airway access includes surgical or percutaneous airway, jet ventilation, and retrograde intubation. cAlternative difficult intubation
approaches include (but are not limited to): video-assisted laryngoscopy, alternative laryngoscope blades, SGA (eg, LMA or ILMA) as an intubation conduit (with or
without fiberoptic guidance), fiberoptic intubation, intubating stylet or tube changer, light wand, and blind oral or nasal intubation. dConsider re-preparation of the
patient for awake intubation or canceling surgery. eEmergency noninvasive airway ventilation consists of an SGA. SGA indicates supraglottic airway. From
Apfelbaum et al.39
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Alternative tracheal intubation strategies
Because routine (primary) intubation strategies may fail in the
obese patient despite adequate preparation, alternate intubation
strategies should always be available, especially if a difficult air-
way is anticipated. The altered cardiopulmonary physiology of
the obese patient may contribute to lower tolerance for periods of
apnea, which may limit the number of alternative intubation
attempts that can be performed before desaturation occurs. The
majority of difficult airway algorithms support having back-up
plans for intubation and airway management.38,39

The Italian Society of Anesthesia, Analgesia, Resuscitation
and Intensive Care—Società Italiana di Anestesia, Analgesia,
Rianimazione e Terapia Intensiva (SIAARTI)—consensus state-
ment on the perioperative airway management of the obese patient
includes the recommendation of alternate intubation strategies such
as videolaryngoscopy and flexible bronchoscopic intubation,
similar to recommendations for any patient with a suspected or
known difficult airway.40 Providers managing the airway in the
obese patient should be competent and trained in a variety of
alternate intubation techniques, and the equipment to perform
these techniques should be immediately available in locationswhere
airway management of the obese patient is provided (Table 2).

Videolaryngoscopy

Videolaryngoscopy is recommended as an alternative initial approach
to intubation by the ASA in their guidelines for difficult airway
management.39 Several studies comparingvideolaryngoscopy todirect
laryngoscopy found a higher success rate, better glottic view, and
a shorter time to intubationwith videolaryngoscopy.41–45 Studies also
suggest that fewer ancillary maneuvers are needed with
videolaryngoscopy.45,46Moore et al47 reported a 96%success rate for
awake intubation using videolaryngoscopy for obese patients under-
going bariatric surgery, whereas Dhonneur et al44 reported fewer
arterial desaturations in obese patients with the use of videolaryngo-
scopy compared with direct laryngoscopy.

Flexible bronchoscopic intubation

Awake flexible bronchoscopic intubation has several advantages
in the obese patient. By maintaining spontaneous ventilation and
airway reflexes, the risk of desaturation and apnea is reduced.
The procedure can be performed in the upright position, which
can improve ventilatory mechanics in the obese patient and
reduce the risk of airway collapse. Despite these advantages,

awake flexible bronchoscopic intubation is only used in about
2% to 7% of obese patients.48,49

Awake intubation does require topicalization of the airway,
which may be more challenging in the obese patient due to excess
soft tissue and obscured landmarks.50 The nasal route may pro-
vide an easier route to the glottis than the oral route, but it also
carries a higher risk of bleeding. Oral airway adjuncts can assist in
displacing redundant soft tissue if the oral route is chosen.51 The
addition of nasal continuous positive airway pressure (CPAP) or
high-flow oxygenation during airway management can also
improve ventilation, especially in patients with known sleep
apnea. Sedation should be used judiciously to avoid oversedation
or airway obstruction, and the selective alpha-2 agonist
dexmedetomidine may play a role in this respect because of its
airway-sparing profile.52

SGA devices can be used in conjunction with a flexible
bronchoscope to achieve intubation under general anesthesia.33

The SGA can displace redundant tissue to expose the glottis and
be used as a conduit for ventilation during airwaymanagement. If
the “donor” SGA does not have a wide intubation channel,
catheters, such as the Aintree Intubation Catheter, can be used to
facilitate the removal of the SGA device and insertion of an
endotracheal tube after placement of a bronchoscope into the
trachea.53,54

Surgical airway techniques

A surgical airway may be more difficult to perform in the patient
with obesity compared with the nonobese patient. Landmarks
may be more difficult to palpate due to increased adipose tissue
and larger neck circumference. Aslani et al55 found that identi-
fication of the cricothyroid membrane using palpation was very
difficult, or even impossible in the obese patient. Ultrasound may
be useful in identifying the cricothyroid membrane in the patient
with obesity. Kristensen et al56 demonstrated that after a 1-hour
training program, anesthesia providers were able to identify the
cricothyroid membrane in obese patients using ultrasound with a
90% success rate. If a formal tracheostomy is elected, longer
tracheostomy tubes may also be required in the obese patient to
prevent tube obstruction or dislodgement after placement.57

Several studies report higher complication rates in obese patients
undergoing tracheostomy compared with lean patients.58–60

Extubation strategies

Failed extubation occurs when the obese patient fails to maintain
a patent airway and/or is unable to maintain gas exchange after
the removal of the endotracheal tube. Most of these patients will
require emergent reintubation. These patients often poorly tol-
erate emergent reintubation, a challenging scenario, especially if
airway edema is present. Other factors that may predispose to
failed extubation include obstructive sleep apnea, poor cardio-
vascular reserve, the use of opioid medications, and inadequate
recovery from anesthetic agents. Failed extubation and reintu-
bation have been associated with an increased risk of ventilator-
associated pneumonia, hypoxemia, aspiration, arrhythmias, and
even cardiac arrest.61

We recommend that the superobese and those with diagnosed
or suspected sleep apnea be extubated to NIPPV or CPAP in the
operating room to decrease the risk of hypoxia, hypercarbia, and
ultimately failed extubation.62,63 Any obese patient with

Table 2
Comparison of intubation techniques in the morbidly obese
patient.

Alternate
Technique Advantages Challenges

Videolaryngoscopy Better glottic view vs. DL
Higher success rate

Tube placement may be
challenging despite good glottic
view

Awake flexible
bronchoscopic
intubation

Spontaneous ventilation
Preserved airway reflexes

Challenging anatomy for airway
blocks

Redundant soft tissue
Supraglottic airway
devices

Easy insertion
Can be used as a conduit
for intubation

Aspiration risk with 1st-Gen SGA
Technical skill required for
exchange to ETT

DL indicates direct laryngoscopy; ETT, endotracheal tube; SGA, supraglottic airway.
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obstructive sleep apnea who uses CPAP at baseline should have
CPAP available and placed either immediately after extubation or
in the PACU to maximize oxygenation and ventilation.64 Full
reversal of muscle relaxation and opioid-sparing techniques can
also reduce the risk of failed extubation.65–67

Extubation should be in the sitting position with airway devices
available for reintubation. The devices described in the preoxygena-
tion section, including CPAP and high flow nasal oxygen, should be
readily available. In high-risk cases, consider a “staged extubation”
over anairway exchange catheter as recommended in theASAdifficult
airway guidelines and DAS extubation guidelines.39,68

The Bailey maneuver was first described in pediatric
anesthesiology.69 Replacement of the endotracheal tube with a
second-generation SGA may give the anesthesiologist more time
in PACU to successfully separate the obese patient from an arti-
ficial airway. This maneuver entails placing the SGA behind the
endotracheal tube, and then removing the tube and leaving the
SGA in place until the patient is fully awake and ready for
extubation. This strategy should be applied to carefully selected
patients as there is a risk of airway loss during this maneuver.

Conclusions

All anesthesiologists should be familiar with the airway man-
agement of patients with morbid obesity. It is important to have
alternative airway management strategies and back up plans for
both oxygenation and ventilation. Recent advances include high-
flow nasal oxygen delivery, extended use of second-generation
SGAs, ubiquitous availability of video laryngoscopes, and further
refinement of flexible bronchoscopy techniques. Patients with
obesity are at a higher risk of airway and pulmonary complica-
tions. It is important to use strategies that optimize perioperative
oxygenation and ventilation, especially during induction, emer-
gence, and extubation, which can potentially reduce these
complications.
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