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Techniques and Procedures

Extubation of the Difficult Airway

Khaldoun Faris, MD1, Maksim Zayaruzny, MD1, and
Spiro Spanakis, DO2

Abstract
Managing the airway in the intensive care unit (ICU) is complicated by a wide array of physiologic factors. Difficult airway may be a
consequence of patient’s anatomy or airway edema developed during the ICU stay and mechanical ventilation. The incidence of
failed airways and of cardiac arrest related to airway instrumentation in the ICU is much higher than that of elective intubations
performed in the operating room. In this article, we will provide a framework for identifying a difficult airway, criteria for safe
extubation, as well as review the devices that are available for airway management in the ICU. Proficiency in identifying a
potentially difficult airway and thorough familiarity with strategies and techniques of securing the airway are necessary for safe
practice of critical care medicine.
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Expertise in airway management is an important skill in the

armamentarium of a wide range of physicians providing care

in diverse settings, including operating rooms, intensive care

units (ICUs), and emergency departments. Due to advances

in training and technology, elective airway management within

the operating room has been associated with a relatively low

incidence of complications. However, the incidence of difficult

intubation (DI) ranges from about 5% in the operative setting to

about 7% in the pre-hospital emergency setting.1,2 Malpractice

claims relating to the management of the airway comprise a

significant fraction of cases in the American Society of

Anesthesiologists (ASA) Closed Claims Project database.3

Assessing a patient’s airway prior to performing a potentially

difficult endotracheal intubation may be challenging. There is

some controversy as to what assessment tool has the best pre-

dictive value for DI; however, a focused and brief examination

of the patient’s airway may substantially influence the strategy

for airway management and the success of the procedure. If the

patient needs invasive ventilatory support, the individual

should quickly be assessed for the risk for difficult mask ven-

tilation and the risk for DI.4,5 Independent risk factors for dif-

ficult mask ventilation in the elective setting include age of 55

years or older, body mass index of greater than 26 kg/m2, lack

of teeth, male gender, Mallampati class 4 airway, the presence

of a beard, and a history of snoring.1,2,6-8

Several clinical indicators for DI have been validated. They

include relatively long upper incisors, prominent overbite,

inability to advance mandibular incisors anterior to maxillary

incisors, high Mallampati class, arched narrow hard palate,

short thyromental distance, large tongue, short thick neck, and

reduced ability to flex or extend the neck. While the positive

predictive values of these tests alone or in combination are not

particularly high, a straightforward intubation can be antici-

pated if the test results are negative.9 By convention, the airway

is considered difficult if an experienced clinician encounters or

may encounter significant difficulty with mask ventilation or

intubation.4 Successfully securing the airway, however, is

frequently only the first step in the airway management. The

majority of the patients in the operating rooms, ICUs, and

emergency department will be extubated; however, the failure

to maintain patent airway following extubation should not be

underestimated. The risk of airway obstruction following extu-

bation in the general population is about 4% and about an aver-

age of 12% of extubated patients require re-intubation within

72 hours of extubation.5,10 In recent trials, 4% to 6% of pedia-

tric ICU patients required re-intubation within 24 to 48 hours of

extubation.8,11 Although the risk of airway obstruction and re-

intubation is unknown in patients with diagnosed or suspected
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difficult airway, it is probably higher in the difficult airway

population than in the general population. Failed extubation

and the need for re-intubation has been linked to increased inci-

dence of nosocomial pneumonia, prolonged ICU stay, increased

rate of transfer to long-term rehabilitation facility, higher cost,

and increased mortality.9,11-14

The ASA practice guidelines for management of the diffi-

cult airway recommend the use of an extubation strategy when

dealing with known or suspected difficult airway.4 The strategy

includes a thorough evaluation of the clinical factors that may

influence the success of extubation, the consideration of a

fully awake extubation, a plan to secure the airway if the

extubation fails, and the availability of devices to facilitate the

re-intubation if necessary.4

Evaluation of Clinical Predictors

The clinical factors that influence the success of extubation and

predict extubation failure could be classified into 4 cate-

gories7,12,15 (Table 1).

Leak Test

The cuff-leak test, used to predict airway obstruction post-

extubation and the need for re-intubation, has been documented

since 1987, when the presence of a leak around the occluded

endotracheal tube (ETT) following the deflation of the cuff was

assessed in children with croup to predict a successful extuba-

tion.16 Since then, the test has been performed utilizing 2 dif-

ferent methods.7,10,16-19 The qualitative method involves

deflating the cuff, occluding the ETT, and auscultating for the

air leak. The test is positive if no air leak is detected. The quan-

titative method requires the deflation of the cuff and measuring

the difference between the inspiratory and expiratory tidal

volumes while the patient is on assist-control ventilation. The

test is considered positive if the detected leak is less than

130 mL or 12% to 15% of the inspiratory tidal volume. Using

the above values as ‘‘cutoff’’ points gives the test a sensitivity

of 85% (65%-99% confidence interval [CI]), specificity of 95%
(91%-99% CI), positive predictive value of 69%, and negative

predicitve value of 98%.18 Despite the low sensitivity, specifi-

city, and the high false positive predictive value, the test is

helpful in identifying the group of patients who have a higher

risk of post-extubation stridor, airway obstruction, and re-

intubation. An effective strategy of utilizing the cuff-leak test,

despite its limitations, is as follows: if the test is positive and

the airway was initially easily secured, the extubation should not

be delayed as long as a team experienced in airway management

is available. If the test is positive and there are other factors that

indicate possible difficult re-intubation (difficult initial intuba-

tion, fluid overload, airway trauma, prolonged intubation, etc),

the extubation should be delayed or consideration given to

performing extubation over an airway exchange device, such

as a Cook Airway Exchange Catheter ([AEC] Cook Medical,

Bloomington, IN). The exchange device may be left in place for

hours after extubation; however, evidence-based determination

of an appropriate time has yet to be determined.20 A short course

(12-24 hours) of corticosteroids may be utilized to prevent post-

extubation stridor and possibly re-intubation.21 Methylpredni-

solone 20 mg every 4 hours for 12 hours,22 methylpreinisolone

40 mg as a single dose or every 6 hours for 24 hours,23 and dex-

amethasone 5 mg every 6 hours for 24 hours24 have been used

and shown at least a statistically significant reduction in post-

extubation stridor.

Awake Extubation

Extubation of the airway before regaining full recovery of

consciousness is considered ‘‘deep extubation,’’ whereas

extubation after regaining the consciousness is considered

‘‘awake extubation.’’ Deep extubation is practiced by anesthe-

siologists in the operating room setting25 but not widely used

in critical care. The advantages of deep extubation include bet-

ter control of blood pressure and heart rate, decreased incidence

of cough and bronchospasm, and minimal rise in intracranial

pressure. However, the risk of aspiration or airway obstruction

is increased with deep extubation.7,25 Although clinical studies

comparing awake versus deep extubation are lacking, espe-

cially in the adult critical care setting, it seems prudent that

in patients with confirmed or suspected difficult airway the

extubation should not be performed unless the patient is fully

awake and able to communicate. For those patients whose seda-

tion is difficult to wean off and full wakefulness before extuba-

tion is difficult to achieve, short-acting medications such as

propofol and dexmedetomidine may be used.

Table 1. Clinical Predictors of Failed Extubation

Factors predicting failure to
ventilate

Residual anesthetics and sedatives
Residual muscle weakness
Malnutrition and muscle wasting
Splinting due to chest or
abdominal pain
Abdominal distension
Reduced compliance due to
obstructive disease, pulmonary
edema, or pneumonia
Sleep apnea

Factors predicting failure to
oxygenate

Ventilation perfusion mismatch
Pneumonia
Pulmonary edema
Pulmonary contusions
Hypoventilation

Factors predicting inability to
clear tracheal secretions and
protect airway

Altered mental status
Excessive secretions
Neuromuscular weakness
Other aspiration risks

Factors predicting airway
obstruction

Reactive airway disease or recent
URI
Multiple attempts to secure the
airway
Other airway trauma
Airway edema, or anasarca
Prolonged intubation

Note. URI ¼ Upper respiratory tract infection.
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Planning for Re-Intubation

When extubation of a patient with a difficult airway is planned,

methodical and meticulous preparations should be made in

advance of the actual procedure. Should re-intubation be neces-

sary, prevention of untoward events including aspiration and

hypoxia, which could result in permanent neurologic disability

or death, is paramount. Furthermore, patients who fail extuba-

tion may have increased lengths of ICU and hospital admis-

sions and experience higher tracheostomy rates.26 In addition

to the basic equipment necessary for endotracheal intubation

(Table 2), alternative airway management devices and person-

nel trained in their proper use should be readily accessible.

Furthermore, because surgical airway may be required, either

a surgeon capable of performing a tracheostomy or a physician

trained to performed surgical cricothyrotomy need to be

available.

A certain percentage of the extubations occurs inadver-

tently. Risk factors associated with unplanned extubations

include anxiety, routine care interventions, and history of pre-

vious unplanned extubations. One study cited the incidence of

self-extubations to be 1 in every 136 patient-ventilator days.27

While the majority of patients ultimately did not require re-

intubation, self-extubation could potentially be catastrophic.

The incidence of this complication can be reduced substantially

through nurse education, house staff education, and daily risk

assessment.

In preparation for possible re-intubation, consideration

should be given to discontinuing enteral feeding prior to

planned extubation, in order to minimize the risk of aspiration.

While the American Society of Anesthesiology fasting guide-

lines do not specifically address this scenario, a minimal fasting

interval of 6 to 8 hours should be considered when extubation is

planned.28

In those patients with a known difficult airway, it may be

advisable to have a documented discussion outlining the risks

associated with potential loss of airway during or shortly after

extubation. Similar discussion may be held with families or

health care proxies of those patients in whom difficult airway

was unanticipated; in some situations, based on the clinical

judgment of the individual clinician, consent for a possible sur-

gical airway may need to be obtained prior to extubation. The

designated individual giving consent should understand the

risks and complications associated with creation of an emer-

gent surgical airway.

In addition to standard airway management equipment

required for re-intubation, noninvasive methods of ventilation

should be available, which can be used as a bridge to prevent

re-intubation. Bi-level or continuous positive airway pressure

devices may be especially useful in those patients who used

these devices in the past for obstructive sleep apnea. Noninva-

sive mechanical ventilation may also mitigate upper airway

obstruction, atelectasis, and exacerbations of neuromuscular

disorders preventing re-intubation.29 Patients may also experi-

ence lobar collapse secondary to prolonged mechanical ventila-

tion,30 making the bronchoscope a potential useful aid in

preparing for extubation.

Devices to Facilitate Re-Intubation

A variety of airway management devices are commercially

available today. While the most commonly practiced technique

for endotracheal intubation is direct laryngoscopy with either a

curved blade (Macintosh blade) or a straight blade (Miller

blade) of various sizes, patients with difficult airway may

require familiarity with advanced airway management

techniques.

Initially described by Benumof, extubating the patient via an

AEC to retain a conduit for possible re-intubation has been

described by several authors.31,32 In a prospective study33 of

40 patients who had one or more risk factors for difficult re-

intubation, an AEC allowed for uncomplicated re-intubation

(n ¼ 4) without desaturation on the first attempt. This was sub-

sequently confirmed in a prospective, observational study in

patients who had undergone maxillofacial and major neck sur-

gery and were considered impossible to re-intubate by direct

laryngoscopy. Re-intubation was easily achieved with the AEC

up to 18 hours after extubation.34

Endotracheal tube guides, such as Arndt AEC and Cook

AEC (both by Cook Medical), or Portex Venn Tracheal Tube

Introducer and single use Bougie (both by Smith Medical ASD,

Dublin, OH) may facilitate access to the trachea with direct lar-

yngoscopy, or if advanced via an in situ ETT prior to extuba-

tion could serve as stylets for replacement of ETTs. Cook

catheters are equipped with multiple distal openings and vari-

ous adapters in order to allow both jet ventilation and ventila-

tion with a standard 15-mm adapter for an anesthesia circuit or

Ambu bag.

Aintree intubation catheter (Cook Medical) is a similar

device with a 4.7 mm internal diameter, which allows it to

admit a fiberoptic broncoscope. Direct visualization of the

Aintree catheter placement with a bronchoscope may increase

the accuracy and potentially reduce the incidence of inadvertent

airway trauma from ‘‘blind’’ insertion of the traditional AEC.

Table 2. Basic Equipment for Endotracheal Intubation

100% oxygen
Face mask
Bag valve device with PEEP valve
End-tidal CO2 detector
Suction equipment including a hard suction tip
Magill forceps
Oral and nasal airways
Laryngoscope handle and blades (curved, straight; various sizes)
Endotracheal tubes (various sizes) and stylets
Laryngeal mask airways (various sizes)
Tongue depressors
Syringe for cuff inflation
Headrest
Supplies for vasoconstriction and local anesthesia
Tape
Tincture of benzoin

Note. PEEP ¼ Positive end expiratory pressure.
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Lighted stylets, such as Trachlight (Laerdal Medical AS,

Wappingers Falls, NY), rely on transillumination of the ante-

rior soft tissues of the neck and are designed to aid in otherwise

‘‘blind’’ ETT placement.35 As with other airway devices,

specific knowledge and past experience with their application

are key to their successful use in the intensive care setting.

A number of advanced laryngoscopes have been designed

for the management of the airway in situations where the Mac

of Miller blades prove inadequate. Bullard laryngoscope

(Gyrus ACMI, Southborough, MA) allows indirect visualiza-

tion of the vocal cords via an eye piece when used with a con-

ventional laryngoscope handle and has an integrated metal

stylet for ETTs, as well as side ports for suction and instillation

of irrigation or local anesthetics.36 New video laryngoscopy

devices, based on fiberoptic technology, such as the Glide-

Scope (Verathon Medical, Bothel, WA), come equipped with

a small video screen.37 These devices, while expensive, are rel-

atively easy to use and may be used for teaching purposes.

They may also allow less manipulation of the patient’s cervical

spine which is especially useful in patients with reduced neck

mobility or cervical spine injuries. However, 1 recent cine-

fluoroscopic study38 comparing conventional direct laryngo-

scopy and video laryngoscopy with GlideScope in 20 patients

with nonpathologic C-spine under general anesthesia with neu-

romuscular blockade and in-line manual stabilization showed

better glottic visualization with GlideScope but no difference in

either occiput-C5 motion or occiput-C1 extension up to 20�.
The AirTraq video laryngosope (King Systems, Noblesville,

IN) is relatively inexpensive disposable in-channel device

which could be made available in the ICU. This device can

be combined with gum elastic Bougie placed through the

loaded ETT. In a recent study of 27 patients, when compared

to conventional direct laryngoscopy with Macintosh blades for

intubation after induction of general anesthesia and in-line

manual stabilization, AirTraq was associated with an average

reduction of 66% in C-spine motion without an increase in

length of intubation.39

The Airway Scope ([AWS] AWS-S100; Hoya-Pentax,

Tokyo, Japan), a similar device equipped with a liquid crystal

display (LCD) monitor and a specialized blade, has shown a

significant reduction in the extension of the cervical spine but

not time to intubation when combined with gum elastic Bougie

in a similar fashion.40

Flexible fiberoptic bronchoscopes are available from a num-

ber of manufacturers, such as Olympus, Center Valley, PA and

Storz, Tuttlingen, Germany. While possessing great optics and

wide range of uses (nasal as well as oral intubations), flexible

bronchoscopes require extensive training and practice in order

to be useful in management of the difficult airway.

Re-intubation of the difficult airway may be further compli-

cated by the challenges of appropriately ventilating the patient.

Difficult ventilation will make an otherwise simple re-

intubation challenging; the inability to ventilate will rapidly

place patient’s life in jeopardy. A number of supraglottic air-

way devices are available to facilitate ventilation and allow

clinicians more time to procure additional equipment, more

expert hands, or a surgical colleague, if necessary. Devices

such as LMA Classic, LMA ProSeal, LMA Fastrach (LMA

NorthAmerica Inc, San Diego, CA) or Combitube (Covidien,

Mansfield, NH) may allow ventilating the patient in cases when

ETT placement is difficult.41 Properly placed, supraglottic air-

way devices also allow positive pressure ventilation and pres-

sure support ventilation of the spontaneously breathing

patient. LMA Fastrach is further designed to facilitate the pla-

cement of an ETT via a rigid steel tube pre-curved to align the

LMA with the glottic opening. More than simple adjuncts to

manual ventilation, supraglottic airway devices are indispensa-

ble and have become a part of the ASA Difficult Airway

Algorithm.41

In rare cases of failed intubation and failed ventilation, a

rapidly established surgical airway is lifesaving.42 Several

commercially available kits for cricothyrotomy or tracheost-

omy are available. Melker Emergency Cricothyrotomy

Catheter Set and Blue Rhino Percutaneous Introducer Set (both

by Cook Medical) are packaged as complete kits for the perfor-

mance of the cricothyrotomy and percutaneous tracheostomy,

respectively. Although relatively simple once learned, these

procedures are fraught with potentially serious complications

including major blood loss due to injury of the large intrathor-

acic vessels, esophageal injury, tracheal injury, and improper

placement. As such, only medical personnel trained in their

proper use should attempt to use these kits to establish a surgical

airway.

Additional techniques of securing an airway have been

described, including retrograde intubation and transtracheal jet

ventilation using both commercially available kits and ‘‘jury

rigged’’ kits made form flexible angiocatheters and syringes.

Summary

Extubation of the difficult airway poses unique challenges to

the medical practitioners. It requires forethought, planning,

advanced technical expertise, and a coordinated team effort

to be successful. Detailed knowledge of the patient’s past med-

ical history, current condition and available equipment is

required. Given the potential risks associated with manipula-

tion of the difficult airway, establishing institutional guidelines

dealing with the management of the difficult airway patients

may increase the safety and quality of patient care.
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