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T he difficult airway has been de-
fined as “the clinical situation
in which a conventionally
trained anesthetist experiences

difficulty with mask ventilation of the up-
per airway, tracheal intubation, or both”
(1). It has been a commonly documented
cause of adverse events, including airway
injury, hypoxic brain injury, and death in
anesthesia (2–8). In the critical care unit,
up to 20% of all critical incident reports are
airway-related (9–11). For the critical care
physician, the challenge is to establish a
safe airway, to secure the (long-term) air-
way, and to manage any potential airway
displacement and achieve safe extubation.

The Difficult Airway: Definition
and Prevalence

Airway difficulty can be considered
under two distinct headings: a) difficult

mask ventilation (DMV); and b) difficult
tracheal intubation. These may be en-
countered together or in isolation.

DMV can be defined as the inability of
an unassisted anesthesiologist a) to main-
tain oxygen saturation, measured by
pulse oximetry, !92%; or b) to prevent
or reverse signs of inadequate ventilation
during positive-pressure mask ventilation
under general anesthesia. In a study of
1,502 patients, DMV was considered
present when the anesthetist found that
“the difficulty was clinically relevant and
could have led to potential problems if
mask ventilation had to be maintained for
a longer time” (12). There were 75 pa-
tients (5%) with DMV but in only 13/75
(17%) had this been predicted. Two sub-
sequent studies reported a DMV rate of
approximately 8% (13) and 2% (14).

Difficult tracheal intubation (DTI) is
tracheal intubation requiring “multiple
intubation attempts in the presence or
absence of tracheal pathology” (1). How-
ever, there is no universal definition and
because the expertise of the intubator,
the equipment used, and the number of
attempts made may vary, the reported
rates of DTI differ. Using direct laryngos-
copy only, DTI has been reported in 1.5%
to 8.5% of patients—with tracheal intu-
bation impossible in up to 0.5% of the
population (7, 15). Failure to intubate the
trachea occurs in one in 2,000 in the
nonobstetric population and one in 300

in the obstetric population (16). DTI may
be the result of difficulty in visualization
of the larynx—termed difficult direct la-
ryngoscopy (DDL)—or anatomic abnor-
mality (distortion or narrowing of the
larynx or trachea).

Visualization of the larynx is usually
described using the Cormack and Lehane
grades (17) with grades 3 and 4 indicating
DDL. The incidence of DDL is 1.5% to 8%
in general surgical patients but higher in
patients undergoing cervical spine sur-
gery (20%) (18) or laryngeal surgery
(30%) (19). Other grading systems for
visualization of the larynx exist, includ-
ing a modified Cormack and Lehane (20)
and the Percentage of Glottic Opening
scale (21).

The need for equipment other than a
direct laryngoscope may also help define
DTI, although devices such as the gum
elastic bougie (introducer) may or may
not be viewed as part of standard tech-
nique. Many of these issues are addressed
in the intubation difficulty scale (IDS)
(22), which uses seven variables to calcu-
late a score. An IDS score of 5 has been
used to define DTI and, in a large study,
occurred in 8% of patients (23).

The Difficult Airway: Prediction

The conditions associated with airway
difficulty are numerous (24, 25) (Table 1).
Past airway difficulty is a significant pre-
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Introduction: The difficult airway is a common problem in adult
critical care patients. However, the challenge is not just the
establishment of a safe airway, but also maintaining that safety
over days, weeks, or longer.

Aims: This review considers the management of the difficult
airway in the adult critical care environment. Central themes are
the recognition of the potentially difficult airway and the neces-
sary preparation for (and management of) difficult intubation and
extubation. Problems associated with tracheostomy tubes and
tube displacement are also discussed.

Results: All patients in critical care should initially be viewed
as having a potentially difficult airway. They also have less
physiological reserve than patients undergoing airway interven-
tions in association with elective surgery. Making the critical care

environment as conducive to difficult airway management as the
operating room requires planning and teamwork. Extubation of
the difficult airway should always be viewed as a potentially
difficult reintubation. Tube displacement or obstruction should be
strongly suspected in situations of new-onset difficult ventilation.

Conclusions: Critical care physicians are presented with a
significant number of difficult airway problems both during the
insertion and removal of the airway. Critical care physicians need to
be familiar with the difficult airway algorithms and have skill with
relevant airway adjuncts. (Crit Care Med 2008; 36:2163–2173)
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dictor of future problems unless a tem-
porary factor, for example, airway swell-
ing, pharyngeal abscess, was responsible.
The finding of limited mouth opening,
dysphonia, dysphagia, dyspnea, or stridor
suggests pharyngeal-, neck- or mediasti-
nal-related pathology, which is often rel-
evant. It has been stated, however, that
accurate prediction of airway difficulty is
a myth but that the exercise is useful in
focusing our attention on potential air-
way strategy (26).

Five criteria have been identified us-
ing multivariate analysis as independent
risk factors for DMV (15) (age !55 yrs,
body mass index !26 kg/m2, presence of
beard, lack of teeth, history of snoring).
The presence of two factors indicated
high likelihood of DMV (sensitivity, 0.72;
specificity, 0.73). Limited mandibular
protrusion has been associated with both
DMV and DTI (14).

A clinical assessment developed to at-
tempt prediction of DTI is the Mallampati
test (27). Originally this graded the pa-
tient (grades 1–3) based on the structures
visible in the oropharynx under set con-
ditions with maximal mouth opening; a
fourth grade was added subsequently
(16). Although grades 3 and 4 suggest
difficult tracheal intubation, grading is
subject to significant interobserver vari-

ation. In a series of 1,956 adult elective
surgical patients receiving general anes-
thesia, Cattano et al. (28) showed that,
although the Mallampati scale had a good
correlation (.90) with the Cormack and
Lehane classification, it lacked the sensi-
tivity to be predictive for difficult intuba-
tion and stated the score alone was “in-
sufficient for predicting difficult tracheal
intubation.” Other relevant anatomic in-
dices (interincisor gap, thyromental dis-
tance, mentohyoid distance, sternomen-
tal distance, and neck mobility) were
found to be of even less predictive value.
The accuracy of sternomental distance as
a predictive index has been described as
“approaching worthlessness” (29). The
reported association of DTI and male gen-
der, increased age, decreased neck mobil-
ity, history of obstructive sleep apnea,
temporomandibular joint pathology, Mal-
lampati 3 or 4, and abnormal upper teeth
(30–34) are of little predictive value.

Disease processes such as neoplasm of
the pharynx or larynx (19) may be asso-
ciated with DTI. The presence of a thyroid
mass has been reported to be associated
with DTI (35–37) and would certainly
make an emergency cricothyroidotomy
difficult or impossible in the event of
failure to ventilate. However, three stud-
ies (38–40) suggest only marginally in-
creased difficulty in intubating patients
presenting with thyroid disease, the most
recent finding being a difficult intubation
rate of 11%. Acromegaly (41), the pres-
ence of a large or poorly compliant
tongue (42), or decreased compliance of
the submental tissues may be associated
with DTI.

The poor predictive ability of individ-
ual factors, tests, or measurements
prompted evaluation of combinations and
the development of scores and indices.
Wilson et al. developed a score based on
body weight, head and neck movement,
jaw movement, and the presence or ab-
sence of mandibular recession and pro-
truding teeth (43). However, it had a
false-positive rate of 12% and combining
it with the Mallampati score appeared to
increase false-positives (44). More re-
cently, this combination has shown a
sensitivity of 100%, specificity of 96%,
and positive predictive value of 65% in a
study of 372 obstetric patients (45). The
combination of Mallampati 3 or 4, inter-
incisor distance of 4 cm or less, and thy-
romental distance of 6.5 cm or less has
been shown to have 85% sensitivity and
95% specificity for DTI (46). Other scores
include the Arne (47) and El-Ganzouri

risk indices (34). The former was devised
from 1,200 consecutive general/ear, nose
and throat surgical patients and prospec-
tively evaluated in a further 1,090. Al-
though the sensitivity and specificity are
above 90% for most patient groups, the
predictive value is still limited.

The evidence regarding obesity as a
risk factor for airway difficulty is hard to
interpret. Increased body mass index
(BMI) is a risk factor for DMV (12) and
the Wilson score is influenced unfavor-
ably by increased body weight (43). Older
studies of “normal” patients suggested
obesity was a risk factor for difficult in-
tubation (5, 48). In a more recent study
(49), an IDS !5 was found in 15.5% of
patients with a BMI !35 kg/m2 but only
2.2% of patients with a BMI "30 kg/m2.
However, when 200 morbidly obese pa-
tients were compared with 1,272 nono-
bese control subjects, increased BMI had
no influence on intubation difficulty (31).
Brodsky et al. (50), in a series of 100
patients with a median weight of 137 kg
and BMI !40 kg/m2, found that degree of
obesity, BMI, and a history of obstructive
sleep apnea were not associated with dif-
ficult intubation, but increased neck cir-
cumference (at the level of the superior
border of the cricothyroid cartilage) was a
predictor of potential intubation prob-
lems. This is in conflict with Komatsu et
al. who found that the thickness of pre-
tracheal soft tissue, at the level of the
glottis, as measured by ultrasound, was
not a predictor of difficult intubation
(51). Because most patient populations
show a low prevalence of difficult airway
and tests have low predictive power, a
preplanned strategy is central to manag-
ing airway problems when they occur
(15, 52).

The Airway Practitioner and the
Clinical Setting

Inability to establish a definitive air-
way may be the result of inexperience
and/or lack of skill on the part of the
practitioner (53–58). Lack of skilled as-
sistance is also an important factor in
scenarios in which airway problems are
reported (59–62). Airway and ventilatory
procedures in the prehospital setting and
“in-hospital but outside the operating
room (OR)” show a higher frequency of
adverse events and a higher risk of mor-
tality than similar events in an OR (63–67).
Inexperience, poor assistance, and an un-
favorable environment may combine

Table 1. Conditions associated with difficult air-
way (24, 25). #Also see http://www.erlanger.org/
craniofacial and http://www.faces-cranio.org$

● Abnormal facial anatomy/development
" Small mouth and/or large tongue
" Dental abnormality
" Prognathia
" Obesity
" Advanced pregnancy
" Acromegaly
" Congenital syndrome, e.g. Treacher Collins

syndrome
● Inability to open mouth

" Masseter muscle spasm (dental abscess)
" Temoro-mandibular joint dysfunction
" Facial burns
" Post-radiotherapy fibrosis
" Scleroderma

● Cervical immobility/abnormality
" Short neck/obesity
" Poor cervical mobility, e.g Ankylosis

spondylitis
" Previous cervical spine surgery
" Presence of cervical collar
" Post-radiotherapy fibrosis

● Pharyngeal and laryngeal abnormality
" High or anterior larynx
" Deep vallecula (inability to reach base of

epiglottis with blade of scope)
" Anatomical abnormality of epiglottis or

hypopharynx, e.g. tumor
" Subglottis stenosis

2164 Crit Care Med 2008 Vol. 36, No. 7



leading to a failure to optimize condi-
tions. Common errors include poor pa-
tient positioning; failure to ensure appro-
priate assistance; faulty light source in
laryngoscope/no alternative scope; failure
to use a longer blade in appropriate pa-
tients; use of inappropriate tracheal tube
(size or shape); and a lack of immediate
availability of airway adjuncts.

In the critical care unit, all invasive
airway maneuvers are potentially difficult
(68). Positioning is more difficult on an
intensive care unit bed than an OR table.
The airway may be edematous as a result
of the presence of an endotracheal tube
(ETT) or previous airway instrumenta-
tion. Neck immobility or the need to
avoid movement in a potentially unstable
cervical spine will add to the difficulty
(69–71). Halo fixation (without elective
tracheostomy) carries a high risk (14%)
for emergent/semi-emergent intubation
and airway-associated mortality (72).
Poor gas exchange in intensive care unit
patients may reduce the effectiveness of
preoxygenation thus increasing the risk
of significant hypoxia if there is delay in
securing the airway (73). Cardiovascular
instability may produce hypotension, hy-
poperfusion, and misleading (or absent)
oximetry readings, a further confounding
factor for the attending staff.

Managing the Difficult Airway

This has been considered under three
headings: a) the anticipated difficult air-
way; b) the unanticipated difficult airway;
and c) the difficult airway resulting in a
“cannot intubate and cannot ventilate”
situation (74).

Those involved in airway management
must have: a) expertise in recognition/
assessment of the potentially difficult air-
way; b) the ability to formulate a plan
(and alternatives) for airway management
(1, 2, 75–77); c) familiarity with schemes
that outline a sequence of actions de-
signed to maintain oxygenation, ventila-
tion, and patient safety. (The American
Society of Anesthesiologists difficult air-
way algorithm [1] is the most widely pro-
mulgated example. Another is the airway
plans from the Difficult Airway Society
[75]); and d) the skills and experience to
use airway adjuncts, particularly those
relevant to the unanticipated difficult air-
way.

The Anticipated Difficult Airway

This is the “least lethal” of the three
scenarios with time to consider strategy,

optimize the situation, and obtain appro-
priate adjuncts and personnel. The key
questions are, “Should the patient be
kept awake or anesthetized for intuba-
tion” and “Which intubation technique
should be used?”

Awake Intubation

Awake intubation is more time-con-
suming, needs experienced personnel, is
less pleasant (than intubation under an-
esthesia), and may have to be abandoned
as a result of the patient’s inability or
unwillingness to cooperate. However, be-
cause spontaneous breathing and pharyn-
geal/laryngeal muscle tone is maintained,
it is significantly safer.

Fiberoptic Intubation

Although comparative research in this
field is rare, most experts agree that
awake fiberoptic intubation is the tech-
nique of choice with an informed, pre-
pared patient and a trained operator with
appropriate equipment. The technique
ensures that spontaneous respiration and
upper airway tone can be maintained and
has been extensively described by others
(78–83).

Adequate psychological preparation is
essential. Numerous sedation agents have
been evaluated, including benzodiaz-
epines, opioids such as alfentanil or
remifentanil, and intravenous anesthetic
agents such as (low-dose) propofol infu-
sion (84). Supplemental oxygen should
be provided, usually through the con-
tralateral nostril. Care must be taken not
to overdose the patient and to maintain
spontaneous respiration throughout.

Topical anesthetic agents include
lignocaine % phenylephrine or cocaine.
Cocaine has the advantage of producing
vasoconstriction but has been associated
with myocardial ischemia. Nebulized
lignocaine can be used but may result in
high blood lignocaine levels, coughing,
and bronchospasm. Anesthesia of the vo-
cal cords and upper trachea is usually
provided by a “spray as you go” technique
using 2% lignocaine. Another potential
technique is superior laryngeal and re-
current laryngeal nerve blockade (85).

Fiberoptic intubation is usually more
straightforward through the nasal (rather
than oral) route. The operator may stand
either behind the patient’s head or to the
side, facing the patient. The vocal cords
should be visualized and then lignocaine
sprayed through the cords. The scope

may then be advanced to the midtracheal
level and the carina visualized. The ETT
may then be placed carefully through the
nasal cavity and into the trachea. Occa-
sionally the passage of the ETT may be
impeded by the vocal cords. Withdrawing
the ETT, rotating 90o anti-clockwise, and
readvancing usually resolves this prob-
lem. The presence of end-tidal carbon
dioxide confirms tracheal position. The
ETT should be positioned approximately
3 cm above the carina.

Retrograde Intubation

Under local anesthesia, a cannula is
inserted through the cricothyroid mem-
brane into the trachea (Fig. 1.1) and a
guidewire is passed through the needle
upward through the vocal cords into the
pharynx or mouth (86, 87). If necessary,
forceps may be used to retrieve the guide-
wire and bring it out through the mouth
(Fig. 1.2). The wire is then used to guide
an ETT (railroaded over an endotracheal
exchange catheter) through the vocal
cords (Fig. 1.3) before the withdrawal of
the wire through the cannula and further
advancement of the ETT into the trachea
(Fig. 1.4). A common variation to this
technique is to use the wire to guide a
fiberoptic scope through the vocal cords,
thus facilitating a fiberoptically guided
intubation (86–88). With this technique,
the wire must be longer than the fiber-
optic scope plus the airway down to the
glottis. A long angiography guidewire is
appropriate, whereas a central venous
catheter guidewire is not.

Intubation Under Anesthesia

Despite the safety advantage of awake
intubation in these patients, anesthesia
before attempted orotracheal intubation
may be viewed as more appropriate. This
strategy should only be used by those
skilled and experienced in airway man-
agement. Preparation of the patient,
equipment, and staff is paramount (Table
2). Adjuncts (see subsequently) should be
available, either to improve the chances
of intubation or to provide a safe alterna-
tive airway if intubation cannot be
achieved. The central principle is the in-
duction of deep anesthesia, sufficient to
allow direct laryngoscopy and tracheal in-
tubation without the use of a muscle re-
laxant, with maintenance of spontaneous
respiration. This involves an inhalational
induction using a volatile agent (for ex-
ample, sevoflurane) or the slow adminis-

2165Crit Care Med 2008 Vol. 36, No. 7



tration of an intravenous induction agent
(for example, propofol) followed by an
inhalational technique. The latter, al-
though quicker, may cause apnea and (if
manual ventilation cannot be achieved) a
life-threatening situation.

Orotracheal intubation without neu-
romuscular blocking drugs may be facil-
itated by the use of lignocaine spray to
the mucosa of the larynx and pharynx
before intubation. Intubating conditions
may not be as favorable as under the
influence of neuromuscular block and, if

passage of the tube into the trachea is not
achieved relatively quickly, the patient
(now breathing room air) will become
less deeply anesthetized, making intubat-
ing conditions even more difficult.
Kabrhel and colleagues (89) have recently
published a detailed description of the
procedure of orotracheal intubation us-
ing direct laryngoscopy.

Unanticipated Airway Difficulty

The unanticipated difficult airway al-
lows only a short period to solve the prob-
lem if significant hypoxemia, hypercar-
bia, and hemodynamic instability are to
be avoided. The patient is usually anes-
thetized, may be apneic, and may have
had muscle relaxants and several unsuc-
cessful attempts at intubation. If appro-
priate equipment, assistance, and experi-
ence are not immediately at hand, there
is little time to obtain these. Oxygenation
must be maintained and hypercapnia
avoided.

If the practitioner is inexperienced,
the patient has had no (or a relatively
short-acting) muscle relaxant and man-
ual ventilation is not a problem, it may be
appropriate to let the patient recover con-
sciousness. An awake intubation can then
be planned either after a short period of
recovery or on another occasion. With an
experienced practitioner, it may be possi-
ble to continue using techniques to im-
prove the chances of visualizing and in-
tubating the larynx. The adjuncts
described subsequently may be useful in
this situation, but also for the anesthe-

tized patient with an anticipated difficult
airway.

Bimanual Laryngoscopy

Backward pressure on the cricoid car-
tilage, or the BURP maneuver (backward,
upward, and rightward pressure), applied
by an assistant may improve the view of
the larynx at direct laryngoscopy (90, 91).
The benefit of BURP may be enhanced
further by combining it with mandibular
advancement (often helpful in fiberoptic
intubation) (92). However, cricoid pres-
sure and BURP, when performed by a
“blinded” assistant, has also been shown
to impair laryngeal visualization on ap-
proximately 30% of occasions (93–95).
External laryngeal manipulation (also
termed bimanual laryngoscopy) involves a
cricoid pressure- or BURP-type maneuver
performed initially by the laryngoscopist
(Fig. 2) and then maintained by an assis-
tant. It has been shown to improve the view
at direct laryngoscopy (91, 96). Direct com-
parison has shown that external laryngeal
manipulation (bimanual laryngoscopy) is
superior to BURP in improving laryngeal
visualization, whereas cricoid pressure is
the least effective technique (93).

Stylet (‘Introducer’) and Gum
Elastic Bougie

The stylet is a smooth, malleable
metal or plastic rod that is placed inside
an ETT to adjust the curvature, typically
into a J or “hockey stick” shape to allow
the tip of the ETT to be directed through
a poorly visualized or unseen glottis (97).
The stylet must not project beyond the
end of the ETT to avoid potential airway
injury. In contrast, the gum elastic bou-
gie is a blunt-ended, malleable rod that

Figure 1. The technique of retrograde intubation (see text).

Figure 2. Bimanual laryngoscopy. Arrows dem-
onstrate use of one hand to control the laryngo-
scope and the other to apply cricoid pressure or a
backward, upward, and rightward pressure
(BURP)-type maneuver. Reproduced with permis-
sion from www.airwaycam.com/bimanual.aspx. Ac-
cessed May 29, 2008.

Table 2. Requirements for anticipated difficult
intubation following general anaesthesia

● Fasting patient with empty stomach
● Antacid therapy
● Optimal patient positioning
● Full vital sign monitoring
● Availability of

# Gum elastic bougies
# Tracheal tubes of various sizes
# Tube introducers
# Several sizes and types of laryngoscope

blades
# Lighted stylet/light wand
# Laryngeal masks (various sizes) or

combitube
# Cricothyroidotomy or mini-tracheostomy

kit
● Pre-oxygenation of the patient
● Technique that maintains spontaneous

respiration until tracheal
intubation/ventilation is confirmed

● Use of bimanual laryngoscopy or guided
BURP if required (see text)

● Use of above adjuncts

BURP, backward, upward, and rightward
pressure.
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may be passed through the poorly or non-
visualized larynx by putting a J-shaped
bend at the tip and passing it “blindly” in
the midline upward beyond the base of
the epiglottis. The ETT can then be “rail-
roaded” over the bougie, which is then
withdrawn. For many, it is the first
choice adjunct in the difficult intubation
situation (91, 98). There has been much
debate regarding the relative merits of
the bougie (used widely in the United
Kingdom) and stylet (more popular in
North America) (99, 100).

Choice of Laryngoscope Blade

There are over 50 types of curved and
straight laryngoscope blades of varying
sizes. Using specific blades in certain cir-
cumstances is felt to be very advanta-
geous by some (101–103) but not all au-
thorities (104). In patients with a large
lower jaw or “deep pharynx,” the view at
laryngoscopy may be improved signifi-
cantly by using a size 4 Mackintosh blade
(rather than the more common size 3) to
ensure the tip of the blade reaches the
base of the vallecula to facilitate optimal
elevation of the epiglottis. Other blades,
for example, McCoy (a curved Mackin-
tosh-type blade with a laryngoscopist-
controlled hinged portion just proximal
to the tip), may be advantageous in spe-
cific situations (105, 106). Figure 3 shows
a selection of curved and straight laryn-
goscope blades.

Lighted Stylet

The lighted stylet (light wand) is a
malleable fiberoptic light source on
which an ETT can be mounted and sub-
sequently railroaded into the trachea
when the light source has passed beyond
the glottis (107). It facilitates blind tra-
cheal intubation by distinguishing the
tracheal lumen from the (more posterior)
esophagus as a result of the greater in-
tensity of light visible through anterior
soft tissues of the neck as the light source
passes beyond the vocal cords (108). Dur-
ing routine general anesthesia, intuba-
tion time and failure rate with light
wand-assisted intubation is similar to di-
rect laryngoscopy (109) and in a large
North American survey, it was the most
popular alternative airway device in the
difficult intubation scenario (110). It may
be used in conjunction with the laryngeal
mask airway or as part of a combined
technique with a fiberoptic scope (111,
112). A potential disadvantage is the need

for low ambient light, which may not be
desirable (or easily achieved) in a critical
care setting. Light wand devices may be
contraindicated in patients with known ab-
normal upper airway anatomy and those in
whom detectable transillumination is un-
likely to be adequately achieved (107).

Fiberoptic Intubation

The fiberoptic scope (see previously)
can be used in the unanticipated difficult
airway but only if it is readily available
and the operator is skilled (7, 78, 79). In
this scenario, the oral route may be ad-
vantageous in terms of speed. Modified
oral airways that also act as a bite guard
may be helpful (113). When the patient
has been anesthetized, loss of muscle
tone allows the epiglottis and tongue to
fall back against the posterior pharyngeal
wall. The jaw may need to be lifted for-
ward to gain optimal visualization of the
vocal cords (79, 92). Intubation can also
be accomplished with a video laryngoscope
(114) in which the view from the end of the
laryngoscope is transmitted fiberoptically
to a monitor screen. The screen displays
the larynx and the ETT as the latter is
advanced to the correct position.

Supraglottic Airway Devices

Laryngeal Mask Airway. After the in-
troduction of the laryngeal mask airway
(LMA) in 1988, supraglottic airway de-
vices rapidly found a significant role in
the management of the difficult airway.
They are extensively reviewed by Cook
(115). The classic LMA (cLMA) is a small
latex mask mounted on a hollow plastic
tube (18, 116–121). It is placed “blindly”
in the lower pharynx overlying the glot-
tis. The inflatable cuff on the mask helps
wedge the mask in the hypopharynx so
that it sits obliquely over the laryngeal
inlet. Although the LMA produces a seal
that will allow ventilation with gentle
positive pressure, it does not definitively
protect the airway from aspiration. Com-
pared with an ETT, an LMA can be appro-
priately placed more rapidly and more
successfully by operators with limited ad-
vanced airway skills (122, 123). The use of
the LMA has been extensively studied in
cardiac arrest situations and found to be
superior to bag mask ventilation. The
often quoted risk of pulmonary aspiration
is probably overestimated; some reported
aspiration probably occurs before inser-
tion of the LMA (124). Concerns of inad-
equate ventilation (leakage of gas) or

gastric inflation, however, remain. Venti-
lation is possible through the LMA if in-
flation pressures are kept relatively low.
Increasing peak airway pressure from 15
cm H2O to 30 cm H2O may increase the
proportion of gas leakage from 13% to
27% and, more importantly, increase the
proportion entering the esophagus from
2% to 35% (125).

Modifications of the cLMA include the
intubating LMA (ILMA), the Proseal LMA
(Intavent Orthofix, Maidenhead, Berk-
shire, UK), and various disposable LMAs.
The ILMA (Fig. 4) has a more rigid, wider
tube with a handle for insertion (126–
129). A modified tracheal tube with a low
profile cuff can be passed through the
ILMA into the trachea (130) either blindly
or with the aid of a fiberoptic scope. A
“bar” overlying the lower aperture lifts
the epiglottis forward revealing the laryn-
geal inlet and facilitating intubation. The
ILMA may be suitable in the management
of trauma patients in situations of limited

Figure 3. Lateral view of straight and curved
laryngoscope blades. A–C, Mackintosh Blades
(sizes 4, 3, and 2). D, Miller blade; E, McCoy blade
(tip in “elevated” position).

Figure 4. The intubating laryngeal mask airway.
Reproduced with permission from Brain AIJ,
Verghese C: Laryngeal Mask Airway (LMA)-
Fastrach Instruction Manual. San Diego, LMA
North America, 1998.
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access or when cervical spine injury is
suspected (131).

The Proseal LMA was introduced in
2002 as a device to ensure better airway
protection and more successful ventilation.
It differs from the cLMA in having a larger
deeper mask and a posterior cuff. A drain
tube reduces the possibility of leaked gases
entering the esophagus and acts as a vent if
regurgitation occurs (132).

Combitube (Esophageal-Tracheal
Double-Lumen Airway)

The Combitube (Tyco-Kendall-Sheri-
dan, Manstield, MA) is a combined esoph-
ageal obturator and tracheal tube and is
usually inserted blindly (15, 24, 97, 115,
133–135). Whether the “tracheal” lumen
is placed in the trachea or esophagus, the
Combitube (Fig. 5) will allow ventilation
of the lungs and give partial protection
against aspiration. In many situations,
the Combitube is a (less widely used)
alternative to the LMA, including the
“cannot intubate–cannot ventilate” situ-
ation. Disadvantages include the inability
to suction the trachea when placed in the
esophagus (the most common position).
Insertion may also cause trauma and is
contraindicated in patients with known
esophageal pathology, intact laryngeal re-
flexes, or in those who have ingested
caustic substances.

Failure to Intubate and Failure
to Ventilate

This is an absolute emergency and a
grave threat to life. To ensure all involved
perform at their best, it is important to

remain calm and follow an appropriate
algorithm. The options are to find a sat-
isfactory method of ventilation without
intubation (“noninvasive”) or to perform
a cricothyroidotomy or (potentially) tra-
cheostomy (1, 2, 75). Reduced to its sim-
plest, the options are a) check the basics
to see if intubating conditions can be
improved; b) use of a supraglottic airway;
or c) perform a cricothyroidotomy (Fig.
6), which may be more easily remem-
bered using the phrase “Fiddle, Larry,
Stick” (136). Once ventilation and oxy-
genation is achieved, the options are
wake up or continue using further op-
tions undertaken in a controlled manner
with additional help.

Confirming Tube Positioning in
the Trachea

In managing the difficult airway, one
of the most disastrous possibilities is the

failure to recognize misplacement of the
ETT, usually in the esophagus. This is not
a life-threatening situation unless it is
unrecognized (137). Thus, confirmation
of ETT placement in the trachea is essen-
tial. Visualizing the tube passing through
the glottis into the trachea is the defini-
tive method to assess correct positioning.
This may not always be possible as a re-
sult of poor visualization and (poten-
tially) the operator’s reluctance to accept
that the tube is not in the trachea. There
are several clinical observations that sup-
port the presence of the ETT in the trachea.

Chest wall movements on manual
ventilation are usual but may be absent
in patients with chronic obstructive pul-
monary disease, obesity, or decreased
compliance, for example, severe broncho-
spasm. Although the presence of con-
densed water vapor in the ETT suggests
that expired gas is from the lungs, this

Figure 5. Combitube (allowing pulmonary venti-
lation if tube is inserted into the esophagus).
Reproduced with permission from Daniele Foco-
si’s Molecular Medicine Web site (http://focosi.
immunesig.org/invivo_surgical.html). Accessed
May 29, 2008.

Figure 6. Simple flow chart for the “cannot intubate–cannot ventilate.” Reproduced with permission
from Mulcahy AJ, Yentis SM: Management of the Unexpected Difficult Airway. Anesthesia. Oxford,
Wiley-Blackwell Publishing Ltd, 2005. LMA, laryngeal mask airway.
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may occur with esophageal intubation.
The absence of water vapor is more
strongly suggestive of esophageal intuba-
tion. Auscultation of breath sounds (in
both axillae) supports correct tube posi-
tioning but is not absolutely confirma-
tory (138).

The use of capnography to detect end-
tidal carbon dioxide is the most reliable
method of confirming ETT placement
and is increasingly available in critical
care (139). False-positive results may oc-
cur initially when exhaled gases enter the
esophagus during mask ventilation (140)
or when the patient is generating carbon
dioxide in the gastrointestinal tract, for
example, recent ingestion of carbonated
beverages or bicarbonate-based antacids
(141). A false-negative (ETT in the tra-
chea but no CO2 detected) may occur
when pulmonary blood flow is minimal,
for example, during cardiac arrest with
poor cardiopulmonary resuscitation
(142).

Visualizing the trachea or carina
through a fiberoptic bronchoscope, which
should be readily available in critical care,
will also confirm correct placement of the
ETT. Note that after emergency intubation
and clinical confirmation of the ETT in the
trachea, 15% of ETTs may still be inappro-
priately close to the carina (143).

Surgical Airway

The indication for a surgical airway is
inability to intubate the trachea in a pa-
tient who requires it and the techniques
available are cricothyroidotomy or tra-
cheostomy (24). Conventional wisdom
states that tracheostomy is the more
complex and time-consuming procedure,
which should only be performed by a
(experienced) surgeon (144). Studies in
the critical care environment suggest
that, in the elective situation, cricothy-
roidotomy is simpler and (at worst) has a
similar complication rate (145, 146). Cri-
cothyroidotomy may be performed using
three techniques: needle, wire-guided
percutaneous, or surgical. Although nee-
dle cricothyroidotomy has long been ad-
vocated (147), recent work suggests sur-
gical cricothyroidotomy is superior (148).
When compared with a wire-guided tech-
nique, the surgical technique was both
quicker (even when performed by non-
surgeons) and produced more effective
ventilation (149) in a mannequin. Previ-
ously, surgical cricothyroidotomy has
been viewed as a temporary airway that
should be converted to tracheostomy

within a few days. However, a surgical
cricothyroidotomy can be used success-
fully as a definitive (medium-term) air-
way without any additional risk of com-
plications (150, 151), whereas it would
appear that the conversion from cricothy-
roidotomy to tracheostomy may be an
unnecessary and high-risk procedure
(152, 153).

Extubation in the Patient with a
Difficult Airway (Decannulation)

The patient with a difficult airway still
poses a problem at extubation and, if re-
intubation is necessary, it may be even
more difficult than the original proce-
dure. Between 4% and 12% of surgical
intensive care unit patients require rein-
tubation (154) and may be hypoxic, dis-
tressed, and uncooperative at the time of
the procedure. Such patients often have
multiple risk factors for difficult intuba-
tion (71) as well as airway edema and the
presence of dried blood and secretions.
Reestablishing the airway in such pa-
tients is challenging. Before the extuba-
tion of any critical care patient, there
should be a strategy that includes a plan
for reintubation.

Airway exchange catheters (AEC),
which allow gas exchange either by jet
ventilation or oxygen insufflation, may
be useful in the “difficult extubation” (2,
155, 156). The AEC is placed through the
ETT, ensuring that the distal end remains
proximal to the carina. The ETT can then
be removed after a successful leak test
and the AEC may remain in situ until the
situation is judged to be stable (71).

Tube Displacement in the
Critical Care Unit

Tracheal Tube. ETT displacement in
the intensive care unit is a life-threaten-
ing emergency that may result in signif-
icant morbidity (157). Although some-
times viewed as unavoidable, often there
are preventable factors involved (158–
160). Changes in patient posture or head
position cause significant movement of
the tube within the trachea (161, 162).
The frequency of tube displacement can
be reduced by good medical and nursing
practice (163), attention to the spatial
arrangements around the bed, achieving
appropriate sedation levels, and ensuring
appropriate intensive care unit nurse
staffing (164, 165). The management of
ETT displacement should include consid-
eration that the patient may no longer

need an ETT (160). If replacement is re-
quired, one must prepare for a potentially
difficult reintubation.

Tracheostomy Tube. Adverse events
associated with tracheostomy tubes are
quite common (160, 166). Tube displace-
ment from the tracheal lumen may be
impossible to detect on external examina-
tion but is suggested by difficulty with
breathing, ventilation, or tracheal suc-
tioning and the presence of a pneumo-
thorax, pneumomediastinum, or surgical
emphysema. If required, tube position
and patency may be assessed by passing a
fiberoptic scope through the lumen to
visualize trachea and carina. Assessing
tracheostomy tube position on chest x-
ray is of no value.

If displacement occurs before a well-
defined track between skin and trachea is
formed (4–5 days), it may result in a
life-threatening event. Displacement of a
percutaneous tracheostomy tube may be
problematic because the external opening
of the track may not easily admit a new
tube of the same size. The option to re-
move the tube (decannulate the patient)
should be considered and if pursued, the
tracheostomy opening should be dressed
to make it as “airtight” as possible, thus
facilitating effective coughing. If the pa-
tient needs a tube, and replacing the tra-
cheostomy is not possible, then oral re-
intubation should be performed after
which the tracheostomy should be
dressed. A new tracheostomy procedure
can be planned when appropriate. With a
more mature tracheostomy (more than 5
days old), replacement of a displaced tube
may be quite simple because the track
between skin and the trachea is well
formed (167).

Summary

Critical care patients exhibit airway
difficulties, which include all the scenar-
ios found in anesthesia but in an environ-
ment and context that may be less favor-
able. The difficult airway frequently needs
to be maintained over a prolonged period
and the process of decannulation is po-
tentially life-threatening. All critical care
physicians need to be familiar with diffi-
cult airway algorithms and have the skills
to use the necessary airway adjuncts. It is
important that other critical care staff
have the ability to provide support during
difficult airway maneuvers. We should
view all critical care airway problems as
potentially difficult and plan accordingly.
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