Role of ultrasound in the airway management of critically
ill patients
Alan Šustić, MD, PhD

Ultrasound imaging of the upper airway in critically ill patients
offers a number of attractive advantages compared with competitive imaging techniques or endoscopy. It is widely available,
portable, repeatable, relatively inexpensive, pain-free, and safe. In
this review article, I describe ultrasonographic anatomy of the
upper respiratory organs and present the main potential applications of ultrasonography in airway management. The role of
ultrasound in endotracheal tube placement, including preintuba-
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ltrasound (US) offers a number of attractive advantages
compared with competitive
imaging techniques or endoscopy for imaging critically ill patients. It
is widely available, portable, repeatable,
relatively inexpensive, pain-free, and safe.
Although the earliest reports dealing with
US applications in clinical medicine include the description of soft-tissue imaging of the pretracheal structures and anterior tracheal wall (1), the first detailed
reports of using US to assist in various
applications in airway management date
from only a few years ago. The use of US
for assisting with airway management in
anesthesia and in the intensive care unit
is directly related to the availability of
low-cost and portable US capabilities. Clinicians initially described US-guided central venous and arterial catheterization,
followed by US-guided regional anesthesia techniques. Subsequently, an increasing experience with the application of US
toward airway management has been
published. In this review article, I will
describe the sonographic anatomy of the
upper respiratory organs and outline the
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tion assessment, verification of tube position, double-lumen intubation, and extubation outcome, are explained. Also, ultrasound-guided percutaneous tracheostomy, the role of ultrasound
in using the laryngeal mask airway, and upper airway anesthesia
are described. (Crit Care Med 2007; 35[Suppl.]:S173–S177)
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main potential applications of ultrasonography in the airway management of
the critically ill.

Ultrasound Anatomy of the
Upper Airway
For US analysis of the upper airway,
the most suitable probes are those with a
small physical footprint (typically vascular types) with higher frequency (⬎7.5
MHz) and high resolution. The upper airway consists of the oral and nasal cavities,
pharynx, larynx, and trachea, all of which
are nearly completely filled with air. Due
to the very high acoustic impedence of
air, US cannot directly depict the inside
of air-filled organs. Fortunately, due to
their superficial position, the frontal and
lateral walls of nearly all upper airway
segments are visible by US examination
either partially or completely. US can image the floor of the oral cavity and its
lateral wall. The lateral wall, the so-called
buccae, appears as a thin hyperechogenic
line with a thin muscular layer underneath. We usually image only the second
and third part of the tongue and the base,
whereas the anterior (frontal) third is examined only if the lingua is attached to
the floor of the mouth (2). For US imaging of the tongue and oral floor, we use
diagonal and vertical sections from the
top of the mandible to the hyoid bone. US
shows the tongue as a muscular organ
with a typical hypo(-iso)echoic ultrasonographic structure; on both sides of the
base, the valleculae are clearly visualized

(palatopharyngeal fold), indicating the
transition to the hypopharynx (Fig. 1). In
a lateral section, the hypoechoic tonsils
are visualized, which, especially in childhood, appear as lymphatic tissue with visible lateral walls of hypopharynx below.
The lateral walls of the nasal cavity are
only rarely visible if the maxillary sinuses
are filled with liquid (3). The larynx is an
musculocartilaginous structure situated
below the hyoid bone (Fig. 2), formed by
nine cartilages, the most important being
the thyroid and cricoid. Both are very
clearly visible by US as hyperechoic structures reciprocally connected by isoechoic
membranaceous ligaments with visible
air below. The ring-shaped trachea, located inferior to the cricoid cartilage, is
easily visible by US in vertical (Fig. 3) or
transversal (Fig. 4) section together with
the pretracheal tissue (4).

Intubation
Preintubation Assessment. The inability to successfully intubate a pharmacologically paralyzed patient can be a disastrous situation. Although patients who
are potentially difficult to intubate can
often be predicted clinically, this method
does not provide complete assurance,
providing a requirement to consider
other methods. Obesity is a well-known
independent predictor of difficult intubation, but increased body mass index
poorly predicts difficult laryngoscopy (5).
In the last few years, there have been
interesting studies using US to assess the
upper airways and to predict difficult inS173

tubation, especially in obese patients or
those with obstructive sleep apnea. In a
select group of obese patients, Ezri et al.
(6) found that an abundance of fat tissue
at the anterior neck region, as measured
by US, was a very good independent predictor of difficult laryngoscopy, being a
much better predictor than body mass
index, per se. In patients with sleep apnea, Siegel et al. (7) found that upper
airway ultrasonography was a reliable,
simple, and comfortable method for precisely identifying the mechanism of airway

Figure 1. Transversal ultrasonographic section of
the basis of the tongue. The tongue is presented
as a muscular organ with typical hypo(-iso)echogenic ultrasonographic structure; on both sides
of the base, palatopharyngeal folds are clearly
visualized (arrows).

Figure 2. Transversal ultrasonographic section
across the hyoid bone (solid arrow). The membrane between the hyoid bone and thyroid cartilage is presented as an isoechogenic line (with
hyperechogenic air below) from both sides of the
hyoid bone (dashed arrows).

obstruction. There has also been further
interest in the role of a preintubation US
assessment elsewhere in upper airway. Pharyngeal or laryngeal pathology with a significant effect on airway management, such
as tumors, abscesses, or epiglottitis, could
be detected by ultrasonography (8, 9).
Verification of Endotracheal Tube Position. Endotracheal tube (ETT) insertion
remains the primary method of definitive
airway protection and control in critically
ill patients. According to the 2000 Advanced Cardiac Life Support guidelines,
after insertion of the ETT, a confirmatory
procedure should be done to exclude
esophageal or endobronchial intubation
(10). Further, it is imperative that the
ETT tube position should be continuously monitored during the patient’s intensive care unit stay to avoid incidental
endobronchial intubation with subsequent atelectasis (11). Although physical
examination consisting primarily of auscultation of the left thoracoabdominal
area is suggested as the primary and routine method of ETT positioning confirmation, it is burdened by a low accuracy.
Thus, a secondary method of confirmation is necessary. Among the suggested
methods for secondary confirmation
mentioned, end-tidal CO2 detection and
the esophageal suction device are the
most frequently used methods. Unfortunately, both of these methods have limitations in the detection of endobronchial
intubation, and both methods fail to provide direct anatomic evidence of the correct ETT position (12, 13). Conversely,
US provides indirect but accurate dynamic anatomic evidence of the correct
physiologic function of the ETT in paralyzed or apneic patients during and after
resuscitation. US can quickly and efficiently visualize the motion of the diaphragm and pleura, which are indirect
quantitative and qualitative indicators of
lung expansion (14, 15).

Figure 3. Left, with a linear ultrasonography transducer (vascular probe), the trachea was presented
by vertical medial section. Right, after a clear ultrasound verification of cricoid cartilage and tracheal
rings, the site of puncture for percutaneous tracheostomy (usually between the second and third
tracheal rings) or cricostomy can be determined.
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If the ETT is in the correct position
(i.e., trachea), bilateral equal motion of
the diaphragm toward the abdomen can
be seen (16, 17). It represents the equal
bilateral expansion of the lungs. Also,
with an intercostal ultrasonographic
view, it is easy to identify the so-called
lung-sliding sign at the lung– chest wall
interface, a kind of “to-and-fro” movement of the pleura synchronized with
ventilation (18). If this sign is visualized
on the left or, especially, on both sides of
the chest, it should correlate with regular
bilateral lung ventilation and thus correct ETT position (19). On the contrary, if
the ETT is in the esophagus, assisted ventilation through the tube will not result
in expansion of the lungs, and the diaphragm will show active motion in accordance with the patient’s own spontaneous
respiration if the patient still retains respiration. If the patient is paralyzed or
apneic, the esophageal intubation will result in an immobile or paradoxic state of
the diaphragm. In some cases, ventilation
through esophageal-positioned ETT results in a paradoxic motion of the diaphragm, in which the diaphragm moves
toward the chest due to increased intraabdominal pressure caused by the positive pressure ventilation being directed
into the esophagus and upper gastrointestinal tract (16). An intercostal view
in paralyzed or apneic patients with an
intraesophageal ETT should not result in
any respiratory-type movements of pleura
on both sides of the chest (i.e., lung sliding) with assisted ventilation (18 –20).
The absence of the lung-sliding sign will
result in visualization of the vibrations of
the pleura in rhythm with the heart beat,
a sign known as the lung pulse (21). Finally, if the tube is in the right main
bronchus, movements of the left diaphragm will not be seen or will be considerably reduced, and the movements of
pleura (lung sliding) will be seen only on
the right side of the chest (18 –20). On
the left side of the chest, the lung pulse
only should be seen.
In some cases, the ETT can be directly
visualized by US to be positioned in the
trachea. There have also been limited reports of using US to document ETT position with the echogenicity enhanced by
retaining a stylet in the tube or by filling
the ETT cuff with fluid and air bubbles
(Fig. 5) (9).
Double-Lumen Intubation and OneLung Ventilation. Double-lumen tubes
(DLTs) are used to isolate or collapse the
lungs selectively during thoracic proceCrit Care Med 2007 Vol. 35, No. 5 (Suppl.)

Figure 4. Transversal ultrasonographic section of
the trachea. Ultrasonographic measurement of
outer tracheal width is presented.

Figure 5. Anterior tracheal wall is visualized with
cricoid cartilage, tracheal rings (solid arrows),
and pretracheal tissue. The cuff of the endotracheal tube, filled with fluid and air bubbles, is
presented (dashed arrows).

dures or one-lung ventilation. It is imperative that a DLT be safely and accurately
positioned because a misplaced or improperly used tube can jeopardize any
procedure or injure the patient. A left
DLT is preferred for both right- and leftsided procedures, and it can be used successfully in ⬎98% of patients (22). Auscultation and fiberoptic bronchoscopy are
the current methods of choice used to
confirm (left) DLT placement. The evidence strongly suggests that auscultation
alone is not reliable for confirmation of
proper DLT placement (23). Unfortunately, in clinical practice, fiberoptic
bronchoscopy may not always be available, especially for narrow DLT tubes for
children or small individuals (24). Further, blood or mucus in the airway and
anatomic distortion can make visual confirmation of DLT position difficult or impossible. Fiberoptic bronchoscopy does
not guarantee success because positioning problems and serious complications
can still occur even when fiberoptic bronchoscopy is used (24). US may then be a
new and very useful tool for confirmation
of proper (left) DLT placement. The philosophy of using US to confirm proper
DLT position is the same as described for
the verification of the endotracheal position of ETTs. Therefore, if the left DLT
tube is in the correct position (i.e., left
Crit Care Med 2007 Vol. 35, No. 5 (Suppl.)

main bronchus), movements of the right
diaphragm will not be seen or will be
considerably reduced, and the pleural
movements (lung sliding) will only be
seen on the left side of the chest. On the
right side of the chest, the lung pulse will
be seen. If the DLT is in the trachea,
bilateral equal motion of the diaphragm
toward the abdomen and bilateral lung
sliding should be seen.
Determining the proper size of (left)
DLTs is a very important part of the lungseparation procedure. If the tube is too
large, it will cause trauma and cuff overinflation; if the tube is too small, it will be
easily dislocated, with subsequent malposition (25). Brodsky et al. (26, 27) found
that measurement of the tracheal width
from a chest radiograph can be used as a
guide to help predict which size of left
DLT to select for each patient. We believe
that US can also be a very useful method
for determining proper left-sided DLT
size. In a recently conducted study, we
found a statistically significant correlation between US measurement of the
outer tracheal width (Fig. 4) vs. the inner
tracheal and bronchial width measured
by multi-slice computed tomography
scan. Brodsky’s rules for determining
proper left-sided DLT were as follows; a
tracheal width of ⱖ18 mm ⫽ predicted
left DLT of 41 Fr; tracheal width of ⱖ16
mm ⫽ predicted left DLT of 39 Fr; tracheal width of ⱖ15 ⫽ predicted left DLT
of 37 Fr; tracheal width of ⬎14 ⫽ predicted left DLT of 35 Fr. If these measurements are validated, US measurement of
tracheal width could be a simple noninvasive bedside method for determining
the proper left-sided DLT.
Extubation Failure. Extubation failure is one of the most frequently encountered serious adverse events in the management of mechanically ventilated
patients. Predicting extubation outcome
(failure) is, therefore, an important task.
Extubation outcome is in direct correlation with respiratory muscle endurance,
in which diaphragmatic function plays a
pivotal role. The respiratory movements
and excursions of the diaphragm, liver,
and spleen directly correlate with respiratory muscular strength. Fortunately,
these movements can be easily detected
by US (28). In a recent study presented by
Jung-Rern et al. (29), the authors found
significantly larger displacement of the
liver and spleen (i.e., diaphragm movement) in those patients with successful
extubation than in those who failed. The
authors concluded that ultrasonographic

measurement of liver and spleen displacement during a spontaneous breathing trial
before extubation was a good method for
predicting extubation outcome. Therefore,
evaluation of diaphragmatic movements by
US may become an important tool to evaluate the respiratory muscle endurance in
critically ill patients.

Percutaneous Tracheostomy
and Cricothyrostomy
Percutaneous dilatational tracheostomy (PDT) is an established and safe
means of gaining tracheal access in intensive care (30 –32). However, the blind
technique has significant potential complications and relative and absolute contraindications (31–33). To reduce these,
bronchoscopic or US-guided PDT is suggested. Although bronchoscopic guidance is more often used and provides the
best visualization, it has some disadvantages vs. US. First, bronchoscopy is not
without complications of its own, including compromised ventilation and significant hypercarbia with elevation of intracranial pressure, which may be poorly
tolerated by those with acute severe head
or spinal cord injury (34 –37). Second,
during bronchoscopy, minute volume is
significantly reduced and bronchoscopy,
per se, can be responsible for pulmonary
barotrauma and pneumothorax (35, 38).
For this reasons, we and others have recently recommended US-guided puncture of the trachea, a method that can be
successfully used even in difficult cases
(4, 39 – 43).
The trachea and paratracheal soft tissues of the neck can be examined at the
highest resolution with US probes of high
frequency due to their superficial position. The anterior tracheal wall, thyroid
and cricoid cartilages, tracheal rings, and
pretracheal tissue may all be well visualized (Fig. 3), which allows the clinician to
select the optimal intercartilaginous
space for tracheostomy tube placement
(40). The relationship of the thyroid gland
and the vascular structures of the neck to
the trachea can also be readily seen on
diagnostic US. As a patient safety–related
practice, patients with unfavorable anatomy for PDT demonstrated by US can be
referred for open tracheostomy (44).
To perform US-guided PDT, we routinely use a guidewire/dilational forceps
technique (Portex, Kent, UK). US-guided
PDT is performed at the patient’s bedside
in the intensive care unit using continuous physiologic monitoring. After adminS175

Figure 6. The ultrasound transducer is pulled cranially until the lower edge of transducer is placed
above the tracheal ring (second ring), below which the puncture of trachea for percutaneous
tracheostomy will be performed.

istering analgesia, sedation, and muscle
relaxants, the patient is placed on 100%
oxygen (FIO2 of 1.0) and is prepared for
PDT in a standard manner with or, if it is
not possible, without neck hyperextension. With a linear transducer that has
been prepared in a sterile sheath (short
vascular probe, 5–10 MHz), the trachea is
imaged in vertical medial section and the
continuous Doppler signal over the trachea on the level of the second ring (or
pulsed-Doppler signal with sample volume in trachea) is activated. The ETT is
thereafter withdrawn until the cuff is just
below the vocal cords. When the tip of the
tube reaches the second tracheal ring, the
intensity of the Doppler signal increases
greatly due to an increased signal from
unencumbered, turbulent air, confirming
the correct position of the ETT (34).
The site of puncture is usually selected
between the second and third tracheal
rings, after a clear US verification of anatomy of the thyroid and cricoid cartilage
and tracheal rings (Fig. 3). If the thyroid
isthmus is situated alongside planned
puncture canal, we do not try to avoid it
because isthmus penetration is relatively
frequent in PTD but without serious consequences (45). The US transducer is
then pulled cranially until the lower edge
of the transducer is placed above the tracheal ring, below which the tracheal
puncture will be performed (Fig. 6). After
infiltration of anesthesia (local anesthetic
with adrenaline), a transverse 1- to 2-cmlong incision into the skin and subcutaneous tissue is made parallel and as close
to the lower edge of the transducer as
possible. Then, the distance from the
probe to the echo of the anterior tracheal
wall is measured and marked on the cannula to be used for puncture. To control
the depth of the puncture, we have designed a special “stopper,” consisting of a
metal device, which avoids inadvertent
injury to the posterior tracheal wall (46).
This stopper is positioned 5 mm distally
S176

from the indicated location on the cannula, and the puncture is performed
through the incision up to the depth permitted by the stopper. Proper insertion
into the trachea is verified by aspiration
of air into a syringe attached to the cannula. After placing the guidewire through
the cannula into the trachea, the cannula
itself is removed. A 14-gauge dilator is
then passed over the guidewire to start
the stoma formation. Then, the guidewire
dilational forceps is advanced along the
guidewire and multiple (usually 3 to 4)
dilations are performed. After the forceps
is removed, the tracheostomy tube is advanced along the guidewire through the
stoma into the trachea.
The correct position of the tracheostomy tube is also confirmed at the end of
the procedure by means of US (16, 19). If
the tracheostomy tube is in the correct
position (i.e., in the trachea), bilateral
equal motion of the diaphragm toward
the abdomen is seen by subxiphoid or
subcostal US imaging, representing equal
bilateral expansion of the lungs. Conversely, if the tube is out of the trachea,
this will result in an immobile state of the
diaphragm during the positive pressure
ventilation. Further, an intercostal US
view can identify lung-sliding signs, a
kind of to-and-fro movement of pleura
synchronized with ventilation. If this sign
is visualized on the left or on both sides of
the chest, it correlates with bilateral lung
ventilation and with correct tracheostomy tube position (18 –20). In our experience, diagnostic ultrasonography is a
useful and exact supporting method for
PDT, which could be an alternative to
endoscopy in avoiding the serious complications of blind PDT.

Miscellaneous
Laryngeal Mask Airway. The laryngeal
mask airway (LMA) is an adjunctive airway device composed of a tube with a

cuffed mask-like projection of the distal
end. The exact position of the cuff, which
has to seal the larynx, is crucial for adequate ventilation through the LMA. From
the lateral approach, the position of the
LMA cuff can be seen by US if the cuff is
filled with fluid. If the LMA is not visualized by US equally on both sides of the
larynx, it can be subsequently repositioned correctly (9). This application of
ultrasonography may be especially useful
during clinical training in the use of the
LMA. Also, US has been successfully used
to determine the optimal puncture site of
the right internal jugular vein after LMA
placement (47).
Ultrasound-Guided Upper Airway Anesthesia. Manipulation of the airway during either laryngoscopy or endotracheal
intubation in critically ill but awake patients is often associated with laryngospasm, coughing, and cardiovascular reflexes, which are undesirable. The
anesthesiologist or critical care physician
can abolish or blunt these reflexes by
anesthetizing the upper airway, including
the superior laryngeal nerve (48). The
exact position of an optimal superior laryngeal nerve block, located between the
hyoid bone and thyroid cartilage, can easily be visualized with ultrasonography
and a guided block performed (Fig. 2).
The clinical promise of this technique
requires further investigation.

Conclusion
There is growing body of literature
demonstrating the value of ultrasonography in the care of critically ill patients,
including airway management (49). The
increasing availability of small, competitively priced, US devices providing high
resolution has led to an increased use of
US in the critical care setting. The current devices are particularly useful for the
examination of the superficial structures
such as the upper airway. It is likely that
in the future, such techniques will become routine in airway management,
particularly in teaching and in the management of difficult cases.
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The High-Risk Airway
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There are few conditions in emergency medicine as potentially challenging and highrisk as the difficult or failed airway. Time is often limited, the patient’s condition may be
critical, and a failed airway has the potential for significant morbidity or death. The
emergency physician must be able to rapidly identify the potential for a difficult or
failed airway and plan accordingly. Underlying cardio-respiratory compromise or the
acute condition itself may predispose the patient to physiologic insults during airway
management. Anticipation and management of these risks can prevent worsening of
the existing medical condition. Fortunately, there are methods to quickly identify the
potentially difficult or failed airway. Preparation and pretreatment strategies may mitigate the potential risks of airway management in some conditions. Finally, there are
a myriad of airway devices, many of which are new to emergency medicine, that
can assist with the identification, management, and rescue of the high-risk airway.
Once a difficult airway is anticipated, the clinician can choose a strategy and technique based on the reason for the airway being potentially difficult and on whether
oxygenation can be maintained.
IDENTIFICATION OF THE HIGH-RISK AIRWAY

The first step in the management of the high-risk airway is recognizing its potential
presence. Although all emergency airway management could arguably be considered
high risk, the vast majority of emergent airways are managed successfully, with good
outcomes, particularly when using established principles and techniques, such as
rapid sequence induction (RSI). Airways that could be described as being at higher
risk of failure or complication generally fall into 3 categories: the difficult airway, the
failed airway, and the physiologically compromised patient’s airway.
The 3 conditions can be defined as follows: (1) The difficult airway is defined by
anatomical characteristics that predict, through pre-intubation assessment, the
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potential for difficulty with bag-mask ventilation, difficult laryngoscopy and intubation,
or difficulty with placement of a rescue airway; (2) The failed airway is defined by difficulties encountered after airway management has been attempted. In emergency
airway management, the failed airway has been defined as failure to maintain acceptable oxygen saturations following laryngoscopic attempts or 3 failed attempts by an
experienced provider, even when saturations can be maintained; (3) The physiologically compromised patient is one whose underlying medical condition potentially
increases the risk of morbidity from airway management.1
It is critical that providers assess the potential for a high-risk airway before initiating
any emergency airway management. By definition, these airways can be associated
with significant urgency; however, this assessment and identification can be performed rapidly in almost all situations, the rare exception being the arrested or
near-arrest patient. Once a high-risk airway is identified, an understanding of why it
is high risk can help define the optimal management, mitigate potential morbidity,
and identify appropriate rescue strategies.
The Difficult Airway

The difficult airway has been defined by the American Society of Anesthesiologists
(ASA) as difficulty with mask ventilation, difficulty with tracheal intubation, or both.2
This has been further defined as follows: (1) more than 2 attempts at intubation with
the same laryngoscopic blade have been made; (2) a change in blade or use of intubation stylet is required; or (3) an alternative intubation technique or rescue is required.
Although these criteria are helpful at quantifying the presence of the difficult airway in
anesthesia practice, the actual incidence of difficult airways in emergency practice is
less clear. Difficulty visualizing the vocal cords during laryngoscopy (Cormack grade 3
or 4 view) has been estimated to occur in 14% to 25% of trauma patients intubated in
the emergency department (ED).3,4 First-attempt failure during RSI in the ED occurs
about 10% to 23% of the time, however the need for more than 2 attempts is about
3%.5–7 The failure rate for RSI in the ED is approximately 1%.7–9
More important to the clinician is the ability to predict a potentially difficult airway
before the initiation of a paralytic agent. Although the presence of a potentially difficult
airway is not an absolute contraindication to RSI, early identification allows for appropriate planning and a rescue strategy. In some cases, anticipated difficulty may
present too great a risk for paralytics and require an ‘‘awake look’’ or fiberoptic intubation to avoid the rare but dangerous ‘‘cannot intubate, cannot ventilate’’ scenario in
a paralyzed patient. Before any attempt at airway management, an assessment of
potential difficulties with bag-valve-mask (BVM) ventilation, laryngoscopy and intubation, and possible rescue must be performed. It is important that the clinician consider
the difficulty with direct laryngoscopy and the potential for successful bag-mask ventilation and airway rescue.10 Once the potential for difficulty is identified, optimal
management can be determined based on airway difficulty and anatomy, operator
experience, and availability of alternative devices.
The ability to successfully perform BVM ventilation should be considered before
proceeding with RSI. The presence of two of the following 5 factors is predictive of
difficult BVM: facial hair, obesity, edentulous patient, advanced age, and snoring.11,12
In most circumstances, bag-mask ventilation is the primary rescue following a failed
attempt. It is critical for the emergency physician to master this important skill and
have facility with techniques to overcome difficulties.
Multiple external features are also associated with difficult laryngoscopy and intubation. These features include facial hair, obesity, a short neck, small or large chin, buckteeth, high arched palate, and any airway deformity due to trauma, tumor, or
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inflammation. In some cases, particularly when there is anatomic disruption from
injury, the difficulty is obvious. However, a focused clinical examination of the airway
anatomy is needed to identify the more common, subtle predictors of intubation difficulty. In the emergency setting, a practical, systematic, and rapid evaluation of the
airway is needed to predict a potentially poor laryngoscopic view before the initiation
of neuromuscular blockade, and from this evaluation, a management plan is
established.
The ‘‘LEMON’’ mnemonic represents one such assessment that is simple, quick,
and can be performed on any emergency patient.1 This approach, based on known
independent predictors, was first introduced by Murphy and Walls13 as a tool for
the identification of difficult laryngoscopy and intubation. Subsequent studies have
demonstrated that this approach can be performed successfully in the emergent
setting and has proven to have predictive value.14 The ‘‘LEMON’’ mnemonic has
also been recommended as a method of evaluating airway difficulty in the most recent
Advanced Trauma Life Support (ATLS) guidelines.15 The LEMON mnemonic represents the following 5 elements requiring assessment.
Look externally

The initial impression of potential airway difficulty is based on obvious anatomic distortion or external features associated with difficulty.
Evaluate airway geometry (the 3-3-2 rule)

Measuring the geometry of the airway can predict the clinician’s ability to align the
oral, pharyngeal, and tracheal axes. The mandibular opening in an adult should be
at least 4 cm, or 2 to 3 fingerbreadths. The ability of the mandible to accommodate
the tongue can be estimated by the distance between the mentum and the hyoid
bone, which should be 3 to 4 fingerbreadths. A smaller mandible is less likely to
accommodate the tongue, which can impair visualization during laryngoscopy. An
unusually large mandible can elongate the oral axis. A high, anterior larynx may be
present if the space between the mandible and top of the thyroid cartilage is narrower
than 2 fingerbreadths.
Mallampati score

The degree to which the tongue obstructs the visualization of the posterior pharynx on
mouth opening has some correlation with the visualization of the glottis.16 Simply put,
the less posterior pharynx seen, the less likely it is that the cords may be fully
visualized.
Obstruction or obesity

Obstruction is often readily apparent and may be the indication for emergent airway
management. It is important to appreciate where the obstruction is occurring,
because this will dictate the airway management options. The speed of progression
is another important consideration in determining a management strategy.
Neck mobility

Neck immobility also interferes with the ability to align the visual axes by preventing
the desired ‘‘sniffing position.’’ Neck immobility may be imposed by the presence of
a cervical collar. If there is no suspicion of cervical injury, atlanto-occipital extension
should be assessed, even in the uncooperative patient.
If difficulty with bag-mask ventilation or laryngoscopy suggests the potential for
a failed airway, the clinician must then consider the likely success of rescue techniques, such as supraglottic blind insertion devices or a subglottic surgical airway.
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Airway devices that may serve as alternatives to RSI or as rescue devices in the failed
airway, are discussed later, as are strategies in management and device selection.
The Failed Airway

The failed airway in emergency management has been defined as (1) inability to maintain adequate oxygenation following a failed intubation attempt; or (2) three failed
attempts at intubation by an experienced provider, even if oxygenation can be maintained.1 The rate of failed airways in the emergent setting is approximately 1%, and
may be higher in trauma patients.7,8 Ideally, the failed airway is prevented through
assessment of airway difficulty and appropriate patient selection for RSI. However,
despite optimal evaluation and preparation, failed airways are likely to occur, particularly in the emergent setting. Therefore any clinician providing emergent airway
management must have facility with rescue devices and surgical airways.
The Physiologically Challenging Airway

There are patients in whom airway management poses a high risk because of their
underlying chronic or acute medical condition, regardless of their airway anatomy.
Although the technical aspect of intubation is predicted to be successful and a failed
airway is unlikely, the procedure itself poses an increased risk of hypoxia, hypotension, or exacerbation of an underlying condition. Patients who have respiratory or
hemodynamic compromise before the procedure are at particular risk. There are
also certain conditions that may be exacerbated by the drugs used to facilitate rapid
sequence intubation and by the physiologic effects secondary to the procedure itself.
Many of these undesirable effects may be prevented or mitigated through recognition
of the risk, adequate preoxygenation, and attention to drug selection.
Patients with raised intracranial pressure, reactive airways disease, and cardiac
ischemia may suffer exacerbation of the condition from the direct physiologic effects
of laryngoscopy. Although there remains some controversy over the true impact on
outcome, the clinician should consider the use of pretreatment agents that may potentially mitigate the undesirable effects of intubation when the underlying condition calls
for it.17 A discussion of the individual pretreatment agents and their specific indications is beyond the scope of this article. Of greater importance is adequate preoxygenation, which should begin as soon as intubation becomes a consideration.
Preoxygenation is recommended in all patients being intubated, including those
with no apparent hypoxia. The displacement of nitrogen with oxygen in the alveolar
space creates a potential reservoir of oxygen, which may prevent hypoxia for several
minutes of apnea. This varies with the physiologic state of the patient, and hypoxia
develops quicker in children, pregnant women, obese patients, and associated hyperdynamic states.18 Optimal preoxygenation is particularly critical in patients with highrisk airways, because of underlying respiratory compromise or need for more ‘‘apnea
time’’ when the potential for failed intubation exists.
TOOLS TO MANAGE AND RESCUE THE HIGH-RISK AIRWAY

The number of airway tools available to the emergency physician has exploded in the
past decade. In some cases, this represents an adoption of devices that have had
a long history of use and success within the specialty of anesthesia. This explosion
may follow some modification that enhanced the effectiveness in the emergency
setting, such as lower cost, increased durability, or ability to protect the airway. The
disposable intubating laryngeal mask airway (I-LMA; Laryngeal Mask Company,
Henley on Thames, UK) is a good example of this. The proliferation of lower-cost,
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durable, and easy-to-use fiberoptic devices is another recent phenomenon that is
changing the approach to high-risk airway management in the ED. Finally, the development of educational courses focused on teaching these skills to emergency
providers have probably played an important role.
Although several devices are listed in this section, it is not possible for emergency
physicians to have facility with all techniques, nor is it likely that all these devices
would be available because of the associated cost. The first ‘‘rescue’’ from failed intubation or bag-mask ventilation should usually be better laryngoscopic and bag-mask
ventilation technique. Following that, the emergency physician should be comfortable
using an intubating stylet, and have at least 1 supraglottic rescue device and 1 surgical
airway technique in their armamentarium. Facility with a fiberoptic or video laryngoscopic device is becoming increasingly desirable.
Airway Management Tools
1. Bag-mask ventilation
2. Direct laryngoscopy
a. Endotracheal tube introducers
3. Supraglottic rescue devices
a. Blind insertion devices
i. Double-balloon esophageal airways
ii. LMAs
b. Direct visualization
i. Video laryngoscopy
ii. Flexible fiberoptics
iii. Fiberoptic stylets
4. Subglottic rescue devices
a. Retrograde intubation
b. Transtracheal jet ventilation
c. Percutaneous cricothyrotomy
d. Open surgical cricothyrotomy
Bag-Mask Ventilation

Bag-mask ventilation is a critical skill for the emergency provider and remains the firstline rescue in a failed intubation attempt. Maintaining oxygenation should take priority
over repeated attempts at laryngoscopy.19,20 An inability to adequately ventilate with
a BVM is usually solved by better positioning, and if possible, exaggerating the head
tilt, chin lift, and jaw thrust into the mask. A tighter seal with 2-person bagging and the
use of oral and nasal airways to improve patency are often all that is required to
achieve ventilation. A poor seal due to a beard may be improved with a lubricant,
and keeping dentures in place can facilitate BVM ventilation. Cricoid pressure (Sellick
maneuver) has been shown to impair bag-mask ventilation in some patients and may
need to be eased or released when bagging is difficult.21
Direct Laryngoscopy

The most common reasons for intubation failure in direct laryngoscopy are inadequate
equipment preparation and poor patient positioning. Optimizing patient position and
laryngoscopic technique should be the first step following a failed attempt. Direct
cricoid pressure in the unconscious or paralyzed patient has been recommended to
prevent passive regurgitation of gastric contents and reduce gastric insufflation during
active bag-mask ventilation. However, its effectiveness in RSI is in question, and
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cricoid pressure has been shown to impair laryngoscopic view and insertion of the
tube over an endotracheal introducer. Therefore, in the case of difficult laryngoscopy,
cricoid pressure should be released.
A maneuver to enhance visualization of the anterior glottis involves the application of
backward-upward-rightward pressure on the thyroid cartilage (not the cricoid
ring).22,23 In a technique called bimanual laryngoscopy, the intubator manipulates
the larynx with the right hand until ideal visualization is achieved, and then an assistant
maintains this position. Attempts at blind passage are usually met with failure and
anoxia and should be discouraged. When the emergency provider experiences a failed
intubation attempt, measures should be taken to improve the chance of success on
repeat attempts, and simultaneously, preparation for a possible rescue airway must
be considered. Just as important is the ability to recognize when further attempts at
laryngoscopy are unlikely to succeed or should be abandoned in favor of an alternative
management strategy. Persistence in laryngoscopy beyond 3 attempts has been
associated with low success and increased morbidity and mortality and should be
discouraged.20,24
ENDOTRACHEAL TUBE INTRODUCER

An important and underused aid to intubation with direct vision is an endotracheal
tube introducer or intubating stylet. Also called the ‘‘gum elastic bougie,’’ the endotracheal tube introducer, is a semirigid or malleable, blunt-tipped stylet, which can assist
with tube placement in the emergent intubation. These introducers are typically 70 cm
long and made of plastic, and they use a deflection of the distal tip to facilitate insertion
when the glottis cannot be fully visualized, specifically in Cormack grade 2 (arytenoids)
and grade 3 (epiglottis only) views.25 The introducer is inserted into the trachea with
the right hand while maintaining visualization with the laryngoscope. Insertion in the
trachea can also be appreciated through the tactile sensation of the tip moving over
the tracheal rings. Using a Seldinger technique, the endotracheal tube (6.0 mm inner
diameter or greater) is then threaded over the introducer into the trachea, and the
introducer is removed. Difficulty in passing the tube through the glottis, usually reflects
a failure to maintain the best possible laryngoscopic view throughout the procedure.
Gentle 90 clockwise and counterclockwise rotation of the endotracheal tube may
overcome resistance to passing the tube through a more favorable alignment of the
beveled tip.
Supraglottic
Blind

There are several extraglottic devices that can be used as rescue airways in the failed
intubation or as an alternative to emergency endotracheal intubation for less experienced providers, such as prehospital providers. These devices share a steep learning
curve, are inserted blindly, and, because of their extraglottic placement, do not
provide a definitive protected airway.
The laryngeal mask airway (LMA), and some similar devices are truly supraglottic in
their placement, which is distinct from the double-balloon devices that are sometimes
considered retroglottic, because they enter the upper esophagus. Initially introduced
in 1981, the LMA has enjoyed widespread use in anesthetic practice because of its
ease of use, and it is considered less invasive than an endotracheal tube. The primary
drawback to the traditional LMA in the emergent setting is that it does not provide
a definitive, protected airway in the nonfasted emergency patient. However, the
advent of the disposable LMA Fastrach (Laryngeal Mask Company, Henley on
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Thames, UK) or I-LMA represents a device that is easy to insert, is very successful at
achieving ventilation, and can be converted to a protected airway by the placement of
an endotracheal tube through the I-LMA.26,27 The intubation success rate is about
95%; however, the highest success rates are achieved when the endotracheal tubes
provided with the device are used in conjunction with fiberoptics.27–29 Because of its
high success and the ability to convert to an endotracheal intubation, the I-LMA is the
preferred extraglottic rescue device in the ED.
Double-balloon airways represent the other type of blindly inserted, extraglottic
airway device. The Combitube (Kendall-Sheridan Catheter Corp, Argyle, NY, USA)
and the King LT(King Systems Corporation, Noblesville, IN, USA) are the most
common types used in the emergency setting; however, other similar devices include
the Rüsch Easytube (Teleflex Medical, Kernen, Germany), the Laryngeal Tube (VBM
Medizintechnik, Sulz, Germany), the Airway Management Device (AMD; Nagor Ltd,
Douglas, Isle of Man; Biosil Ltd, Cumbernauld, UK), and the Cobra Perilaryngeal
Airway (Cobra PLA; Engineered Medical Systems, Indianapolis, IN, USA). Designed
to be placed into the esophagus, one balloon seals it and the other balloon is inflated
in the oropharynx. Ventilation takes place through an outlet positioned between the 2
balloon cuffs, which have effectively sealed off the larynx. Most of the experience with
these devices is in the prehospital setting, because they are relatively inexpensive and
disposable and have a high success rate and a quickly learned technique.30,31 These
devices are not considered a definitive airway and do not provide optimal protection
from aspiration, which, however, seems to be a rare event.32 The King LT differs from
the Combitube in that it uses a single pilot balloon to inflate both cuffs, and the newer
designs allow gastric aspiration through an open distal tip. There is a more extensive
literature on the Combitube, but the King LT seems promising and has been rapidly
adopted in many prehospital settings.33,34
Direct vision

Video laryngoscopy represents the most promising recent addition to the airway tools
available in the management of the high-risk airway.35 The operator, using a blade and
handle similar to the traditional laryngoscope, performs the intubation watching
a video screen, rather than looking into the oropharynx. Through the placement of
a micro video camera in the tip of the blade, the distal image is transmitted to an
external monitor. This magnified view enhances visualization and, in some cases,
provides views that cannot be obtained through direct laryngoscopy. Video laryngoscopy can be performed in a neutral neck position and in patients with reduced oral
opening. This is a particular advantage in patients with potentially difficult airways
or restricted cervical spine mobility.36,37 There are educational advantages in shared
visualization and in the ability to record the video-assisted intubation for future
viewing. Video laryngoscopy is a technique for the high-risk airway and for low-risk
emergent intubations, thus allowing the operators to gain experience and skill. Other
video laryngoscopes incorporate a smaller video monitor onto the handle of the device
similar to conventional laryngoscopes, and they may represent a more intuitive design.
Several studies have demonstrated high success rates and improved CormackLehane views with video laryngoscopy compared with direct laryngoscopy.38,39
Despite the relative paucity of studies, the popularity and rapid adoption of video
laryngoscopy suggests that these devices will play an increasingly important role in
emergent airway management. Devices that incorporate an antifog mechanism
are desirable for improved visualization. Some video laryngoscopes offer a singleuse disposable blade, which reduces the downtime needed for sterilization and may
be preferred in the emergent setting. Several devices now have blade sizes available
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for all ages. There are limited data comparing different products, however one study
demonstrated a first-attempt success difference between devices when no stylet was
used.39 When a stylet was used, the difference was not significant and success of all
the devices went up. There was significant improvement in the Cormack-Lehane view
and in the success of all devices when compared with direct laryngoscopy.
The technique for video laryngoscopy differs from traditional laryngoscopy, in that
a midline insertion is preferred and a tongue sweep is not needed. The ideal view is
usually obtained by insertion into the vallecula, much like a Macintosh blade, and
gentle tilting of the handle.
Flexible fiberoptics are a useful option for the assessment of airway difficulty and for
facilitating intubation when there are anatomic limitations that may prevent visualization of the vocal cords using traditional laryngoscopy. Although the fiberoptic scope
requires some facility and practice, it is an increasingly important skill for the emergency physician that can be mastered through instruction and simulation.40,41 The
most common role for flexible fiberoptics in the ED should be in the evaluation of
airway difficulty, which also creates opportunity for operator experience. Intubation
over the scope in a difficult airway crisis can be life-saving but requires a higher degree
of technical skill. Timely assistance from consultants with fiberoptic skills may also be
needed in the absence of equipment or a skilled provider in the ED.
Clinical indications for flexible fiberoptics include conditions that prevent opening or
movement of the mandible, massive tongue swelling from angioedema, upper airway
infections, congenital anatomic abnormalities, and cervical spine immobility. The most
common relative contraindications to fiberoptic intubation are insufficient time and
impaired visualization from blood or secretions. The procedure requires preparation
and usually a compliant, spontaneously breathing patient. Patients in need of an
immediate airway, patients with near-complete obstructions, and those who cannot
be ventilated to maintain saturations are poor candidates for this procedure.
Topical anesthesia, an antisialogogue, sedation, and if the nasal route is used,
a topical vasoconstrictor are all essential pharmacologic adjuncts to a successful fiberscopic procedure. The nasal route is usually preferred, because the scope is easier
to keep in the midline and it enters the glottis at a less acute angle. Because oral
obstruction is a common indication for fiberoptic intubation, the nasal route may be
required. However, if the oral route is used, a breakaway bite block, such as a Berman
intubating airway, is recommended to prevent damage to the scope and keep it
midline.
Flexible fiberoptics can be useful in converting a rescue airway, such as an I-LMA, to
an endotracheal intubation. In the case of the I-LMA, the success rate approaches
99%.29 Recent advances, such as enhanced visualization with complementary
metal-oxide semiconductor video technology, improved antifogging, and better durability, have made this technology more accessible to the emergency environment.
Ease of use, the absence of available consulting expertise, and growing indications
all contribute to an increasingly important role for flexible fiberoptics in emergency
airway management.
Fiberoptic stylets are devices that incorporate fiberoptics into a hand-held rigid or
malleable stylet. The endotracheal tube is mounted on the stylet and indirect visualization of the glottis is achieved through an eyepiece on the handle. The operator sees
from the perspective of the tip of the stylet or tube. Although their diagnostic capabilities do not replace those of a flexible fiberoptic scope, these devices can be useful
when direct visualization of the larynx is impossible due to neck immobility, reduced
oral opening, or an anterior larynx, and they are usually much less expensive than
traditional fiberoptics.42–44 Blood and excessive secretions can impair visualization.
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Subglottic

Although the need to perform a surgical airway in an emergent setting is rare (about
1% of emergency airways), there are clinical circumstances, specifically the ‘‘cannot
oxygenate, cannot intubate’’ scenario, where a surgical airway may be the only option
and the final end-point in all difficult airway algorithms. Therefore all emergency airway
managers need to have immediate access to and familiarity with a surgical airway
technique. Regardless of the technique used, all emergent surgical airways access
the subglottic airway through the cricothyroid membrane.45,46
Cricothyrotomy, using either an open surgical technique or an over-the-wire Seldinger technique, is the recommended surgical airway in the emergent setting. Individual experience is limited; however, case series, cadaveric studies, and simulation
models all suggest that this is a technique that can be successfully learned and translated into clinical practice. Both techniques can be performed in less than a minute
and have similar learning curves and success rates.47,48 The open technique may
be more successful in obese patients. There are commercially available kits that
have the necessary equipment to perform an open or Seldinger cricothyrotomy.45
Needle cricothyrotomy with percutaneous transtracheal jet ventilation can be performed emergently as a temporizing surgical airway. This technique can be effective
at providing oxygenation, is easy to perform and does not have an age restriction,
and therefore is the surgical airway of choice in young children. There are several
disadvantages compared with the cricothyrotomy techniques described earlier. Ventilation may not be possible unless supraglottic patency can be maintained. Airway
protection is not present and suctioning is not possible. Barotrauma is common and
displacement or obstruction of the catheter is more likely. Retrograde tracheal intubation is another option that has been used when conventional airway approaches fail.
This procedure is time-consuming and is not an alternative to cricothyrotomy in the
patient who cannot be intubated or ventilated. Because of this limitation and the
recent advent of alternative airway devices, retrograde tracheal intubation is rarely
used in the emergent setting.
APPROACH TO THE MANAGEMENT OF THE HIGH-RISK AIRWAY

The number of airway rescue devices available continues to grow at a staggering
pace. It is important for clinicians to stay abreast of these technological advances
and invest when investment is needed. Even more vital is the notion that the emergency physician must develop and use a well thought-out plan for managing the difficult airway and failed airway. A thoughtful strategy based on patient characteristics
that incorporates appropriate preparation and uses the optimal technique is always
more important than the tools themselves.
Because ED failed airways are low-frequency events that almost always unfold
rapidly and without the luxury of time to plan, it makes sense to use decision-making
tools to help frame one’s thinking. Several algorithms have been proposed to address
this vexing problem. The ASA’s difficult airway algorithm works well in the controlled,
operating room setting but is difficult to apply in the ED.2 Another approach geared to
the emergency setting uses vertically oriented algorithms that provide a logical framework for dealing with the difficult and the failed airway.49
There are elements common to most recommended algorithms that are critical to
successful airway management. Despite the urgency often associated with emergent
airway management, appropriate preparation and attention to optimal oxygenation
are important. This includes an assessment of airway difficulty, a preconceived
strategy, and the identification of an appropriate rescue device if a failed airway
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Fig. 1. Difficult airway grid.

occurs. The use of an awake look, commonly used in anesthesia, is an increasingly
important technique in emergent difficult airway assessment, and it is becoming easier
to perform with the increased availability of fiberoptic airway devices. Recognizing the
need for help from other consultants or colleagues, if available, can be the key to
success in some circumstances. Finally, the ability to anticipate and perform a subglottic, surgical airway is an important skill that all airway managers must possess.
It can be challenging to determine the most appropriate airway device for the particular airway scenario. To some degree, the selection of the tool to use will be determined or at least limited by what is available and the skill set of the clinician.
Despite the large number of airway devices beyond traditional laryngoscopy that
are available to the airway manager, they tend to fall into a few categories. There
are supraglottic devices, which can be further divided into blind insertion devices,
such as the I-LMA, and direct visualization, fiberoptic devices; and there are subglottic
techniques, which are invasive airways, usually obtained through the cricothyroid
membrane. One of the authors, M.A. Gibbs, has developed an approach using a 4box grid (Fig. 1) and a series of principles and solutions that apply to each patient category. Using this approach can help develop an appropriate plan and potential rescue
device. Patients with difficult or failed airways can be categorized by the answers to
2 basic questions:
1. Is airway anatomy normal or abnormal?
2. Is oxygenation adequate (ie, O2 saturations>90%)?
In the context of this grid, an abnormal anatomy implies disrupted or altered
anatomy, not just an anticipated difficulty in visualizing the glottis. Causes of a difficult
airway with abnormal anatomy include trauma, burns, hematoma, cancer, abscess,
foreign body, and angioedema. Causes of a difficult airway with normal anatomy
include obesity, a small mouth, and a high anterior larynx.
Principles and solutions for each box on the grid are listed below followed by illustrative case examples. It is important to recognize that although these principles are
generalizable, the solutions will vary based on skill level and equipment availability.

Table 1
Normal anatomy D adequate oxygenation
Principles

Solutions

You have time
No need for a surgical airway
Blind-insertion devices appropriate
Hand-held fiberoptics ideal
Cuffed tube the goal

Hand-held fiberoptics are available:
Any of these should work
Hand-held fiberoptics are not available:
First choice, I-LMA25–29; second choice, intubating
stylet
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Table 2
Normal anatomy D inadequate oxygenation
Principles

Solutions

No time
Multiple attempts with blind-insertion
devices inappropriate
Use what is known best
Surgical airway if first rescue plan fails

Hand-held fiberoptics are available:
Limited attempts with these, then surgical
Hand-held fiberoptics are not available:
Limited attempts with I-LMA, then surgical

Case Example 1

Consider a morbidly obese patient who presents to the ED after an overdose. He has
stable vital signs but is obtunded and not protecting his airway. Airway dimensions
and anatomy are normal. Oxygen saturations are greater than 95% on supplemental
oxygen. Following sedation and paralysis, the glottis cannot be visualized despite 3
attempts with repositioning. Oxygenation can be maintained with BVM ventilation.
This case illustrates 2 key features (Table 1): First, because oxygenation can be
maintained, one has some time. Second, there is nothing anatomically wrong with
the airway; it just cannot be seen. Blind insertion devices are therefore safe and would
be a reasonable choice. Hand-held fiberoptic devices that provide a direct view of the
glottis are an even better choice.
Case Example 2

Now consider the same overdose patient who has been paralyzed and sedated. Aspiration is evident after the first attempt at laryngoscopy, and it is difficult oxygenating
the patient even with adequate positioning and an oral airway.
The key difference between this scenario and Case 1 is that one no longer has time
(Table 2). One’s ‘‘device menu’’ is essentially the same, but multiple attempts with any
of these rescue devices are neither possible nor appropriate. In this situation, limited
attempts (1–2 at most) using the rescue device with which one has the most experience and therefore the highest likelihood of success, should be one’s first move. If
this is unsuccessful, a surgical airway is the next step.
Case Example 3

Consider a patient with Ludwig angina in the setting of a severe dental infection. The
patient has stable vital signs and an oxygen saturation of 98%. On physical examination, there is significant trismus and a large submandibular abscess. Because of
progressive swelling, a decision is taken to intubate the patient before transfer to
a tertiary center.

Table 3
Abnormal anatomy D adequate oxygenation
Principles

Solutions

Blind insertion device risky
Direct airway visualization preferred
Fiberoptic okay if not obscured by blood
Surgical airway backup

Hand-held fiberoptics are available:
Limited attempts with fiberoptic
Surgical airway if unsuccessful
Hand-held fiberoptics are not available:
Surgical airway
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Table 4
Abnormal airway D inadequate oxygenation
Principles

Solutions

No time
Blind insertion devices contraindicated
Fiberoptic okay if not obscured by blood
Surgical often the best first choice

Hand-held fiberoptics are available:
One attempt with fiberoptic
Surgical airway if unsuccessful
Hand-held fiberoptics are not available:
Surgical airway

This case illustrates several important concepts (Table 3): First, one has some but
not much time. Second, blind insertion devices are not recommended in the setting of
significantly altered airway anatomy, because these are unlikely to be successful and
may cause additional injury during insertion attempts. Third, a direct view of the glottis
using a fiberoptic device is preferred. Fourth, if fiberoptic devices are to work, the
airway must be reasonably clear of blood and secretions.
Case Example 4

Consider a patient with a gunshot wound to the mouth. The mandible is blown apart
and blood is pouring into the airway. Oxygen saturations are dropping and the patient
is impossible to bag.
The key message here is not to outsmart oneself. Because the likelihood of failure
with most techniques is so high, it can be easily argued that an immediate surgical
airway is the only answer in this case (Table 4).
SUMMARY

The high-risk airway can be anatomically difficult, at risk of intubation failure, and
physiologically challenging. By anticipating these challenges and planning accordingly, the emergency physician can increase the likelihood of a successful outcome.
Facility with some of the alternative airway devices is an integral part of high-risk
airway management. However, thoughtful preparation, knowing when to avoid RSI,
using fiberoptics and video laryngoscopy when appropriate, and finally, choosing
the correct rescue strategy in the failed airway, remain the key elements in managing
the high-risk airway.
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Abstract
Purpose of review: The article reviews the epidemiology of airway
injuries, airway anatomy, techniques for airway management, helpful




pharmacologic adjuncts and finally alternatives to airway manipulation.
Recent findings: Principles of airway management including the
maintenance of spontaneous ventilation and careful and adequate



preparation for an alternative plan will always be important. Advances
in pharmacologic agents provide a safer, more controlled environment
through which the patient's compromised airway can be controlled.
Recent publications add to the evidence that alternative methods of
oxygenation and ventilation such as cardiopulmonary bypass can be
used successfully to treat patients with catastrophic airway injuries.
Summary: Trauma to the airway, either blunt or penetrating or



iatrogenic, can result in significant patient morbidity and mortality.
Although, relatively rare, if we practice long enough, each of us will
encounter such a patient. The anesthesiologist must be familiar with
airway anatomy and the location of injury for successful treatment.
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Along with airway injuries, associated injuries are common and often
complicate definitive airway treatment. Modern anesthetic medications
such as dexmedetomidine and proven techniques such as awake
fiberoptic intubation can be used to safely treat these difficult
patients. Alternative therapies such as cricothyroidotomy and
cardiopulmonary bypass should be available if first-line therapies fail to
secure an injured airway.

Back to Top




Introduction
Airway catastrophes present to the anesthesiologist in many
different ways. Some are indolent and difficult to diagnose (Fig. 1),
whereas others are far more obvious (Fig. 2). Traumatic airway injury
often occurs in the field and is delivered to our operating rooms and
emergency departments (EDs). Sometimes, tracheal injury can occur at
the hands of an anesthesiologist or surgeon. However, if the injury

Figure 1

Figure 2

occurs, maintaining adequate oxygenation and ventilation is paramount
to a successful recovery. This article reviews the incidence of airway
injury, the pertinent anatomy and the strategies to deal with this
complicated problem.
Back to Top




Epidemiology of airway injury


Fortunately, airway injuries are a rare event. Reported incidences
have ranged from 0.002% in severely injured patients with associated
head and neck injuries [1] to 2.9% in autopsy specimens in fatal trauma
victims [1,2]. The exact incidence is difficult to determine, but the
autopsy data more than likely represent a more realistic estimation, as
more serious injuries are immediately fatal. Nearly 80% of patients who
sustain airway injuries die before receiving definitive medical attention
[3]. Many factors, including the mechanism of injury, injury site, time
until diagnosis and concomitant injuries contribute to the difficulty in
making an accurate diagnosis [4]. Because of the proximity of anatomic
structures, penetrating neck injuries, not surprisingly, have a higher
incidence of tracheal injuries when compared with penetrating thorax
injuries. Approximately 6% of penetrating neck injuries as compared
with less than 1% of patients with chest injuries are associated with
tracheal or airway damage [5]. Far more patients present with
penetrating tracheal injuries than with injuries that result from blunt
trauma [6]. It is likely that those patients sustaining blunt injury severe
enough to cause tracheal injury often die before presentation to the
hospital. In blunt trauma, the disruption of the trachea is most likely to
occur near the carina, with most occurring within 2 cm.
Back to Top




Iatrogenic airway trauma
Not all airway trauma come through the ED. Arndt et al. [7] report
a patient in whom a disposable intubation bougie used to facilitate



airway instrumentation created a tear in the membranous trachea
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resulting in the advancement of the endotracheal tube into a false
passage and ultimately the inability to oxygenate and ventilate the
patient. The unfortunate situation was resolved with a
cricothyroidotomy. This case report joins others [8–10], which illustrate
that caution should be taken when advancing inflexible devices into the
airway.
Double lumen tubes (DLTs) are frequently used to facilitate surgery
or protect one lung from the disease in the contralateral lung.
Fortunately, complications with their placement and position are rare.
Individuals over the age of 50 years, women, small stature and history
of critical illness, steroid use, chronic obstructive pulmonary disease

Figure 3

and tracheomalacia are independent risk factors for complications
during DLT placement. Other contributing factors include inappropriate
use of a stylet, cuff overinflation, malposition of the tube and improper
tube size. The most frequent location of injury is in the membranous
trachea near the carina. Fitzmaurice and Brodsky [11] have
demonstrated that most injuries involve the left side and the use of
smaller DLT (35 Fr). Figure 3 shows a fiberoptic examination of a
patient with a membranous tracheal tear secondary to improper DLT
placement.
Back to Top




Anatomy
As demonstrated by the incidence of airway injury by mechanism,



anatomy is paramount. Additionally, understanding of that anatomy is
critical for proper patient management. In general, the airway is
mobile with a fixed attachment at is origin. Zone 1 of the neck, from
the cephalad border of the clavicle to the cricoid cartilage, contains
the cervical portion of the trachea. Despite being relatively
unattached, the trachea is held in place by the surrounding structures,
including the thyroid gland, strap muscles and cervical fascia. Lateral
to the trachea is the cervical sheath containing the common carotid
arteries, internal jugular veins and vagus nerves. Posteriorly, the
trachea is protected by the cervical spine and the esophagus.
The larynx, a familiar structure to all anesthesiologists, is a tubeshaped structure made up of cartilage, muscle and connective tissue.



The thyroid cartilage is the largest, unpaired cartilage. The Adam's
apple, the most anterior portion of the thyroid cartilage, can be
prominent in men and is, therefore, susceptible to injury. The cricoid
cartilage represents the most caudal portion of the larynx. Interiorly,
the paired cartilages, arytenoid, cuneiform and coniculate, are found,
all of which are held together with a complex arrangement of muscles
and connective tissue. The larynx connects to the trachea via the
cricotracheal ligament. This ligament, although fairly elastic, is
susceptible to injury.
The mediastinal trachea begins as it passes behind the manubrium.



It passes posterior to the innominate artery and vein. This anatomic
relationship contributes to the often fatal tracheo-innominate fistula
that can occur in patients with tracheostomies [12]. As the trachea
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continues, it passes posterior to the aortic arch and posterior and to
the left of the superior vena cava. At the carina, approximately at the
fourth thoracic vertebrae, the trachea divides into the right and left
mainstem bronchi. The left mainstem measures 3–4 cm on average. The
right mainstem measures 1.5–2 cm in length and takes a less acute
takeoff when compared with the left.
Tracheal length in the neck can vary greatly depending upon neck



position and neck length. Cervical kyphosis and neck flexion can reduce
the tracheal length, whereas neck extension increases the amount of
trachea found in the neck. It is obvious, therefore, that neck position
at the time of injury has a large influence upon location and the
severity of the injury [13].
Back to Top




Associated injuries
For those patients presenting with tracheal injury due to either



blunt or penetrating trauma, one must be cognisant of associated
injuries. Cervical spine injuries occur in approximately 2% of all blunt
trauma patients and, presumably, more often in those in whom blunt
trauma has resulted in a tracheal injury [14]. Cervical spine injuries
should be presumed until proven otherwise through appropriate
diagnostic studies, at a minimum, a three-series radiograph (anterior–
posterior, lateral and odontoid) supplemented by a computed
tomography (CT) scan. Magnetic resonance imaging is helpful in
patients with neurologic symptoms but negative X-ray or CT studies.
Immobilization of the cervical spine is standard of care and
recommended by most practitioners. Immobilization devices should
remain on the patient through the induction period, no matter the
method. There are, unfortunately, few data to suggest the most
appropriate method to secure the airway in patients with cervical
spinal injuries. Each airway maneuver, be it direct laryngoscopy, awake
fiberoptic bronchoscopy or more advanced techniques such as the use
of a glide scope, Bullard or intubating laryngeal mask airway produces
some degree of neck movement. The amounts of movement are small
and are of unknown clinical significance. Inline mobilization, without
traction, can mitigate these small motions and protects the cervical
spine regardless of the intubation technique. An excellent review of
airway management after cervical spine injury was recently authored
by Crosby [14]. Regardless of concomitant cervical spine injury, airway
considerations are paramount. Care must be taken to preserve
adequate oxygenation and ventilation.
Back to Top




Airway management
The exact mechanism of securing the airway for a patient with an



airway injury will vary. The patient's anatomy, type of injury,
associated injuries, urgency, location of the patient (emergency room
or operating room), skills of the physician providing airway support,
route of intubation and presence of surgical support will determine the
mechanism of establishing control of the airway [13]. It would be
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impossible to cover each and every scenario of airway management in
this article. However, we will review principles of airway management
that can be incorporated into a care plan for the airway-injured
patient.
Preoxygenation remains an important first step in managing any



airway, especially in the critically ill. Preoxygenation, even in patients
with marginal functional reserve, can significantly prolong the time to
desaturation, allowing greater time to secure the airway.
Although a rapid sequence induction utilizing cricoid pressure is



advocated in trauma patients, for those with airway trauma or
disruption, doing so may be ill-advised. Cricoid pressure can distort the
airway, change the practitioners view and result in a more difficult
airway [15]. An intravenous induction supplemented with a paralytic
produces apnea and loss of smooth muscle tone. This reduction in
smooth muscle tone may result in airway collapse or the disruption of a
complete tracheal tear that is held together by surrounding
musculature [16•]. Therefore, given the necessity of maintaining
adequate oxygenation and ventilation, an induction that maintains
spontaneous ventilation is preferred.
Fiberoptic bronchoscopy in a spontaneously ventilating patient
remains the method of choice for securing the airway in patients with



airway trauma. With adequate topicalization and appropriate sedation,
patients tolerate fiberoptic bronchoscopy and tube placement very
well. Endotracheal intubation must, however, be approached with
great caution. Even though the laryngeal inlet may be intact, a tracheal
tear may be present below. Forcing an endotracheal tube in place
could further disrupt the tear and create a false passage (Fig. 1a). Prior
to passing the tube, the clinician should inspect the pharynx, larynx,
hypopharynx and trachea thoroughly. Unfortunately, the presence of
blood and foreign debris in the airway may complicate tube placement
via fiberoptic bronchoscopy. Rather than using suction to clear the
airway, at our institution, oxygen is insufflated through the fiberoptic
scope. This serves to both clear the scope's passageway of blood or
debris and provides supplemental oxygen to the spontaneously
breathing patient.
When injury and anatomy prevent safe placement of an
endotracheal tube, a surgical-assisted airway should be considered.



Cricothyroidotomy or tracheostomy can be safely performed in the
awake, spontaneously ventilating patient. Surgical airways should also
be attained when a nonsurgical approach fails, resulting in
hypoventilation and hypoxia. When difficulty in achieving control of the
airway is suspected, it is advisable to have the patient's neck prepped
and the surgeons ready to perform a surgical airway. Many EDs are
equipped with the instrumentation necessary for a surgical airway. If
the ED is not equipped and the patient is stable, the patient should be
moved to the operating room prior to securing the airway. Laryngeal
injuries are particularly amenable to treatment with a surgical airway,
as passage of the endotracheal tube through the injury may result in
more damage [17]. Distal airway injuries may not benefit from
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cricothyroidotomy. The importance of understanding the anatomy of
the injury prior to proceeding with airway instrumentation cannot be
overstated.
Back to Top




Anesthesia medications for sedation and airway
manipulation
Today's anesthesiologists have an arsenal of medications at their



disposal. The advent of new sedative medications that do not depress
the respiratory drive, such as dexmedetomidine, and older sedatives
such as ketamine allow for more precise titration and may provide a
wider margin of safety as compared with a narcotic-based technique.
Back to Top




Dexmedetomidine
Dexmedetomidine is an [alpha]-2 agonist sedative, analgesic that
inhibits endogenous norepinephrine release [18]. Dexmedetomidine is



eight times more selective for the [alpha]-2 receptor than clonidine.
Sedation is determined by its effects on the locus coeruleus, whereas
the analgesic effect occurs at the spinal cord. It produces several
desirable physiologic properties, including sedation, anxiolysis,
hypnosis, analgesia, amnesia and antisialagogue [19••]. In addition to
its direct sedative–analgesic properties, dexmedetomidine does not
effect the respiratory drive while simultaneously reduces perioperative
oxygen consumption [20] and the sympathetic response to surgical
stimulus.
The fact that dexmedetomidine maintains a patient's spontaneous



ventilation with normal PaCO2 levels while attempts are made to secure
their airway makes it an ideal agent for use in critical airways.
Additional advantageous properties include anxiolysis, moderate
analgesia and antisialagogue [19••].
Dosing for airway cases such as awake fiberoptic intubations



typically begins with a loading dose of 0.5–1 µg/kg body weight given
over 15 min followed by an infusion ranging from 0.5 to 0.7 µg/kg/h.
Reports of doses up to 10 µg/kg/h have been reported without adverse
side effects [21]. However, it should be pointed out that the maximum
dose recommended by the US Food and Drug Administration is 0.7
µg/kg/h.
The reader should not get the impression that dexmedetomidine is
without adverse effects. Secondary to its [alpha]-2 agonist activity,



bradycardia with at first hypotension and then hypertension can ensue.
These side effects, especially bradycardia, are observed more
frequently with rapid administration of the loading dose [19••]. Either
hypotension or bradycardia or hypertension can be easily treated with
appropriate medications readily available to the anesthesiologist. It is
the authors' experience that dexmedetomidine can be given
successfully to trauma patients without detrimental hemodynamic
effects.
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Ketamine
Ketamine is an N-methyl-o-aspartate receptor antagonist that
produces a dissociative state in which sensory input is altered.



Ketamine can be particularly useful in airway cases because it has
bronchodilating properties, does not suppress respiration, helps in
preventing postthoracotomy pain syndrome and has sympathomimetic
effects that may be beneficial in hemodynamically unstable patients
[22,23]. Despite being a relatively older drug, ketamine continues to
have a place in the arsenal of anesthesiologists. Prehospital providers
have recently found ketamine to be a well tolerated and effective
sedative and pain reliever for the compromised patient [24].
Back to Top




Total intravenous anesthetics
An excellent review of total intravenous anesthesia was recently
published by Purugganan [23]. Conflicting evidence exists as to whether



total intravenous anesthetics (TIVA), using propofol and a narcotic,
offer any advantage over inhalational anesthetics with regard to PaCO2,
shunt fraction and cardiac output [25–28]. There are, however, certain
circumstances in which the delivery of inhalation anesthetics can be
compromised. In cases in which the continuity of the tracheal–bronchial
tree has been (trauma) or will be (tracheal resection) disrupted, TIVA
provide superior anesthesia. In these circumstances, although not
providing a distinct physiologic advantage, TIVA offer the practical
advantage of delivering a stable, consistent level of anesthesia without
risk of contaminating the operating room environment and risking the
health of the operating room personnel. Additionally, airway cases
often require specialized techniques, such as jet ventilation, which are
not compatible with the delivery of inhalational anesthetics.
Back to Top




Tools for success
Successfully managing injuries to the tracheal–bronchial tree often
require specialized tools and techniques above and beyond the simple



laryngoscope. The flexible fiberoptic bronchoscope remains an integral
member of an anesthesiologist's arsenal. The fiberoptic bronchoscope
provides the ability to visually inspect the entire airway as well as
provide a pathway for an endotracheal tube to follow. This may be best
illustrated by Sengupta et al. [29••] who reported on a patient of
complete tracheal disruption after blunt trauma. Using the techniques
described above, the patient was sedated and an awake fiberoptic
intubation was performed. A complete disruption of the trachea was
identified several centimeters below the laryngeal inlet. The
endotracheal tube was slowly advanced beyond the tear and correct
placement was confirmed via bronchoscopy [29••]. The ability of the
fiberoptic bronchoscope to be both diagnostic and therapeutic
distinguishes it from and, in the authors' opinion, makes it superior to
the other advanced airway tools such as the Bullard laryngoscope or the
glide scope.

http://melisa.redi.co.za:2090/sp-2.3/ovidweb.cgi?&S=DBFHFPLPCEDDMLCANCE...

2010/01/05

Ovid: Airway catastrophes.

Page 8 of 11

While carefully selected anesthetic agents, the preservation of
spontaneous ventilation and the use of fiberoptic bronchoscopy can



help orchestrate the perils of airway trauma, there are times when we
must recognize our own limitations. Doing so can be as important as
choosing the correct medications to deliver. Experienced
anesthesiologists while working through plan A have already thought
through and prepared for plan B. Surgical interventions such as
tracheostomy and cardiopulmonary bypass (CPB) should always be
considered and preparations made. Doing so may require relocating a
patient from the ED to the operating room for definitive treatment.
While attempts are made to secure the injured airway through the
techniques mentioned above, the surgeons should stand ready with
sterile gloves on and the patient's neck prepped. If the injury is further
down the trachea than the cricoid cartilage, emergent cricothyrotomy
may not be useful. When injury or anatomy dictates, CPB can provide
lifesaving oxygenation and ventilation. In most centers, however, CPB
is not immediately available. Its availability must be carefully planned;
the appropriate personnel, perfusionists and surgeons must be available
as well as cannulation strategy should be discussed. For some patients,
it is even advisable to cannulate the femoral artery and vein prior to
attempts at securing the airway. Despite the dangers of CPB and full
heparinization, it has been used successfully to support patients while
challenging airways are repaired [30••].


Creativity and the ability to think on your feet are critical in
complicated cases. Tanino et al. [31•] report the use of a Fogarty
catheter to clear a left mainstem obstruction. Mandel et al. [32] report
the use of high-frequency jet ventilation for management of a laryngeal
fracture associated with the deployment of an airbag. These two simple
examples illustrate how the devices around the operating room can be
used successfully to treat these complicated patients.
Back to Top




Conclusion
Trauma to the airway, either blunt or penetrating or iatrogenic,
can result in significant patient morbidity and mortality. Although,



relatively rare, if we practice long enough, each of us will encounter
such a patient. The skilled anesthesiologist utilizing modern
pharmacology and techniques can successfully navigate this treacherous
landscape. Drugs such as dexmedetomidine and ketamine maintain
spontaneous ventilation while assuring hemodynamic stability.
Fiberoptic bronchoscopy allows for safe airway inspection and
endotracheal tube placement. Finally, if plan A (spontaneous
ventilation and awake fiberoptic bronchoscopy) fails then plan B
(surgical airway or CPB) should be readily available and easily enacted.
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Airway obstruction is a true emergency, which few health care workers will ever experience. Oxygen is
essential for the functioning of cells, so prolonged episodes of apnoea associated with airway obstruction,
will rapidly lead to hypoxia, cell death and cardiac arrest. This can occur very quickly, so prompt
appropriate management is needed. Algorithms have been developed to deal with such emergencies.
This article provides an overview of the anatomy, physiology and causes of airway obstruction. Algorithms used in its management are described, and the possibilities for future training for this rare event
will be considered.
Ó 2009 Elsevier Ltd. All rights reserved.

1. Introduction
Airway obstruction is a blockage of the airway, resulting in
reduced or absent gas ﬂow to and from the alveoli. The blockage
can occur at any site, and can be of a physical (e.g. tumour) or
functional (e.g. reduced muscle tone) nature. Successful treatment
of any obstruction to airﬂow can only be instituted by careful
assessment and subsequent provision of an alternative route of
oxygenation and ventilation, or the restoration of the patency of the
existing natural airway.
Airway obstruction is one of the most challenging problems
facing anaesthetic staff and any airway difﬁculties require rapid
intervention, in order to avoid morbidity and mortality for patients.
In the United States the number of claims relating to airway incidents during routine anaesthesia has fallen,1 but airway problems
are still frequently quoted in claims in emergency situations.2,3 The
American Society of Anesthesiologists closed claims database
shows difﬁcult intubation and inadequate ventilation to be the
most common causes for respiratory based claims.4 Other studies
have shown an association between repeated intubation attempts
and death in acute airway emergencies.2,5,6
This review will consider the clinical management of airway
obstruction. There are many controversies surrounding its
management as it is a rare occurrence. Recent ﬁgures quote that
only 57% of anaesthetists working in a department in the United
Kingdom had ever been involved in a case of airway obstruction
requiring use of an emergency surgical airway.7 This shows the
clear need for a structured approach with emphasis on guidelines,
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protocols and training, to ensure the provision of knowledge that
can be applied to these situations.
2. Classiﬁcation of airway obstruction
There are many causes of airway obstruction involving both
those with anatomically normal and abnormal airways. Many of
these are exceedingly rare. Looking at Fig. 1, it is easy to appreciate
that obstruction can occur at all levels, but for descriptive purposes,
it is convenient to describe the location of the obstruction as
supraglottic (above the vocal cords),
glottic (involving the vocal cords themselves)
subglottic (involving the lower airway below the cords).
While other classiﬁcations exist, this article will use these
anatomical deﬁnitions and it is useful to know the anatomy of the
area. More detail can and should be obtained from a standard
anatomy textbook. Management will also be discussed in terms of
a temporal sub-classiﬁcation, i.e.: immediate and urgent
intervention.
The two are often managed very differently. The focus of this
article will be on urgent intervention.
2.1. Anatomical classiﬁcation of airway obstruction
2.1.1. Supraglottic
The supraglottic area includes the oral and nasal cavities and
the pharynx.8 The tongue lies in the base of the cavity and has
muscular attachments to the palate. There are four main muscles
attaching the tongue to other parts of the pharynx. The pharynx
has three constrictor muscles and the stylopharyngeus and
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Fig. 1. The upper airway.

salpingopharyngeus. The tone of these muscles is of great importance in airway management, as loss of tone (such as occurs with
anaesthesia or unconsciousness) can cause the tongue to slip
backwards and obstruct the airway.9,10 Recent studies have shown
that the tongue may not be the most common site of obstruction.
Eastwood used pressure transducers in anaesthetised patients and
found that the most common site of airway obstruction was the soft
palate.11 These ﬁndings were consistent with those of Mathru et al.
who used magnetic resonance imaging to conﬁrm collapse at the
pharynx.12 This loss of tone may be due to a decrease in cortical
inﬂuences, chemoreceptor drive and mechanoreceptor input.
Airway tone is also inﬂuenced by the drugs used to produce
general anaesthesia. This varies with the drug in question.10 Hillman nicely summarises recent studies in this area.
Midazolam has been found to inhibit upper airway activity
signiﬁcantly.13
Thiopentone has a dose related decrease in upper airway muscle
activity when using electromyography.14
Propofol causes more marked reduction in upperoesophageal
sphincter tone than volatile agents.
This latter effect was demonstrated by Sundman et al. used
videomanometry to study the pharynx while subhypnotic
concentrations of either propofol or a volatile agents were given to
45 healthy volunteers.15 All agents reduced the upperoesophageal
sphincter tone and the tone of the inferior pharyngeal constrictor.
This effect was more marked with propofol.
Pharyngeal structure is maintained during respiration and the
tone of the muscles in the supraglottic area is important for
maintenance of a patent upper airway. Mathru has suggested
a possible mechanism for this.12 The contraction of the diaphragm
and gravity exerts an inward force on the pharyngeal muscles. The
contraction of the skeletal muscles around the airway creates an
outward force. During anaesthesia, the situation is likely to be more
complex. From MRI work, Mathru here suggests that anaesthesia
causes a decrease in the tone of the skeletal muscles with less effect
on the diaphragm thus reducing the outward dilator force.12 This
type of study is necessarily small, and further larger studies would
add to the above information. Mathru examined only propofol and
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as we have seen above, Hillman’s work suggests very different
effects of various anaesthetic agents.10 Any factors that narrow the
pharynx (e.g. a foreign body), increase pressure around it (e.g.
obesity), decrease pressure within it (e.g. bulbar weakness) or make
it more compliant, increase the likelihood of obstruction.10–12
The pharynx lies between the base of the skull and the level of
the sixth cervical vertebra. It consists of three zones:
 Nasopharynx
 Oropharynx
 Hypopharynx. The larynx itself projects into the hypopharynx
on each side to form the piriform fossa.
These areas of the pharynx can be sites for foreign bodies to
lodge and cause airway obstruction. This is likely to occur at
different places in adults when compared to children. In
a prospective study of adult patients with suspected foreign body,
38% were found to be ﬁshbones.16 Meat and medications are other
common types of foreign body in adults.17 The commonest sites for
a foreign body to lodge were the tonsil and oesophagus.
In paediatric patients, the site of foreign body is usually in the
trachea or bronchus. In a retrospective study of children from 9
months to 13 years, 60% of foreign bodies were located in the right
bronchus.18 The nature of these foreign bodies was largely organic
matter such as vegetables and nuts (60%) with small toys such as
beads accounting for 14%.
The functions of the pharynx are largely reliant on the
constrictor muscles (superior, middle and inferior). The upper
ﬁbres of each muscle overlap the lower ﬁbres of the muscle above
forming a line (the median raphe) posteriorly. Functional obstruction of the airway often occurs at this point.10 The supraglottic
airway devices sit at this point.19,20
2.1.2. Glottic
The larynx is a complicated structure and for ease of illustration
is shown in Fig. 2. Viewed from its posterior aspect, the anatomy
seen during intubation can be seen. Of particular note are the many
cartilages and muscles which comprise the larynx. Further details
can be found in a standard anatomy textbook and are beyond the
scope of this article.
A common site of obstruction is the vocal cords themselves. The
muscles of the larynx coordinate in a complex manner to perform
the functions of speech, airway protection and coughing. Functional
obstruction can occur if the nerve supply to any of these muscles is
compromised, resulting in partial or total obstruction. In generalised muscular disorders airway protection may be compromised by
reduced functional ability of these muscles. Laryngospasm can also
occur resulting in complete airway obstruction due to reﬂex closure
of the airway. Tumours and foreign bodies can also occur giving
a ball valve like effect across the larynx.

Hyoid bone
Epiglottis
Hyothyroid membrane
Corniculate cartilage

Thyroid Cartilage
Arytenoid

Cricoid
Trachea

Fig. 2. The anatomy of the larynx.
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2.1.3. Subglottic
The subglottic area consists of the trachea branching into the left
and right bronchi at the level of the fourth and ﬁfth thoracic
vertebra. The trachea has between ﬁfteen and twenty U shaped
rings of cartilage for supportive purposes which are deﬁcient posteriorly. Important relations include the oesophagus and recurrent
laryngeal nerve posteriorly, carotid sheath laterally and brachiocephalic vessels in the chest.
From its division into the bronchi, the trachea further subdivides
many times terminating in the alveoli (the units of gas exchange).
If the obstruction is below the level of the larynx, a tracheostomy may be impossible. This is a rare situation and difﬁcult to
manage. In this situation further help from the cardiothoracic
surgeons may be required and alternatives to tracheostomy are
needed as a secondary plan. Options include emergency stenting
via a rigid bronchoscope and jet ventilation. It is occasionally
appropriate to use cardio-pulmonary bypass.
Stenting of the airway is carried out by bronchoscopy following
dilatation of the stricture. The three main types of stent are silicone,
dynamic and self-expanding. They are used in the treatment of
tumours in the trachea or bronchi in certain patients. More detail of
primary tracheal tumours and their treatment can be found in
Macchiarini’s review.21
Jet ventilation has been used to provide a route for oxygenation
in this situation if the obstruction is not complete. Pressures of
0.4–2 bar giving a tidal volume of 2–3 ml/kg at a frequency of
60–300 cycles/min would be typical.22 Concerns have been raised
regarding the use of jet ventilation in severe airway obstruction as
in complete airway obstruction there is no outlet for insufﬂated gas
and barotrauma can and is likely to occur.23 However, it has been
used successfully in the treatment of severe upper airway
obstruction and was found to improve the view on direct laryngoscopy in two patients.24
Femoral–femoral cardio-pulmonary bypass has been used as
a rescue measure.25,26 If this is felt to be appropriate, the cannulation of the femoral veins is carried out prior to the induction of
anaesthesia. A retrospective analysis by Bryne et al. found fourteen
patients in whom this technique was used for the resection of
malignant airway tumours.27 Eight patients had elective placement
of lines, with six requiring emergency placement due to great
vessel damage. This technique depends on individual patient
pathology and local availability of resources.
As subglottic obstructions are rare they will not be discussed
further in this review article.
Common and more unusual causes of airway obstruction are
shown in Table 1.
2.2. Temporal classiﬁcation
2.2.1. Introduction
Anaerobic energy production leads to an intracellular acidosis
with breakdown of the enzymes involved in energy production,
and eventual cell death.28 This process takes place a maximum of
12 min after the oxygen supply has ceased (if the patient has been
fully pre-oxygenated and has normal lung mechanics).29 McClelland et al. used a physiological model to study apnoea in pregnant
and non-pregnant subjects.30 In subjects that were not preoxygenated, there was marked variability and overlap between the
pregnant and non-pregnant groups in the time taken to desaturate.
This suggests that desaturation occurs at different rates in different
individuals and an exact time to desaturation cannot be predicted
accurately.
In airway obstruction, apnoea results in a decreased alveolar
partial pressure of oxygen (pO2), which is faster if the pO2 is low
initially.31 Hardman et al. used the Nottingham Physiology

Table 1
Causes of airway obstruction.

Common
Supraglottic

Glottic

Functional

Anatomical

Obesity
Obstructive sleep apnoea
Reduced conscious level
Bulbar palsy
Neuromuscular disease
Cerebrovascular accident

Angiooedema
Anaphylaxis
Burns
Abscess (retro-pharyngeal/dental)
Tonsillar hypertrophy
Tumours
Epiglottitis
Foreign body
Craniofacial abnormalities
(e.g. treacher collins syndrome)
Haematoma
Thyroid goitre
Polyps
Tumours
Foreign bodies
Tracheal stenosis
Tumours
Foreign bodies
Thyroid goitre
Lymphoma

Vocal cord dysfunction
Vocal cord palsy

Subglottic

Uncommon
Supraglottic

Glottic

Subglottic

Aerophagia100
Mitomycin C101
Crohns disease
CMV infection
AIDS
TB
Sarcoid
Ascaris infestation102

Epiglottic haematoma
Peridontits
Epidermolysis bullosa
Cervical teratoma
Cervical osteophytes

Schwannoma of trachea103
Rheumatoid arthritis
Tracheopathia osteoplastica104
T cell lymphoma
Paraganglionoma
Liposarcoma

Simulator to show that decreased minute ventilation and decreased
pre-oxygenation time had a moderate effect on desaturation
times.32 A large effect on time to desaturation was observed with
increased oxygen consumption states such as pregnancy and
pyrexia, and decreased functional residual capacity such as
decreased thoracic compliance or increased intra-abdominal
pressure.
Pre-oxygenation raises the available oxygen stores by
increasing lung stores from 1 200 ml to 3500 ml and provides
more time before the above process occurs.33 In patients with
normal oxygen consumption, pre-oxygenating in a sitting position
has also been shown to delay the onset of desaturation. Lane et al.
conducted a prospective randomised control trail comparing
apnoea time after pre-oxygenation in the supine position versus
head up position.34 The mean time to desaturation was 386 s in
the head up group and 283 s in the supine group. Baraka et al.
observed improvement in pre-oxygenation in the head up position in non-pregnant patients.35 This increased the time to desaturation to saturations of 95% from 243 s to 331 s. However, he
was unable to show the same improvement in term patients (time
decreased, but only from 173 s to 156 s in head up position). This
study included 10 patients in each group so further larger studies
may conﬁrm his ﬁndings, which were not statistically signiﬁcant.
McClelland et al. used physiological modelling to show that the
time from apnoea to desaturation to SpO2 less than 90% when
fully pre-oxygenated is just less than 8 min.36 This time was much
less in pregnant patients. The most worrying ﬁnding, however,
was the time taken to desaturate further from 90% to 40%. In
normal patients this was found to be only 45 s. A desaturation to
this level, would rapidly lead to bradycardia and cardiac arrest.36
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Consequently, this model appears to conﬁrm what clinicians
instinctively understand, that once oxygen saturations are at 90%
in an apnoeic patient, there is limited time available in which to
establish an airway.
The events following a sustained apnoea do not occur at steady
state. Farmery and Roe proposed several reasons for this.29 The rate
of oxygen ﬂux is not constant, resulting in a lag between the arterial
and venous oxygen content. Circulation time is not constant, and
the alveolar volume at the start of apnoea will impact on the time to
desaturation. Apnoea also results in the accumulation of carbon
dioxide decreasing the pH of the blood. This will have an effect on
the oxygen dissociation curve which varies with time.
2.2.2. Level of urgency
The information above allows the clinician to have an understanding of the time scales involved in the treatment of patients
with airway obstruction. There are two broad groups of patients,
those requiring immediate management who are rapidly going to
desaturate and those who require urgent management who are at
high risk of apnoea and desaturation.
2.2.3. Immediate intervention
Immediate management is needed in those who are unresponsive, not breathing or have suffered a cardiac arrest and they
should be treated as per advanced life support guidelines.37,38 As
management in this situation has been clariﬁed and agreed by
national bodies, immediate management will not be further
considered in the paper. Urgent management will be focussed on.
2.2.4. Urgent intervention
The second group are those that require or may require an
intervention urgently. This group will be discussed further below.
In this group there is time to formulate an initial plan for
management and subsequent back up plans.
3. Assessment and Management
3.1. Introduction
The management of the obstructed airway largely depends on
the speed of intervention required. A brief and rapid assessment of
the patient is required. This will give an idea of how much time will
be available to establish a deﬁnitive airway.
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The key points that need to be addressed are:
 How efﬁciently is this patient oxygenating?
 How efﬁciently is this patient ventilating?
A general clinical assessment using an Airway Breathing Circulation approach should be carried out initially. Evaluation, history
and treatment must all take place swiftly and often simultaneously.

3.2. History, examination and investigations
3.2.1. History
The history may be best obtained from family members due to
the associated difﬁculty with speech. It may include clues as to the
site and nature of the obstruction. A history of ingestion of a foreign
body followed by coughing and then respiratory distress is one
such presentation. Other scenarios include a history of smoke
inhalation or history of feeling generally unwell suggesting an
infective cause. Other features in the history are shown in Table 2.
3.2.2. Examination
Table 3 shows the signs and symptoms of both complete and
impending airway obstruction. Those at the top of the table require
immediate intervention. Those at the bottom of the table still
require airway control but there may be more time to plan
accordingly. It must also be noted that any disturbance or stress to
the patient can worsen respiratory difﬁculties and therefore painful
or distressing interventions should be kept to a minimum. When an
assessment has been conducted, a plan for airway management
should be made.
3.2.3. Investigations
In the acute situation, there is little time for investigations.
Routine investigations may have been carried out such as a full
blood count. Simple tests like this may show a raised white cell
count in infection, but no one parameter from blood tests will
provide a conclusive diagnosis.
Traditionally X-rays and ﬂow volume loops have been used in
patients with more chronic airway obstruction. These have now
been superseded by indirect laryngoscopy and more advanced CT
and MRI scans which can give exact information about airway
diameter and sites of obstruction.

Table 2
History of speciﬁc importance in airway obstruction.
System

History

Relevance

Cardiovascular

Chest pain
Anticoagulant therapy
Noisy breathing
Inability to lie ﬂat
Smoking
Coughing/choking episode
Smoke inhalation
Excessive daytime tiredness
Alcohol intake
Choking sensation on swallowing
Hot ﬂushes
Anxiety
Acromegaly
Night sweats
Obesity
High temperature
Recent dental extraction
Blunt or penetrating trauma

Inhaled foreign body
Bleeding into airway
Stridor
Stridor
Tumours
Inhaled foreign body
Airway inﬂammation
Obstructive sleep apnoea
Head and neck tumours
Goitre/tumours
Goitre

Respiratory

Central nervous system
Gastrointestinal
Endocrine

Metabolic
Microbiology
Trauma

Increased tissue mass and difﬁcult airway
Lymphoma
Increased oxygen consumption and difﬁcult airway
Infective cause
Ludwigs angina
Subcutaneous emphysema
Damage to trachea/bronchi
Bleeding into airway
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Table 3
Symptoms and signs of airway obstruction.
Severity

Symptoms

Signs

Complete (immediate action needed)

Unresponsiveness
Choking
Coughing
Anxiety

Cyanosis
No breath sounds
Hypoxaemia
Falling saturations
Paradoxical chest wall movement
Bradycardia preceding cardiac arrest

Partial (urgent intervention required)

Hoarse voice
Pyrexia
Stridor
Anxiety
Inability to lie ﬂat

Increased or decreased
Respiratory rate
Altered conscious state
Nasal ﬂaring
Accessory muscle use
Tachycardia initially

MRI scans are good at visualising the skull base, cartilages and
some soft tissues. MRI studies are now fast enough to assess stages
of swallowing and are able to provide excellent detail anatomically.
Parallel imaging now enables ﬁve sagittal images to be produced in
1.25 s.40 The machines themselves mostly consist of a conﬁned
space and little access to the patient. This is problematic with an
acutely ill patient who may not be able to tolerate supine
positioning.
CT scans can provide better detail of the palatal areas and bone
erosion.
PET scans are now becoming increasingly popular for studying
areas that are post-treatment and can distinguish recurrence from
post-treatment tissue.39
Nasendoscopy is a very useful investigation is some situations. A
ﬁbreoptic scope is introduced nasally, and in real time, it is possible
to view the larynx and surrounding structures from above. This can
guide airway management. The technique has been described for
both diagnostic purposes and treatment.41 It is simple to perform
and can be done quickly and with little discomfort under local
anaesthesia. Nasendoscopy has been used successfully in the acute
situation, although due to the nature of the condition, reports are
anecdotal.42,43
3.3. Choice of airway intervention
Once the patient has been assessed a plan for management can
be made, this will be tailored to each individual situation. In some
cases an expectant approach can be taken and there is time to use
conservative treatments before intervention. The available medical
treatments are discussed later in the article. Endotracheal intubation is usually attempted as a ﬁrst line intervention, but this should
be planned for with sufﬁcient support to perform a tracheostomy if
necessary.
3.4. Management: environment and personnel
Management involves the organisation of the team and equipment followed by the formulation of a series of plans for interventions. The management of patients with airway obstruction
involves a team approach. Help should be summoned and an
appropriate range of equipment should be obtained. Appropriate
team and equipment are discussed below.
3.4.1. Environment
Making a decision as to the best environment in which to
manage a patient with airway obstruction is important. There
should be facilities for resuscitation. Usually the places within the
hospital which have the essential equipment are the resuscitation
room, anaesthetic room (or operating theatre) and the intensive
care unit. The most appropriate place will be determined by the

clinician assessing the patient and the time frame in which intervention is required. Many patients will be referred to intensive care.
In the United Kingdom, it is not usual for intensive care units to
contain anaesthetic machines with volatile agents. It may be
necessary for such equipment to obtained from other locations if
the patient is admitted to intensive care for intervention.44
3.4.2. Team
An appropriate team of people would include senior anaesthetic
staff, ENT surgeons able to perform tracheostomy and additional
staff who can assist in preparing drugs and equipment. Wallin et al.
used a simulator to investigate the effects of the team on behaviour
in emergency scenarios.45 With training for trauma scenarios they
found that there was improved assumption of roles, communication and recognition of individual limitations, all thought to be
essential for good teamwork. Another study used video footage of
real trauma scenarios.46 The presence of an obvious team leader
was associated with greater adherence to recognised guidelines.
3.4.3. Equipment
The difﬁcult airway society in the United Kingdom recommends
equipment for routine use, and for the unanticipated difﬁcult
intubation. The American Society of Anesthesiologists similarly
recommend equipment for a difﬁcult intubation trolley.47 Both
include similar items. The main differences to note are the presence
of capnography and retrograde intubation equipment in the ASA
recommendations, and a general statement with regard to noninvasive devices. The DAS guidelines speciﬁcally mention ILMA and
Proseal as non-invasive devices and suggest that an algorithm and
equipment list for re-stocking be included with the equipment.48
There should be both basic and advanced airway equipment
available, and a method of ventilating the patient. This should
include all items necessary to carry out each of the formulated
plans. This should include specialised devices able to secure the
airway in an emergency. Simple adjuncts such as airways, endotracheal tubes and bag/mask circuits are essential. Rescue devices
such as cricothyroidotomy kits and jet ventilators should also be
available. If a gas induction is planned an anaesthetic machine is
necessary.
3.4.4. Monitoring
This should include appropriate monitoring devices including
those for a full anaesthesia. Standards of equipment needed are
published by the Royal College of Anaesthesia in the United
Kingdom, and similar documents are found elsewhere.49
3.5. Urgent management
Once the appropriate team and equipment have been identiﬁed,
the emphasis should now be on the plan for the provision of
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a deﬁnitive airway.50 There is little conclusive evidence as to the
best way in which to manage these patients in the medical literature. Guidelines exist for management of the difﬁcult airway which
have been developed by task forces of experts reviewing the
evidence base. These guidelines are produced in many countries
and examples include the Difﬁcult Airway Society guidelines in the
United Kingdom48 and American Association of Anesthesiologists
guidelines in the United States of America.47 Others include the
SIAARTI group in Italy and those of the Canadian Association.52,53
Further detailed information on the North American and European
guidelines (along with the pros and cons of algorithms) can be
found in Heidegger’s review.54
The problem of acute airway obstruction does not lend itself to
structured study, rather advice usually comes from expert opinion.
Experts advise that a series of plans should be constructed in order
to provide a structure for the management of the patient. A series of
plans would include a plan A and plan B or rescue plan.55 Many
guidelines are available for the management of the difﬁcult airway
in an elective situation. In an acute airway obstruction the situation
is urgent and there is less time to plan and obtain equipment. The
use of plans in acute airway obstruction is important but the expert
base in this area is poor due to its rarity.
This article can be used as an example of how different the two
situations are i.e. acute obstruction and normal elective difﬁcult
airway. Pearce 2001 describes the management in terms of four key
points:
ventilation,
laryngeal reﬂexes,
intubation,
patient distress.55
Each is managed as deemed appropriate for the individual. In
the acute airway obstruction, the priority is on provision of an
effective route of oxygenation and ventilation. Generally there are
three main methods of interventional management: inhalational
induction, awake ﬁbreoptic intubation and tracheostomy under
local anaesthesia.
A series of possible plans and interventions are discussed below.
3.6. Conservative treatments
High concentration oxygen should be administered where
possible to ensure maximal pre-oxygenation should intervention
need to occur. Children with airway obstruction may ﬁnd this distressing, worsening airway obstruction. In this situation eliminating further distress to the child may be more important.
Intravenous access should be obtained (again, as long as this does
not cause excessive distress to the patient). The patient may be
dehydrated and require intravenous ﬂuids. Factors such as general
malaise, poor oral intake and pyrexia can all contribute.
Medical treatments which may be used alongside the provision
of a deﬁnitive airway include:






Antibiotics
Steroids
Nebulised adrenaline
Heliox
Antihistamines

3.6.1. Antibiotics
Antibiotics are often given to these patients empirically. Usually
this is because a conclusive diagnosis is not possible straight away.
Speciﬁc conditions do require treatment with antibiotics.
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Epiglottitis is decreasing in incidence since the introduction of the
Haemophilus Inﬂuenza B (HiB) vaccine in many countries. Some
countries such as Japan do not routinely vaccinate and HiB is still
prevalent.56 Guldfred et al. quote an incidence of epiglottitis 4.9/
100 000 patients per year prior to the vaccine with an incidence of
0.02/100 000/year in their study population after the vaccine.57
Other causative organisms include streptococcus and staphylococcus. A broad spectrum cephalosporin is often started as a ﬁrst
line treatment. These organisms are also the most common causes
of bacterial tracheitis. In areas where the vaccine is routinely given,
this is increasing in incidence. It has a more severe course, often
requiring intubation. In a study by Hopkins et al., 75% of admissions
to the paediatric intensive care unit for respiratory support were
due to bacterial tracheitis.58
A retro-pharyngeal abscess can form between the posterior
pharyngeal wall and the prevertebral fascia. It is usually the result
of infection spreading from the teeth or sinuses via the
lymphatics.59 Causative organisms include streptococcus and
anaerobes. Treatment with a broad spectrum cephalosporin with
anaerobic cover is usual. There are other more unusual conditions
requiring antibiotics but an individual description of all is beyond
the scope of this article.
3.6.2. Steroids
Steroids are widely used in the patient with acute airway
obstruction. There is little conclusive evidence to support this
practice. However, there is evidence to suggest that they are of
beneﬁt in certain other conditions. Some of these conditions are
rare. Sarcoidosis and Wegener’s granulomatosis involving the
airway do beneﬁt from steroid treatment.60,61 In other conditions
such as adult epiglottitis steroids are widely used but beneﬁts have
not been elucidated.61,62 As we have discussed, the diagnosis of
airway obstruction is very difﬁcult in the acute setting. Management is based on safe provision of an airway/treatment plan with
assessment often limited to the likely level of the obstruction rather
than the precise diagnosis. For this reason clinicians will probably
continue to administer steroids until a diagnosis is made, in case
there is some beneﬁt.
Two conditions in which steroids are used are anaphylaxis and
croup. The use of steroids and antihistamines is still recommended
as part of the 2008 resuscitation guidelines for anaphylaxis treatment,63 although there is little substantial evidence to support
there use in airway obstruction. Sheikh et al. reviewed available
evidence for both treatments. They looked at randomised
controlled trials between 1996 and 2006 but were unable to
provide recommendations due to a lack of trials ﬁtting their
inclusion criteria.63 Despite these ﬁndings, they are often used as
adjunctive treatments especially when the diagnosis is uncertain. It
is likely that this practice will continue unless more conclusive
evidence becomes available.
In the treatment of croup, the evidence is more substantial. A
large Cochrane review looked at 31 studies comparing steroids to
placebo.65 Most patients were below 13 years of age and a total of
2878 patients were included. In patients with moderate to severe
croup the croup score was improved at 6, 12 and 24 h when steroids
were given. Oral steroids (0.6 mg/kg dexamethasone) were equivalent to nebulised (budesonide 2 mg) and were recommended due
to the distress associated with giving nebulised drugs to children. In
the same study in patients with croup with impending respiratory
failure, the duration of intubation and need for re-intubation were
both reduced when steroids were given (doses 0.1 mg/kg/6 h).63
3.6.3. Nebulised adrenaline
Nebulised adrenaline is used in the treatment of children with
croup. Three trials were included in a Cochrane review which
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showed that treatment with 2.25% solution of raecemic adrenaline
nebulised, improved the croup score at 30 min.63 This effect may
have been shortlived and required repeat doses. Signiﬁcant side
effects were found in one child who had a small myocardial
infarction after receiving 3 nebulisers in a period of 1 h. ECG
monitoring is now recommended.59
3.6.4. Heliox
Heliox is eight times less dense than oxygen. Harris and Barnes
recently reviewed the evidence for its use in clinical practice.66
When inspired, it reduces the Reynolds number of inspired gas and
results in a return to laminar ﬂow characteristics. This reduces the
work of breathing and is beneﬁcial in airway obstruction where
turbulent ﬂow predominates. This laminar ﬂow encourages more
airﬂow and thus enhances both ventilation and carbon dioxide
elimination. This can also provide increased inhaled drug delivery.
One of the main problems is with delivery as many hospitals
don’t have an easily available supply. The commercially available
products in the United Kingdom contain helium and 21 and 28%
oxygen respectively. This doesn’t allow a high inspired concentration of oxygen to be given to these critically ill patients. This may be
especially problematic should a sudden deterioration occurs.
Again the evidence base is poor and largely anecdotal due to the
nature of the disease process. Trials have mainly concentrated on
speciﬁc subgroups. A Cochrane database review concentrated on
non-intubated asthma patients. Even in this subgroup, there were
only two good quality randomised control trials, one in adults and
one in paediatrics and they were unable to provide conclusive
evidence for the use of helium.67 This review did ﬁnd that there
may be increased delivery of nebulised drugs when helium was
used and stated that it appeared to be safe in practice and well
tolerated.

Acute airway obstruction studies would be difﬁcult to conduct.
Girgis et al. used an occluded endotracheal tube in anaesthetised
patients to show that waking times with sevoﬂurane should be less
than with halothane in an obstructed airway.77
Inhalational induction allows the patient to continue spontaneous respiration. Any episodes of apnoea may allow the patient to
lighten and resume spontaneous respiration. This is seen as the
main beneﬁt of the technique. If this technique is used the patient
should be allowed to continue spontaneous respiration with no
attempt to take over unless necessary.78 Disadvantages include
anaesthesia without a deﬁnitive airway risking complete obstruction of the airway, airway irritation and inability to achieve sufﬁcient depth of anaesthesia for instrumentation.
3.9. Awake ﬁbreoptic intubation

3.6.5. Antihistamines
These drugs are still part of the 2008 anaphylaxis guidelines
issued by the European Resuscitation Council as a second line
treatment.63 Again, the evidence is inconclusive but many feel that
there is little harm done by including them in the treatment of
a patient with an airway problem of unknown aetiology. Sheikh et
al. found that the sedating effects could be harmful in some patients
when using the ﬁrst generation drugs.64

Awake ﬁbreoptic intubation is a key skill for anaesthetists. It
requires practice to become competent and can be technically
challenging. Its beneﬁts are mainly the preservation of an awake
and spontaneously breathing patient. It also allows continual visualisation of the larynx. Some feel that it avoids the cardiovascular
stresses of direct laryngoscopy especially in critically ill,69 but
a study using 200 healthy volunteers showed an average systolic
blood pressure increase of 18.3 mm Hg and increased heart rate of
20 beats per minute.78 Other complications included brief desaturation <80% in 3 patients nodal rhythm in 1 patient, severe parasthesia in 1 patient and vomiting in 3 participants. This has
implications in the critically ill population. Overall success rates
have been quoted as 98.8% in experienced hands79 although 2.3% of
these were described as difﬁcult and a further 8.5% as moderately
difﬁcult.
Main problems with the technique are that the presence of
blood or secretions in the airway can make visualisation of structures impossible. Other exclusions include those patients who are
agitated or uncooperative or those with a reduced conscious level.
There have also been three case reports of total obstruction of the
airway during awake ﬁbreoptic intubation.80,81,82 It is not clear
whether the topical anaesthesia could have been responsible for
some of these problems.
A comprehensive description of the practical aspects of the
technique can be found in the review by Morris.83

3.7. Interventional

3.10. Secondary plans

Some experts suggest an inhalational induction to allow the
patient to continue spontaneous respiration.68 Others suggest that
awake ﬁbreoptic intubation is optimal.69 There are circumstances
where this may be impossible to perform such as an uncooperative
child, or the presence of blood in the airway.70 Either can be used as
the initial plan of airway management, but a secondary plan must
be in place should these fail. There are advantages and disadvantages with both techniques.

A secondary plan may involve the use of an airway such as the
LMA as a rescue device or an invasive technique such as
cricothyroidotomy.

3.8. Inhalational induction
The use of inhalational agents in the difﬁcult airway setting is
well described in children71 and has been used in adults.72 The
traditional agent of choice is halothane but recent studies have
shown sevoﬂurane has an equivalent induction and waking time to
halothane.73 Sevoﬂurane also has less cardiovascular side effects
even at high doses.74 In healthy patients, both tidal volume
breathing and vital capacity breathing have been used to induce
anaesthesia with success.75,76 Several studies have also showed
a sufﬁcient depth of anaesthesia to intubate without the use of
muscle relaxants.70,71 This may be advantageous in this setting.

3.11. Supraglottic devices
These devices sit above the glottis and provide an airway
bypassing the structures of the pharynx. The most commonly used
are the oropharyngeal airway, nasopharyngeal airway and laryngeal mask airway. The laryngeal mask airway (LMA) is now part of
the Difﬁcult Airway Society guidelines for the management of the
difﬁcult airway,48 and features in the ASA guidelines for the
management of the difﬁcult airway (practice guidelines).47
It is likely to become more prominent in the future, particularly
in emergency situations where staff may not have been trained in
intubation. The LMA is now available in many different varieties of
both disposable and re usable types. There are now intubating
LMAs and a model with ﬁbreoptic technology attached (LMA
CTrach) both of which have favourable reports in resuscitation
scenarios, although most studies to date have been laboratory
based.84,85,86,87,88
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Other less commonly used devices include the laryngeal tube,
pharyngeal express and glottic aperture seal airways.
3.12. Tracheostomy
Although termed a deﬁnitive airway, tracheostomy has not been
traditionally classed as an emergency airway. The procedure is
widely used in intensive care settings to facilitate weaning and
peri-operatively in the care of head and neck tumours. The skin,
muscles and blood vessels of the anterior neck are dissected carefully to expose the tracheal rings. A tracheostomy tube is then
inserted between the ﬁrst and second tracheal rings. Correct
positioning should be conﬁrmed with a ﬁbreoptic scope. Percutaneous siting of tracheostomies has become commonplace in
intensive care settings. This involves puncture of the trachea with
a needle to aspirate air, then passage of a wire through the needle
into the trachea. The wire is then used for serial dilations until
a tracheostomy tube can be inserted. There have been some case
reports of anaesthetic led percutaneous tracheostomy in the
emergency setting, although these are largely anecdotal.89
3.13. Cricothyroidotomy
Cricothyroidotomy is an emergency procedure to provide
oxygenation to a patient in a failed airway scenario. The cricothyroid membrane can be identiﬁed above the thyroid cartilage at the
level of the sixth cervical vertebra .The membrane can be punctured using a wide bore needle or dedicated cricothyroidotomy kit.
A review of four such kits on a patient simulator found two kits to
be easier to insert than others with a success rate of 100%.90 A
recent study, again with four kits, found differing results to the
previous study.91 Both used less than 30 participants and larger
studies may add to knowledge in this area. Equipment will vary
between hospitals and it is advisable to become familiar with local
practice. Once inserted, the device can be attached via an endotracheal tube connector to an oxygen source to temporarily
oxygenate the patient until a deﬁnitive airway is established. Due to
the narrow diameter, ventilation is limited with these devices, they
are only suitable for temporary use. There are many devices available to perform this technique, and it is advisable to become well
acquainted with the technique used locally.
Many studies have discussed the importance of moving to
another technique should the ﬁrst be ineffective. Petersen et al.
showed that repeated intubation attempts had a positive association with risk of death when a retrospective analysis was performed on closed claims.2 Visvanathan et al. looked at the ﬁrst 4000
reports to the Australian Incident Monitoring Study.92 Sixty two
cases involved airway obstruction. Two thirds of the cases studied
desaturated. When persistence with one particular airway technique occurred, one death, two cardiac arrests and one case of
pulmonary oedema were noted. They also stressed the importance
of moving to an alternative technique at an early stage.
It is essential to have senior ENT staff available to perform an
emergency tracheostomy, in case the initial and secondary plans
aren’t effective. An example of a series of plans is given below. This
should not be viewed as a guideline but is an example of an
appropriate sequence. Experts on the difﬁcult airway differ in their
views on the choice of initial plan. A consensus statement on the
‘ideal’ management plan is yet to be reached for airway obstruction,
however it would be a welcome addition to current evidence.
The general and fundamental needs in order to provide airway
support are very simple. They include:
 A trained assistant
 Suction
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Continual oxygen supply
Intravenous access
Appropriate patient positioning
Appropriate knowledge of basic airway manoeuvres (jaw
thrust, chin lift)
1. Airway obstruction is complete and immediate: consider backslap (with/without Heimlich manoeuvre) if a foreign body may
be the cause. Basic airway skills including jaw thrust, oropharyngeal and nasopharyngeal airways and bag mask ventilation
should be performed as necessary. Direct laryngoscopy can be
attempted with Magill forceps to hand to remove foreign
bodies or intubate. If none of these are successful a surgical
airway using a cricothyroidotomy kit may need to be rapidly
performed.
2. Airway obstruction is complete, patient is unconscious, but
cause not thought to be a foreign body. First appropriately
applied jaw thrust (one or two-handed), with or without
a supraglottic airway (appropriately sized oropharyngeal
airway, cLMA or iGel). If this is unsuccessful, consider laryngoscopy and intubation (size 7 mm endotracheal tube for
women, 8 mm for men). The left molar approach may help in
situations of difﬁcult intubation.93 If these techniques are
unsuccessful a surgical airway should be considered.
3. Partial airway obstruction. Nebulised epinephrine, steroids or
Heliox may be useful as a temporising measure, while investigations are considered such as CT/MRI scans or awake
nasendoscopy are considered. If the airway needs to be secured
then someone with a range of airway skills should be involved
as either awake ﬁbreoptic intubation, inhalation induction or
awake tracheostomy may be the appropriate plan. Any of these
may be technically difﬁcult.





The senior author’s preference is to do an awake nasendoscopy,
followed by intubation if possible, although insertion of a jet
ventilation catheter before the procedure is performed, ensures
plan B is in place before plan A fails. A fuller discussion of this can be
found in Popat and Dudnikov’s review.69
4. Aftercare
It is important to care for these patients in an appropriate
environment once the treatment plan has been initiated. When an
intervention has taken place and the patient has a tracheostomy or
endotracheal tube, intensive care is usually the best option. This
allows oxygenation and ventilation to be continued in a controlled
way and allows one to one nursing and monitoring to occur.
Patients who are treated with medical therapies should receive
close monitoring and be nursed in an environment equipped for
airway intervention. Intensive care units or high dependency units
are often used. Wherever the patient is admitted, the facilities for
monitoring and urgent airway intervention are of prime
importance.
5. Training
The treatment of airway obstruction requires rapid delivery of
oxygen from a breathing circuit to the patient’s lungs. This can be
done using a simple technique such as bag-valve mask procedure,
or an airway conduit such as a supraglottic airway, endotracheal
tube or tracheostomy tube. Though the technique is technically
simple, such techniques are skills that need to be taught.
In the past anaesthetists have been considered to be ‘airway
experts’ able to provide such treatments for airway obstruction, but
more recently in Europe, there has been the introduction of a 48 h
working week, and a reduction in the time spent in training. There
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is also increasing use of regional anaesthetic techniques and the
introduction of the laryngeal mask airway. The decrease in
numbers of airway procedures performed has led to less opportunity to both learn and maintain basic airway skills. The number of
cases performed annually in University Hospital of Wales by
trainees has decreased from about 1200 in the late 1980s to 500 in
2007.
In addition, the number of bag-valve mask anaesthetics has also
decreased dramatically.94 Bag mask ventilation is an essential skill.
This is mentioned in the essential equipment section earlier. Does it
matter that the number of bag-valve mask anaesthetics has
decreased? We would suggest that bag-valve mask anaesthesia can
teach the following:
It teaches the learner a kinaesthetic appreciation of the factors
that cause airway obstruction (tongue, soft palate and epiglottis),
and if performed properly is useful where the LMA or other
conduits cannot be inserted. It also ensures that the learner has
sufﬁcient strength, stamina and skill to oxygenate the patient
should they get into difﬁculties. Such a skill also allows a better
understanding of the correct placement of a supraglottic airway
and an awareness of underlying reasons for airway obstruction,
allowing appropriate treatment when the supraglottic airway does
not work. Direct laryngoscopy is another kinaesthetic skill that
also requires practice and may be more difﬁcult to perform
than straightforward ﬁbreoptic laryngoscopy.94,95 Direct laryngoscopy, if appropriately and skillfully performed, can also aid in
the retrieval of foreign bodies which may be causing airway
obstruction.
There is no shortcut to skill acquisition and Ericsson95 (a
cognitive psychologist interested in exceptional performance) has
demonstrated that the highest level of performance requires
a decade or more of training and points to the importance of
extensive preparation. Both bag-valve mask anaesthesia and intubation skills have decreased as a result of the introduction of the
LMA and other supraglottic airways, but both skills are useful and
necessary to manage certain types of airway obstruction. In order
for the treatment of airway obstruction to be managed well, the
following factors need to be considered when designing a program
to teach optimal airway management.96
Demonstration of perfect performance of the skill: the skill
needs to be broken down into subroutines and demonstrated by an
expert. Videos can be a useful reminder of the performance of
a skill. The knowledge for optimising jaw thrust has been summarised by Boiden97 who conﬁrms that airway obstruction in an
unconscious/anaesthetised patient occurs as a result of occlusion
by tongue, pharynx and epiglottis. In order to overcome this
obstruction the jaw needs to be slid forwards (as if trying to bite the
upper lip) with sufﬁcient force to move the tongue and epiglottis
(via the hyoepiglottic ligament) and clear the airway. Videos can
also be used to demonstrate laryngoscopy and appropriate insertion techniques for supraglottic airways, but the techniques still
need to be practised, and the forces required are difﬁcult to
demonstrate without actually performing the skill.
As it is unlikely that enough experience with patients will be
accumulated there is probably a role for simulators to provide safe
practice here, providing the simulators are of adequate ﬁdelity. A
recent study by Sudhir et al.98 demonstrated that their Basic Airway
Model could be used to differentiate and assess levels of skill. The
study also demonstrated the poor performance of what is considered a basic skill by established anaesthetists. Practice can be
boring leading trainees to become complacent, so models that
incorporate a degree of ﬂexibility and can demonstrate situations
such as continued hypoxia (e.g. Simman) can be useful.
There can be few situations more terrifying than where a patient
becomes progressively more cyanosed, particularly when they

were pink (or not as ‘blue) before treatment began. It has long been
shown, however, that human beings can only perceive and process
information at a ﬁnite rate. In a crisis, events may unfold at a rate
which exceeds our capacity to keep pace. Both visualisation
training and simulator based training (using high ﬁdelity simulators) can potentially improve performance, under stressful
circumstances.
The equipment available for managing airway obstruction needs
to be ﬁt for purpose and of adequate quality. The classic LMA ﬁtted
these criteria but much of the current disposable equipment
including masks, supraglottic airways, laryngoscopes and bougies
do not. Ideally minimal functional design criteria should be laid
down and adhered to, to ensure that the equipment is ﬁt for
purpose. Once appropriate equipment is available the working
environment should ideally be optimised so that performance of
the skill can be maximised. If time is available these patients should
ideally be managed in a theatre used to dealing with airway
emergencies. Ideal situations for practice could involve a live set up
to provide controlled situations (using a Simman and operating
suite) of increasing difﬁculty to provide practice to deal with the
rare situation of dealing with a severe case of acute airway
obstruction.
An article by Bromiley99 (an airline pilot whose wife died as
a result of airway mismanagement) has considered how aviation
learns from accidents. He considers three areas: ﬁrst the importance of equipment design. The second considers process development, using drill, checklists, ‘SOPs’ (standard operating
procedures) and preﬂight and approach brieﬁng. Finally the enormous effort in the training of non-technical skills, in particular
decision making, situational awareness and team working, an area
in which traditionally medics or paramedics have not placed
sufﬁcient emphasis on.
Like Pearce55 we favour mastery of a relatively small number of
devices. That equipment would be facemask, oropharyngeal
airway, classic LMA or igel, proseal LMA, direct laryngoscopy
(Macintosh with bright light), Eschmann gum elastic bougie, intubating ﬁbrescope (Keymed Olympus GP with video stack), elective
and emergency needle cricothyroidotomy.
6. Conclusions
The management of acute airway obstruction is not straightforward. It is rare, and most health care professionals are unlikely to
see more than a few cases in their careers. Once obstruction is
present, there may be as little as 45 s before a deﬁnitive airway
must be established. The treatment of patients in whom imminent
airway obstruction is present, is not clear cut. These patients
require a series of plans to be made which can be followed in
a sequential order, should the ﬁrst plan fail. Each scenario will
demand an individual assessment, and it is unlikely that there is
one correct answer.
Appropriate training is essential, especially as junior doctor’s
hours decrease. Simulators, and familiarity with appropriate
equipment can be helpful. How this should be done is also debatable. However, it must always be remembered that providing
oxygenation and ventilation are of primary importance. If one
method is unsuccessful repeated futile attempts should be avoided.
It is the avoidance of hypoxaemia which is the key to successful
management.
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A Comparison of the Deflecting-Tip Bronchial Blocker With a Wire-Guided
Blocker or Left-Sided Double-Lumen Tube
Virginie Dumans-Nizard, MD, Ngai Liu, MD, Pierre-Antoine Laloë, MD, and Marc Fischler, MD
Objective: To compare a new bronchial blocker, the Cohen
blocker, with the Arndt blocker and a left double-lumen tube
(DLT).
Design: A prospective, randomized, controlled trial.
Setting: University hospital.
Participants: Forty-eight patients undergoing lung surgery.
Intervention: Intubation with 1 of the 3 devices. Comparisons among groups included (1) time for initial positioning,
(2) degree of lung collapse at pleura opening, and (3) number
of intraoperative fiberoptic examinations.
Measurements and Main Results: Positioning of the Cohen blocker (256 [166-341] seconds; median [interquartile
range]) took no longer compared with the Arndt blocker
(253 [184-305] seconds), and there was a trend toward difference between the 2 blockers and the DLT (137 [102-199]
seconds) (p ⴝ 0.07). The time to place the Cohen blocker was

longer in cases of left bronchus occlusion compared with a
right one (340 [300-450] v 170 [124-259] seconds, p ⴝ 0.02);
they were similar in the Arndt group. The degree of lung
collapse was different among groups (p ⴝ 0.05), but the
difference between any pair did not reach statistical significance. The number of patients who required at least 1
additional FOB examination was not statistically different
(50% of patients in each blocker group v 19% in the DLT
group).
Conclusions: There was a trend toward a difference between times to place a bronchial blocker and the DLT. The
Cohen blocker is more difficult to position in the left main
bronchus than in the right one.
© 2009 Elsevier Inc. All rights reserved.
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intubation into 1 of 3 groups: single-lumen endotracheal tube with a
Cohen BB (spherical-shaped balloon blocker), single-lumen endotracheal tube with an Arndt BB (pear-shaped balloon blocker), and a
left-sided DLT with a carinal hook (Mallinckrodt Inc, St Louis, MO).
Patients with an anticipated difficult intubation with infectious or
bleeding lung lesions were excluded.
The primary endpoint was the time required to initially position the
assigned tube (ie, the time between the insertion of the laryngoscope in
the oral cavity and the confirmation by FOB of the satisfactory position
of the device). The secondary endpoints were the degree of lung
collapse once the pleura was opened and the number of intraoperative
FOB examinations performed when the nondependent lung was ventilated either at the pleura opening or later during surgery. The degree of
lung collapse was graded into 2 categories as determined by the
surgeon to allow meaningful statistical comparison: excellent if there
was complete lung collapse with perfect surgical exposure and fair or
poor if there was incomplete lung collapse (residual air) or if the lung
remained ventilated.
After the arrival of the patients in the operating room, standard
monitoring was applied. After preoxygenation with 100% oxygen,
anesthesia was induced with propofol, 2 to 3 mg/kg, and sufentanil, 0.2
to 0.3 g/kg. After loss of consciousness, oxygen was given by
facemask, and patients received atracurium, 0.5 mg/kg. Patients were
intubated by 1 of the 3 senior thoracic anesthesiologists involved in the
study, who were all familiar with the 3 devices. The grade of laryngoscopic view was recorded.8 Anesthesia was maintained with sevoflurane in oxygen and air. Further sufentanil and atracurium boluses were
given as indicated by clinical need and train-of-4 monitoring, respectively.
DLT size was determined by patient height and sex as follows:
women ⬍1.6 m (5 ft 3 in), 35F; women ⬎1.6 m, 37F; men ⬍1.7 m (5
ft 7 in), 39F; and men ⬎1.7 m, 41F.9 The DLT was introduced into the
glottis under direct laryngoscopy. After the bronchial cuff had passed

NE-LUNG VENTILATION (OLV) is routinely achieved
with double-lumen endotracheal tubes (DLTs); but this
practice is debatable, especially when the patient presents a
difficult airway or abnormal tracheobronchial anatomy. Furthermore, Knoll et al1 pointed out the increased incidence of
minor airway injuries noted when using a DLT instead of an
endobronchial blocker (BB), which may reduce patient satisfaction. Two types of BB design exist. First, the Univent (Fuji
Systems Corp, Tokyo, Japan) and the Torque Control Blocker
Univent devices (Fuji Systems Corp) that combine a singlelumen endotracheal tube with a channel enclosing a moveable
BB (Univent). Second, some BBs are designed for use with any
endotracheal tube. These are the Uniblocker (Fuji Systems
Corp, Tokyo, Japan), the wire-guided endobronchial blocker or
Arndt BB (Cook Group, Inc, Bloomington, IN), and more
recently, the Flexitip endobronchial blocker or Cohen BB
(Cook Group, Inc). The latter 2 BBs differ in their method of
guiding the blockers’ tip. The Arndt BB has a distal wire loop
(snare) that, when coupled to the fiberoptic bronchoscope
(FOB), permits railroading into place. The Cohen BB has a
deflecting tip that is controlled by a wheel positioned at its
proximal end with which the user steers the BB tip into the
target bronchus.
Several studies have compared the ease of insertion and
efficacy of the DLT versus the Univent tube,2,3 of the DLT
versus the Arndt BB,4,5 and of all 3.6,7 The Cohen BB has not
been compared with other devices. The aim of the present study
was to compare the time to initially position the assigned tube,
the degree of lung collapse at the pleura opening, and the
number of required intraoperative fiberoptic examinations
when a Cohen BB is used compared with an Arndt BB, or a
left-sided DLT.
PATIENTS AND METHODS
The study was conducted after ethics committee approval and national regulatory office notification. Participants provided written informed consent.
Patients undergoing thoracic surgery for which OLV was required
were studied and randomized via a random-number generator for

KEY WORDS: one-lung ventilation, double-lumen endotracheal tube, bronchial blocker

From the Department of Anesthesiology, Hôpital Foch, Suresnes,
France.
Address reprint requests to Marc Fischler, MD, Department of
Anesthesiology, Hôpital Foch, 40 rue Worth, 92151 Suresnes, France.
E-mail: m.fischler@hopital-foch.org
© 2009 Elsevier Inc. All rights reserved.
1053-0770/09/2304-0011$36.00/0
doi:10.1053/j.jvca.2009.02.002

Journal of Cardiothoracic and Vascular Anesthesia, Vol 23, No 4 (August), 2009: pp 501-505

501

502

DUMANS-NIZARD ET AL

the vocal cords, the tube was rotated counterclockwise 90° and advanced until a slight resistance was encountered. If this technique failed
to place the bronchial lumen in the left main bronchus, then the DLT
was withdrawn until the endobronchial lumen was above the carina. An
FOB was then passed via the endobronchial lumen into the left main
bronchus, and the DLT was guided into position. Correct placement of
the DLT was assessed by using an FOB.
Arndt and Cohen BBs were inserted while the patients were supine
through a 7.5- or 8-mm-sized inner diameter single-lumen tube for
women and men, respectively, which were connected to a dedicated
multiport airway adapter. This adapter has 4 ports: the first connects the
patient to the breathing circuit, the second is used to introduce the FOB,
the third is used to insert the BB, and the fourth connects to the standard
endotracheal tube. In the Cohen BB group, the blocker was introduced
through the ETT to the desired bronchus under FOB vision by turning
the device’s steering wheel. In the Arndt BB group, the wire-guided
endobronchial blocker was advanced through the blocker port of its
multiport adapter, and the wire loop was coupled with the FOB that had
been introduced through the fiberoptic port. The wire loop, located
distal to the Arndt blocker, was loose to allow the FOB to pass through
the loop. The FOB could then be advanced and the Arndt blocker
guided into position into either the right or left main bronchus. Then,
the guidewire nylon loop of the Arndt blocker was removed. For both
devices, the BB cuff was inflated with air under FOB vision with the
volume necessary to seal the bronchus. Patients were continuously
ventilated during BB placement thanks to the dedicated multiport
airway adapter.
The patients were turned into a lateral decubitus position; correct
placement of the device was reassessed by using an FOB and dependent OLV was initiated. In the DLT group, the connector on the
nondependent operative side was clamped and disconnected from the
patient to facilitate unilateral lung collapse at the time of pleural
incision. The following sequence was used in the BB groups to facilitate unilateral lung collapse: deflation of the blocker cuff, disconnection of the tube from the ventilator allowing both lungs to collapse,
reinflation after 1 minute of the blocker cuff with the same volume of
air as during the initial insertion, reconnection of the tube to the
ventilator allowing only dependent-lung reventilation with a 5 cmH2O
positive end-expiratory pressure preceded by a single recruitment maneuver performed by elevating the airway pressure to 40 cmH2O for 7
seconds.10
The surgeons who graded the degree of the initial lung collapse were
blinded to randomization and tube placement and could not see the tube
during surgery. An FOB was used intraoperatively to assess the position of the tube or the blocker and to reposition it when there was a
modification in the nondependent lung collapse or if any ventilation

problem occurred during surgery. The study was considered complete
when two-lung ventilation was re-established or when the surgeon
clamped the main bronchus pneumonectomy cases.
A previous unpublished open study from the authors’ institution on
the same surgical population showed that the mean time for initial
positioning (⫾ standard deviation) with a DLT was 256 ⫾ 98 seconds.
Applying an a priori power analysis, 15 patients had to be enrolled in
each group to detect at least a 2-minute difference in the time to device
placement between the Cohen BB group and the other groups (DLT
and Arndt), with an ␣ risk of 0.05 and a statistical power of 0.9. The
authors chose to evaluate 16 patients in each group.
For nominal data, statistical analysis was performed by means of a
chi-square test or Fisher exact test when appropriate. For numeric data,
statistical analysis was performed by means of a 1-way analysis of
variance with Bonferroni correction for multiple comparisons as appropriate; a Mann-Whitney–Wilcoxon test was used to determine any
pairwise difference between groups. The distribution of the intubation
times was evaluated with Kaplan-Meier plots and was compared
among groups with the log-rank test; the same analysis was used to
compare the right and left placement of each BB. The number of FOB
examinations required intraoperatively was compared among groups by
using the Kruskall-Wallis test followed by the Mann-Whitney–
Wilcoxon test to assess which pair of treatments was significantly
different. The degree of lung collapse, considered as a binary variable,
was compared globally and between each pair of groups by using the
Fisher test and the Bonferroni correction for multiplicity. Values are
expressed as median with 25th to 75th percentile (interquartile range)
or numbers. Statistical significance was defined as p ⱕ 0.05. Data
analysis was performed by using SPSS version 11.0 (SPSS Inc, Chicago, IL) and R version 2.6.1 (2007-11-26) (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS

Forty-eight patients meeting the inclusion criteria were enrolled and gave informed consent to participate; no patient was
withdrawn. The groups were similar with respect to demographics, type, and side of surgery (Table 1).
The laryngoscopic view was graded similarly among groups
(Table 2). The global comparison of the time for initial positioning for the 3 devices only showed a trend (Table 2 and Fig
1, p ⫽ 0.07), which precludes any further intergroup statistical
analysis. Nevertheless, visual inspection shows the median
time of the Cohen BB group to be almost equal to that of the
Arndt BB group and longer (by about 2 minutes) to that of the

Table 1. Patients’ Demographic Data

Age (y)
Weight (kg)
Height (cm)
Sex ratio (M/F)
Procedure
Thoracoscopy
Thoracotomy
Wedge
Lobectomy
Pneumonectomy
Pleurodesis
Surgical side (Right/left)

Cohen Group (n ⫽ 16)

DLT Group (n ⫽ 16)

Arndt Group (n⫽16)

61 (54-71)
68.0 (62.5-83.0)
170.5 (164.7-174.0)
13/3

64 (55-69)
66.5 (59.2-81.0)
169.5 (161.7-174.2)
11/5

56 (49-62)
68.0 (77.5-84.2)
173.0 (167.5-176.0)
9/7

3

4

1

1
5
3
4
9/7

4
7
0
1
8/8

7
5
2
1
6/10

NOTE. Values are expressed as median (interquartile range) or numbers.
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Table 2. Results
Cohen Group (n ⫽ 16)

Initial laryngoscopy grade (1-2/3-4)
Time to initially position the assigned tube (s)
Right main bronchus insertion
Left main bronchus insertion
Effectiveness of lung collapse (excellent or fair/poor)†
Number of patients requiring at least one additional
intraoperative fiberoptic examination‡
Number of patients requiring 1, 2, or 3 additional
intraoperative fiberoptic examinations‡

DLT Group (n ⫽ 16)

Arndt Group (n ⫽ 16)

15/1
256 (166-341)
170 (124-259)
340 (300-450)*
14/2
8

15/1
137 (102-199)

13/3
253 (184-305)
244 (168-425)
253 (187-329)
9/7
8

7/1/0

2/1/0

15/1
3

5/2/1

NOTE. Values are expressed as median with 25th to 75th percentile (interquartile range) or numbers.
*p ⫽ 0.02. Time to initially position the assigned tube (seconds), right versus left main bronchus insertion of the Cohen BB.
†p ⫽ 0.05. Difference for lung collapse when considering the 3 groups without statistical difference between pairs.
‡The term “additional intraoperative fiberoptic examination”signifies that the first and second fiberoptic examinations, performed in all cases
to initially position the assigned device and to verify its placement once the patients were in lateral decubitus, are not included in the calculation.

DLT group. The time for initial positioning was longer when
the left main bronchus had to be occluded compared with the
right one in the Cohen group (Table 2 and Fig. 2, p ⫽ 0.02 by
the log-rank test) and not in the Arndt group (p ⫽ 0.72).
The global comparison of lung collapse at the pleura opening
was significant (p ⫽ 0.05), but paired intergroup comparisons
did not achieve statistical significance. Nevertheless, the Arndt
blocker clearly differs from the 2 other devices (Table 2).
The number of patients who required at least 1 additional
FOB examination (besides the first examination performed to
initially place the device in the correct position and the second
one performed after turning the patient into a lateral decubitus
position) was not statistically different (Table 2). However, for
both blockers, 50% of patients required at least 1 additional
FOB examination versus 19% in the DLT group. Similarly, the
distribution of additional intraoperative FOB examinations did
not differ significantly among groups.

DISCUSSION

Apart from postoperative incidence of airway injuries, patient satisfaction,4 and cost, 3 criteria are usually used to
compare DLTs and BBs: time for initial positioning, quality of
lung deflation, and intraoperative displacement. The main result of the present study is that the positioning of the Cohen
blocker took no longer than positioning the Arndt blocker and
that there was a trend toward a difference between the 2
blockers and the DLT.
In the present series, the authors were able to position each
device, which may reflect the limited size of the study population. Reported times for initial positioning of a DLT, an easily
measurable variable, are highly variable (from 118 ⫾ 82 seconds4 to 8.8 ⫾ 5.4 min5), stressing that there probably is a huge
variability in teams’ practices. Campos and Kernstine6 reported
that the Arndt blocker took longer to place than a DLT, whereas

Fig 1. The proportion of initial successful bronchial intubation. Initial tracheal intubation was successful in a similar time in the 3 groups
(p ⴝ 0.08 by the log-rank test). Cohen BB, Cohen bronchial blocker; DLT, double-lumen tube; Arndt BB, Arndt bronchial blocker.
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Fig 2. The proportion of the initial successful bronchial intubation in the Cohen and Arndt groups regarding the intubation side. R, intubation
of the right main bronchus; L, intubation of the left main bronchus; Cohen BB, Cohen bronchial blocker; Arndt BB, Arndt bronchial blocker.

others showed similar times to place the devices,4,5 even when
anesthesiologists had limited thoracic experience.7 Up to now,
no information has been reported for the positioning time of the
Cohen BB, and the authors found that positioning the Cohen
BB took no longer than positioning the Arndt BB; there is a
trend toward a difference between the 2 blockers and the DLT.
Although the sample size was calculated to provide sufficient
power for the global comparison, the latter failed to reach
statistical significance because a nonparametric 1-way analysis
of variance had to be used. A study with a larger sample size
would be needed to confirm this difference in positioning times.
Importantly, it should be noted that the side of intubation
plays a role, as can be seen in Figure 2, with a time for initial
positioning that is longer when using a Cohen BB to occlude
the left main bronchus than when it is used to occlude the right
one. This is probably the consequence of bronchial tree anatomy, whereby the main bronchus and trachea form a more
acute angle on the left. The Cohen BB’s deflecting tip maneuver is more difficult on the left side than for the right main
bronchus. This difference was not noted when using the Arndt
BB because the wire-guided insertion is equally effective on
both sides. Furthermore, Figure 2 reveals that 3 cases of right
bronchus intubation with the Arndt BB were difficult probably
because of a short right main bronchus making adequate placement of the blocker’s cuff difficult. These results must be
confirmed by another study because the side of bronchial
placement was not considered as a factor for randomization.
Lung collapse is a major concern because it permits adequate
surgical exposure without having to compress the lung parenchyma. The definition of lung collapse time varies from one
study to another, from the start of one-lung ventilation2 or from
the opening of the pleura.6 Lung collapse was obtained spontaneously or assisted with suction or manual compression in
different studies.2,6 Lung collapse occurred immediately in the
present study after pleura opening using the disconnection
technique described in the Methods section. This technique
cannot be compared with those previously described,2,6 which

led to prolonged times to lung collapse. The disconnection
technique may be used for all cases except those carrying a risk
of blood or infected secretions contaminating the dependent
lung, which are easily recognized preoperatively and were
excluded from the study.
Although the global difference was not significant, there
were more fiberoptic bronchoscopies in each BB group than in
the DLT group; Campos and Kernstine6 reported an equal mean
number of bronchoscopies per patient whether they were intubated using a DLT or an Arndt BB. Such a result stresses the
importance of having an FOB available throughout the procedure.
A major limitation of the present study is that a power
analysis using a 2-minute difference in the time for initial
positioning among groups was performed. Any other choice
also would have been arbitrary and would have changed the
number of patients to be included. However, a 2-minute difference was considered both realistic and clinically significant
in the authors’ practice, and this value also has been used for
the same purpose by Campos et al7 in 1 of their studies. Some
anesthesiologists routinely exchange DLTs for single-lumen
tubes after OLV before tracheal extubation. With this practice,
the extra 2 minutes spent on placing a BB are no longer a
disadvantage. The use of a BB precludes the need to exchange
the airway, thus reducing the risk of airway loss at the end of
surgery.
The authors used a left-sided DLT with a carinal hook.
Left-sided DLTs are preferred because of their greater margin
of safety and ease of positioning while in use.9 The current
team prefers to use DLT with a hook despite its potential
problems including increased difficulty passing the tube
through the larynx, laryngeal trauma, tracheal laceration, amputation of the hook during passage, malpositioning of the tube
because of the hook, tracheal tube orifice obstruction, and
physical interference when performing a pneumonectomy.11,12
However, most of these problems are rarely encountered,
which explains why some teams use such tubes routinely,
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especially because some anesthesiologists consider that correct
placement is easier and consequently quicker. No study has
been performed to clarify this point.
The efficacy of lung collapse can be the result of the balloon’s shape; the current authors used a Cohen BB with its
spherical balloon and an Arndt BB with its pear-shaped one.
Clinicians could argue against this choice and choose a spherical BB for both groups because it seems that a pear-shaped
balloon is not appropriate for right mainstem bronchial blockade when using an Arndt blocker.13
An additional limitation of the present study is that it was
conducted by anesthesiologists with expertise in thoracic anesthesia who perform lung isolation procedures routinely with
either DLT or BBs. Consequently, the present results may not
apply to anesthesiologists who only occasionally need to establish

OLV, but this restriction also can be seen as a positive element
because this limits the impact of operator-induced variability.
In conclusion, this study showed that positioning of the
Cohen blocker took no longer than positioning the Arndt
blocker, and that there was a trend toward a longer time with
the 2 blockers compared with the DLT that failed to reach
statistical significance. Cohen blockers seemed to be more
difficult to position in the left bronchus compared with the right
one. Lung collapse significantly differed among groups, the
collapse being least satisfactory with the Arndt blocker.
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Endotracheal tube (ETT) insertion is the primary
method of definitive airway protection and control in
critically ill patients. Detection of ETT malposition in
a timely fashion is crucial in both elective and emergent
intubation. In this review, we describe classic tests and
highlight several new technologies that may assist the
practitioner in determining ETT position within the
esophago-tracheal complex, namely ultrasonographic
and impedance-based methods. Strengths and weaknesses of particular methods are highlighted. Although
many physical examination maneuvers have been
described, reliance on the physical examination alone
is insufficient for confirmation. Touted methods that
appear failsafe, such as direct visualization of the ETT
traversing the vocal cords have limitations, especially
when dealing in the emergency setting accompanying

a difficult to visualize airway. While carbon dioxide
detection is an excellent confirmatory method, it is not
infallible. Esophageal detection devices are useful as an
alternative means of confirmation. New methods such
as ultrasonic location of the ETT show promise but
require further study. The clinician performing ETT
insertion should have multiple confirmation methods
that allow the practitioner to adapt to a variety of clinical situations, depending on local costs and availability. Finally, when the clinician still has uncertainty,
or multiple tests give conflicting results, the availability
of bronchoscopy at the bedside to visualize the carina
through the ETT is useful.

Introduction

cardiac dysrhythmia, and death.2-12 Furthermore,
after intubation, the clinician’s ability to verify
proper position of the ETT will speed recognition,
diagnosis, and interventions to correct other etiologies of hypoxemia. In this review, we investigate various methods of confirmation of ETT position.

Endotracheal tube (ETT) insertion is the primary
method of definitive airway protection and control
in critically ill patients. According to the 2000
Advanced Cardiac Life Support guidelines, after
insertion of the ETT, a confirmatory procedure
should be performed to exclude esophageal or endobronchial intubation.1 Undetected esophageal intubation can result in serious complications
including hypoxemia, regurgitation, aspiration,
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Physical Examination
Auscultatory Methods
Auscultation of 5 points on the chest and abdomen,
2 sites on each side of chest and 1 in the epigastric
region area, has been a traditional method of ETT
positioning confirmation. Unfortunately, it is burdened by low accuracy due to noisy environments
and the possibility of referred sounds and misinterpretation.13 Sixty percent of patients with mainstem
intubations had bilateral breath sounds in 1 series.14
In one study evaluating intubations performed
283
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by paramedics, 35/1643 (2%) of intubations were
ultimately determined to be nontracheal. Overall,
21 (60%) had multiple confirmatory techniques
employed by paramedics. The most commonly documented was ‘‘equal lung sounds’’ (91%), followed by
‘‘visualized cords’’ (52%).15 Other studies of intubations by paramedics have shown ETT misplacement
as high as 15%.3,4,6,7,8,12 Visualizing the vocal cords
prior to intubation does not guarantee that the
ETT is positioned between them following passing
of the ETT.
Because of the unreliability of standard auscultation, other methods have been developed. Performing bag-valve mask ventilation with the cuff
deflated has been used as a differentiating test. The
sound from a leak in the trachea is reported to be
more high-pitched than the sound from the esophagus. The performance characteristics of this test are
unknown.16,17 Furthermore, there is a concern for
regurgitation and aspiration with this technique,
therefore it is not clinically advisable.
A classic maneuver to try to assess ETT position
consists of pressing forcefully over the sternum while
listening over the end of the ETT for a rush of air.
Unfortunately, it is difficult to distinguish air passing
through the ETT from air passing next to the ETT if
misplaced in the esophagus. In addition, air passing
through the nose may give a similar sound. Finally,
air insufflated into the esophagus from prior bagvalve mask ventilation or prior esophageal intubation
may contribute to a rush of air heard exiting the
esophagus.18
A unique method of detecting ETT position by
physical examination was suggested by Baigel and
Safranski. By intentionally advancing an ETT into the
right main bronchus, auscultation of unilateral righthand sided breath sounds should exclude esophageal
positioning, 91% of placements were correctly identified by this method.19 Patients with severe lung disease, especially right-hand side predominant, may
suffer hypoxemia during this maneuver. During this
maneuver, ETT tip ‘‘hang-up’’ on the carina or more
distal bronchial divisions may add to differentiation
from the tubular, smooth muscle esophagus.

Tactile Methods
In addition to auscultation, several different tactile
methods have been proposed for determining ETT
location. The roll test consists of gently rolling the

cricoid cartilage side to side, which theoretically
should not be possible with tracheal intubation.20,21
However, palpating the trachea above the sternal
notch, the roll test and attempting to feel the ETT
during cricoid pressure are all unreliable.14,20,22
Horton et al studied methods of palpating the
ETT to determine its location by placing fingers
inside the patient’s mouth. Palpation of the ETT
within the interarytenoid groove was found to be reliable with 95% sensitivity. Limitations of such methods include insufficient mouth opening, insufficient
neck flexibility, and the need for small hands by the
operator. Additionally, sharp teeth may endanger the
examiner.23
Some clinicians report that during bag-valvemask ventilation, there is a characteristic feel as the
bag refills, differentiating ETT location in either the
trachea or the esophagus. This may be unreliable in
patients with high airway resistance. Case reports
suggest that reliance on this method is unsatisfactory.9,13,18 A noncollapsing oxygen reservoir bag
would not provide feedback during this maneuver.
Cuff palpation in the suprasternal notch is
another tactile method to confirm ETT distance
from the carina.24 While successful in preventing
endobronchial intubation, the authors caution that
it cannot reliably differentiate between esophageal
and tracheal positions especially in the short stout
neck or in the face of neck pathology.

Visual Methods
Visualization of the ETT going through the vocal
cords is considered a gold standard confirmation
technique. However, anatomical irregularities such
as a large tongue, prominent teeth, or a short neck
may make visualization of ETT position within the
glottis difficult. Blood and secretions may also prevent visualization of the vocal cords.25 Although this
method has been described as failsafe, it is so only
under optimal clinical circumstances when the
practitioner can easily view the glottis with standard
laryngoscopy. Newer methods of intubation, that
is, video laryngoscopy, allow visualization of the
glottis in many difficult situations and may
augment this method’s reliability. Lastly, if not
rechecked by an additional practitioner, this
reported viewing is not foolproof.15 A distinction
must be made between visualizing the glottis preintubation and postintubation.
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The presence of gastric contents in the ETT may
suggest a malpositioned tube26 but does not differentiate between gastric contents in the stomach and
gastric contents aspirated into the lungs.16 Furthermore, the absence of gastric contents does not rule
out esophageal intubation.
Observing or tactile sensing of chest wall rise is
another sign often relied upon by clinicians. However,
gas insufflation of the esophagus and stomach may
simulate bilateral chest wall rise.13,18 In addition,
obesity or chest rigidity may interfere with detection
of chest wall rise in appropriately positioned tubes.16
Another sign clinicians look for is visualization of
air distention in the stomach. Abdominal distention
with or without gastric ‘‘gurgling’’ may indicate esophageal intubation. Unfortunately this sign may be
misleading in patients with obesity. If air escapes
from the stomach by any means, it will not become
distended. Additionally, the presence of a nasogastric tube may decompress the stomach.17 Moreover,
clinically detectable distention may be a very late
sign of esophageal intubation.18
In addition to observing the chest and abdomen
after intubation, many clinicians also examine the
ETT for mist or ‘‘tube frost,’’ suggesting condensation of water vapor being eliminated from the tracheabronchial tree. However, it can also occur in
esophageal intubations.17,27
A final visual sign of a misplaced ETT is observing
the patient for cyanosis, a very late and unreliable sign
of esophageal intubation. Observers differ markedly
on their assessment and interpretation of cyanosis
despite the presence of profound hypoxemia.28

Pulse Oximetry
All patients being intubated should have continuous
pulse oximetry. While useful, the pulse oximeter may
not detect a hypoxemic event until well after it has
occurred, especially in patients preoxygenated with
100% oxygen.29-33 In addition, there is often a delay
in desaturation detection between the pulmonary
tree and the digit where pulse oximeters are often
placed. Intense daylight, fluorescent, incandescent,
xenon, and infrared light sources have been reported
to cause spurious pulse oximetry readings.34 Hemoglobin variants may interfere with pulse oximetry.
Pulse oximetry readings can be falsely low in the settings of hypothermia, hypotension, poor perfusion,
anemia, and nail polish.34,35
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Fiberoptic Methods
Fiberoptic bronchoscopy is an excellent method to
confirm ETT placement. Performing bronchoscopy
through the ETT and visualization of the carina
should confirms proper placement. However, immediate availability in all clinical settings is impractical
and its usefulness is limited by clinician inexperience. Massive secretions, blood, or gastric contents
may block a bronchoscopic view. It is labor intensive
and not cost-effective to perform in all cases.36,37
However, if the use of bronchoscopy obviated the
need for chest radiographs after the procedure, it
might be cost-effective.36

Chest Radiography
Most patients who are intubated outside the
operating room setting will have a chest radiograph.
In one series, chest radiography detected 14% of
patients needing tube repositioning.14 While chest
radiographs are useful for detecting endobronchial
placement,38 detecting esophageal intubation may
be difficult as the esophagus lies posterior to the
trachea. It should never be relied upon to detect
esophageal intubation as morbidity and mortality
may result if ETT misplacement is not detected until
a radiograph is obtained and then interpreted.

Carbon Dioxide Detection
The measurement of the CO2 concentration in
exhaled gas has become one of the standard methods
for verifying ETT location, but it is not failsafe.39
Both qualitative (capnography) or quantitative (capnometry) assessment methods are available.40
Single-use, low-cost, and disposable devices that use
a colorimetric method may be contaminated by
blood, emesis, or pulmonary edema secretions, prohibiting interpretation of any color change. Carbon
dioxide detection is reliant on the presence of pulmonary circulation (eg, it may not be detected during
inadequate chest compressions during cardiopulmonary resuscitation). In addition, severe airway
obstruction may prevent sufficient CO2 exhalation
to be detected by capnometers.40 If the ETT lies neither in the trachea nor in the esophagus, an open
glottis may allow detection of CO2. Small concentrations of carbon dioxide may be detected after an esophageal intubation, especially if bag-and-mask
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ventilation has insufflated previously exhaled air into
the stomach.41 Observing several insufflated breaths
may overcome this problem.42 Patients who have
recently ingested carbonated beverages may also
have carbon dioxide detected in the stomach.41
A meta-analysis by Li in 2001 showed that based on
2192 intubations, capnography had a sensitivity of
93% and a specificity of 97% for emergency tube placement confirmation. The false-negative failure rate
(tube in trachea but capnography suggests esophagus)
was 7% and the false-positive rate (tube in esophagus
but capnography suggests trachea) was 3%.41
Because capnography has certain limitations,
some authors have argued that waveform capnometry should be performed due to superior performance
characteristics. Capnography is often used to
describe a qualitative method that detects the
absence or presence of CO2 and produces an output
such as color change. Waveform capnometry refers
to a continuous tracing measuring exhaled carbon
dioxide. In a study of 345 patients, Grmec showed
that waveform capnometry had 100% sensitivity and
specificity compared to a sensitivity of 88% for capnography.43 Other authors have confirmed these
excellent results for waveform capnometry.44,45
Waveform capnometry has the advantage of rapidly
differentiating tracheal from esophageal placement.31 However, the limited availability of this
technology outside the operating room and the limited number of patients studied in emergent situations prevent the drawing of definitive
conclusions.45-47 Newer, battery-operated handheld
devices that offer both capnography and waveform
capnometry are becoming available for clinical use.
Further study is required.

Suction Devices
Esophageal detection devices have been studied as
confirmatory devices especially in cases where carbon dioxide detectors may be expected to fail, that
is, CPR. Bulb devices such as the Esophageal Intubation Detector (EID) or the tracheal detectingbulb (TDB) are diagnostic tools for confirmation of
tracheal intubation.48 A bulb device is placed onto
the proximal end of an ETT. The compression of the
bulb followed by its release will allow inflation
depending on ETT location. The cartilaginous rings
of the trachea prevent the trachea from collapsing
and since the thorax and lung possess elastic recoil,

gas freely flows. Therefore, if the ETT is in the trachea, the trachea will maintain its structural integrity and air will pass into the device. With an
esophageal intubation, the lack of supporting structures in the esophagus and the lack of elastic recoil
cause the esophagus to collapse, thus air will not
enter the EID and the device will remain collapsed.
The TDB uses a similar principle. If the endotracheal tube is in the trachea, when a breath is
delivered, intrathoracic pressure increases, and gas
in the lungs flows to the TDB and the latex bulb
fills. When the compression is removed, intrathoracic pressure decreases, subatmospheric pressure
draws the gas back to the lungs and the latex bulb
collapses. The rhythmic fill-collapse of the bulb
confirms positioning. The TDB correctly detected
esophageal or tracheal intubation of the ETT in all
400 patients.49
Syringe devices use a similar method.50,51 If the
tube is in the trachea, air will easily be aspirated into
the syringe. These devices are designed to be nonreliant on cardiopulmonary blood flow. The sensitivity and
specificity of the esophageal detector bulb (EDB) in
verifying an esophageal intubation were 80% and
97%, respectively, and the overall accuracy was 96%.52
False negatives with suction devices have been
reported in cases of secretions, bronchospasm, pregnant, and obese patients.17,51,53-56 False-positive
result has been reported in patients with massively
distended stomachs and obese patients as well.57,58

Pressure Transduction
The use of pressure transduction may augment the
utility of an EID. In a study published by Wolfe
et al, 27 morbidly obese patients and 37 pulmonary
failure patients were studied with the Electronic
Esophageal Detector Device (EEDD), which uses
pressure transduction to adapt the signal of a standard EID. The device detects pressure changes and
produces an electronic signal that makes the clinician’s interpretation of position easier.59 The EEDD
correctly identified all tracheal intubations in these
difficult patients where standard esophageal detection devices might have poor performance.

Light Transmission
The light stylet (light wand) is designed with an illuminating bulb at the end. When the stylet is passed
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through the orotracheal or nasotracheal tube, a circumferential light is seen over the skin, if the ETT
is in the trachea. When the light is emitted from the
ETT-stylet complex, intratracheal position will allow
circumferential light (glow) to be observed over the
anterior and lateral neck tissue. If the tube is in the
esophagus, the circumferential light is absent or
obscured. In a study by Stewart et al, 55/56 intratracheal placements were correctly identified. Of 112
esophageal placements, 111 were correctly identified.60 Methods using light transmission suffer from
false negatives in patients with obesity,60 dark skin,
or neck swelling.61 False-positive results can be seen
in very thin patients.60

Sound Transmission
The use of a stethoscope to detect ETT position may
be augmented by computer analysis and filtering of
breath sounds. Although its performance in a small
number of patients was excellent in 2 studies, some
caveats remain. The patient group included were
non-obese patients and lacked pulmonary pathology.
In addition, all patients were intubated electively in a
quiet environment.62,63 Performance in other settings may vary.
To improve the poor performance of standard
chest auscultation, Nicoll et al designed an adapted
stethoscope for a method coined ‘‘airway auscultation.’’ By removing the bell and diaphragm and fashioning a new attachment, they created a device that
could be inserted through the ETT. Of 100 ETT placements, 91 were correctly identified. Conversely,
the clinician’s subjective impression suggested there
were breath sounds present in 1/50 esophageal
intubations.64
Another device designed to overcome the defects
of standard auscultation is the Sonomatic Confirmation of Tracheal Intubation (SCOTI) device. The
SCOTI device is a handheld, battery-operated intubation monitor. After being attached to an endotracheal tube, feedback is provided in 3 forms: an
audible tone, a variable 3-color light-emitting diode
(LED), and a numeric liquid crystal display (LCD).
It produces sounds in the normal human audio range
and detects whether the tube is in the trachea or the
esophagus. Analogously to SONAR, the SCOTI
device emits sound waves and then analyzes the
reflection.65 In one of the larger head-to-head trials
of confirmation devices, it was compared with the
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modified Wee esophageal intubation detection
device in 50 elective surgical patients.51 All patients
had simultaneous tracheal and esophageal intubations. The Wee device correctly detected esophageal
and tracheal placement of the tracheal tube in all
50 patients. The SCOTI device correctly identified
49 of 50 tracheal intubations and was unable to identify the position of another. It correctly identified all
50 esophageal intubations. The authors concluded
in this study that the SCOTI and Wee devices
were of equal value.66 However, the SCOTI device
requires calibration in a quiet environment before
use and can only be used in apneic patients.65
Finally, detection of sound transmission can be
augmented by adding a visual component. Acoustic
reflectometry can be used to create a ‘‘onedimensional image’’ of a cavity, such as the airway
and lung, with the image displayed as an arealength curve. The reflectometer generates an acoustic impulse and analyzes the reflection. In a pilot
study, acoustic reflectometry was successfully used
to differentiate between tracheal and esophageal
intubations.67

Use of Cuff Pressures
The cuff pressures are different in esophageal and
tracheal intubations. In the study conducted by Lin
et al, a pig esophagus and trachea were intubated
separately and cuff pressures measured after each
milliliter increment of air. Esophageal pressures
were higher than tracheal pressures after equal
amounts of air. It was concluded in this animal
model that pressures could be used to distinguish
between tracheal and esophageal intubations.68 In
human participants, performance may be variable.69

Tactile Methods
Tracheal placement of an ETT can be correctly identified in a high percentage of patients (93%) using a
tracheal tube introducer or ‘‘Bougie.’’ The clinician
may use the ETT introducer to feel for ‘‘clicks’’ of the
lower tracheal rings, but most significantly to assess
for ‘‘hang up’’ of the introducer as it is advanced to
the level of the carina and main stem bronchi.
Absence of these findings is meant to indicate esophageal intubation.70 While detection of ‘‘clicks’’ is
not infallible, ‘‘hang up’’ of the bougie tip is often
helpful plus easily and rapidly performed.
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Gas Flow Monitoring
Leon et al have used an artificial neural network to
differentiate between gas flows and gas pressures
associated with esophageal and tracheal intubations.
An artificial neural network is a computer representation of a natural neural network (such as the
human brain). By analyzing inputs and outputs
repeatedly, the network can ‘‘learn’’ to distinguish
between tracheal and esophageal intubations. In
their study, a pressure transducer was hooked up to
the end of a respiratory circuit. The transduced signal was then analyzed by an artificial neural network.
They found that the artificial neural network
was able to perfectly distinguish between gas
flows and gas pressures in esophageal and tracheal
intubation. While performance characteristics were
good, they concluded that more studies are needed
in different populations.71,72 One case report in particular revealed this method’s shortcomings by noting that an ETT in the esophagus may return a
tidal volume as high as 180 mL and peak flows as
high as 50 L/min.73

Figure 1. Electrode placement with a 3-lead set for impedance respirometry. LL indicates left leg; LA ¼ left arm; RA ¼
right arm.
Adapted from Wiley-Blackwell Publishing. Figure 1 in Absolom
M, Roberts R, Bahlmann UB, et al. The use of impedance
respirometry to confirm tracheal intubation in children.
Anaesthesia. 2006;61:1145-1148.

Impedance Methods
Impedance is defined as the opposition to current
flow. Variations in impedance can be used to detect
ETT position.74 An alternating current is passed
repeatedly between 2 electrodes on the chest
(Figure 1). If the ETT is placed in the trachea, lung
volumes will increase during inspiration, which
causes increased impedance to the current. If the
ETT is in the esophagus, there will not be any significant change in lung volumes or aeration and
impedance will be unchanged.74,75 Figure 2 shows
an example of an impedance study with the ETT
positioned correctly in the trachea. When the patient
is bagged and lung expansion occurs, impedance
increases. When the patient is apneic, no increase
from baseline impedance is seen. This is also found
in esophageal intubations.
In a study by Mehta et al in anesthetized
patients, an ETT were placed simultaneously in both
the esophagus and the trachea; a breathing system
was attached to 1 tube chosen randomly. The position of every tube connected to the breathing system
was correctly identified. The median time to correctly identify tracheal and esophageal tubes was
3 and 5 seconds, respectively.74

Figure 2. Respirogram showing transition from apnea to hand
ventilation and then returning to apnea. HR indicates heart
rate; RESP ¼ respiration.
Adapted from Wiley-Blackwell Publishing. Figure 4 in Absolom
M, Roberts R, Bahlmann UB, et al. The use of impedance
respirometry to confirm tracheal intubation in children.
Anaesthesia. 2006;61:1145-1148.

Instead of using specialized detectors, some
groups have used standard defibrillator pads. In a
study done by Kramer-Johansen et al, transthoracic
impedance changes detected using standard defibrillator pads were able to detect malpositioned tubes,
including those in patients without spontaneous circulation.76 Two additional small studies found similar results.77,78
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Table 1. Ultrasound Findings at the Diaphragm and Pleural Surface After ETT Placement
ETT position

Right Pleural Surface

Left Pleural Surface

Right Diaphragm Motion

Left Diaphragm Motion

Tracheal intubation
Right mainstem intubation
Esophageal intubation

Sliding lung
Sliding lung
Absent sliding lung

Sliding lung
Absent sliding lung
Absent sliding lung

Normal
Normal
Absent or Paradoxical

Normal
Absent or paradoxical
Absent or paradoxical

ETT, Endotracheal tube

Ultrasonic Methods
Visualization of the Diaphragm and
Pleural Line
Transthoracic ultrasound (US) is a promising new
method of ETT confirmation. Ultrasound provides
indirect dynamic evidence of correct ETT position.79
Ultrasound can quickly and efficiently visualize
diaphragmatic and pleural motion, which are indicators of lung expansion.80,81 If the ETT is in the trachea, bilateral equal motion of the diaphragm
toward the abdomen is seen. In addition, the ‘‘lungsliding’’ sign at the pleural interface is seen—a ‘‘toand-fro’’ movement of the pleura synchronized with
ventilation.79,82
***If the ETT is in the esophagus, ventilation
will not result in expansion of the lungs and lung
sliding will be absent. Esophageal intubation will
either result in no motion or paradoxical motion of
the diaphragm. Due to increased intra-abdominal
pressure caused by positive pressure ventilation
being directed into the esophagus, the diaphragm
may paradoxically move cephalad.80 The absence of
the lung-sliding sign will result in visualization of the
vibrations of the pleura in rhythm with the heart beat
termed the ‘‘lung pulse.’’ The ‘‘lung pulse’’ is a sign of
complete atelectasis, which is observable immediately before radiological changes.81
If the ETT is in the right mainstem bronchus,
there will either be no motion or paradoxical motion
of the left diaphragm. There will be no lung sliding
on the left side of the chest. Lung pulse should be
visible. The right diaphragm should move normally
and lung sliding will only be seen on the right side
of the chest.82-84 For a summary of these findings see
Table 1.

Ultrasonic Direct Visualization of the
ETT
The ETT can also be directly visualized by US as it is
positioned in the trachea. Retaining a stylet in the

ETT or filling the ETT cuff with fluid or foam may
enhance echogenicity.85-88 In a study by Werner
et al, the sensitivity and specificity of US was 100%
for identifying ETT position.89 In a randomized
double-blinded trial in human cadavers, transcricothyroid ultrasonography to confirm endotracheal
tube placement was performed. A small 7.5-MHz
US probe was placed longitudinally over the cricothyroid membrane as cadavers were randomly
intubated in either the trachea or esophagus in
2 phases: (1) as the intubation was being performed
(dynamic) and (2) after intubation had been completed (static). Dynamic assessment resulted in
97% sensitivity and 100% specificity for detecting
esophageal ETT placement. Static assessment
resulted in only 51% sensitivity and 91% specificity.
Dynamic transcricothyroid US may be a potentially
accurate method of confirming ETT placement during the intubation process.90 In a study by Hsieh et al
using the US imaging method, all of 2 esophageal
intubations and 8 incidents of main stem intubation
were successfully identified. Finally, all 59 of the
correct placements of ETT in the trachea were
identified.91

Conclusion
Detection of ETT malposition in a timely fashion is
crucial for patient safety. Reliance on the physical
examination alone is neither sensitive nor specific.
This may be a particular problem in morbidly obese
patients. The ideal confirmation device would be
cheap, fast, 100% sensitive and specific, available
at the bedside and work in all patient populations.
Unfortunately no single device meets all of these criteria. While carbon dioxide colorimetric detection is
usually the best first confirmatory method, it does
not have perfect performance. Operating room capnometry has been reported to have excellent sensitivity and specificity. Conversely, further study in
emergent airway situations including asystolic
patients is required to better define its limitations.
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Esophageal detection devices, either bulb or syringe,
are useful as a second device. New methods such as
ultrasonic location of the ETT show promise but
require further study. We suggest that multiple
methods be available to determine ETT position
after intubation, depending on local costs and availability. When faced with an uncertain position after
intubation, passing a bougie (or an equivalent) is
rapid and reliable. Finally, the availability of
bronchoscopy at the bedside is quite useful.
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Dexmedetomidine for awake ﬁberoptic intubation in a
parturient with spinal muscular atrophy type III
for cesarean delivery
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ABSTRACT
Spinal muscular atrophy in pregnancy is rare and poses multiple problems for the anesthesiologist. The effects of dexmedetomidine
on a parturient with spinal muscular atrophy have not previously been reported. There are also no in vivo data on placental transfer of dexmedetomidine and its effects on a human neonate. We report the hemodynamic, respiratory and sedative effects of dexmedetomidine on a parturient and neonate when used for awake ﬁberoptic intubation before cesarean section. A 35-year-old,
gravida 4 para 0 aborta 3, 41-kg parturient at 35 weeks of gestation with spinal muscular atrophy presented for cesarean section.
Dexmedetomidine was administered intravenously, total dose 1.84 lg/kg over 38 minutes, followed by ﬁberoptic endotracheal
intubation. Dexmedetomidine was then discontinued and general anesthesia was induced. The baby was delivered 68 minutes after
the dexmedetomidine infusion was discontinued at which time blood samples were obtained for measurement of dexmedetomidine.
During administration of dexmedetomidine, maternal heart rate, blood pressure and oxygen saturation remained stable. Apgar
scores at 1 and 5 min were 6 and 8. The fetal concentration of dexmedetomidine (540 pg/mL) indicates signiﬁcant placental transfer, but signiﬁcant adverse neonatal effects were not observed. Dexmedetomidine alone provided adequate sedation for awake
intubation without respiratory compromise in this patient.
c 2009 Elsevier Ltd. All rights reserved.
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Introduction
Spinal muscular atrophy (SMA) has an estimated incidence of 1: 10 000 in the general population,1 and is rare
during pregnancy. A case report identiﬁed 23 pregnancies in 18 women from 1966 to 1999.2 SMA, an inherited
motor neuron disease, causes progressive degeneration
of spinal cord anterior horn cells. It is characterized
by diffuse voluntary muscle weakness and subsequent
muscle atrophy, respiratory muscle insufﬁciency and
scoliosis.2,3 These patients present multiple problems
for the anesthesiologist including airway difﬁculties,
respiratory compromise and spinal abnormalities. Multiple case reports describe anesthesia and analgesia for
parturients with spinal muscular atrophy.3–7 Dexmedetomidine, a central acting selective a2 agonist with minimal respiratory effects, is increasingly being used to
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facilitate awake ﬁberoptic intubation. Although the effect of increasing plasma concentrations of dexmedetomidine in adult humans has been described,8,9 at the
time this case occurred the use of dexmedetomidine in
a parturient had not been reported. Little is known
about in vivo placental transfer of dexmedetomidine or
about neonatal effects.
This case report describes the successful use of dexmedetomidine to facilitate awake ﬁberoptic intubation,
with subsequent general anesthesia for cesarean delivery, in a parturient with spinal muscular atrophy type
III.

Case report
A 35-year-old, 41-kg, 1.27-m, G4 P0 woman with SMA
type III at 35+1 weeks presented for urgent cesarean section after premature spontaneous rupture of membranes. Past medical history was signiﬁcant for
anemia, asthma, thoracosacral spinal fusion and severe
restrictive lung disease. Vital signs were blood pressure
123/89 mmHg, heart rate 94 beats/min, respiration 12
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breaths/min, temperature 37.4°C and oxygen saturation
100% on room air. On examination she had a Mallampati class 4 airway with mouth opening only 12 mm, limited cervical spine movement, complete airway
obstruction with head turned to the left and severe scoliosis. Records of previous anesthetics were unavailable.
Her pulmonary function and symptoms of airway
obstruction had been progressively worsening since her
previous surgery during adolescence.
During pregnancy she had been referred to anesthesiology, pulmonary medicine, orthopedic surgery, cardiology and dental surgery departments for presurgical
evaluation. Her case was discussed at weekly multidisciplinary high risk obstetrical conferences and her treatment plan continually updated as her pregnancy
progressed. She was directly involved with surgical planning and consented to awake airway management with
dexmedetomidine while avoiding benzodiazepines and
opioids before delivery. Postoperative intensive care unit
admission was also anticipated.
She underwent thorough preoperative evaluation.
Echocardiography indicated normal cardiac function
and an ejection fraction of 70%. Spine radiographs
showed convex right scoliosis with posterior surgical fusion extending from high thoracic to the sacrum (Fig. 1).
Pulmonary function tests (PFT) were consistent with severe restrictive lung disease and severe decrease in diffusing capacity (Table 1). Room air arterial blood gas
analysis was normal. Her hemoglobin was 11.7 g/dL.
In the operating room she was put in the right lateral
position with her head turned to the right for maximal
airway patency (Fig. 2). After initial positioning, standard monitors were applied and supplemental oxygen
was administered. A radial arterial catheter was inserted
under local anesthesia. Dexmedetomidine 1 lg/kg was

Dexmedetomidine use for cesarean delivery
administered i.v. over 10 min, followed by an infusion
of 1 lgÆkg 1h 1. Topical 4% lidocaine was progressively
administered to the oro pharynx and hypo pharynx.
Midway through initial placement of the ﬂexible ﬁberoptic intubating bronchoscope the patient became anxious, the scope was withdrawn, and a 0.5-lg/kg bolus
of dexmedetomidine was administered. During the second intubation attempt the ﬁberoptic bronchoscope
was introduced into the trachea, but upon threading
the endotracheal tube the scope became dislodged
resulting in esophageal placement, which was immediately recognized. The patient was successfully intubated
on the third attempt using the ﬂexible ﬁberoptic bronchoscope. Throughout the procedure the patient maintained an adequate respiratory depth and rate and
oxygen saturation remained 100%. Dexmedetomidine
was administered for a total of 1.84 lg/kg over 38 min,
during which time vital signs were recorded every minute (Fig. 3). The patient was hypertensive before initiation of dexmedetomidine. During the time of ﬁberoptic
intubation, systolic blood pressure ranged from 110 to
169 mmHg, diastolic blood pressure from 78 to
111 mmHg, and maternal heart rate from 109 to 130
beats/min. The patient became hypotensive after induction of general anesthesia. This was treated with two 5mg doses of intravenous ephedrine. Intermittent fetal
heart tones were normal and unchanged.
After the endotracheal tube was secured, dexmedetomidine was discontinued and general anesthesia was
induced with sevoﬂurane and maintained by intermittent positive-pressure ventilation with 2% sevoﬂurane
in oxygen. Due to anatomic irregularities and a lack of
sufﬁcient peripheral intravenous access, right internal
jugular central venous catheter was placed under ultrasound guidance. The placement was complicated by

Fig. 1 AP (A) and lateral (B) lumbar and lower thoracic spine at 34 weeks of gestation. Note the persistent scoliosis despite
spinal surgery, and the fetal limbs.
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Pulmonary function test results (liters)
Reference

FVC
FEV1
FEF25-75%
IC
DLCO

Observed

% of reference

0.66
0.56
0.85
0.61
5.6

25
24
26
35
24

2.63
2.39
3.26
1.73
22.9

FVC: force vital capacity; FEV1: forced expiratory volume in one
second; FEF25-75%: Forced expiratory force during mid expiration; IC:
inspiratory capacity; DLCO: carbon monoxide diﬀusion.

The patient positioned on the operating table for surgery. The patient gave consent to publication.
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contractures and lack of mobility in her cervical spine.
Her entire body had to be repositioned for central venous catheter placement. Positioning difﬁculties continued for the surgeons, requiring considerable time to
maximize exposure of the lower abdomen. Due to these
difﬁculties we administered rocuronium 0.5 mg/kg. No
opioids were administered to the mother before delivery.
The baby was delivered 4 min after skin incision, 68 min
after discontinuation of the dexmedetomidine infusion.
At the time of delivery the maternal central venous dex-
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medetomidine concentration was 710 pg/mL, umbilical
arterial concentration 540 pg/mL and umbilical venous
concentration 543 pg/mL (measured by Midwest Research Institute and paid for by Hospira). The Apgar
score was 6 at 1 min and 8 at 5 min. Umbilical arterial
blood gas analysis revealed a pH 7.35, PCO2 6.25 kPa
(46.9 mmHg), PO2 3.87 kPa (29 mmHg). Umbilical venous blood gas analysis revealed a pH of 7.35, PCO2
6.08 kPa (45.6 mmHg), PO2 7.74 kPa (58.1 mmHg).
The neonate initially had an oxygen saturation of 88%
and required assisted ventilation for 3 min, after which
he was given supplemental oxygen and then room air.
At 5 min of age his heart rate was 160 beats/min and
oxygen saturation 95%. Neurobehavioral and physical
examinations were normal at 15 min.
After delivery, uterine dermoid cyst removal, left salpingo-oopherectomy and right tubal ligation were performed. Throughout this period of the operation
fentanyl 250 lg but no additional muscle relaxant was
given. At the conclusion, 80 min after skin incision
and 140 min after the muscle relaxant, facial nerve stimulation revealed a train of four ratio of 1. Neostigmine
2.5 mg and glycopyrrolate 0.5 mg were administered
and general anesthesia was discontinued.
After regaining consciousness, the patient displayed
marked residual weakness of the muscles of her upper
extremities, head and neck. She remained intubated
and ventilated and was taken to the surgical intensive
care unit. Approximately 4 h later she was extubated
and 6 h after extubation transferred to the high-risk
maternity ward. Postoperatively she was asked about
her intubation experience. She remembered feeling some
anxiety during portions of the procedure and could recall speciﬁc phrases spoken by operating room personnel until general anesthesia was induced. However, due
to the sedation of dexmedetomidine and extensive preoperative warning about what to expect, at no time
did she feel frightened or overanxious. Instead, she expressed gratitude for the mental preparation she had received. She left the maternity ward one week post
partum with a healthy infant.

Discussion
This patient presented multiple challenges to the anesthetic team. Extensive spinal fusion from high thoracic
to sacral vertebrae precluded central neuraxial blockade.
Her limited mouth opening, restricted cervical spine
movement and inability to breathe with her head turned
to the left all suggested that intubation by direct laryngoscopy was unlikely to be possible.
Awake ﬁberoptic intubation is our preferred method
for securing the airway in patients with anticipated difﬁcult airway.10,11 The ASA difﬁcult airway algorithm includes both awake intubation and awake tracheostomy
as options when airway compromise indicates that
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induction of anesthesia before securing the airway may
be unwise.12 Dexmedetomidine has been used to facilitate intubation in difﬁcult airway situations by providing sedation without respiratory depression or
compromise.13–17 As both opioids and benzodiazepines
can cause signiﬁcant maternal and fetal depression, dexmedetomidine was selected for its sedative properties
and lack of respiratory suppression.
In previous case reports the total doses of dexmedetomidine needed for sedation for awake ﬁberoptic
intubation were a bolus ranging from 0.5 to 1 lg/kg
followed by infusion of 0.2 to 0.7 lgÆkg 1h 1,14–17 signiﬁcantly less than the 1.5-lg/kg bolus and 1-lgÆ
kg 1h 1 infusion that was necessary in our patient. In
a retrospective review of all the cases of awake ﬁberoptic intubation where dexmedetomidine was the primary sedative at our institution, the average total
dose was 0.92 ± 0.4 lg/kg (n = 44, unpublished data).
However, in the present case dexmedetomidine was
used alone, whereas in most of the other cases it was
not.15 Given the extent of airway compromise at baseline and the assessed difﬁculty of her airway, it was
felt that, even though small doses of opioids might
have blurred memory and decreased the overall dexmedetomidine dose, they were highly likely to lead
to airway compromise.
The decision to administer muscle relaxants to this
patient was made only after she was anesthetized, when
it became clear that additional relaxation would be
needed to facilitate surgical exposure. Thus our original
plan, to avoid muscle relaxants with the goal of extubation at the end of the procedure, was abandoned. In this
case, as in others, rocuronium would have contributed
to her postoperative muscle weakness and the need for
mechanical ventilation.2
After administration of a total of 1.84 lg/kg of dexmedetomidine over 38 min, followed by 68 min of general anesthesia needed for central catheter placement,
surgical positioning and cesarean delivery, the umbilical
artery concentration of dexmedetomidine was 540 pg/mL
and the fetal/maternal (F/M) concentration ratio 0.76,
indicating signiﬁcant fetal exposure to dexmedetomidine. This value is consistent with the F/M ratio of
0.77 ± 0.06 found by Ala-Kokko et al. in isolated perfused human placentas.18 Similar umbilical arterial and
venous levels indicate little net placental transfer after
so long a time lapse. In this case dexmedetomidine did
not result in fetal bradycardia and umbilical cord blood
gas analysis was within normal limits. Fifteen minutes
after delivery the neonatal neurobehavioral and physical
status was normal. The lower Apgar scores (6 and 8)
probably relate to gestational age at delivery and residual inhalational anesthetic. The presence of dexmedetomidine could have contributed to the low Apgar
scores, but this seems unlikely given the rapid recovery
of the neonate.
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Although pharmacokinetic data cannot be determined, this case conﬁrms existing in vitro data that dexmedetomidine has signiﬁcant placental transfer.
Nevertheless, serious neonatal effects were not detected.
Moreover, dexmedetomidine used alone provided adequate sedation, without respiratory compromise, to
facilitate awake ﬁberoptic intubation in this patient with
spinal muscular atrophy type III, although larger than
normal doses were needed.

References
1. Rudnik-Schoneborn S, Zerres K, Ignatius J, Rietschel M. Pregnancy and spinal muscular atrophy. J Neurol 1992;239:
26–30.
2. Pugh CP, Healey SK, Crane JM, Young D. Successful pregnancy
and spinal muscular atrophy. Obstet Gynecol 2000;95:1034.
3. Habib AS, Muir HA. Tracheal intubation without muscle relaxants for caesarean section in patients with spinal muscular
atrophy. Int J Obstet Anesth 2005;14:366–7.
4. McLoughlin L, Bhagvat P. Anaesthesia for caesarean section in
spinal muscular atrophy type III. Int J Obstet Anesth
2004;13:192–5.
5. Habib AS, Helsley SE, Millar S, Deballi 3rd P, Muir HA.
Anesthesia for caesarean section in a patient with spinal muscular
atrophy. J Clin Anesth 2004;16:217–9.
6. Kitson R, Williams V, Howell C. Caesarean section in a parturient
with type III spinal muscular atrophy and pre-eclampsia. Anaesthesia 2004;59:94–5.
7. Buettner AU. Anaesthesia for caesarean section in a patient with
spinal muscular atrophy. Anaesth Intensive Care 2003;31:92–4.

407
8. Belleville JP, Ward DS, Bloom BC, Maze M. Effect of intravenous
dexmedetomidine in humans. I. Sedation, ventilation and metabolic rate. Anesthesiology 1992;77:1125–33.
9. Ebert TJ, Hall JE, Barney JA, Ulrich TD, Colinco MD. The
effects of increasing plasma concentrations of dexmedetomidine in
humans. Anesthesiology 2000;93:382–94.
10. Morris IR. Fibreoptic intubation. Can J Anaesth 1994;41:
996–1008.
11. Ovassapian A, Krejcie TC, Yelich SJ, Dykes MHM. Awake
ﬁbreoptic intubation in the patient at high risk of aspiration. Can J
Anaesth 1989;62:13–6.
12. American Society of Anesthesiologists Task Force on Management of the Difﬁcult Airway. Practice guidelines for management
of the difﬁcult airway: an updated report. Anesthesiology
2003;98:1269–77.
13. Jooste EH, Ohkawa S, Sun LS. Fiberoptic intubation with
dexmedetomidine in two children with spinal cord impingements.
Anesth Analg 2005;101:1248.
14. Maroof M, Khan RM, Jain D, Ashraf M. Dexmedetomidine is a
useful adjunct for awake intubation. Can J Anaesth 2005;52:776–7.
15. Avitsian R, Lin J, Lotto M, Ebrahim Z. Dexmedetomidine and
awake ﬁberoptic intubation for possible cervical spine myelopathy:
a clinical series. J Neurosurg Anesthesiol 2005;17:97–9.
16. Grant SA, Breslin DS, MacLeod DB, Gleason D, Martin G.
Dexmedetomidine infusion for sedation during ﬁberoptic intubation: a report of three cases. J Clin Anesth 2004;16:124–6.
17. Scher CS, Gitlin MC. Dexmedetomidine and low-dose ketamine
provide adequate sedation for awake ﬁberoptic intubation. Can J
Anesth 2003;50:607–10.
18. Ala-kokko TI, Pienimaki P, Lampela E, Hollmen AI, Pelkonen O,
Vahakangas K. Transfer of clonidine and dexmedetomidine across
the isolated perfused humane placenta. Acta Anaesthesiol Scand
1997;41:313–9.

General Articles

Difficult Intubation in Thyroid Surgery: Myth or Reality?
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Thyroid surgery is considered to be a risk factor for difficult airway management.
We prospectively studied 324 consecutive patients undergoing thyroid surgery to
investigate the incidence of difficult intubation as evaluated by the intubation
difficulty scale as well as other specific predictive factors. The overall incidence of
difficult intubation was 11.1% (95% CI: 7.6 –14.5). Median intubation difficulty scale
was 0 (25th–75th percentile: 0; 2.7). In three predefined groups (no echographic
goiter, clinically palpable goiter, and impalpable goiter), difficult intubation
occurred in 10% (95% CI: 4.8 –17.4), 13% (95% CI: 6.5–18.4), and 11% (95% CI:
4.7–16.8) of patients, respectively, with no statistical difference among the groups.
Specific predictive criteria (palpable goiter, endothoracic goiter, airway deformation, airway compression, or thyroid malignancy) were not associated with an
increased rate of difficult intubation. Classical predictive criteria (mouth opening
⬍35 mm, Mallampati III or IV, short neck, neck mobility ⬍80°, thyromental
distance ⬍65 mm, and a retrognathic mandible) were significantly reliable in the
univariate analysis as risk factors for difficult intubation.
(Anesth Analg 2006;103:965–8)

A

irway management is a fundamental goal of anesthesiologists. Failed intubation is associated with
serious complications (1). Preoperative detection of
patients or procedures at risk for difficult intubation is
essential (2,3). For example, ear–nose–throat surgery is
considered a risk factor for difficult intubation (4).
Thyroid surgery is usually considered a risk factor for
difficult intubation, but this has not been widely
studied. One study found an association between difficult direct laryngoscopy and goiter when accompanied
by airway deformity (5). However, another study found
no association between goiter and difficult intubation in
patients undergoing thyroidectomy (6).
We introduced a scale to evaluate intubation difficulty, the intubation difficulty scale (IDS). This scale is
based on several validated criteria associated with
difficult intubation (7–9).
The aims of this study were to determine the
incidence of difficult intubation using the IDS in
patients undergoing thyroid surgery and to assess
whether the presence of a goiter, defined as an echographically enlarged thyroid, was associated with an
increased risk of difficult intubation. We also evaluated common predictive factors of difficult intubation.
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METHODS
This was a strictly observational study with no
change inpatient management. After review by our
local IRB, we received permission to perform this
study without specific informed consent.
All patients undergoing scheduled thyroid surgery
in our university hospital over an 8-mo period were
consecutively enrolled in this prospective study. The
only exclusion criterion was a history of difficult
intubation. Intubation was performed by a senior
anesthesiologist, an anesthesiology resident with at
least 2 yr of training, or a certified nurse anesthetist.
Preoperative airway assessment, performed by an
attending anesthesiologist, included assessment of
classical risk factors for difficult intubation: Mallampati classification, interincisor gap (noted as ⱕ35 mm
or ⬎35 mm), thyromental distance (ⱕ65 mm or ⬎65
mm), range of head and neck movement (ⱕ80° or
⬎80°), and body mass index (ⱕ30 or ⬎30 kg/m2).
Other clinical variables, such as the appearance of a
retrognathic midface and prognathic mandibular profile and impression of short neck, were recorded.
A goiter was defined as an echographic enlargement of the thyroid. Specific variables related to the
goiter were recorded: palpable or nonpalpable thyroid; presence of compressive symptoms (dysphonia,
dyspnea, hoarseness, cough or change in voice); and
thyroid position (cervical or endothoracic). Chest radiography was performed when the goiter was palpable or
if compressive symptoms were present. Deviation of the
trachea was defined as a midline deviation of more
than 1 cm (6). The surgical diagnosis was recorded:
toxic multinodular goiter, Grave’s disease, thryoiditis,
simple or multiple thyroid nodule, malignant thyroid
and hematoma. Patients were classified into three
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groups: patients without goiter on echography, patients with a palpable goiter, and patients with clinically impalpable goiter confirmed by echography.
Timing of the surgery was also recorded: first operation or reoperation on the thyroid. In the latter group,
surgery was to complete a total or subtotal thyroidectomy for malignant thyroid found by the pathologist.
Each patient was premedicated with hydroxyzine (1.5
mg/kg) 1 h before surgery. In the operating room,
patients were monitored with noninvasive blood pressure, pulse oximetry, electrocardiogram, and measurement of end-tidal carbon dioxide. After administration
of oxygen by mask, anesthesia was induced with
remifentanil (infusion of 0.5 g 䡠 kg⫺1 䡠 min⫺1 during 1
min) and propofol (bolus of 2.5 mg/kg) without
neuromuscular blockade. Patients’ tracheas were
orally intubated using a Macintosh No. 3 blade with
the head in the sniffing position.
Intubation difficulty was assessed using the IDS
(10). The IDS is a combination of seven criteria that
have been associated with difficult intubation: 1) number of intubation attempts, 2) number of operators, 3)
number of alternative techniques, 4) Cormack Grade
minus 1 (Grade1 ⫽ 0, Grade II ⫽ 1, Grade III ⫽ 2,
Grade IV ⫽ 3), 5) lifting force required to make
laryngoscopy, 6) necessity of laryngeal pressure, and
7) position of vocal cords. A score of 0 indicates easy
intubation, a score from 1 to 5 indicates a slightly
difficult intubation, and a score more than 5 indicates
moderate to major difficulty. The intubation duration
was recorded from the moment the laryngoscope
blade touched the patient to the moment that the
endotracheal tube cuff was inflated.
Statistical analysis was performed with Stat-View
(Abacus Concepts, Berkeley, CA). The distribution of
the IDS score is non-Gaussian. Thus, we used nonparametric tests for comparisons and correlations
among the various evaluations. Values are given as
mean ⫾ sd for Gaussian variables and as median
(25th; 75th percentiles) for non-Gaussian variables,
percentages or number of patients. A P value ⬍0.05
was considered statistically significant.

RESULTS
Three hundred twenty-seven patients were consecutively enrolled from January 2002 to August 2002.
Three patients were excluded because of a history of
difficult intubation. The majority of the 324 remaining
patients were females (sex ratio ⫽ 73 males for 251
females). Demographic and surgical data are shown in
Table 1.
The median IDS was 0 (25th; 75th percentiles: 0;
2.7), and the overall incidence of difficult intubation
defined as an IDS ⬎5 was 11.1% (36 of 324, 95% CI:
7.69 –14.5). The highest IDS value was 16; 51.5% (167 of
324, 95% CI: 46.1–57) of the intubations were performed without difficulty (IDS ⫽ 0). The mean time to
intubate was 58 ⫾ 5 s. The longest time to intubate was
20 min.
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Table 1. Demographic Characteristics of the Cohort and
Incidence of Difficult Intubation
All patients
(n ⫽ 324)

Variables

51.5 ⫾ 13.1
73/251
24.1 ⫾ 0.6
308
16
101 (31)
120 (37)
103 (31)
11.1

Age (yr)
Sex (M/F)
BMI (kg/m2)
First time operation
Reoperative thyroid
No goiter
Palpable Goiter
Impalpable Goiter
Overall incidence of DI (%)
Incidence of DI per groups (%)
No goiter
Goiter group (palpable or
impalpable)
Palpable goiter
Impalpable goiter

9.9
11.7
10.7
12.5

Values inside parentheses are percentages.
DI ⫽ difficult intubation; BMI ⫽ body mass index.

One hundred one patients were in the nongoiter
group, 103 patients in the nonpalpable goiter group,
and 120 patients in the palpable goiter group. The
incidence of difficult intubation among these three
groups is reported in Table 1. When a goiter was
present, the overall incidence of difficult intubation
occurred in 11.7% of patients (95% CI: 7.4 –15.9) with no
statistical difference among the three groups (Table 1).
We have identified several risk factors for difficult
intubation. Mallampati class III or IV, decreased
mouth opening, decreased neck movement, short thyromental distance, short neck, and a retrognathic
mandible were associated with an IDS ⬎5 (Table 2).
Body mass index was more than 30 kg/m2 in 45
patients and was not associated with an increased
intubation difficulty, nor was gender (Table 2).
In the goiter group, tracheal deviation was observed on the chest radiography in 38 cases (17%, 95%
CI: 12.1–22) and was not associated with difficult
intubation, even when compressive signs were
present (20 cases, 8.9%, 95% CI: 5.5–13.5). Palpation of
a goiter was not associated with an increased risk of
difficult intubation. Endothoracic goiter occurred in
six patients (2.6%, 95% CI: 0.9 –5.8), and among them,
two patients were difficult to intubate, but this finding
had no statistical difference (P values, NS).
Delayed thyroid reoperation to complete thyroidectomy occurred in 16 patients and was not associated
with an increase risk of difficult intubation (Table 3).

DISCUSSION
In our study, the overall rate of difficult intubation
(IDS ⬎ 5) in thyroid surgery was 11.1%. In a previously published study, also using the IDS, the rate of
difficult intubation among the 1171 patients scheduled
for general surgery was 8% (7). We found that, in
ANESTHESIA & ANALGESIA

Table 2. Statistical Analysis of Nonspecific Predictive Factors of Difficult Intubation

Variables

Easy intubation or slightly
difficult IDS ⱕ 5 group
(n ⫽ 288)

Moderate or difficult
intubation IDS ⬎ 5 group
(n ⫽ 36)

P value

Body mass index ⬎30 kg/m2
Sex (M/F)
Interincisor gap ⬍35 mm
Mallampati III or IV
Short neck
Neck mobility ⬍80°
Thyromental distance ⬍65 mm
Retrognathic

37 (12.8)
64/224
56 (19.4)
23 (7.9)
55 (19)
48 (16.6)
33 (11.4)
6 (2)

8 (22.2)
9/27
15 (41.6)
11 (30.5)
17 (47.2)
15 (41.6)
12 (33.3)
6 (16.6)

NS
NS
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001

Values inside parentheses are percentages.
IDS ⫽ Intubation difficulty Score; NS ⫽ not statistically significant.

Table 3. Statistical Analysis of Specific Predictive Factors of Difficult Intubation
Variables

IDS ⱕ 5 group
(n ⫽ 288)

IDS ⬎ 5 group
(n ⫽ 36)

P value

Simple or multiple thyroid nodule
Toxic multinodular goiter
Grave’s disease
Malignant goiter
Thryoiditis
Hematoma
Positive palpation
Tracheal deviation
Compression signs
Endothoracic goiter

67 (23.2)
190 (65.9)
7 (2.4)
12 (4.1)
10 (3.4)
2 (0.6)
103 (35.7)
32 (11.1)
19 (6.5)
4 (13.8)

4 (11)
24 (66.6)
1 (2.7)
3 (8.3)
2 (5.5)
2 (5)
17 (47.2)
6 (16.6)
1 (2.7)
2 (5.5)

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

Values inside parentheses are percentages.
IDS ⫽ intubation difficulty score; NS ⫽ not statistically significant.

thyroid surgery, the presence of a goiter did not
increase the risk of difficult intubation when compared with patients without goiter. A goiter associated
with airway deformity, compressive signs, or endothoracic position was also not associated with increased
intubation difficulty, nor was the presence of a malignant thyroid.
Our data are concordant with the surprising results
from a study concerning difficult intubation in thyroid
surgery for patients with a goiter (6). In this study
using the IDS, Bouaggad et al. showed that in a
population of 320 patients undergoing thyroidectomy
for goiter, the incidence of difficult intubation was
only 5.3%. Nevertheless, the authors found an increase
in difficult intubation only when malignant thyroid
was present. In our study, the presence of thyroid
malignancy was not related to an increased intubation
difficulty, as the incidence of such difficulty among
this group of patients was not significantly different
from the control group. The main limitation of the
study of Bouaggad et al. (6) is that there was no
control group. In our study, difficult intubation in
goiter patients was compared with those without
goiter.
Another study showed an increase of difficult intubation when goiter was associated with airway deformity in the general population (5). In this prospective
study of patients undergoing thyroidectomy, the incidence of difficult intubation, defined as a Cormack
Vol. 103, No. 4, October 2006

Grade III or IV on direct laryngoscopy, was 8.5% (5).
Nevertheless, few studies found a very strong discrepancy between difficult laryngoscopy and difficult intubation (11). In fact, most patients with Cormack
grade III were easy to intubate (7).
Our study has some limitations. For example, the
size of the goiter was not quantified, although the
easiest way of assessing goiter volume is by using
echography. There was a large interindividual variability between ultrasonographists in our population
and data were not analyzable. As an alternative,
palpability of the thyroid is a good clinical determinant, and we evaluated this as a predictive factor for
difficult intubation. Unfortunately, clinical palpation
is not always reliable. In our study, for instance, we
found nonpalpable thyroids where there was echographic evidence of a goiter.
Another limitation of our study was that a few of
our endotracheal intubations were performed by inexperienced laryngoscopists (anesthesiology residents). This fact may have had an effect on total
intubation score. Nevertheless, we have performed a
comparison of IDS distribution among our investigators (i.e., seniors versus residents and nurses), and no
significant difference has been found (results not
shown).
In conclusion, we found that thyroid surgery was
not associated with an increased incidence of difficult
intubation. In this selected population of patients, we
© 2006 International Anesthesia Research Society
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could not find any specific predictive risk factor for
difficult intubation related to goiter disease. In contrast, only the usual preoperative criteria for difficult
intubation used in the general population were reliable.
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I

n their review, El-Orbany and Woehlck1 shed light on the problem of
difficult mask ventilation (DMV). They raise concerns about definitions
and highlight the pathophysiology, incidence, and prediction of this rather
neglected aspect of airway management. Their review analyzes the relationship between DMV and difficult intubation and outlines corrective
measures and management options.
We concur with the authors that clear and meaningful definitions are
needed for DMV as well as other aspects of airway management. There is
no consensus on an exact definition of the sniffing, neutral, and simple
extension positions. In general, the sniffing position implies extension at
the atlantooccipital joint and flexion at the cervical spine, but it is not clear
how high from horizontal the head should be elevated for the sniffing
position. Should the head elevation be greater in tall-necked than in
short-necked subjects? Because no strict definitions exist, research papers
cannot be interpreted or compared fairly.1–3
In the algorithm proposed by El-Orbany and Woehlck1 (and in the
American Society of Anesthesiologists difficult airway algorithm), reference to 2-person mask ventilation is emphasized. Benumof4 defined the
optimal attempt at mask ventilation as a 2-person method with appropriately sized oro- or nasopharyngeal airways. Unfortunately, when unanticipated DMV is encountered, a second anesthesiologist is not always
available.5 Rather than relying on another colleague to compress the
reservoir bag, the anesthesiologist can use both hands to obtain appropriate mask seal, while the ventilator can be used to deliver the desired tidal
volume.5 The lone anesthesiologist then uses both hands to advance the
mandible, and the head straps are used to further improve the mask seal.
Neither the 1-person, 2-handed mask ventilation, nor the use of the
ventilator to deliver tidal volume is new. In 1959, Safar et al.6 validated the
usefulness of a 2-handed jaw thrust method for reversing pharyngeal
obstruction. Ventilators have been utilized in studying the efficacy of mask
ventilation in children7 and in the management of DMV in adults.8
Alternatives to the use of the ventilator include compressing the reservoir
bag between the knees, under the axilla, or even under the foot,5 while
using both hands to maintain an adequate airway. These maneuvers,
however, require that the reservoir bag be connected to a long corrugated
hose, instead of being mounted on the anesthesia machine.5
The upper airway can be obstructed by soft tissue at the pharyngeal or
laryngeal level, and by laryngospasm induced by opioids and anesthetics,
or occurring after tracheal extubation. In patients with obstructive sleep
apnea (OSA), anatomical imbalance between the upper airway soft tissue
volume and craniofacial size is partially corrected for by the contraction of
the pharyngeal airway dilating muscles during wakefulness.9 When patients are unconscious, the neuromuscular control of the upper airway
muscles becomes diminished or lost.9 The tongue and structures attached
to the hyoid bone gravitate toward the posterior pharyngeal wall, causing
various degrees of airway obstruction. Maximum mandibular advancement with mouth opening (with the use of oro- or nasopharyngeal
airways) and assumption of the sniffing position can be effective in
opening the airway8 –10 by stretching the genioglossus muscle and pulling
Vol. 109, No. 6, December 2009

the tongue away from the posterior pharyngeal wall.
Head-up or reverse Trendelenburg position also reduces the gravitational impact of the excessive soft
tissue on pharyngeal patency.8 When these maneuvers
fail, occlusion of the glottis by supra-epiglottic cysts,
base of the tongue tumors, or hypertrophy of lingual
tonsils should be suspected.11
Understanding the mechanics of laryngospasm is
crucial to proper treatment. Fink12 described 2 types of
laryngeal closure: the glottic shutter, controlled by the
intrinsic laryngeal muscles, and the ball-valve closure,
controlled by the extrinsic and intrinsic laryngeal
muscles. The glottic shutter is caused by approximation of the vocal cords because of the loss of the tone
of the abductor muscles. Glottic constriction is analogous
to constriction of a Venturi tube. Because the velocity is
greatest where the passage is narrowest, airway pressure
is lowest at the subglottic area and becomes less than
atmospheric during inspiration (Bernoulli effect). During
spontaneous inspiratory efforts, passage of gases
through the glottis generates a force that tends to draw
the vocal cords together. Normally, this force is opposed
by the tone of the abductor muscles.12 During anesthesia,
the tone is lost and the Bernoulli effect becomes pronounced, resulting in inspiratory stridor. Positive airway
pressure neutralizes the Bernoulli effect and abolishes
the stridor.13
In the ball-valve closure, the vocal cords are adducted, swiftly followed by adduction of the false
cords.12 In addition, the extrinsic laryngeal muscles
come into play, shortening the thyrohyoid distance
and completely closing the larynx. Applying positive
airway pressure may worsen ball-valve closure. Inflation of the pharynx distends the piriform fossae,
pressing the aryepiglottic folds more firmly against
each other and reinforcing the closure.12 In contrast,
the jaw thrust maneuver is effective in correcting
ball-valve closure. The forward mandibular movement is transmitted through the geniohyoid muscles
to the hyoid bone and the hyoepiglottic ligament. The
epiglottis is pulled away from the false cords and the
laryngeal passage is reopened.12 In some cases, it may
be necessary to administer a small dose of succinylcholine to break this type of obstruction.14
The corrective measures outlined in the review
apply only to common causes of upper airway obstruction. The reader is referred to other sources for
the management of lower airway obstruction. Obviously, the safest approach is to plan for awake fiberoptic intubation in patients with expected difficult or
impossible facemask ventilation.15,16 Other interim
measures in the management of expected or unexpected DMV clearly depend on etiology. Maximal
mandibular advancement can be effective for pharyngeal soft tissue obstruction (OSA/obesity)8 –10 or laryngeal obstruction by ball-valve closure.12 Muscle
relaxation can be a lifesaving measure in severe ballvalve closure or opioid-induced vocal cord spasm.
Supraglottic devices can be effective in overcoming
Vol. 109, No. 6, December 2009

pharyngeal soft tissue obstruction16 but are not effective in the treatment of laryngospasm or lower airway
obstruction.
It is entrenched in the mind of many anesthesiologists that lung ventilation must be established after
induction of anesthesia and before administration of a
neuromuscular blocking drug (NMBD)17; the exception is the patient undergoing rapid sequence induction. However, in a survey assessing this practice, 30%
of the respondents always checked mask ventilation
before the administration of an NMBD, 39% never
checked, and 31% did so in the case of a known or
anticipated difficulty with the airway.18 The basis for
such a practice is that if mask ventilation becomes
impossible after induction, unparalyzed patients can
be awakened for application of an alternative technique, typically awake fiberoptic-aided intubation.
However, this practice is not supported by evidence.17
First, even if an NMBD is withheld, awakening patients with obstructed airways may not be feasible,
and urgent restoration of the airway becomes necessary before hypoxemia supervenes. Second, studies do
not show that awakening the patient under these
circumstances is what happens in real-life situations.19,20 In a report of 22,660 facemask ventilation
attempts, DMV and impossible mask ventilation occurred in 313 (1.4%) and 37 (0.16%), respectively, but
no patient was awakened.19 Furthermore, all 37 patients with impossible mask ventilation had been
given an NMBD to aid tracheal intubation.19 Third, a
suspicion that a patient with a questionable airway
may need to be awakened for tracheal intubation may
lead to underdosing of induction drugs, which could
itself result in DMV.17 Lastly, there is convincing
evidence that an NMBD makes intubation easier,17,21
although 1 study showed that neuromuscular blockade does not affect the efficiency of mask ventilation
in patients with normal airways.18 In patients whose
lungs are difficult to ventilate via a facemask, ventilation becomes easier with neuromuscular blockade,
which may be attributed to the onset of muscle
relaxation. Reluctance to give an NMBD in these
situations is more likely to result in DMV, compounding the difficulties that arise from a low-dose induction drug.17
Anesthesiologists have a variety of airway management devices from which to choose. The use of the
laryngeal mask airway and other extraglottic devices
should be encouraged when facemask ventilation is
difficult. The laryngeal mask airway can be used as a
substitute airway, as an aid to tracheal intubation, and
as a bridge for smooth extubation of patients with a
difficult airway.22 Two devices, 1 old and 1 new, may
function to improve DMV. The binasopharyngeal airway system incorporates 2 nasopharyngeal airways
attached to an adapter, which can be connected to the
Y-piece of the breathing circuit.23 The lubricated airways are introduced through each nostril, and the
© 2009 International Anesthesia Research Society
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Figure 1. The intraoral appliance (EMA-T) used to advance
the mandible. It consists of plastic trays for the upper and
lower dental arches. When the appliance is in place, the
mandible is manually advanced by securing a peg in the
projection from the upper airway tray into 1 of the holes in
the projection from the lower tray. (Reproduced from Kuna
et al.24)
distal end is situated just under the tip of the epiglottis. The advantage of the system is the use of 2
nasopharyngeal airways instead of 1, eliminating the
need for the facemask by attaching the system directly
to the breathing circuit. Such a system can be used
early during induction and also after tracheal extubation to overcome naso- and oropharyngeal obstructions.23 An intraoral appliance that is used to advance
the mandible has recently become available (Fig. 1).
Such appliances may become useful in maintaining
pharyngeal patency in anesthetized patients with
OSA.24
It is imperative that anesthesiologists master the
science and art of mask ventilation. Even simple
maneuvers, such as maximizing oxygenation before
anesthetic induction, 1-person, 2-handed mask ventilation, prevention of gastric inflation during mask
ventilation, and packing the inside of the mouth with
gauze to achieve a tight-fitting mask in edentulous
patients should be practiced to perfection. Familiarity
with various devices including the binasopharyngeal
airway system and appliances used to maximize mandibular advancement is highly desirable. Future research should be directed toward the development of
algorithms for the management of specific situations
and identifying conditions in which preservation of
spontaneous ventilation or establishing lung ventilation before the administration of an NMBD is
beneficial. Finally, clear meaningful definitions and
nomenclature must be developed for all aspects of
airway management.
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Abstract
Mask ventilation is the most fundamental skill in airway management. In this
review, we summarize the current knowledge about difficult mask ventilation
(DMV) situations. Various definitions for DMV have been used in the literature.
The lack of a precise standard definition creates a problem for studies on DMV
and causes confusion in data communication and comparisons. DMV develops
because of multiple factors that are technique related and/or airway related.
Frequently, the pathogenesis involves a combination of these factors interacting
to cause the final clinical picture. The reported incidence of DMV varies widely
(from 0.08% to 15%) depending on the criteria used for its definition. Obesity,
age older than 55 yr, history of snoring, lack of teeth, the presence of a beard,
Mallampati Class III or IV, and abnormal mandibular protrusion test are all
independent predictors of DMV. These signs should, therefore, be recognized
and documented during the preoperative evaluation. DMV can be even more
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Manual In-line Stabilization Increases Pressures Applied
by the Laryngoscope Blade during Direct Laryngoscopy
and Orotracheal Intubation
Brandon G. Santoni, Ph.D.,* Bradley J. Hindman, M.D.,† Christian M. Puttlitz, Ph.D.,‡ Julie B. Weeks, M.P.T.,§
Nathaniel Johnson, B.S.,储 Mazen A. Maktabi, M.D.,# Michael M. Todd, M.D.**

Background: Manual in-line stabilization (MILS) is recommended during direct laryngoscopy and intubation in patients
with known or suspected cervical spine instability. Because
MILS impairs glottic visualization, the authors hypothesized
that anesthesiologists would apply greater pressure during intubations with MILS than without.
Methods: Nine anesthetized and pharmacologically paralyzed patients underwent two sequential laryngoscopies and
intubations, one with MILS and one without, in random order.
A transducer array along a Macintosh 3 laryngoscope blade
continuously measured applied pressures, and glottic view was
characterized.
Results: With MILS, glottic visualization was worse in six patients, and intubation failure occurred in two of these six patients.
Maximum laryngoscope pressure at best glottic view was greater
with MILS than without (717 ⴞ 339 mmHg vs. 363 ⴞ 121 mmHg,
respectively; n ⴝ 8; P ⴝ 0.023). Other measures of pressure application also indicated comparable increases with MILS.
Conclusion: Pressures applied to airway tissues by the laryngoscope blade are secondarily transmitted to the cervical spine
and result in cranio-cervical motion. In the presence of cervical
instability, impaired glottic visualization and secondary increases in pressure application with MILS have the potential to
increase pathologic cranio-cervical motion.

bation are urgently needed in patients with known or
suspected cervical spine instability.1 By externally limiting head and neck movement, MILS is presumed to
minimize pathologic cervical spine motion that might
otherwise occur at unstable segments during conventional DL and intubation. This potential beneﬁt of MILS is
counterbalanced by the fact that MILS signiﬁcantly worsens glottic visualization.2– 6 Impaired glottic visualization
increases time required for intubation2,5 and the likelihood of failed intubation.2
Impaired glottic visualization with MILS may result in
another potential hazard in patients with unstable cervical spines. Hastings et al. reported anesthesiologists apply greater lifting force with the laryngoscope when
glottic visualization is impaired.7 Because MILS impairs
glottic visualization, we hypothesized that anesthesiologists would apply greater pressures during DL and intubation with MILS than they would without it. To test our
hypothesis, we constructed a prototype pressure-sensing laryngoscope blade.

CURRENT Advanced Trauma Life Support standards indicate that manual in-line stabilization (MILS) should be
used when direct laryngoscopy (DL) and tracheal intu-

Materials and Methods

䉫

This article is featured in “This Month in Anesthesiology.”
Please see this issue of ANESTHESIOLOGY, page 9A.
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This article is accompanied by an Editorial View. Please see:
Manoach S, Paladino L: Laryngoscopy force, visualization, and
intubation failure in acute trauma: Should we modify the practice
of manual in-line stabilization. ANESTHESIOLOGY 2009; 109:6 –7.

Subjects
This study was conducted in accordance with guidelines set forth by the University of Iowa Institutional
Review Board for Human Subjects (Iowa City, Iowa). All
patients and all anesthesiologists gave written informed
consent before participation.
This study’s predeﬁned primary outcome measure was
maximum pressure applied by the laryngoscope blade
(any transducer) at the point of best glottic visualization
immediately before endotracheal tube insertion. To estimate patient enrollment, we performed simulations with
an intubation manikin (Airway Management Trainer
[25000033]; Laerdal Medical Corporation, Wappingers
Falls, NY). In these simulations, mean individual difference in maximal pressure between intubations with and
without MILS was 465 ⫾ 1086 mmHg (mean ⫾ SD).
Twenty patients were required to detect a 750-mmHg
pressure difference between MILS and non-MILS techniques (SD ⫽ 1000 mmHg, two-sided t test, ␣ ⫽ 0.05,
1 – ␤ ⫽ 0.80). Accordingly, we planned to enroll up to
20 patients. However, because we were uncertain how
well manikin data predicted human responses, we
planned a priori to conduct an interim analysis after
randomizing 10 patients. On the basis of the interim

* Post Doctoral Fellow, ‡ Associate Professor, 储 Student Research Assistant,
Department of Mechanical Engineering, Orthopaedic Bioengineering Research
Laboratory, Colorado State University; † Professor and Vice-Chair (Faculty Development), § Research Assistant, # Associate Professor, ** Professor and Head,
Department of Anesthesia, University of Iowa Roy J. and Lucille A. Carver College
of Medicine.
Received from the Department of Mechanical Engineering, Orthopaedic Bioengineering Research Laboratory, Colorado State University, Fort Collins, Colorado, and the Department of Anesthesia, University of Iowa Roy J. and Lucille A.
Carver College of Medicine, Iowa City, Iowa. Submitted for publication March
26, 2008. Accepted for publication August 15, 2008. Support was provided solely
from institutional and/or departmental sources. Portions of this work were
presented in abstract form at the 34th Annual Meeting of the Cervical Spine
Research Society, Palm Beach, Florida, November 29 –December 2, 2006.
Address correspondence to Dr. Hindman: Department of Anesthesia, University of Iowa Hospitals and Clinics, Iowa City, Iowa, 52242. brad-hindman@
uiowa.edu. This article may be accessed for personal use at no charge through
the Journal Web site, www.anesthesiology.org.

Anesthesiology, V 110, No 1, Jan 2009

24

INTUBATION WITH MANUAL IN-LINE STABILIZATION

analysis (see Results, paragraph 3), this study was
stopped after 10 patients.
Study patients were a convenience sample of adults
(American Society of Anesthesiologists class I or II) undergoing elective surgery requiring general anesthesia
and oral tracheal intubation using pharmacological paralysis. Inclusion criteria were aimed at enrolling patients who would be easy to intubate with a Macintosh 3
blade: (1) Mallampati airway class I or II,8 (2) thyromental distance of at least 6 cm, (3) clinically unrestricted
head and neck extension, (4) ability to place lower
incisors anterior to upper incisors, (5) height between
1.53 and 1.83 m, and (6) body mass index of no more
than 30 kg/m2. Exclusion criteria were aimed at eliminating patients who might be at increased risk of intubation-related and/or other study-related complications:
(1) previously difﬁcult DL and intubation, (2) maxillary
incisors that were loose or in poor condition, (3) cervical
spine instability or cervical myelopathy, (4) need for a
rapid sequence intubation, (5) gastroesophageal reﬂux
disease, regardless of symptom status, (6) symptomatic
asthma or other reactive airway disease, (7) coronary
artery disease, regardless of symptom status, (8) any
preoperative systolic blood pressure greater than 170
mmHg or diastolic blood pressure greater than 90
mmHg, and (9) contraindication to administration of
100% oxygen. Consenting patients were assigned a study
identiﬁcation number to link them to a randomization
sequence.
Faculty anesthesiologists (19 ⫾ 10 [mean ⫾ SD] years
of postresidency experience) who were routinely assigned to provide consenting patients’ anesthesia care
were invited to participate. They were informed that
they would intubate each patient twice, once with MILS
and once without, and that laryngoscope pressures
would be measured. To minimize potential bias, anesthesiologists were not informed of the primary study
hypothesis. To prevent learning, each anesthesiologist
participated in this study only once. To limit dissemination of experience, participating anesthesiologists were
not informed of any results and were asked to avoid
sharing their experience with others until after study
completion.
Intubation Protocol
Each anesthesiologist was free to use any anesthetic
agent or adjunct as long as it was consistent with the
following general protocol. Each patient was supine on
a ﬂat operating table with their occiput resting on a
pillow. After establishment of standard respiratory and
hemodynamic monitoring and preoxygenation, intravenous premedication (0.015– 0.083 mg/kg midazolam
and/or 0.80 –1.6 mg/kg lidocaine) was administered if
desired. General anesthesia was induced with 1.7– 4.0
mg/kg intravenous propofol with supplemental intravenous opioids (0.6 – 4.0 g/kg fentanyl or 40 g/kg alfenAnesthesiology, V 110, No 1, Jan 2009
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tanil), and mask ventilation was established. The patient
was ventilated with a volatile anesthetic (desﬂurane,
sevoﬂurane, or isoﬂurane) at 1–2 minimal alvelolar concentration inspired concentration in oxygen before intravenous administration of a nondepolarizing neuromuscular blocking agent (0.44 –1.40 mg/kg rocuronium,
0.06 – 0.14 mg/kg vecuronium, or 0.21 mg/kg mivacurium). The patient was ventilated by mask for 4 – 6 min
until complete pharmacological paralysis was achieved
as indicated by no response to a supramaximal train-offour stimulus of the ulnar nerve at the wrist. Thereafter,
a sealed opaque envelope with a matching patient identiﬁcation number was opened, revealing the randomized
order of two sequential intubations, either (1) conventional intubation ﬁrst and intubation with MILS second,
or (2) intubation with MILS ﬁrst and conventional intubation second.
Just before the ﬁrst intubation, the pillow was removed so that the patient’s shoulders and occiput rested
on the operating room table. The patient’s head and
neck were placed in neutral position by a study physician. The participating anesthesiologist then performed
the ﬁrst DL (with MILS or without) and intubated the
patient’s trachea. Correct endotracheal tube position
was veriﬁed after the ﬁrst intubation, and the patient was
ventilated with the same volatile anesthetic in oxygen at
1–2 minimal alvelolar concentration inspired concentration. The patient was extubated when hemodynamically
stable and adequately oxygenated and ventilated, and
mask ventilation with volatile agent was resumed. Anesthetic medications were administered and/or volatile
agent concentration adjusted before the second intubation, although no additional muscle relaxants were
given. Approximately 3–5 min after the ﬁrst intubation,
the patient’s head and neck were again positioned neutral, and a second intubation was performed. After the
second intubation, correct endotracheal tube position
was veriﬁed and the protocol was complete. Surgery
then proceeded.
During each DL and intubation, anesthesiologists were
instructed to achieve the best possible glottic view using
only the laryngoscope. Manual head and neck movement
and external laryngeal manipulation were not permitted.
Use of an endotracheal tube stylet was also not permitted. Anesthesiologists were instructed to verbally indicate when each event in the intubation sequence occurred: E1, starting intubation; E2, epiglottis ﬁrst seen;
E3, ﬁnal position (best glottic view) immediately before
endotracheal tube insertion; E4, intubation complete.
Laryngoscope pressures were recorded throughout both
DLs and intubations, and data were electronically
marked at each of the four events designated by the
anesthesiologist. Laryngoscope pressure data were not
made available to participating anesthesiologists during
or after the study. After each intubation, anesthesiologists rated glottic visualization using the four-point scale
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and diagram of Cormack and Lehane: 1, most of the
glottis visible; 2, only the posterior aspect of the glottis
visible (at least the arytenoids); 3, no part of the glottis
seen, but epiglottis seen; 4, not even the epiglottis seen.9
Preintubation head and neck positioning and MILS
were performed by the same study physician in all cases.
Standing or kneeling to the left of the anesthesiologist,
both mastoid processes were grasped by the ﬁngertips,
and the occiput was cupped in the hands. While avoiding axial traction, forces equal and opposite to those
created by the anesthesiologist were applied so as prevent or minimize head and neck movement.2,4,10 –12
All patients underwent at least one follow-up interview
by study personnel within 24 h after surgery. Patients
were asked speciﬁcally about the presence and severity
of sore throat, voice change, voice pain, swallowing
difﬁculties, or dental damage. Positive responses resulted in additional follow-up until symptom resolution.
Each anesthesiologist was asked to report any complication they considered to have been study related.
Data Acquisition and Processing
The pressure-sensing laryngoscope blade was a conventional Macintosh 3 blade modiﬁed to measure applied pressures. As shown in ﬁgure 1, six miniature
pressure transducers (Precision Measurements, Ann
Arbor, MI) were equally spaced and mounted in midline
along the blade with high-strength cyanoacrylate adhesive. The transducers were encased within a thin layer of
biocompatible high-strength polyurethane to maintain a
smooth surface. Transducer output voltages were transformed by a standard analog-to-digital converter and interfaced with a laptop computer (Toshiba, New York,
NY). Voltage and time data were sampled at 9 Hz with
data collection software (InstruNet; Omega Engineering,
Stamford, CT). Transducer calibration was accomplished
by placing the instrumented blade in a pressure chamber
and recording voltages from each transducer at air pressure levels between 500 and 5000 mmHg. Linear pressure-voltage regressions were generated, and the standard Pearson correlation coefﬁcient was greater than
0.95 for all calibrations. Transducers were recalibrated
after every two patients. Before each use, the blade was

Fig. 1. Pressure-sensing Macintosh 3 laryngoscope blade. Sensor
1 is the most distal, and sensor 6 is the most proximal.
Anesthesiology, V 110, No 1, Jan 2009

cleansed according to standard clinical procedures used
at the University of Iowa.
Statistical Analyses
As described in Results, one patient (patient 7) was
excluded from all data analyses because of intubation
difﬁculty and abandonment of study protocols.
Our predeﬁned primary outcome measure was maximum pressure (any transducer) at ﬁnal position (best
glottic view) just before endotracheal tube insertion.
However, in one patient (patient 6), the anesthesiologist
was not able to visualize the glottis with MILS and did
not attempt intubation. As a consequence, the anesthesiologist did not designate a ﬁnal position (E3, best glottic view) time point. Therefore, for our primary outcome
measure, statistical analyses were limited to the 8 patients in whom ﬁnal position (best glottic view) was
designated by the anesthesiologist during both intubation attempts. Likewise, measurements of time for intubation and laryngoscope center of pressure (see next
paragraph) were limited to these 8 patients.
To characterize the distribution of pressure along the
laryngoscope blade, the location of the center of pressure (COP) along the blade was calculated using the
following formula:
n

兺ps

i i

COP ⫽

i⫽1
n

兺p

i

i⫽1

where pi is the pressure of the ith sensor and si is
the distance from the reference point to the ith sensor.
The reference point was taken to be the distal tip of the
laryngoscope blade, with the distance (in cm) being
measured linearly along the blade towards the handle
(distal to proximal measurement).
Post hoc inspection of the data showed the designated
time of ﬁnal position (E3, best glottic view) usually did
not correspond well to either maximum pressure during
intubation or to the proximate insertion of the endotracheal tube (Results, paragraph 4). Therefore, as an alternate (secondary) measure of maximum pressure during
intubation, maximum pressure at any time after visualization of the epiglottis (any transducer) was compared
between DLs with and without MILS, irrespective of
whether or not intubation was attempted. Thus, all 9
patients were included in this measure. Post hoc inspection of the data also showed that laryngoscope pressures
varied widely among transducers; in some cases, pressures markedly oscillated during DL and intubation. For
these reasons, a single pressure measurement from a
single transducer seemed potentially inadequate to characterize pressures applied over the length of laryngo-
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scope blade throughout the entire intubation sequence.
Accordingly, as another secondary measure of pressure
application, each transducer’s continuous pressure-time
curve was numerically integrated (representing the area
under the curve) over the entire laryngoscopy sequence,
and the values from all transducers were summed. The
summed value is a quantitative measure of the total work
(pressure ⫻ time) applied by the anesthesiologist during
intubation. In patient 6, the anesthesiologist abandoned
the intubation attempt; therefore, this comparison of
total work during intubation (with MILS and without)
was limited to the eight patients in whom intubation was
attempted under both conditions. Finally, for all patients,
the summed pressure-time integration was divided by
the total time of laryngoscopy. This secondary analysis
produced a cumulative pressure average that was independent of both pressure oscillations and the time of
each DL; data from all nine patients was used for this
comparison. The duration of laryngoscopy was the time
difference between event E4 (intubation complete) and
event E1 (starting intubation).
The Wilcoxon signed rank test was used to compare
pressure values between conventional DL (no MILS) and
MILS. The Spearman rank correlation coefﬁcient was
used to assess the relationship between change in glottic
view and change in maximum applied pressure. All P
values are two-sided and exact. Because interim analysis
carries an increased risk of a type 1 error, the threshold
P value for signiﬁcance for the primary outcome measure was adjusted to a more conservative value (P ⫽
0.025) according to the method of DeMets and Lan13. All
statistical analyses were performed using SigmaStat (Systat Software, Inc., San Jose, CA).

Results
This study was stopped after randomizing ten patients.
One male patient (patient 7) who was randomized to
MILS ﬁrst had a grade 4 glottic view and was considered
by the faculty anesthesiologist to require a Macintosh 4
blade. Accordingly, study protocols were abandoned. All
data from patient 7 were excluded from analysis.
Demographic characteristics of the nine patients who
completed the study are summarized in table 1. Intubation characteristics are summarized in table 2. Compared
Table 1. Patient Demographics
Age, yr
Sex, n
Male
Female
Height, m
Weight, kg
Body mass index (kg/m2)

39 ⫾ 11 (36, 27–63)
1
8
1.68 ⫾ 0.08 (1.69, 1.55–1.78)
67 ⫾ 9 (67, 50–77)
23.6 ⫾ 2.0 (23.7, 20.3–25.4)

Data are presented as mean ⫾ SD (median, range) unless otherwise
indicated.

Anesthesiology, V 110, No 1, Jan 2009

27

Table 2. Laryngoscopy and Intubation Characteristics

Glottic view, n
1
2
3
4
Intubation success, n
Intubation time, sec (n ⫽ 8)†

No MILS

MILS

5
4
0
0
9
21.9 ⫾ 8.4

1
3
4
1
7*
27.2 ⫾ 6.8

Data are presented as mean ⫾ SD (median, range) unless otherwise
indicated.
* In patient 5, an esophageal intubation occurred with MILS. In patient 6,
with MILS, the intubation attempt was abandoned because of poor glottic
visualization. † Data from 8 patients for whom an intubation attempt was
made with MILS and without. Patient 6 was excluded because the intubation attempt with MILS was abandoned.
MILS ⫽ manual in-line stabilization.

with conventional DL, glottic view with MILS was worse
in six patients (one grade worse in two patients, two
grades worse in three patients, three grades worse in
one patient) and was unchanged in three patients. Without MILS, all patients were successfully intubated. With
MILS, an esophageal intubation occurred in patient 5; in
patient 6, the anesthesiologist did not attempt intubation
because of poor glottic visualization. Patient 6 also sustained minor injury to an upper incisor. There were no
other study-related adverse events. For the eight patients
in whom intubation was attempted with MILS and without, the mean time required for endotracheal tube insertion was greater with MILS.
Laryngoscope pressure measurements are summarized
in table 3, and examples are shown in ﬁgure 2. This
study’s predeﬁned primary outcome measure, maximum
pressure (any transducer) at ﬁnal position (best glottic
view) as designated by the anesthesiologist was greater
with MILS than without (717 ⫾ 339 mmHg vs. 363 ⫾
121 mmHg, respectively; n ⫽ 8; P ⫽ 0.023). In these
eight patients, the center of pressure at ﬁnal position
(best glottic view) was not signiﬁcantly greater with
MILS than without, but it showed a tendency toward a
more proximal (cephalad) pressure application. Post hoc
inspection of the data showed that laryngoscope pressures vary widely among sensors and, in some patients,
inspection showed moderate to marked oscillations
during DL and intubation (ﬁg. 2, patients 3 and 6). To
incorporate these elements, the continuous pressuretime curve from each transducer was numerically integrated over the entire intubation sequence, and the integrated values were summed; this value is the total
work of intubation. Total work of intubation was
greater with MILS than without (658 ⫾ 144 mmHg ·
sec vs. 287 ⫾ 124 mmHg · sec, respectively; n ⫽ 8;
P ⫽ 0.008).
Post hoc inspection of the data also showed the time
designated by the anesthesiologists as ﬁnal position (E3,
best glottic view) usually did not correspond to maxi-
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Table 3. Laryngoscope Pressures
No MILS

Maximum pressure at ﬁnal position (best glottic view) designated by
anesthesiologist, mmHg; (n ⫽ 8)*
Laryngoscope center of pressure at ﬁnal position (best glottic view)
deﬁned by anesthesiologist, cm from distal tip; (n ⫽ 8)*
Summed pressure-time integral from all transducers (total work) for
intubation, mmHg · sec; ( n ⫽ 8)*
Maximum pressure any time after epiglottis seen, mmHg; (n ⫽ 9)†
Time-adjusted summed pressure, mmHg; (n ⫽ 9)†

MILS

P Value

363 ⫾ 121

717 ⫾ 339

0.023

4.5 ⫾ 0.9

5.1 ⫾ 1.0

0.148

287 ⫾ 124

658 ⫾ 145

0.008

751 ⫾ 438
14 ⫾ 5

1278 ⫾ 426
25 ⫾ 9

0.027
0.016

All values reported as mean ⫾ SD.
* Data from 8 patients for whom this point (Event 3) was designed by the anesthesiologist during both intubations. Patient 6 was excluded because, with MILS,
the intubation attempt was abandoned. † Data from all 9 patients for whom laryngoscopy was performed, regardless of intubation attempt and/or success.
MILS ⫽ manual in-line stabilization (MILS).

mum pressure occurring during intubation. Commonly,
the transducer with the greatest pressure value had a
discrete pressure peak 2–3 s before the anesthesiologists’ designation of ﬁnal position (E3, best glottic view).
This pressure peak was followed by a progressive 15–
50% decrease in pressure over the next 2–3 s to a plateau
value (ﬁg. 2, patients 3, 4, and 5). Therefore, as a
secondary outcome measure, we compared maximum
laryngoscope pressures with MILS and without (any
transducer) at any time after visualization of the epiglottis, regardless of whether or not intubation was attempted. Maximum pressure at any time after the epiglottis was seen was greater with MILS than without
(1278 ⫾ 426 mmHg vs. 751 ⫾ 438 mmHg, respectively;
n ⫽ 9; P ⫽ 0.027). There was an association between
change (deterioration) in glottic view with MILS and the
increase in maximally applied laryngoscope pressure
(n ⫽ 9; Spearman rank correlation coefﬁcient ⫽ 0.702; P
⫽ 0.030). Finally, for all patients, the summed pressuretime integral was divided by the total time of laryngoscopy, regardless of intubation attempt or success. This
calculation produced a summed pressure that was
independent of pressure distribution, pressure oscillation, and laryngoscopy duration. This time-adjusted
summed pressure was greater with MILS than without
(25 ⫾ 9 mmHg vs. 14 ⫾ 5 mmHg, respectively; n ⫽ 9;
P ⫽ 0.016).

Discussion
Key Findings and Clinical Relevance
Prieviously conducted studies of intubation forces
have used transducers placed in the laryngoscope handle.7,14 –17 This study is the ﬁrst to measure applied
pressures distributed along the length of the laryngoscope blade during DL and intubation and to assess the
effect of MILS upon these pressures. This study shows
DL with MILS results in a doubling of applied pressure as
compared to conventional DL.
Anesthesiology, V 110, No 1, Jan 2009

Pressures applied to airway tissues by the laryngoscope blade are secondarily transmitted to the cervical
spine and result in cranio-cervical motion (extension).18
By deﬁnition, unstable spines move abnormally in response to physiologically normal forces. Consequently,
when applied to an unstable cervical spine, forces of DL
can result in pathologic movement of bony structures,
resulting in nerve root and/or spinal cord compression.
Consequently, although rare, DL and intubation in the
presence of cervical instability may cause neurologic
injury.19,20 Because of this concern, Advanced Trauma
Life Support guidelines have stated for more than 20 yr
that MILS is to be used when DL and intubation are
needed in patients with known or suspected cervical
instability.1 However, it may be time for a reappraisal of
MILS.21
In patients with normal cervical spines, MILS has been
shown to decrease cervical motion (extension) by approximately 50% compared to conventional DL.5 In contrast, in the presence of unstable cervical segments, the
evidence that MILS decreases abnormal cervical motion
as compared to conventional DL is exceedingly weak. In
fact, there is only a single study that suggests any beneﬁt
with MILS during conventional DL.22 In ﬁve cadavers
with C5,6 instability, subluxation and angulation at the
unstable segment were numerically less during DL with
MILS than without.22 However, no statistical comparisons were made because of a small number of data
points and incomplete data. In contrast, in 16 cadavers
with partial (largely posterior) instability at C4 –5, MILS
did not decrease abnormal angulation at the unstable segment during DL as compared to conventional DL alone.11
In a subsequent study in 10 cadavers with complete (anterior and posterior) instability at C4 –5, intubation with MILS
signiﬁcantly increased the amount of subluxation at the
unstable segment as compared to conventional DL alone.23
In this latter study, increased subluxation with MILS can
only be explained by increased force application across the
unstable segment with MILS.
In our study, we observed a signiﬁcant correlation
between change (worsening) in glottic view with MILS
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Fig. 2. Examples of laryngoscope pressure recordings obtained during intubations without manual in-line stabilization (No MILS)
(left), and with MILS (right). The pressure values for each sensor are color coded as shown in the ﬁgure (e.g., sensor 3—yellow,
sensor 6 —red). Black vertical event markers indicate points in the intubation sequence designated by the anesthesiologist: E1 ⴝ
starting intubation, E2 ⴝ epiglottis ﬁrst seen, E3 ⴝ ﬁnal position (best glottic view) immediately before endotracheal tube insertion,
and E4 ⴝ intubation complete. For patient 5 (no MILS), E2 and E3 were reported simultaneously. For patient 6 (MILS), E3 is missing
because the intubation attempt was abandoned because of poor glottic visualization.
Anesthesiology, V 110, No 1, Jan 2009
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and the associated increase in maximum applied pressure. Thus, this study establishes that with deterioration
of glottic view, MILS results in an increase in the pressure applied by the laryngoscope blade as compared to
conventional DL and intubation alone. Approximately
twice as much pressure was applied during intubation
with MILS than without it. Therefore, with MILS, impaired glottic visualization and secondary increases in
force application have the potential to actually increase
rather than decrease pathologic spine movement in the
presence of cervical instability.
This concept is supported by the study of Gerling et
al., conducted in 14 cadavers with complete instability
at C5,6.24 Conventional DL and intubation were not performed; instead, intubation was performed with MILS or
in the presence of rigid cervical collar and head ﬁxation.
Intubation with MILS was associated with signiﬁcantly
less subluxation at the unstable segment compared to
intubation with collar/head ﬁxation.24 Notably, glottic
visualization was signiﬁcantly worse with collar/head
ﬁxation than with MILS. The authors suggested worse
glottic visualization with collar/head ﬁxation as compared to MILS may have resulted in additional force
application with the laryngoscope and in increased
pathologic motion. Thus, external cervical stabilization
methods (e.g., MILS, collars) appear to have limited capacity to offset the increased force application that they
engender secondary to limited glottic visualization. One
reason why this may be so is that increased intubation
forces are applied internally, whereas stabilization
forces are applied externally.
Therefore, when DL and intubation are needed in
patients with known or suspected cervical instability,
clinicians must consider the drawbacks of MILS—impaired glottic visualization, greater intubation time,
greater likelihood of intubation failure, and greater laryngoscope pressure application—against a standard that
has literally no objective evidence of beneﬁt.
Other Observations
In contrast to our preliminary observations with an
intubation manikin, maximum laryngoscope pressure
during DL and intubation did not correspond well to the
point designated by anesthesiologists as ﬁnal position
(E3, best glottic view). Instead, maximum applied pressure often occurred 2–3 s before anesthesiologists’ reports of best glottic view and followed by a progressive
10 –50% decrease in pressure over that interval. This
observation is consistent with the ﬁndings of Hastings et
al., who measured laryngoscope lifting force with a
force transducer in the handle.7 While maintaining a
constant laryngeal view, Hastings et al. observed laryngoscope forces decreased to approximately 70% of peak
values with a half-time of 4 s. The authors hypothesized
that the decrease was the result of stress relaxation of
pharyngeal tissues passively stretched during laryngosAnesthesiology, V 110, No 1, Jan 2009
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copy. Bucx et al. used a similar device, and their pressure tracings demonstrate the same phenomenon.14
We also observed that applied pressures were often
not constant but were, instead, occasionally highly oscillatory. Although not speciﬁcally reported, the force
tracings of Bucx et al. also demonstrate this phenomenon.14 Therefore, it appears that anesthesiologists may
differ in intubation technique, with some employing a
repetitive lift-then-relax approach to visualize the glottis
(ﬁg. 2, patients 3 and 6) and others applying more
constant pressure (ﬁg. 2, patients 4 and 5). Another
apparent difference in intubation technique involves application of maximum pressure along the length of the
blade. Without MILS, three anesthesiologists applied
maximum pressure with the more distal part of the
laryngoscope blade (ﬁg. 2, patients 4 and 5), whereas the
remaining six anesthesiologists applied maximum pressure with the more proximal part of the laryngoscope
blade. Thus, although the Macintosh-3 blade is in common use, there appears to be marked variability among
anesthesiologists in how it is used.
Limitations
Several limitations must be kept in mind when considering the ﬁndings of this study. First, this is a small study,
involving only a few patients and anesthesiologists. Nevertheless, on the basis of a preplanned interim analysis,
we stopped this study after randomizing only 10 of the
projected 20 patients. Because interim analysis carries an
increased risk of a type 1 error, the threshold P value for
signiﬁcance should be adjusted to a more conservative
value.13 Our predetermined primary outcome measure,
maximum pressure (any transducer) at ﬁnal position
(best glottic view) as designated by the anesthesiologist,
satisﬁed this criterion. Most, but not all, of the secondary
(alternative) outcome measures also satisﬁed this criterion. Because the MILS component of the protocol
resulted in an esophageal intubation in one patient
and a failed intubation and dental injury in another,
we decided that the patient-related risks of continuing
this protocol outweighed the statistical beneﬁts of
continuing.
We selected maximum pressure (any transducer) at
ﬁnal position (best glottic view) as our primary outcome
measure because it was conceptually simple. However,
our ﬁndings suggest that this outcome measure may not
adequately characterize the complex variations in location and magnitude of applied pressures during DL.
Furthermore, it is not currently known which index of
laryngoscope pressure might be most biomechanically
relevant in the setting of an unstable spine; speciﬁcally,
it is not clear whether maximum, mean, or total pressure
is most relevant and/or whether the duration of force
application is also an important factor. Accordingly, we
assessed the effect of MILS using a variety of secondary
measures that incorporated variability in one or more of
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these elements. Nevertheless, MILS was associated with
increases in applied pressure with all of these secondary
measures.
In clinical practice, cricoid pressure and/or external
laryngeal manipulation are often used in concert with
MILS to decrease the risk of aspiration and/or to improve
glottic view. However, in our study, these maneuvers
were not permitted. The rationale for this limitation was
to ensure that all pressures applied to the airway could
be measured. Wood et al. reported that cricoid pressure
improved glottic visualization in 25% patients undergoing laryngoscopy with MILS.3 Therefore, in our study,
the absence of cricoid pressure likely maximized the
impairment of glottic visualization resulting from MILS
and, secondarily, increased applied pressures.
Patients in this study had clinically normal cervical
spines and were selected for ease of intubation. Thus,
our patients differed from patients who would most
commonly require MILS during intubation—patients
with known or suspected acute cervical spine injury
and/or instability. With acute cervical spine injuries,
changes can occur in the airway and perispinal tissues
that can affect airway structure (e.g., airway deviation
from hematomas, prevertebral swelling) and/or intubation biomechanics (e.g., muscle rigidity). These changes
would generally be expected to unfavorably affect glottic visualization during DL. Therefore, patients who require urgent/emergent intubation in the setting of acute
cervical spine injury are more likely to be difﬁcult to
intubate than the patients in this study. Accordingly, it is
possible that the application of MILS in patients with
acute cervical spine injuries may impair glottic visualization to an even greater extent than was observed in this
study and may therefore be associated with even greater
pressure application.
Although the choice and dose of anesthetic agents and
paralytics differed among the patients of this study, all
patients were fully pharmacologically paralyzed during
both intubations. Because of this and because each patient served as their own control (being intubated with
and without MILS), differences among patients in anesthetic agents and doses are not likely to have meaningfully affected the results and conclusions of this study.
Finally, our study population was disproportionately
female. However, two studies have shown that, when
adjusted for height and weight, gender does not inﬂuence the forces of laryngoscopy.15,17 Therefore, it is not
likely that gender imbalance meaningfully affected the
results and conclusions of this study.
In summary, we observed that DL and orotracheal
intubation with MILS resulted in a doubling of applied
pressure by the laryngoscope blade. In the presence of

Anesthesiology, V 110, No 1, Jan 2009

31

cervical instability, impaired glottic visualization and
secondary increases in pressure application with MILS
have the potential to increase pathologic cranio-cervical motion.
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Comment

Best pharmacological practice in prehospital intubation
depends not only on manual skills and clinical experience
but also on pharmacological knowledge. Thus, when
caring for acutely ill patients, emergency medical
service personnel have to anticipate management in the
intensive care unit, and intensive care unit personnel
have to consider emergency treatment.
Accomplishment of today’s study is a major achievement because neither etomidate nor ketamine are
protected by patent, so the drug industry provided no
support. The governmental support programme in France
for such studies is a role model that enables important
non-commercial medical research. Additionally, obtaining
informed consent from unconscious patients undergoing
emergency interventions is a complex challenge to
overcome. Furthermore, following up pathophysiology
in hospital that was induced by a prehospital intervention is a major success, since government regulations
often block data transfer between emergency medical
service providers and hospitals.
The biggest challenge that Jabre and co-workers overcame was increased regulation posed by the European
Union, which applies identical requirements for clinical
trials irrespective of whether a global pharmaceutical
company or a group of academics are investigating a
drug. In our experience, these regulations have resulted
in a 75% decrease in patients who can be enrolled in
a clinical trial with a comparable budget within the
past 10 years.11,12 These obstacles are partly why clinical
research in anaesthesia in the UK has fallen by 50%
over 10 years.13 Similarly, investigator-initiated trial
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Emergency intubation outside hospital can increase
morbidity and mortality1 because of a lack of careful
pre-oxygenation,2 inadvertent oesophageal intubation,3
or hypoxic episodes after endotracheal intubation.4 A
Cochrane review last year of 452 studies of a range of
cases, providers, and techniques assessing emergency
intubation reported that “the eﬃcacy of emergency
intubation as currently practised has not been rigorously
studied”, and that “the skill level of the operator may
be key in determining eﬃcacy”.5 The greatest focus
when discussing emergency intubation has been on
infrequently used and therefore insuﬃcient manual
skills and clinical experience of providers undertaking
prehospital intubation,6 resulting in fatal complications
when the airway cannot be secured. The Association of
Anaesthetists of Great Britain and Ireland7 states that
health-care personnel providing prehospital anaesthesia
“should have the same level of training and competence
that would enable them to provide unsupervised rapid
sequence induction in the emergency department”—
namely, a minimum of 2 years of training in emergency
specialties and at least 1 year in anaesthesia. However,
have pharmacological issues been suﬃciently discussed?
In The Lancet today, Patricia Jabre and colleagues8 show
that in critically ill patients one dose of 0·3 mg/kg etomidate to ease emergency intubation can result in adrenal axis dysfunction compared with 2 mg/kg ketamine.
In this trial, 655 unconscious prehospital patients requiring emergency airway management, because of
trauma, sepsis, stroke, drug poisoning, cardiogenic shock,
acute respiratory failure, or various other reasons, were
randomly assigned, with 469 patients analysed for the
primary endpoint: sequential organ failure assessment
score during the ﬁrst 3 days in hospital. Similar prehospital intubation conditions were achieved with both
etomidate and ketamine, but only 48% of patients
given ketamine had adrenal insuﬃciency compared with
86% when etomidate was used.
Although Wagner and colleagues9 described
etomidate-mediated adrenal axis dysfunction 25 years
ago in a case series, and Malerba and co-workers10 more
recently in intensive care, such dysfunction has now been
conﬁrmed in this large, prehospital, randomised trial. In
view of today’s data, we might have to consider whether
successful emergency intubation of critically ill patients
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Comment

applications with institutional review boards have
sharply decreased in Germany.14 Although the guidelines
for good clinical practice are not proven to prevent
publication bias or scientiﬁc fraud, or to increase patients’
safety or professional conduct of studies, they pose an
excessive bureaucratic burden, especially on academic
researchers—a heavy toll for rules that were derived on
expert consensus only.14 Today, such consensus would
be unacceptable to change clinical guidelines, for which
randomised trials yielding statistically signiﬁcant results
are the gold standard for altering recommendations.
Disturbingly, the authors of the guidelines for good
clinical practice have not been publicly revealed except
for the fact that no academic scientists were involved,15
suggesting that a narrow coalition of industry lobbyists
and politicians has created rules that negatively aﬀect
health care.
We should be lobbying our parliamentary representatives to help with non-commercial research, otherwise
industry lobbyists will continue pushing for rules that
only global drug companies can comply with. Should
that occur, our fate would be similar to physicians in
developing countries, who have many questions about
optimising health care but cannot do clinical trials to
ﬁnd valid answers.
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Etomidate versus ketamine for rapid sequence intubation in
acutely ill patients: a multicentre randomised controlled trial
Patricia Jabre, Xavier Combes, Frederic Lapostolle, Mohamed Dhaouadi, Agnes Ricard-Hibon, Benoit Vivien, Lionel Bertrand, Alexandra Beltramini,
Pascale Gamand, Stephane Albizzati, Deborah Perdrizet, Gaelle Lebail, Charlotte Chollet-Xemard, Virginie Maxime, Christian Brun-Buisson,
Jean-Yves Lefrant, Pierre-Edouard Bollaert, Bruno Megarbane, Jean-Damien Ricard, Nadia Anguel, Eric Vicaut, Frederic Adnet, on behalf of the
KETASED Collaborative Study Group*

Summary
Background Critically ill patients often require emergency intubation. The use of etomidate as the sedative agent in
this context has been challenged because it might cause a reversible adrenal insuﬃciency, potentially associated with
increased in-hospital morbidity. We compared early and 28-day morbidity after a single dose of etomidate or ketamine
used for emergency endotracheal intubation of critically ill patients.
Methods In this randomised, controlled, single-blind trial, 655 patients who needed sedation for emergency intubation
were prospectively enrolled from 12 emergency medical services or emergency departments and 65 intensive care
units in France. Patients were randomly assigned by a computerised random-number generator list to receive
0·3 mg/kg of etomidate (n=328) or 2 mg/kg of ketamine (n=327) for intubation. Only the emergency physician
enrolling patients was aware of group assignment. The primary endpoint was the maximum score of the sequential
organ failure assessment during the ﬁrst 3 days in the intensive care unit. We excluded from the analysis patients
who died before reaching the hospital or those discharged from the intensive care unit before 3 days (modiﬁed
intention to treat). This trial is registered with ClinicalTrials.gov, number NCT00440102.
Findings 234 patients were analysed in the etomidate group and 235 in the ketamine group. The mean maximum
SOFA score between the two groups did not diﬀer signiﬁcantly (10·3 [SD 3·7] for etomidate vs 9·6 [3·9] for ketamine;
mean diﬀerence 0·7 [95% CI 0·0–1·4], p=0·056). Intubation conditions did not diﬀer signiﬁcantly between the two
groups (median intubation diﬃculty score 1 [IQR 0–3] in both groups; p=0·70). The percentage of patients with
adrenal insuﬃciency was signiﬁcantly higher in the etomidate group than in the ketamine group (OR 6·7, 3·5–12·7).
We recorded no serious adverse events with either study drug.
Interpretation Our results show that ketamine is a safe and valuable alternative to etomidate for endotracheal
intubation in critically ill patients, and should be considered in those with sepsis.
Funding French Ministry of Health.

Introduction
Critically ill patients often require emergency orotracheal
intubation for airway control. Rapid sequence intubation
with administration of a sedative and a paralytic agent is
common. Etomidate is the sedative-hypnotic drug that is
most often used in rapid sequence intubation, but its use
has been challenged because it can cause a reversible
adrenal insuﬃciency by dose-dependent inhibition of
11β-hydroxylase.1,2
Several studies have suggested an association between
the use of etomidate and the occurrence of adrenal insufﬁciency and increased morbidity in critically ill or injured
patients, particularly in those with sepsis.3–8 Because
adrenal insuﬃciency when a patient is critically ill can
increase the risk of death, several investigators have advised
against the use of etomidate, even as a single bolus.9
However, no causal link has been established between its
use and an increase in morbidity and mortality.
Etomidate’s haemodynamic tolerance, even in patients
with shock, and the excellent intubation conditions
provided have to be weighed against potential adverse

eﬀects, including adrenal insuﬃciency.10 A possible
alternative to etomidate is ketamine, which is not known
to inhibit the adrenal axis. The aim of this randomised
controlled study was to compare early and 28-day
morbidity after a single dose of etomidate or ketamine
used for emergency endotracheal intubation of critically
ill patients.

Methods
Study setting and patients
This prospective, randomised, controlled, single-blind
(caregiver) trial was undertaken from April 25, 2007, to
Feb 27, 2008, by 12 emergency medical services or
emergency departments and 65 intensive care units in
France. The emergency medical services are ambulance
base stations equipped with one or more mobile
intensive care units, consisting of an ambulance driver,
a nurse, and a senior emergency physician as the
minimum team.11
Patients who were 18 years or older and who needed
sedation for emergency intubation were prospectively
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enrolled in the study. Exclusion criteria were cardiac
arrest; contraindications to succinylcholine, ketamine,
or etomidate; or known pregnancy. As speciﬁed in the
analysis plan, we excluded, after randomisation, patients
who were discharged alive from the intensive care unit
within 3 days, to retain only the most severely ill patients.
We also excluded after randomisation patients who died
before reaching the hospital because their death could
not reasonably have been attributed to sedative use. The
modiﬁed intention-to-treat analysis (mITT population)
included all other randomised patients.
The study was approved by Aulnay Hospital’s Ethics
Committee for the Protection of Persons (number
AOM06103). Informed consent was waived at randomisation because patients needed urgent intubation.
Whenever a patient was included without written
informed consent, such consent was promptly sought,
according to the French Law of Ethics, from a legally
authorised representative and subsequently from the
patient.

Procedures
Patients were randomly assigned in a 1:1 ratio to either
etomidate (Lipuro, B Braun Medical, Boulogne, France)
administered as a 0·3 mg/kg intravenous bolus, or to
ketamine (Ketalar, Panpharma, Fougères, France) administered as a 2 mg/kg intravenous bolus. Randomisation

689 patients assessed for eligibility

34 excluded
12 met exclusion criteria
22 physician refusal or
missing

655 randomised

328 assigned to and
received etomidate

1 withdrew consent
2 missing data

91 excluded
79 discharged from ICU
before 3 days
12 died before reaching
hospital

234 analysed for
primary endpoint and
28-day follow-up

Figure 1: Trial proﬁle
ICU=intensive care unit.

2

327 assigned to and
received ketamine

0 withdrew consent
2 missing data

90 excluded
75 discharged from ICU
before 3 days
15 died before reaching
hospital

235 analysed for
primary endpoint and
28-day follow-up

was done in blocks of four by a computerised
random-number generator list provided by a statistician
who was not involved in determination of patient
eligibility, drug administration, or outcome assessment.
In every centre, the study drug was sealed in sequentially
numbered, identical boxes containing the entire treatment
for each patient. The emergency physician enrolling
patients was aware of study group assignment. However,
nurses and intensivists in the intensive care unit were
masked to the treatment assigned because it was not
speciﬁed on the patient’s medical record or conveyed in
verbal or written reports. Additionally, none of the
emergency physicians enrolling patients were members
of the staﬀ in the intensive care unit, and they had no
inﬂuence on the management of the patients while they
were in intensive care.
Succinylcholine (Celocurine, Orion Pharma, Levallois
Perret, France) was given immediately after the sedative
as a 1 mg/kg intravenous bolus. After conﬁrmation of
intubation and tube placement, continuous sedation was
initiated by use of a standardised protocol with midazolam
(0·1 mg/kg/h) combined with fentanyl (2–5 μg/kg/h) or
sufentanil (0·2–0·5 μg/kg/h).
Organ system function was deﬁned for each of the six
major organ systems with the sequential organ failure
assessment (SOFA) with a scale ranging from 0 to 4 for
each organ system, for an aggregate score of 0–24, with
high scores indicating severe organ dysfunction.12 The
Glasgow coma score was recorded immediately before
rapid sequence intubation to assess the neurological
component of the SOFA at admission. The other
components of the SOFA were computed with the worst
values recorded for corresponding variables within the
preceding 24 h. The maximum SOFA score was deﬁned
by the sum of the maximum values for each organ system
during the follow-up period.13 We assessed organ
dysfunction and failure occurring after admission to the
intensive care unit (Δ-SOFA) by computing the maximum
SOFA score minus the admission SOFA score.14
We deﬁned adrenal insuﬃciency as a random cortisol
concentration of less than 276 nmol/L or a diﬀerence
from baseline concentration of less than 250 nmol/L at
30 min or 60 min after adrenocorticotropin hormone
stimulation test.15 A patient was deﬁned as a non-responder
if the increase in cortisol did not exceed 250 nmol/L at
these times.16
We computed the intubation diﬃculty score—a
measure of intubation diﬃculty—as the sum of seven
variables (number of attempts, number of operators,
number of alternative techniques, glottic visualisation,
lifting force, use of external laryngeal pressure, and
vocal cords position).17 A value greater than 5 (on a scale
ranging from 0: easy intubation; to inﬁnity: intubation
impossible) is synonymous to diﬃcult intubation.17
For the clinical assessment, we recorded general
characteristics of the patient including demographics,
presenting symptoms, and ﬁnal diagnoses; severity of
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Etomidate
(n=234)
Age (years)
Men
Weight (kg)

Ketamine
(n=235)

57 (18)

59 (19)

147 (63%)

133 (57%)

75 (18)

74 (18)

Previous or coexisting conditions
78 (33%)

Coronary disease
Chronic heart failure

Ketamine
(n=235)

299 (190)

282 (148)

(Continued from previous column)
Laboratory values at admission
PaO2/FiO2 (mm Hg)
WBC (thousands/mm³)

Hypertension

Etomidate
(n=234)

14·2 (8·9)

12·9 (6·2)

79 (34%)

Haemoglobin (g/L)

122 (26)

121 (23)

20 (9%)

34 (15%)

Platelets (thousands/mm³)

210 (84)

214 (89)

19 (8%)

26 (11%)

Glucose (mmol/L)

9 (4)

9 (5)

Stroke

37 (16%)

40 (17%)

Arterial lactates (mmol/L)

3 (3)

COPD

31 (13%)

30 (13%)

SAPS II

Diabetes

32 (14%)

31 (13%)

Final diagnosis

8 (3%)

9 (4%)

42 (18%)

40 (17%)
4 (2%)

Chronic renal failure
Regular alcohol consumption
HIV

0

Smoking

46 (20%)

59 (25%)

Cancer

12 (5%)

18 (8%)

A

142 (61%)

138 (59%)

B

54 (23%)

58 (25%)

C

24 (10%)

29 (12%)

D

11 (5%)

10 (4%)

Activity limitation*

Missing

3 (1%)

0

McCabe classiﬁcation†
1

160 (68%)

162 (69%)

2

59 (25%)

55 (23%)

3

12 (5%)

18 (8%)

Missing

3 (1%)

0

Reasons for emergency intubation
Comatose

162 (69%)

162 (69%)

Shock

31 (13%)

26 (11%)

Acute respiratory failure

37 (16%)

41 (17%)

4 (2%)

6 (3%)

Temperature (°C)

36·4 (1·6)

36·4 (1·7)

Heart rate (beats/min)

98 (27)

97 (29)

132 (38)

128 (32)

Other
Disease severity at inclusion

Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)

78 (23)

75 (19)

SpO2 (%)

93 (10)

93 (9)

Glasgow coma scale (median [range])

6 (3–15)

7 (3–15)

(Continues on next column)

illness assessed by vital signs, simpliﬁed acute physiology
score II, and SOFA score; and interventions including
transfusions, intravenous ﬂuid volume, administration
of vasopressors, and mechanical ventilation during the
ﬁrst 3 days.
For laboratory variables we recorded haematological
and chemistry data, and arterial blood gas determinations. When recommended by the physician, a short
adrenocorticotropin hormone test was done during the
48 h after admission, with blood samples taken
immediately before and 30–60 min after an intravenous
bolus of 0·25 mg tetracosactrin (Novartis, Stein,
Switzerland).

3 (3)

51·2 (18·3)

50·5 (17·4)

Trauma

57 (24%)

47 (20%)

Sepsis

41 (18%)

35 (15%)

Other

136 (58%)

153 (65%)

Data are mean (SD) or number (%), unless otherwise indicated. COPD=chronic
obstructive pulmonary disease. SpO2=pulse oxygen saturation. PaO2/FiO2=the ratio
of partial pressure of arterial oxygen to fraction of inspired oxygen. WBC=white
blood cells. SAPS=simpliﬁed acute physiology score II. *Activity levels were deﬁned
as follows (Knaus chronic health status score): A, previous good health, no
functional limitations; B, mild to moderate limitation of activity because of a
chronic medical problem; C, chronic disease producing serious but not
incapacitating limitation of activity; and D, severe restriction of activity due to
disease, including people bedridden or institutionalised because of illness.
†McCabe classiﬁcation: 1, non-fatal disease; 2, ultimately fatal disease; and 3,
rapidly fatal disease.

Table 1: Baseline characteristics of study patients

During the 28-day period after randomisation (follow-up
period), we collected data for vital signs, results from
laboratory tests, and any major interventions done. We
recorded mortality at 28 days and at discharge from
intensive care unit. Throughout the study, a Data Safety
Monitoring Board monitored patients’ safety every
3 months.
The primary endpoint was the maximum SOFA score
during the ﬁrst 3 days in the intensive care unit. The
SOFA score during the ﬁrst few days of admission was
chosen because adrenal insuﬃciency due to etomidate is
reversible and lasts up to 48 h,7 and because it is a reliable
prognostic indicator.13,18 Secondary endpoints were
Δ-SOFA score (maximum score minus admission score),
28-day all-cause mortality, days free from intensive care
unit, and organ support-free days (mechanical ventilation
and vasopressor) during the 28-day follow-up. Safety was
assessed by recording serious adverse events and
particularly the intubation diﬃculty score, the absolute
diﬀerence in arterial blood pressure before and after
intubation, oxygen saturation, and cardiac arrest during
intubation.

Statistical analysis
We deﬁned a priori that the combined subgroup of
patients with a ﬁnal diagnosis of conﬁrmed sepsis or
trauma was of major clinical interest. The sample size
calculation was therefore designed to provide a suﬃcient
power for analysing this subgroup. On the basis of
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Etomidate (n=234)

Ketamine (n=235)

Diﬀerence (95% CI)

p value

Outcomes
SOFAmax score (mean [SD])

10·3 (3·7)

Δ-SOFA (median [IQR])*

1·5 (0 to 3)

9·6 (3·9)

0·7 (0·0 to 1·4)

0·056

1 (0 to 3)

0·5 (–1 to 1)†

0·20

4 (–4 to 12)

0·36

28-day mortality (n [%, 95% CI])

81 (35%, 29 to 41)

72 (31%, 25 to 37)

Mechanical ventilation-free days at day 28 (median [IQR])

12 (0 to 25)

15 (0 to 26)

Transfusions (n [%, 95% CI])

42 (18%, 13 to 23)

38 (16%, 11 to 21)

Fluid loading (mL/kg/h; mean [SD])

2 (1)

Catecholamine support (n [%, 95% CI])

2 (4)

137 (59%, 53 to 65)

Catecholamine-free days (until day 28; median [IQR])

120 (51%, 45 to 57)

–2·4 (–9·9 to 5·7)†
2 (–5 to 9)
–0·1 (–0·7 to 0·5)

0·36
0·62
0·23

7·5 (–1·5 to 16·5)

0·10

–0·7 (–2·1 to 0·2)†

0·08

27 (14 to 28)

28 (20 to 28)

ICU-free days at day 28 (median [IQR])

4 (0 to 22)

6 (0 to 23)

–2 (–13 to 11)†

0·57

Glasgow outcome score (median [IQR])

3 (1 to 5)

3 (1 to 5)

0 (–1 to 1)†

0·95

1 (0 to 3)

0 (0 to 0)†

0·70

2 (–4 to 7)

0·52

Intubation condition
IDS value (median [IQR])

1 (0 to 3)

Diﬃcult intubation (n [%, 95% CI])‡

24 (10%, 6 to 14)

20 (9%, 5 to 13)

Change in arterial systolic blood pressure (mm Hg; median [IQR])§

5 (–11 to 30)

10 (–10 to 33)

–5 (–13 to 2)†

0·24

Change in arterial diastolic blood pressure (mm Hg; median [IQR])¶

1 (–8 to 13)

5 (–7 to 18)

–4 (–8 to 1)†

0·18

–1 (–2 to 1)†

0·98

Change in SpO2 (%; median [IQR])||

1% (0 to 6)

2% (0-7)

Cardiac arrest during intubation (n [%])

7 (3%)

4 (2%)

1·3 (–1.5 to 4·0)

0·36

SOFAmax=the maximum value of the sequential organ failure assessment (SOFA) score during the ﬁrst 3 days in intensive care. ICU=intensive care unit. IDS=intubation
diﬃculty score. SpO2=pulse oxygen saturation. *Δ-SOFA= SOFAmax–SOFA(admission). †Bootstrap CI for median diﬀerence. ‡Diﬃcult intubation is deﬁned as IDS>5. §Change in
arterial systolic blood pressure equals pre-intubation minus post-intubation arterial systolic blood pressure. ¶Change in arterial diastolic blood pressure equals pre-intubation
minus post-intubation arterial diastolic blood pressure. ||Change in SpO2 equals post-intubation minus pre-intubation SpO2.

Table 2: Primary and secondary endpoints and intubation condition for study patients

Moreno and colleagues’ study,14 the relevant diﬀerence
in maximum SOFA score to be detected between the
two treatment groups was considered equal to 2 points.
With an SD of 4,14 a sample size of 130 patients allowed
an 80% power to detect this diﬀerence with a two-sided
t test with type-I error of 0·05. Since we analysed the
mITT population for the primary analysis (ie, we
excluded from the analysis randomised patients who
died before reaching hospital and those discharged from
the intensive care unit within 3 days), and we anticipated
that about 30% of patients would die before reaching
hospital or be discharged alive before 3 days, we
determined that 200 patients should be included in the
subgroup of interest, allowing for about 5% of patients
with important data missing. After considering that this
subgroup would account for about 30% of the total
randomised population, we decided to recruit a total
population of 650 patients.
Results are given as mean (SD) for normally distributed
variables, as medians (IQR) for non Gaussian quantitative
variables, and as numbers and percentages (95% CI) for
categorical variables. After checking normality of the
distribution, we compared the maximum SOFA scores
in the two groups with generalised linear models adjusted
for centre (including a group×centre interaction in the
models). Since we excluded patients for the mITT
analysis and had thus possibly interfered with the
randomisation, we decided a posteriori to make a
complementary sensitivity analysis adjusted for age,
simpliﬁed acute physiology score II, and sex.
4

For secondary endpoints, the two groups were
compared by student’s t test or Wilcoxon rank-sum test
for normally or non-normally distributed quantitative
variables, respectively. We compared categorical data
with either the χ² or Fisher’s exact test, as appropriate.
Odds ratios for death and their 95% CI were estimated
in the mITT population and in the predeﬁned subgroups.
Time to event within the 28-day follow-up of the study
was described by survival curves with Kaplan-Meier’s
method, and the hazard ratio with 95% CI was estimated
between the two groups. Patients who died during the
follow-up period before being weaned from catecholamine support or mechanical ventilation were
regarded as not having been weaned within the 28-day
follow-up.
All statistical tests were two-sided. The chosen type-1
error rate was a p value less than 0·05, except when
testing the subgroup of patients with sepsis or trauma
for which a Bonferroni’s adjustment for multiplicity was
used (p<0·025). Analyses were done with SAS statistical
software (version 9.1.3).
This trial is registered with ClinicalTrials.gov, number
NCT00440102.

Role of the funding source
The funding source had no role in the study design,
data collection, data analysis, data interpretation, or
writing the report. All authors had full access to all the
data in the study, and all agreed to submit for
publication.
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A
Etomidate group
Ketamine group

Probability of being on mechanical ventilation (%)

100

80

60

40

0

Number at risk
Etomidate
Ketamine

234
235

158
142

132
127

118
113

101
100

98
94

91
92

136
119

75
63

61
54

58
52

56
52

55
51

55
49

0

5

10

15

20

25

30

154
166

154
164

153
163

B

Probability of vasopressor therapy (%)

100

80

60

40

0
Number at risk
Etomidate
Ketamine

C
100

80
Probability of survival (%)

Figure 1 shows the trial proﬁle. Of the 689 patients
assessed for eligibility, 655 were consecutively and
randomly assigned to treatment and 650 were analysed
(ITT population; ﬁgure 1). All allocated treatments were
delivered to the randomised patients. The mITT analysis
was undertaken in 469 patients (n=234 in etomidate
group and n=235 in ketamine group). The number of
patients who died before reaching hospital or who were
discharged alive before 3 days from the intensive care
unit was similar in the two groups (ﬁgure 1).
Baseline characteristics of the patients were similar
in both groups (table 1). Coma was the main reason for
intubation. Trauma was the ﬁnal diagnosis in 104 (22%)
patients and sepsis in 76 (16%) (table 1). Other
diagnoses included stroke (50 patients in etomidate
group vs 54 in ketamine group), drug poisoning
(41 vs 51), cardiogenic shock (21 vs 28), acute respiratory
failure (19 vs 15), or various others (ﬁve vs ﬁve).
The maximum SOFA score did not diﬀer signiﬁcantly
between the two groups (table
table 22). We did not record any
centre eﬀect (p=0·30) nor interaction between the
primary endpoint and centre (p=0·78). The Δ-SOFA score
from maximum to admission did not diﬀer signiﬁcantly
between the two groups (table 2). Furthermore, none of
the six components of the SOFA score diﬀered
signiﬁcantly between the etomidate and the ketamine
groups (data not shown). In the sensitivity analysis
adjusted for age, simpliﬁed acute physiology score II,
and sex, the diﬀerence between the two groups remained
non-signiﬁcant (0·6 [95% CI 0·0–1·3]; p=0·064).
We detected no statistical diﬀerence between the two
groups in secondary outcome measures—ie, in diﬃculty
of intubation or in early complications after intubation
(table 2). Furthermore, 28-day mortality, catecholaminefree days at day 28, duration of catecholamine weaning,
percentage of patients needing catecholamine, mechanical ventilation-free days at day 28, duration of weaning
from the ventilator, and length of stay in the intensive
care unit did not diﬀer between groups (table 2 and
ﬁgure 22). We recorded no serious adverse events with
either study drug. In an ITT analysis including
650 patients, we recorded no signiﬁcant diﬀerence
between the two groups for either maximum SOFA score
or 28-day mortality (mean diﬀerence 0·4 [95% CI –0·2 to
1·0], p=0·20; and 2% [–6 to 10], p=0·54, respectively).
We assessed adrenal axis function in 232 patients
(116 per group). Basal cortisol was signiﬁcantly lower in
the etomidate group, and the percentage of non-responders to the adrenocorticotropin hormone stimulation test
was signiﬁcantly higher than in the ketamine group (OR
5·8 [95% CI 3·2–10·5]; table 3). The percentage of patients
with adrenal insuﬃciency was signiﬁcantly higher in the
etomidate group than in the ketamine group (OR 6·7,
3·5–12·7; table 3). Mortality did not diﬀer signiﬁcantly
between non-responders and responders (44/142 [31%,
95% CI 23–39] vs 19/90 [21%, 13–29]; p=0·11).

60

40

0
Day
Number at risk
Etomidate
Ketamine

234
235

173
187

165
180

159
173

Figure 2: Kaplan-Meier curves comparing patients receiving etomidate or ketamine for emergency
intubation
(A) Time to mechanical ventilation weaning. (B) Time to vasopressor weaning (etomidate group, n=136; ketamine
group, n=119). (C) Survival from randomisation to day 28 (hazard ratio 1·2, 95% CI 0·9–1·6).
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Etomidate (n=116)

Ketamine (n=116)

p value

Cortisol (nmol/L; median [IQR])
Baseline

441 (304–717)

690 (469–938)

<0·0001

30 min after ACTH test

497 (331–800)

911 (690–1131)

<0·0001

60 min after ACTH test

524 (386–828)

1048 (776–1324)

Non-responder in ACTH test (n [%, 95% CI])*
Adrenal insuﬃciency (n [%, 95% CI])

<0·0001

93 (81%, 76–86)

49 (42%, 36–48)

<0·0001

100 (86%, 82–90)

56 (48%, 42–54)

<0·0001

ACTH=adrenocorticotropin hormone. *Patient was a non-responder if maximum change was less than 250 nmol/L.
†Patient had adrenal insuﬃciency if baseline cortisol was less than 276 nmol/L or the maximum change (peak cortisol
minus baseline cortisol) was less than 250 nmol/L, or both.

Table 3: Adrenal function assessment in study patients†

A

Mean SOFAmax (SD; number of patients)

Absolute diﬀerence of SOFAmax (95% CI)

Etomidate group Ketamine group
All patients
(n=469)
Septic or trauma patients
(n=180)
Septic patients
(n=76)
Trauma patients
(n=104)
Non-trauma or
non-septic patients
(n=289)

10·3 (3·7; n=234) 9·6 (3·9; n=235)

0·7 (0·0 to 1·4)

11·0 (3·8; n=98)

10·3 (3·6; n=82)

0·7 (0·4 to 1·8)

12·4 (3·8; n=41)

10·8 (4·5; n=35)

1·6 (–0·3 to 3·4)

10·0 (3·5; n=57)

9·9 (2·8; n=47)

0·1 (–1·2 to 1·3)

9·7 (3·6; n=136)

9·2 (4·0; n=153)

0·5 (–0·3 to 1·4)

–3

–2

–1

0

Etomidate better

B

Number of deaths/total number of patients

1

2

3

4

Ketamine better
Odds ratio of death at day 28 (95% CI)

Etomidate group Ketamine group
All patients
(n=469)
Septic or trauma patients
(n=180)
Septic patients
(n=76)
Trauma patients
(n=104)
Non-trauma or
non-septic patients
(n=289)

81/234

72/235

1·2 (0·8 to 1·8)

32/98

26/82

1·0 (0·6 to 2·0)

17/41

12/35

1·4 (0·5 to 3·5)

15/57

14/47

0·8 (0·4 to 2·0)

49/136

46/153

1·3 (0·8 to 2·1)
0
Etomidate better

1

2

3

4

Ketamine better

Figure 3: Outcomes of patients receiving etomidate or ketamine for emergency intubation according to
subgroups
(A) Absolute diﬀerence in maximum score on the sequential organ failure assessment (SOFAmax). (B) Death within
28 days.

We recorded no signiﬁcant diﬀerences in maximum
SOFA score nor mortality between the etomidate and
ketamine recipients in the subgroup analysis, which
included patients with trauma or sepsis (n=180), sepsis
patients only (n=76), trauma patients only (n=104), or
patients with neither sepsis nor trauma (n=289;
ﬁgure 3).

Discussion
Our study shows that one etomidate bolus is not
associated with a signiﬁcant increase in morbidity or
mortality compared with ketamine in patients admitted
6

to the intensive care unit. The maximum SOFA score did
not diﬀer signiﬁcantly between the two drugs in the
subgroup of patients having sepsis or trauma. However,
for the subgroup of septic patients (n=76), the small
number of patients might account for the absence of
signiﬁcant diﬀerence. The mortality rate at day 28 in this
subgroup did not diﬀer between the treatment groups.
An association between the administration of etomidate
and an increased mortality of patients with sepsis has
been suggested previously. In a retrospective study of
children with meningococcal sepsis or shock,7 mortality
rate was 30% in patients who received etomidate versus
12% in those who did not, but the diﬀerence was not
signiﬁcant (OR 3·1 [95% CI 0·3–79·3]). In a post-hoc
analysis of the Corticus study undertaken in patients
with severe sepsis,16 the 28-day mortality rate was
signiﬁcantly higher in patients who received etomidate
than in those who did not (p=0·03). The investigators,
however, did not draw any cause and eﬀect conclusion,
presumably because of the lack of randomisation to
sedative agents.
By contrast with the substantial increase in mortality
reported by Ledingham and Watts,3 etomidate did not
aﬀect outcome in trauma patients in our study. This
discrepancy between the two studies is probably related
to the duration of etomidate administration: one bolus
in our study versus prolonged sedation in Ledingham
and Watts’ study. Hildreth and co-workers8 reported
increased use of blood products, ventilator days, and
days in intensive care in trauma patients randomly
assigned to etomidate (n=18) versus midazolam (n=12),
but reported no diﬀerence in mortality. However,
interpretation of this study is diﬃcult because half of the
eligible patients were excluded, with 11 of 31 patients
having received etomidate.
Although adrenal axis dysfunction arises to some extent
after etomidate use for rapid sequence intubation, the
eﬀect of such adrenal suppression on patients’ outcome
remains debated. Studies have reported increased
mortality in non-responders to the adrenocorticotropin
hormone stimulation test and in patients with adrenal
insuﬃciency.4,5 One bolus of etomidate decreases cortisol
secretion, which contributed to the increased morbidity
and mortality reported in several studies.6,7,16 However,
these ﬁndings have not been conﬁrmed by other
investigators.19,20 Clearly, the results of these studies could
be biased owing to the presence of multiple confounding
factors.
Our study conﬁrms the ﬁnding of others that
etomidate aﬀects the adrenal axis: according to our
criteria, more than four-ﬁfths of etomidate recipients
had adrenal insuﬃciency and were non-responders to
the adrenocorticotropin hormone stimulation test.
About half of patients given ketamine also had adrenal
insuﬃciency, which emphasises that critical illness per
se aﬀects adrenal function. In one study, more than
30% of non-responders had not been exposed to
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etomidate,2 and in another,21 51% of patients with septic
shock who had not received etomidate were nonresponders. Indeed, multiple mechanisms could
account for adrenal insuﬃciency in critically ill
patients.22 Adrenal insuﬃciency is probably associated
with increased mortality in critically ill patients,
including those with sepsis; however, whether the
adrenal axis suppression and mortality are the result of
some underlying process, or whether the adrenal axis
suppression causes death, has never been established.
Among established independent predictors of low
cortisol response to adrenocorticotropin hormone
stimulation are a low pH or bicarbonate and platelet
count, disease severity, and organ failure.23 Fentanyl or
sufentanil infusion can also modify cortisol concentrations.24,25 However, these factors should not aﬀect
the results of our study since both patient groups
received the same type of continuous sedation (fentanyl
or sufentanil combined with midazolam).
Etomidate is the sedative-hypnotic drug most often
used by emergency physicians for rapid sequence
intubation, and is the drug of choice for patients who are
haemodynamically unstable.26 Use of ketamine instead
of etomidate might have drawn attention to potential
adverse eﬀects of the use of ketamine during the
intubation procedure.10 The most common side-eﬀects of
ketamine are psychodysleptic eﬀects, but they could not
be observed because, unlike in an operating theatre,
patients are not awakened until several hours after
intubation. We noted no diﬀerence between the sedative
drugs tested in our study on the ease of intubation,
probably because intubation conditions depend mostly
on the muscle relaxant eﬀects of succinylcholine.
Accordingly, Sivilotti and Ducharme27 reported no
signiﬁcant diﬀerence in the overall successful intubation
in a comparison of three hypnotic drugs.
With regard to the strengths and limitations of our
study, we have conﬁrmed the appropriateness of the
choice of the maximum SOFA score as the primary
endpoint. There is an established relation between the
maximum SOFA score and Δ-SOFA score (from
maximum to admission) and mortality in patients who
are critically ill.13 Moreover, measurement of the SOFA
score has good reliability and accuracy among
intensivists.28 These scores have shown its usefulness in
the assessment of in-hospital morbidity in seriously ill
patients.13,29,30
However, our study might not have had suﬃcient
power to show a signiﬁcant increase in morbidity related
to the use of etomidate in patients with sepsis. Our
failure to enrol and analyse a larger number of patients
with sepsis could have led to a type-II error for this group.
A future study should be based on patients with sepsis
only, since the controversy regarding the use of etomidate
focuses on these patients. We felt that patients admitted
with trauma were important to study as well because of
suggestions from recent reports that etomidate might be

harmful to this group of patients.8 In conclusion, our
results show that ketamine is a safe and valuable
alternative to etomidate for intubation in critically ill
patients, particularly in septic patients.
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Facemask, nasal, and oral airway devices
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As anesthesia has become more technically oriented, it has given rise to the
sentiment that we must have more technical and complicated techniques and
devices to manage the airway. Some advancements that have improved airway
management also have seemed to cannibalize the experience of younger
anesthetists with respect to their exposure to and abilities in basic airway
management. And although few anesthesiologists remember, much less need to
learn or master, for example, the open-drop ether technique, for the present it
seems that depending on a single technique or device as a final common pathway
is counter to the well-rounded anesthetist and potentially dangerous for the
patient. For example, all situations do not lend to immediate intubation or
insertion of a laryngeal mask airway as a rescue device.
In this article, the author reflects on the fundamentals of the lost art of airway
management to present basic techniques of simple airway management, to
present briefly some of the salient features of the simpler devices in use, and
to consider some special areas of basic airway management. Along the way, a few
of the more subtle and less obvious maneuvers and benefits and the advantages of
economy of motion and position are mentioned. It is hoped that valuable
information can be recognized for novices and experienced anesthetists alike.

Basic airway anatomy
Before embarking on a tour of the techniques used for managing the airway, it
seems only reasonable to consider the anatomy that one will be manipulating.
Rather than review that here, the reader is referred to any of a number of texts
defining the anatomy, from basic surface relationships to more complex insertion
and origin of muscles, tendons, nerves, lymphatics, and blood vessels.
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The astute and attentive anesthetist recognizes differences among patients of
different ages (eg, pliability of the nares in infants versus adults), sexes
(difficulties in managing bearded patients or those with multiple piercings), or
races (variations of the nasal bridge among the faces of Australian Aboriginal,
Asian, and European patients). It is important to remember that although there
has not been a plethora of scientific literature expounding on such variations, it is
likely that additional subtle differences exist deeper in the airway and may affect
the anesthetist’s management of it, either consciously or unconsciously.
Regardless of the subtleties, basic airway management requires the anesthetist
to be attentive to the static anatomic features: the lips, teeth, gums, cheeks (both
buccal and external surfaces), hard and soft palates, pharyngeal arches, the
mandible and submental tissues, epiglottis, and larynx. Likewise, on air movement, all of these structures will work (sometimes against each other) in various
ways during inspiration and expiration, changing during the awake state and
through different stages of anesthetized sleep. Of special highlight (for the novice
and experienced alike) is the recognition and appreciation of the difficult-to-mask
airway, the impossible-to-mask airway, and laryngospasm in its various forms.

Recognizing the difficult-to-mask-ventilate patient
Although great attention has been given, perhaps, to the more dramatic and
technical application of complicated and technically challenging airway (usually
intubation) techniques, less attention has been paid to the more critical process
of evaluating the patient before commencing an anesthetic or simple airway
management. The ability to mask ventilate a patient, however, remains of
paramount importance throughout every case. Ultimately, when all is said and
done, so long as the patient can be ventilated, failure to intubate the trachea is
much less of a problem (one can ventilate the patient until he or she awakens or
apply further techniques to definitively secure the airway).
Several specific factors have been identified that allow the astute clinician
to improve the likelihood of recognizing the patient who may be difficult
to ventilate.

Presence of beard
The presence of a beard should alert the anesthesiologist to the potential of (1)
underlying abnormality (such as a previous disfiguring cancer of the jaw, which
may have caused the patient to grow the beard to improve the aesthetic
appearance) or (2) difficulty in creating an effective seal and ventilation volume
using a standard mask and flows. If the anesthesiologist is aware of these
potential risks, one can be alert to the problem and devise a way to solve it a
priori. For example, if an alternative method of airway management is not
necessary, simply shaving the beard may solve the problem.
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Body mass index
Patients with a large body mass index ( > 26 kg/m2) also may be at risk of
difficulty in mask ventilation. These patients also may be at greater risk because
of the inherent decrease in functional residual capacity and difficulty in
generating the required force to ventilate a large or heavy chest. Ensuring the
use of a large enough mask and oral airway, using the two-person ventilation
technique (see a following section), or resorting to closed-mouth/nasal mask
ventilation may be of help.
Lack of teeth
Patients who are edentulous or who have few teeth may make it difficult to
establish an effective seal across the lower jaw, making ventilation difficult. It is
commonly easier to leave false teeth in place (so long as they are well applied)
until the patient is well oxygenated and ready for intubation (whereupon one can
remove the upper dentures for laryngoscopy). Using a large mask (to cover the
lateral aspects and angle of the mouth) with a firm placement of the third finger
across the mentum (to keep the mouth closed and ventilate mainly though the
nose) may be of help. Again, a large oral airway, centrally placed in the midline,
may be useful in this setting.
Age and snoring
Patients older than 55 years and those with a history of snoring are at increased
risk of difficulty with facemask ventilation (probably associated with varying
degrees of obstructive sleep apnea). Continuous application of gentle, continuous
positive airway pressure (CPAP) during induction with a good mask fit may be
helpful in this situation.
Jewelry and piercings
Creative and imaginative ways to identify oneself as an individual are
occasionally of importance to the anesthesiologist. Among them and related to
airway management is the piercing of the face (lips, tongue, cheek, chin,
eyebrow, and ear—all parts). Although the more obvious penetrations will be
seen on the patient, it is the less obvious ones that require some attention, as in
tongue piercing. It seems most prudent to remove the item for the duration of the
procedure and to replace it promptly, when feasible. The basic evaluation,
including an examination of the mouth and tongue, has retained importance
(Fig. 1).
Simple maneuvers
Several maneuvers, easily learned and performed in most patients, are used to
improve the patency of the airway. The first four—head tilt, chin lift, jaw thrust,
and head/shoulder position—depend on the anatomic relationships of supporting
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Fig. 1. Tongue piercing with the potential to complicate ventilation or laryngoscopy.

structures. These structures include the digastric and omohyoid muscles and the
ligamentous supporting matrix among the chin, hyoid, and paraepiglottic folds.
The next two techniques, turning of the head and application of CPAP, take
advantage of the changes that occur in the hypopharynx with mechanical
stretching (head turn) and increased airway pressure (CPAP) to, in effect, stent
the airway open. When one-handed application of these techniques is ineffective,
one must call for help and use two-handed techniques. Above all, it is important
to be able to recognize effective and ineffective airway movement when applying
various techniques.
Head tilt
Among the simplest and most effective maneuvers to restore an adequate
airway patency is to tilt or extend the head and neck. This maneuver naturally
takes advantage of the tone in the hypopharynx and the tissues between the chin
and the hyoid and then the paraepiglottic folds. Care should be taken in movement
of the head and neck so as not to overextend the head, potentially causing
paradoxic obstruction (especially in small infants, because of their still-flexible
trachea) or even obstruction of the vertebral vessels in older patients. In patients
with trauma, one must be cautious not to extend the neck unnecessarily. Some
patients may be prone to atlanto-occipital or atlanto-axial laxity (trisomy 21), and
this maneuver should be used cautiously. The head is tilted backward by placing
one’s hand on the patient’s forehead, with the other hand behind the neck.
Chin lift
An additional maneuver to assist in the extension of the chin/hyoid/paraepiglottic fold association is to simply lift the chin up in a cephalad direction.
This maneuver commonly is performed in conjunction with the head tilt. That is,
rather than placing one hand behind the neck as described in the preceding
paragraph, one pulls the chin up toward the nose. This maneuver commonly
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closes the mouth and may create an obstruction for air passing through the mouth.
An open nasal passage may be necessary if this technique is to be most effective.
Jaw thrust
A third maneuver that can be added to the previous two is the jaw thrust. In
this technique, one advances the mandible under the maxilla to cause an
underbite protrusion. This protrusion is possible because the mandible can be
subluxed at the mandibular joint with the skull. This maneuver commonly can
extend the stretch on the chin/hyoid/paraepiglottic fold line by yet another 1 to
2 cm. The technique also can be managed using the fourth and fifth fingers
(behind the angle of the jaw), advancing the jaw forward while holding the mouth
slightly open with the thumbs on the front of the chin. This technique also helps
to hold the tongue away from the palate. These three techniques can be used
together as the ‘‘triple airway maneuver’’ in synergy.
Head-and-shoulder position
Of utmost importance in establishing an effective airway for the patient who is
breathing spontaneously or ventilated with a facemask is the anterior-posterior
relationship of the head to the shoulders. A common mistake is to assume the
presumed best position for laryngoscopy as the best for mask ventilation. This
assumption is not so. In fact, significant flexion of the neck, despite extension of
the head on the neck, can leave the patient with an obstructed airway. It usually is
better to elevate the shoulders, using a rolled towel or blanket, leaving the neck in
a neutral or slightly extended position, and to allow the head to extend off the
neck. In large adults, it also may be necessary to place a head ring under the
occiput for stability (Fig. 2A, B).
Head turn
A common difficulty in patients who have significant amounts of redundant
tissue in the pharynx and hypopharynx is obstruction. Simply turning the head to
one side can increase, yet again, the stretch on these tissues, perhaps smoothing
them out and improving airflow.
Continuous positive airway pressure
Applying pressure to the airways
Once an effective mask fit is obtained, the addition of 5 to 10 cm H2O CPAP
may help to improve airflow by expanding the hypopharyngeal structures a bit
more. Caution should be taken not to overdo this application because with more
than approximately 20 cm H2O, the risk of inflation of the stomach increases with
little probable benefit for airway management. Here it is helpful to maintain the
pressure throughout the ventilatory cycle (that is, keep the reservoir bag
continuously inflated to approximately 8 cm H2O with one’s hand); once the
airway is established, it is maintained more easily with continuous pressure.
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Fig. 2. Sagittal airway MRI overlaid on an awake, spontaneously breathing subject in (A) a natural
position and (B) with head extended, neck flexed, and shoulders supported. Note the dramatic increase
in airway caliber, with elevation of the epiglottis, using these simple maneuvers.
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Continuous pressure with supported ventilation
Allowing the patient to initiate each breath improves the likelihood of
establishing an effective airway and maintaining an adequate tidal volume.
Timing a small, augmenting breath (using positive pressure) at the mid-late
period of the patient’s inhalation improves control of the airway. This technique
is especially helpful if the goal is to increase depth of anesthesia using a
volatile anesthetic.
Two-handed mask ventilation
When supporting a difficult airway using a facemask, creating an effective
seal can be challenging using only one hand (with the other hand on the bag to
help ventilate). Simply using high fresh-gas flows, closing off the pop-off valve a
bit more, and using two hands on the mask (and even one’s own chin) can
improve the effectiveness of the seal; one can release the seal to allow exhalation
when necessary.
When difficulty in managing the airway is recognized and the preceding
techniques fail to resolve the issue fast enough, additional assistance must be
sought. Applying two hands to the mask while another clinician squeezes the bag
is most often helpful. The clinician managing the facemask may assist from
above (standing above the patient’s head) or below (standing alongside the
patient; that is, face to face).
Recognizing the effect of maneuvers
Clearly, the effective management of facemask ventilation requires continuous
assessment of airflow. Attention to the details of the effects of good air
movement allows the clinician to make minor modifications in technique to optimize management.
Thoracoabdominal asynchrony
If there is significant or complete obstruction of airflow during attempts at
spontaneous ventilation by the patient, one will see the effects of significant
changes in intrathoracic pressure, especially during the inspiratory effort. The
abdominal muscles relax while the diaphragm contracts, causing apparent
expansion of the abdomen and contraction of the thoracic cage; this occurrence
may be associated with the use of accessory muscles (eg, sternocleidomastoid).
Between inspiratory efforts, the abdomen and chest assume their normal
‘‘relaxed’’ position. This cycle appears (especially when viewed from the side)
like a see-saw and is termed thoracoabdominal asynchrony. Presence of this sign
indicates failure to open the airway effectively, either because of intrinsic
obstruction (tongue, epiglottis) or foreign body. In healthy patients who can
generate a significant inspiratory pressure, there is risk of causing acute pulmonary edema based on the negative pressure.
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Mask fogging
A simple but effective means to observe movement of air during ventilation is
to monitor the clarity of the mask above the patient’s mouth and nose. A small
amount of condensation (or fogging) occurs with good airflow in most people.
The astute observer is able to recognize discrete fogging over each nostril and
mouth. Likewise, an obstruction (perhaps of one of the nasal passages) can be
recognized by reduced or no fogging over that side.
Use of precordial stethoscope
One of the basic and extremely valuable tools of the anesthetist is the simple
precordial stethoscope. Various types exist, but all offer a continuous monitor of
the sounds of the airway, gas flow, degree of obstruction, presence and quality of
secretions, and even heart sounds. The experienced anesthesiologist can recognize the subtle changes that occur just before significant airway obstruction or
even laryngospasm. Likewise, the recognition of subtle (or sometimes not-sosubtle) gurgling sounds may indicate the presence of secretions or vomitus in the
airway. The type of stethoscope (home made or store-bought) and placement
location (midsternal, sternal notch, paralaryngeal, or axillary) are up to the
clinician, in accordance with the condition and procedure.
Feeling the anesthesia bag
A great advantage of using the more modern anesthesia systems (including
the thinner, more pliable reservoir bags) is the ability to sense subtle changes in
the patient’s ventilatory pattern; this perception is nearly impossible with, for
example, self-inflating ventilation systems. Keeping one hand on the mask
(usually the left) and the other (the right) on the bag allows continuous
feedback regarding seal (maintaining inflation pressure), ventilation rate, tidal
volume, and depth of anesthesia (changes in ventilatory ‘‘curve,’’ especially
during volatile anesthetics). Ventilation assistance for each breath can be given,
and changes in the left-hand position (seal, airway patency) are felt immediately
in the right hand.

Facemasks
Purpose
The facemask establishes a connection between the anesthesia circuit and the
patient’s face. Ideally, it can establish an air-tight seal along the skin around the
nose (below the bridge), the sides of the cheeks, along the side of the mouth and
under the lower lip, and above the bulb of the chin. This seal is established by a
combination of forces applied from the mask onto the face and by maneuvers of
grasping the face, chin, and cheeks into the mask.

R.S. Greenberg / Anesthesiology Clin N Am 20 (2002) 833–861

841

General description
The body constitutes the main portion of the device between the sealing
portion and the fresh/controlled-gas connector. Historically it has been made of
opaque rubber, but more recently it has been made of clear, more or less pliable
plastic. This material allows the user to continuously view the face under the
mask and to monitor for changes in color, position of lips, teeth, and tongue and
the presence of secretions, blood, or vomitus.
The seal is the portion of the mask that comes into contact with the patient’s
face and allows the creation of an effective seal. It may be made simply of a preformed flap extension of the body of the mask (eg, Rendell-Baker-Soucek), it
may be made of a pre-formed spongy cushion, or it may be a pre-inflated and
sealed air-filled tube. Several manufacturers have included a valved access to this
cushion to allow modulation of the pressure within the sealing part. This
modification allows the user to change the conformity of the mask for the
patient’s face.
The connector is a standard-sized (22-mm) extension of the body of the mask
opposite the face seal. It provides a connection to the fresh gas source, which can
be the anesthesia circuit or a bag-valve apparatus.
The strap hooks commonly are included as part of the mask and are attached
as a ring component encircling the connector or built into the body of the mask
itself. They provide a convenient attachment for straps that can be used to secure
the mask against the face of the patient.

Using the facemask
The patient’s face
Careful attention must be paid to the structure of the patient’s face if one is to
apply a mask to the face and expect to attain any effective seal or air movement
through the airway. Complications may arise if the user is not gentle and
attentive to the apparent and inapparent structures of the face when performing
mask ventilation.

Apparent structures
Eyes
The eyes and eyelids are particularly vulnerable to trauma from the inadvertent
brushing of the anesthetist’s hand across the face, grazing the cornea with a
watchband or fingernail, or accidental scraping with the mask itself. Likewise,
one must be careful not to apply pressure to the globe by inappropriate placement
of the mask or by using a mask too large for the face of the patient. Caution also
must be used if the eyelids are not closed—there may be a jet of gas escaping
from an ill-fitting mask that can dry the eye, causing corneal abrasion.
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Nose
The nose is also at risk for pressure, especially at the bridge at the top of the
angle of the mask. Particular attention should be paid to this area, especially if the
inflatable cushion seal is compressed markedly, which can cause the harder edge
of the mask body to become a pressure point.
Lips
The lips are at risk of compression by the mask, especially if it is too small
(lower lip), by compression against the teeth or gums.
Tongue
The tongue can be caught between teeth or gums while applying the mask,
especially if a significant chin lift or submental pressure is applied when the tongue
is protruded. This consideration is especially important if an additional adjunctive
device such as an oral airway or cuffed oropharyngeal airway (COPA) is used.
Cheeks and zygoma
The cheeks and zygoma are also at risk if the upper sides of the mask press too
firmly against this area. Undue pressure against the chin, either above by the
mask or below by a supporting finger, also is a risk.
Chin
The soft structures of the lower jaw, including the angle of the jaw and the
tympanomandibular joint, can be damaged by inappropriate pressure at these sites.
Inapparent structures
Facial artery and nerve (and branches)
Inapparent structures, such as the facial artery (especially where it crosses over
the mandible by the angle of the jaw), the facial nerve branches, and infraorbital
nerves can be at risk of compression injury.
Neck structures
Various neck structures also can be damaged by undue pressure or force on the
carotid, jugular, and superior laryngeal nerves if caution is not used when adjusting or maintaining a facemask seal.
Variations in gums and teeth
Pressure applied to the chin, lips, and cheeks may apply pressure to the
underlying structures of the teeth and gums. Attention must be given to reduce
the risk of such pressure on fragile or loose teeth or over malpositioned, broken,
chipped, or everted teeth overlying the buccal surface of the lip. Orthodonture
may cause point pressure; if care is not taken, frank lacerations on the inside of
the lip may occur.
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The bearded male patient: camouflaged danger
Particular attention should be paid to the patient who presents with a beard.
The beard may cause difficulty in establishing an effective seal; it also may
camouflage unrecognized congenital or acquired abnormalities.
Mask selection
Types of masks
Numerous types of masks have been developed as manufacturing techniques
changed and different needs and airway management techniques have evolved.
The interested reader is directed to other texts for a more complete description of
these masks. A few are of particular importance and provide some perspective on
the development of the technique.
Historical
Anatomic mask/Connell mask. The basic facemask, made of a medium soft
latex rubber, originally was designed to create a seal over the mouth and nose. It
is somewhat triangular and pyramidal, with a pre-formed groove for the bridge of
the nose and a curved portion for the chin. The nasolabial edges of this mask can
be spread to cup the face into the mask and provide a more reliable fit and seal.
Unfortunately, the fixed design may make it difficult to manage patients with a
large, broad nose or those with significant deviations (from the ‘‘classic
Caucasian’’) in facial anatomy. The use of latex material now is considered
inappropriate in most medical settings because of the risks of latex allergy; also,
there is a small but measurable absorption of the anesthetic gases into this
material. Repeated use and cleaning ultimately lead to decay and breakdown of
the mask.
Rendell-Baker-Soucek. Originally designed for the pediatric patient, this mask
is a pre-formed pyramidal cup with a relatively low profile offering a small dead
space. Note that with this mask, there is no inflated cushion. The pediatric face,
having more pliable soft tissue in the cheeks, nose, and around the angles of the
mouth and chin, allows creation of an effective seal with some practice.
Patil-Syracuse. This mask is a variation of the Connell mask in that it has a
sealed nipple that allows oral or nasal fiberoptic airway evaluation and even
intubation. A subsequent variation of this mask is one that is clear plastic with a
soft, inflated cushion rim, and instead of the smaller-diameter nipple, there is a
stretchable disk through which one can pass a fiberoptic scope.
Clear and disposable. Commonly available masks made of clear plastic with
an inflated cushion-rim seal (with or without a valved nipple) provide a costeffective and disposable alternative. Beyond the lower cost and the elimination
of the need to clean (if not sterilize) between uses, the clear plastic allows the user to
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observe what is going on inside the mask—the color of the lips, position of the
tongue and teeth, and presence of mucous or vomitus. Various manufacturers have
created subtle modifications that offer minor advantages in some cases. These
modifications include ‘‘ribbed’’ seal cushion (Rusch) and finger grooves (SIMS).
Preparing the mask
Scents. The plastic smell of the tube can be quite disagreeable to patients,
especially children (and many adults) who are commonly afraid of and resist
inhalational induction. The addition of a pleasant scent (either as part of the
manufacturing process or just before induction) can improve the cooperation of
the patient and the safety and effectiveness (if not the elegance) of the induction.
Caution should be used not to use too much scent (which itself becomes
unpleasant and irritating) or an agent that might stain the skin or otherwise
interfere with effective observation. For example, the use of a grape (and bluecolored) scent in the body of the mask can cause blue staining of the lips and
nose, potentially causing concern for factitious ‘‘cyanosis.’’
Inflation. Ensuring proper inflation (if possible) of the sealing rim of the mask
is important in providing an effective seal and in reducing the risk of inadvertent
pressure, especially on the bridge of the nose. Underinflation can expose the edge
of the harder body of the mask, whereas overinflation reduces the compliance of
the rim, leading to difficulty in managing and maintaining the seal against
the face.
Effective attachment. Failure to completely attach the mask to the circuit leads
to leak and failure to create an effective seal and pressure for ventilation. Limiting
the number and type of devices (flow, pressure, gas monitors) connected between
the mask and the circuit reduces the weight and difficulty in maintaining a
consistent and balanced seal on the face.
Caution in MRI with springs in seal valve or with metal strap hooks. It should
be added that several mask designs include metal strap hooks that can be drawn
into the magnet when conducting anesthesia in the MRI suite. Most springed
valves found in the inflatable seal rims also are ferromagnetic. Caution should be
used when using these masks in and around the magnet.
Applying the mask
Although it is tempting, merely laying the mask on the face and pressing down
rarely provides the most effective seal or best support of the airway. Various
simple maneuvers seem to help improve the fit and make up the difference
between the patient’s face (variable) and the design of the common mask
(relatively not variable). These maneuvers include slightly ‘‘opening’’ the mask
by laterally everting the seal so that it ‘‘captures’’ more of the face and cheeks on
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application. One also can apply one side of the mask and draw it over the nose
and mouth (stretching it a bit) before creating the seal on the opposite side.
Holding the mask
The goal of effective mask airway management is to provide a comfortable
means or method of maintaining effective air movement through the patient’s
airway and into the circuit during inspiration and expiration. The process should
not be traumatic to the patient or the operator. Many novices approach (or are
taught) that the best way to apply the mask is with the fingertips, with fingers
extended, and with no hand or palm pressure on the face at all. This approach
inevitably leads to a poor seal and tired hands. Good basic airway technique
requires the operator to consider the different parts of the face with the goal of
having the mask and face meet each other, but not necessarily conforming one to
the other.
Excellent mask management allows the user to sustain an effective seal for
long periods, to maintain a controlled inhaled-gas concentration (with no
entrainment of room air), and to eliminate the wasteful and potentially dangerous
leak of agents into the room. A continuous and effective seal also allows the
anesthesiologist to monitor ventilation with the free hand on the reservoir bag,
leading to a greater appreciation for the patient’s depth of anesthesia and early
recognition of potential problems (eg, hypoventilation, laryngospasm). Slight
differences in technique then are made to adjust for the differences in patient age,
size, and presence of teeth, for example.
Although it is reasonable (and certainly possible) to perform basic mask
anesthesia using either hand on the face, it is more common to begin by teaching
the use of the left hand on the face, with the right hand on the anesthesia reservoir
bag. This practice probably has come from the more common placement of the
anesthesia machine to the right of the patient and the anesthesiologist.
Common/classic hand position. The classic hand position of the experienced
anesthesiologist takes advantage of the ability of the hand to perform several tasks
simultaneously. The left hand most commonly is used to apply the mask and to
maintain the seal while also positioning the head and lower jaw for effective air
movement. This description assumes that the patient is supine and face-up in front
of the anesthetist.
The thumb is placed above (cephalad to) the 22-mm connector so that the
palmar surface of the thumb comes into contact with the mask. Gentle pressure is
applied posteriorly, maintaining the seal in the region above the angle of the lips
and across the nasolabial folds and the bridge of the nose. The forefinger is
placed below (caudad to) the 22-mm connector, again so that the palmar surface
is in contact with the mask, with gentle pressure posteriorly to achieve an
effective seal in the region below the angle of the mouth and across the chin
(facial surface).
The fingertips of the thumb and forefinger can be flexed with or without slight
pronation of the forearm and flexion of the wrist to increase the mask pressure/
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seal on the right side of the patient’s face. The long finger is brought across the
bottom of the mask at the level of the mentum in the midline. Usually, the distal
or middle interphalangeal joint of the anesthetist can be brought to bear the
greatest cephalad force on the chin, aiding in head extension and mouth closure.
It is also possible, using a graduated pressure on the chin, to assess the degree of
relaxation of the head, neck, and jaw. The fourth finger is allowed to rest, gently
and without pressure to the underlying structures, on the side of the jaw and neck.
The fifth finger is placed, when necessary, behind the angle of the mandible to
maintain anterior displacement and extension. It is extremely difficult for the fifth
finger to establish such movement of the jaw but usually relatively easy to maintain
such a position.
The palm is allowed to rest gently on the face of the patient, cautiously
avoiding undue pressure on the zygoma. The sensitive anesthesiologist learns to
recognize the pulsation of the facial artery while also maintaining an effective
mask seal. Some recommend never touching the patient’s face with the palm; this
practice not only decreases control of the airway but leads to early fatigue and
eliminates the ‘‘sensitivity’’ of monitoring the patient’s muscle tone and pulse,
and it looks awkward. It is helpful to imagine, at times, bringing the face ‘‘into’’
the mask, rather than merely mashing the mask onto the patient’s face and hoping
for the best.
Pediatric modification. As the size of the anesthesiologist’s hand compared
with the patient’s face and mask gets bigger, it becomes easier for the thumb and
forefinger to actually make an ‘‘O’’ (as in ‘‘OK’’) rather than a ‘‘C.’’ This ability
permits a more even application of the pressure of the mask entirely around the
bridge of the nose, the right side of the face, and the chin of the child. Even
greater attention must be paid not to apply pressure with the fourth or fifth fingers
on the neck structures (one can completely occlude the larynx or trachea).
Two-hand (above-and-below) technique. In the instance of increasing difficulty
in management of the airway with a facemask and especially with those who
have small hands relative to the size of the patient’s face, using two hands may be
of some utility. From above, the right hand is brought to the patient’s face in a
manner so as to mirror the position of the left hand. Even pressure, now applied
by both hands on either side, improves the seal. Cephalad pressure applied to the
underside of the chin by the long fingers improves the head tilt and chin lift while
the fourth or fifth fingers can advance and maintain the mandible in the extended
position, opening and supporting the airway. From below, the position of the
anesthesiologist’s hands is somewhat inverted, with the long finger under the
angle of the mandible, the thumbs on the chin of the mask, and the forefinger
aiding the seal on the sides of the mask.
Increasing difficulty (two hands and a chin). Although usually effective in
establishing an effective seal, the two-handed technique can be assisted further by
the use of the clinician’s chin on the elbow of the mask connector. Clinician chin
pressure on the mask in this manner may improve the pressure of the mask on the
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patient’s face and improve the seal until assistance can arrive and definitive
airway management can be established.
Mask fit
A properly fitting mask (Fig. 3A, B) allows the clinician to easily establish an
effective seal with the minimal amount of support. Ideally, an excellent mask fit is
comfortable for the patient (if awake) and allows the clinician to use only one
hand or straps (see following paragraphs). The correctly sized mask seals on the
bridge of the nose (at the level of the pupil), across the nasolabial fold (usually
just outside this line), just outside the angle of the mouth (including the lips,
completely), and across the indentation of the chin between the lips and mentum.
An appropriately sized mask and fit minimize the risks associated with pressure
on the apparent and inapparent structures discussed previously.
When a mask is small for the patient, it is sometimes possible to establish an
effective seal using the mask over only the nose (sealing the mouth with the long

Fig. 3. (A and B) Classic placement of the facemask. Note position of mask over nose and mouth, firm
pressure of the mask seal on the entire face, and gentle support of the chin with the long finger.
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finger under the chin or even with a piece of transparent dressing) until the proper
equipment can be obtained. If the mask is too large for the patient’s face, one can
bring the bottom of the mask to seal below the chin (ie, between the underside of
the chin and the hyoid) until the properly sized mask can be found. Occasionally,
turning the mask around so that the nasal angle is caudad and the more rounded
edge of the seal is across the nasal bridge also may be helpful. Obviously, the
optimal situation is one in which the clinician has evaluated the patient
adequately before the need for an effective facemask seal and has chosen the
appropriate mask beforehand.
Dead space
Consideration of respiratory parameters such as tidal volume and anatomic
dead space is generally more of an academic concern rather than a practical one,
although there is a measurable increase in dead space using most masks
compared with other techniques (endotracheal tube ETT, laryngeal mask airway,
COPA). This increase in dead space most likely is related not only to the volume
of the mask itself but also to the volume and distensibility of the oral and
pharyngeal structures that ordinarily are bypassed by the other devices. Suffice it
to say that tidal volume is usually well above the volume of common facemasks
in adult patients.
Mask adjuncts
Straps
For procedures lasting longer than a few minutes, it is advantageous to make
use of securing straps to help the mask in place, thus allowing the clinician to
attend to other tasks (such as administering medications). Most masks come with
four or five ‘‘posts’’ or hooks that can be used to attach a strap. Commonly, straps
are available with an occiput portion with the four or five straps extending
outward like a starfish. The central occiput section is placed behind the head, and
the straps are stretched to the hooks. It is useful at times to cross the straps and
attach them to the contralateral post, establishing a more even pressure and seal
across the mask. Caution must be taken not to tighten the strap too much, which
could cause damage to apparent or inapparent structures. Placing gauze between
the strap and the face (eg, at the zygoma) minimizes such risk. Likewise,
removing the mask apparatus periodically to allow return of unimpeded blood
flow to the skin is prudent (Fig. 4).
Chin retainer bar
Although a complete discourse on all of the creative contraptions reported for
use in assisting the clinician in facemask ventilation (there are many) is difficult,
one technique may be useful and readily available. A simple bar, such as that
used as an ether screen, may be used (if adequately padded) to help support
the chin from below and gently extend the head and neck. This device allows the
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Fig. 4. Application of head straps to a mask to provide hands-free support.

clinician to free his or her hands from performing a chin lift and to maintain the
airway. As usual, close observation and caution are required so as to minimize
pressure on the submentum.
Vomiting and aspiration
Common practice precludes the prolonged use of facemask ventilation for
conditions that could predispose the patient to the risks of vomiting and
subsequent aspiration of gastric contents. Unfortunately, several factors may lead
to just such a situation. First, although outpatient surgery and anesthesia have
increased in recent years, the reliability of patients following strict fasting
instructions remains a concern. Second, the management of a patient with a
known ‘‘full stomach’’ can deteriorate rapidly during denitrogenation (preoxygenation) with coughing, retching, and vomiting. The subsequent management of
a failed intubation of a patient with a full stomach requires some (albeit preferably
brief) facemask ventilation until definitive management of the airway can
take place.
Once faced with the patient with a full stomach who requires facemask
ventilation, one must do his or her best to maintain effective ventilation while
reducing the risk for vomiting and aspiration. Cautious use of manual hand
ventilation, doing one’s best not to exceed approximately 20 to 30 cm H2O
positive inspiratory pressure, may minimize ventilation of the stomach. Meticulous attention to excellent facemask technique (proper mask selection, patient
positioning, use of mask technique) ensures adequate ventilation until alternative
means can be established (return of spontaneous ventilation and reflexes or
tracheal intubation). Elevation of the head and shoulders above the hips may be
effective in increasing the hydrostatic pressure on the head, reducing the
likelihood of a column of gastric fluid reaching the hypopharynx.
Recognition of the presence of vomitus or regurgitant in the hypopharynx
can be facilitated with the use of a precordial stethoscope (which should be

850

R.S. Greenberg / Anesthesiology Clin N Am 20 (2002) 833–861

used in all such cases), a clear facemask (allowing the clinician to see such a
problem rise up into the mask), and a sensitive touch on the reservoir bag
(feeling for changes in resistance; one occasionally can feel the ‘‘clicking’’ of
fluid gurgling in the throat). In the unfortunate circumstance that a patient does
vomit or reflux into the hypopharynx, quick and definitive action is required to
reduce the risks and effects of aspiration. After informing the surgeon of what
has occurred, one should turn the patient’s head to the side and down
(Trendelenburg position). This position facilitates removal of the vomitus by
suctioning and gravity (limiting what will fall into the unprotected trachea).
Judgment will determine whether it is best to allow the patient to awaken and
regain protective reflexes and reassess or to rapidly induce anesthesia and
paralysis, perform laryngoscopy and tracheal intubation, and improve protection
of the trachea in that manner.

Nasal airways
Purpose
The nasopharyngeal airway establishes a conduit from the nose to just behind
the base of the tongue. Commonly used as a temporary method to improve
ventilation in the patient with soft tissue airway obstruction, this device may be
used in both the awake and the unconscious patient.
General description
Most nasopharyngeal airways are rather simple in design, having a generally
soft, pliable tube, commonly bent with a gentle curve. Many nasopharyngeal
airways have a bevel at the distal end to facilitate insertion and to increase the
surface area of the open tip. Some are ‘‘flared’’ at the proximal end to limit
insertion depth; some even have movable disks to vary insertion depth. Size is
defined as the internal diameter or external circumference in millimeters as
French sizes, with the manufactured length usually increasing with diameter.
Types of nasopharyngeal airways
Simple
Common nasal airway. This tube is manufactured using either latex or nonlatex
softened polyvinyl chloride. The distal end is beveled at the tip. Simpler airways
have a flared proximal end shaped like the bell of a trumpet (commonly called
‘‘nasal trumpets’’), limiting total insertion of the airway and loss of the device in
the nasopharynx. Other catheters have a disk that can be slid proximally or distally
as necessary to act as a stop or to change the effective length of the device. Still
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other, simpler tubes have a safety pin piercing the proximal end of the device to
limit total insertion.
Linder nasopharyngeal airway. The distinguishing features of this plastic
airway are its flattened proximal flange, the straight-cut distal tip, and the
introducer (a balloon-tipped catheter). The introducer can be placed in the airway,
and with the tip of the balloon just exiting the airway and inflated, it provides a
smooth, rounded tip for insertion of the airway. On positioning, the introducer is
deflated and removed, leaving the airway in place (Fig. 5).

Fig. 5. Pediatric and adult nasal airways.
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Binasal airway
A binasal airway is merely two nasopharyngeal airways inserted into the
same patient and commonly joined by a connecting adapter to a ventilating
circuit. Because of the volume of the two nasopharyngeal airways in the
hypopharynx, it is common to be able to establish a seal for gentle ventilation
during, for example, fiberoptic laryngoscopy and intubation.
Indications
Because the nasopharyngeal airway is less stimulating and better tolerated
than an oral airway and facemask positive pressure ventilation in the awake
patient, it is valuable in helping to establish effective air movement in a wide
variety of patients and conditions. The nasopharyngeal airway is useful as well in
cases when an effective airway must be established when it is not optimal to use
the mouth. Cases such as mouth trauma, tongue abnormalities, or oral cavity or
tooth pathology are examples.
Various other uses for nasopharyngeal airways in supporting the airway include
establishing a stent after nasopharyngeal surgery (the proximal portion can be
sutured to the septum if necessary), facilitating hypopharyngeal toilet and suctioning, serving as a conduit for fiberoptic laryngoscopy and intubation, serving as a
guide for nasogastric tube insertion, dilating the nasal passage in preparation for
nasal tracheal tube insertion, and even acting as a treatment for hiccups.
Contraindications
Although simple in design, the nasopharyngeal airway is potentially a source
of significant complication. A well-meaning clinician may worsen air movement
drastically with inappropriate or inattentive technique with a nasopharyngeal
airway. Because the nasal mucosa is rather friable and prone to bleeding even
with minimal stimulation, great caution should be used when attempting to insert
a nasopharyngeal airway, especially in patients with coagulopathy, either from
underlying disorder or from administration of anticoagulants. Likewise, it may be
difficult or impossible to insert the airway in patients who have a pathologic
condition or deformity of the nose, septum, turbinates, or nasopharynx. Insertion
of a nasopharyngeal airway in patients with basilar skull fracture risks inadvertent
insertion of the tube into the cranial vault. Clearly, these risks must be taken into
account when managing the airway of a trauma patient.
Use
Insertion techniques
The goal of inserting the nasopharyngeal airway is to improve ventilation,
usually in a spontaneously breathing patient. Although the nasopharyngeal
airway may be used to help improve a deteriorating airway, effective (nonhemorrhagic) use usually requires time and preparation. Attention, therefore,
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must be paid to the preparation of the device, the nasal passage, the insertion
technique, and confirmation of proper placement.
Preparation of the device. Various nasopharyngeal airways have differing
stiffness, which can work for or against the clinician placing the device. At times,
it is beneficial to retain some stiffness with the device (cooling in a bath of ice may
help) to enable more directed insertions. Other times, softening the device in a bath
of warm water enables the device to negotiate the sometimes tortuous path through
the nasopharyngeal passage into the hypopharynx. Individual clinician sensitivity
and patient variation may dictate the optimal stiffness to use.
Preparation of the nose. Before insertion of any device or agent, it is prudent to
inspect the nares, septum, and mucosa as best as possible. Size of the nostril,
deviation of the septum, and evidence of abnormalities of the mucosa can help
the clinician determine the best side to use, the risks of bleeding, and the
likelihood of disrupting, for example, a polyp.
The addition of water-soluble lubricant (with or without local anesthetic or
vasoconstrictor) usually improves the movement of the airway through the nasal
passage. It should be added to the device just before insertion so it does not dry
before use. Phenylephrine (1 mg/30 mL lidocaine 2% jelly) or cocaine (2% –
10%) can be added to help dilate the nasal passage and to reduce the risk of
bleeding during insertion. Alternatively, nose drops can be used before insertion
of the device. Cotton swabs can be moistened with the solution and gently
inserted into the nasal passage, gradually advancing the swab to the posterior
nasopharyngeal wall. Adequate time should be allowed to permit the vasoconstriction to be effective.
Technique. So long as the preceding key issues are remembered, insertion of the
nasopharyngeal airway is straightforward. The key to easy passage is an appreciation of the anatomic features of the nasopharynx. Of special note is the most
direct path to the posterior pharynx, the location of the middle turbinate, and
passage from the nasopharynx to the hypopharynx with the least amount of trauma.
A simple technique is to open and straighten the pathway through the nares to
the floor of the nasopharynx by pushing upward and posteriorly on the tip of the
nose. This action allows gentle insertion of the tip of the nasopharyngeal airway
into the nares. By sliding the long tip of the beveled airway against the nasal
septum and along the floor of the nasopharynx, one avoids contact and trauma to
the middle turbinate. The common mistake is to attempt to pass the nasopharyngeal
airway cephalad rather than along the nasal side of the palate. Once the tip of the
nasopharyngeal airway is against the posterior nasopharynx, one turns the device
90° so that the bevel lies against the posterior wall of the pharynx. This maneuver
reduces the likelihood of scraping the posterior pharynx with the tip of the airway.
Gentle twisting of the device enables the tube to slide into position with the tip just
above the epiglottis. Care must be taken to avoid causing trauma during insertion
because it causes bleeding, which can obstruct the device and worsen breathing.
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Confirmation of placement. Once the device is in place, one should be able to
feel or hear ventilation through the proximal end protruding from the nose. Also,
one can recognize a ‘‘fogging’’ of the tube or of a clear mask placed over the
proximal end of the nasopharyngeal airway.
Complications
As with insertion of any other device, some complications are bound to be
apparent with use. Although they are usually minor, consideration of complications applies to the nasopharyngeal airway as well.
Bleeding
Bleeding is most common in patients when the mucosa is friable, already
excoriated, or the clinician is unusually brutal in placing the device. This
complication can be avoided (or at least minimized) by using adequate lubricant,
successively larger devices to ‘‘dilate’’ the nasal passage, and a gentle hand.
False passage
Occasionally, and especially in cases of facial trauma, it is possible to insert
the device into a tissue plane under the mucosa. This positioning can enable the
clinician to inadvertently create a false passage along the septum, in the posterior
pharynx, or in the worst case, into the intracranial space. Tremendous care should
be taken in the extremely rare case that insertion of a nasopharyngeal airway
could provide greater benefit than risk.
Aspiration of the nasal airway device
Once placed, it is imperative that a nasopharyngeal airway is secured properly
or at least precautions are taken to avoid accidental aspiration of the device into
the hypopharynx, requiring subsequent retrieval. As noted previously, most
airway designs include a flare or disk to help avoid this complication. Although
the use of a cut, uncuffed, endotracheal tube as a nasopharyngeal airway allows
custom lengths to be used, adequately securing the device (eg, suturing to the
nasal septum) must be considered.

Oral airways
Purpose
The oropharyngeal airway establishes a conduit from the mouth to just behind
the base of the tongue. Oral airways are designed primarily to improve or to
establish a dependable pathway for ventilation in patients in whom the protective
gag reflex is not present (unconscious or anesthetized airway). It is common,
however, to insert an oral airway as a bite block to ‘‘protect’’ an endotracheal tube
or to retain some opening of the mouth during ventilation.
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General description
Most oral airways nowadays are made of semihard plastic with three basic
components. There is a straight ‘‘bite-block’’ proximal portion, usually having
some sort of flange or flare to reduce the risk of swallowing or overinsertion.
When in position, this portion sits outside the mouth and protects the lips. There
is a curved portion, or body, which follows the contour of the tongue through the
oropharynx and provides (either internally or by means of open channels or
grooves) a protected conduit for gas passage. Finally, there is the distal end,
which rests just above the tip of the epiglottis in its open position. Size is defined
as the distance between the distal end and the tooth/lip flange, usually in
millimeters or centimeters. There is also a sizing system using arbitrary unit
sizes (eg, 0 for neonates to 4 for adults).
Types of oropharyngeal airways
Although rather basic in concept, several designs have become available,
providing various advantages and disadvantages.
Guedel airway
Probably the most commonly used oral airway, this one is a tube (oval or
D-shaped in cross-section) that provides a protected central lumen that eliminates
the possibility of redundant oral or pharyngeal tissues from obstructing the path
of gases.
Berman airway
This airway is essentially an I-beam shaped into a bite block, with a curved
portion and a distal end. The central vertical separator displaces the two parallel
beams that contact the tongue and posterior pharynx. This displacement establishes a groove or channel on either side of the separator for gas passage.
Split Berman airway
Also an ‘‘open’’ oral airway, this design comprises an open channel (through
which an endotracheal tube can be inserted) for fiberoptic intubation. The oral
airway then can be ‘‘clam-shelled’’ open and removed without disconnecting or
modifying the endotracheal tube.
Ovassapian airway
This device, also used for fiberoptic intubation, is a single flat-curved blade
that is designed to oppose the tongue while an endotracheal tube is held to its
body with two clips incorporated into the space just behind the bite block. This
device allows manipulation of the tongue during fiberscopy and easy removal of
the device once intubation has been performed.

856

R.S. Greenberg / Anesthesiology Clin N Am 20 (2002) 833–861

Williams airway
Usually used as an aid to fiberoptic oral endotracheal intubation, this airway
combines some features of the Ovassapian and Guedel airways. The proximal
portion is tubular, as in the Guedel, but the distal portion is open with just the
posterior supporting portion. This configuration allows greater flexibility of
the tube and fiberoptic scope during intubation but requires disconnection of
the endotracheal tube connector to remove the device.
Cuffed oropharyngeal airway
A more recent addition to the oral airway design list is the cuffed oropharyngeal airway, essentially a Guedel airway with a circuit connector on the
proximal end and an inflatable cuff on the distal end. After insertion, the cuff can
be inflated to create a low-pressure seal in the hypopharynx, allowing support of
spontaneous ventilation (with a direct attachment to the anesthesia circuit) and
gentle manual ventilation (Fig. 6).
Indications
Oropharyngeal airways are more stimulating than nasopharyngeal airways and
caution must be used when inserting them so as not to cause gag, cough, and
laryngospasm. Once protective reflexes are eliminated (either by use of general or
local anesthetics or by the depressed native condition of the patient), insertion of
an appropriately sized oral airway can aid in establishing an effective conduit for
gas passage to and from the lungs.
Placement of an oral airway can be useful, especially when the tongue or
redundant hypopharyngeal mucosa is causing obstruction. Likewise, insertion of
an oral airway usually does not cause bleeding and can be performed rapidly.
Although caution must be used in cases in which there are irregularities of the

Fig. 6. Oral airways: Ovassapian, split Berman, Williams, Guedel, cuffed oropharyngeal airway.
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tongue and hypopharynx (from trauma or tumor), the semirigid design usually
can improve air flow despite these abnormalities
In addition to the creation of an effective stent for the oral cavity, oral airways
also are used as a readily available bite block to limit complete closure of the
mandible against the maxillary teeth. Although this technique is probably
convenient, caution must be used when using most common oral airways for
this job, as described in following paragraphs. The internal or side channel of an
oral airway may be used to facilitate passage of additional devices or probes, such
as orogastric tubes, temperature probes, or esophageal stethoscopes during the
conduct of anesthesia.
Contraindications
Although most common oral airways are rather uncomplicated in design,
inappropriate selection of patient, patient condition, device size, or positioning
may result in increased risk or complication. The presence of airway abnormalities, such as friable tumors of the throat and tongue, abnormalities of the hard
and soft palate, and extremely poor dentition, should cause the clinician to be
particularly cautious in the use of oropharyngeal airways. Although less of a risk
than with nasopharyngeal airways, abnormalities of coagulation require particular
attention to technique of use.
Certainly, the use of facemask anesthesia and the use of adjunctive devices
that require ablation of protective reflexes should be reserved for patients with an
empty stomach and with low risk of vomiting or gastric regurgitation and
aspiration. An ideal situation is one that involves, for example, the use of the
cuffed oropharyngeal airway for brief elective procedures. There are, however,
circumstances in which it becomes necessary to ventilate a patient at greater risk
(eg, failed intubation during rapid-sequence induction). In such a difficult
situation, one must do his or her best to ensure adequate depth of anesthesia
and gentle insertion of an appropriately sized oral airway or cuffed oropharyngeal
airway. Removal of the device as soon as possible is advised, again, to limit the
risk of coughing, vomiting, and aspiration of stomach contents.
Use
Inserting the oropharyngeal airway can improve ventilation rapidly by
establishing a conduit to just above the laryngeal inlet (just cephalad to the
epiglottis). Inappropriate use, however, can cause serious deterioration of the
ability to ventilate a patient effectively. Attention, therefore, must be paid to
the proper selection of the device, the oral passage, the insertion technique, and
confirmation of proper placement.
Correct sizing
A properly placed oral airway will have the distal tip of the device reside just
above the open epiglottis and above the laryngeal inlet. Selection of a device of
appropriate length is therefore rather important, especially if one is using a cuffed
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oropharyngeal airway that, with its inflatable cuff, will obstruct the airway on
inflation if not properly sized.
Although one can estimate the proper size of an oral airway for children using
an algorithm utilizing the weight, age, and gender of the child (thus estimating
oropharyngeal length), it is probably more useful to use external anatomic landmarks. To do this task, one makes use of the fact that the epiglottis is found at the
center of a line drawn between the angles of the jaw. Placing the distal tip of the oral
airway at the angle of the jaw with the proximal tip (with the tooth/lip guard) at the
lips, one will recognize that the proper length of an oral airway is generally longer
than what commonly is taught. For example, the oropharyngeal airway length of an
adult male patient is approximately 11 cm, and the length for a female patient is 10
cm. This measurement is extremely important in that a device that is too short will
not completely clear the base of the tongue, allowing a bulge of the posterior
tongue to obstruct the device tip. In contrast, a device that is too long likely will
touch the epiglottis, causing stimulation, coughing, and at worst, laryngospasm.
The straight portion of the oral airway, the bite-block portion, should come to
rest centered between the incisors. Ideally, the width of the oral airway should
allow the greatest surface of teeth to come into contact with it, so as to distribute
the biting forces over a greater area. This position may decrease the risk of tooth
damage in the event of the patient biting down and reduce the risk of complete
collapse of the core of the airway at the same time.
The present design of oral airways imposes a fixed relationship between the
length of the airway and the position of the distal opening, apparently assuming
that the cephalocaudal position of the epiglottis is related uniformly to the length
of the airway. This assumption is not so, requiring the clinician to be cognizant of
the discrepancy and the risk of an airway of certain length to arrive too cephalad
or caudad in any particular patient.
Insertion techniques
Although it may be simple to envision the ultimate position of an oral airway,
there are at least two techniques described for placing the device. Difficulty in
attempting to insert an oral airway is extremely unusual. If any difficulty is
experienced, the insertion attempt should be aborted immediately; the cause for
the difficulty should be determined and corrected before subsequent attempts at
insertion are tried.
In the first method, the distal tip of the airway is inserted into the mouth,
facing the hard palate. While advancing the device deeper into the mouth and
pharynx, the device is turned 180° to finally rest in a position with the ventral
surface along the tongue and the dorsal surface along the prevertebral mucosa of
the pharynx. Care is taken during insertion to slide past the base of the tongue so
as not to cause the base of the tongue to bunch up at the distal tip of the airway
when the insertion is completed. If this maneuver is not done, then the tongue
could obstruct the distal tip of the device and hamper ventilation.
In the alternative technique, the oral airway is placed in the mouth in the same
orientation in which it will rest once completely inserted. A tongue depressor may
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be used to hold the tongue away from the device while it is being advanced into
the pharynx. Again, this maneuver keeps the tongue from getting bunched up at
the distal tip of the device on completion of the insertion. It also ensures that there
is smooth and proper contact on the ventral surface of the airway.
Additional maneuvers, such as gentle to-and-fro manipulation along the axis
or rocking of the tip, will help ensure that the tongue has indeed risen high on the
curvature of the device and is not likely blocking the tip. Final positioning of the
device will have it resting centered in the mouth, with the distal tip just above
the epiglottis and the proximal end (with the tooth/lip guard) just outside the lips.
It is not appropriate for the tooth/lip guard to be between the lips and the teeth
(resting on the gingiva) or inside the mouth, behind the incisors. These positions
generally indicate that a larger device is necessary.
If one is using the cuffed oropharyngeal airway, the next step is to secure the
device by placing the accompanying head strap (above the ear) around the
occiput and attaching it to the device on each of the posts located on the tooth/lip
guard. Gentle inflation of the cuff (20 – 40 mL of air, depending on the size of the
device) to seal the airway will afford the best opening of the hypopharynx.
Caution should be taken not to overinflate the device because overinflation will
displace the device and potentially obstruct the tip. The anesthesia circuit now
can be attached directly to the cuffed oropharyngeal airway, and spontaneous
breathing can be supported in this manner (Fig. 7).
Complications
Inappropriate sizing, leading to obstructed airway
The first and most common complication of using an oral airway is probably
failure of the airway to aid in establishing effective ventilation. This failure is most
likely due to selection of an inappropriate size but also may be related to failure to
completely ensure that the tongue is not bunched up deep in the pharynx.
Aspiration of the oral airway device
Especially with selection of a device that is too small for the patient, it is
possible for the airway to fall deep into the pharynx, risking obstruction of
ventilation. Caution must be taken to observe proper size selection, positioning,
and monitoring of the position of the device during its use.
Tooth/lip damage
Although most oral airways ostensibly have a ‘‘guard’’ for the teeth and lips, it
is nonetheless possible to catch a lip or a tooth on insertion of the device,
particularly if conditions are not optimal. Patients who are not rendered
completely unresponsive may bite, clench, or grind their teeth during or after
placement, risking fracture, chipping, or loss of a tooth. Capped, caried, or rotten
teeth may be at particular risk. Ensuring that the patient is anesthetized
adequately (either general or local) and attention to proper and gentle placement
of the device reduce such risk.
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Fig. 7. Cuffed oropharyngeal airway in position.

Uvula damage
Placement or use of an oral airway may cause pressure and possibly ischemia
to the delicate mucosa of the pharynx and soft palate. This pressure can include
direct pressure and potential strangulation of the uvula, especially with the use of
additional devices (ie, nasogastric tubes, endotracheal tubes, temperature probes,
esophageal stethoscopes). It seems reasonable to believe that the uvula can
become pinched between these structures and compromise blood flow.
Nerve damage
In rare cases, it has been reported [1,2] that neurologic deficit has occurred
after use of an oral airway. Most commonly, lingual or hypoglossal nerve deficit
has been associated with the use of inappropriately sized devices in patients or
with placement of the patient in positions (eg, prone) in which it is difficult to
assess and reassess the effect of the device during a procedure. Care should be
taken when using oral airways in such settings.

Summary
Although this article merely glances the surface of some of the more
fundamental aspects of managing the simple airway, one can see that an
exhaustive discussion would require much more space than allotted herein.
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Although the author has attempted to reflect in a more clinically relevant tone in
text, the best and most effective way to learn and remember such techniques is to
perform them together with an experienced clinician. Attention to detail,
subtleties, and nuances of the basic airway techniques, along with a willingness
to refine this lost art of airway management, will re-solidify the foundation of
excellent anesthesia and airway management.
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Abstract
Study Objective: To evaluate the effect of dexmedetomidine combined with fentanyl on hemodynamics.
Design: Prospective, double-blinded, randomized study.
Setting: Operating room of a university hospital.
Patients: 30 ASA physical status II and III patients with mild-to-moderate cardiovascular disease.
Interventions: Patients were assigned to one of three groups: Group D-F2 [dexmedetomidine, effectsite concentration (ESC) of fentanyl = two ng/mL]; Group F2 (placebo, ESC of fentanyl = two ng/mL),
or Group F4 (placebo, ESC of fentanyl = 4 ng/mL).
Measurements: Dexmedetomidine (an initial dose of 1.0 μg/kg for 10 min, followed by a continuous
infusion of 0.7 μg·kg–1·hr–1) or placebo saline was administered 15 minutes before anesthetic
induction. Anesthesia was induced with propofol and fentanyl using a target-controlled infusion system.
Hemodynamic parameters: systolic (SBP) and diastolic blood pressures (DBP), and heart rate (HR)
during anesthetic induction were measured and the percent changes were calculated for both induction
and intubation.
Main Results: After inducing anesthesia, SBP was significantly higher in Group D-F2 (127 ±
24 mmHg) than Group F2 (90 ± 20 mmHg) or Group F4 (77 ± 21 mmHg). The SBP in Groups F2 and
F4 reached 160 ± 31 mmHg and 123 ± 36 mmHg, respectively, after intubation, but no significant
change in SBP was noted in Group D-F2. The percent increase in SBP due to tracheal intubation in
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Group D-F2 was 3% ± 4% and was significantly lower than that of Group F2 (70% ± 34%) or Group F4
(45% ± 36%).
Conclusion: Dexmedetomidine combined with fentanyl during anesthetic induction suppresses the
decrease in blood pressure due to anesthetic induction and also blunts the cardiovascular response to
tracheal intubation.
© 2009 Elsevier Inc. All rights reserved.

1. Introduction
Hemodynamic depression is common during anesthetic
induction [1]. Dexmedetomidine is well known for blunting
cardiovascular responses to tracheal intubation, but its effects
on hemodynamic changes during anesthetic induction have
not been reported [2-5]. It also causes vasoconstriction via
the alpha-2-adrenergic receptors [6]. Dexmedetomidine
produces dual alpha-2-adrenergic agonist and alpha-1adrenergic antagonist actions on human arteries [7]. Administration of dexmedetomidine in combination with anesthetics during anesthetic induction may prevent the blood
pressure (BP) decrease.
Thus, the present pilot study had two goals: 1) to confirm
that dexmedetomidine suppresses the decrease in BP during
anesthetic induction, and 2) to confirm that dexmedetomidine blunts the cardiovascular response to tracheal intubation
in patients undergoing cardiovascular surgery.

2. Materials and methods
The study was approved and monitored by the Research
Ethics Committee of Asahikawa Medical College, and
informed consent was obtained from each patient. The
study population consisted of 30 patients, aged 54 to 83
years, who were scheduled to undergo cardiovascular
surgery (coronary artery bypass grafting, valve replacement,
or replacement of the total aortic arch) for ischemic heart
disease, valvular disease, or aneurysm of the aortic arch.
Table 1

Exclusion criteria were severe cardiovascular disease
[(NYHA class 4 or less than 30% left ventricular ejection
fraction (LVEF)], or concurrent systemic disorders (eg,
patients with severe liver dysfunction or those with chronic
renal failure on hemodialysis). Patients with arrhythmias
such as atrial fibrillation or disturbance in the conduction
system, and those receiving α-methyldopa or clonidine
treatment were also excluded from this study. This study was
controlled, double-blinded, and randomized via sealed
envelope technique.
The patients were assigned to one of three groups: Group
D-F2, Group F2, or Group F4, based on administration of
dexmedetomidine or placebo before anesthetic induction and
the effect-site concentration (ESC) of fentanyl after sleeping.
Dexmedetomidine was administered in Group D-F2, but not
given in Group F2 or Group F4 before anesthetic induction.
The target ESC of fentanyl was two ng/mL in Group D-F2
and Group F2, and was 4 ng/mL in Group F4.
Patients received no premedication. After arrival of the
patient at the operating room (OR), standard monitoring was
performed (IntelliVue model M8010A; Philips ElectronicsJapan, Tokyo, Japan). The radial artery was cannulated
during local anesthesia using a 20-gauge catheter. Dexmedetomidine (Precedex; 200 μg/two mL; Hospira Japan, Inc.,
Tokyo, Japan) was diluted with saline to obtain a concentration of 0.1 μg·kg–1·mL–1, and patients received either the
diluted dexmedetomidine or placebo saline at a rate of
60 mL/hr for 10 minutes followed by a continuous infusion
at a rate of 7 mL/hr for 15 minutes before anesthetic
induction. In Group D-F2, the initial dose of dexmedetomidine was 1.0 μg/kg for 10 minutes, and the continuous

Patient demographics

Number of patients
Age (yrs)
Gender (M/F)
Weight (kg)
Height (cm)
ASA physical status (II/III)
Case (IHD/Val D/Vas D)
LVEF (%)

Group D-F2

Group F2

Group F4

P-value

10
68 ± 9
5/5
53 ± 9
155 ± 13
5/5
2/3/5
52 ± 8

10
64 ± 11
6/4
57 ± 12
162 ± 10
3/4
2/4/4
58 ± 13

10
68 ± 8
6/4
60 ± 10
163 ± 9
4/3
2/3/5
61 ± 6

0.486
0.877
0.306
0.238
0.877
0.930
0.1191

Data are presented as means ± SD or numbers of patients.
Group D-F2 = dexmedetomidine, effect-site concentration (ESC) of fentanyl two ng/mL; Group F2 = placebo, ESC of fentanyl two ng/mL; Group F4 =
placebo, ESC of fentanyl = 4 ng/mL; Group D-F2 = dexmedetomidine, effect-site concentration (ESC) of fentanyl two ng/mL; Group F2 = placebo, ESC of
fentanyl two ng/mL; Group F4 = placebo, ESC of fentanyl = 4 ng/mL; IHD = ischemic heart disease, Val D = valvular disease, Vas D = vascular disease,
LVEF = left ventricular ejection fraction as estimated by transthoracic echocardiography.
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infusion dose was 0.7 μg·kg–1·hr–1. Fentanyl administration
was initiated 5 minutes before anesthetic induction using a
computer-controlled infusion pump targeting an ESC of two
ng/mL. Software (STANPUMP software, available at: http://
anesthesia.stanford.edu/pkpd; accessed on Sept. 21, 2007)
was used to operate the infusion pump (Graseby 3500;
Graseby Medical Ltd., Watford, UK) with Shafer et al.'s
parameter setting [8]. Anesthesia was induced by continuous
infusion of propofol with a Diprifusor (AstraZeneca
Pharmaceuticals, Cheshire, UK), a target-controlled infusion
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(TCI) system [9] that targets a plasma concentration of three
μg/mL. After patients were asleep, they received one mg/kg
of vecuronium; their lungs were manually ventilated for over
5 minutes. The ESC of fentanyl was 4 ng·mL–1 in Group F4.
When the ESC of propofol increased to 2.6 μg/mL, the target
plasma propofol concentration decreased to 2.6 μg/mL. If
hypotension [systolic blood pressure (SBP) b 70 mmHg]
occurred, 5 mg of ephedrine was administered intravenously
(IV). If hypotension persisted or recurred three minutes after
the ephedrine injection, 50 μg of phenylephrine was
administered repeatedly every three minutes. In the event
of bradycardia [heart rate (HR) b 40 bpm], 0.5 mg of atropine
was administrated. Tracheal intubation was performed after
ESC of propofol reached 2.6 μg/mL.
Doses of the cardiovascular agents were recorded. Heart
rate was monitored by electrocardiography. Values of the
hemodynamic parameters measured during a steady state
immediately before administration of dexmedetomidine or
placebo saline were recorded as the values at the pre-drug
period. The values measured immediately before anesthetic
induction or intubation were recorded as the values at the
pre-induction and pre-intubation periods, respectively. The
lowest or highest values, monitored by real time, during the 0
to 5-minute period after anesthetic induction or intubation
were recorded as the values at the post-induction and postintubation periods, respectively.
Gender, ASA physical status, number of patients, and
number of drugs administered were analyzed using KruskalWallis test to perform an overall comparison among the three
groups. If a significant difference existed, a post-hoc analysis
was performed using the Mann-Whitney U test with

Fig. 1 Hemodynamic data for each period. A. Systolic blood
pressure (SBP) was significantly decreased due to both dexmedetomidine administration in Group D-F2 and anesthetic induction in
all the groups. Systolic blood pressure was significantly increased
in Groups F2 and F4 due to tracheal intubation. Significant
differences were noted in SBP between Group D-F2 and Groups F2
or F4 at the post-induction and pre-intubation periods. B. Diastolic
blood pressure (DBP) did not change significantly in Group D-F2
at any period. In Groups F2 and F4, DBP was significantly
decreased due to anesthetic induction and significantly increased
due to tracheal intubation. Diastolic blood pressure in Group D-F2
at post-induction was significantly higher than in Group F4. In
Group D-F2, DBP at post-intubation was significantly lower than
in Group F2. C. Heart rate (HR) was significantly decreased in
Group D-F2 due to dexmedetomidine administration, but it did not
show a significant change at any other period. Heart rate was lower
in Group D-F2 than Groups F2 or F4 at pre-induction. In Group DF2, HR was also lower than in Group F2. *P b 0.05, when
compared with pre-induction within the same group. **P b 0.05,
when compared with pre-intubation within the same group. #P b
0.05, when compared with Group D-F2 at the same period.
Statistical significances are expressed only for A. pre-induction
versus pre-drug or post-induction and pre-intubation versus postinduction within the groups, and B. between Group D-F2 and
Groups F2 or F4.
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Frequency and dose of cardiovascular agents administered

Ephedrine
Phenylephrine
Atropine

Frequency (%)
Dose (mg)
Frequency (%)
Dose (μg)
Frequency (%)
Dose (mg)

Group D-F2

Group F2

Group F4

P-value

10
0.5 ± 1.6 (0-5)
10
5.0 ± 15.8 (0-50)
0
0

20
1.0 ± 2.1 (0-5)
10
10.0 ± 31.6 (0-100)
0
0

30
1.5 ± 2.4 (0-5)
20
15.0 ± 33.8 (0-100)
0
0

0.547
0.563
0.758
0.733
1.000
1.000

Data are presented as means ± SD (ranges) or frequencies.
Group D-F2 = dexmedetomidine, effect-site concentration (ESC) of fentanyl two ng/mL; Group F2 = placebo, ESC of fentanyl two ng/mL; Group F4 =
placebo, ESC of fentanyl = 4 ng/mL.

Bonferroni's correction. The other demographic parameters
and the percentage changes in hemodynamic values due to
induction or intubation were analyzed using one-way
analysis of variance (ANOVA); multiple comparisons were
performed using the Turkey-Kramer test. Hemodynamic
values were analyzed using repeated-measures ANOVA, and
multiple comparisons within groups or between groups were
performed using the Turkey-Kramer test. Data are expressed
as means ± SD, and a P-value less than 0.05 was considered
statistically significant.

3. Results
There were no intergroup differences in patients' demographic characteristics (Table 1). The drugs administered are
listed in Table 2. There was no significant differences in either
frequency or dose of ephedrine or phenylephrine among the
groups. Atropine was not administered in any of the groups.
Hemodynamic values at each period are presented in Fig. 1.
Statistical significances are exressed only at the following
comparisons: (a) pre-induction versus pre-drug or postinduction, and pre-intubation versus post-intubation within
the groups; and (b) between Group D-F2 and Groups F2 or F4.
The percentage decreases in hemodynamic values due to
induction are shown in Fig. 2, while the percentage increases in
hemodynamic values due to intubation are shown in Fig. 3.

Fig. 2 Percentage decrease in hemodynamic values due to
anesthetic induction. The percentage changes in systolic blood
pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR)
were significantly lower in Group D-F2 than Groups F2 or F4. The
changes in all the hemodynamic values due to anesthetic induction
did not differ significantly between Groups F2 and F4. *P b 0.05,
when compared with Groups D-F2 or F2.

In Group D-F2, SBP decreased after dexmedetomidine
administration (155 ± 16 vs. 143 ± 18 mmHg); however, the
values was not significantly different when compared with
the SBPs of Group F2 (145 ± 24 mmHg) or Group F4 (143 ±
18 mmHg) at the pre-induction period. Systolic blood
pressure decreased in all groups after anesthetic induction;
however, SBP was significantly higher in Group D-F2 (127 ±
24 mmHg) than Group F2 (90 ± 20 mmHg) or Group F4
(77 ± 21 mmHg) at the post-induction period. Despite the
administration of vasopressors, SBP in Group F2 (96 ±
15 mmHg) and Group F4 (92 ± 22 mmHg) was significantly
lower than that in Group D-F2 (131 ± 15 mmHg) at the preintubation period. Values of SBP in Groups F2 and F4
reached 160 ± 31 mmHg and 123 ± 36 mmHg, respectively,
after intubation. Nevertheless, there was no significant
change in SBP in Group D-F2; therefore, no significant
difference was observed when SBP was compared between
Group D-F2 (134 ± 15 mmHg) and Groups F2 and F4 at the
post-intubation period. The percentage decrease in SBP as
induced by anesthesia was lower in Group D-F2 (–12% ±
12%) than Group F2 (–38% ± 15%) or Group F4 (–46% ±
13%). The percentage increase in SBP was lower in Group
D-F2 (3% ± 4%) than Group F2 (70% ± 34%) or F4 (45% ±

Fig. 3 Percentage increase in hemodynamic values due to
tracheal intubation. Percentage changes in systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were significantly
blunted in Group D-F2 when compared with Groups F2 and F4.
Percentage changes in heart rate (HR) were significantly lower in
Group D-F2 than Group F2. Percentage changes in all hemodynamic values due to tracheal intubation were significantly lower in
Group F4 than Group F2. *P b 0.05, when compared with Groups
D-F2 or F2.
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36%). Moreover, a significant difference in the SBP
percentage increase was noted between Groups F2 and F4.
In Group D-F2, DBP did not change significantly from
dexmedetomidine administration, induction, or intubation.
However, DBP in Groups F2 and F4 decreased significantly
due to anesthetic induction (71 ± 14 mmHg vs. 52 ±
13 mmHg and 66 ± 12 mmHg vs. 40 ± 7 mmHg,
respectively) and increased significantly due to intubation
(54 ± 10 mmHg vs. 81 ± 15 mmHg and 46 ± 8 vs. 60 ±
16 mmHg, respectively). Diastolic blood pressure largely
decreased in Group F4 after anesthetic induction and was
significantly lower than in Group D-F2 (53 ± 11 mmHg).
Diastolic blood pressure increased largely in Group F2 after
intubation and was significantly higher than in Group D-F2
(56 ± 11 mmHg). There was only a slight percentage change
in DBP after anesthetic induction in Group D-F2 (–16% ±
13%) when compared with the change noted in Group F2
(–27% ± 14%) or Group F4 (–38% ± 13%). The percentage
increase in DBP was lower in Group D-F2 (4% ± 7%) than
Groups F2 (58% ± 24%) or F4 (32% ± 28%). Moreover, a
significant difference in percentage increase in DBP was
seen between Groups F2 and F4.
In Group D-F2, HR decreased due to dexmedetomidine
administration (67 ± 13 bpm vs. 53 ± 8 bpm); thus, HR was
significantly lower in this group than in Group F2 (67 ±
15 bpm) or Group F4 (67 ± 8 bpm) during the preinduction period. Heart rate values in Group D-F2 did not
significantly change at any other period. In Groups F2 and
F4, HR decreased significantly due to anesthetic induction
(75 ± 24 bpm vs. 63 ± 18 bpm and 67 ± 8 bpm vs. 57 ±
8 bpm, respectively). However, no significant differences
were observed when HR was compared between Group
D-F2 and Groups F2 or F4 at the post-induction period.
Heart rate values in Groups F2 and F4 increased
significantly due to intubation (63 ± 19 bpm vs. 87 ±
24 bpm and 61 ± 11 bpm vs. 72 ± 13 bpm). In Group F2,
HR was significantly higher than in Group D-F2 (58 ±
8 bpm) during the post-intubation period. The percentage
decrease in HR due to anesthetic induction in Group D-F2
was –1 ± 9%, and this change was significantly lower than
in Groups F2 (–14 ± 8%) or F4 (–15 ± 18%). The
percentage increase in HR due to tracheal intubation in
Group D-F2 was 7 ± 6%; this change was significantly
lower than in Group F2 (42 ± 18%). A significant
difference in percentage increase in HR also was seen
between Groups F2 and F4 (19 ± 18%).

4. Discussion
Segal et al reported that dexmedetomidine diminishes the
need for halothane as an anesthetic [10]. Later, it was
reported that dexmedetomidine has an anesthetic-sparing
effect [2-5,11]. These studies also emphasized maintenance
of hemodynamic stability at the time of anesthetic induction,
particularly during intubation. Our results are in agreement,
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in that dexmedetomidine blunted the hemodynamic response
that occurred during tracheal intubation. Dexmedetomidine
decreases plasma catecholamine levels and suppresses the
release of catecholamine in response to a noxious stimulant
[12,13]; it was therefore natural that the percentage change in
hemodynamic values in Group D-F2 was lower than in
Group F2, although the ESC of fentanyl was equal in both
the groups. It was noted that dexmedetomidine has a strong
anesthetic-sparing effect based on the lower percentage
change in hemodynamic values in Group D-F2 than Group
F4, despite the half ESC of fentanyl in Group D-F2. With
regard to DBP, the same effect was observed. Regarding HR,
a similar tendency was observed despite the fact that there
were no significant differences in HR between groups D-F2
and F4.
The decrease in SBP and DBP was suppressed in
Group D-F2. The vasoconstrictive effect of dexmedetomidine via the alpha-2-adrenergic receptors, which are
located in the smooth muscle cells of resistance vessels,
might be responsible for this suppression. Although BP
decreased the plasma dexmedetomidine concentration
gradually escalated, a transient increase in BP occurred
when a similar concentration was given as a bolus
injection. The effect of vasoconstriction appears earlier
than the effect of central sympatholysis in the case of a
bolus infusion. In fact, although sleepiness appeared
within 5 minutes of IV administration of dexmedetomidine
and reached its maximum effect within 15 minutes of the
administration [14], the transient increase in BP started
one minute after the bolus infusion and peaked within
three minutes [15]. The use of dexmedetomidine combined
with anesthetics did not further decrease BP, but it
prevented the decrease in BP. Comparison between
Groups D-F2 and F4 suggests that the low ESC of
fentanyl may have an effect on suppressing the decrease in
BP; comparison between Groups D-F2 and F2 indicates
another mechanism.
Dexmedetomidine has two effects on the decrease in HR.
One is the sympatholysis which is similar to the effect of
other anesthetic agents [13,16]. The other effect is
preservation of baroreflex in patients receiving dexmedetomidine. If we consider that the above-mentioned vasoconstriction occurred, then baroreflex may have decreased the
HR. Although dexmedetomidine had a different effect on
BP, its effect on HR was the same [16]. In the present study,
HR decreased due to administration of dexmedetomidine in
Group D-F2 and decreased due to anesthetic induction in
Groups F2 and F4. The decrease in HR due to
dexmedetomidine administration in Group D-F2 was almost
equal to its decrease as a result of anesthetic induction in
Groups F2 or F4.
There was no significant difference among the study
groups in frequency of pharmacological intervention or dose
of cardiovascular agents. The criterion for administering a
hypertensive agent was a SBP of 70 mmHg and, as such, may
be responsible for the absence of a significant difference.

Dexmedetomidine during anesthetic induction
Despite this discussion of the usefulness of dexmedetomidine administration, the protocol followed may involve
various risks. The first risk concerns BP; the administration
of dexmedetomidine decreased BP in this study, similar to
what was seen in previous studies [5,11]. In this protocol, the
baseline value was probably high due to the lack of
premedication [17]. A severe decrease in BP may occur
with dexmedetomidine, but such a decrease was not
observed in the present study. In contrast, we also
experienced a patient whose BP increased after the
administration of dexmedetomidine. Moreover, BP elevation
may occur as a side effect, particularly with premedications.
Bradycardia also occurs [5,11,13]. Cardiac arrest has also
been reported although it was not directly attributable to
dexmedetomidine use [18,19]. In the present study, atropine
was not administered to any patient, and we did not note
bradycardia or any arrhythmias. However, this finding does
not imply the safety of the protocol. Furthermore, its
suitability for a patient with a conduction disturbance is
unknown. In this study, patients who were ASA physical
status I, IV, or V were not evaluated.
The limitations of this study are its small scale and the
fact that type of cardiovascular diseases was not unified.
Therefore, the suitability of this protocol for all patients
has not been established. The other limitation is that the
patients in this study had altered pharmacokinetics. The
doses calculated on the basis of pharmacokinetic parameters in healthy volunteers might result in a much higher
blood concentration than target concentration. The target
concentration should be carefully determined and
increased stepwise on the basis of pharmacodynamic
effects during induction.
Dexmedetomidine administration during anesthetic
induction may be useful because it suppresses the decrease
in BP due to anesthetic induction and blunts the cardiovascular response to tracheal intubation.
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Using the laryngeal mask airway to manage
the difficult airway
Martin S. Bogetz, MD
Department of Anesthesia and Perioperative Care, University of California – San Francisco,
400 Parnassus Avenue, A3, San Francisco, CA 94143-0368, USA

Before 1990, the choice of an airway device essentially was limited to the
facemask or the endotracheal tube (ETT). Since then, a number of novel
supraglottic airway devices have been developed. The laryngeal mask airway
(LMA; The Laryngeal Mask Company Limited, LMA North America, San
Diego, CA) was introduced to the United States in 1991 after 3 years of use in
the United Kingdom and other countries. Today the LMA has a clearly
established role as an airway device in the elective setting when neither the
procedure nor the patient require tracheal intubation. Perhaps more importantly,
the LMA also has proved extremely useful in managing the difficult airway. Dr.
Archie Brain, inventor of the LMA, continues to create additions to and
variations of the original LMA. At present, these variations include eight sizes
of the original (LMA-Classic), a single-use LMA (LMA-Unique), a reinforced/
flexible LMA (LMA-Flexible), an LMA specifically designed for tracheal intubation (LMA-Fastrach), and an LMA with an integral gastric access/venting port
(LMA-ProSeal). As of April 2002, there are more than 2140 Medline citations
involving the LMA. This article reviews the use of the various LMA devices to
manage the difficult upper airway.

Laryngeal mask airway-Classic
The LMA has an important role in the management of the difficult airway.
Included in the American Society of Anesthesiologists’ Practice Guideline for the
Difficult Airway, it can be used as the primary airway or as a channel for a
fiberscope. Successful use of the LMA does not require the same constellation of
factors required for direct laryngoscopy and tracheal intubation. Consequently, it
can provide an airway in both the ‘‘cannot intubate—can ventilate’’ and the
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‘‘cannot intubate—cannot ventilate’’ situations if the problem is supraglottic in
nature. The relative ease of learning how to insert and use the LMA has facilitated
its use by health care workers other than anesthesiologists and nurse anesthetists.
Such individuals include paramedics, neonatologists, emergency room physicians, and critical care nurses.
The trachea can be intubated a number of ways using the original LMA. All
such techniques rely on the fact that the aperture of a properly positioned LMA
aligns itself anatomically with the glottis (Fig. 1). Passing an ETT blindly through
the LMA into the trachea has an unacceptably low degree of success. Difficulties
include catching the ETT tip on the aperture bars or the anterior commissure. The
latter problem is a result of the natural bend in a standard polyvinyl chloride
(PVC) ETT and the angle at which the ETT exits the LMA. A maximum 7.0-mm
internal diameter cuffed ETT can be passed through the size 5 and 6 LMAs; a
maximum 6.0 can be passed through sizes 3 and 4. An important limitation in
using a standard ETT is that it may not project far enough beyond the LMA
through the larynx and into the trachea to provide a secure airway. One solution is

Fig. 1. Schematic of a properly positioned LMA.
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to use a 6.0 microlaryngeal tube (Mallinckrodt Critical Care, Glens Falls, NY),
which is 5 cm longer than a standard 6.0 and 2.5 cm longer than a standard
7.0 ETT (Fig. 2).
An elegant and safe technique uses the LMA as a channel for a fiberscope.
Those who are familiar with fiberscopic techniques appreciate the critical importance of the channel the fiberscope traverses. When properly positioned, the
LMA orifice is directly opposite the laryngeal inlet. In preparation, a welllubricated ETT is placed in the tube portion of the LMA and the cuff is inflated
(Fig. 3). A swivel adapter (Portex No. 625191, Sims Portex, Keene, NH) allows
delivery of oxygen and volatile anesthetic while a flexible fiberscope (eg, 5-mm
outer diameter) is passed through the LMA and into the trachea. The cuff is
deflated, the ETT is advanced into the trachea, and its proper position is confirmed.
At this point, an important limitation becomes apparent. There is no simple
way to remove the LMA without disturbing the ETT. The LMA should be
deflated and left in place until the trachea is extubated. If the LMA must be
removed or the ETT changed because of inadequate diameter or length, an
exchange catheter can be passed through the ETT (within the LMA) into the
trachea, the LMA can be removed, and another ETT can be passed over the stylet.
A catheter with a lumen (Cook airway exchange catheter, No. C-CAE-14.0-83,
Bloomington, IN) is safest because one can ventilate the lungs with a jet ventilator
with just the exchanger in place. Caution always is warranted when using these
catheters and jet ventilation.

Fig. 2. Comparison of a standard 4.0 ETT and a 4.0 microlaryngeal tube ETT when passed through a
size 4 LMA. Note the important difference in the length of ETT that projects beyond the LMA.
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Fig. 3. Insertion of the ETT into the LMA in preparation for fiberoptic intubation through the LMA.
Note the swivel adapter on the ETT.

Recently, a new airway catheter became available to make this procedure
easier. The Aintree Intubation Catheter (Cook, No. C-CAE-19.0-56-AIC) is an
exchange catheter with a lumen large enough for a fiberscope. Once an LMA is
positioned properly, the Aintree catheter can be passed into the LMA, and a
fiberscope can be passed through it (Fig. 4). Under fiberoptic guidance, the
catheter is passed through the LMA into the trachea. Then the fiberscope and
LMA can be removed, leaving just the catheter in place. An ETT with an inner
diameter of 7 mm or larger can be passed over the catheter into the trachea. This
step may be difficult because of the short length of the catheter. If necessary, the
catheter can be used to jet-ventilate the lungs. With this technique, special ETTs
are not needed, and a large ETT can be placed initially.

Laryngeal mask airway-Fastrach
The LMA-Fastrach or intubating LMA (ILMA) is designed to specifically
overcome the problems associated with (blind) tracheal intubation through the
original LMA. It consists of a rigid, anatomically curved airway tube made of
stainless steel with a standard 15-mm connector. The tube is wide enough to
accommodate an 8.0 ETT and short enough to ensure passage of the ETT beyond
the vocal cords. A rigid handle attached to the tube facilitates one-handed insertion, removal, and most importantly, adjustment of the device’s position so
that the aperture directly opposes the larynx.
The ILMA is available in three sizes (3, 4, 5) that correspond to the cuff size of
the original LMA. The remainder of the device is identical for all three sizes, and
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Fig. 4. The Aintree catheter, fiberscope, and LMA.

all accommodate an 8.0 ETT. Many find insertion of the ILMA easier than the
original LMA because the rigid tube follows the anatomic curve of the palate and
posterior pharyngeal wall and one’s index finger does not have to enter the
mouth. Once positioned correctly, the ILMA can be connected to a circuit and
used as an airway device; however, the safety of keeping such a rigid object in the
mouth for a long period must be considered.
To achieve the highest degree of success in intubating the trachea blindly
through the ILMA, it is recommended strongly that the special, supplied ETT be
used (Euromedical ILM Endotracheal Tube, Euromedical, Malaysia). This silicone tube is soft tipped, straight, wire reinforced, and cuffed. When compared
with a standard PVC ETT, it exits the ILMA at an angle that facilitates passage
through the glottis (Figs. 5 and 6). Three ETT sizes (internal diameter) are
available (7.0, 7.5, 8.0), and each fits through each of the three ILMA sizes. Each
ILMA comes with one of these special tubes. Because the special ETT is reusable,
its cuff is a low-volume, high-pressure design in contrast to the high-volume, lowpressure cuff in a PVC tube. Careful attention must be paid to cuff inflation
pressures, particularly when nitrous oxide is used. A relatively larger-size ETT
should be used because the low-volume, high-pressure cuff does not have the bulk
to span the trachea’s diameter. For men, ILMA sizes 4 and 5 are best for ventilation
and blind intubation. For women, sizes 3 and 4 are best for ventilation, but all three
can be used for intubation. Once the correct-sized ILMA is positioned properly
and the patient is well oxygenated, the special ETT is lubricated and inserted into
the ILMA tube. Rotating and moving the ETT in and out helps distribute the
lubricant. The single horizontal indicates the depth at which the ETT enters the
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Fig. 5. The LMA-Fastrach.

mask aperture. The ILMA handle is grasped and elevated (not levered) just like a
laryngoscope. This maneuver straightens the angle between the ILMA and the
glottis. The ETT tube is passed gently beyond this horizontal line.
With experience, one can ‘‘feel’’ when the specialized ETT is passing into the
trachea. If resistance is felt immediately, the selected ILMA is too large. If
resistance is felt 2 cm beyond the transverse line, the epiglottis may be downfolded. Resistance felt at 3 cm may indicate that the selected ILMA is too small.
If resistance is felt at 4 to 5 cm, the selected ILMA may be too large. The
Instruction Manual and LMA Web site (http://www.lmana.com) [1] provide more
detailed guidance. A novel approach is to use a light wand inside the special ETT.
The glottic area will ‘‘light up’’ when the ETT is passed successfully into the
trachea. A fiberscope also can be used, but it must be passed through an ETT
that projects beyond the aperture. In contrast to the easily displaced aperture
bars of the original LMA, the ILMA has a single flap, the epiglottic elevating bar. A fiberscope can be damaged if pushed through the epiglottic
elevating bar unprotected.
To remove the ILMA once the trachea is intubated, one should remove the
15-mm ETT connector while the ETT cuff remains inflated. This connector
should be kept connected to the circuit to avoid its loss. One then can ease the
ILMA out by gently swinging the handle to follow the curvature of the rigid
shaft. One should swing the ILMA out of the pharynx and mouth while applying
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Fig. 6. Note the gross difference in the angle at which the special Euromed tube and a standard PVC
ETT exit the ILMA.

counter-pressure to the ETT. To hold the ETT tube in place, the included
stabilizing rod (20 cm) is opposed to its proximal end, which effectively increases
the length of the ETT and permits sliding of the ILMA out of the mouth. The ETT
tube should be grasped in the pharynx as soon as the ILMA clears. The pilot
balloon and inflation line will thread through the ILMA because of its attachment
to the proximal end of the ETT. One now can reconnect the 15-mm fitting. If the
decision is made to replace this ETT, a tube exchanger can be used in the manner
described earlier.

Laryngeal mask airway-ProSeal
This unique device represents a substantial change in LMA design. Two issues
of concern have bedeviled the LMA. Although rarely an actual problem, some
practitioners refuse to use the LMA because of their concern for gastric distention
with positive pressure ventilation. To address this issue, the ProSeal has an
integral gastric access/venting port and tube. When properly positioned, the distal
orifice of this tube lies in the upper esophagus. Sealed off from the glottis, the
esophagus and stomach can be vented to air or a 14-F sump tube can be passed
and gastric contents evacuated. Mask design is also unique. The bowl is open,
and the inflatable portion extends around the back. When inflated, the mask is
pushed anteriorly and the glottis becomes enveloped in the bowl, in contrast to
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the original design, in which the LMA and glottis opposed each other and the
aperture bars prevented the glottis from herniating into the bowl. A better airway
seal usually results at a given cuff pressure versus the original LMA. In the
elective situation, the ProSeal may expand LMA use to those patients with
treated or asymptomatic reflux or hiatal hernia. In addition, the ability to use
positive pressure ventilation will be facilitated. In the emergency situation, the
ProSeal may prove particularly useful when positive pressure ventilation is
necessary and gastric distention or regurgitation is a major concern (eg, failure
to intubate in obstetrics). Note that the ProSeal is not useful as a channel for a
fiberscope. The ProSeal is discussed in detail by Drs. Brimacombe and Keller
elsewhere in this issue.

Reference
[1] LMA North America. Available at:http://www.lmana.com. Accessed October 17, 2002.
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REVIEW
Uses of LMA in Present Day Anaesthesia
Bimla Sharma, Jayashree Sood, V.P. Kumra

Many new supraglottic airway devices have been
introduced recently and include airways with and
without sealing characteristics. Presently there are about
17 sealing supraglottic airways that can be classified,
depending on three main sealing mechanisms: cuffed
perilaryngeal sealers, cuffed pharyngeal sealers and
cuffless anatomically preshaped sealers. These can be
further subdivided into two main groups: a) single-use
versus reusable b) ability to protect from aspiration of
gastric contents or not.1

4.

Included in the difficult airway algorithm in 1993
and its role modified by Benumof in 1996

5.

Intubating LMA released in 1997

6.

Disposable LMA released in 1998

7.

American Heart Association approval for
resuscitation in 2000

8.

ProSeal LMA was introduced by Archie Brain in
2000

9.

LMA CTrach was introduced in April 2005

History

The LMA family

The first supraglottic airway device - the laryngeal
mask airway (LMA)2 was conceived and designed in
1981 by Dr. Archie Brain of the United Kingdom. A
prototype of LMA was used in 1981 in a male patient
who underwent inguinal herniorraphy. The first study
of the LMA was conducted in 23 patients in 1982 at the
London hospital. In 1983, it was used for the first time
as an airway rescue for failed intubation in a 112 kg
patient with large bowel obstruction. The important steps
in the development of the LMA and its variants are:

This includes the classic LMA (cLMA), the flexible
LMA, the intubating LMA (ILMA), the disposable LMA
(LMA Unique), the ProSeal LMA (PLMA) and the LMA
CTrach. Successful use of the LMA does not need the
many prerequisites necessary for direct laryngoscopy
and tracheal intubation. These supraglottic devices have
become increasingly popular as more and more
anaesthesiologists favour their use for airway
management during elective anaesthetics and difficult
airway situations as well as in emergency situations for
the following reasons: 3

1.

It was commercially made available in 1988 and
was approved by the FDA for use in USA in 1991

2.

Flexible LMA released in 1992

3.

Approved for resuscitation by Japanese ministry
in 1992 and by European Resuscitation Council
in 1996

a)

There is decreased resistance in the patient’s upper
airway in comparison with the endotracheal tube

b)

There is minimal haemodynamic instability during
placement as infraglottic structures are not
stimulated
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c)

No translocation of oral/nasal bacterial colonies
and secretions into the lower respiratory tract as is
possible while performing endotracheal intubation

d)

Inadvertent bronchial intubation is totally avoided

e)

Ease of insertion and smooth awakening

Classic LMA (cLMA)
The first member of the LMA family, earlier known
as the standard LMA fills a niche between the face mask
(FM) and tracheal tube (TT) in terms of both anatomical
position and degree of invasiveness. It is manufactured
from medical grade silicone rubber and is reusable.
The cLMA represents the salient features of the
LMA family. It consists of three main components: an
airway tube, inflatable mask and mask inflation line.
The airway tube is slightly curved to match the
oropharyngeal anatomy, semi rigid to facilitate
atraumatic insertion and semitransparent so that
condensation and regurgitated material is visible. A black
line runs longitudinally along its posterior curvature to
aid in orientation. The distal aperture of the airway tube
opens into the lumen of an inflatable mask and is
protected by two flexible vertical rubber bars, called
mask aperture bars (MAB), to prevent the epiglottis from
entering and obstructing the airway.
The inner aspect of the mask is called the bowl,
which is comprised of the distal aperture, mask aperture
bars, back plate and the inner aspect of the inflatable
cuff. The mask inflation line, which is attached to the
most proximal portion of the cuff in the midline consists
of four parts, the long narrow inflation line itself, the
inflation indicator balloon (pilot balloon), a metallic
valve and the syringe port. The valve, which has a white
coloured core is made from polypropylene and has a
stainless steel spring valve.
The safety record is good for elective surgery.
Positive pressure ventilation is readily accomplished
with the cLMA.3 In the cLMA the glottic seal is usually
lost at peak airway pressures above 20 cm H2O. Though
the correctly positioned cLMA offers some protection
against aspiration, the incidence of aspiration with the
LMA in fasted patients is 0.012%.4,5 It is available in
eight sizes, neonates to large adults (1, 1.5, 2, 2.5, 3, 4,
5, 6).

Advantages
1.

Simple in use

2.

Reusable

Disadvantages
1.

Kinking of the airway tube can occur

2.

Malposition is quite common

3.

Not good for controlled respiration

4.

Little protection against aspiration

Indications
1.

General use LMA for short elective surgical
procedures under general anaesthesia where airway
pressure does not exceed 20 cm of water.

2.

Difficult airway and failed intubation scenarios

3.

Cardiopulmonary resuscitation

Flexible Laryngeal mask airway (LMA-Flexible)4
The Flexible (reinforced) LMA was released in
1992 following reports of kinking of LMA tube in
Anaesthesia in 1990. It is made from medical grade
silicone and rubber and is reusable. It consists of a
classic LMA cuff connected to a flexible wire reinforced
tube which is longer and narrower than the airway tube
of the cLMA. Though the diameter of the oral tube of
the Flexible LMA is narrower than that of the cLMA, it
is comparable to a tracheal tube thus making it practical
for intraoral surgeries especially adenotonsillectomy.
The extra length ensures that the anaesthesiologist can
be away from the surgical field. It is available in six
sizes (2, 2.5, 3, 4, 5, 6).
Advantages
1.

More space in mouth as the airway tube is
reinforced

2.

Anaesthesia breathing system can be attached away
from the face

Disadvantages
1.

Difficult to insert, force cannot be transmitted down
tube

2.

Tube provides little information about position of
cuff
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3.

More resistance to gas flow making it and
unsuitable for prolonged spontaneous ventilation

4.

Unsuitable for magnetic resonance imaging (MRI)
scanning

5.

Due to the narrow lumen, allows a smaller sized
tracheal tube as an airway intubator

Indications
1.

Oropharyngeal, eye and dental surgery

2.

Lateral and prone positions

LMA Unique4
The disposable LMA or the LMA-Unique was
released in 1998 for cardiopulmonary resuscitation
because the silicone based cLMA was costly and needed
proper sterilization to prevent cross infection. The
disposable LMA is constructed from clear medical-grade
polyvinyl chloride, other than the stainless steel spring
valve.
It is supplied sterile, and cannot withstand
autoclaving without losing structural integrity. It is meant
for single use in the field or out of box situations.
The dimensions, shape, and intersize scaling are
identical to the cLMA, but the tube is more rigid and
the cuff thicker. The disposable LMA is currently
available in size 3-5. In August 2000, the design was
altered to make the backplate and airway tube softer,
but the cuff was unchanged.
Advantages
1.

Disposable

2.

The cuff is less permeable to N2O as compared to
other LMA devices

Disadvantages
1.

Same as cLMA

2.

Paediatric sizes not available

The Intubating LMA (ILMA) 4,6,7
The intubating LMA-Fastrach is especially
designed to aid blind tracheal intubation and it consists
of three parts-the ILMA itself, the tracheal tube and a
stabilizing rod. The ILMA is a rigid, anatomically
curved airway tube made of stainless steel with a
standard 15 mm connector. The tube is wide enough to
accommodate an 8.0 ETT and short enough to ensure
passage of the ETT beyond the vocal cords. A rigid
handle attached to the tube facilitates one-handed
insertion, removal, and most importantly, adjustment of
the device’s position so that the aperture directly opposes
the larynx. The mask aperture bars of the cLMA are
replaced here by a single flap, the epiglottic elevating
bar of the ILMA.
It has been used for routine intubation, rescue
intubation, and intubation of the difficult airway patient
after the induction of anesthesia or in the awake state.5
The ILMA is available in adult sizes only (3,4,5) that
correspond to the cuff size of the original LMA. The
disposable versions will also be available in future. A
dedicated tracheal tube was developed with the
following features:
a)

a soft hemispherical bevel with a leading edge in
the midline and providing it with appropriate
markings

b)

a pilot balloon inflation line that is housed within
the wall of the tube

c)

a detachable proximal connector

Advantages
1.

To aid intubation without distorting the anatomy,
avoids movement of head and neck during
intubation

2.

To avoid digital intraoral manipulation for insertion

3.

The anatomic shape makes it uniquely suited to
the unanticipated “cannot intubate or cannot
intubate/cannot ventilate” scenario

Indications
1.

Mainly indicated in emergency medicine and
should be available in resuscitation carts, in
ambulance, and in combat medical kits

4.

It is more effective than the cLMA in
cardiopulmonary resuscitation, higher success rate
as blind intubation guide

2.

It reduces the risk of disease transmission

5.

Easy to adjust position of cuff in pharynx
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Disadvantages
1.

Airway morbidity higher than cLMA. Unsuitable
for prolonged procedures because of high pressures
exerted against the mucosa

2.

No paediatric sizes available but size 3 can be used
in children weighing more than 30 kg

3.

Unsuitable for oropharyngeal and facial surgery

4.

Epiglottic downfolding is more common

5.

Insertion impossible if the interdental distance < 2
cm

6.

Fiberoptic scope must pass lateral to epiglottic
elevating bar unless elevated by tracheal tube

therefore provides better protection against
aspiration and gastric insufflation
Disadvantages
1.

First time insertion rate is less with the PLMA than
the cLMA

2.

The lumen of the airway tube is narrower thereby
making it less suitable for prolonged anesthesia and
less useful as an airway intubator

Indications
1.

The ProSeal LMA extends the range of surgical
procedures for which LMA devices can be used,
further encroaching into the domain of the
endotracheal tube

2.

It has been used for laparoscopic surgery as it
provides positive pressure ventilation at higher
airway pressures and protects against aspiration

Indications
Difficult intubation especially with cervical
movement limitation

The ProSeal LMA (PLMA)4,8,9
The ProSeal LMA is the most complex of the
specialized masks of the LMA family. It is made from
medical grade silicone and has the following new
features. It has two cuffs; dorsal and ventral and two
tubes; an airway and a drain tube. The drain tube
provides a bypass channel for regurgitated gastric
contents and helps in detecting malpositions of the mask.
The flat dorsal component of the cuff of PLMA is
designed to press the ventral elliptical cuff more firmly
into the periglottic tissues and a wedge shaped proximal
component designed to plug gaps in the proximal
pharynx. The laryngeal cuff of the PLMA is made of
softer silicone than that of the cLMA. It covers the
posterior aspect of the bowl of the mask and presses the
bowl forwards when inflated. Increased depth of the bowl
is designed to improve the seal with the larynx. It is
available in paediatric as well as adult sizes (1.5, 2, 2.5,
3,4, 5).
Advantages
1.

2.

It forms a more effective seal with the respiratory
tract (10 cm H2O higher) and is therefore a better
ventilatory device
It provides easy access to the gastrointestinal tract
and forms a more effective seal with the
gastrointestinal tract (30 cm H2O higher) and

LMA CTrach10
The LMA CTrach is a modified LMA Fastrach with
integrated fibreoptics. It is designed to increase the
success rate of ventilation and tracheal intubation with
the ILMA and is the most recent addition to the LMA
family. It allows real time visualization of the cord
structures as the tracheal tube enters the trachea. It has
a lens behind the epiglottic elevator which captures the
image from in front of the mask aperture which is
transmitted to a detachable digital screen with a light
source and a digital camera. Technical alterations have
been made in the model released in Dec 2005.
Advantages
Same as ILMA along with allowing real time
visualization of the cord structures as the tracheal tube
enters the trachea.
Disadvantages
Unsuitable for prolonged procedures
Indications
1.
2.
3.

Difficult intubation
To decrease airway morbidity during intubation
A very good teaching tool
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Uses of the LMA
The LMA has been used for a wide range of
procedures and is now used in more than 23% of all
general anesthetics administered in the United States.11
It is mostly used for short cases, making it especially
valuable for outpatient surgery. It has proved useful in
patients requiring multiple anaesthetics over a short
period of time. The maximum duration for which the
LMA can be safely used is not yet known. It has been
used for surgical procedures lasting up to 8 hours. It has
been used in the ICU to provide respiratory support for
10-24 hours with no apparent problems.
Indications

12-16,4

As an alternative to the facemask, the LMA
provides “hands- free” anaesthesia and is used during
ambulatory, other routine and emergency anaesthetic
procedures.

1. Routine & Emergency anaesthesia: In the
operating room & Outside the Box
Indications for use include routine, elective cases
where tracheal intubation is not required or is required
only because the surgery interferes with maintenance
of the airway with a face mask. Different types of LMAs
are available for different situations. The Flexible LMA
with a reinforced airway tube is used for ENT/
ophthalmic/head and neck/dental procedures. The
PLMA has been especially designed for PPV and to
protect against aspiration. It is being used for elective
procedures of long duration in varying positions
including lateral, lithotomy and prone positions and also
for gynecological laparoscopy and laparoscopic
cholecystectomies in increasing number.
A.

The LMA has been used for following surgeries:
Ear nose & throat surgery

1.

Good safety record of the LMA in elective surgery
where tracheal intubation is not necessary

2.

As an alternative to tracheal intubation for elective
surgery, emergency surgery and laparoscopic
surgery

3.

In the difficult airway scenario especially in the
“cannot ventilate and cannot intubate” scenario.15,16

4.

Pre-hospital care setting

5.

Emergency surgery (patient movement limited)

General

6.

Emergency cart or ambulance tool for intubation

7.

Cardiopulmonary resuscitation

8.

Microgravity

The cLMA is very popular for short general surgical
procedures apart from anorectal, pilonidal, breast and
abdominal which pose special problems of their own.
The patients might be placed in lithotomy or prone
positions; the airway might be too close to the surgical
field or positive pressure ventilation will be required in
addition to the danger of regurgitation and aspiration.
Specialised LMAs viz. flexible LMA or PLMA may be
more apt in these circumstances. The LMA has a special
role in thyroid/parathyroid/thymic surgeries. The LMA
has been used for surgery on the thyroid as its cuff
displaces the gland anteriorly, facilitating surgical
access.4 Because damage to the recurrent laryngeal nerve
is a complication of thyroid surgery, it may be desirable
to stimulate that nerve during surgery and observe the
motion of the vocal cords by inserting a fiberscope

Contraindications 4, 17,18
1.

Mouth opening less than 1.5 cm for the cLMA and
Flexible LMA; and 2 cm for ILMA and PLMA.

2.

Non fasting patients and patients at increased risk
of aspiration (previous gastric surgery,
gastroesophageal reflux, obesity, diabetic
gastroparesis)

3.

Patients with poor lung compliance requiring
airway pressures of more than 20 cm H2O

The use of the laryngeal mask airway in
otolaryngologic surgery has been extended to procedures
such as adenotonsillectomy, uvulopalatopharyngoplasty,
middle ear surgery and laser pharyngoplasty. The flexible
LMA is a valuable tool for otolaryngologic and
maxillofacial surgery. Cautious use increases patient
safety, reduces intra and postoperative morbidity and
helps to avoid problems accompanying tracheal
intubation and sedation.19
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through the LMA.4 Tracheal deviation and narrowing
should be considered relative contraindications to use
of the LMA in thyroid surgery.
Majority of us feel that tracheal intubation is
essential in all these procedures but the exchange of the
tracheal tube for an LMA at a deeper plane of anaesthesia
can be of help in assessing the vocal cord movements or
ruling out tracheomalacia in a patient with a large goiter
with the help of a fibreoptic scope at the end of surgery.4
Laparoscopy 4
Use of the LMA for laparoscopic procedures is
controversial. Studies suggest that the LMA is safe for
gynecologic laparoscopy. However, there have been
reports of aspiration in patients undergoing laparoscopy
and upper abdominal surgery with the LMA. The PLMA
has a special role here. The author (unpublished data)
has successfully conducted more than thousand cases
of laparoscopic procedures with this device.
B.

Special situations

Transportation
Restricted access, constant movement and noise
make airway management during transportation
potentially difficult. There is sufficient literature support
where the LMA was used for transportation especially
in the emergency scenario.
It has been used during helicopter transfer of
patients with cervical spine injury and those trapped in
positions which do not lend themselves to tracheal
intubation. Paramedics and respiratory therapist acquire
skill more rapidly and have a higher rate of successful
placement with the LMA than a tracheal tube.
Microgravity
As we go higher up in space, the gravitational force
of earth decreases. Microgravity means small or reduced
gravity. It is a term commonly applied to a condition of
free-fall within a gravitational field in which the weight
of an object is reduced compared to its weight at rest on
earth. Typical orbital altitudes for human spaceflight vary
from 192 to 576 km above the surface of the earth.
Obtaining scientific results from the microgravity
experiments, allow studies of the influence of gravity

on physical processes, as well as other phenomena which
are normally masked by the effects of gravity and
difficult, if not impossible, to study on earth. There may
be increased risk of hypoxic cardiorespiratory arrest,
aspiration of foreign bodies, and burns during spaceflight
or at microgravity. There is great difficulty in performing
simple acts without the use of restraints. In such a
scenario, laryngoscopy would be difficult without body
restraints. Success rate of LMA placement even without
body restraints is higher as compared to laryngoscope
guided tracheal intubation.20
Remote Anesthesia Provider
The anaesthesiologist is away from the patient
undergoing diagnostic imaging and radiotherapy
procedures. This patient can often be managed using a
LMA. The reinforced LMA or the PLMA may be useful
in situations that require the patient to be placed in an
awkward position. The ferromagnetic material present
in LMA well can reduce image quality and even cause
heating and movement when used in MRI, thus posing
special problem. Therefore, it may be necessary to
remove the valve and knot the pilot tube. Special LMAs
with valves that do not contain ferrous material are
available. If the reinforced LMA is used, the metal coil
produces a large black hole in the image in the area
surrounding the airway as well as a deterioration of the
image further out. The LMA may not be suitable if
magnetic resonance spectroscopy is performed because
the resonance of some silicone-containing materials
compromises interpretation of the scans.
2. Difficult airway & role of the LMA in ASA
Difficult Airway Algorithm15,16
The LMA devices have been successfully used in
patients with difficult airway due to fixed neck, limited
mouth opening, obesity, laryngeal stenosis, acromegaly,
obesity, pneumocephalus and patients with airway
distortion secondary to tumour, facial injuries, congenital
problems, upper airway obstruction secondary to
residual neuromuscular blockade, poor mobility of the
neck or cervical instability. A cLMA can usually be
inserted successfully with mouth opening to an
interdental distance of at least 15 mm in an adult patient.
Its use should be considered prior to using transtracheal
ventilation or establishing a surgical airway. The LMA
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found a place in the emergency airway management limb
of the ASA difficult airway algorithm in 1993. However
its role was revised by Professor Jonathan Benumof in
1996, and included the LMA at five places.
A.

As a ventilatory device at two points in the
algorithm:
(i) In the anesthetized patient who cannot be
tracheally intubated
(ii) In the anesthetized patient who cannot be
conventionally ventilated and whose trachea
cannot be intubated

B.

As an airway intubator at three points in the
algorithm:
(i) In the awake patient
(ii) In the anesthetized patient whose lungs can
be ventilated but in whom the trachea cannot
be conventionally intubated and
(iii) In the anesthetized patient whose lungs cannot
be conventionally ventilated and whose
trachea cannot be intubated

Three new LMAs (ILMA, PLMA and the LMA
CTrach) have been added since then and it is time that
we have a fresh look at the role of LMA in difficult
airway algorithm especially in the emergent obstetric
scenario.

3.

Failed intubation16, 21-25

Problems with tracheal intubation were the most frequent
cause of anaesthetic death in the published analyses of
records of the UK medical defence societies.21,22 The
laryngeal mask airway is included in the algorithms for
unexpected failed intubation published and promoted
by the airway societies of the US and Canada.16,23 In a
recent UK survey of planned management of failed
intubation after rapid sequence induction, if attempted
intubation with a gum elastic bougie and McCoy blade
failed, more than 50% of trainees and consultants would
then use a cLMA. The combitube and other supraglottic
airways were used by less than 2% of anaesthetists.24
The laryngeal mask airway has been used in emergency
difficult obstetric airway situations.25 In the survey of
obstetric anaesthetists, 93% would use a cLMA in an

obstetric failed intubation with difficulty in facemask
ventilation. The PLMA has been reported as a rescue
device after failed intubation during rapid-sequence
induction.26,27
4.

Coexisting disease

The ProSeal LMA is suitable for patients with a
similar range of coexisting disease which can be
managed with a cLMA, but the improved seal allows its
use in patients with diseases that cause a reduction in
pulmonary compliance, and the drain tube allows its use
in patients with some increased risk of regurgitation.
The PLMA has been successfully used in obese patients
as a temporary airway prior to tracheal intubation, for
gynecological laparoscopy and for laparoscopic
cholecystectomy.
The LMA devices have a special role in patients
with hyper-reactive airways such as bronchial asthma.
They decrease the pressor response to insertion and have
been successfully used in high risk cases with
hypertension, coronary artery disease and
cardiomyopathy in our institution for laparoscopic and
non laparoscopic surgery (unpublished data). These
devices have also been used in patients with
musculoskeletal and skin disorders e.g. myasthenia
gravis, generalized hypertonus, malignant hyperpyrexia
susceptibility, acute burns and scleroderma.4,28
5.

Intensive Care Unit (ICU)

The routine use of the cLMA in the ICU is restricted
because high airway pressures cannot be reliably
generated and the lungs cannot be unfailingly protected
from regurgitated gastric contents. These devices have
been used as airway rescue and for providing short term
ventilation in percutaneous tracheostomy, percutaneous
cricothyrotomy and laryngotracheobronchoscopy. 29,30
The ProSeal LMA has been used for postoperative
respiratory support in a patient with HELLP syndrome
after its use in failed obstetric intubation. 27
6.

Monitoring

31-35

The LMA provides valuable information about
respiratory, cardiovascular and upper gastrointestinal
tract physiology. Monitoring equipment can be attached
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Table 1
Possible monitoring with an LMA
Airway tube

Capnography end-tidal CO2
Respiratory mechanics
Laryngeal muscle activity
Oesophageal function

Dorsal and ventral
surfaces of the cuff

Pharyngeal SpO2
pH of secretions

Pilot balloon

Intracuff pressure

Drain tube

Gastric pH, volume
Cardiac output
Core temperature

to different parts of the LMA and its variants as shown
in the following table 1. An airway tube allows
measurement of EtCO 2 and various respiratory
parameters such as tidal volume, minute volume,
recuperative rate, compliance and resistance of the lungs
with the help of capnometer or respiratory module
attached to it. A fiberoptic scope through the airway tube
allows laryngeal muscle activity and oesophageal
function to be assessed. The dorsal and ventral surfaces
of cuff allow pharyngeal pulse oximetry and pH of the
secretion to be evaluated. The pilot balloon allows
measurement of intracuff pressure which may vary
during course of anaesthesia. The drain tube allows
insertion of a gastric tube, temperature probe, a Doppler
and fiberscope thereby facilitating measurement of
gastric volume, pH, core temperature, cardiac output and
oesophageal function.
7.

Cardiopulmonary resuscitation (CPR)

The LMA offers the advantages of an easier and
quicker access to the airway in comparison to tracheal
intubation by the doctors as well as the paramedics and
has been used for paediatric as well as adult population.
Almost all published data about the use of the LMA for
resuscitation in children concern the neonatal
subpopulation.36 Most of the case reports describing
airway rescue show that the doctor and the paramedics
find LMA insertion easier and quicker than tracheal
intubation. LMA insertion has a high success rate in
normal and low birth weight neonates. The rate of rise
of oxygen saturation is higher for the LMA than the face
mask. In Pediatric Advanced Life Support (PALS), the

LMA is classified as a Class Indeterminate device,
defined as “Interventions that can still be recommended
for use, but reviewers must acknowledge that research
quantity/qualify fall short of supporting a final decision.
Indeterminate is limited to promising interventions.” 37
Therefore, the LMA™ may be utilized depending on
the situation at the time of the cardiac arrest. In Neonatal
Resuscitation, the LMA™ airway is an alternative in
the ‘cannot intubate, cannot ventilate’ situation.36
In adult Basic Life Support (BLS), the LMA™
(Classic, Unique) is recommended as an alternative
airway device to the bag-mask. The LMA™ may be
considered a first choice resuscitation airway for BLS
providers who are not trained in intubation. In adult
Advanced Cardiovascular Life Support (ACLS), the
LMA™ airway is recommended as a Class-II, a device
which is defined as: “Interventions are acceptable, safe
and useful. Considered with standard of care, reasonably
prudent physician can choose. It is considered optional
or alternative interventions by majority of experts.” The
LMA™ is an airway adjunct and can be used if tracheal
intubation is not possible.38
8.

Cost effectiveness

Though the initial cost of an LMA may be higher
than a face mask or a tracheal tube its use has been found
to be cost effective in and outside the operating room.
The main economic benefits are: the increased case
turnover, decreased requirement of anaesthetic agent for
the maintenance of anaesthesia and indirect cost saving
by reducing the risk of an adverse outcome in the “failed
intubation, failed face mask ventilation” scenario. 4 The
cost saving by the LMA with spontaneous ventilation is
by eliminating muscle relaxants and decreased
requirement of volatile anaesthetic agents. 39,40 The LMA
becomes cost effective to the TT only if it is used more
than 50 times. 41
9.

Educational considerations

A survey of American anesthesia residency
programs in 2003 about difficult airway rotation training
programs found that 33% had a difficult airway rotation,
and of these 100% provided training with the classic
LMA, and 72% with the intubating LMA. 42 The ASA
difficult airway algorithm 43 does not specify exactly
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which device/technique should be utilized in the cannot
intubate/cannot ventilate situation, but rather lists LMA
ventilation, the Esophageal Tracheal Combitube (ETC)
ventilation and transtracheal jet ventilation, prior to the
performance of a surgical airway. It is left to the
anesthesia care provider’s discretion. It has been
expressed that although the ETC is included as an option
in the algorithm, most anesthesiologists have little
experience with the use of this device. Because the
development of skills requires practice, many
anaesthesiology residency training programs, both
national and international have developed an airway
rotation to maximize exposure to different devices and
techniques.43
However Winterhalter et al. reported that
physicians unskilled in emergency medicine preferred
the ETC as a nonsurgical alternative to cricothyrotomy,
over the LMA. 44 Further study, involving a very large
patient population, would provide interesting evidencebased information on the risk of gastro-oesophageal
reflux and acid aspiration with these devices. Coulson
et al in a crossover study reported that the digital
insertion of the PLMA has a success rate similar to that
of the cLMA.TM 45

as airway rescue for prehospital emergency airway
management. The PLMA offers several advantages over
the cLMA and should have a place in the ASA difficult
airway algorithm.
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Abstract
Purpose of review: One-lung ventilation in the thoracic
surgical patient can be achieved with the use of a double-

•


•

lumen endotracheal tube or an independent bronchial blocker.
A number of patients requiring lung isolation have a potentially
•

difficult airway because of previous radiation to the neck or
previous surgery to the tongue and larynx. This review will
focus on the management of patients who have a difficult

•

airway and require lung isolation.
Recent findings: Identification of the potentially difficult



airway during the preoperative evaluation allows the

•

preplanning and selection of the appropriate lung isolation

•

device. Common devices used to achieve one-lung ventilation
in patients with difficult airways include independent bronchial

•

blocker during lung isolation in
patients with difficult airways
Use of laryngeal mask airway and a
bronchial blocker
Use of a double-lumen
endotracheal tube in patients with
difficult airways
Lung isolation techniques in
patients with tracheostomies
Lung isolation in patients with
distorted anatomy of the lower
airway
Conclusion
References and recommended
reading
IMAGE GALLERY

blockers (Arndt, Cohen, and Fuji Uniblocker).
Summary: In patients who require one-lung ventilation and



who present with a difficult airway, the safest way to establish
an airway is by placing a single-lumen endotracheal tube orally
or nasotracheally while the patient is awake with the aid of a
flexible fiberoptic bronchoscope. Lung isolation in these
patients then is achieved by using an independent bronchial
blocker; an alternative technique is to use a double-lumen
endotracheal tube while using an airway catheter exchange
technique. For the patient with a tracheostomy in place, an
independent bronchial blocker is recommended.
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Introduction
One-lung ventilation (OLV) in the thoracic surgical patient



can be achieved with the use of a double-lumen endotracheal
tube (DLT) or by bronchial blockade with a wire-guided,
endobronchial Arndt blocker, the Cohen Flexitip blocker (Cook
Critical Care, Bloomington, Indiana, USA), or the Fuji
Uniblocker (Fuji Systems Corporation, Tokyo, Japan) [1].
Patients requiring OLV are indentified during the



preoperative evaluation to have a potentially difficult airway.
Others present with airways that are unexpectedly difficult to
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intubate after induction of anesthesia. It is estimated that
between 5 and 8% of patients with primary lung carcinoma also
have a carcinoma of the pharynx, usually in the epiglottic area
[2]. Many of these patients have had previous radiation therapy
on the neck or previous airway surgery, such as
hemimandibulectomy or hemiglossectomy, making intubation
and achievement of OLV difficult due to distorted upper airway
anatomy. Also, a patient who requires OLV might have
distorted anatomy at or beyond the tracheal carina, such as a
descending thoracic aortic aneurysm compressing the entrance
of the left mainstem bronchus or an intraluminal or
extraluminal tumor near the tracheobronchial bifurcation that
makes the insertion of a left-sided DLT relatively difficult or
impossible. In this review I will consider the perioperative
management of the difficult airway in thoracic surgical patients
requiring lung isolation.
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Preoperative evaluation of the difficult airway
An airway is termed difficult when conventional



laryngoscopy reveals a grade III view (just the epiglottis is
seen) or a grade IV view (just part of the soft palate is seen).
Once the airway is recognized as being potentially difficult, a
careful examination of the patient ensues [3]. Previous
anesthesia records should be examined for a history of airway
management in the past. Patients should be asked to open
their mouths as widely as possible and extend their tongues.
The mandibular opening should be assessed and the pharyngeal
anatomy observed. The length of the submental space should
also be noted. Patients should be evaluated from side to side
to assess any degree of maxillary overbite and their ability to
assume the sniffing position. Also, the patency of the nostrils
must be assessed in patients who cannot open their mouths, as
a nasotracheal approach might be considered. For patients who
have a tracheostomy cannula in place, the inlet of the stoma
and the circumferential diameter must be assessed when
considering replacing the tracheostomy cannula with a specific
tube to achieve OLV.
Another group of patients considered to have difficult
airways during OLV are those who have distorted anatomy at
the entrance of the mainstem bronchus. Such anomalies can be

Table 1

found by reviewing the chest radiographs and by reviewing the
computed tomography scans of the chest regarding the
mainstem bronchus diameter and anatomy, which can be
distorted or compressed. In some instances a flexible fiberoptic
bronchoscope will be necessary to assess a distorted area of
the airway prior to selection of a specific tube or bronchial
blocker to achieve OLV. Table 1 displays the patients at risk of
having a difficult intubation during OLV [4].
Back to Top




Securing the airway first: difficult airways and one
-lung ventilation


In patients who require OLV and present with the dilemma
of a difficult airway, the primary goal – after appropriate
airway anesthesia is achieved – is to establish an airway with a
single-lumen endotracheal tube placed orally with the aid of a
flexible fiberoptic bronchoscope. In selected patients who
seem easy to ventilate, this may be performed after induction
of anesthesia with a bronchoscope or with a video laryngoscope
[5,6]. An alternative when securing the airway prior to placing
a lung isolation device is the use of a laryngeal mask airway;
with the aid of a flexible fiberoptic bronchoscope, a singlelumen endotracheal tube can be passed through the laryngeal
mask airway [7].
Back to Top




Use of an independent bronchial blocker during
lung isolation in patients with difficult airways
In patients who require OLV and present with difficult
airways, the first step is to establish an airway with a single-
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lumen endotracheal tube placed orally while the patient is
awake. After topical airway anesthesia is achieved, the singlelumen endotracheal tube is guided with a flexible fiberoptic
bronchoscope. The advantage of using a bronchial blocker is
that it relies on the use of a single-lumen endotracheal tube
for its insertion in the vast majority of cases [8,9]. Common
independent bronchial blockers used through a single-lumen
endotracheal tube include the following: a wire-guided
endobronchial Arndt blocker sized 5.0, 7.0, and 9.0F; the
Cohen flexitip blocker size 9.0F; and the Fuji Uniblocker size
4.5 and 9.0F [1,10•].
Also, if the patient requires OLV and cannot be intubated



orally, an awake nasotracheal intubation can be performed
with a single-lumen endotracheal tube and, once the airway is
established, an independent bronchial blocker can be advanced
[11,12]. One advantage of one-time intubation with a singlelumen endotracheal tube is that it allows for the conversion to
OLV with insertion of an independent bronchial blocker and
simple removal of the blocker at the end of a procedure if
postoperative ventilatory support is needed [13]. When an
independent bronchial blocker is used – specifically size 9.0F –
the smallest acceptable single-lumen endotracheal tube size
recommended is 8.0 mm internal diameter. It is important to
have enough space between the bronchial blocker and the
flexible fiberoptic bronchoscope so navigation can be achieved
within the single-lumen endotracheal tube. Once the singlelumen endotracheal tube is secured in the patient's trachea, an
independent bronchial blocker can be advanced with the aid of
a flexible fiberoptic bronchoscope. To achieve OLV the
bronchial blocker must be advanced to the bronchus where
lung collapse is required. Once the blocker is within the
bronchus and the patient is moved into the lateral decubitus
position, the endobronchial balloon is inflated. The newest
bronchial blockers have high-volume, low-pressure
characteristics [14].
The amount of air needed to achieve a complete seal
within the bronchus in adults ranges between 5 and 8 ml of air.
The optimal position of a bronchial blocker in the left or right
bronchus is when the blocker balloon's outer surface is seen at
least 10 mm below the tracheal carina inside the blocked

Figure 1

bronchus and a proper seal is achieved. All bronchial blockers
should be placed and the optimal position verified with a
flexible fiberoptic bronchoscope [15]. Figure 1 shows the
optimal position of an independent bronchial blocker through a
single-lumen endotracheal tube.
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Use of laryngeal mask airway and a bronchial
blocker
An alternative to achieve OLV in a patient with a difficult



airway is with the use of a laryngeal mask airway in
conjunction with the use of an independent bronchial blocker.
A modified laryngeal mask airway can be made in which the
aperture bar of the mask is removed to facilitate passage and
insertion of a flexible fiberoptic bronchoscope and an Arndt
blocker in a patient with a recent tracheostomy in whom the
laryngeal mask airway was placed orally [16]. In addition, the
use of a ProSeal laryngeal mask airway has been used with a
bronchial blocker in patients in whom the airway was deemed
difficult and who required OLV during thoracoscopic surgery
[17,18].
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Use of a double-lumen endotracheal tube in
patients with difficult airways
A different technique to achieve lung isolation is with the



use of a DLT. In practice there are three different ways to
place a DLT in a patient with a difficult airway. The first
involves the use of airway topical anesthesia and awake
fiberoptic bronchoscopy with passage of the flexible fiberoptic
bronchoscope through the bronchial lumen of the DLT, where
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the tube is advanced under bronchoscope guidance [19]. The
second technique involves the use of ancillary lighted devices
or video laryngoscopes that increase the visualization field of
the epiglottis, vocal cords, and passage of the tube. A
malleable, lighted stylet (Mercury Medical, Clearwater, Florida,
USA) has been reported by using the device within the
endobronchial lumen of the DLT, where the tip of the bulb was
positioned distally at the tip of the DLT in patients with
difficult airways [20]. Others have reported the use of a
fiberoptic laryngoscope, the WuScope (Pentax Precision
Instruments, Orangeburg, New Jersey, USA) during placement
of a DLT in patients with abnormal airway anatomy [21]. One of
the advantages of the fiberoptic laryngoscope is that it
protects against rupture of the endotracheal cuff during
laryngoscopy because the DLT is enclosed with the
laryngoscope blade. Disadvantages of this device include the
need for smaller sizes of DLTs, such as 35–37F.
The Glidesope video laryngoscope (Saturn Biomedical



Systems, Burnaby, British Columbia, Canada) has been used in
patients with a difficult airway during placement of a DLT [22].
Another alternative is to intubate the patient's trachea with a
single-lumen endotracheal tube during an awake fiberoptic
bronchoscopy or after induction of anesthesia, and then a tube
exchange technique can be used to replace the existing tube
for a DLT after general anesthesia is induced [7]. For a tube
exchange catheter to function, it must have a hollow center
channel and universal adapters to insufflate oxygen. The
exchange catheter must have a flexible tip distally to avoid
airway lacerations, be long in length, and have outer markings
to control the depth of insertion while in use. For a DLT, the
exchange catheter should be at least 83 cm long. The airway
Aintree tube exchanger (Cook Critical Care) has a large internal
diameter that allows fiberoptic bronchoscopy guidance. Also, a
14F exchange catheter can be used to facilitate insertion of 39
and 41F DLTs. For a 35 or 37F DLT, a single or double airway
exchange catheter can be used [4].
The airway exchange catheter, single-lumen endotracheal



tube, and the DLT combination should be tested in vitro before
the exchange. A sniffing position will facilitate tube exchange.
After the airway exchange catheter is lubricated, it is advanced
through a single-lumen endotracheal tube. The airway catheter
should not be inserted deeper than 24 cm from the lips to avoid
accidental rupture or laceration of the trachea or bronchi [23].
After cuff deflation, the single-lumen endotracheal tube is



withdrawn. Then the endobronchial lumen of the DLT is
advanced over the exchange catheter. It is optimal to use a
video laryngoscope during the tube exchange to guide the DLT
through the glottis under direct vision [5,24]. If a video
laryngoscope is not available, then having an assistant perform
a standard laryngoscopy during tube exchange partially
straightens out the alignment of the oropharynx and glottis and
facilitates the exchange. Proper final position of the DLT is
then achieved with auscultation and bronchoscopy.


Replacement of a DLT for a single-lumen endotracheal
tube can be done at the conclusion of surgery with the use of a
double airway exchange catheter. One study using two airway
exchange catheters to exchange a DLT for a single-lumen
endotracheal tube showed that there was a reduction in the
incidence of glottis impingement of the tracheal tube and that
there was a higher success rate of passage of the single-lumen
endotracheal tube when compared with the use of a single
airway exchange catheter [25].
Back to Top




Lung isolation techniques in patients with
tracheostomies
A DLT placed through a tracheostomy stoma will be prone
to malposition because the upper airway has been shortened
and the conventional DLT is too long. Before placing any lung

Figure 2

Figure 3

isolation devices through a tracheostomy stoma, it is important
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to consider whether it is a fresh stoma (i.e. few days old, when
the airway can be lost immediately or decannulation can occur)
or a chronic tracheostomy. The alternatives to DLT placement
to achieve OLV in tracheostomized patients include the
following: insertion of a single-lumen endotracheal tube
followed by an independent bronchial blocker [26], the use of a
disposable-cuff tracheostomy cannula with an independent
bronchial blocker passed coaxially, replacement of the
tracheostomy cannula with a specially designed, short DLT
(such as the Naruke DLT, which is made for use in
tracheostomized patients), placement of a small DLT through
the tracheostomy stoma, or, if possible, oral access to the
airway for standard placement of a DLT or blocker (this is
occasionally an option in patients on prolonged mechanical
ventilation for respiratory failure or postoperative
complications). Figure 2 shows patients with difficult airways
and the use of a bronchial blocker. Figure 3 displays different
options to achieve lung isolation in patients who present with
difficult airways.
Back to Top




Lung isolation in patients with distorted anatomy
of the lower airway
An important group that should be considered when



discussing the difficult airway and OLV includes patients who
present with lower airway abnormalities, specifically distal
trachea or bronchial lesions. The more common problems that
will preclude or contraindicate the use of a left-sided DLT
include an intraluminal tumor of the left mainstem bronchus or
a descending thoracic aortic aneurysm that compresses the
entrance of the left mainstem bronchus. One option in these
cases is to use a right-sided DLT guided with fiberoptic
bronchoscopy [27].


Another group of patients who typically have lower airway
abnormalities and require OLV are patients with previous
lobectomy; sometimes in these cases the distorted anatomy
may contribute to difficulties in recognizing the right and left
bronchus because of the loss of an anatomical landmark [28•].
It is important that every anesthesiologist who is involved in
placing lung isolation devices is proficient in a complete
fiberoptic bronchoscopy examination of the trachea and
bronchus in order to achieve 100% success in placement of DLTs
and bronchial blockers, particularly in patients with difficult
airways [29•].
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Conclusion
In patients who require OLV and present with difficult



airways, a key element during the preoperative assessment is
recognition and identification of the potentially difficult
airway. Then the safest way to establish an airway is by
securing the airway with a single-lumen endotracheal tube
placed orally or nasotracheally with the aid of flexible
fiberoptic bronchoscopy. Lung isolation is these patients is
achieved best with the use of an independent bronchial
blocker. An alternative can be the use of a DLT with an airway
catheter exchange technique. For the patient who has a
tracheostomy in place, the use of an independent bronchial
blocker through a single-lumen endotracheal tube or through a
tracheostomy cannula in place is recommended. For all these
devices, a flexible fiberoptic bronchoscopy examination is
recommended prior, during placement, and at the conclusion
of the use of lung isolation devices.
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Lung separation and the difficult airway
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Selective collapse of a lung and one-lung ventilation (OLV) is now performed for most thoracic
surgical procedures. Modern double-lumen endobronchial tubes and bronchial blockers have
made lung separation safe and relatively easy to achieve. However, OLV in the patient with a
‘difficult airway’ can present a challenge to the anaesthesiologist. This review considers the
different techniques used to achieve lung separation and their application to the patient with a
difficult airway.
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Keywords: difficult airway, laryngoscopy, intubation; equipment, fibreoptic bronchoscope,
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Anaesthesiologists are routinely requested to isolate and
selectively ventilate a single lung. For most patients, lung
separation is safe, easy to apply, and quickly accomplished. Thoracic surgeons have come to expect a collapsed lung and ‘quiet’ surgical field, and many of the
newer, minimally invasive intrathoracic operations can
only be accomplished with selective lung collapse.
One-lung ventilation (OLV) is usually achieved with a
double-lumen endobronchial tube (DLT) or a bronchial
blocker (BB), and on rare occasions by endobronchial placement of a single-lumen tracheal tube (TT). For patients
with easy access to their upper airway, the choice between
a DLT and a BB is usually one of personal preference.
However, for the patient with a ‘difficult airway’, one
technique can be a better choice than another.

Difficult airway
Although the American Society of Anesthesiologists Task
Force’s general definition of difficult airway is the ‘clinical
situation in which a conventionally trained anaesthesiologist experiences problems with (a) face mask ventilation of
the upper airway, (b) tracheal intubation, or (c) both’,96
they also recognized that a standard, all encompassing
definition of what is meant by ‘difficult airway’ does not
exist.
The Task Force noted that the difficult airway represents
a complex interaction between many factors, including
those specific to the patient and the operation, the clinical
situation, and the skills of the practitioner. For example,
most anaesthesiologists consider a patient with a
Cormack –Lehane grade III (epiglottis only) or grade IV

(soft palate only) views during conventional direct laryngoscopy to be ‘difficult’. However, when placing a DLT,
problems can be encountered in a patient with a grade II
( partial glottis) view. For the thoracic surgical patient,
direct laryngoscopy, tracheal intubation, or both might not
be difficult, but lung separation can still be a problem,
especially if the anaesthesiologist is unfamiliar or uncomfortable with what have been termed the ‘difficult’ tubes
used for OLV.17 What might be simple for an experienced
thoracic anaesthesiologist can be challenging and fraught
with complications when attempted by an inexperienced
one.36

Choice of tube
All anaesthesiologists must be familiar with the advantages and disadvantages of the different techniques and
tubes used for lung separation (Table 1). As a general
principle, if the trachea can be successfully intubated by
any route with a sufficiently large TT, then lung separation
should be achievable.

Endobronchial tubes
After tracheal intubation, a single-lumen tube can be
advanced into a bronchus to isolate that lung. Special
double-cuffed, single-lumen endobronchial tubes (EBTs)
were previously available for this purpose,3 but they have
been replaced by DLTs and BBs.45
EBTs have a narrow bronchial cuff and a relatively
short distance from the proximal edge of that cuff to the
distal tip of the tube. This design reduces the chance of
upper-lobe obstruction. In contrast, TTs are not intended
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for bronchial placement. Their margin of safety, defined as
the length of the tracheobronchial tree over which a tube
can be moved or positioned without obstructing a conducting airway, is very small. The distance from the proximal
edge of the cuff of a TT to its tip is much longer than an
EBT, and advancing a TT until its cuff is entirely within the
bronchus will usually cause obstruction of the upper-lobe
bronchus,75 especially in the right main bronchus (Fig. 1A).
Withdrawing the tube will result in a cuff in the trachea
where it no longer can isolate the healthy lung (Fig. 1B).
In an emergency situation, an uncut conventional TT
can be advanced into a bronchus to separate the lungs.
Endobronchial placement of a TT should only be considered as a life-saving manoeuvre (airway haemorrhage,
acute contralateral tension pneumothorax) when the lung
must be isolated immediately;11 for all situations, a DLT
or BB is a better choice.

Double-lumen tubes
Modern plastic, disposable DLTs offer many advantages
for lung separation.43 Their clear material allows
Table 1 Advantages of DLTs and BBs
Double lumen tubes
Easier to position
Can be positioned without bronchoscopy; bronchoscopy mandatory with BB
Shorter time required to position than a BB
More rapid lung collapse than with BB
Less likely to be displaced than a BB
Allows either lung to be ventilated, collapsed, and re-expanded
Each lung can be suctioned
Each lung can be inspected with a bronchoscope
Continuous positive airway pressure easily applied to operated lung
Enables split (independent) lung ventilation in ICU
Bronchial blockers
Can be used when a TT is already in place (oral, nasal, tracheostomy)
Not necessary to change TT or Univent tube if postoperative ventilation
required
Allows selective lobar blockade
Easier to use in smaller airways; technique of choice in paediatric patients

observation of moisture during ventilation, the presence of
secretions or blood in either lumen, or both.30 To aid in
positioning, the blue bronchial cuff is easily visualized
with a flexible fibreoptic bronchoscope (FOB). The bronchial cuff’s high volume/low pressure properties reduce
the danger of ischaemic pressure damage to airway.21 61 117
The collapsed lung can be deflated and reinflated at will
during the procedure. Material in the operated lung can be
suctioned before reinflating the lung, and continuous positive airway pressure is easily applied during OLV.34 A dislodged cuff of a DLT or BB balloon can obstruct
ventilation to both lungs, allow contamination of the
healthy lung, or both.106 DLTs have fewer instances of dislodgement and can be positioned more rapidly than BBs.88
Human airway anatomy is asymmetric. The right main
bronchus is much shorter (average 2.3 cm males, 2.1 cm
females) than the left main bronchus (average 5.4 cm
males, 5.0 cm females). For most thoracic procedures (left
or right), a left DLT is preferred,32 since it has a greater
margin of safety than a right DLT.19 A right DLT might
be required when there is intrinsic (tumour) or extrinsic
(tumour, aortic aneurysm) obstruction to the left main
bronchus or when a left DLT will interfere with the procedure (left lung transplant, sleeve resection of left
bronchus, and left bronchopleural fistula).38 Many normal
patients have a very short right main bronchus, and in a
small percentage of the population, the right upper-lobe
bronchus originates in the carina or trachea.67 Placement
of a right DLT can be difficult,121 and modified right
DLTs with larger upper-lobe ventilation slots31 79 and
specially designed right tubes56 have been described for
use in these patients.
In general, the largest DLT that can be atraumatically
introduced into the bronchus should be chosen.63 Larger
DLTs cannot be advanced as far as thinner tubes, so there
is less chance of upper-lobe obstruction.28 Their larger
lumens allow easier introduction of a suction catheter or
an FOB, and offer less resistance to airflow during

Fig 1 The ‘margin of safety’, defined as the length of the tracheobronchial tree over which a tube can be moved or positioned without obstructing a
conducting airway, is very small when a TT is used to isolate the lungs. (A) Advancing the tube until its cuff is entirely within the bronchus will cause
the tip of the tube or the cuff to obstruct the bronchial orifice to the upper lobe. (B) Withdrawing the tube until the upper lobe is no longer obstructed
will place the cuff in the trachea where it will no longer isolate the healthy lung.
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OLV.118 There is no absolutely accurate method for selecting the correct size tube. Age,114 gender, height, or
weight115 are relatively poor predictors of airway size, and
choosing a DLT based on these criteria often results in a
tube that is either too large or too small. Direct measurement of bronchial width by chest radiography,26 chest
computed tomography,49 or ultrasound122 is a better way
to select a DLT with appropriate dimensions.59 91 103
Unfortunately, the left main bronchus is not visible on as
many as 50% of chest radiographs.62 When the bronchus
cannot be directly measured, tracheal width can be used to
estimate left-bronchial width.25 The diameter of the left
bronchus is directly proportional to the diameter of the
trachea.27 If tracheal width (WT) is known, left bronchial
width (WLB) in millimetres can be calculated as
WLB¼(0.4WT)þ3.3.24
Plastic DLTs are moulded to conform to the shape of
the airway (‘memory’ of the plastic). A DLT is straight for
most of its length (for the trachea) with the distal endobronchial portion curved towards the bronchus. Since the
distal end of the tube is inserted into the patient’s mouth

under direct vision, the bronchial cuff is seldom lacerated.
However, if the glottis is anterior, the fragile tracheal cuff
is often torn by the patient’s upper teeth during intubation
attempts. To avoid damage to the tracheal cuff, and as an
aid to access the airway, the stylet in the bronchial lumen
should be bent, so that the tube assumes a ‘hockey stick’
shape before laryngoscopy. Direct laryngoscopy for DLT
placement is best accomplished using a Macintosh laryngoscope blade,52 since a curved laryngoscopy blade offers
a wider view and more space than a straight blade.
In the patient in whom conventional direct laryngoscopy
is anticipated to be problematic, fibreoptic-assisted tracheal
intubation has been recommended (Fig. 2). Either a TT or
a DLT can be advanced directly over the FOB with the
patient awake,92 or anaesthetized after preoxygenation and
induction of anaesthesia.53 112
After successful airway intubation, the DLT must be
positioned in the appropriate bronchus. Although removal
of the stylet in the bronchial lumen once the tip of the
tube is past the glottis is recommended, there are no
reports of airway trauma resulting from failure to remove

Difficult airway management
(Lung separation required)
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Fig 2 Algorithm for difficult airway management when lung separation is required.
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the stylet.50 Retaining the stylet allowed for more rapid,
accurate placement in the bronchus with no increase in the
incidence of tracheobronchial mucosa injury in one small
study.78
Advancing the tube until moderate resistance is encountered will often result in a tube that is too deep in the
bronchus, especially when a thin tube is used in a large
airway. For both men and women, there is a very significant correlation between height and depth of DLT insertion.22 Depth for placement of a left DLT (DLT) in
centimetres can be calculated as DLT¼12.0þ0.1[height (in
cm)].125
One advantage of DLTs is that they can be placed
without an FOB.20 This is particularly important in situations when lung separation is required and an appropriate
size paediatric FOB is not available.10 In most instances,
DLT position is confirmed by advancing an FOB down the
tracheal lumen to identify the blue bronchial cuff just
below the carina in the appropriate bronchus.15 82 The
FOB should then be inserted down the bronchial lumen to
demonstrate patency of the upper-lobe bronchus.116 A paediatric FOB with an outside diameter (OD) small enough
to fit in the lumen of the DLT must be available
(Table 2). Proper fit should be confirmed before intubation.84 A modification of this placement sequence utilizes
the transparency of the plastic to position the tube.51 The
FOB is inserted down the bronchial lumen and position
is adjusted, so that the carina lies midway between the
black radiopaque line on a Broncho-Cathw (Mallinckrodt
Medical, Athlone, Ireland) DLT and the proximal top of
the bronchial cuff. Since tube position can change,
especially after positioning of the patient, fibreoptic visualization in the supine position only confirms that the bronchial lumen is in the correct bronchus; DLT position must
always be verified after the patient is turned to the lateral
position.47
The bronchial cuff of the left DLT should require ,3
ml of air to seal the airway if an appropriately large tube
has been chosen.23 If .3 ml of air is required, the cuff is
likely in the trachea. The tension in the pilot balloon to
the inflated bronchial cuff should be noted. If the tube subsequently becomes displaced,12 the pilot balloon will
soften because the cuff will then be partially or completely
in the larger trachea.4 5 DLT position can change
Table 2 Compatibility of FOBs with different size DLTs. FOB, fibreoptic
bronchoscope; DLT, double-lumen tube; Fr, French size; OD, outer diameter
(mm). Adapted from Merli and colleagues84
DLT

FOB

41
39
37
35
32
28
26

4.2 –4.5
3.9 –4.2
3.5 –3.9
2.8 –3.2
2.8 –3.2
1.8 –2.5
1.8 –2.5

Fr
Fr
Fr
Fr
Fr
Fr
Fr

OD
OD
OD
OD
OD
OD
OD

intraoperatively due to surgical manipulation,137 changing
patient head position,104 or both, but turning the patient to
the lateral position is a very common cause of outward
tube movement.99

Bronchial blockers
Lung tissue distal to an airway obstruction will collapse.
With the introduction of modern BBs, there has been
renewed interest in this old technique.33 A BB can be
advanced down or alongside a TT. Therefore, if the
trachea is intubated orally,6 90 nasally,2 or through a tracheostomy57 74 83 132 with a TT of sufficient internal diameter (ID), a BB can be used to separate the lungs.
Bronchial blockade remains the ‘technique of choice’ in
paediatric patients who are too small for the smallest (26 –
28 Fr) DLTs.57
Different balloon-tipped catheters, all intended for other
purposes, have been used in adults55 97 and children58 101
for bronchial blockade. Catheters like the Fogartyw embolectomy catheter (Edwards Lifesciences, Irvine, CA, USA)
are potentially problematic in this role because their
inflated balloon exerts very high pressure on the airway. In
contrast, newer BBs have low-pressure balloons,73 100 and
should be used except in emergency situations.
The Univentw tube (Fuji Systems, Tokyo, Japan/Vitaid,
Toronto, Canada) is a conventional TT with a second
lumen that contains a thin coaxial catheter.70 71 Under
FOB guidance, that catheter can be advanced past the TT
into either bronchus.54 68 80 A balloon at its tip, when
inflated, functions as a BB. The catheter itself, the TCB
Uniblockerw (Fuji Systems/Vitaid), is also sold independently of the Univent tube.126
The Arndt Endobronchial Blockerw (Cook Critical
Care, Bloomington, IN, USA) is a balloon-tipped catheter
with an inner lumen that contains a flexible wire. The wire
passes from the proximal end of the catheter and exits past
the distal end as a flexible wire-loop.7 – 9 69 The wire-loop
is coupled with an FOB to guide the blocker into the
bronchus. Once the blocker is positioned, the FOB is
removed from the TT, the wire loop is withdrawn into
the lumen of the catheter, and the balloon is inflated.
A special three-part swivel adaptor (Arndt Multi-port
Adaptorw, Cook Critical Care) allows introduction of an
FOB through one port, the BB through a second port, and
a third port connects the TT to the ventilation circuit. This
system simplifies simultaneous connection of the anaesthesia circuit and passage of the FOB and a BB through
a TT.76
The Cohen Endobronchial Blockerw (Cook Critical
Care) has a catheter shaft which is bonded at its distal end
to a 3 cm soft nylon flexible tip. This tip can be deflected
.908 by a counterclockwise rotation of a wheel positioned
at the proximal end of the catheter to direct the distal
blocker balloon into either bronchus.42 102
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An FOB is always required to place a BB. Optimally,
both the BB and the FOB should fit within a large TT in
order to be able to ventilate the patient during blocker placement. If a small ID TT is used, the BB can be advanced
alongside the TT whereas the FOB is advanced down the
tube.13 87 When the airway is so small that it cannot
accommodate both a TT and an FOB simultaneously, the
BB and FOB can be advanced down the airway and the
BB positioned. The FOB is then removed and a TT is
placed in the airway (Fig. 3).

Lung separation and the difficult airway
It is important to remember that absolute indications for
lung separation are limited to situations when the healthy
lung must be protected from life-threatening contamination, or when positive pressure ventilation of the trachea
is impossible due to tracheal or bronchial damage.
Although many surgical procedures are more easily performed with the lung collapsed, if placement of a DLT or
BB is problematic, one must consider the safety and need
for lung separation. Surgical preference alone is an insufficient reason to jeopardize a patient.

Airway intubation
For most patients, a ‘difficult airway’ is synonymous with
difficult airway intubation. For a patient with known or predicted difficult airway access, it is usually best to first

intubate the airway with a TT. Then if OLV is considered a
high priority, the decision can be made to proceed using a
BB or to substitute a DLT for the TT (Fig. 2).37 93 Bronchial
blockade is always an option when a DLT cannot be placed,
but the airway is accessible to a TT. Examples include
patients with very limited mouth opening or in whom only a
nasotracheal intubation is possible. For a patient with a tracheostomy, lung separation can be obtained with a BB
through a TT or tracheostomy tube,40 120 131 with a conventional DLT (Fig. 4A),98 109 113 or with short DLTs intended
for tracheostomies (Fig. 4B).29 127
An FOB must be available, and the anaesthesiologist
must be familiar with both normal and abnormal airway
anatomy.35 When tracheal intubation by conventional laryngoscopy is difficult, awake FOB-assisted TT tracheal intubation has historically been the safest means of securing the
airway.16 However, there have been important recent
advances with fibreoptic systems and video technology.
New video-laryngoscopes including the GlideScopew
(Verathon Medical, Bothell, WA, USA), Pentax Airway laryngoscopew (Pentax, Hoya, Tokyo, Japan), Airtraqw
(Prodol/King Systems Corp., Noblesville, IN, USA), LMA
CTrachw (LMA North America, Inc., San Diego, CA,
USA), McGrathw video laryngoscope (Aircraft Medical/
LMA North America), and many others are now available.
These devices are proving useful in difficult intubation
situations.105 Protocols are changing and videoscopes are
replacing bronchoscopy as the first choice for accessing the
difficult airway both for TTs and for DLTs.81 95 128 130

Fig 3 (A) A patient with an extremely small tracheal stoma required lung separation. (B) After preoxygenation and induction of anaesthesia, a
paediatric FOB and a BB were placed directly through the stoma and the blocker was positioned in the bronchus. (C) The bronchoscope was then
removed, the balloon of the bronchial blocker was inflated, and a small TT was inserted through the tracheostomy stoma to ventilate the patient.
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Fig 4 For a patient with a tracheostomy, lung separation can be obtained with a BB through a TT or tracheostomy tube directly in the stoma, with a
conventional DLT (A) or with a short DLT intended for tracheostomies (B).

DLT placement in patients with anticipated or proven
difficult direct laryngoscopy has been reported with the
Bullardw laryngoscope (Gyrus ACMI, Inc., Norwalk, OH,
USA),111 the WuScopew (ACHI Corp, San Jose, CA,
USA),119 the GlideScope,39 64 the Pentax Airway laryngoscope,94 123 the Airtraq,66 and the Bonfilsw intubation
fiberscope (Karl Storz GmbH, Tuttlingen, Germany).14
Successful placement has also been achieved using lighted
stylets,41 89 108 136 and other approaches.1 107 134 Special
techniques require practice, especially before attempting
them with a DLT in a patient with a difficult airway. The
technique most familiar to the anaesthesiologist is usually
the best choice.

Airway exchange catheters
An airway guide or airway exchange catheter (AEC) is an
essential piece of equipment for thoracic anaesthesia
(Table 3). A gum elastic bougie,77 an Aintreew catheter
(Cook Critical Care),65 or other guides facilitate direct tracheal intubation with a TT, and the Frovaw intubating
catheter (Cook Critical Care) has been used for DLTs,133
in patients with Cormack – Lehane grade II or III views
during laryngoscopy. The AEC also facilitates changing
from a TT to a DLT before surgery and back to a TT at
the completion of surgery if postoperative ventilation is
necessary.60 The AEC must be of sufficient length to
ensure tracheal introduction of the DLT. Considering the
length of the DLT, the distance down the airway to the
lower trachea, and additional length needed at its proximal
end for control of the tube, the AEC must be .70 cm
long. AECs of various lengths and sizes are available. The
AEC must have a relatively large OD in relation to a DLT
with a relatively small ID for the DLT to successfully
follow the guide into the airway. The fit of the AEC in the
DLT must be confirmed before attempting tube exchange.

Table 3 Guidelines for using an AEC. AEC, airway exchange catheter
Select an AEC of at least 70 cm length when using with a DLT
Choose an AEC with a relatively large OD in relationship to a tube with a
relatively small ID
Lubricate the AEC
Test the fit between the AEC and the tube before attempting tube exchange
Never advance the AEC against resistance
Use a laryngoscope to lift supraglottic tissue to facilitate tube passage at the
glottis
If passage is obstructed, rotate the tube 908 counterclockwise to avoid
arytenoid or vocal cord impingement
Note the depth markings on both the AEC and in situ tube; never insert the
AEC deeper than 25 –26 cm into the airway
Have a system for jet ventilation available if the tube cannot be advanced

When a thin AEC is used to change to or from a TT,
resistance to passage of the tube at the glottis can occur. A
laryngoscope should be used to lift supraglottic tissue to
help the tube negotiate the angle between the pharynx and
the larynx to facilitate passage of the tube over the
guide.48 A counterclockwise rotation of the tube will disengage it, if it is temporarily stuck at the glottis.72 Two
thin AECs, with one inserted in the tracheal lumen and the
other in the bronchial lumen, combined with 908 counterclockwise rotation of the DLT reduces the incidence of
glottic impingement.124
To avoid airway perforation, the AEC should never be
advanced against resistance.46 110 All AEC DLT guides
have depth markings on their shaft to monitor the depth of
insertion. Although placement of the AEC in a more distal
airway decreases the chance of the catheter slipping out of
the trachea during tube exchange, it is safer for the guide
to remain above the carina in the lower trachea to avoid
laceration of the bronchus. The AEC should not be
inserted beyond the 25 cm mark at the teeth in adults.129
Most AECs have a small lumen that allows oxygen
insufflation or jet ventilation. A jet ventilator should be
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Univent tube
Withdraw blocker
TLV (Univent tube)

Bronchial blocker

Double-lumen tube

Withdraw blocker
Remove blocker from
TT
TLV (TT)

Ventilate through DLT
AEC to TT
Deflate both cuffs
TLV (TT)
Withdraw DLT to 20 cm mark
Re-inflate tracheal cuff
TLV (DLT)

AEC = Airway exchange catheter
TT = Tracheal tube
DLT = Double-lumen tube
TLV = Two-lung ventilation
Fig 5 Airway control at completion of surgery for patients requiring postoperative mechanical ventilation.

available if the tube does not follow the guide into the
trachea. The ventilator should be set at 25 psi with an
in-line regulator. A short (1 s) inspiratory time, low
pressure, and sufficiently long expiratory time can be life
saving.44 It is essential the AEC be in the trachea and not
the bronchus before instituting jet ventilation to avoid
barotrauma.
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Of the roughly 200,000 new cases of lung cancer per year in the United States, an estimated 30% will develop clinically evident endoluminal disease.1 A fraction of these
patients will go on to develop central airway obstruction. Central airway obstruction
is often classified as either endoluminal, extraluminal, or mixed (Fig. 1). The nature
of the obstruction is critical, as this often governs the use of stent versus endobronchial tumor resection or a combination of these approaches. Generally, the diagnosis
of intrinsic versus extrinsic obstruction can be made only through expert bronchoscopy, although CT scanning may demonstrate likely invasion of the tracheal wall by
tumor. Biopsy of critically narrowed airway processes must be undertaken with great
caution, as inflammation or hemorrhage from airway manipulation can result in
complete luminal ablation.2 Definitive management involves mechanical removal of
obstructing lesion in association with laser, argon beam coagulation, or electrocautery; stent placement; or ablation with radiation or photodynamic therapy (PDT). The
immediate results of management of symptomatic central airway obstruction are
excellent, with low procedural mortality (<5%) and improvement in the symptoms in
the vast majority of patients.3,4 Complications, such as hemorrhage, stent migration,
and perforation of the airway, are uncommon. Long-term control of tumor through endobronchial techniques has also been described.5,6
SYMPTOMS OF AIRWAY OBSTRUCTION

Shortness of breath is often a chronic symptom associated with tumors of the lung.
The presence of airway obstruction with greater than 50% stenosis of the central
airways is associated with stridor and tachypnea.3,4 Stridor occurs when erratic air
currents pass through the obstructed tracheobronchial tree, resulting in high-pitch
breath sounds. The effect is generally most marked on inspiration and can progress
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Fig. 1. Categories of central airway occlusion: Obstructions of the central tracheobronchial
tree are classified as extrinsic, intrinsic, or mixed type.

to near-complete obstruction as a result of infection, inflammation, or manipulation of
the airway. Malignant central airway obstruction can also produce dyspnea, hemorrhage, obstructive pneumonia, or a combination of these findings. Progressive symptoms of central airway obstruction represent a true surgical emergency. When the
specialized care required for stent placement is unavailable and the patient is in jeopardy of progression to complete obstruction, fiberoptic awake intubation with a small
(5–0 or 6–0 F) wire-reinforced endotracheal tube is the most expeditious means of
securing the airway. Usually, a smaller tube can be guided with bronchoscopy past
even the tightest of strictures. Repeated attempts of direct laryngoscopy and orotracheal intubation are to be discouraged due to the risk of inflammation and hemorrhage. Awake endotracheal intubation permits direct visualization-guided access to
the airway, with minimized trauma to the upper airway. Once access beyond the
obstruction is gained, the patient may be further sedated by inhalational or intravenous
anesthetic agents and transferred urgently to a center with interventional pulmonary
and thoracic oncology services.

EVALUATION

CT scanning of the neck and chest is the most effective initial study to assess the location and extent of the airway obstruction. For patients who can tolerate lying flat for the
study, the CT (Fig. 2) provides the anatomic detail that permits planning of therapy.
The study is assessed for location of primary tumor, the degree of intrinsic versus
extrinsic compression, and the length of the stricture. Furthermore, the relationship
of the narrowing of the trachea relative to the larynx or the carina is readily assessed.
For bronchial lesions, the extent of postobstructive atelectasis or infection is
observed.7 Experience suggests that magnetic resonance imaging (MRI) is less useful
in the assessment of central airway occlusion, with the exception of cases in which the
suspected airway compromise is from large vessels (arch aneurysm, innominate
artery aneurysm, or congenital vascular malformation). Flexible bronchoscopy
provides a definitive view of the intraluminal disease but should be performed with
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Fig. 2. CT scan of mid trachea demonstrating compression by paratracheal lymphadenopathy.

preparation for management of the airway obstruction with laser, rigid bronchoscopy,
or stent placement, as described in the next section.
Rigid Bronchoscopy

Rigid bronchoscopy is an indispensable tool of the surgeon or advanced interventional
pulmonologist for management of acute airway obstructive phenomena that result
from tumors, foreign bodies, or hemoptysis. The rigid instrumentation required for
access to the trachea and proximal airways is not tolerated by the awake patient
and requires general anesthesia.8 Furthermore, the hemodynamic alterations in heart
rate and blood pressure triggered by the autonomic response to rigid bronchoscopy
mandate close monitoring and management. Gas exchange with the rigid bronchoscope despite high-pressure ‘‘jet’’ ventilation can be poor. For these reasons, most
surgeons prefer to perform rigid bronchoscopy in an OR or dedicated bronchoscopy
suite with an attentive anesthesia staff. Paralytic muscle relaxant is indispensable to
facilitate placement of the rigid bronchoscope into the airway. Generally, a standard
endotracheal tube greater than or equal to 7.5 F is advanced into the airway to permit
an unpressured evaluation of the lesion or obstructive process with flexible bronchoscopy.8,9 It is very rare that the rigid bronchoscope is required to establish a patent
airway as a first maneuver. As a practical measure, connections, light sources, and
compatibility between the rigid bronchoscope and the jet ventilator should be assured
before commencing the procedure. Following an initial assessment with the flexible
bronchoscope in either an awake patient or via a small endotracheal tube, the rigid
bronchoscope is advanced under direct vision past the vocal cords. Generally, anesthesia is induced with an IV agent coupled with a muscle relaxant, and the patient is
maintained on an IV sedative infusion (ie, propofol) as the seal of the cuffless rigid
bronchoscope is poor and loss of inhaled anesthetic common.
Atlantoaxial (C1–C2) subluxation is a significant concern in patients with inflammatory conditions of the spine (eg, rheumatoid arthritis) or congenital atlantoaxial ligamentous laxity (eg, Trisomy 21) and the elderly. In patients considered at high risk
for cervical spine dislocation during neck extension, particular care must be exercised
when introducing the rigid scope to the airway and during manipulations in the procedure. Patients and families should be apprised of the risk of spinal cord trauma in such
higher-risk patients. At the conclusion of the procedure (laser ablation, mechanical
coring out of lesions, or stent placement), the patient is typically reintubated with
a standard endotracheal tube and weaned from the ventilator as tolerated. Several
recent series have demonstrated the safety and efficacy of rigid bronchoscopy in
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the management of central airway occlusion from malignant disease, which is, at
present, our strategy of choice for acute and emergent management.10–12
ND:YAG LASER THERAPY

Several large series have convincingly demonstrated the safety and efficacy of
neodymium-yttrium-aluminum-garnet (Nd:YAG) laser photoradiation since its introduction in the 1980s.13 With the principal aim of palliation, Nd:YAG laser is capable
of both vaporization of obstructing tissue and providing hemostasis. With the laser
set at between 20 and 50 W with 2 to 4 seconds of pulses applied to the tumor
bulk, the luminal diameter can be restored following removal of any chunks of tumor
remaining in the airway after laser application is complete. The laser beam is applied
in a sweeping motion across the tumor’s apex to lessen the risk of airway perforation.
Most clinicians perform laser ablation in conjunction with rigid bronchoscopy. The
rigid bronchoscope gives ready access for manual tumor debulking or tamponade
of bleeding. A flexible bronchoscope can be placed through the rigid device, permitting precise guidance of the laser tip. Major morbidity and mortality associated with
the use of the laser are infrequent. Perforations of the airway, hemorrhage, and respiratory failure with inability to wean from the ventilator have been described. The immediate results are generally gratifying, with the majority of patients describing
improvement.4 In cases in which urgent clearance of the airway is required, Nd:YAG
laser in combination with rigid bronchoscopy provides the most immediate reestablishment of sufficient airway luminal diameter.
AIRWAY STENTING

Indications for acute placement of an airway stent14 are summarized in Box 1. Airway
stents provide significant benefits beyond laser fulguration alone. For central airway
obstructions from intrinsic (intraluminal) lesions, an airway stent is most commonly deployed in concert with Nd:YAG sessions. Stents are classified as metallic or silicon
based and covered or noncovered (Figs. 3–7). Virtually all current commercially available airway stents are self-expanding. However, endoluminal balloons can be of
benefit in expanding tightly stenosed airways before stent deployment. Approved
stents include the polymer Polyflex stent (Boston Scientific, Natick, MA) and the nitinol
composite stents, such as the Ultraflex (Boston Scientific) and the Alveolus (Alveolus
Inc, Charlotte, NC, USA).
The latter-generation, covered wall stents provide considerable advantages over
previous uncovered stents, including less rapid in-stent stenosis and application in
smaller airways.5,15 Polyflex stents do not have studs outside, so they are more prone
to migration. The thin, self-expanding wall Ultraflex (Boston Scientific) stents and Alveolus (Alveolus Inc) stents both have thin polymer membranes. Recent reports support

Box 1
Indications for central airway stents in the setting of malignancy
Airway obstruction from intrinsic or extrinsic compression
Supplemental therapy to laser ablation or PDT or coring out of bulky tumor to preserve patent
lumen
Failure of local control with laser, PDT, or radiation therapy treatments
Treatment of tracheoesophageal fistula
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Fig. 3. Dumon Y stent tailored for right and left mainstem bronchi.

the concept that airway stenting for obstructive airway lesions results in improved
quality of life, with acceptable rates of morbidity.16 About 80% to 90% of patients
with tumor-related airway stenosis have reported relief of symptoms with stent placement.14 Airway stenting generates no consistent improvement in pulmonary function
tests, but patients report improved symptoms and decreased work of breathing.
These outcomes are most pronounced with treatment of tracheal lesion, and there
is less benefit from addressing stenosis of mainstem bronchi.17 If postobstructive atelectasis has persisted for more than 2 weeks, it is unlikely that stenting will achieve
significant re-expansion. If the obstruction is acute, or there is greater than 50%
stenosis, airway loss can be life threatening; in these cases, it is often more prudent
to intubate distal to the lesion and perform therapeutic pulmonary toilet before addressing the principal stenosis. Lesions that are at risk of acute restenosis after

Fig. 4. Ultraflex uncovered and Ultraflex covered wall stent. (Courtesy of Boston Scientific,
Natick, MA; with permission.)
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Fig. 5. Silicone-based removable covered stent (Polyflex). (Courtesy of Boston Scientific,
Natick, MA; with permission.)

debulking or extrinsic lesions not associated with transmucosal endoluminal disease
are often well managed with stent placement.18 The only absolute contraindication to
stent placement is extrinsic compression from an aneursymal vessel, as stent placement is associated with an unacceptable risk of erosion into the adjacent vessel with
catastrophic hemorrhage.

Fig. 6. Schematic representation of deployment of mainstem bronchial stent for extrinsic
compressing lesion of left mainstem bronchus.

Malignancy-Related Acute Airway Obstruction

Fig. 7. CT scan demonstrating stent placed for mid-tracheal obstructing lesion with restored
normal luminal diameter.

Complications of stent placement (Table 1) are encountered in the acute and longterm setting. The overall mortality from stent placement is very low15 and typically
related to acute loss of airway control from hemorrhage or, rarely, from an acute
tear of the airway resulting in an inability to ventilate the patient. Laser ablation and
coring out of lesions via rigid bronchoscopy before stent placement can be associated
with hemorrhage in the short term. Although early complications are uncommon,
longer-term complications from stent placement are common (see Table 1) and
include migration, infection, or granulomatous tissue, further compromising the
luminal diameter. Mechanical insufficiencies of the stents have been reported.15 Granulation tissue encroaching on the lumen can often be managed with repeated laser
ablation and balloon dilation.

TRACHEOSTOMY WITH WIRE-REINFORCED LONG-LENGTH PROSTHESIS

Several commercial tracheotomy prostheses are available (Smith Medical, Cook),
which are of long or adjustable length (up to 18 cm), permitting passage of a secure
airway past tracheal obstructions and can be indispensable in urgent situations. The
prostheses (ie, ‘‘Bivona tubes’’) are often wire reinforced to resist the radial compressive force of luminal tumor or paratracheal mass. The long-segment tubes can be
placed even in awake, sedated patients with adequate local anesthetic followed by
tracheostomy and expeditious bronchoscopic guidance past tracheal obstruction.
This provides a stable patent airway that permits a spontaneously breathing nonsedated patient to be managed definitively at a later time. Adjustable prostheses
(Fig. 8) are particularly useful, as the length can be tailored to terminate just above

Table 1
Complications of stent placement
Immediate

Stent-Related Complications

Long Term

Malposition with
deployment

Stent fracture or fatigue

Infection and increased
respiratory secretion retention

Perforation of airway

Erosion through airway

Granulation tissue

Airway obstruction
or aspiration

Migration after therapy
for tumor mass

Tumor progression and
luminal obstruction
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Fig. 8. ‘‘Bivona’’ stent–wire-reinforced tracheotomy prosthesis.

the carina. This approach provides adequate luminal diameter (6–8 F) until more definitive therapy, such as external beam irradiation or indwelling, tracheal stent placement,
can be performed. Long tracheostomy prostheses are limited in application to
stenosis of the trachea. The availability of these prostheses can permit emergent
stabilization of an impending airway occlusion.
EXTERNAL BEAM RADIATION THERAPY, HIGH-DOSE ENDOBRONCHIAL BRACHYTHERAPY,
AND PHOTODYNAMIC THERAPY

Several less invasive modalities have been adopted recently for management of
tumors obstructing the central airways. The principal issue is that each of these
modalities require longer time frames for effect and are often best used in conjunction
with mechanical (or laser) debulking maneuvers to immediately resolve obstruction.
High-dose endobronchial brachytherapy in conjunction with other modalities
appears to be an effective approach to unresectable disease and may provide an
important adjunct to endoluminal laser ablative therapies. Since Speiser and Spratling
reported their series of over 250 patients treated with endobronchial radiation therapy,
demonstrating a 60% to 90% rate of response, enthusiasm has increased for intraluminal radiation.19,20 This option, however, has a 15% risk of major complication,
including radiation-induced pneumonitis and major hemorrhage.21 Endobronchial brachytherapy Iridium 192 has shown promise in reducing the complications of direct
interstitial implantation of radioactive seeds. The response rate is high, with good
symptomatic improvement and radiographic resolution of postobstructive atelectasis.
The response is durable, with most lesions not showing local recurrence within 6
months after completion of therapy.21 Although the response rate is high, the use of
endobronchial radiation therapy alone in the setting of acute airway obstruction by
malignancy is inappropriate. A combination of laser fulguration of tumor and endobronchial irradiation permits immediate relief of obstruction in addition to a measure
of local control of tumor.

Malignancy-Related Acute Airway Obstruction

PDT

PDT uses a photosensitizing agent (photofrin), which, when administered intravenously, is selectively retained within tumor cells. The agents are activated on exposure
to a light of proper wavelength generating cytotoxic oxygen radicals, which lead to
tumor necrosis. PDT has been used for obstructing lesions of the central airways
that are not at immediate risk of airway occlusion.22 PDT allows for satisfactory local
control of submucosal isolated tumors of the airway in patients who are poor candidates for surgery. In addition to the laser and rigid bronchoscopic relief of airway
obstruction, PDT as an adjunct can prevent or delay reocclusion.
EXTERNAL BEAM RADIATION THERAPY AND MULTIMODAL THERAPY

Two recently completed studies23,24 of external beam irradiation or brachytherapy in
conjunction with Nd:YAG laser for patients with central airway occlusion from malignancy demonstrated improved median survival versus Nd:YAG therapy alone. The
result suggests that combination therapy at a center experienced in both endobronchial techniques and thoracic radiation oncology can achieve improved rates of local
control and survival. Tumor debulking can be carried out mechanically by the blade of
the rigid bronchoscope in combination with Nd:YAG laser for hemostasis. Brachytherapy is delayed for 2 to 4 weeks after laser debulking and consists of 3 afterloading
sessions at weekly intervals, performed with an endobronchial irradiation dose of 5
Gy per session.23 This approach has the advantage of both addressing the airway
obstruction and improving disease-free survival.
SUMMARY

Central airway occlusion occurs in roughly a third of all patients with intrathoracic
malignancies and is a significant source of morbidity and poor quality of life. The
symptoms of stridor, shortness of breath, and limitation of physical exertion are indications for palliative maneuvers and procedures. The urgency of the clinical scenario
dictates the approach to the disease. In patients with stable airways, CT scanning and,
occasionally, MRI permit careful planning, such as type and length of stent or the
feasibility of external beam irradiation. Flexible bronchoscopy can permit the most
careful evaluation of the airway, but definitive therapy should be planned to limit the
number of manipulations of the tenuous airway. For patients presenting with acute
life-threatening central airway occlusion, obtaining a secure airway expeditiously
remains the cornerstone of management. Such patients should be offered intubation
in a controlled setting (the OR being ideal) with available rigid bronchoscopy. Manual
coring out of the airway lesion and placement of a secure endotracheal tube are the
most rapid means of restoring a satisfactory lumen. In patients who have a sufficient
luminal diameter and intrinsic tumor, Nd:YAG laser is the approach of choice to
vaporize and reduce the obstruction. For incompletely resolved airway obstructions
or those at high risk for recurrence, stent placement, particularly self-expanding metal
stents, are an effective means of maintaining patency despite the adverse events
sometimes encountered. Endoluminal high dose radiation therapy and brachytherapy
have the additional benefit of treatment of tumor with potential longer-term local
control and should be considered in consultation with radiation oncology colleagues.
Although long-term outcomes of patients with malignancy-related airway obstruction
are poor, the majority (80%) will have symptoms significantly improved by surgery.
This improvement related to quality of life provides the rationale for thorough, thoughtful management of central airway obstruction.
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Abstract
Purpose The purpose of this Continuing Professional
Development module (CPD) is to update clinicians
regarding a systematic approach for anticipated difficult
airway management.
Principal findings The focus of the approach should be
directed towards providing adequate oxygenation and ventilation and not necessarily intubating the trachea. The
purpose of preoperative airway assessment is not only to
detect possible difficult direct laryngoscopy, but also to
evaluate the probability of effective ventilation using
supraglottic airway devices, such as the oropharyngeal
airway or the laryngeal mask airway. Predicting the degree
of difficulty with direct laryngoscopy or ventilation with a
supraglottic device remains an imperfect science, and the
experience of the anesthesiologist plays an important role in
the clinical decision-making process. When a difficult airway is anticipated, the need for tracheal intubation should
be carefully assessed. If tracheal intubation is deemed nonessential, the role of a supraglottic device should be considered. If adequate management with a supraglottic device
is unlikely, then intubation is indicated with the patient
awake. In certain cases, a sevoflurane induction may be
chosen to test the efficacy of a supraglottic device while
simultaneously maintaining spontaneous ventilation. If
tracheal intubation is required, a supraglottic device may be
used as a bridge during induction of anesthesia and may
even be used to insert the tracheal tube. The choice of either
the supraglottic device or another aid to intubation depends
essentially on the anesthesiologist’s experience.
P. Drolet, MD (&)
Département d’anesthésiologie, Université de Montréal, C.P.
6128, succursale Centre-ville, Montréal, QC H3C 3J7, Canada
e-mail: pdrolet@aei.ca

Conclusion Airway management should be approached
systematically, always keeping in mind the importance of
uninterrupted oxygenation and ventilation, especially when
difficulties are anticipated. Supraglottic devices can play
an important role in the management of the difficult airway, whether used for the duration of surgery or inserted
as an aid to intubation.

Continuing Professional Development module
objectives
After reading and completing this module, the anesthesiologist should be able to:
1.
2.
3.

4.
5.

Use a systematic approach for airway management;
Identify certain characteristics associated with a difficult airway;
Be aware of the importance of evaluating potentially
difficult direct laryngoscopy and identify the potential
for difficult ventilation with a supraglottic airway;
Suggest solutions for airway management in a patient
with a history of difficult tracheal intubation; and
Define the role of different instruments for airway
management.

A difficult airway may occur unexpectedly. However,
this Continuing Professional Development (CPD) module
focuses on the recognition and management of the anticipated difficult airway in adult patients. Although many
principles outlined herein may apply to cases of unanticipated difficulties with oxygenation, ventilation, or tracheal
intubation, the reader should refer to other standard references addressing these issues for a detailed review of these
scenarios.
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Tracheal intubation is the primary outcome in many
studies on airway management in adults. Direct laryngoscopy to perform tracheal intubation remains a core skill of
anesthetic practice that all anesthesiologists must acquire
early in their training. Many experts consider tracheal
intubation under direct vision as the gold standard with
which all other airway management techniques should be
compared. However, we recognize that many techniques
are now available that achieve adequate airway control
without direct laryngoscopy or tracheal intubation. The key
point is not necessarily to intubate the trachea, but to
ensure that ventilation and oxygenation are maintained at
all times, especially during maneuvers that lead to securing
the airway. As airway specialists, anesthesiologists now
have numerous airway devices available that act either as
conduits to oxygenation and ventilation (e.g., laryngeal
mask airway, laryngeal tube…) or as devices designed
specifically to facilitate tracheal intubation (lighted stylets,
videolaryngoscopes, flexible bronchoscopes…).
This module is not intended to replace guidelines written
by expert groups.1,2 Its purpose is to provide a self-directed
learning experience to foster a systematic approach for
management of the anticipated difficult airway in adult
patients, especially in the perioperative period.

Airway assessment
Direct laryngoscopy
The main purpose of most studies on airway management
is to identify criteria to predict patients for whom orotracheal intubation with direct laryngoscopy might be
difficult. Nevertheless, certain authors also attempted to
identify potential problems with other intubation techniques, such as the lighted stylet,3 the intubating laryngeal
mask airway (FastrachTM),4 or the videolaryngoscope.5
The number of related randomized controlled trials is
limited, often leaving the clinician to rely on lower levels
of evidence of case reports/case series and personal experience to define or assess the advantages and limitations of
these devices. Regardless, the prediction of difficult orotracheal intubation using direct laryngoscopy is not always
an easy task.6 In certain cases, the problems are obvious,
such as when a patient has a large tumor or an oropharyngeal abscess, or when jaws have been surgically wired
together following a fracture. On the other hand, in many
patients a cursory airway examination (mouth opening and
neck extension) allows the experienced anesthesiologist to
anticipate an easy direct laryngoscopy and intubation.
There remains a number of patients for whom the clinician
would appreciate tools to accurately predict the degree of
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difficulty associated with direct laryngoscopy and successful intubation.
In many studies, there have been attempts to identify
features and to suggest assessment techniques that predict
difficult or impossible tracheal intubation using direct laryngoscopy (Table 1). Some of the identified features
include obesity, a short thyromental distance, Mallampati
class III or IV, decreased neck mobility, or a short distance
between upper and lower incisors. More recently, evaluation of mandibular protrusion or subluxation and
hyomental distance were added to the airway assessment
criteria. Some of these factors or measurements assess
different, but related factors influencing airway anatomy,
for example body mass index and weight. Other factors,
such as the extent of mandibular protrusion, provide unique
information, because such movement is vital when direct
laryngoscopy is difficult. However, it should be remembered that the specificity and sensitivity of these proposed
criteria only allow an imprecise estimate of the degree of
difficulty of tracheal intubation, especially in borderline
cases. In studies dealing with the identification of criteria
concerning difficult direct laryngoscopy, there were very
few tracheal intubation failures using this method. When a
criterion with a high specificity is present, it is associated
with a high incidence of Cormack-Lehane 3 or 4 grade, but
not necessarily a failed intubation. When the obvious cases
presented above are excluded, the tests or criteria should be
used only as indicators. The challenge originates from the
low incidence of failed tracheal intubation in the hands of
experienced anesthesiologists. Interesting results were
obtained in studies where radiological criteria were used,7,8
but this approach is not practical in routine clinical practice. In other studies, the use of ultrasonography has been
suggested to anticipate the degree of airway difficulty, but
it would be premature at this time to formulate recommendations about the use of this technology in airway
management.9,10 Even calculating airway indices that
incorporate many assessment criteria, such as those proposed by Wilson et al.11 and Arné et al.,12 does not
consistently ensure accurate evaluation of the risk of failed
laryngoscopy.
Although the possibility to predict difficult intubation
accurately has been questioned, examining the patient and
evaluating accepted criteria remain useful,6 especially
in situations where physical characteristics are unclear or
where there is a history of difficult intubation, radiotherapy
in the neck area, snoring, etc. Examining the upper airway
might reveal anomalies that may not have been obvious at
first sight but may have a major impact on the intubation
technique (e.g., a restricted mouth opening). However, it is
important to realize that, except in the most obvious cases,
evaluating the probability of failed laryngoscopy is a

Systematic approach to the upper airway
Table 1 Examples of sensitivities and specificities reported for different criteria for the prediction of difficult direct laryngoscopy
Study

Criterion

Sensitivity (%)

Specificity (%)

Tse et al.23

Mallampati class C 3

66

65

El-Ganzouri et al.24

Mallampati class C 3

44.7

89

Shiga et al.25a

Mallampati class C 3

49

86

Krobbuaban et al.26

Mallampati class C 3

70

60

Tse et al.23

Thyromental distance B 7 cm

32

80

El-Ganzouri et al.24

Thyromental distance \ 6 cm

Shiga et al.25a

Thyromental distance \ 4 to \ 7 cm

20

94

Krobbuaban et al.26

Thyromental distance B 6.5 cm

52

71

23

Tse et al.

Neck extension B 808

10

93

El-Ganzouri et al.24
Krobbuaban et al.26

Neck extension B 808
Neck extension B 808

10.4
13

98.4
93

El-Ganzouri et al.24

Mouth opening \ 4 cm

26.3

94.8

Shiga et al.25a

Mouth opening \ 3.5 cm

22

97

Krobbuaban et al.

Mouth opening \ 3.5 cm

39

69

El-Ganzouri et al.24

Weight [ 110 kg

11.1

94.3

Lundstrom et al.27

Weight [ 110 kg

6

95

Huh et al.28

Hyomental distance [ 5.5 cm (neutral position)

23

95

Huh et al.28

Hyomental distance B 5.3 cm (maximum extension)

31

92

Shiga et al.

Sternomental distance \ 12.5 to B 13.5 cm

62

82

Lundstrom et al.27

BMI [ 35

7

94

Khan et al.29

Upper lip bite test = 3

76.5

88.7

Eberhart et al.30

Upper lip bite test = 3

28.2

92.5

El-Ganzouri et al.24

History of difficult intubation

4.5

99.8

Simple criteria

26

25a

7

99.2

More than one criterion, ratio, index
Tse et al.23

Mallampati class C 3 ? thyromental distance B 7 cm

21

92

Huh et al.28
Shiga et al.25a

Ratio: hyomental distance in maximum extension/neutral position \ 1.2
Mallampati class C 3 ? BMI [ 30

88
74

60
74

Naguib et al.31

Wilson index

40.2

92.8

Arné et al.12

Arné index

93

93

Naguib et al.31

Arné index

54.6

94.9

Naguib et al.31

Naguib index

81.4

72.2

BMI body mass index
a

Results of a meta-analysis

difficult task that depends heavily on the experience of the
anesthesiologist.
Ventilation with a supraglottic airway device
In addition to the traditional oropharyngeal or nasopharyngeal airways, a wide variety of new supraglottic devices
for airway management and ventilation are currently
available. In most anesthetized patients, the lungs are ventilated at some point during the perioperative period using a
supraglottic device. Whether a laryngeal mask airway is
used throughout the surgical procedure or an oropharyngeal
airway is used to facilitate bag-mask ventilation prior to

tracheal intubation, supraglottic devices play a key role in
maintaining upper airway patency. It should be emphasized
that ventilation can often be achieved in one way or another
using supraglottic devices, even when direct laryngoscopy
and tracheal intubation turn out to be impossible.13 Recognizing that failure to intubate the trachea following direct
laryngoscopy is a rare occurrence, complete failure to
ventilate using a face mask and an oropharyngeal airway is
an even rarer occurrence.14 There are many published
anecdotal cases where ventilation and oxygenation could be
established with a laryngeal mask airway or another supraglottic device after repeated unsuccessful attempts at direct
laryngoscopy.15–18 Although ventilation with supraglottic
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Table 2 Examples of the
influence of certain
characteristics on difficult mask
ventilation

Study

Criterion

Langeron et al.32

Beard

3.18

1.39–7.27

BMI [ 26

2.75

1.64–4.62

No teeth

2.28

1.26–4.10

Age [ 55 yr

2.26

1.34–3.81

Snoring

1.84

1.09–3.10

Yildiz et al.33

14

Kheterpal et al.

Kheterpal et al.34

BMI body mass index; CI
confidence interval

CI 95%

Mallampati class 4

9.69

1.25–74.98

Male

3.53

2.17–5.40

Snoring

2.18

1.38–3.45

Elderly

1.03

1.01–1.04

Obesity

1.02

1.00–1.03

Neck changes due to radiotherapy

7.1

2.1–24.4

Male

3.3

1.8–6.3

Sleep apnea

2.4

1.3–4.3

Mallampati class C 3

2.0

1.1–3.4

Beard
BMI [ 30

1.9

1.1–3.3

Beard

1 criterion 6.32

Mallampati class C 3

2 criteria 10.5

Age C 57 yr

3 criteria 19.6

Limited mandibular protusion

4 criteria 35.4

Snoring

devices is more often efficacious than direct laryngoscopy,
criteria to predict success or failure are even less clear than
for tracheal intubation.
A few studies have attempted to identify certain factors
associated with difficult ventilation with a face mask
(Table 2). A few of these criteria, such as limited mandibular
protrusion, are also associated with difficult direct laryngoscopy. Other criteria, including being edentulous, make
direct laryngoscopy easier. Criteria to predict failure to insert
other supraglottic devices, such as the laryngeal mask airway, are even more poorly defined. While there are cases
where direct laryngoscopy is impossible, there are also situations where a laryngeal mask airway cannot be used, e.g.,
patients with a very limited mouth opening. However, in
contrast to tracheal intubation, which can only be either a
success or a failure, supraglottic ventilation might be partially successful. Thus, it is unusual for such a technique to
provide absolutely no ventilation and no oxygenation;
however, if such a situation occurs and tracheal intubation
cannot be performed rapidly, a surgical airway (tracheostomy or cricothyrotomy) must be obtained. In exceptional
situations, extracorporeal circulation can be considered
when such resources are immediately available. As is the
case for direct laryngoscopy, criteria to anticipate difficult or
ineffective supraglottic ventilation are poor predictors.
When present, the criteria listed in Table 2 indicate that
ventilation with face mask might be more difficult than usual,
although it is rarely completely ineffective. The impact of
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Odds ratio

those factors on the effectiveness of other supraglottic
devices, such as the laryngeal mask airway, has not been
studied systematically. However, it is encouraging to note
that these devices have been used successfully in numerous
instances traditionally associated with difficult ventilation,
such as Cesarean delivery under general anesthesia.19

A systematic approach to the anticipated
difficult airway
Use of guidelines
It is important to use a systematic approach and a welldefined plan when faced with a patient with a potentially
difficult airway. Several specialty societies, such as the
American Society of Anesthesiologists (ASA), have
developed specific guidelines for this type of situation. The
ASA algorithm2 covers a wider spectrum of circumstances
than those addressed in this module, which is essentially
restricted to cases where a possible difficult airway was
identified before induction of anesthesia. It should be
emphasized, however, that few recommendations have
been validated rigorously. Most guidelines are derived
from the experience of airway experts and analysis of the
related literature, which consists of a limited number of
randomized controlled trials and numerous case reports.
Only a few relatively simple strategies have been evaluated

Systematic approach to the upper airway

formally, for instance, the sequential use of a bougie and an
intubating laryngeal mask airway after unsuccessful direct
laryngoscopy.20 It is virtually impossible for all anesthesiologists to have the same comfort zone, familiarity, and
skill set with respect to all available airway devices. Thus,
the clinician must take personal skill and experience into
consideration when applying recommendations by experts
and should consider asking for help from a colleague who
has skills in the use of a technique indicated for a special
situation. However, assistance from a colleague is no
substitute for a systematic approach and good planning.
When a patient presents with foreseeable airway management problems, several questions should be asked to
define the possible options. If local or regional anesthesia
constitute reasonable choices for a surgical procedure in a
patient with possible difficult airway management, it is
often best to proceed that way. If it is necessary to
administer a general anesthetic to a patient with a possible
difficult airway, then one of the first questions to ask is
whether it is best to perform tracheal intubation or can a
supraglottic device be used for the duration of the procedure. Several supraglottic devices are designed for
ventilation. Table 3 lists only some of them, as many new
devices are commercialized constantly. While some devices are designed essentially to ventilate; others also allow
the possibility to insert a tracheal tube. With the FastrachTM, it is possible to ventilate the patient’s lungs,
although this device was designed primarily to allow
intubation. Other devices have specific features to avoid
regurgitation of contents from the gastrointestinal tract.
Several devices incorporate a drainage tube to evacuate or

a reservoir to store regurgitated material, while others rely
on esophageal obstruction.
If tracheal intubation is not necessary
The decision whether to intubate or to use a supraglottic
device depends on several factors. At present there are no
definite criteria establishing formal indications or contraindications for the use of such devices. For most clinicians,
gastroesophageal reflux would be considered a contraindication regardless of the features of the supraglottic device
employed. The anticipated duration of the surgical procedure, the type of surgery (abdominal, laparoscopic), the
position of the patient during the operation (supine, prone,
lateral), the surgical site (head and neck, thoracic), and
certain patient characteristics, such as obesity, are all likely
to influence the decision whether to use a supraglottic
device. There are no set rules, and practices vary amongst
anesthesiologists depending on their experience, familiarity
with the type of device, and the medical culture in their
hospital. When faced with a potential difficult airway,
many practitioners systematically choose tracheal intubation instead of the insertion of supraglottic devices, because
they are concerned that supraglottic devices might not
provide adequate ventilation throughout surgery. It should
be noted, however, that even if a supraglottic ventilation
device is deemed inappropriate for a given surgical procedure, this does not mean that such a device cannot be part
of airway management. As will be seen later, using such a
device may, in fact, make tracheal intubation much easier
in patients with a possible difficult airway.

Table 3 Examples of supraglottic devices for ventilation
Device

Features

ClassicTM Laryngeal Mask Airway

Well known. A single lumen designed for ventilation, but insertion of a tracheal tube is
possible. Reusable

UniqueTM Laryngeal Mask Airway

Similar to ClassicTM Laryngeal Mask Airway, but single use only

ProSeal

TM

Laryngeal Mask Airway

SupremeTM Laryngeal Mask Airway
Fastrach

TM

Intubating Laryngeal Mask Airway

King LTTM Laryngeal Tube
King LTS-D

TM

Laryngeal Tube

Two lumens, one for ventilation, the other towards the gastrointestinal tract to decrease the
risk of pulmonary aspiration. Insertion may be accomplished either with fingers or a rigid
device. Not designed for insertion of a tracheal tube
Two lumens like the ProSealTM, and more rigid. Single use
Rigid device that may be used to ventilate, but designed primarily to insert a tracheal tube
A single lumen. Two cuffs: one in the oropharynx, the other to block the esophagus
Two lumens: one to ventilate, the other towards the gastrointestinal tract. Two cuffs as with
the King LTTM. A tube exchanger may be inserted

SLIPATM

A single lumen, but presence of a reservoir to capture regurgitated material. No inflatable
cuff. Single use

I-GelTM

Two lumens: one to ventilate, the other towards the gastrointestinal tract. No inflatable cuff.
Insertion of a tracheal tube is possible. Single use

Cobra PLATM

Single lumen designed for ventilation, but insertion of a tracheal tube is possible. Single
use

CombitubeTM

Large device. Two lumens, one for ventilation, one for the esophagus. Two cuffs. Used
mainly in prehospital care. Single use
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Need to intubate for surgery: NO
Anticipate mask ventilation or
ventilation with a supraglottic
device:
Intubation with
patient awake
EASY
Eg, normal anatomy,
Mallampati class 3

UNCERTAIN
Eg, more or less normal
anatomy but previous
radiotherapy

DIFFICULT
Eg, limited mouth
opening, anatomical
anomalies (tumor, trauma,
infection, etc.)

Routine induction
Wake up patient
Induction with
spontaneous breathing

Patency +
Obstruction getting
worse during induction
Supraglottic device
Eg, laryngeal mask
airway

Fig. 1 Need to intubate for surgery: NO

Therefore, if tracheal intubation is deemed unnecessary
for a given procedure, the anesthesiologist should evaluate
the probability that a supraglottic device might allow
adequate ventilation in a patient with possible difficult
airway management (Fig. 1). In other words, would a laryngeal mask airway or another similar device or, for short
procedures, an oropharyngeal airway or a face mask, be
likely to allow proper ventilation and oxygenation? For
most patients with possible difficult airway management,
the answer to this question is either ‘‘yes’’ or ‘‘no’’. At this
stage, the experience and familiarity of the anesthesiologist
with this type of device play an important role. Still, there
are cases where the anesthesiologist would not be able to
provide a clear answer regarding the anticipated effectiveness of a supraglottic device. If the clinician involved
determines that the airway problems (identified when the
airway was evaluated) are unlikely to alter the effectiveness of a laryngeal mask airway or a similar device, i.e., if
the answer to the question regarding the anticipated
effectiveness of supraglottic ventilation is ‘‘yes’’, we propose that the anesthesiologist can proceed with a routine
induction and insert the chosen device. Patients with a
moderately limited mouth opening or a Mallampati class
assessed at 3 without any other special anatomical anomaly
usually fall under that category. Direct laryngoscopy and
intubation could potentially be difficult in these patients,
yet they show no appearance of special difficulties for the
insertion of a LMA or similar device.
However, if the anesthesiologist’s airway assessment
indicates that a supraglottic airway will probably be
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unsuccessful, i.e., if the answer to the question, ‘‘Can we
anticipate successful ventilation with a laryngeal mask
airway or similar device?’’ is ‘‘no’’, then it is preferable
to proceed to intubate the patient awake using a fibrescope or another method, even if intubation is not
required for the planned surgical procedure. Patients with
anomalies interfering with upper airway anatomy, such as
tumors or abscesses, often fall within that category. This
does not mean that using a laryngeal mask airway or
similar device is inevitably ineffective in these patients,
since many case reports show the usefulness of these
devices in emergency situations, even when used with
pathological features leading to significant changes in the
upper airway.21,22
There is a category of patients for whom the anesthesiologist remains uncertain regarding the potential success of
supraglottic ventilation. There is a reason to believe that
supraglottic ventilation is likely to work for these patients;
however, they have anomalies that leave room for doubt.
Patients with apparently normal airway anatomy, except for
signs of previous radiotherapy, may sometimes belong to
that group. In these cases, it is possible to proceed with a
sevoflurane inhalation induction to maintain spontaneous
ventilation, then to insert an oropharyngeal airway, then to
switch to a laryngeal mask airway or similar device with the
patient spontaneously breathing, and finally to establish that
manual ventilation through the chosen device is adequate. If
adequate manual ventilation is achieved, then the clinician
has confirmed that supraglottic ventilation works well, and
the answer to the question regarding the effectiveness of
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ventilation is ‘‘yes’’. However, if airway patency gets progressively worse during the inhalation induction while the
patient is breathing spontaneously and the anesthesiologist
is unsure about the success of supraglottic ventilation, it is
appropriate to allow the patient to awaken and then to
proceed with intubation of the awake patient. Again, we
emphasize that both personal experience in airway assessment and practical knowledge of supraglottic airway
devices greatly influence the anesthesiologist’s decision to
allocate a patient into one category or the other. For
example, a less experienced clinician with the use of
supraglottic devices or with inhalation induction in adults
will be less likely to use this technique and will probably
choose intubation of the awake patient.
When tracheal intubation is the preferred
course of action
If it is believed that tracheal intubation with direct laryngoscopy is potentially difficult; a supraglottic device may
play a significant role to facilitate endotracheal tube
insertion. Once the decision is made to perform the surgical
procedure with a tracheal tube in place, the first question to
ask is whether the patient presents a significant risk of
aspiration of gastric contents (Fig. 2). When significant
problems with airway management and a risk of aspiration
are anticipated, it is preferable to intubate the trachea while
the patient is awake. If there is no significant risk of
aspiration, then the probability that a supraglottic device
will provide adequate ventilation should be evaluated. If

the answer to that question is ‘‘yes’’, it is possible to proceed with a routine induction knowing that a laryngeal
mask airway or similar device can be used as backup to
oxygenate and ventilate adequately. Depending on the
choice of supraglottic device, the clinician could withdraw
the device and proceed with an appropriate intubation
technique (Table 4) or choose a device that can be used to
facilitate the insertion of a tracheal tube (e.g., intubating
laryngeal mask, I-GelTM). Tracheal intubation can be
achieved by combining different techniques. For example,
it is appropriate to use a regular laryngeal mask airway and
then to insert a tracheal tube under flexible bronchoscope
guidance. The FastrachTM can also be used with a tracheal
tube over a TrachlightTM-type lighted stylet, which is made
less rigid by removing its stiff wire. The videolaryngoscope
is another option. If it becomes difficult to reach the glottic
opening with the recommended stylet, a flexible bronchoscope held by a second operator can be used instead of the
stylet, while its movement is tracked on the videolaryngoscope screen. To a large extent, the choice of
intubation technique should be dictated by the one with
which the anesthesiologist is most familiar. Should failure
to intubate occur, defaulting to supraglottic ventilation
allows avoidance of hypoxia and hypoventilation irrespective of the final choice of intubation technique. A
cautionary word with this approach is avoiding injury to
the airway by traumatic or repeated attempts that could
compromise return to effective supraglottic ventilation. If
the clinician is unable to complete tracheal intubation with
the techniques available, the best course of action is to

Need to intubate for surgery: YES
HIGH RISK OF ASPIRATION
Eg. reflux, full stomach…

LOW RISK OF ASPIRATION
Anticipate mask ventilation or
ventilation with a supraglottic
device:

Intubation with
patient awake
EASY
Eg. normal anatomy,
Mallampati class 3

UNCERTAIN
Eg, more or less normal
anatomy but previous
radiotherapy

DIFFICULT
Eg, limited mouth
opening, anatomical
anomalies (tumor, trauma,
infection, etc.)

Routine induction
Wake up patient
Induction with
spontaneous breathing

Patency +
Obstruction getting
worse during induction
Intubation
(appropriate device) or
supraglottic device as
bridge to oxygenate and
ventilate then intubate

Fig. 2 Need to intubate for surgery: YES
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Table 4 Examples of devices designed to facilitate tracheal intubation
Device

Characteristics

Flexible bonchoscope

Used commonly in the awake patient. Useful when major airway anomalies are present.
Less useful with copious amounts of blood and secretions

TrachlightTM

The principle is transillumination. May be used in an awake or anesthetized patient.
May be more difficult to use in obese patients. Nasal use if rigid wire is removed

FastrachTM Intubating Laryngeal Mask Airway

Rigid device that may be used to ventilate, but designed primarily to insert a tracheal
tube

GlidescopeTM

Videolaryngoscope. Easy to use if familiar with direct laryngoscopy. A stylet is usually
necessary

McGrathTM Laryngoscope

Videolaryngoscope. Easy to use if familiar with direct laryngoscopy. A stylet is usually
necessary. The blade can be adjusted

BonfilsTM
AirtraqTM

Has some of the features of a rigid stylet, but provides a view similar to a bronchoscope
Rigid laryngoscope with a video screen (optional) and lumen to guide the tracheal tube

Pentax-AWSTM

Rigid laryngoscope with a video screen and lumen to guide the tracheal tube

BullardTM Laryngoscope

Rigid laryngoscope with fiberscope and lumen to guide the tracheal tube

Several of these devices may be combined. For example, a TrachlightTM, with the rigid wire removed, or a bronchoscope may be used with the
FastrachTM or other supraglottic devices. A bronchoscope with the assistance of a second operator may serve as a stylet with the
videolaryngoscope

abstain from further attempts and to allow the patient to
awaken gently using a laryngeal mask airway or similar
device rather than compromising the efficacy of the airway
device by creating edema or injury to the upper airway.
If the patient is not at risk for aspiration, but it is perceived that supraglottic ventilation will not be effective, an
awake intubation is recommended. If the anesthesiologist
has doubts about the probable success of supraglottic
ventilation, then an inhalation induction with sevoflurane
with the patient breathing spontaneously can be considered.
If the airway remains patent during induction, a device
such as a laryngeal mask airway should be inserted, and the
ability to manually ventilate the patient’s lungs should be
checked. If this procedure is successful, a suitable intubation technique may then be chosen, with the consideration
that it is possible to default to supraglottic ventilation to
ensure oxygenation and ventilation if intubation is unsuccessful. Again, untimely intubation attempts might compromise a return to supraglottic ventilation. If patency of
the airway worsens during inhalation induction with
spontaneous ventilation, the preferred course of action is to
awaken the patient and to proceed with awake intubation.
Again, the degree of the anesthesiologist’s familiarity with
ventilation devices and inhalation induction will influence
to a large extent the decision when to proceed with one
approach or the other. A lesser degree of familiarity will tip
the balance towards awake tracheal intubation.

Conclusion
Irrespective of the approach taken, experience and proper
planning play a key role in airway management. This is
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especially valid when traditional airway management with
direct laryngoscopy is likely to be unsuccessful. Although
recommended tools and criteria for an anticipated difficult
airway using direct laryngoscopy or supraglottic ventilation are far from perfect, the experienced anesthesiologist
should take them into account to devise a strategy centered
on oxygenation and ventilation. We suggest a systematic
approach that assesses the need for tracheal intubation and
the probability of successful supraglottic ventilation. Key
points in planning a safe strategy appropriate for possible
difficulties in airway management include personal experience and familiarity with airway assessment, use of various intubation techniques and supraglottic ventilation, and
inhalation induction with sevoflurane while spontaneous
breathing is maintained.

Module case scenario
Your patient is a 57-yr-old male who is scheduled for
cervical mediastinoscopy. He has a 2-cm lesion in the
lower lobe of the left lung. His medical history is unremarkable, except for a 25 pack-yr smoking history and
hypertension controlled by ramipril given once daily. The
EKG, blood tests, and respiratory function tests are normal.
The pulmonary lesion was identified as an incidental
finding on chest X-ray when the patient was investigated
prior to a laparoscopic cholecystectomy. When questioned
about this operation that occurred several weeks previously, the patient appears anxious and responds
immediately that he does not want to go through a similar
experience. He mentions that the anesthesiologist awakened him immediately after he was put to sleep, because it
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was impossible to insert the airway tube, and he was told
that he had to be intubated before he could be put to sleep
again. What he went through (cough, agitation, pain) was
so terrible he refuses any further surgery unless he is put to
sleep before tracheal intubation. He further adds that he
prefers to leave the hospital rather than go through the
same ordeal that he suffered prior to his cholecystectomy.

Instructions for completing the CPD module
(1)

Read the module and the references indicated in bold.

(2)

Visit the Canadian Journal of Anesthesia website
(http://www.springer.com/medicine/anesthesiology/
journal/12630), click ‘‘CPD online’’, and select the
current module (Management of the anticipated difficult airway: a systematic approach).
Answer the multiple choice questions regarding the
case.
After entering all of your answers, you will have access
to an expert’s explanation for each possible choice.
Participants may claim up to 4 hr, for a total of eight
credits, under Section 3 of the Continuing Professional Development (CPD) program of the Royal
College of Physicians and Surgeons of Canada.

(3)
(4)
(5)

logiste doit alors estimer la probabilite´ qu’un instrument
supraglottique s’ave`re efficace. Si cette probabilite´ est faible, il est alors indique´ de proce´der à l’intubation du
patient e´veille´. Dans certains cas, l’induction au se´voflurane en ventilation spontane´e peut eˆtre utilise´e pour
s’assurer de l’efficacite´ d’un instrument supraglottique. Si
l’intubation est indique´e, celle-ci peut eˆtre facilite´e par
l’utilisation temporaire planifie´e d’un outil supraglottique,
qui peut souvent eˆtre mis à profit pour l’insertion du tube
endotrache´al. Le choix d’un instrument supraglottique ou
d’un outil d’intubation de´pend essentiellement de l’expe´rience de l’anesthe´siologiste.
Conclusion La gestion des voies ae´riennes doit faire
l’objet d’une approche syste´matique centre´e sur le maintien
de l’oxyge´nation et la ventilation, particulie`rement lorsque
des difficulte´s sont pre´vues. Les outils supraglottiques peuvent jouer un rôle important dans cette approche, que ce soit
pour la dure´e de la chirurgie ou comme aide à l’intubation.

Objectifs de ce module de développement professionnel
continu
Après avoir lu et complété ce module, l’anesthésiologiste
sera en mesure de:
1-

Difficultés de prise en charge des
voies aériennes: une approche
systématique
Résumé
Objectif Ce module de de´veloppement professionnel
continu (DPC) vise à pre´senter une strate´gie syste´matique
pour des proble`mes anticipe´s de prise en charge des voies
ae´riennes.
Constatations principales L’accent doit eˆtre mis sur
l’oxyge´nation et la ventilation et non ne´cessairement sur
l’intubation trache´ale. L’e´valuation pre´ope´ratoire des voies ae´riennes ne doit pas eˆtre dirige´e uniquement sur les
difficulte´s possibles lors de la laryngoscopie directe, mais
aussi sur la probabilite´ d’e´tablir une ventilation fructueuse
à l’aide d’instruments supraglottiques incluant la canule
oropharynge´e ou le masque larynge´. Pre´dire avec certitude
les difficulte´s associe´es à la laryngoscopie directe ou à la
ventilation supraglottique demeure difficile et l’expe´rience
de l’anesthe´siologiste joue alors un rôle important dans le
processus de de´cision. Lorsque des difficulte´s sont anticipe´es dans la prise en charge des voies ae´riennes, il
convient de se demander si l’intubation est ne´cessaire. Si
l’intubation trache´ale n’est pas indispensable, l’anesthe´sio-

2-

3-

4-

5-

Utiliser une approche systématique pour la prise en
charge des voies aériennes;
Identifier certaines caractéristiques prédictives de
difficultés lors de la prise en charge des voies
aériennes;
Réaliser l’importance d’estimer les difficultés potentielles associées à la laryngoscopie directe et aussi à la
ventilation avec un outil supraglottique;
Proposer des solutions pour la prise en charge des
voies aériennes d’un patient présentant une histoire
d’intubation difficile; et de
Définir le rôle de divers instruments disponibles pour
la prise en charge des voies aériennes.

Des difficultés de prise en charge des voies aériennes
peuvent survenir de façon inattendue. Toutefois, ce module
de développement professionnel continu (DPC) porte
principalement sur la prise en charge des voies aériennes
chez des patients adultes pour lesquels des difficultés
peuvent être anticipe´es. Bien que certains des principes
exprimés ici puissent s’appliquer aux situations dans
lesquelles les difficultés reliées à l’oxygénation, à la ventilation ou à l’intubation apparaissent de manière
inattendue, le lecteur trouvera une discussion plus complète de ce problème dans d’autres articles ou monographies.
Plusieurs travaux relatifs à la prise en charge des voies
aériennes de l’adulte ont pour thème central l’intubation
trachéale. L’utilisation de la laryngoscopie directe afin
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d’insérer une sonde dans la trachée est l’un des éléments
centraux de la pratique de l’anesthésie et constitue une
habileté que tout anesthésiologiste acquiert tôt dans sa
formation. Ainsi, plusieurs auteurs considèrent toujours
l’intubation trachéale par laryngoscopie directe comme
l’étalon auquel doivent être comparées toutes les techniques de prise en charge des voies aériennes. Il faut
cependant réaliser qu’il existe maintenant plusieurs techniques qui permettent de s’assurer d’un contrôle adéquat
des voies aériennes, et ce, sans le recours à la laryngoscopie directe ou à l’insertion d’une sonde trachéale.
L’important n’est pas nécessairement d’arriver à intuber,
mais plutôt de s’assurer que la ventilation et l’oxygénation
soient toujours maintenues, et ce, pendant toute la durée du
processus menant au contrôle des voies aériennes. En tant
que spécialistes des voies aériennes, les anesthésiologistes
ont maintenant à leur disposition une panoplie d’instruments destinés à faciliter l’oxygénation et la ventilation du
patient, soit parce qu’ils sont conçus spécifiquement à cette
fin (masque laryngé, tube laryngé…), soit parce qu’ils sont
en mesure de faciliter l’intubation trachéale (laryngoscopes
spéciaux, tige lumineuse, vidéolaryngoscope, bronchoscope flexible…).
L’information contenue dans ce module ne vise pas à se
substituer aux recommandations déjà émises des groupes
d’experts.1,2 Ce qui est proposé ici est une approche systématique destinée à la prise en charge planifiée du
contrôle des voies aériennes de l’adulte, généralement dans
le contexte périopératoire.

L’évaluation des voies aériennes
La laryngoscopie directe
La grande majorité des articles publiés traitant de l’évaluation des voies aériennes supérieures sont consacrés à
l’identification de critères prédictifs visant à repérer les
patients pour lesquels l’intubation orotrachéale par laryngoscopie directe est susceptible de poser problème.
Néanmoins, certains auteurs ont aussi tenté d’identifier les
obstacles à l’utilisation d’autres techniques d’intubation,
qu’il s’agisse de la tige lumineuse,3 du masque laryngé
d’intubation FastrachTM4 ou de la vidéolaryngoscopie.5 Ces
articles sont cependant peu nombreux et il faut plutôt se
résigner à recenser les cas rapportés afin de tenter de définir
ou d’évaluer les avantages et limites de ces outils. Quoi
qu’il en soit, tenter de prédire les difficultés reliées à
l’intubation orotrachéale par laryngoscopie directe n’est
pas toujours une tâche facile.6 Dans certains cas, les
obstacles sont évidents, par exemple celui du malade présentant une volumineuse tumeur ou un abcès occupant
l’oropharynx, ou encore celui dont les mâchoires sont
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fixées chirurgicalement à la suite d’une fracture. Il existe
par ailleurs une majorité de patients pour lesquels même
un examen sommaire (ouverture de bouche et extension cervicale) permet à l’anesthésiologiste expérimenté
d’anticiper une technique d’intubation par laryngoscopie
directe sans problème. On retrouve cependant une proportion de patients pour lesquels le clinicien souhaiterait
disposer d’outils permettant de prédire avec précision
le degré de difficulté anticipé pour la réalisation d’une
laryngoscopie directe et d’une intubation fructueuse.
Plusieurs auteurs ont identifié des caractéristiques et
proposé des techniques d’évaluation visant à identifier les
patients chez qui l’intubation trachéale par laryngoscopie
directe risque de s’avérer inefficace (Tableau 1). Parmi ces
caractéristiques, on retient notamment l’obésité, une distance thyromentonnière courte, la classe de Mallampati, la
mesure de la mobilité cervicale, l’ouverture de bouche ou la
distance interincisive. Plus récemment, l’évaluation détaillée de la protrusion ou de la subluxation volontaire de la
mandibule, ainsi que la distance hyomentonnière, se sont
ajoutées à la liste. Certains de ces facteurs ou mesures
évaluent des aspects différents, mais qui sont interreliés, par
exemple l’indice de masse corporelle (IMC) et le poids.
D’autres facteurs procurent une information unique, comme
la protrusion mandibulaire, puisqu’elle est sollicitée de
manière parfois musclée dans les cas de laryngoscopie directe difficile. Il faut cependant constater que la spécificité et
la sensibilité des divers critères proposés ne permettent
souvent d’obtenir qu’un estimé plutôt imprécis du degré de
difficulté anticipé, particulièrement dans les cas litigieux.
Très peu de patients, parmi les participants aux études visant
à identifier les critères associés à la laryngoscopie directe
difficile, ont connu un échec d’intubation par cette même
laryngoscopie. Si un critère donné présente une spécificité
élevée, cela signifie que sa présence permet d’anticiper une
laryngoscopie dont le grade Cormack-Lehane est de 3 ou 4,
mais rarement un échec d’intubation. Si l’on exclut les cas
les plus évidents dont il a été question précédemment,
l’information fournie par ces tests ou critères ne peut souvent être utilisée qu’à titre indicatif. Le problème émane du
fait que, bien que l’incidence rapportée soit variable, la
laryngoscopie infructueuse demeure un événement rare
entre les mains d’anesthésiologistes expérimentés. Certains
auteurs ont obtenu des résultats intéressants en ayant recours
à des critères radiologiques,7,8 mais cette démarche demeure
peu pratique dans le contexte clinique courant. D’autres
auteurs ont suggéré l’utilisation de l’échographie afin
d’anticiper le degré difficulté dans la prise en charge des
voies aériennes, il est cependant trop tôt pour en déterminer
l’intérêt.9,10 Même la confection d’indices comme ceux
suggérés par Wilson11 ou Arné12 et incorporant plus d’un
critère ne permet pas d’obtenir une estimation précise du
risque de laryngoscopie infructueuse.
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Tableau 1 Exemples de sensibilité et spécificité observées pour divers critères visant à prédire la laryngoscopie directe difficile
Auteur

Critère

Sensibilité %

Spécificité %

Tse et coll.23

Classe Mallampati C 3

66

65

el-Ganzouri et coll.24

’’

44,7

89

Crite`res simples

25

Shiga et coll. *

’’

49

86

Krobbuaban et coll.26

’’

70

60

Tse et coll.23

Distance thyromentonnière B 7 cm

32

80

el-Ganzouri et coll.24

Distance thyromentonnière \ 6 cm

7

99,2

Shiga et coll.25*

Distance thyromentonnière \ 4 à \ 7 cm

20

94

Krobbuaban et coll.26

Distance thyromentonnière B 6.5 cm

52

71

Tse et coll.23

Extension cervicale B 808

10

93

el-Ganzouri et coll.24
Krobbuaban et coll.26

’’
’’

10,4
13

98,4
93

el-Ganzouri et coll.24

Ouverture de bouche \ 4 cm

26,3

94,8

Shiga et coll.25*

Ouverture de bouche \ 3,5 cm

22

97

Krobbuaban et coll.26

Ouverture de bouche \ 3,5 cm

39

69

el-Ganzouri et coll.24

Poids [ 110 kg

11,1

94,3

Lundstrom et coll.27

’’

6

95

Huh et coll.28

Distance hyomentionnière [ 5,5 cm (position neutre)

23

95

Huh et coll.28

Distance hyomentionnière B 5,3 cm (position extension maximale)

31

92
82

25

Shiga et coll. *

Distance sternomentonnière \ 12,5 à B 13,5 cm

62

Lundstrom et coll.27

IMC [ 35

7

94

Khan et coll.29

‘‘Upper lip bite test’’ = 3

76,5

88,7

Eberhart et coll.30

‘‘Upper lip bite test’’ = 3

el-Ganzouri et coll.24 Histoire d’intubation difficile antérieure
Plus d’un crite`re, ratios, indices

28,2

92,5

4,5

99,8

Tse et coll.23

Classe de Mallampati C 3 ? distance thyromentonnière B 7 cm

21

92

Huh et coll.28
Shiga et coll.25*

Ratio: distance hyomentionnière en position extension maximale/position neutre \ 1,2
Classe de Mallampati C 3 ? IMC [ 30

88
74

60
74

Naguib et coll.31

Indice de Wilson

40,2

92,8

Arné et coll.12

Indice d’Arné

93

93

Naguib et coll.31

Indice d’Arné

54,6

94,9

Naguib et coll.31

Indice de Naguib

81,4

72,2

* Résultats d’une méta-analyse
IMC: indice de masse corporelle

Même si la possibilité de prédire de manière efficace
l’intubation difficile a été remise en question, l’examen du
patient et la recherche des critères décrits demeure utile,6
en particulier dans les cas qui présentent des caractéristiques suscitant des interrogations, que celles-ci soient
d’ordre physique ou historique (antécédents d’intubation
difficile, de radiothérapie de la sphère cervicale, de ronflements…). L’examen, même sommaire, des voies
aériennes permet aussi de détecter des anomalies qui, sans
être évidentes au premier coup d’oeil, peuvent avoir un
impact majeur sur la technique d’intubation. C’est le cas,
notamment, d’une ouverture de bouche très limitée. Il faut
cependant réaliser que, toujours en excluant les cas de
difficultés évidentes, estimer la probabilité d’une

laryngoscopie infructueuse est un exercice difficile dont les
résultats dépendent, en grande partie, de l’expérience de
l’anesthésiologiste.
La ventilation avec un outil supraglottique
En plus des traditionnelles canules oro- ou naso-pharyngées, il existe maintenant une kyrielle de nouveaux outils
supraglottiques destinés au maintien des voies aériennes et
à la ventilation. La ventilation à l’aide d’instruments supraglottiques est donc effectuée, pendant une période plus
ou moins prolongée, pour la grande majorité des malades
anesthésiés. Qu’il s’agisse de l’utilisation d’un masque
laryngé pendant la durée entière de la chirurgie ou de
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l’utilisation d’un masque facial et d’une canule oropharyngée pendant quelques secondes avant de procéder à
l’intubation orotrachéale, les outils de ventilation supraglottiques occupent une place centrale dans le maintien de
la perméabilité des voies aériennes. Il convient aussi de
souligner que, sous une forme ou une autre, la ventilation à
l’aide d’instruments supraglottiques est souvent possible là
où l’intubation trachéale par laryngoscopie directe s’avère
impossible.13 En effet, même si les situations d’échec à
l’intubation par la laryngoscopie directe sont rares, les cas
où la ventilation à l’aide d’un masque et d’une canule
oropharyngée est impossible le sont encore plus.14 La littérature est aussi truffée de cas anecdotiques pour lesquels
une ventilation et une oxygénation adéquates ont pu être
établies à l’aide d’un masque laryngé ou d’un autre outil
supraglottique, et ce, après des échecs répétés d’intubation
par laryngoscopie directe.15–18 Néanmoins, même si la
ventilation à l’aide d’outils supraglottiques est plus souvent
efficace que la laryngoscopie directe, les critères permettant d’en anticiper le succès ou l’échec sont encore plus
mal précisés que ceux associés à l’intubation.
Il existe toutefois quelques travaux qui ont permis
d’identifier certains facteurs associés à une ventilation
difficile au masque facial. (Tableau 2). Certains de ces
critères, comme la protrusion mandibulaire limitée, sont
aussi associés à la laryngoscopie directe difficile. D’autres,
telle l’absence de dents, facilitent au contraire l’intubation
orotrachéale. Quant aux critères qui permettraient
Tableau 2 Exemples de
l’influence de certaines
caractéristiques sur la difficulté
de ventilation au masque facial

Auteur
Langeron et coll.

32

Yildiz et coll.33

Kheterpal et coll.14

Kheterpal et coll.34

IMC: indice de masse
corporelle; IC: intervalle de
confiance
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d’anticiper les échecs lors de l’utilisation d’autres outils
supraglottiques comme le masque laryngé, ils sont encore
plus mal connus. Tout comme pour la laryngoscopie directe, il existe des situations qui ne permettent évidemment
pas l’utilisation de masques laryngés, par exemple une
ouverture de bouche impossible. Il faut cependant se souvenir que, contrairement à l’intubation trachéale qui réussit
ou échoue, la ventilation supraglottique peut s’avérer un
succès partiel. Il est donc rare qu’elle ne puisse procurer ni
oxygénation, ni ventilation. Lorsqu’une telle situation se
produit, et que l’intubation trachéale ne peut être effectuée
rapidement, il est alors nécessaire de procéder au contrôle
des voies aériennes de manière chirurgicale ou invasive par
trachéotomie ou cricothyrotomie. De manière très exceptionnelle, le recours à la circulation extracorporelle peut
même être envisagé si l’équipement et le personnel sont
disponibles immédiatement. Tout comme c’est le cas pour
la laryngoscopie directe, les critères suggérés afin de prédire une ventilation supraglottique difficile ou inefficace
n’apportent souvent qu’une réponse incomplète. Lorsque
présents, les éléments décrits dans le Tableau 2 suggèrent
néanmoins l’éventualité d’une ventilation au masque plus
difficile, bien qu’il soit rare que celle-ci s’avère totalement
inefficace. Quant à l’impact de ces facteurs sur la performance d’autres outils supraglottiques tel le masque
laryngé, il n’a pas fait l’objet d’études concluantes.
L’utilisation fructueuse de ce type d’outil dans de nombreuses situations traditionnellement associées aux

Critère

Rapport de cotes

IC 95%

Barbe

3,18

1,39-7,27

IMC [ 26

2,75

1,64-4,62

Édenté

2,28

1,26-4,10

Âge [ 55 ans

2,26

1,34-3,81

Ronflement

1,84

1,09-3,10

Mallampati classe 4

9,69

1,25-74,98

Sexe masculin

3,53

2,17-5,40

Ronflement

2,18

1,38-3,45

Patients âgés

1,03

1,01-1,04

Obésité

1,02

1,00-1,03

Changements dans le cou dus à la radiothérapie

7,1

2,1-24,4

Sexe masculin

3,3

1,8-6,3

Apnée du sommeil

2,4

1,3-4,3

Classe Mallampati C 3

2,0

1,1-3,4

Barbe
- IMC [ 30

1,9

1,1-3,3

- Barbe

1 critère 6,32

- Classe Mallampati C 3

2 critères 10,5

- Âge C 57 ans

3 critères 19,6

- Protusion mandibule limitée

4 critères 35,4

- Ronflement
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difficultés ventilatoires, telle la césarienne sous anesthésie
générale, est cependant encourageante.19

Une approche systématique
Utilisation des directives
Lorsque confronté au malade présentant des difficultés
potentielles de prise en charge des voies aériennes, il est
important d’avoir recours à une approche systématique et
planifiée. Certains organismes, tel l’American Society of
Anesthesiology (ASA), ont proposé des directives pour ce
type de situation. L’algorithme proposé par l’ASA2 s’intéresse cependant à un éventail de situations plus large que
celui couvert par ce module, lequel s’adresse essentiellement aux cas où les difficultés de prise en charge sont
identifiées préalablement à l’induction de l’anesthésie
générale. Il faut noter toutefois qu’en matière de prise en
charge des voies aériennes, il n’existe que peu de recommandations qui ont fait l’objet d’une validation formelle.
Les conduites proposées sont très largement le fruit de
l’expérience des experts consultés et de l’analyse d’une
littérature composée en grande partie de cas anecdotiques.
Seules quelques stratégies relativement simples comme
l’utilisation séquentielle d’une bougie et d’un masque laryngé d’intubation dans le cas où une tentative initiale
d’intubation par laryngoscopie directe s’avère infructueuse
ont fait l’objet d’une étude formelle.20 Les anesthésiologistes ne présentent pas tous des degrés de confort, de
familiarité et d’habileté égaux avec l’ensemble des outils
disponibles. Les recommandations d’experts doivent donc
être utilisées par le clinicien à la lumière des compétences
et de l’expérience qu’il possède. Au besoin, il est bien sûr
souhaitable d’avoir recours à l’assistance d’un collègue,
particulièrement si celui-ci possède les compétences
nécessaires à l’utilisation d’une technique indiquée dans
une situation précise. L’assistance ou la disponibilité d’un
collègue ne doivent cependant pas faire oublier la nécessité
de procéder de manière systématique et planifiée.
En présence d’un malade présentant des difficultés potentielles quant à la prise en charge des voies aériennes,
quelques questions s’imposent afin de préciser les options
envisageables. Si l’anesthésie locorégionale constitue une
approche raisonnable dans le cas d’une chirurgie chez un
malade présentant des difficultés anticipées au niveau de la
prise en charge des voies aériennes, il est souvent préférable d’y recourir. S’il faut recourir obligatoirement à
l’anesthésie générale chez un tel patient, l’une des premières questions à se poser est: Est-il préférable de
procéder à une intubation trachéale ou peut-on utiliser un
outil de ventilation supraglottique pour la durée de

l’intervention? Il existe plusieurs instruments supraglottiques conçus pour la ventilation. Le Tableau 3 en présente
une liste partielle, puisque de nouveaux instruments arrivent sur le marché de manière régulière. Certains
instruments sont conçus essentiellement pour la ventilation,
d’autres offrent accessoirement la possibilité d’y insérer
une sonde trachéale. L’un d’entre eux, le FastrachTM,
permet quant à lui de ventiler même s’il s’agit avant tout
d’un instrument conçu pour l’intubation. Certains, parmi
ces outils, présentent des caractéristiques qui sont destinées
à éviter les régurgitations en provenance du tube digestif.
Dans certains cas, ils sont munis d’un conduit visant
l’évacuation ou d’un réservoir destiné au stockage du
matériel régurgité alors que d’autres misent plutôt sur
l’obstruction de l’oesophage.
Si l’intubation trachéale n’est pas nécessaire
La décision d’intuber, ou, alternativement, d’utiliser un
instrument supraglottique, dépend de plusieurs facteurs. Il
n’existe actuellement pas de critères définitifs qui permettent d’établir les indications ou contre-indications
formelles à l’utilisation de tels outils. La présence de reflux
gastro-oesophagien symptomatique ou d’un estomac plein
est cependant considérée comme une contre-indication par
la majorité des cliniciens, et ce, quelles que soient les caractéristiques de l’appareil supraglottique utilisé. La durée
anticipée de la chirurgie, la nature de celle-ci (digestive,
laparoscopique…), la position du patient durant l’intervention (dorsale, ventrale, latérale), le site chirurgical (tête
et cou, thoracique…) et certaines caractéristiques propres
au malade telles que l’obésité sont tous des éléments qui
peuvent influencer la décision de procéder à l’opération
avec un instrument supraglottique ou non. Il n’existe donc
que peu de règles précises et les pratiques varient selon les
anesthésiologistes, leur degré d’expérience, leur familiarité
avec ce type d’instrument et la culture médicale du milieu
hospitalier. Lorsque confrontés à des difficultés potentielles
de gestion des voies aériennes, certains cliniciens optent
automatiquement pour l’intubation trachéale plutôt que
pour l’utilisation d’outils supraglottiques, au cas où ces
derniers ne seraient pas en mesure d’assurer une ventilation
satisfaisante pour la durée de la chirurgie. Notons cependant que, même s’il n’apparaı̂t pas souhaitable de procéder
à une intervention chirurgicale donnée avec un instrument
de ventilation supraglottique, un tel outil peut quand même
être mis à profit dans la prise en charge des voies aériennes.
Comme nous le verrons plus bas, l’utilisation de ce type
d’appareil peut grandement faciliter l’intubation trachéale
chez les patients présentant des difficultés potentielles.
Donc, si l’intubation trachéale n’est pas jugée nécessaire
pour une intervention particulière, l’anesthésiologiste doit
alors se demander quelle est la probabilité qu’un appareil
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Tableau 3 Exemples d’instruments supraglottiques de ventilation
Instrument

Caractéristiques

Masque laryngé ClassicTM

Bien connu. Une seule lumière conçue pour la ventilation, mais possibilité d’y insérer un tube trachéal.
Stérilisable.

Masque laryngé UniqueTM

Analogue au masque laryngé ClassicTM mais jetable.

Masque laryngé ProSeal

TM

Deux lumières, l’une pour ventiler, l’autre vers le tube digestif, peut ainsi réduire le risque d’aspiration
pulmonaire. L’insertion peut être faite avec les doigts ou un instrument rigide. Non conçu pour y insérer un
tube trachéal.

Masque laryngé SupremeTM

Possède deux lumières comme le ProSealTM, plus rigide que ce dernier. Jetable.

Masque laryngé d’intubation
FastrachTM

Instrument rigide qui peut être utilisé pour ventiler, mais qui est d’abord conçu pour y insérer un tube
endotrachéal.

Tube laryngé King LTTM

Une seule lumière. Deux manchettes, l’une dans l’oropharynx, l’autre destinée à occlure l’oesophage.

Tube laryngé King LTS-DTM

Deux lumières, l’une pour ventiler, l’autre vers le tube digestif. Deux manchettes comme le King LTTM. On
peut y insérer un échangeur de tube.

SLIPATM

Une seule lumière, mais présence d’un réservoir destiné à recevoir les régurgitations. Absence de manchette
gonflable. Jetable.

I-GelTM

Deux lumières, l’une pour ventiler, l’autre vers le tube digestif. Absence de manchette gonflable. Possibilité d’y
insérer un tube trachéal. Jetable.

Cobra PLATM

Une seule lumière conçue pour la ventilation, mais possibilité d’y insérer un tube trachéal. Jetable.

CombitubeTM

Volumineux instrument. Deux lumières, l’une pour ventiler, l’autre digestive. Deux manchettes. Utilisé surtout
en médecine préhospitalière. Jetable.

Besoin d’intuber pour la chirurgie: NON
Anticiper la ventilation au
masque ou avec un instrument
supraglottique:
Intubation
patient éveillé
FACILE
Ex: anatomie normale,
classe Mallampati 3

INCERTAIN
Ex: anatomie plutôt
normale mais certaines
séquelles de radiothérapie

DIFFICILE
Ex: ouverture de bouche
très limitée, distorsion
anatomique (tumeur,
trauma, infection, etc.)

Induction habituelle
Réveiller patient
Induction en respiration
spontanée

Perméabilité +
Obstruction progressive
pendant l’induction
Outil supraglottique
Ex: masque laryngé

Fig. 1 Besoin d’intuber pour la chirurgie: NON

supraglottique puisse assurer une ventilation adéquate chez
ce patient présentant des difficultés potentielles en regard
de la prise en charge des voies aériennes (Fig. 1). En
d’autres termes, est-ce que l’utilisation d’un masque laryngé ou de tout autre appareil du même type, ou encore,
pour les interventions courtes, d’une canule oropharyngée
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et d’un masque facial est susceptible d’assurer une ventilation et une oxygénation adéquates? Pour la majorité des
patients présentant des difficultés potentielles de gestion
des voies aériennes, la réponse à cette question est OUI ou
NON. Encore là, l’expérience de l’anesthésiologiste et sa
familiarité avec ce type d’appareils jouent un rôle
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important. Il existe néanmoins des cas pour lesquels
l’anesthésiologiste sera dans l’incapacité de se prononcer
de manière ferme quant à l’efficacité anticipée d’un
instrument supraglottique. Si, de l’avis du clinicien impliqué, les difficultés identifiées lors de l’évaluation des voies
aériennes ne sont pas de nature à entraver l’efficacité d’un
masque laryngé ou d’un appareil analogue, donc si la
réponse quant à l’efficacité anticipée de la ventilation
supraglottique est OUI, nous considérons que l’anesthésiologiste peut procéder avec une induction conventionnelle et
insérer l’instrument choisi. Les patients dont l’ouverture de
bouche présente une limitation modérée ou encore dont la
classe de Mallampati est jugée 3, mais sans anomalie
anatomique particulière, s’inscrivent généralement dans
cette catégorie. Il s’agit là de patients pour lesquels
l’intubation par laryngoscopie directe pourrait paraı̂tre ardue, mais qui ne semblent pas présenter de difficultés
significatives quant à l’insertion d’un masque laryngé ou de
tout autre instrument semblable.
Si, au contraire, l’évaluation des voies aériennes laisse
croire à l’anesthésiologiste qu’il est probable qu’un
instrument supraglottique s’avère inefficace, en d’autres
mots, si la réponse à la question : « Peut-on anticiper qu’il
sera possible de ventiler le patient avec un masque laryngé
ou un appareil analogue? » est NON, il est alors conseillé
de procéder avec l’intubation lorsque le malade est éveillé,
par fibroscopie ou autrement, et ce, même si l’intubation
n’est pas essentielle pour la chirurgie prévue. Les patients
présentant des anomalies perturbant l’anatomie des voies
aériennes (tumeurs, abcès…) entrent souvent dans cette
catégorie. Cela ne signifie pas que l’utilisation d’un masque
laryngé ou d’un instrument analogue s’avère obligatoirement inefficace chez de tels patients. En effet, plusieurs cas
démontrent l’intérêt de ces outils dans un contexte d’urgence, et ce, même en présence de pathologies entraı̂nant
des déformations significatives des voies aériennes.21,22
Il existe des patients pour lesquels l’anesthésiologiste
demeure INCERTAIN quant au succès potentiel de la
ventilation supraglottique. Il s’agit là de malades pour
lesquels le clinicien croit que la ventilation supraglottique
est susceptible de fonctionner, mais qui présentent
néanmoins des anomalies qui laissent planer un doute
important. Les patients dont l’examen des voies aériennes
paraı̂t essentiellement normal, à l’exception de séquelles
consécutives à la radiothérapie, peuvent parfois s’inscrire
dans cette catégorie. Il est possible, dans de tels cas, de
procéder avec une induction par inhalation au sévoflurane
en conservant la respiration spontanée, d’insérer d’abord
une canule oropharyngée, ensuite un masque laryngé ou un
instrument analogue alors que le patient respire toujours
spontanément et, finalement, de faire la démonstration que
la ventilation manuelle au moyen de l’instrument choisi
s’avère satisfaisante. Si c’est le cas, le clinicien confirme

alors que la ventilation supraglottique est efficace et peut
ainsi répondre OUI à la question visant l’efficacité de celleci. Si, au contraire, au moment de l’induction par inhalation
en respiration spontanée du patient chez qui l’anesthésiologiste a émis des réserves quant au succès de la ventilation
supraglottique, la perméabilité des voies aériennes se
détériore progressivement, il convient alors de réveiller le
malade et de procéder ensuite avec l’intubation alors que
ce dernier est éveillé. De nouveau, nous soulignons que
l’expérience de l’anesthésiologiste en matière d’évaluation
des voies aériennes et au niveau de sa familiarité avec les
appareils de ventilation supraglottiques auront un impact
certain sur sa décision d’assigner un malade dans l’une ou
l’autre des catégories. Par exemple, le clinicien moins
familier avec l’utilisation d’instruments supraglottiques ou
encore avec l’induction de l’anesthésie par inhalation chez
l’adulte sera moins enclin à procéder à cette dernière et
optera plus volontiers pour l’intubation du patient éveillé.
Lorsque l’intubation trachéale est jugée préférable
Si l’on croit que l’intubation trachéale par laryngoscopie
directe est susceptible de présenter des difficultés significatives, un instrument de ventilation supraglottique peut
jouer un rôle significatif afin de faciliter l’introduction
d’une sonde dans la trachée. La première question à se
poser après avoir décidé de procéder à la chirurgie sous
intubation trachéale est: « Le patient présente-t-il un risque
significatif d’inhalation du contenu gastrique? » (Fig. 2)
L’anticipation de difficultés significatives quant à la gestion des voies aériennes, combinée à un risque d’inhalation,
milite en faveur d’une intubation chez le malade éveillé. Si
le malade ne présente pas de risque particulier d’inhalation,
il convient alors de s’interroger sur la probabilité de l’efficacité de la ventilation à l’aide d’instruments
supraglottiques. Si l’on répond OUI à cette question, alors
il est possible de procéder avec une induction conventionnelle sachant qu’au besoin, il est possible d’oxygéner et
de ventiler correctement à l’aide d’un masque laryngé ou
d’un instrument analogue. Dépendant de l’outil supraglottique choisi, ce dernier peut être retiré afin de céder la place
à une technique d’intubation adaptée (Tableau 4), ou
encore le clinicien peut opter pour un instrument capable
d’être mis à contribution pour faciliter l’insertion de la
sonde trachéale (masque laryngé d’intubation, I-GelTM,
etc.). Il ne faut pas oublier que l’intubation trachéale d’un
patient peut faire appel à plus d’une technique. Par exemple, il est tout à fait convenable d’utiliser un masque
laryngé conventionnel et d’y insérer une sonde trachéale
montée sur un bronchoscope flexible. Le FastrachTM peut
aussi être utilisé avec une sonde montée sur une tige lumineuse de type TrachlightTM rendue molle par le retrait de
la broche. Le vidéolaryngoscope représente une alternative
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Besoin d’intuber pour la chirurgie: OUI
RISQUE D'ASPIRATION
ÉLEVÉ
Ex: Reflux, estomac plein…

RISQUE D'ASPIRATION FAIBLE
Anticiper la ventilation au
masque ou avec un instrument
supraglottique:

Intubation patient
éveillé
FACILE
Ex: anatomie normale,
classe Mallampati 3

INCERTAIN
Ex: anatomie plutôt
normale mais certaines
séquelles de radiothérapie

DIFFICILE
Ex: ouverture de bouche
très limitée, distorsion
anatomique (tumeur,
trauma, infection, etc.)

Induction habituelle
Réveiller patient
Induction en respiration
spontanée

Perméabilité +
Obstruction progressive
pendant l’induction
Intubation d'emblée
(instrument au choix) ou
instrument supraglottique
temporaire pour oxygéner et
ventiler puis intubation

Fig. 2 Besoin d’intuber pour la chirurgie: OUI

Tableau 4 Exemples d’instruments destinés à faciliter l’intubation trachéale
Instrument

Caractéristiques

Bonchoscope flexible

Fréquemment utilisé chez le patient éveillé. Utile dans les cas de déformations majeures des voies aériennes.
Moins utile si présence de sang ou de sécrétions abondantes.

TrachlightTM

Procède par transillumination. Peut être utilisé chez le patient éveillé ou anesthésié. Peut être moins efficace
chez les patients obèses. Utilisation nasotrachéale possible en retirant la broche rigide.

Masque laryngé d’intubation
FastrachTM

Instrument rigide qui peut être utilisé pour ventiler, mais qui est d’abord conçu pour y insérer une sonde
trachéale.

GlidescopeTM

Vidéolaryngoscope. Facile à utiliser si familier avec laryngoscopie directe. Nécessite généralement l’utilisation
d’un mandrin.

Laryngoscope McGrathTM

Vidéolaryngoscope. Facile à utiliser si familier avec laryngoscopie directe. Nécessite généralement l’utilisation
d’un stylet. Possibilité d’ajustements de la lame.

BonfilsTM

Possède certaines caractéristiques d’un stylet rigide, mais procure une vision semblable à celle d’un
bronchoscope.

AirtraqTM
Pentax-AWS

Laryngoscope rigide muni d’un écran vidéo (optionnel) et d’un conduit destiné à diriger le tube trachéal.
TM

Laryngoscope BullardTM

Laryngoscope rigide muni d’un écran vidéo et d’un conduit destiné à diriger le tube trachéal.
Laryngoscope rigide muni d’une fibre optique et d’un conduit avec stylet destiné à diriger le tube trachéal.

Plusieurs de ces instruments peuvent être combinés. Par exemple: le TachlightTM, dont on a retiré la broche rigide, ou le bronchoscope peuvent
être utilisés en même temps que le FastrachTM ou d’autres instruments supraglottiques. Le bronchoscope peut aussi, avec l’assistance d’un
second opérateur, servir de stylet lors de la vidéolaryngoscopie

intéressante et, dans l’éventualité où l’orifice glottique est
difficile à atteindre avec le stylet recommandé, ce dernier
peut être remplacé par un bronchoscope flexible, tenu par
un second opérateur, et dont la progression peut être suivie
sur l’écran du vidéolaryngoscope. Le choix de la technique
d’intubation sera dicté, en grande partie, par la familiarité
de l’anesthésiologiste avec cette dernière. Peu importe la
technique choisie, le retour à la ventilation supraglottique
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en cas d’échec permet à l’anesthésiologiste d’éviter
l’hypoxie et l’hypoventilation. La contrainte principale
reliée à cette approche est qu’il faut éviter d’endommager
les voies aériennes par des tentatives d’intubation traumatisantes ou répétées à outrance, lesquelles pourraient
compromettre l’efficacité du retour à la ventilation supraglottique. Dans l’éventualité où le clinicien s’avère
incapable de procéder à l’intubation endotrachéale avec les
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techniques dont il dispose, mieux vaut s’abstenir et réveiller calmement le malade en utilisant un masque laryngé ou
un instrument similaire plutôt que de compromettre l’efficacité de celui-ci en créant un oedème ou des lésions au
niveau des voies aériennes supérieures.
Dans le cas d’un malade ne présentant pas de risque
d’inhalation particulier mais pour lequel on répond NON
au moment d’anticiper la possibilité d’une ventilation
supraglottique efficace, on suggère alors de procéder avec
l’intubation du patient éveillé. Si l’anesthésiologiste
responsable entretient un doute quant à l’efficacité de la
ventilation supraglottique et qu’il se dit donc INCERTAIN, il peut alors envisager de procéder avec une
induction par inhalation en respiration spontanée à l’aide
de sévoflurane. Dans l’éventualité où les voies aériennes
demeurent perméables pendant l’induction, un instrument
de type masque laryngé peut alors être inséré et on peut
ensuite vérifier qu’il permet la ventilation manuelle. Si
c’est le cas, l’anesthésiologiste peut alors utiliser la technique d’intubation qu’il juge appropriée, sachant que si
celle-ci s’avère infructueuse, il peut compter sur le retour
à l’usage de la ventilation supraglottique pour assurer
l’oxygénation et la ventilation. De nouveau, il faut se
souvenir que des tentatives d’intubation intempestives
pourraient alors compromettre le retour à la ventilation
supraglottique. Si, pendant l’induction par inhalation en
respiration spontanée, la perméabilité des voies aériennes
se détériore progressivement, il convient alors de réveiller
le malade et de procéder à l’intubation de ce dernier
éveillé. Encore là, le degré de familiarité de l’anesthésiologiste avec les instruments de ventilation supraglottiques
ou l’induction par inhalation jouera un rôle prépondérant
au moment d’opter pour une approche particulière. Moins
un anesthésiologiste est familier avec ces techniques, plus
il sera enclin à procéder directement à l’intubation du
malade éveillé.

doivent être évaluées. L’expérience et la familiarité de
l’anesthésiologiste avec l’évaluation des voies aériennes,
l’utilisation des diverses techniques d’intubation et de
ventilation supraglottique, ainsi qu’avec l’induction par
inhalation en respiration spontanée à l’aide de sévoflurane,
sont tous des éléments qui contribuent à l’élaboration d’une
stratégie sécuritaire et adaptée à la prise en charge des
voies aériennes qui présentent des difficultés potentielles.

Cas clinique
Vous devez procéder à l’anesthésie d’un patient de 57 ans
pour une médiastinoscopie cervicale. Le patient présente
une masse de 2 cm dans le lobe inférieur du poumon
gauche. Son histoire médicale présente peu de particularités à l’exception d’un tabagisme de l’ordre de 25 paquetsannées et d’une hypertension artérielle actuellement
contrôlée par la prise quotidienne de ramipril. L’électrocardiogramme, les examens sanguins et les tests de
fonctions respiratoires sont normaux. La masse pulmonaire
a été découverte de manière fortuite six semaines plus tôt
dans le cadre d’une investigation préopératoire précédant la
réalisation d’une cholécystectomie par voie laparoscopique. Lorsque questionné sur le déroulement de cette
cholécystectomie que le patient a donc subie quelques semaines plus tôt, ce dernier vous apparaı̂t agité et vous
mentionne d’emblée qu’il ne veut plus revivre une expérience semblable. Il dit, en effet, qu’après avoir été
endormi, l’anesthésiologiste l’a réveillé et lui a mentionné
qu’il fallait l’intuber avant de l’endormir de nouveau
puisque l’insertion de la sonde trachéale s’était avérée
impossible. L’expérience qu’il décrit alors (toux, agitation,
douleur) lui a déplu au point qu’il refuse toute autre
intervention s’il n’est pas endormi préalablement à l’intubation. Il mentionne qu’il préfère quitter l’hôpital plutôt
que de revivre une expérience semblable à celle endurée au
moment de sa cholécystectomie.

Conclusion
Quelle que soit l’approche adoptée, l’expérience et la
planification jouent un rôle clé dans la gestion des voies
aériennes. Ceci est particulièrement vrai lorsqu’une prise
en charge conventionnelle, par laryngoscopie directe, est
susceptible de s’avérer infructueuse. Bien que les outils ou
critères suggérés pour l’anticipation des difficultés associées à la laryngoscopie directe ou à la ventilation supraglottique demeurent imparfaits, l’anesthésiologiste
d’expérience doit en tenir compte afin d’élaborer une
stratégie centrée sur l’oxygénation et la ventilation. Nous
suggérons l’adoption d’une approche systématique dans
laquelle la pertinence de l’intubation endotrachéale et la
probabilité d’une ventilation supraglottique efficace
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Editorial III
New airway equipment: opportunities for enhanced safety

Securing the airway in a safe and timely manner is of
prime importance in anaesthetic practice. This applies to
both routine and difficult intubations, be they expected or
unexpected. Airway management was the cause of just
over half of anaesthesia-related cardiac arrests in a recent
review of adult and paediatric perioperative cardiac
arrests.1 A number of new airway aids and devices are
available that aim to facilitate airway management. They
may be broadly classified as: (i) tracheal tube guides, (ii)
supraglottic devices such as the laryngeal mask airway
(LMA), and (iii) indirect video-laryngoscopes (Table 1).
Over the past few years, fibreoptic technology has been
incorporated into airway equipment with huge potential to
obtain good glottic visualization during laryngoscopy.
A number of guides and introducers are available to
facilitate passage of the tracheal tube into the trachea.
Lighted stylets or ‘lightwands’ have been described as far

back as the 1950s to facilitate tracheal intubation. Newer,
specifically designed devices now provide an intubation
stylet equipped with a bright light at the tip. Intubation is
blind and does not require direct laryngoscopy. Correct
positioning relies on transillumination of the anterior neck
tissues. In experienced hands, it is a useful alternative to
direct laryngoscopy even in cases of difficult intubation
and it can be especially valuable when the airway is
obscured by blood or secretions. The lightwand technique
is part of the ASA difficult airway algorithm, and in a
postal survey of Canadian anaesthetists published in 2005,
the lighted stylet was the preferred equipment in a difficult
intubation scenario, ranked ahead of even the fibreoptic
bronchoscope.2
Optical stylets are lighted stylets that also incorporate
fibreoptics into their tip. What lies ahead of the stylet/tracheal tube unit can be visualized through an eye piece or
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Table 1 Classification of new airway equipment
Tracheal tube guides
Supraglottic devices

Rigid videolaryngoscopes

Lightwands
Optical stylets
Laryngeal mask airway modifications
Cobra Perilaryngeal AirwayTM
Streamlined Liner of the Pharyngeal Airway (SLIPATM )
Laryngeal tube
With guiding channel
Without guiding channel

displayed on a screen. One study published in 2005 compared an optical stylet (StyletScopeTM ) with a conventional metal stylet in simulated difficult intubations and found
higher success rates and lower rates of oesophageal intubation using the optical stylet.3 When comparing the same
StyletScopeTM with a new rigid optical laryngoscope
(Airway Scopew) in simulated difficult airways, Komatsu
and colleagues found that both devices offered high
success rates of intubation. However, the Airway Scopew
was faster and less likely to cause oesophageal
intubation.4
The Bonfils retromolar intubation fibrescope is a narrow
rigid scope with a distal 458 anterior curve. In a recent
study of 76 patients, it was found to be a more effective
intubating device than direct laryngoscopy in patients with
immobilized cervical spine and significantly limited interincisor distance.5 The use of the Bonfils fibrescope was
also associated with significantly less movement of the
upper cervical spine during laryngoscopy than the
Macintosh laryngoscope.6
Since the introduction of the LMA into clinical practice,
supraglottic devices have played an important role in
airway management. They have found their use in elective
practice but also in cases of difficult intubation and as
rescue devices in the ‘cannot intubate, cannot ventilate’
scenario. Recent modifications include LMAs with a drain
tube (ProSealTM , SupremeTM ) to prevent gastric inflation,
drain stomach content, and allow access for a gastric tube.
In a multicentre study of 384 patients, the LMA
ProSealTM was found to form a better seal and facilitate
easier and quicker orogastric tube placement than the
LMA ClassicTM , although the LMA ClassicTM was easier
and quicker to insert. The incidence of intraoperative complications and postoperative sore throat was similar
between the two devices.7 The use of the LMA ProSealTM
has since been reported in a number of clinical situations,
including elective laparoscopy8 and even in patients ventilated in the prone position.9 The use of the LMA
ProSealTM as a rescue device has also been reported,10 and
it may offer advantages over the standard LMA in providing a degree of protection against aspiration of gastric
content. In a recent study of increased oesophageal
pressure in cadavers, the ProsealTM was found to block the
oesophagus up to 72 cm H2O, higher than the LMA
ClassicTM but lower than the intubating LMA FastrachTM .

e.g. TrachlightTM
e.g. StyletScopeTM , Bonfils intubation fibrescope
LMA ProSealTM , LMA SupremeTM , LMA CTrachTM

Pentax Airway Scopew, Airtraqw
GlideScopew, McGrath laryngoscopew

The presence of the additional oesophageal drain tube also
drained fluid sufficiently without evidence of pulmonary
aspiration.11 The recently introduced LMA SupremeTM is
a single-use device similar to the ProSealTM and again
equipped with a gastric drainage channel. A study of 36
patients undergoing elective surgery with neuromuscular
blockade and positive pressure ventilation found that insertion success, glottic seal pressure, and gastric access were
similar for both the LMA SupremeTM and the LMA
ProsealTM devices.12
The Cobra Perilaryngeal AirwayTM (Cobra PLA) is a
cuffed supra-glottic airway which consists of three main
parts: a head, a circumferential pharyngeal sealer cuff, and
a breathing tube. It has been used in spontaneously breathing patients and in patients undergoing controlled ventilation. It seems to provide slightly higher sealing pressures
than the LMA, although this is yet of unclear clinical significance.13 Safety concerns have been raised over the use
of the Cobra PLA in controlled ventilation after two significant cases of pulmonary aspiration occurred during a
crossover comparison study of use of the Cobra PLA vs
the LMA ClassicTM in the UK. This led to early termination of the study.14
The Streamlined Liner of the Pharyngeal Airway
(SLIPATM ) is a non-cuffed, single use, latex-free supraglottic airway. It is moulded in the shape of a pressurized pharynx and comprises a hollow chamber that can
contain up to 50 ml of regurgitated liquids from the
stomach. In clinical studies, the SLIPATM has similar
efficacy and complications to the LMA ClassicTM for
short surgical procedures.15 However, the number of
patients studied is still small and there is no clinical evidence that the reservoir of the SLIPATM protects against
pulmonary aspiration, or offers any advantage over the
LMA.
The laryngeal tube is another type of supraglottic
airway which was initially developed for routine use but
has found a role as a rescue device and as an alternative to
bag and valve ventilation in the emergency and cardiac
arrest situations.16 Its design has been modified several
times since its introduction in 1999 and the most recent
modification, the LTS II, includes a separate drain
channel, which again may have a role in preventing aspiration of gastric contents. A number of studies published
over the past five years have compared the LTS II with the
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LMA ProSealTM .17 Overall, the ProSealTM was felt to be
either equivalent or superior to the LTS II. However, the
use of the laryngeal tube is included in the 2005 guidelines of the European Rescucitation Council and in a
manikin study of personnel untrained in tracheal intubation, it has been shown to provide a significantly shorter
‘no flow time’ than using bag and valve ventilation during
single-rescuer cardiopulmonary resuscitation.18
The intubating LMA is another supraglottic device
which has found its place in the difficult airway algorithm.
It is used for intubation either as a blind technique or
associated with a fibreoptic bronchoscope. A recent modification, the LMA CTrachTM , incorporates fibreoptics into
an intubating LMA design and has a detachable LCD
screen. It is inserted in the same manner as the intubating
LMA. Once the airway is in place and ventilation has
been commenced, the screen is placed in a magnetic connector on the LMA itself to enable direct visualization of
the larynx. In clinical studies, however, initial views of the
glottis are often poor and repositioning of the device is
frequently required.19 In a comparison of the CTrachTM
and direct laryngoscopy in 106 morbidly obese patients
undergoing bariatric surgery, there were no failed intubations, although 17% of patients in the direct laryngoscopy
group were intubated blindly but none in the CTrachTM
group. Intubation took nearly 1 min longer to complete
with the CTrachTM but oxygenation was better maintained
in this group.20
A further exciting development in terms of airway
devices over the past few years has been the introduction
into clinical practice of a number of indirect videolaryngoscopes, which allow a non-line-of-sight view of the
larynx. All have an intense light source and a fibreoptic
camera built into the laryngoscope blade. The fibreoptic
system then relays the image of the larynx from beyond
the curvature of the blade and onto an external monitor.
Broadly speaking, they can be classified into two categories depending on whether or not they are equipped
with a guiding channel to direct the tracheal tube into
the glottis. Examples of the former include the Airtraqw
and the Pentax Airway Scopew and examples of the
latter include the GlideScopew and the McGrathw
laryngoscopes.
The GlideScopew video-laryngoscope (GVL) is
designed to project a view of the larynx onto an external
screen via a cable. Four different types of blades are available for adult, paediatric, and neonatal use. A new modification, the GlideScope CobaltTM includes a disposable
blade to obviate the need to send the device for sterilization between each use. The manufacturer advises using a
malleable stylet with the tip angled at 50 –608 to facilitate
tracheal intubation. In studies, the GlideScopew has been
shown to provide equal or superior views of the larynx
when compared with direct laryngoscopy in both experienced and inexperienced operators and in standard and difficult intubation scenarios.21

The McGrathw video-laryngoscope in contrast to the
GVL is fully portable. It consists of a disposable blade
fitted over a steel camera support with an LCD screen
mounted on the top of the laryngoscope handle. The
length of the blade can be adjusted to suit the patient size
and again the use of a stylet preformed into a ‘hockey
stick’ position is advised to facilitate tracheal intubation.
Initial clinical evaluation showed that it achieved a high
success rate of intubation in 150 consecutive patients
undergoing elective surgery with or without predictors of
difficult intubation.22
The Pentax Airway Scopew AWS-S100 is a rigid portable video-laryngoscope that combines a camera stick
with a disposable curved blade. Display is on an LCD
monitor mounted on the handle. The main difference from
the McGrathw is the presence of a guiding channel along
the side of the laryngoscope blade. Intubation is completed
by aligning a sighting device shown on the monitor with
the glottic opening and by pushing the tube along the
blade’s guiding channel. No stylet is needed and a port is
available for suctioning. In studies, the Airway Scopew
significantly improves laryngeal view compared with the
Macintosh laryngoscope and results in easy intubations
even in patients with a Cormack and Lehane grade III or
IV on direct laryngoscopy.23
Finally, the Airtraqw laryngoscope is a fully disposable,
portable videolaryngoscope. Again there is a guiding
channel along the blade to facilitate tracheal intubation.
The device comes in a range of sizes to allow its use in
adult, paediatric, and neonatal patients and a modified
system is available to use for nasotracheal intubations. In
clinical studies, the Airtraqw has been shown to be equal
or superior to direct larnygoscopy in securing the airway,
with the additional benefit of reduced haemodynamic
stimulation. In a further study of 106 consecutive morbidly
obese patients, the Airtraqw reduced time to intubation
and arterial oxygen saturation was better maintained.24 Six
of these patients, who could not be intubated with the
Macintosh laryngoscope within 2 min, were successfully
intubated using the Airtraqw.
There is now a large amount of data available showing
that the views of the glottis obtained using videolaryngoscopy are significantly better than those obtained
using conventional laryngoscopy. This has been shown in
patients with normal airways, in patients with predictors of
difficult intubation, in morbidly obese patients,24 and in
patients with restricted cervical spine mobility.25 As these
are non-line-of-sight laryngoscopes, a problem commonly
encountered, especially in the earlier studies, has been the
inability to intubate the trachea, despite adequate views of
the glottis. Using a malleable stylet and angling the tracheal tube at 60– 908 to follow the curvature of the laryngoscope blade has been shown to be useful for the
laryngoscopes that do not have a guiding channel. Indeed,
it is now the recommended method of insertion. A similarly commonly reported problem with the Airtraqw is the
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inability to direct the tracheal tube anteriorly enough into
the glottic opening. The recommended manoeuvre is to
either withdraw or to lift the Airtraqw slightly.
The video-laryngoscopes may also find a role in the
management of the unstable cervical spine. In three small
studies of patients with normal C-spines, the Airway
Scopew was shown to cause significantly less cervical
spine movement than direct laryngoscopy. Although more
data are needed to define the place of video-laryngoscopy
in this particular clinical situation, it may prove to be an
interesting option.26
There are some studies comparing the indirect videolaryngoscopes currently available. In a manikin study of
60 anaesthesia providers, the Macintosh, the Glidescopew,
the McGrathw, and the Airtraqw laryngoscopes were compared in simulated difficult airway scenarios. All indirect
laryngoscopes provided better laryngeal exposure than the
Macintosh blade and appeared to produce less dental
trauma. They also improved intubation time and proved
more reliable than the Macintosh in securing intubation.
The Airtraqw system consistently provided the most rapid
intubation and laryngeal grade views were superior with
the Airtraqw and McGrathw than with the Glidescopew.27
Others demonstrated improved performance in experienced
anaesthetists using manikin models with the Pentax
Airway Scopew and the Glidescopew compared with the
Macintosh laryngoscope. All video-laryngoscopes demonstrated a better view of the glottis, had greater success of
tracheal intubation, and were felt to be easier to use than
the Macintosh. In this study, the Pentax Airway Scopew
was more successful than the Glidescopew in achieving
tracheal intubation and was considered easier to use.28
As clinical experience with those newer devices grows,
reports of complications associated with their use are now
appearing in the literature. Pharyngeal and palatal injuries
have been reported with the use of the Glidescope. These
were typically not noticed at the time of intubation and
possibly occurred in part because the tracheal tube was
inserted blindly until it reached the ‘field of vision’ of the
laryngoscope. Using a rigid stylet may also have been
contributory.
In conclusion, although a number of new airway
devices have become available over the past number of
years, including new supraglottic devices that may obviate
the need for tracheal intubation in a wider range of clinical
situations, the most exciting new development is probably
indirect video-laryngoscopy. This has huge potential to
facilitate intubation compared with standard direct laryngoscopy, and hence enhance patient safety. Although
choosing one device over another is based on personal
choice and experience, proficiency in using some of these
devices and techniques, especially from the range of indirect video-laryngoscopes, should be among the competencies of every anaesthetist. Further clinical research
evaluation of the relative merit of these new devices in

particular clinical scenarios and complications associated
with their use is also warranted.
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Obstructive Sleep Apnea of Obese Adults
Pathophysiology and Perioperative Airway Management
Shiroh Isono, M.D.*

Collapsible pharyngeal airway size is determined by interaction between structural properties of the pharyngeal airway
and neural regulation of the pharyngeal dilating muscles. Obesity seems to have two distinct mechanical influences on the
pharyngeal airway collapsibility. First, obesity increases soft
tissue surrounding the pharyngeal airway within limited maxillomandible enclosure occupying and narrowing its space
(pharyngeal anatomical imbalance). Second, obesity, particularly central obesity, increases visceral fat volume decreasing
lung volume. Pharyngeal wall collapsibility is increased by the
lung volume reduction, possibly through decreased longitudinal tracheal traction (lung volume hypothesis). Neural compensation for functioning structural abnormalities operating during wakefulness is lost during sleep, leading to pharyngeal
obstruction. Instability of the negative feedback of the respiratory system may accelerate cycling of pharyngeal closure and
opening. Improvement of the pharyngeal anatomical imbalance and maintenance of lung volume are the keys for safe
perioperative airway managements of obese patients with obstructive sleep apnea.

apnea and/or hypopnea per hour of sleep (apnea– hypopnea index [AHI]) is greater than five in adults. Severity of
OSA is determined by the AHI: mild OSA ⫽ AHI 6 –20 h⫺1,
moderate OSA ⫽ AHI 21– 40 h⫺1, and severe OSA ⫽
AHI ⬎ 40 h⫺1.
Recent growing evidence indicates that OSA is an
independent risk factor for development of hypertention,2 cardiovascular morbidity and mortality,3,4 and sudden death.5 Daytime sleepiness, a common clinical
symptom in OSA patients, can result in increased risk of
motor vehicle accident.6 Although presence of daytime
sleepiness could have a significant impact on outcome of
anesthesia and surgery, our major interest, here, is perioperative pharyngeal obstruction in OSA patients. Accordingly, anesthesiologists should consider OSA as a
risk factor for perioperative pharyngeal obstruction regardless of daytime sleepiness symptom. Prevalence of
OSA without daytime sleepiness in general adult population in the United States was reported to be 24% of
middle-aged males and 9% of middle-aged females more
than a decade ago.7 Obesity is a common feature of OSA
patients. The National Health and Nutrition Examination
Survey for 2003–2004, a nationally representative sample of the US population, indicates that the prevalences
of overweight (body mass index [BMI] ⬎ 25 kg/m2),
obesity (BMI ⬎ 30 kg/m2), and morbid obesity (BMI ⬎ 40
kg/m2) are 71, 31, and 3%, respectively, in adult males
and 62, 33, and 7% in adult females.8 The prevalence of
obesity has been significantly increasing for several decades in all developed countries, while the picture is less
apparent outside the United States.9,10 More importantly,
the prevalence of clinically severe obesity is increasing
much faster than that of moderate obesity, and the number of morbidly obese patients quadrupled between
1986 and 2000, whereas the prevalence of obesity approximately doubled during the period11 (fig. 2).
The increasing prevalence of obesity has lead to an
increase in the prevalence of OSA in the general population.12,13 Individual weight gain or loss significantly
influences the severity of OSA.14 Although there seems
to be close causal linkages between obesity and OSA,
neither conclusive evidence nor an explanation for the
causality has been provided to date. Obese patients with
OSA are at a greater risk for both difficult mask ventila-

OBSTRUCTIVE sleep apnea (OSA) is a common disordered breathing during sleep in humans. Polysomonographic recordings of sleep stages, respiration, and oxygenation reveal characteristics of OSA (fig. 1). Complete
cessation of airflow for more than 10 s (apnea) or airflow
reduction more than 50% (hypopnea) despite continuing
breathing efforts results in hypoxemia and hypercapnia.
This obstructive apnea or hypopnea is caused by complete or partial closure of the pharyngeal airway.1 The
apnea or hypopnea is usually terminated in association
with cortical arousal, opening the pharyngeal airway.
Breathing is reestablished with loud snoring, normalizing
oxygenation, and often overshooting ventilation. OSA
patients repeat the obstructive apnea or hypopnea, resulting in blood gas oscillation and sleep fragmentation.
Clinical diagnosis of OSA is made when frequency of
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Fig. 1. Polysomnograph record from an obese obstructive sleep
apnea patient (48-yr-old man, body mass index ⴝ 41.5 kg/m2,
apnea– hypopnea index ⴝ 123 hⴚ1). The patient is in non–rapid
eye movement sleep stage. Typical repetitive pattern of obstructive apnea, desaturation, and cortical arousal with reestablishment of airflow is seen. Airflow ⴝ nasal pressure recording of
airflow; chest wall ⴝ movement of chest wall; ECG ⴝ electrocardiogram; EEG ⴝ electroencephalogram; EMG ⴝ submental
electromyogram; EOG ⴝ electro-occulogram; SpO2 ⴝ percutaneous arterial oxygen saturation.

tion during anesthesia induction and postoperative upper airway obstruction.15,16 This review article discusses
pathophysiology and perioperative airway management
of obese adult patients with OSA based on currently
available evidences.

Collapsibility of the Pharyngeal Airway in
OSA Patients
The pharynx is a collapsible tube that has a variety of
physiologic functions, such as speaking, eating, swallowing, and breathing. Coordination of more than 20 pairs of
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pharyngeal muscles surrounding the collapsible conduit
modulates its size and stiffness under the supervision of
neural control mechanisms. An obvious but important
feature of pharyngeal obstruction is state dependency, in
which the pharynx narrows or closes when the neural
control mechanisms are depressed during sleep or general anesthesia. Collapsibility of the pharyngeal airway is
not homogeneous and varies among subjects. Numerous
studies measuring pharyngeal airway cross-sectional area
with computed tomography and magnetic resonance
imaging during wakefulness demonstrated a narrower
pharyngeal airway in OSA patients.17,18 Interaction between neural and anatomical mechanisms during wakefulness, however, complicates interpretation of the airway imaging data.
By eliminating the neural control mechanisms during
general anesthesia and total paralysis, Isono et al.19 revealed that OSA patients have structurally narrower and
more collapsible pharyngeal airways than age- and BMImatched non-OSA patients. The closing pressures of the
passive pharynx in OSA patients were above atmospheric pressure (0.6 ⫾ 1.5 cm H2O for mild OSA, 2.2 ⫾
3.0 cm H2O for moderate to severe OSA), whereas those
in non-OSA subjects were below atmospheric pressure
(⫺4.4 ⫾ 4.2 cm H2O). Within the pharyngeal airway,
positive closing pressures were demonstrated in almost
100% of OSA patients at the retropalatal airway but in
only 50% at the retroglossal airway. In a subsequent
study, Watanabe et al.20 revealed that obesity was a
prominent feature in OSA patients with positive closing
pressures exclusively at the retropalatal airway, whereas
craniofacial abnormalities such as small maxilla and mandible were evident in OSA patients with positive closing
pressures at both the retropalatal and retroglossal airways.

Obesity and OSA

Fig. 2. Prevalence growth by severity of obesity. Calculations are
based on the Behavioral Risk Factor Surveillance Survey. BMI ⴝ
body mass index. Note that the prevalence of clinically severe
obesity is increasing much faster than obesity. From Sturm11:
Arch Intern Med 2003; 163(18):2146 – 8; reprinted with permission. Copyright © 2003 American Medical Association. All rights
reserved.
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Fat distribution is not homogenous among obese persons. BMI represents overall increase in body weight for
a person’s height and has a significant but weak correlation with OSA severity. Neck circumference represents
regional obesity near pharyngeal airway and has stronger
correlation to OSA severity than to BMI.21 The volume of
adipose tissue deposited adjacent to the pharyngeal airway
is related to the presence of OSA and OSA severity.22–24
More importantly, obese OSA patients accumulated
more visceral adipose tissue than BMI-matched non-OSA
persons.25 Recently, Schafer et al.26 reported that OSA
severity is more significantly correlated with fat accumulation of the intraabdominal region than of the neck
region. These are in agreement with the finding that
waist circumference is a better predictor for OSA than
neck circumference or BMI.27 Both neck fat deposits
surrounding the pharyngeal airway and intraabdominal
fat deposits away from the pharyngeal airway are likely
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to be involved in the pathogenesis of OSA, although
probably through different mechanisms, as discussed
below.

Role of Leptin in Controlling Body Weight
and Breathing
Leptin is an adipose-derived hormone that is responsible for signaling the appetite center receptors at the
hypothalamus that the body has had enough to eat, and
it regulates energy intake, body weight, and fat distribution.28 Evidence of a higher serum leptin level in obese
persons suggests the potential of leptin resistance in the
development of obesity. Interestingly, OSA patients are
reported to have higher leptin levels than BMI-matched
non-OSA persons. Chin et al.29 demonstrated the reduction of serum leptin levels in response to short-term
nasal continuous positive airway pressure (CPAP) treatment, which suggests potential OSA contribution to development of leptin resistance in obese OSA patients.
OSA, per se, seems to play a role in the resistance of
these patients to weight loss.
Leptin-deficient obese mice (ob/ob mice) have higher
resting arterial carbon dioxide level and depressed ventilatory response to hypercapnia than lean wild-type
mice during wakefulness and sleep.30 Interestingly, leptin infusion in leptin-deficient mice reduced the resting arterial carbon dioxide and improved hypercapnic
ventilatory response independent of weight changes,
whereas it did not influence ventilation in wild-type
mice, suggesting an important role of leptin in respiratory control in obesity. Recent extensive researches reveal interesting interaction between lipid metabolism
and control of breathing. Excessive visceral adipose tissue linking to both metabolic syndrome and OSA secretes a number of hormones and proinflammatory cytokines, and these possibly influence breathing in obese
OSA patients.31 A breakthrough for OSA pathogenesis is
expected from this new area in the future.

A Local Structural Mechanism (Upper Airway
Obesity): Excessive Upper Airway Soft Tissue
Whereas OSA patients have increased total fat volume
surrounding the pharyngeal airway, fat accumulation on
a more specific region, such as the parapharyngeal fat
pad or tongue, was not consistently associated with the
presence of OSA, which could be due to either necessity
of diffuse rather than localized accumulation of adipose
tissue or necessity of total soft tissue volume including
both adipose and nonadipose tissue surrounding the
pharyngeal airway for OSA development. Schwab et al.32
beautifully demonstrated by use of three-dimensional
volumetric analysis that the volume of the tongue and
lateral walls independently increases risk of sleep apnea.
Anesthesiology, V 110, No 4, Apr 2009

Fig. 3. Schematic explanations for interaction between soft
tissue surrounding the pharyngeal airway and craniofacial
bony enclosure. The airway size is determined by the balance
between amount of soft tissue and bony enclosure size. Ptissue ⴝ
tissue pressure. From Watanabe et al.20; reprinted with
permission.

The question that arises here is whether absolute volume
of the upper airway soft tissue is a determinant of OSA
development.

A Local Structural Mechanism: Upper Airway
Anatomical Balance
Structurally, the pharyngeal airway is a space inside
rigid craniofacial bony enclosure formed by the cervical
vertebrae, maxilla, and mandible. Within the bony enclosure, the airway shares its space with soft tissue such
as the tongue and soft palate. According to this mechanical simplification of the anatomical structures surrounding the pharyngeal airway, the balance between the
craniofacial bony enclosure size and the amount of
soft tissue is considered to determine the airway space
(fig. 3).20 Either an increase in amount of the soft
tissue within the bony enclosure or a decrease in the
bony enclosure size would result in limitation of space
available for the airway and, consequently, a narrowing of the airway.
Tsuiki et al.33 recently tested this concept by comparing the upper airway anatomical balance between OSA
and craniofacial dimension–matched non-OSA subjects.
Using lateral cephalograms, they measured the tongue
cross-sectional area as an index for the soft tissue volume
surrounding the pharyngeal airway and the lower craniofacial cross-sectional area as an index for the craniofacial
bony enclosure size. As clearly presented in figure 4,33
the tongue was greater in non-OSA persons with greater
lower craniofacial size, suggesting optimal tongue size
for a given craniofacial dimension. OSA patients, however, demonstrated a significantly greater tongue for a
given craniofacial dimension than non-OSA persons, indicating the importance of anatomical imbalance for
development of OSA rather than absolute soft tissue
volume of the upper airway alone.
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Fig. 4. Box plots showing differences of the tongue cross-sectional area (T-CSA) between non– obstructive sleep apnea subjects (control) and patients with obstructive sleep apnea (OSA)
for each of three subgroups defined based on the lower face
cage (LF) cross-sectional area. Lower and upper boundaries
indicate 25th and 75th percentages. A solid line within the box
marks the median, and vertical lines indicate the 10th and 90th
percentages. Solid circles are outliers. Definitions of the subgroups: small LF subgroup, LF-CSA < 65 cm2; intermediate (IM)
LF subgroup, 65 cm2 < LF-CSA < 71 cm2; large LF subgroup,
LF-CSA > 71 m2. * P < 0.05 versus control.  P < 0.05 versus
small LF subgroup. ⌽ P < 0.05 versus IM LF subgroup. From
Tsuiki et al.33; reprinted with permission.

A Structural Mechanism from a Distance:
Lung Volume Hypothesis
Obesity is associated with significant reduction of lung
volume such as functional residual capacity (FRC) and
expiratory residual volume due to diminished chest wall
compliance, and total lung capacity and vital capacity are
only impaired by extreme obesity.34 Whereas FRC reduction accounts for development of severe hypoxemia
during obstructive events in obese OSA patients, lung
volume decrease, per se, is indicated to contribute to
pharyngeal airway obstruction. Hoffstein et al.35 hypothesized significant lung volume dependence of pharyngeal airway patency as an important factor in the pathophysiology of OSA based on the finding that obese OSA
patients demonstrated significantly greater reduction of
the smaller pharyngeal cross-sectional area in response
to slow exhalation from total lung capacity to residual
volume than obese non-OSA persons during wakefulness
(54 ⫾ 6 vs. 30 ⫾ 5%).

A Structural Mechanism from a Distance:
Lung Volume and OSA
Series et al.36 first reported an obese OSA patient who
presented decreased frequency of obstructive events
and improved sleep architecture in response to a 0.5-l
increase of FRC by applying a constant negative extrathoracic pressure during sleep. Interestingly, the same
investigators failed to support the lung volume hypothesis in nine mildly obese OSA patients (124% of ideal
body weight) despite using the same protocol for changAnesthesiology, V 110, No 4, Apr 2009
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ing FRC during sleep.37 Heinzer et al.,38 however, recently demonstrated that 0.77- and 1.3-l increases of FRC
during sleep significantly decreased AHI from 62.3
events/h to 37.2 and 31.2 events/h, respectively, improving sleep quality in 12 more obese OSA patients than
those studied by Series et al. (mean BMI ⫽ 34.9 kg/m2).
Although the discrepant results from two clinical investigations including only 22 OSA patients do not provide
conclusive evidence for the lung volume hypothesis, the
difference in the severity of obesity between the studies
is worthy of note, while the discrepancy is explainable
by the difference in study protocols and populations. It
is possible that the influence of lung volume is greater in
more obese OSA patients, because Heinzer et al.38 found
a trend toward a correlation between the extent of AHI
reduction during lung inflation and the BMI (correlation
coefficient ⫽ 0.53, P ⫽ 0.077, n ⫽ 12) in their study
population.

Structural Mechanisms: Potential
Mechanisms of Lung Volume Dependency of
Pharyngeal Airway Collapsibility
Although the lung locates at a distance from the pharyngeal airway, the mechanical influence of lung
inflation on the pharyngeal airway resistance was demonstrated in both anesthetized animals and nonobese sleeping persons without sleep-disordered breathing.39 – 41 Reduction of the genioglossal muscle activity
and upper airway resistance during lung inflation indicates primarily structural mechanisms of lung volume
dependency of the pharyngeal airway patency. The trachea moves caudally by approximately 0.5 and 1.0 cm
during small (0.5 l) and large (1.0 l) tidal breathing,
respectively, in supine adults.42 The caudal tracheal traction during lung inflation is considered to increase longitudinal tension of the pharyngeal airway wall, thereby
unfolding the pharyngeal mucosa and stiffening the airway.43,44 Interestingly, the magnitude of tracheal traction seems to be the sum of forces associated with a
mediastinal shift during lung inflation and intrathoracic
pressure swing with and without lung inflation, which is
suggestive of a tracheal tug during pharyngeal obstruction, leading to the reestablishment of pharyngeal airway
patency.43
In an elegant study by Heinzer et al.45 regarding significant lung volume dependence of pharyngeal patency
in obese sleeping OSA patients (mean BMI ⫽ 31.9 kg/m2),
it was revealed that the CPAP needed to prevent flow
limitation increased from 11.9 to 17.1 cm H2O in response
to lung volume reduction of 0.6 l. Tagaito et al.46 found
a significant reduction of retropalatal airway closing
pressure of 1.2 cm H2O by an increase in lung volume of
0.7 l in anesthetized, paralyzed OSA patients (median
BMI ⫽ 26 kg/m2). Considering the 5- to 7-cm H2O dif-
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Fig. 5. Schematic illustration of hypothetical mechanism of different lung volume dependence of pharyngeal closing pressure
between obese and nonobese obstructive sleep apnea (OSA)
patients. Thick lines represent working ranges of the relation.
The alinear relation of lung volume and pharyngeal closing
pressures may change its position and shape with changing
body mass index. The relation curve of obese OSA patients may
locate left to that of nonobese OSA patients, being steeper than
that of nonobese OSA patients. Because closing pressure before
lung inflation is expected to be greater in obese OSA patients,
the lung volume dependency of pharyngeal closing pressure
may be more evident in obese OSA patients than in nonobese
OSA patients. From Tagaito et al.46; modified with permission.

ferences of the pharyngeal closing pressure between
normal and OSA patients and the study of Heinzer et al.
of obese OSA patients, the observed closing pressure
changes seem to be small in the study population. Notably, improvement of the retropalatal closing pressure
during lung inflation was directly associated with BMI.46
In response to 0.5-l changes of lung volume, retropalatal
closing pressure was roughly estimated to change by 2
cm H2O in OSA patients with BMI of 32 kg/m2, whereas
it was estimated to change by 0.5 cm H2O in those with
BMI of 25 kg/m2, suggesting that the lung volume dependence of pharyngeal closing pressure may differ between obese and nonobese OSA patients, as illustrated in
figure 5.46 Because of different awake lung volumes
between obese and nonobese apneics—i.e., different
tracheal traction during wakefulness between them—
lung volume reduction during sleep or anesthesia could
result in different magnitude of the mechanical influence
on pharyngeal closing pressure and therefore greater
lung volume dependence of pharyngeal patency in
obese OSA patients.
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tion of CPAP in OSA patients, whereas CPAP application
had no effect on the genioglossal activity in non-OSA
subjects.47 This is considered for compensating the
structurally narrower and more collapsible pharyngeal
airway. Sleep, however, significantly depresses this neural compensatory mechanism, and OSA develops only
during sleep. The genioglossal muscle activity physiologically decreases at sleep onset in both non-OSA subjects
and OSA patients.48,49 Although the pharyngeal airway
of non-OSA persons may narrow, airway space is maintained in response to depression of the neural control
mechanisms. However, this neural depression is crucial
for OSA patients who heavily rely on their airway patency to the neural mechanisms. Depression of the neural control mechanisms at sleep onset is subject to sequential neural activation responses such as airway
reflexes and chemical and arousal responses. Therefore,
it is possible to hypothesize the development of OSA to
deficiency of the neural compensatory mechanisms for
the structural abnormalities. Regretfully, no researcher
has succeeded in testing or proving the hypothesis, primarily because of the complexity of the neuroanatomical
interaction; however, recent extensive research in this
field has significantly increased our understanding of the
complexity, as is discussed below.

Sequential Neuroanatomical Interaction
Figure 6 illustrates sequential neuroanatomical interaction during OSA. Reflexive increase of pharyngeal dilator
muscles is an instantaneous response to pharyngeal narrowing or obstruction. Mechanoreceptors in the upper
airway mucosa sense the increased negative pressure,
which triggers the ascension of the neural signal to
hypoglossal motor neurons through the superior laryngeal or glossopharyngeal nerves and nucleus of the solitary tract. An early report indicated abolishment of the
negative pressure reflex during non–rapid eye movement (NREM) sleep in non-OSA subjects.50 However,

Neural Responses to Anatomical
Abnormalities of the Pharynx
Obstructive sleep apnea is a state-dependent disease
possibly caused by complicated neuroanatomical interaction. Mezzanotte et al.47 reported that OSA patients
have significantly greater basal genioglossal muscle activity than age- and BMI-matched non-OSA subjects during wakefulness. They further demonstrated that the
augmented genioglossal activity was reduced by applicaAnesthesiology, V 110, No 4, Apr 2009

Fig. 6. Cyclical neuroanatomical interaction during obstructive
sleep apnea.
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recent human and animal studies support depression but
preservation of the negative pressure reflex during
NREM sleep and light anesthesia, whereas the reflex was
significantly depressed during rapid eye movement sleep
and deep anesthesia.51,52 In normal adults, Malhotra et al.
demonstrated that the magnitude of the genioglossal
muscle activation is directly associated with inspiratory
negative airway pressure during both wakefulness and
NREM sleep, whereas the slope of the association was
greater during wakefulness than NREM sleep.53 Interestingly, elimination of inspiratory pump muscle contraction using iron lung attenuated the negative pressure
reflex, suggesting modulation of the reflex by the central
pattern generator.54
Persistence of pharyngeal obstruction despite the negative pressure reflex leads to hypercapnia and hypoxemia, increasing chemical stimuli to both inspiratory
pump muscles and pharyngeal dilator muscles, although
with differing responses. Whereas chemical stimuli progressively increase diaphragm activity, activation of the
genioglossal muscle occurred only below threshold hypoxemia or above threshold hypercapnia in animal experiments.55,56 Greater increase of inspiratory collapsing
forces compared with the pharyngeal dilating forces
favors pharyngeal narrowing1; therefore, chemical control of the pharyngeal muscles had been considered to
only slightly contribute to reversal of pharyngeal airway
patency. However, it was recently demonstrated that
application of the combination of inspiratory resistive
loading and hypercapnia increased basal genioglossal activity and elicited progressively augmenting genioglossal
activation with increasing chemical stimuli in normal individuals during NREM sleep, suggesting the importance of
chemical control of the pharyngeal muscles under mechanical loading such as pharyngeal obstruction.57
Development of hypoxemia, hypercapnia, and increased negative thoracic pressure during persistent
pharyngeal obstruction plays a role in inducing arousal
from sleep, a final stage of the neural mechanisms, restoring patent pharyngeal airway. The arousal response
has long been believed to be the most important survival
response because its impairment indicates persistence of
the pharyngeal obstruction and development of severe
hypoxemia, and eventual brain damage and death.58
However, Younes et al. recently proposed a different
perspective in which arousal is probably an incidental
event that interferes with the underling neural compensatory mechanisms for restoration of pharyngeal patency
without arousal.59 In fact, OSA patients did not require
cortical arousal for increasing inspiratory flow in response to experimentally induced severe inspiratory
flow limitation in 39% of the trials during NREM sleep,
and frequency of the flow response without arousal
increased with delta power of electroencephalogram
(deeper sleep).59 Accordingly, it is speculated that delay
in arousal response by hypnotics may be beneficial for
Anesthesiology, V 110, No 4, Apr 2009
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some, although certainly not all, OSA patients, allowing
completion of the neural compensatory mechanisms either by chemical stimuli or by other neural excitatory
influences on the pharyngeal muscle tone.60 Furthermore, arousal from sleep in response to pharyngeal obstruction is associated with a burst of the pharyngeal
muscle activation and hyperventilation. Although these
brisk respiratory responses aid in instantaneous reestablishment of patent pharyngeal airway and reoxygenation, these often lead to unnecessary reduction of the
central respiratory drive to both pump muscle and pharyngeal dilator muscles during sleep inclination, predisposing destabilizing breathing and subsequent pharyngeal obstruction.

Cyclical Neuroanatomical Interaction: Higher
Loop Gain of the Respiratory System
Multiple negative feedback loops of the respiratory
system aim to control and stabilize breathing by adjusting arterial blood gas tensions. The respiratory chemical
control loops of OSA patients, however, do not maintain
a constant blood gas level during sleep, leading to cyclical chemical stimuli in association with periodic OSA
events. In addition, waxing and waning–type breathing
instability continues even after tracheostomy in OSA
patients, suggesting an inherent unstable nature of the
respiratory feedback system in these patients.61 Stability
of the respiratory system is determined by magnitude of
the loop gain (fig. 7).62 The unstable system with a high
loop gain overly responds to occurrence of abnormal
breathing and starts cycling OSA events increasing AHI.
In contrast, the system with a low loop gain is stable but
possibly fails to correct the abnormal breathing, prolong-

Fig. 7. Influences of different magnitude of respiratory loop
gain on breathing stability. Different ventilatory responses to
reduced tidal volume are illustrated. Height of an arrow represents tidal volume. Dotted line represents optimal ventilation
level. An individual with a high respiratory loop gain (A) will
instantaneously respond to the abnormal breathing but overshoot the ventilatory response, resulting in rapid decline in the
ventilation. Waxing and waning pattern of unstable breathing
continues in this person. In contrast, an individual with low
respiratory loop gain (C) will slowly respond to the abnormal
breathing and fail to establish a desired ventilation level.
Breathing stability can be accomplished in an individual with
an optimal loop gain (B).
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ing apnea. In fact, Younes et al.63 demonstrated that
severe OSA patients have higher loop gain during sleep
than do mild OSA patients, suggesting importance of
ventilatory instability for increasing AHI. Interestingly,
Wellman et al.64 found a significant association between
the loop gain and AHI in an OSA subgroup with closing
pressure near atmospheric pressure, whereas the closing
pressure was significantly associated with AHI in the
whole group of OSA patients.
Among the various components of the respiratory loop
gain, controller gain predominantly determined by chemoresponsiveness, such as hypoxic and hypercapnic
ventilatory responses, influences breathing instability
contributing to pathogenesis of OSA. Chemoresponsiveness, however, varies among OSA patients, and majority of
them have normal or blunted chemoresponsiveness during
wakefulness.65,66 Notably, Verbraecken et al.67 found that
hypercapnic ventilatory response was increased in eucapnic OSA patients, whereas the response was blunted in
chronic hypercapnic OSA patients. Makinodan et al.68
found significant direct association between hypercapnic ventilatory response and serum leptin level in nonOSA persons and eucapnic OSA patients, although ageand BMI-matched chronic hypercapnic OSA patients had
higher serum leptin level and lower hypercapnic ventilatory response. Furthermore, Wang et al.69 recently
reported a significant association between hypercapnic
ventilatory response and AHI in asymptomatic nonobese
OSA patients. These results suggest a contribution of
increased hypercapnic ventilatory response to nocturnal
breathing instability and OSA pathogenesis in OSA patients with higher serum leptin level and hypercapnic
ventilatory response. Oxygen therapy for OSA, i.e., desensitization of peripheral chemosensitivity, is reported
to decrease loop gain and AHI by a half in OSA patients
with higher loop gain before oxygen administration,
suggesting some role of hypoxic ventilatory response in
OSA pathogenesis.70 Changes of chemosensitivity upon
arousal from sleep to wakefulness may further facilitate
the breathing instability.
Plant gain is another important component of the
respiratory loop gain and is determined by efficacy of gas
exchange for a given ventilatory change. For example,
changes of arterial carbon dioxide tension per unit of
ventilation are greater at lower lung volume because of
less buffering capacity of total lung carbon dioxide
stores.71 Low FRC, low dead space, low metabolic rate,
low cardiac output, and high arterial carbon dioxide
increase efficacy of the gas exchange, and all combined
theoretically increase plant gain, producing an unstable
respiratory system.62,63 It is of note that these are common particularly in obese patients with severe OSA.
Although no study has assessed contribution of these
conditions to nocturnal breathing instability in OSA patients, increased plant gain of the respiratory feedback
system may be also involved in the OSA pathogenesis.
Anesthesiology, V 110, No 4, Apr 2009
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Higher respiratory loop gain may play a role in initiating and cycling the neuroanatomical interaction (respiratory negative feedback loop) in OSA patients (fig. 6). In
addition to increase of frequency of the cycling (AHI), it
should be noted that the higher loop gain of the respiratory negative feedback system possibly exaggerates
each step of the neuroanatomical interaction, amplifying
ventilatory oscillation (fig. 6). Central respiratory drive
should also project to hypoglossal motor neurons, and
therefore, one would expect similar augmenting and
decrementing changes of pharyngeal dilator muscles to
inspiratory pump muscles. Accordingly, amplification of
the neuroanatomical interaction possibly minimizes activity of the pharyngeal dilator muscles at the nadir of the
cycling, increasing pharyngeal collapsibility. Certainly,
contribution of breathing instability to OSA is an interesting and promising hypothesis; however, further extensive research is required in this area.

Perioperative Airway Management
Although we still do not fully understand the mechanisms of pharyngeal obstruction during sleep, anatomical imbalance surrounding the pharyngeal airway, lung
volume reduction, and breathing instability seem to significantly contribute to development and deterioration
of OSA in obese persons, as summarized in figure 8.
Development of a safe and appropriate anesthetic management strategy of obese OSA patients should be based
on the understanding of the OSA pathogenesis. No standard airway management strategy, however, has been
established and validated to date despite the recent
release of practical guidelines for perioperative OSA
managements.72 Below are my personal opinions
based on the OSA pathophysiology and my limited
clinical experience.

Fig. 8. Hypothetical neuroanatomical linkage between obesity
and obstructive sleep apnea (OSA). Anatomical imbalance surrounding the pharyngeal airway, lung volume reduction, and
breathing instability may significantly contribute to development and deterioration of OSA in obese persons. FRC ⴝ functional residual capacity.
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Preoperative OSA Assessment and Airway
Management
The first and most important recognition necessary for
anesthesiologists is high prevalence of undiagnosed OSA
in the surgical patient population (more than 24%).73 All
obese persons undergoing surgery should be suspected
of having OSA preoperatively. In addition to an OSA
questionnaire, including typical clinical symptoms such
as habitual Snoring, Tiredness or daytime sleepiness,
Observed apnea, and high blood Pressure (STOP),74 a
variety of clinical assessments of anatomical balance surrounding the pharyngeal airway are helpful. The modified Mallampati score assesses relative tongue size within
the limited oral cavity, and classes 3 and 4 suggest the
anatomical imbalance and presence of OSA.75 Excessive
soft tissue for the limited maxillomandibular enclosure
expands to the submandible space, and therefore, excessive submandible soft tissue on the profile of OSA patients would indicate anatomical imbalance. Tsui et al.76
reported that cricomental space, defined as the perpendicular distance from a line between the cricoid cartilage
and the inner mentum to the skin of the neck, of more
than 1.5 cm excluded OSA patients with a negative
predictive value of 100%. Notably, the profile of OSA
patients resembles that of patients with difficult tracheal
intubation characterized by increased submandible angle.77 The caudal soft tissue displacement shifts the mobile hyoid bone caudally, increasing distance between
the mandible and hyoid bone, which is easily identified
by lateral head and neck radiograph such as the cephalogram for assessment of craniofacial dimensions, and
presence of OSA should be strongly suspected when the
distance is greater than 20 mm.33,78 It should be noted
that tracheal intubation is difficult in patients with both
shorter and longer thyromental distance79 and that a low
hyoid bone was associated with difficult tracheal intubation, suggesting common anatomical abnormalities between OSA and difficult tracheal intubation but probably
through different structural mechanisms.80,81
After diagnosis of OSA and OSA severity with polysomnography, portable sleep monitoring, or nocturnal pulse
oximetry, preoperative prescription of nasal CPAP may
be beneficial, particularly in severe OSA patients, as
suggested by the American Society of Anesthesiologists
guideline. Although few data support routine preoperative use of nasal CPAP, preoperative acclimation of the
device is a key for successful postoperative use. In addition, 1 week of nasal CPAP treatment can improve pharyngeal collapsibility and increase pharyngeal cross-sectional area.82 Nasal CPAP treatment possibly improves
leptin resistance and facilitates weight reduction before
surgery. Anesthesiologists should also recognize that untreated OSA patients, particularly asymptomatic OSA patients, do not easily accept CPAP treatment. Appropriate
timing of the surgery should be discussed among the
Anesthesiology, V 110, No 4, Apr 2009
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anesthesiologist, surgeon, and patient, considering the
expected advantage of the preoperative OSA treatments
and disadvantage of delaying the surgery. In long-term
successful CPAP users, there is little reason for the surgery to be delayed or cancelled unless there is necessity
for treatment of comorbidities. Although choosing regional anesthesia seems preferable for avoiding perioperative respiratory complications in obese OSA patients
for superficial procedures or surgery for extremities as
recommended by the American Society of Anesthesiologists guideline, potential failure or difficulty of regional
anesthesia, such as spinal or epidural anesthesia, should
be always included in planning of perioperative airway
management.

Airway Management during Anesthesia
Induction
Obstructive sleep apnea is a risk factor for both difficult mask ventilation and tracheal intubation. Langeron
et al.15 reported that age older than 55 yr, BMI greater
than 26 kg/m2, snoring, beard, and lack of teeth are
independent risk factors for difficult mask ventilation.
The first three factors may relate to OSA. Considering
high closing pressure of the pharyngeal airway in OSA
patients, there would be no doubt in the strong linkage
between OSA and difficult mask ventilation.
High prevalence of OSA was reported among patients
with difficult tracheal intubation.83,84 Tracheal intubation with direct laryngoscopy was demonstrated to be
more difficult in OSA patients than in non-OSA persons
(21.9 and 16.7% vs. 2.6 and 3.3%), but BMI was not
matched between the groups in these studies.85,86
Within the OSA group, severe OSA patients had a higher
prevalence of difficult tracheal intubation than mild and
moderate OSA patients.86 Both obesity and craniofacial
abnormalities possibly contribute to difficult tracheal
intubation in OSA patients. Difficult tracheal intubation
in obese persons is controversial.87– 89 Voyagis et al.87
found that direct laryngoscopy was more difficult in
obese persons than in nonobese persons (20.2 vs. 7.6%).
Difficult tracheal intubation in obese persons was confirmed by Juvin et al.,88 but prevalence of OSA patients
was higher in the obese group than in the lean group. In
contrast, Ezri et al.89 found no difference of laryngeal
view during direct laryngoscopy between obese and
nonobese groups, whereas a history of OSA was associated with difficult laryngoscopy. Unfortunately, no study
has compared difficulty in direct laryngoscopy between
obese and nonobese subjects while controlling presence
and severity of OSA and craniofacial characteristics. Interestingly, a high Mallampati score and large neck
circumference were associated with difficult tracheal
intubation within obese persons, suggesting potential
involvement of anatomical imbalance in difficult tracheal intubation.90
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Kheterpal et al.16 identified five risk factors—limited
or severely limited mandibular protrusion, thick/obese
neck anatomy, sleep apnea, snoring, and BMI ⬎ 30
kg/m2—as independent predictors of difficult or impossible and difficult tracheal intubation during anesthesia
induction. This suggests that obese OSA patients with
limited mandible protrusion are in the highest risk group
for potentially fatal airway complications. It should be
noted that except for limited mandibular protrusion, the
risk factors for airway disaster overlap those identified
for difficult mask ventilation and tracheal intubation.
Advancement of the mandible is a key structural arrangement for airway maintenance maneuver during mask
ventilation as well as tracheal intubation with direct
laryngoscopy.91,92 Mobility of the mandible could be a
key structural property for safe anesthesia induction and
is worthy of future investigations.
During anesthesia induction, potential difficult or impossible mask ventilation should always be considered in
obese patients with OSA and without preoperative OSA
assessment.15,16 The obese OSA patients are to be placed
in the sniffing or ramped position with elevation of torso
and head combined with the semiupright position.93
These head and body positions decrease pharyngeal closing pressure by improving the pharyngeal anatomical
balance and increasing lung volume in addition to improvement of laryngeal view during direct laryngoscopy.
Inhalation of pure oxygen for more than 3 min with a
tightly fitted anesthesia mask can increase apnea tolerance time despite potential development of pulmonary
atelectasis,94 and application of CPAP or bilevel positivepressure ventilation (intermittent positive-pressure ventilation with positive end-expiratory pressure) improves
oxygenation and prevents airway obstruction during anesthesia induction.95–97 Triple airway maneuvers, including mandible advancement, neck extension, and mouth
opening, should be performed by use of two hands, as
Safar et al. originally proposed.98 –100 Responses to mechanical interventions in obese persons differ from those
in nonobese persons. Isono et al.101 demonstrated that
mandible advancement significantly decreased the retropalatal closing pressures in nonobese persons but not in
obese persons. In contrast, the retroglossal airway never
failed to respond to mandible advancement in both
nonobese and obese persons, indicating an advantage of
intermittent positive-pressure ventilation through an oral
airway during anesthesia induction by opening the
mouth, particularly in obese OSA patients.100,101 Certainly, mouth opening alone decreases the mandible
enclosure size and increases closing pressures,102 and
the advantage of nasal ventilation was recently reported
in nonobese subjects without airway maneuvers.103
However, mouth opening allows establishment of the
oral airway route and adequate mask ventilation by
avoiding breathing through the most collapsible and
Anesthesiology, V 110, No 4, Apr 2009
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difficult retropalatal airway, which is part of the nasal
airway route.93,100
Although timing of administration of muscle relaxants
is controversial,104 use of muscle relaxants during anesthesia induction may be beneficial for pharyngeal airway
maintenance, although various factors need to be considered. Inspiratory negative airway pressure acts as a
collapsing force. Muscle relaxants can eliminate unfavorable strong negative airway pressure induced by increased chemical drive during difficult mask ventilation.
Intravenous anesthetics rapidly and significantly decrease inspiratory negative airway pressure by depressing the chemical drive and may be an appropriate induction drug. Among them, ketamine has a less depressant
effect on pharyngeal dilating muscle activity while it
increases pharyngeal secretion and possibly offsets the
beneficial effect.105 Slow induction with spontaneous
breathing is not recommended in these patients. Failure
of airway maintenance with strong negative intrathoracic pressure can induce pulmonary edema.106 Maintenance of positive airway pressure is a key for successful
airway maintenance regardless of using or not using
muscle relaxants. Clearly, use of succinylcholine also
does not ensure recovery of either muscle function or
pharyngeal patency before development of severe hypoxemia in these patients with decreased FRC.107 When
an airway disaster occurs during anesthesia induction
with nondepolarizing muscle relaxant, administration of
high-dose sugammadex can rapidly reverse its action,
particularly rocuronium-induced paralysis, but sugammadex is currently only available in European countries. But
again, this may not ensure reversal of patent pharyngeal
airway without recovery of consciousness.108 Reversal of
both muscle paralysis and consciousness level is necessary for restoring airway patency in the situation. Insertion of supralaryngeal airways without delay is strongly
recommended for airway disasters.
Gastroesophageal reflux is common in both obese persons and OSA patients with lower esophageal sphincter
hypotonia.109 Although pulmonary aspiration during anesthesia induction is relatively rare, it is an important
cause of anesthesia-related mortality.110 Rapid sequence
induction with succinylcholine is often chosen in obese
persons. Although this induction technique may be appropriate for obese persons with symptomatic gastroesophageal reflux and full stomach, its benefits should
be weighed against risks of rapid development of severe
desaturation and difficulty in both tracheal intubation
and mask ventilation in obese OSA patients with no
other risk of pulmonary aspiration.111
Awake intubation should be considered when any element of the triple airway maneuver, including mandible
advancement, neck extension, and mouth opening, is
disturbed in obese patients with severe OSA. In fact,
limited mandible advancement is an independent risk
factor for impossible mask ventilation.16 Limited neck
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mobilization due to cervical spine pathology and halo
traction can significantly impair the performance of the
airway maintenance maneuvers during mask ventilation
as well as tracheal intubation. Preservation of the neural
compensatory mechanisms is a key for airway maintenance during awake fiberoptic intubation. Although adequate regional airway anesthesia is mandatory, it should
be recognized that the upper airway anesthesia alone
could block the mechanical receptors on the mucosa for
the negative pressure reflex, narrowing the cross-sectional area of the pharynx.112 Conscious sedation is preferable if needed and is to be achieved by titrating the
sedative with caution. Deep sedation should be avoided,
and the Ramsey sedation score should be maintained
above 4. A sitting position or semiupright position increases airway space behind the epiglottis and improves
endoscopic view during the tracheal intubation.

Emergence from Anesthesia and Tracheal
Extubation
Regardless of intraoperative body position, a semiupright position or lateral position is recommended for
every obese OSA patient at the end of surgery for better
oxygenation and pharyngeal airway maintenance. Residual inhalation anesthetics and paralysis are capable of
depressing peripheral chemosensitivity, which leads to
decreased hypoxic ventilatory response and increased
arousal threshold.113–115 Selective impairment of pharyngeal muscle contraction was demonstrated during partial
paralysis and augmented by subanesthetic inhalation anesthetic.116 Complete reversal of neuromuscular block
should be confirmed by neuromuscular monitor.117,118
Reversal with sugammadex seems to be preferable for
restoration of pharyngeal dilator muscles to neostigmine,
but sugammadex is currently unavailable in United
States.119 Full awakening after establishment of spontaneous breathing is strongly recommended upon trachea
extubation.120 External stimuli, such as suctioning, nasal
airway insertion, and even patient care surrounding the
head and neck, can cause vigorous coughing and hemodynamic instability and, therefore, should be performed
before or after emergence from anesthesia. Use of ␤
blockers and antihypertensive drugs may be beneficial
for preventing hemodynamic instability during emergence from anesthesia and extubation in OSA patients
with cardiovascular diseases.121 Emergence agitation in
these patients is extremely dangerous, possibly resulting
in accidental extubation and injuries in addition to losing
signals from cardiorespiratory monitors.
Incidence of claims for death or brain damage during
anesthesia induction significantly decreased after release
of the practice guideline for management of the difficult
airway from the American Society of Anesthesiologists.122,123 The incidence at tracheal extubation, howAnesthesiology, V 110, No 4, Apr 2009
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ever, did not decrease during the decade,123 and regretfully, the extubation strategy recommended by the task
force has not been revised in the 2003 guideline.124
Severe pharyngeal edema developed during upper airway surgery in severe OSA patients can result in choking
immediately after endotracheal extubation.125,126 A high
incidence of severe respiratory compromises (6.1%: 19
in 311) including one death and six reintubations after
anterior cervical spine surgery was also attributable to
pharyngeal edema.127 Even modest pharyngeal swelling
caused by laryngoscopy and excessive fluid infusion during surgery may possibly have significant influences on
pharyngeal airway maintenance immediately after surgery.128 Development of a technique for prediction of
upper airway patency immediately after extubation
would significantly increase safety of extubation procedure in patients with difficult airways, such as obese OSA
patients. Anesthesiologists should recognize occurrence
of pharyngeal obstruction even without loud snoring
and be able to diagnose airway patency immediately
after extubation by assessing synchrony of thoracoabdominal movements.

Postoperative Analgesia
Considering the high prevalence of cardiovascular comorbidities in OSA patients, adequate pain relief is of
great importance. Postoperative analgesia, however,
cannot be achieved without risks of respiratory depression and development of severe hypoxemia, particularly
in obese OSA patients. Opioids, the most common analgesics after surgery, decrease both hypoxic and hypercapnic ventilatory responses when administered either
intravenously or intrathecally,129,130 suggesting possible
impairment of the sequential neural control mechanisms
during OSA and failure or delay of pharyngeal opening
(fig. 6). In fact, Catley et al.131 reported a high prevalence of OSA with severe hypoxemia within 16 h after
surgery in patients receiving morphine for analgesia (456
episodes in 10 of 16 patients), whereas use of regional
analgesia resulted in less frequency of such events (0
episode in 16 patients). Routes (intravenous, intramuscular, intrathecal, or epidural) and techniques (patient
controlled or nurse controlled) of the opioid administration for postoperative analgesia do not seem to influence
the risk of respiratory complications.132,133 The American Society of Anesthesiologists guideline recommends
exclusion of opioids from neuraxial postoperative analgesia in OSA patients if possible. However, adequate
analgesia for a major surgery is often difficult to achieve
without use of opioids, and there is no consensus regarding individual determination of an optimal opioid dose.
Importantly, Brown et al.134 recently demonstrated increased opioid sensitivity in severe OSA children. Future
investigation on opioid sensitivity in adult OSA patients
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Table 1. Personal Recommendation of Postoperative Patient Care and Monitoring for an Obese Patient with Severe Obstructive
Sleep Apnea
Ward with No Monitoring

CPAP (⫹)
Opioid (⫺)
Opioid (⫹)
CPAP (⫺)
Opioid (⫺), nasal airway (⫹)
Opioid (⫺), nasal airway (⫺)
Opioid (⫹)

Ward with Pulse Oximetry

PACU or ICU with Pulse Oximetry

Acceptable
Not recommended

Desirable
Acceptable

Unnecessary
Desirable

Acceptable
Not recommended
Not recommended

Desirable
Not recommended
Not recommended

Desirable
Desirable
Desirable

For example, postanesthesia care unit (PACU) or intensive care unit (ICU) management with cardiorespiratory monitoring is desirable and management in the
ward is not recommended if the patient is unable to use continuous positive airway pressure (CPAP) and use of opioid is planned for postoperative analgesia.

is necessary for the development of a safe postoperative
analgesia strategy for OSA patients.
Because of potential postoperative respiratory depression or OSA deterioration by residual general anesthetics, paralysis, and opioids, respiration and oxygen saturation should be continuously monitored in all OSA
patients receiving opioid analgesia at least for 24 h after
surgery.135,136 The level of postoperative patient care
and monitoring would significantly depend on compliance of nasal CPAP and use of opioids for postoperative
analgesia in addition to severity of OSA and obesity and
invasiveness of surgery72,137 (table 1).

Postoperative Airway Management
All obese OSA patients should be optimally positioned
postoperatively. A sitting position or lateral position is
advantageous over a supine position.138 Use of a pillow
to produce the sniffing position is beneficial for airway
maintenance.139 These positional interventions are not
sufficient to prevent pharyngeal obstruction in moderate
to severe OSA patients. Nasal CPAP with oxygen should
immediately be applied in the postanesthetic care unit or
ward if the patients accept the treatment. A CPAP machine designed to automatically determine the optimal
CPAP level is preferable after surgery. A bilevel positivepressure machine is necessary for OSA patients with obesity hypoventilation syndrome. Although the literature suggests the usefulness of postoperative CPAP,140,141 OSA
patients, particularly new CPAP users, do not always wear
the mask postoperatively. It is not known whether a
single postoperative event of pharyngeal obstruction can
result in severe fatal hypoxemia. Although oxygen administration is not a fundamental treatment for OSA, it is
beneficial for mild OSA patients or OSA patients with
CPAP failure as an alternative to CPAP treatment.142
Continuous oxygen therapy is recommended while opioids are used for postoperative analgesia.143
In conclusion, improvement of the pharyngeal anatomical imbalance and maintenance of lung volume are the
keys for safe perioperative airway management of obese
patients with OSA.
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䡵 ANESTHESIOLOGY REFLECTIONS
Fries Apparatus for Artificial Respiration

Swedish citizen K. A. E. Fries of Stockholm filed in 1911 for a U.S. Patent on his “Apparatus for
Producing Artificial Respiration.” He hoped to resuscitate individuals “nearly drowned or
suffocated by smoke, gas, or steam, or who for some other reason are in need of artificial
respiration.” Patterned loosely after the supine method of Silvester, the Fries approach shifted
the victim’s arm positions to exert “pressure on a proper part of the person’s chest.” Using the
Fries Apparatus (as depicted above, from the Wood Library-Museum Archives) “one person,
even an inexperienced one,” could “without exertion perform the same amount of work for
a long time as two or more practiced persons . . ..” Granted in 1913, US Patent 1,057,633
mentioned that the Fries Apparatus might “also be used for gymnastic purposes.” (Copyright
© the American Society of Anesthesiologists, Inc. This image appears in the Anesthesiology
Reflections online collection available at www.anesthesiology.org.)
George S. Bause, M.D., M.P.H., Honorary Curator, ASA’s Wood Library-Museum of Anesthesiology, Park Ridge, Illinois, and Clinical Associate Professor, Case Western Reserve University, Cleveland, Ohio. UJYC@aol.com.
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Pediatric disorders that involve actual or potential airway compromise are among the
most challenging cases that emergency department providers face. This article
discusses the diagnosis and management of common and uncommon conditions in
infants and children who may present with airway obstruction.
UPPER AIRWAY OBSTRUCTIONS

Croup, or laryngotracheobronchitis, is the most common infectious cause of acute
upper airway obstruction in children. Emergency physicians and pediatricians
manage thousands of patients with this condition every year, commonly without
radiographic evaluation. The general croup population benefits greatly from one
oral dose of dexamethasone,1 which seems as efficacious as an intramuscular
dose,2,3 and occasionally children need nebulized racemic epinephrine for persistent
stridor or significantly increased work of breathing. Although croup is usually a benign
and rapidly reversible condition, emergency providers must be aware of young
children who present with stridor, increased work of breathing, and fever and who
do not respond to croup management. The differential diagnosis for these children
includes bacterial tracheitis, epiglottitis, retropharyngeal abscess, and structural
lesions worsened by laryngotracheobronchitis. Airway burns may also cause rapidly
progressive airway obstruction.
TRACHEITIS

Cases of bacterial tracheitis are most likely a complication of a preceding viral upper
airway infection involving the trachea. Children often present with croup symptoms,
such as cough, stridor, prolonged inspiratory phase breathing, retractions, and
fever. Several key factors, however, differentiate young children with croup from
those with bacterial tracheitis. Children with croup develop a croupy or bark-like
cough soon followed by respiratory distress and stridor due to subglottic edema.
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It is common for young children to be distressed at home and calm and free of
stridor on presentation in an emergency department, possibly due to amelioration
of the subglottic edema from a combination of the upright position and breathing
cool night air on the ride to the hospital. In contrast, children with bacterial tracheitis
universally present to emergency departments with stridor and fever. Common
features are copious purulent sputum, high fever, and toxic appearance. Toxic-appearing children with croup-like symptoms who respond poorly to croup management should be evaluated for tracheitis.
Bacterial tracheitis is a secondary infection caused by Staphylococcus aureus or
Haemophilus influenzae type b (usually in unvaccinated patients) in a trachea inflamed
by an antecedent viral infection.4 Bacterial tracheitis has features of croup and epiglottitis: stridor and croup-like coughing as in the former and high fever and toxic appearance as in the latter. Doses of dexamethasone and aerosolized racemic epinephrine,
which have substantial efficacy in the symptomatic relief of stridor and respiratory
distress in croup, have little to no effect in patients with tracheitis.5,6 With the widespread use of dexamethasone for croup infections and H influenzae immunization,
bacterial tracheitis has now eclipsed croup and epiglottitis as a cause of severe upper
airway obstruction and respiratory failure requiring intubation.5
The management of tracheitis is airway control with intubation and intravenous (IV)
antibiotic administration. Ear, nose, and throat (ENT) consultation is warranted
because nearly all patients with bacterial tracheitis require tracheal intubation and,
as in epiglottitis, intubation should be done in an operating suite under anesthesia.
If a portable lateral neck radiograph is done in a patient with tracheitis, the epiglottis
appears normal in size, and laryngoscopy and intubation confirm this finding. Copious
purulent debris is found in the trachea during intubation. Every attempt at clearing the
endotracheal tube of purulent material should be done via suction catheter to prevent
complete obstruction. After patient stabilization and cultures of tracheal aspirate and
blood are done, a broad-spectrum parenteral antibiotic, such as ceftriaxone, should
immediately be started.7 Antibiotic therapy and hospitalization may be required for
up to 14 days.4
EPIGLOTTITIS

Over the past 20 years, there has been a dramatic decline in pediatric cases of epiglottitis. The H influenzae vaccine has practically eliminated invasive H influenzae infection, well known to have caused meningitis and epiglottitis in children under 4 years
of age.8,9 In a retrospective chart review, a large children’s hospital noted a 10-fold
decrease in the admission rates for pediatric epiglottitis over the past 27 years.10 In
a recent retrospective study, however, 10% of children presenting with epiglottitis
were found to have invasive H influenzae type b infection, despite having being vaccinated.7 These findings highlight the importance of considering acute epiglottitis in the
differential diagnosis of all children presenting with upper airway obstruction. This is
particularly relevant because fewer doctors today are familiar with the symptoms
and signs of the disease.
Epiglottitis presents abruptly with high fever, toxicity, and significant upper airway
obstruction with stridor, unlike tracheitis, which usually is preceded by a viral croup
infection but can manifest as a primary infection.11 Children with epiglottitis present
in distress with muffled voices and without spontaneous coughing. They may present
leaning forward (ie, tripod position) with mouth breathing and tongue and mandible
protrusion. When acute bacterial epiglottitis is suspected, immediate airway management, preferably under anesthesia in an operating suite, is indicated.
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RETROPHARYNGEAL ABSCESS

Retropharyngeal abscess is an uncommon disease. In a pediatric study of 64 patients
under 16 years of age, 75% of retropharyngeal abscesses were found in children less
than 5 years of age and 16% of this condition in infants less than 1 year of age.13 In
a mixed-group study of 19 patients, 1 to 69 years of age, with retropharyngeal
abscess, 37% of retropharyngeal abscesses cases were less than 5 years of age
and 47% of these cases were over 17 years of age.13 Unlike epiglottitis, with its rapid
onset, retropharyngeal abscess is commonly preceded by nasopharyngitis with development of high fever, dysphagia, severe throat pain, noisy breathing, and stiff neck.
Infants under 1 year of age may present with fever, drooling, and stridor or, instead,
with isolated fever and lethargy. In a study of 25 infants under 9 months of age with
deep neck abscesses, 92% had a neck mass, 60% had fever, and 36% had
dysphagia or poor feeding. In 13 of 17 who were scanned, the computerized tomography scan of the neck revealed some degree of airway compromise.12
With the exception of the abrupt onset and tripod position seen in epiglottitis, epiglottitis and retropharyngeal abscess may have strikingly similar clinical presentations.
Children with retropharyngeal abscess may use mouth breathing, tongue protrusion,
and mandible thrust to maintain a patent airway. They often present with fever and
a toxic appearance. In the same study of 64 pediatric patients under 16 years of
age with retropharyngeal abscess, however, only 5% had respiratory distress or frank
stridor whereas 45% had limitation to neck extension.14 In another study of 169
patients under 19 years of age with deep neck abscesses, only 6% had stridor and
7% had respiratory distress. The most common clinical finding in this study was
neck mass in 91%.15 The low incidence of respiratory distress and stridor in children
with retropharyngeal abscesses, in contrast to the high incidence of these findings in
epiglottitis and tracheitis, helps differentiate these airway disorders. An adequate
portable lateral neck radiograph revealing the distended retropharyngeal space can
be diagnostic of retropharyngeal abscesses (Fig. 1). Although the management of
tracheitis and epiglottitis includes early airway control via intubation in addition to IV
antibiotic administration, retropharyngeal abscesses can often be managed with IV
antibiotics and close observation. The need for immediate intubation is rare. ENT
consultation is warranted in all cases of retropharyngeal abscess confirmed by CT.
CONGENITAL STRUCTURAL DEFECTS

Infants with stridor beginning at birth or within 2 weeks of birth may have congenital
airway abnormalities, such as laryngomalacia, tracheomalacia, and subglottic hemangioma. Infants with a history of chronic stridor suggestive of one of these disorders
who present with worsened upper airway obstruction after a viral prodrome may
have superimposed laryngotracheobronchitis exacerbating pre-existing airway
abnormalities. These infants generally have only partial response to croup management, and a high index of suspicion for underlying structural abnormality is recommended in these clinical scenarios. ENT consultation and airway endoscopy should be
considered in all suspected cases.
AIRWAY FOREIGN BODIES

Children with foreign bodies in the nasal cavity may present with rhinorrhea,
malodorous breath, or an explicit history of placing an object in the nose, although
they generally do not present with extreme respiratory distress. Children with foreign
bodies, such as plastic candy wrappers, lodged in the oropharynx generally present
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Fig. 1. Retropharyngeal abscess in a 3-year-old (right) compared with a normal upper
airway (left).

with mouth breathing, refusal to feed, irritability, and mild drooling. These children do
not usually present in respiratory distress unless the object is large and partially obstructing the glottic opening. Children who present in distress with a sudden onset
of stridor, prolonged inspiratory phase, head bobbing, and excessive drooling are
more likely to have foreign bodies partially obstructing the supraglottic area and proximal esophagus.
Management of nonaspirated foreign bodies in children depends on the location of
the foreign bodies and the degree of resulting obstruction. Children who can cough
and verbalize should be given supplemental oxygen and placed in a position of
comfort. Nasal foreign bodies can generally be removed in an emergency department
with a variety of instruments, such as a balloon-tipped catheter. Oropharyngeal
foreign bodies in patients without extreme respiratory distress can be removed with
Magill forceps. Beware of children who present with severe partial upper airway
obstruction due to foreign body. If these children can cough and verbalize, give
supplemental oxygen and place them in a position of comfort. Consider delaying IV
line placement and other interventions that might cause agitation and worsen airway
resistance. Do not try to remove foreign bodies causing severe partial upper airway
obstruction because these attempts may result in complete glottic obstruction. A
better course of action is immediate consultation with an otolaryngologist and operating room personnel to ensure rapid transfer to an operating suite for intubation. In
children with airway obstruction that prevents cough or verbalization, basic lifesupport maneuvers should be initiated immediately to dislodge the foreign body.
Aspirated lower airway foreign bodies in children may be subtle, and delays of up to
4 months16 and as long as 5 years17 in diagnosing foreign bodies are reported. In one
study, 99% of patients reporting foreign body aspiration or choking were found to
have confirmed foreign body,17 although in another study of 202 confirmed cases of
airway foreign bodies, there was no history of foreign body aspiration in 15% of
cases.18 In a study of 128 patients with suspected foreign body aspirations, 28 presented later than 1 month after the event or onset of symptoms. All those who presented late had a chronic cough and 48% had a history suggestive of foreign body
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aspiration; 63% of the children presented with complications that included pneumonia
(n 5 13), bronchiectasis (n 5 3), and bronchoesophageal fistula (n 5 1). The diagnostic
delays were variously attributed to physician misdiagnosis (n 5 9), failure by parents to
seek early medical advice (n 5 4), patients leaving against medical advice (n 5 1), and
unknown cause in the remaining 14 children.19 The most common age for foreign body
aspiration is 1 to 2 years of age with up to two-thirds of cases occurring in this age
group16 and 68% of foreign body aspirations occur within the first 8 years of life.17
Approximately 80% of aspirated foreign bodies are lodged in the lower airways,17
leaving laryngotracheal foreign bodies less common but immediately life
threatening.16
In 548 cases of foreign body aspiration over a 10-year period, in children 2 months
to 16 years of age, the percentage of children presenting with cough was 83%,
choking 4%, and wheezing 10%. Four percent of children presented asymptomatically and 16% of cases had no physical examination findings to suggest foreign
body.17 In this same study, chest radiograph was frequently abnormal with atelectasis
in 35%, hyperinflation in 27%, and radiopaque foreign bodies in 13%, although chest
radiograph was normal in 14% of cases. A peanut was the most common aspirated
foreign body in children16,17 whereas balloons are the most common foreign body
aspirations to result in death.16
Management of aspirated foreign bodies in children depends on a child’s age and
location of the aspirated foreign body. Because the narrowest portion of the pediatric
airway is at the cricoid ring, any foreign body at this level may cause severe airway
resistance. Children with foreign bodies at the cricoid region generally present in
extreme respiratory distress with severe retractions and stridor. Immediate intubation
using rapid sequence intubation medications or immediate transfer to an operating
suite is generally indicated. Children with aspirated foreign bodies in the lower airways
present as diagnostic challenges. Findings suggestive of lower airway foreign bodies
include air trapping leading to asymmetric hyperinflation (38%–63%), pulmonary
consolidation (8%–25%), or barotrauma (7%).16 Initial radiographic studies should
include standard anteroposterior and lateral chest radiographs. Only approximately
6% to 15% of aspirated foreign bodies are radiopaque, however, and approximately
15% of radiopaque foreign bodies cases are initially seen on radiograph.16 In suspected cases of aspirated foreign bodies, where standard radiographic studies are
normal (Fig. 2), lateral decubitus films in young children and inspiratory and expiratory
films in cooperative older children may provide more information. A lung placed on its
side on a lateral decubitus film without a foreign body will compress normally due to
gravity (Fig. 3). A lung placed on its side with a foreign body generally will not
compress and will resist the forces of gravity due to the ball-valve obstruction
(Fig. 4). Likewise, inspiratory and expiratory films may reveal hyperinflation on expiratory film if the foreign body in the lower airways causes a ball-valve obstruction and
prevents full deflation of the obstructed lung on expiration. Bronchoscopy, however,
remains the diagnostic tool of choice for suspected foreign body aspiration.
AIRWAY BURNS

There are many documented cases of delayed airway deterioration in young children
who initially present with body scald burns.20,21 Although compromise of the airway by
direct thermal injury to the upper respiratory tract is most commonly associated with
smoke or steam inhalation,22 aspiration of microwave-heated liquids is the most
common cause in infants and young children.20,23 Heated liquid ingestions and aspiration have caused thermal epiglottitis and edematous arytenoidal tissue.20,24
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Fig. 2. Normal-appearing anteroposterior chest radiograph in a 12-month-old infant with
a left mainstem foreign body.

Because thermal epiglottitis injuries in children may be clinically (and radiographically)
similar to acute infectious epiglottitis,24,25 children with these injuries are at risk for
significant upper airway obstruction, which may continue to progress for several
hours. Children in whom thermal epiglottitis is suspected should be approached
with the same caution and preparedness for emergency airway management as those
with acute infectious epiglottitis.24 Even superheated, microwaved hot potato ingestions have caused edematous arytenoidal tissue and acute airway deterioration
requiring intubation. Patients with airway burns often progress rapidly to acute upper
airway occlusion.
Judicious airway management is crucial in these children. Because the initial
pharyngeal examination does not always identify patients at risk, fiberoptic visualization of the larynx provides an excellent diagnostic and prognostic tool. Because
edema may continue to progress over several hours, it is essential to secure the airway

Fig. 3. Same patient as in Fig. 2; normal right lateral decubitus chest radiograph. Note how
the right lung compresses normally due to the effects of gravity.
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Fig. 4. Same patient as in Fig. 2; abnormal left lateral decubitus chest radiograph. Note how
the left lung does not compress despite the effects of gravity. A large, dog-claw, foreign
body was found in the left mainstem bronchus and removed by bronchoscopy.

via endotracheal intubation at the onset of any signs of laryngeal edema, including
stridor, hoarseness, or change in character of a child’s voice or cry.20
SUMMARY

Upper airway obstruction in infants and children, whether or not caused by infection,
foreign body or airway burn, may present with extreme respiratory distress. Simple
croup should be responsive to dexamethasone and nebulized racemic epinephrine.
The incidence of epiglottitis has dramatically decreased in the pediatric population
in the past decade, and bacterial tracheitis seems to have eclipsed croup and epiglottitis as the most common infectious cause of severe upper airway obstruction
requiring intubation. Retropharyngeal abscess commonly presents with neck pain,
stiffness, or mass and uncommonly causes respiratory distress and stridor. Airway
foreign bodies in the laryngotracheal region may be immediately life threatening
whereas lower airway foreign bodies may be subtle and the delay to diagnosis may
be prolonged. Airway burns in infants and children may be occult on routine inspection
of the oropharynx, and fiberoptic visualization of the larynx provides an excellent diagnostic and prognostic tool. Airway burns may progress rapidly to acute upper airway
occlusion and intubation at the first signs of laryngeal edema is essential to prevent
complete airway obstruction and respiratory failure.
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The anesthesiologist confronting the difficult pediatric airway is presented with
a unique set of challenges. Adult difficult airway management techniques, such as
awake or invasive approaches to airway management, often cannot be applied to children because of inadequate cooperation. Consequently, awake intubation in pediatrics is uncommon; most intubations are performed under general anesthesia or
deep sedation. From a physiologic perspective, children, have higher rates of oxygen
consumption, significantly shortening the period of apnea that can be safely tolerated.
Normal developmental anatomic differences of the pediatric airway and the presence
of craniofacial dysmorphisms, presents additional challenges to tracheal intubation.
Planning and preparation is the most important factor for successful airway
management in these children. The authors have a standardized setup for the care
of these patients. This setup consists of equipment and drugs, typically a lighted stylet
for use if visualization is obscured, a laryngeal mask, a flexible fiberoptic bronchoscope, an antisialogogue, a topical anesthetic, an IV anesthetic (typically propofol),
and a muscle relaxant. In the past, equipment available to care for these children
was limited. With recent advances in video technology have come many new tools
for pediatric airway management. Presented here is an overview and discussion of
some of the devices and techniques address some of the challenges faced in caring
for this population.
OPTICAL STYLETS

Optical stylets embody a combination of the form of a lighted stylet and the optics of
a flexible fiberoptic bronchoscope. Many practitioners find navigation of these
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relatively rigid stylets more intuitive than the flexible bronchoscope. There is a short
learning curve, and their rigidity facilitates control of the stylet tip and allows for the
displacement of soft tissue.1 One advantage optical stylets have over flexible fiberoptic intubation is the ability to visualize the passage of the tip of the tracheal tube into
the trachea. With flexible fiberoptic intubation, the advancement of the tracheal tube is
not visualized, and any resistance to advancement of the tube into the trachea is
usually managed blindly. Optical stylets allow the operator to place the tube into the
trachea under direct vision because the optical vantage point is within the endotracheal tube, proximal to its distal tip.
Optical stylets are useful in the management of the pediatric difficult airway.1–3
There is, however, a learning curve of approximately 20 intubations before the technique becomes facile. When using an optical stylet in a difficult intubation, a useful
maneuver is to perform direct laryngoscopy with a standard blade, while using the
stylet to navigate under the epiglottis.4
The Shikani Optical Stylet

The Shikani optical stylet (SOS; Clarus Medical, Minneapolis, Minnesota) is a
J-shaped malleable stylet with a central optical channel that ends in an eyepiece
(Fig. 1). A video camera can be attached to the eyepiece to display the image from
the distal tip on a monitor. The SOS is placed inside an appropriately sized and lubricated endotracheal tube with the tip maintained just proximal to the endotracheal tube
tip. The view through the eyepiece of an ideally positioned endotracheal tube should
reveal a small rim of the endotracheal tube tip in front of the stylet. The SOS is
malleable and can be configured to an individual patient’s anatomy. The authors
use two techniques when using the device: a two-practitioner technique or a singlepractitioner technique. For the single-practitioner technique, the SOS is held in the
dominant hand of the operator. Jaw thrust is performed with the nondominant hand
and the tip of the SOS is placed along the curvature of the tongue in the midline.
The ideal view through the eyepiece should reveal the base of the tongue in the upper
half of the image and the space below the tongue in the lower half. Success with the
optical stylet requires maintenance of this view as one advances the device along the
curvature of the tongue into the hypopharynx. If this maneuver is correctly performed,
the uvula should come into view as the stylet is advanced; this is a good indicator of
midline insertion. Further advancement should reveal the epiglottis and the glottic
opening. The SOS can be placed just past the vocal cords and the tube advanced
into the trachea under direct vision. Some practitioners prefer a left molar approach
when using the SOS; a higher success rate with this method has been reported for
novice users.5
With the two-practitioner technique, the SOS is held with two hands, while the
second practitioner performs jaw thrust and pulls the tongue forward to create space

Fig. 1. Shikani optical stylet.
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for the stylet. The two-handed technique may provide better control of the stylet tip.
The SOS can also be used in combination with a laryngoscope, where the laryngoscope elevates the tongue and widens the hypopharyngeal space. The SOS is then
placed below the epiglottis to visualize the glottic opening. Similar intubation times
and success rate are reported using the SOS alone or in conjunction with
a laryngoscope.
The SOS is a useful adjunct in the management of routine and difficult pediatric intubations. It is an uncomplicated tool that is easily learned, portable, and simple to
prepare. Disadvantages include a short optical depth of field and the potential for
impaired visualization from fogging and secretions.
Bonfils Endoscope

The Bonfils endoscope (Karl Storz Endoscopy, Tuttlingen, Germany) is a rigid stylet
with a 40 anterior curve (Fig. 2).6 It was originally designed more than 20 years ago
and recently modified for pediatric use.7 The rigid, nonmalleable shaft houses a fiberoptic channel that delivers a higher quality image than the SOS. The Bonfils is manufactured with two configurations—one with an eyepiece that can be mounted with
a video camera and a second without an eyepiece that attaches to a Storz Direct
Coupled Interface (DCI) camera (Karl Storz GmbH, Tuttlingen, Germany). The Bonfils
is loaded and prepared in a similar fashion to the SOS. The manufacturer recommends
a retromolar approach to intubation. However, the authors reserve this approach for
cases in which the midline approach is unsuccessful. They have found a high success
rate with the midline approach in infants and neonates. The SOS and Bonfils have
ports for insufflating oxygen during intubation attempts. The authors avoid using these
ports for this purpose in neonates and small children because of the risk of pneumothorax.8,9 Because of the small infant and neonatal airway size, a pathway for oxygen
egress is not assured when the stylet is in the trachea. Older children may tolerate low
flows of oxygen during intubation. The manufacturer of the Bonfils recommends
oxygen flows less than 3 L/min to minimize secretions on the optical lens. Successful
use of the Bonfils was limited by secretions during elective use in a randomized pediatric study.10 Suctioning the mouth and pharynx before intubation attempts and
administering an antisialogogue can help prevent this problem. Additional measures
to improve success rate include the application of jaw thrust by an assistant and
the adjunctive use of a laryngoscope.
VIDEO/OPTICAL LARYNGOSCOPES

Video laryngoscopes of several designs are manufactured for use in children.
Currently available designs include video laryngoscopes that integrate a camera
into a laryngoscope blade, such as the GlideScope (Verathon, Bothwell, Washington) and Storz video laryngoscope (Karl Storz GmbH, Tuttlingen, Germany). Other
devices are constructed using prisms and mirrors, such as the Airtraq optical laryngoscope (Prodol Meditec SA, Vizcaya, Spain) and the Truview EVO2 (Truphatek

Fig. 2. Bonfils endoscope.
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International, Netanya, Israel). The GlideScope, Storz video laryngoscope, Airtraq,
and Truview EVO2 are currently available in sizes appropriate for pediatric patients
of all ages. Each of these devices has design characteristics that make them advantageous for routine and difficult airway management.
Despite the apparent similarity to intubation of direct laryngoscopy, a different skill
set is required for tracheal intubation using video guidance. The blade of the device is
inserted in the midline or slightly to the left of midline in the oropharynx. The tongue,
uvula, tongue base, epiglottis, and glottic opening are visualized in succession with
proper advancement. The authors prefer to place the blade tip in the vallecula and
reserve directly elevating the epiglottis for cases where glottic exposure is poor,
with the blade tip in the vallecula. Once an optimal view is obtained, a preconfigured
styletted tube is placed just lateral to or along the shaft of the video blade; the styletted
tube is placed in the oropharynx under direct vision until the tube comes into view on
the video monitor. Visualization of tube insertion into the pharynx reduces the chance
of injury to the pharyngeal mucosa from a misguided tube that is blindly inserted.11–16
The integration of a tracheal tube channel in the Airtraq directs the tube to the tip of the
scope and circumvents this potential problem.
For anesthesiologists who are universally experienced with direct laryngoscopy,
video laryngoscopy is an attractive modality for difficult intubation because of its similarity to intubation with a standard laryngoscope. Video laryngoscopy is not a panacea
for difficult airway management, and several limitations have been noted. Firstly, some
mouth opening is required to insert any of these devices—enough to allow passage of
the device. Secondly, while nasotracheal intubation can be performed, these devices
are primarily designed for orotracheal intubation with the exception of the Airtraq.
Some problems seen with use of these devices include difficulty with tracheal tube
placement despite an excellent view of the glottic opening, trauma to upper airway
structures related to blind passage of the styletted tube into the pharynx, and poor
visualization related to blood and secretions.

Fig. 3. GVL 2. (Courtesy of Verathon, Inc., Bothwell, Washington; with permission.)
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Fig. 4. GlideScope Cobalt.

GlideScope

The GlideScope integrates a high-resolution video camera into the tip of a plastic
laryngoscope blade. The pediatric blade (GlideScope video laryngoscope [GVL] 2)
features a curved blade with a 40 angulated tip (Fig. 3). The image from the tip of
the GlideScope is displayed on a portable video screen. The tip of the device is heated
to prevent fogging during use. Success with the GVL 2 is variable, with difficult visualization reported in neonates and infants.17 The GVL 2 seems to be more appropriate
for children older than 2 years.18 The GlideScope Cobalt (Fig. 4) represents a new
design. It has a thinner profile, allowing for easy placement in the smallest neonates,
and a more anterior tip angle, which provides an improved wide-angle glottic view. A
reusable video baton (Fig. 5) is inserted into a disposable plastic blade for intubation.
Early clinical experience with this new version has been favorable; however, there are
no clinical studies regarding its efficacy.
Storz Video Laryngoscope

The Storz DCI video laryngoscope (Fig. 6) is a rigid blade that integrates fiberoptics
and a lens into the light source of Miller- and Macintosh-type blades. There are
currently 4 blade designs: Macintosh 3 and Miller 0, 1, and 3. The blade connects
to a device-specific camera that transmits the image to a video monitor. One advantage of these video laryngoscope blades is that they can be used for direct

Fig. 5. GlideScope Cobalt reusable video baton.
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Fig. 6. The Storz Miller 1 video laryngoscope.

laryngoscopy. If the direct laryngoscopy view is poor, the operator can convert to
using the video monitor view. This is particularly useful in children who are suspected,
but not known, to be difficult to intubate by direct laryngoscopy. Unlike many other
video systems, the Storz Miller 1 video laryngoscope allows documentation of the
direct laryngoscopy grade before intubating using video guidance. The Storz Miller
1 video laryngoscope has been shown to improve laryngoscopy grade and intubation
success in a difficult airway manikin model providing a one grade improvement over
the direct laryngoscopy view.19 The Storz video laryngoscope is a useful adjunct in
the management of the difficult infant airway; the authors have successfully used it
to rescue several infants in whom direct laryngoscopy failed.
Airtraq

The Airtraq is a single-use indirect laryngoscope that incorporates a guide channel for
the endotracheal tube into the curve of the device. A magnified wide-angle image is
transmitted from the distal tip using a series of prisms and mirrors to a viewfinder.
The Airtraq incorporates an antifog system that requires a 30- to 45-second warmup time. The tip of the Airtraq is placed in the vallecula; however, it is sometimes
necessary to elevate the epiglottis to obtain an optimal view. The guidance of the
endotracheal tube using the Airtraq is different from the video laryngoscopes without
a channel; it requires the manipulation of the entire device to center the glottic opening
and allow the advancement of the endotracheal tube. The Airtraq is available in pediatric and infant sizes (Fig. 7); a model of this device is available with the posterior wall
of the endotracheal tube channel removed to enable use of this device for nasotracheal intubation.
Truview EVO2

The Truview EVO2 (Fig. 8) is a rigid laryngoscope with an angulated tip that uses
a series of prisms to transmit the image from the distal tip to an eyepiece.20 The device

Fig. 7. Airtraq optical laryngoscope with size table. (Courtesy of Truphatek Ltd., Netanya,
Israel; with permission.)
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Fig. 8. Truview EVO2. (Courtesy of Truphatek, International, Netanya, Israel.)

tip is angulated 46 anteriorly from the direct line of sight, and the device provides
a wide-angle magnified view. The Truview infant blade has been compared with the
Miller laryngoscope blade in a prospective randomized trial; similar intubation times
and better laryngeal views were found with the Truview.21
LARYNGEAL MASKS

Laryngeal masks continue to have an important place in the management of the challenging pediatric airway. They are useful as ventilation adjuncts and as conduits for
tracheal intubation, particularly in patients with craniofacial dysmorphisms. Since
the development of the classic laryngeal mask airway, there has been a proliferation
of new supralaryngeal airway devices for use in adults and children. Although some
models fail to offer significant design improvements, others have improved on the
original design by Dr. Brain, making specific modifications to facilitate pediatric use.
Laryngeal masks remain a critically important adjunct in the airway management of
infants and neonates.
Some laryngeal masks incorporate the means to allow verification of correct positioning of the device and the ability to decompress the gastrointestinal tract via
a gastric access channel. The LMA ProSeal (LMA North America, Inc, San Diego,
California) is currently the only laryngeal mask incorporating a gastric channel that is
available in all pediatric sizes.
A limitation of many infant-sized laryngeal masks when used as conduits to fiberoptic intubation is the inability to pass the pilot balloon of a cuffed tracheal tube through
the airway tube of the laryngeal mask. The use of cuffed tubes in pediatric airway

Fig. 9. Tracheal tube with cut pilot balloon.
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Fig. 10. IV catheter inserted into cut end of pilot balloon inflation line.

management is often advantageous; advantages include reduction in operating room
pollution, reduction in the number of tracheal tube exchanges, and improved ventilation in children with reduced lung compliance. For many infants and children, initial
placement of a cuffed tube when using a laryngeal mask as a conduit to intubation
is advantageous because the additional step of replacing an uncuffed tube that is
too small is avoided. Avoiding such extra steps is desirable because they are points
at which a secured airway can be lost. If a cuffed tube is desired, several additional
steps are required. The pilot balloon can be cut and discarded, thereby facilitating
passage of the cuffed treacheal tube through the laryngeal mask. It can then be reconstructed by firmly inserting an appropriately sized intravenous (IV) catheter into the cut
end of the tubing, retracting the needle, and applying a one-way Luer lock valve port
adapter to the end of the IV catheter. This allows a manometer to be attached to the
one-way valve for cuff inflation and measurement of the cuff pressure (Figs. 9–11). A
less desirable alternative is to place an uncuffed endotracheal tube and then perform
an endotracheal tube exchange to a cuffed tube. In the most dysmorphic children,
a tube exchange may be very difficult, and the short tracheal length makes the margins
for dislodgement of the tube exchanger very small.
Air-Q

The air-Q (Mercury Medical, Clearwater, Florida; Figs. 12 and 13) is a curved laryngeal
mask. It has unique characteristics that facilitate fiberoptic intubation with cuffed
endotracheal tubes in infants and neonates without the need to perform additional
maneuvers. The airway tube is wide enough to accommodate the pilot balloon of standard endotracheal tubes and the length is shortened to facilitate the removal of the
mask after tracheal intubation. The 15-mm adapter on the airway tube is detachable,
thereby facilitating fiberoptic intubation through the device. As with other laryngeal
masks, it is easy to insert and position, and full glottic visualization is typical when
using the air-Q as a conduit for fiberoptic intubation in patients of all ages. The

Fig. 11. Needle-free valve port attached to IV catheter.
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Fig. 12. Air-Q airway with tracheal tube in situ stabilized by laryngeal forceps.

manufacturer supplies a stabilizer bar, which is a long plastic rod with a triangulated tip
that wedges securely into the end of the endotracheal tube. This stabilizer bar is used
to stabilize the endotracheal tube as the air-Q is removed. The air-Q is a useful adjunct
in the armamentarium of the pediatric anesthesiologist, and it addresses several challenging issues in the use of laryngeal masks as intubation conduits in the smallest
patients.

FLEXIBLE SCOPES

The flexible fiberoptic scope remains the gold standard for the management of the
difficult airway. Recent technological advances have allowed the introduction of
charge-coupled devices into these scopes, thereby providing an image quality
comparable to that seen with rigid bronchoscopes. These high-definition scopes
are limited in size, the smallest being approximately 2.7 mm. The authors have
a methodical approach to fiberoptic intubation in children, with a primary plan and
several backup plans. An inhaled induction of anesthesia is typically performed, and
an antisialogogue is administered after obtaining IV access. The airway is then anesthetized with a topical local anesthetic (typically lidocaine) after an adequate anesthetic depth is obtained. Adequate anesthetic depth can be confirmed by the lack
of movement to a sustained jaw thrust for 5 seconds. Oxymetazoline is applied to
the nares bilaterally and a fiberoptic examination of both nares performed to assess
patency. A modified nasal trumpet (Fig. 14) facilitates the maintenance of anesthetic
depth and oxygenation during fiberoptic intubation in children. The modified nasal
trumpet has a 15-mm tracheal tube adapter placed into the flared end (see Fig. 14).

Fig. 13. Air-Q.
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Fig. 14. Modified nasal trumpet.

Provided there is no nasal obstruction, a lubricated modified nasal trumpet is placed
into one nare and then connected to the anesthesia circuit. An inhaled anesthetic and
oxygen are administered via the trumpet as the child spontaneously ventilates. Fiberoptic intubation can then be performed through the oropharynx or controlateral nare.
SUMMARY

Difficult intubation remains a significant cause of morbidity in pediatric airway
management. All practitioners are encouraged to develop a systematic approach to
the care of these patients. Many of the outlined devices and techniques may facilitate
intubation in this patient population; however, mastery of all or several of these
devices is impractical. The authors recommend that all practitioners maintain skill in
fiberoptic intubation and two additional devices. This skill development can only
come about by frequent use of these techniques in patients with normal airways.
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Purpose of review
The purpose of this review is to discuss the risk factors associated with laryngospasm
and the techniques used for prevention and treatment. We also summarize the
prevention and treatment modalities in organized algorithms.
Recent findings
According to recent endoscopic studies, laryngospasm is always complete, thus airway
management and intravenous therapy are indicated. Parental history of children having
upper respiratory infection is associated with increased risk of laryngospasm.
Anesthesia administered by a pediatric anesthesiologist is associated with lower
incidence of laryngospasm. Intravenous anesthesia is associated with lower incidence
of laryngospasm than inhalational anesthesia. In tracheal intubation, the use of muscle
relaxants decreases laryngospasm. Deep laryngeal mask airway removal is associated
with lower incidence of laryngospasm in sevoflurane or isoflurane anesthesia. In no
intravenous line situation, laryngospasm can be treated with succinylcholine
administration by intramuscular, intraosseous and intralingual routes.
Summary
Identifying the risk factors and taking the necessary precautions are the key points in
prevention of laryngospasm. An experienced anesthesiologist is associated with lower
incidence of laryngospasm. Airway management is the most essential part of treatment
of laryngospasm. Drugs can be used as an adjunct in treatment of laryngospasm,
especially when anesthesia is administered by beginners.
Keywords
airway, anesthesia, complication, laryngospasm, pediatric, prevention, treatment
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Introduction
Laryngospasm is a protective reflex closure of the glottis
as a result of abnormal stimulus [1]. In a classic report,
Fink [2] described two types of laryngospasm: expiratory
stridor, which is an active closure of the glottis secondary
to adductor spasm and inspiratory stridor, which is a
passive closure of the glottis secondary to a ball–valve
mechanism. If laryngospasm persists, it may cause
hypoxia and hypercapnea. Most of the time, the resulting
hypoxia abolishes the reflex and the spasm tends to be
self-limited [2–4]. However, in rare occasions, serious
morbidity such as cardiac arrest, arrhythmia, pulmonary
edema, bronchospasm or aspiration may ensue [4–7].

Statistics
Laryngospasm causes about 40% of postextubation airway obstruction [8]. The incidence of laryngospasm
in pediatric population ranges from 0.04 to 14% [4,5,9,
10–12]. The incidence of complications resulting from
laryngospasm can vary as follows: cardiac arrest 0.5%,
obstructive negative pressure pulmonary edema 4%,
0952-7907 ß 2009 Wolters Kluwer Health | Lippincott Williams & Wilkins

pulmonary aspiration 3%, bradycardia 6% and oxygen
desaturation 61% [13]. In a study [9] characterizing
the treatment interventions of laryngospasm, 38.1% of
patients responded to mask ventilation with continuous
positive airway pressure (CPAP) and 47.6% responded to
muscle relaxants associated with ventilation.

Risk factors
Risk factors for laryngospasm can be classified into
three categories: patient-related, surgery-related and
anesthesia-related factors.
Anesthesia-related factors

The most important anesthesia-related risk factor is light
level of anesthesia [14]. Extubating the trachea in
patients while lightly anesthetized predisposes to
laryngospasm. Any stimulation during a light plane of
anesthesia such as pain, movement of the cervical spine
and placement of nasogastric tube may predispose to
laryngospasm. Also, vocal cord irritation by volatile anesthetics, secretions, mucus, blood, laryngoscopy blade and
suction catheter may induce laryngospasm. Inexperience
DOI:10.1097/ACO.0b013e32832972f3
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of anesthesiologist can be associated with increased incidence of laryngospasm [15–17]. Multiple endotracheal
intubations and laryngeal mask airway (LMA) insertion
attempts increase the risk of laryngospasm [12,18,19].
There is controversy in the literature regarding the use of
the airway device and associated risk of laryngospasm
[20,21]. The endotracheal tube (ETT) was shown to be
associated with increased incidence of laryngospasm [4].
The use of facemask in URI was suggested to be associated with low incidence of laryngospasm [22]. However,
in three recent prospective studies [23–25], there was no
statistical difference of the incidence of laryngospasm
among facemask, LMA and ETT. This may have been
attributed to beta error, too small a sample size for a rare
occurrence. On the contrary, in two retrospective studies
[9,26], LMA was shown to increase the incidence of
laryngospasm. However, data collection accuracy and
LMA’s appropriate use in these studies have been questioned. It is suggested that the use of cuffed tracheal
tubes in younger than 4-year-old children may predispose
to laryngotracheal injury and laryngospasm [27,28].
There are controversial reports about the preoperative
use of midazolam and its effects on laryngospasm in
literature. Although some studies showed an increased
incidence of laryngospasm with preoperative use of
midazolam, others [26,29–31] have demonstrated the
opposite. Midazolam combined with remifentanil has
shown lower incidence of laryngospasm in comparison
with halothane with fentanyl in children undergoing eye
surgery under general anesthesia [28]. Among the intravenous (i.v.) induction agents, thiopentone is associated
with the highest risk of laryngospasm [4,6,10,32]. Intramuscular (i.m.) ketamine is associated with 0.4%
incidence of laryngospasm. Furthermore, i.v. ketamine
may indirectly predispose to laryngospasm by increasing
secretions, which irritate the vocal cords [5,33,34].
Propofol decreases airway responsiveness secondary to
depressing laryngeal reflexes [35,36]. Anesthesia induction with propofol is less associated with laryngospasm
than induction with sevoflurane [37]. Among all the
volatile anesthetics, desflurane has the highest incidence
of laryngospasm (50%), followed by isoflurane, enflurane,
halothane and sevoflurane, with no difference in the
incidence of laryngospasm between the last two agents
[6,38–40].
Patient-related factors

The most important patient-related risk factor is young
age [4,10,17]. Although few studies [41,42] failed to show
increased risk of laryngospasm in children with URI,
most studies [17,26,43] showed that URI increases
the risk of laryngospasm from 2.3 to five-fold. The
parental confirmation of a URI seems to be a better
predictor of laryngospasm than the use of predetermined
criteria [10]. Smoker adolescents are also prone to
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develop laryngospasm [44,45]. Passive smokers and
children with hyperactive airway, including asthma, are
10 times more prone to develop laryngospasm [4,14,46]
Other risk factors include American Society of Anesthesiologists (ASA) IV [26], ex-premature under 1 year old,
whooping cough, obstructive sleep apnea, obesity, airway
anomaly, gastroesophageal reflux disease [26,47–50],
elongated uvula and history of choking during sleep
[14,51,52]. Finally, electrolyte disturbance such as low
magnesium and calcium blood level may predispose to
laryngospasm [53].
Surgery-related factors

Among all surgery types, airway procedures, including
bronchoscopy, have high incidence of laryngospasm.
Tonsillectomy and adenoidectomy (T&A) surgery has
an incidence of 21–27% [17,54–57]. Other types of
surgery such as appendicectomy, hypospadias and transplant in children are associated with an increased risk of
laryngospasm [4]. Esophageal endoscopy predisposes to
laryngospasm secondary to stimulation of distal afferent
esophageal nerves [58].

Prevention
Prevention of laryngospasm generally can be achieved by
identifying and alleviating the risk factors when possible
(Fig. 1).
Prevention in preoperative phase

In the preoperative phase, a detailed history should be
taken to identify the risk factors. Household exposure to
smoking should be questioned. If an adolescent is a
smoker, a period of abstinence from smoking of at least
48 h up to 10 days may be required to reduce the risk of
laryngospasm [45]. In children with URI, the use of
facemask may decrease the incidence of laryngospasm
by minimizing airway irritation [22,59]. The debate
regarding the optimal time to delay anesthesia to children
following URI is still ongoing [60–62]. It usually takes 6–
8 weeks for airway irritability to resolve after URI [63,64];
however, by that time, many children will have another
URI and an increased risk of laryngospasm [65]. Thus,
rather than postponing the surgery, it would be more
beneficial to identify and alleviate the risk factors associated with URI that predict the respiratory complications.
These factors are parent’s statement that the child has
URI, passive smoking, presence of nasal congestion or
sputum, history of reactive airway disease, history of
snoring, anesthetic agents, use of ETT and airway
surgery [65,66].
Prevention during induction phase

To decrease the overall risk of laryngospasm, anesthesia
should be carried out by an experienced anesthesiologist
[10,17]. Although the effect of anticholinergic drugs is
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Figure 1 An algorithm for prevention of laryngospasm

Induction phase

Identify the risk factors

Sevoflurane induction/Propofol induction

IV line insertion after deep anesthesia followed by anticholinergics

Use of muscle relaxant with intubation/Application of 2% lidocaine lubricant in LMA

Uncuffed ETT in <4 years, cuff pressure ≤25 cm H2O for cuffed ETT in >4 years/Reinforced LMA
for T&A

Emergence phase

Suction the oropharynx

Position the patient on his side with head down

Discontinue anesthesia agents

Avoid stimulation

Lidocaine at 1 mg/kg iv 60--90 sec before extubation

Extubate the patient when fully awake using the “artificial cough” maneuver/deep removal of LMA in
isoflurane or sevoflurane anesthesia

ETT, endotracheal tube; LMA, laryngeal mask airway; T&A, tonsillectomy and adenoidectomy.

controversial, these drugs may reduce the incidence
of laryngospasm secondary to decreased secretions
[6,57,67,68]. Early detection of laryngospasm can be
achieved via continuous monitoring of respiratory sounds
via precordial stethoscope [6]. Inhalational induction
should be carried out by halothane or preferably sevoflurane. It is suggested that nitrous oxide (N2O) should be
avoided at induction to achieve higher oxygen reserve to
prevent early desaturation in the event of laryngospasm
[69]. Intravenous line insertion should be delayed until
after deepening the anesthesia, with patient breathing
regularly to decrease the incidence of laryngospasm
[69,70]. The use of muscle relaxants concomitant with
tracheal intubation reduces the risk of laryngospasm [17].
In anesthesia using LMA, the application of 2% lidocaine
gel may decrease laryngospasm [71].

Prevention during maintenance phase

In patients less than 4 years of age, it is suggested to use
uncuffed ETT to minimize the risk of laryngeal edema
and laryngospasm [27,72]. If cuffed ETT are to be used,
air leak at less than 25 cm water may decrease the
incidence of laryngospasm [18,73]. In a prolonged surgery
involving ETT, it is suggested to inflate the cuff with
water to avoid N2O diffusion and mucosal damage that
predisposes to laryngospasm [73]. Whenever air is used,
we suggest continuously monitoring the cuff pressure to
avoid overinflation secondary to N2O diffusion.
Prevention in emergence phase

Laryngospasm tends to occur more often during emergence than during induction of anesthesia [74]. It is still
controversial whether the trachea should be extubated
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deep or awake in order to decrease laryngospasm.
Several studies [24,75–77] showed no difference in
the incidence of laryngospasm between the two
methods. Other studies [73,78–80] suggest that deep
extubation reduces the incidence of laryngospasm. On
the contrary, in a small sample size of patients, Tsui
et al. [81] showed no single case of laryngospasm
when performing awake extubation using the ‘no touch
technique’ in T&A cases. This technique consists of
suctioning the oropharynx, turning the patient to the
lateral side with the head down to keep the vocal cords
clear of secretions, discontinuing the anesthetics and
avoiding stimulation until the patient becomes fully
awake for extubation [81]. However, suctioning the
oropharynx may not be adequate. An ‘artificial cough’
to decrease laryngospasm consists of positive-pressure
inflation of the lungs just before extubation to expel the
remaining secretions [19,82]. This technique may also
reduce laryngospasm by decreasing the adductor
response of the laryngeal muscles [78,83,84]. In anesthesia using LMA, there is a controversy regarding the
timing of LMA removal to avoid laryngospasm. Some
authors recommend awake removal of LMA in children
[85–87]. However, in both sevoflurane and isoflurane
anesthesia, there is a higher incidence of laryngospasm
during awake compared with deep LMA removal
[88–90]. Combining caudal block with isoflurane
anesthesia resulted in similar incidence of laryngospasm
between the two groups [91]. In halothane anesthesia,
there is no difference in the incidence of laryngospasm
between the two techniques [12,92–94].
Prevention in tonsillectomy and adenoidectomy

Among all surgery types, T&A has the highest incidence of laryngospasm (21–27%). Three studies [95–
97] showed a statistically significant decrease in the
incidence of laryngospasm in children undergoing
T&A using armored LMA for airway management.
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Other techniques of prevention

Five percent CO2, which still exists in very few anesthesia machines, can be given 5 min prior to extubation to
prevent laryngospasm. This could be explained by the
respiratory drive to exhale the CO2 that overrides the
spasm reflex [102]. Also, acupuncture decreased the
incidence of laryngospasm to 5% [56].

Treatment
Treatment success mainly depends on the experience of
the anesthesia provider. Removal of the offending
stimulus alone may be sufficient to treat laryngospasm.
Until recently, laryngospasm was classified into partial
versus complete. The treatment was different for each
type [103]. However, recent reviews [104,105] derived
from endoscopy studies showed that partial laryngospasm
does not exist and laryngospasm is complete; thus, treatment should be the same (Fig. 2).
Treatment with airway management

Airway management includes opening the mouth, tight
sealing with facemask, extending the neck with jaw lift
and applying CPAP ventilation with 100% oxygen [106].
Airway management can be enhanced by two maneuvers.
The first involves placing the middle finger of each hand
in the laryngospasm notch located between the mastoid
process and the ear lobule and pressing inward on the
styloid process. This induces periosteal pain resulting in
autonomic nervous system reflex and vocal cords relaxation [107,108]. The second maneuver consists of a vigorous forward pull of the mandible. This causes a painful
stimulus and stretches the geniohyoid muscle to partially
open the larynx [109]. Incomplete oxygenation secondary
to stomach insufflation may occur during CPAP. An
orogastric tube may be inserted for stomach deflation
following the resolution of the spasm [110].
Treatment using drugs

Prevention using drugs

Among all the drugs used to prevent laryngospasm,
the most important and substantiated one is lidocaine.
The beneficial effects of i.v. lidocaine may be attributed
to a central increase in the depth of anesthesia. The
first study was by Baraka [98] who administered i.v.
lidocaine at 2 mg/kg 60–90 s before extubation in
children undergoing T&A. However, Leicht et al. [99]
underwent a similar investigation and found contradictory results; they attributed this to the different time
interval of lidocaine administration (4.5 min) and
claimed that lidocaine can be effective when trachea
is extubated before signs of swallowing occur. Topical
lidocaine at 4 mg/kg is equally effective in preventing laryngospasm in children and neonates [54,100].
Other drugs suggested for prevention are cocaine and
magnesium [55,101].

Recent studies have shown that laryngospasm is always
complete thus anesthesia with inhalational agents alone
is not therapeutic. Rather, airway management and intravenous therapy is indicated. Propofol administered at
0.25–0.8 mg/kg i.v. can treat laryngospasm in 76.9% of
cases. However, propofol is not studied in children
less than 3-year-old [57,111–113]. Succinylcholine is
still considered the gold standard for treatment of
laryngospasm. It can be given at 0.1–3 mg/kg i.v. together
with atropine at 0.02 mg/kg to avoid the possible succinylcholine-induced bradycardia and cardiac arrest [114].
Laryngospasm may recur after succinylcholine metabolism and a second dose may be given following
atropine [14]. The use of a smaller dose of succinylcholine offers the advantage of the avoidance of bradycardia
following repeated doses, while maintaining spontaneous
breathing, which thus avoids further hypoxia [115].
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Figure 2 An algorithm for treatment of laryngospasm

Patient with IV line

Identify and remove the offending stimulus

Apply CPAP ventilation with 100% oxygen

Open the mouth, tight seal it with FM, extend the neck while using Guadagni technique/pull of mandible

Propofol 0.25--0.8 mg IV

Succinylcholine 0.1--3 mg/kg with 0.02 mg/kg atropine IV

FM ventilation and or intubation with 100% oxygen

If laryngospasm recurs it is refractory, SLN block/Transtracheal lidocaine can be tried

Patient with no IV line
Identify and remove the stimulus

Apply CPAP ventilation with 100% oxygen

Open the mouth and tight seal it with FM, extend the neck while using Guadagni technique/pull of
mandible

If this fails, administer succinylcholine: IM at 4 mg/kg or IL at 1.1 mg/kg or SM at 3 mg/kg or IO at
0.1--3 mg/kg- FM ventilation and or intubation with 100% oxygen

CPAP, continuous positive airway pressure; i.m., intramuscular; i.v., intravenous.

Treatment using other drugs

Alfentanil and meperidine may break laryngospasm
especially if it is secondary to painful stimulus. Diazepam
is reported to treat laryngospasm. Doxapram at 1.5 mg/kg
i.v. can abolish laryngospasm by increasing the respiratory
drive [15,31,116,117] Nitroglycerin 4 mg/kg i.v. was used
for treatment of laryngospasm [118], although one can
argue against nitroglycerine as it acts on smooth muscle,
whereas the vocal cords consist of skeletal muscle. In
addition to prevention, lidocaine can also play a role in
treatment of laryngospasm secondary to airway suppressant effect [119].
Treatment when no intravenous access

If the patient has no i.v. access, the first-line treatment
would be airway management using CPAP with 100% O2.
If laryngospasm persists, several approaches can be tried

none of which is evidence based. In an editorial, Donati
and Guay [120] recommended seeking help to establish
i.v. access, including femoral vein for drug administration
to treat laryngospasm. However, this may be timeconsuming during this critical moment when patient
needs immediate ventilation and oxygenation. Other
authors advocate direct laryngoscopy and intubation with
or without topical lidocaine [121]. However, this may
prolong the hypoxic period and lead to significant airway
trauma. Furthermore, topical lidocaine itself may induce
laryngospasm [122]. In another editorial, Walker and
Sutton [123] suggest treating laryngospasm with succinylcholine via one of the routes: i.m., intralingual, submental and intraosseous. The i.m. dose for succinylcholine is 4 mg/kg, the disadvantages being unpredictable
absorption in near arresting patients and a rare occurrence
of pulmonary edema. The intralingual dose is 1.1 mg/kg
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the disadvantage being arrhythmias, the submental dose
is 3 mg/kg and the intraosseous dose is the same as the
i.v. They claim that obtaining sufficient paralysis for
adequate ventilation and oxygenation can be achieved
within 60 s by administering succinylcholine via one of
the mentioned routes [124,125].
Treatment of refractory laryngospasm

If airway management and drug administration are tried
and laryngospasm recurs, two techniques can be used.
Superior laryngeal nerve (SLN), a branch of vagus nerve
can be blocked to treat laryngospasm [15,126]. Transtracheal lidocaine injection through the cricothyroid membrane can also break the spasm [127]. However, these two
techniques are described as case reports in adult patients.
Postlaryngospasm follow-up
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Summary

We investigated the diagnostic accuracy of a documented previous difficult tracheal intubation as a
stand-alone test for predicting a subsequent difficult intubation. Our assessment included patients
from the Danish Anaesthesia Database who were scheduled for tracheal intubation by direct
laryngoscopy. We used a four-point scale to grade the tracheal intubation. A previous difficult
intubation was defined according to the presence of a record documenting a difficult penultimate
tracheal intubation-score for the 15 499 patients anaesthetised more than once. Our assessment
demonstrates that a documented history of previous difficult or failed intubation using direct
laryngoscopy are strong predictors of a subsequent difficult or failed intubation and may identify
30% of these patients. Although previous investigators have reported predictive values that exceed
our findings markedly, a documented previous difficult or failed tracheal intubation appears in
everyday anaesthetic practice to be a strong predictor of a subsequent difficult tracheal intubation.
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Difficult airway management including difficult tracheal
intubation may be a major cause of severe perioperative
morbidity and mortality related to anaesthesia [1–4].
Predicting difficult tracheal intubation enables the anaesthesiologist to take precautions to reduce the associated
risks [5]. Several studies have focused on one or more
patient factors which may identify those at risk of
undergoing difficult tracheal intubation [6, 7]. Among
these, a previous difficult tracheal intubation has been
identified as a risk factor for a future difficult tracheal
intubation [8, 9]. In these studies, however, the information of a previous difficult tracheal intubation was
partly or totally reported by the patient, and therefore
documented information may have only been partly
retrieved for their assessments.
 2009 The Authors
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The Danish Anaesthesia Database contains information of 15 499 patients in whom anaesthesia and
tracheal intubation was performed more than once. A
recorded intubation score contains documented information about the association between a previous
intubation score and a future difficult tracheal intubation. The primary aim of this study was to evaluate the
diagnostic accuracy of a documented previous difficult
tracheal intubation and a previous failed tracheal
intubation by direct laryngoscopy as stand-alone tests
for the prediction of a subsequent difficult tracheal
intubation and a failed tracheal intubation by direct
laryngoscopy, respectively. Furthermore, in a multivariate regression model we evaluated a documented
previous failed intubation by direct laryngoscopy as a
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risk factor of a subsequent failed tracheal intubation by
direct laryngoscopy.

374 308
records
55 270 records of regional anaesthesia
alone were excluded

Material and method

The Danish National Board of Health, The Danish Data
Protection Agency and The Danish Ethics Committees
for Biomedical Research approved the registration of data
in the Danish Anaesthesia Database. The steering committee of the Danish Anaesthesia Database approved this
study and provided access to the data for the analysis
presented here.
Fourteen Danish departments of anaesthesia in 2005,
and 25 departments in 2006–07, prospectively and
consecutively reported data to the Danish Anaesthesia
Database version 2 (the database) concerning all patients
undergoing anaesthesia for surgery. The database contains
specific quantitative anaesthetic and surgical indicators
describing the perioperative period. All types of surgery
are represented in the database. The departments are
connected via the Internet to a central server hosted by
The Unit for Clinical Quality, in the Capital Region,
Denmark. The information is recorded immediately after
each anaesthetic and surgical procedure. The interface of
the database is interactive and changes depending on the
type of anaesthesia and surgery that is registered. All
registered parameters are predefined and the interface to
register the airway-evaluation, plan, and management was
the same for all the registration sites as well as the rules of
validation and the on-line user manual.
Each patient entered into the database is registered with
a unique identifying number from the centralised civil
register. This unique identifier contains information
regarding the patient’s gender and date of birth, enables
registration of each patient during the statistical analysis
and prevents duplicates of anaesthetic reports. Furthermore, the identifier made it possible to retrieve information of patients anaesthetised and registered more than
once during the period of observation.
From the database we retrieved 374 308 records of
patients undergoing anaesthesia from January 2005 to
December 2007 (Fig. 1). We excluded records of patients
exclusively undergoing regional anaesthesia or sedation.
Records of patients undergoing general or combined
anaesthesia without any attempts of tracheal intubation
were also excluded. We identified a total number of
148 546 records of patients undergoing general or
combined anaesthesia who were primarily scheduled to
undergo tracheal intubation. We excluded patients who
had already undergone tracheal intubation before arriving
in the operating room, patients aged < 15 years and those
primarily scheduled to undergo flexible or rigid fiberoptic
tracheal intubation. There were no records of the reason
1082

319 038
records
12 261 records of sedation alone
patients were excluded
306 777
records

148 546
records

158 231 records of patients undergoing
general or combined anaesthesia without
any attempts of tracheal intubation were
excluded

441 records of duplicates excluded
148 105
records
4097 records of intubations of patients
already intubated when arriving at the
Operating Theatre excluded.
144 008
records
14267 records of children age < 15 years
excluded
129 741
records
3308 records of intubations in patients
scheduled for fibre optic intubation
excluded
126 433
records
22 621 records of intubation other than
the last for each patient excluded

103 812
records of the last
intubation in each patient
from the study cohort

15 493
records of a penultimate intubation
of patients intubated more than once
in the study cohort used to generate
data on previous difficult intubation

Figure 1 Selection of the study cohort. The final cohort in-

cludes 103 812 patients each represented by only one record of
planned tracheal intubation by direct laryngoscopy. Of these
patients, 88 313 underwent tracheal intubation only once, while
15 499 patients underwent tracheal intubation on more occasions, and therefore they had two or more records of tracheal
intubation. For these last patients the penultimate record of a
tracheal intubation was retrieved from the 22 621 records of
tracheal intubation other than the last. Based on the penultimate
record, information of a documented previous tracheal intubation was generated. Of these 15 499 patients information of a
previous intubation score was missing for 6 patients.

for these patients to be allocated to undergo fiberoptic
tracheal intubation; some may have been allocated to
undergo this procedure due to educational purposes
rather than anticipated difficult tracheal intubation.
 2009 The Authors
Journal compilation  2009 The Association of Anaesthetists of Great Britain and Ireland
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Table 1 The Danish Anaesthesia Database tracheal intubation

score.
All patients in whom the primary airway management was planned
and attempted for tracheal intubation by direct laryngoscopy were
scored as follows:
Score = 1
Score = 2

Score = 3
Score = 4

Intubated by direct laryngoscopy by the first
anaesthetist within a maximum of two attempts.
Intubated by direct laryngoscopy by the first
anaesthetist but with more than two attempts
or intubated by a supervising anaesthetist
after one or more failed attempts at intubation.
Intubated by a method other than direct
laryngoscopy.
Intubation abandoned after multiple
attempts, no tracheal tube was inserted.

The predefined difficult tracheal intubation was defined as
an intubation score > 1. Failed tracheal intubation by direct
laryngoscopy was defined as an intubation score > 2.

Tracheal intubation was performed or attempted in
103 812 eligible patients. However, records of 126 433
intubations exist as some patients underwent tracheal
intubation by direct laryngoscopy for anaesthesia on more
than one occasion. Of these patients, 88 313 underwent
tracheal intubation only once (patients without documented information of a previous tracheal intubation),
while 15 499 patients had been anaesthetised on more
than one occasion, and therefore had two or more records
of tracheal intubation by direct laryngoscopy. For these
15 499 patients both the last and the penultimate record
of tracheal intubation were retrieved for the assessment.
We registered a tracheal intubation score (Table 1) for all
patients in whom tracheal intubation by direct laryngoscopy was planned or primarily attempted. We defined
difficult tracheal intubation as an intubation score > 1.
Furthermore, for our assessments, we defined a ‘failed
tracheal intubation by direct laryngoscopy’ as an intubation
score > 2. This includes a change from direct laryngoscopy
to a more advanced technique and any situation where
tracheal intubation was abandoned. Both of these outcomes may be more significant clinical outcomes than the
predefined definition of a difficult tracheal intubation.
Based on the penultimate tracheal intubation of the patients
who were anaesthetised more than once, the same
intubation score and cut off values were used to identify a
previous difficult tracheal intubation and a previous failed
tracheal intubation by direct laryngoscopy.
A previous difficult tracheal intubation was categorised
as ‘yes’ for patients who have a documented record of a
previously difficult tracheal intubation (penultimate intubation score > 1). Otherwise the patients were categorised as ‘no’. Consequently, the last group includes both
patients who previously underwent a tracheal intubation
 2009 The Authors
Journal compilation  2009 The Association of Anaesthetists of Great Britain and Ireland

without problems (penultimate intubation score of 1) and
patients without documented information of a previous
tracheal intubation. Likewise, based on a penultimate
intubation score > 2, a previous failed tracheal intubation
by direct laryngoscopy was categorised as ‘yes’ or ‘no’.
In addition, we performed a multivariate regression analysis of a previous failed intubation by direct
laryngoscopy as a risk factor for a subsequent failed
intubation by direct laryngoscopy. The following other
covariates were used: age; gender; body mass index (BMI)
[10]; classification of American Society of Anesthesiologist physical status; modified Mallampati score [11]; use of
a neuromuscular blocking agent [12]; priority of surgery
and time of surgery.
Priority of surgery was defined as non-scheduled
if there was no plan for anaesthesia and surgery the
day before the actual procedure was performed.
Otherwise surgery was categorised as scheduled. Time
of surgery was categorised as daytime if surgery began
between 08:00 and 16:00 or as shift if it began between
16:00 and 08:00. Body Mass Index was calculated
as weight.height)2 (kg.m)2) and was categorised as
BMI ‡ 35 or BMI < 35. If the Mallampati class was
registered in the database as unknown, the registration
was categorised as a missing value. For the analyses, the
four classes of the modified Mallampati score were
categorised into three classes by combining class I with
II. The use of a neuromuscular blocking agent was
categorised as ‘yes’ or ‘no’ though it is impossible to
determine from the database whether the neuromuscular
blocking agent was used solely for tracheal intubation.
At present it is not possible to acquire detailed
information of airway management from the database
records such as the type of laryngoscope blade or other
types of equipment used for intubation.
There is no national or uniform recommendation for
the evaluation and management of the airway in patients
undergoing tracheal intubation in Denmark. Therefore,
departments of anaesthesia reporting to the database may
differ in their recommendations for the evaluation and
handling of the airway.
Statistical analysis
We evaluated a previous difficult tracheal intubation
as the sole predictor of a subsequent difficult tracheal
intubation and a previous failed tracheal intubation by
direct laryngoscopy as the sole predictor of a failed
tracheal intubation by direct laryngoscopy. The accuracy of the predictors was described by: sensitivity;
specificity; predictive value of a positive test; predictive
value of a negative test; positive likelihood ratio;
and negative likelihood ratio with 95% confidence
intervals [13].
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Table 2 The characteristics of the patients. Of all patients 84 had a missing intubation score. Because of missing values, the total
number of patients within the cross tabulation of the covariates and difficult Intubation differs from the Total column. The (%) refers
to the column percent within each covariate.

All patients
Categorical covariates
Previous difficult tracheal intubation
Yes
No
Sex
Male
Female
Age
Age < 40 years
40 £ Age < 60
60 £ Age < 80
80 £ Age
Priority of surgery
Scheduled
Non-scheduled
Time of surgery
Daytime
Shift
ASA classification
ASA 1
ASA 2
ASA 3
ASA 4
ASA 5
Mallampati score
I
II
III
IV
Body mass index
< 35
‡ 35
Use of neuromuscular blocking agents
No
Yes

Difficult tracheal Intubation

Total

Yes (%)

No (%)

(%)

5330

98398

103728

170 (3.2)
5159 (96.8)

528 (0.5)
97865 (99.5)

698 (0.7)
103108 (99.3)

2707 (50.8)
2623 (49.2)

41786 (42.5)
56612 (57.5)

44525 (42.9)
59287 (57.1)

880
1934
2139
377

27855
30995
31083
8465

28761
32959
33247
8845

6 (0.0)

0 (0.0)

0 (0.0)
(16.5)
(36.3)
(40.1)
(7.1)

(27.7)
(31.7)
(32.0)
(8.5)
21 (0.0)

68962 (70.1)
29432 (29.9)

73096 (70.4)
30695 (29.6)

4654 (87.3)
676 (12.7)

81478 (82.8)
16898 (17.2)

86153 (83.0)
17578 (16.9)

1690
2459
953
147
15

(32.1)
(46.7)
(18.1)
(2.8)
(0.3)

39128
39430
15926
2116
178

(40.4)
(40.7)
(16.5)
(2.2)
(0.2)

40841
41903
16883
2263
193

(39.3)
(40.4)
(16.3)
(2.2)
(0.2)

1855
1765
812
230

(39.8)
(37.9)
(17.4)
(4.9)

54991
26540
5181
717

(62.9)
(30.4)
(5.9)
(0.8)

56862
28313
5993
947

(54.8)
(27.3)
(5.8)
(0.9)

81 (0.1)

1729 (1.7)

11697 (11.3)

1705 (1.6)
4858 (92.6)
388 (7.4)

91212 (94.2)
5614 (5.8)

96104 (92.6)
6003 (5.8)

1899 (35.6)
3431 (64.4)

26292 (26.7)
72106 (73.3)

28191 (27.2)
75537 (72.8)

84 (0.1)

Means (range)
56.6 [15–100]
78.2 [30–183]
171.7 [125–211]

We performed univariate regression analyses to evaluate the possible associations between a failed tracheal
intubation by direct laryngoscopy and the predefined
covariates. A subsequent multivariate logistic regression
analysis was performed including all significant covariates
from the univariate analyses. Backward stepwise regression was performed to identify a final model.
The prevalence and pattern of missing data among all
covariates were described. We used multiple imputations
as a statistical method for handling missing data. [14–16].
SPSS version 15.0 and AMOS version 7.0 (SPSS Inc.,
Chicago, IL, USA) and NORM v 2.03 (J. L. Schafer,
1084

(28.3)
(31.5)
(31.6)
(8.6)

4072 (76.4)
1258 (23.6)

Continuous covariates
Age; years
Weight; kg
Height; cm

Missing from total

52.7 [15–106]
75.5 [30–225]
171.1 [125–218]

52.9 [15–106]
75.6 [30–225]
171.1 [125–218]

Department of Statistics and The Methodology
The Pennsylvania State University) were used
analyses.
This study has been presented according
recommendation of the STROBE-statement
reporting of an observational cohort study [17].

0 (0.0)
854 (0.8)
1633 (1.6)

Center,
for the
to the
of the

Results

The overall proportion of patients who underwent a
difficult tracheal intubation was 5.1% (5.0–5.3, 95%
confidence interval (CI)). The proportion of a difficult
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Table 3 The accuracy of previous difficult tracheal intubation as
a dichotomous stand-alone test for the prediction of a subsequent difficult tracheal intubation.
Outcome: difficult tracheal
intubation

Test: previous difficult
tracheal intubation
Yes
No
Total

Yes

No

170
5163

528
97865

5329

98393
95% confidence
intervals

Sensitivity
Specificity
Predictive value of positive
test
Predictive value of negative
test
Positive likelihood ratio
Negative likelihood ratio

0.03
0.99
0.24

(0.03–0.04)
(0.99–1.00)
(0.21–0.28)

0.95

(0.95–0.95)

5.94
0.97

(5.01–7.05)
(0.97–0.98)

Table 4 The accuracy of a previous failed tracheal intubation by
direct laryngoscopy as a dichotomous stand-alone test for the
prediction of a subsequent failed tracheal intubation by direct
laryngoscopy.
Outcome: failed tracheal intubation
by direct laryngoscopy
Yes
Test: previous failed tracheal
intubation by direct
laryngoscopy
Yes
No
Total

No

Table 5 Multivariate model for a failed tracheal intubation by
direct laryngoscopy.

Covariates
75
1908

174
101565

1983

101739
95% confidence
intervals

Sensitivity
Specificity
Predictive value of positive test
Predictive value of negative test
Positive likelihood ratio
Negative likelihood ratio

A proportion of 24% (21–28%) of the patients, who
previously underwent tracheal intubation with difficulties, subsequently experienced a difficult tracheal intubation. Among the patients who previously underwent a
tracheal intubation without difficulties, 95% (95–95%)
subsequently went through tracheal intubation without
problems.
The proportion of patients registered with a previous
failed tracheal intubation by direct laryngoscopy and who
subsequently underwent a failed tracheal intubation by
direct laryngoscopy was 30% (24–36%). Among the
patients who had no record of a previously failed tracheal
intubation by direct laryngoscopy 98% (98–98%) did not
subsequently experience a failed tracheal intubation by
direct laryngoscopy.
A univariate regression analysis demonstrated a previous failed tracheal intubation by direct laryngoscopy to be
a risk factor for subsequent failed tracheal intubation
by direct laryngoscopy, with an odds ratio (OR) of 22.9
(17.4 – 30.2, 95% CI, p < 0.0001). In the univariate
analyses the covariates: gender; time of surgery; American
Society of Anesthesiologists classification; Mallampati
score; use of neuromuscular blocking agents; and age
were all statistically significantly associated with difficult
intubation (p < 0.0001). In a subsequent multivariate
regression model (Table 5) adjusted for all other significant covariates, a previous failed tracheal intubation by
direct laryngoscopy remained a statistically significant risk
factor of a subsequent failed tracheal intubation by direct

0.04
1.00
0.30
0.98
22.09
0.96

(0.03–0.05)
(1.00–1.00)
(0.24–0.36)
(0.98–0.98)
(16.92–28.86)
(0.96–0.97)

tracheal intubation in 2005, 2006 and 2007 were 5.8%,
4.9% and 5.1%, respectively. The proportion of a failed
tracheal intubation by direct laryngoscopy was 1.9% (1.82–
1.98% CI). The characteristics of the patients are displayed
in Table 2. The results are presented in Tables 3 and 4.
 2009 The Authors
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Odds ratio

Previous failed tracheal
intubation by direct
laryngoscopy
No
Reference
Yes
16.59
Mallampati score
Reference
Mallampati = I
or II
Mallampati = III
2.85
Mallampati = IV
7.70
Age; year
Age < 40
Reference
40 £ Age < 60
1.43
60 £ Age < 80
1.60
80 £ Age
1.15
Gender
Female
Reference
Male
1.27
Use of neuromuscular
blocking agent
Yes
Reference
No
3.19

95% confidence
interval

p value

11.86–23.20

< 0.0001

2.49–3.28
6.21–9.56

< 0.0001
< 0.0001

1.25–1.63
1.40–1.84
0.92–1.44

< 0.0001
< 0.0001
0.24

1.15–1.40

< 0.0001

2.89–3.53

< 0.0001
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laryngoscopy with an OR of 16.6 (11.9–23.2, 95% CI,
p < 0.0001).
Performing multiple imputations for handling missing
values did not exhibit noticeable differences between our
original estimates and the pooled imputed estimates.
Discussion

We found the frequency of difficult tracheal intubation to
be 5.1%; similar to the estimate in a previous metaanalysis [7]. Use of a previous difficult tracheal intubation
as a dichotomous test enables us to predict 24% of the
patients who will subsequently undergo a difficult tracheal
intubation. Further, a previous failed tracheal intubation
by direct laryngoscopy was able to predict 30% of the
patients with a subsequent failure. In our multivariate
analysis a previous failed tracheal intubation by direct
laryngoscopy was associated with a subsequent failure
with an odds ratio of 16.6.
As stand-alone tests, a previous difficult tracheal
intubation or a previous failed tracheal intubation by
direct laryngoscopy are inadequate predictors of subsequent difficult or failed tracheal intubations by direct
laryngoscopy respectively. However, our results indicate
that the anaesthesiologist must take serious precautions if a
patient who previously underwent a difficult or even a
failed tracheal intubation by direct laryngoscopy is
scheduled to undergo another tracheal intubation. For
these patients, meticulous airway evaluation followed by
careful planning of airway handling is mandatory.
As a consequence of our findings, the Danish Anaesthesia Database has implemented software, which will
provide a pre-operative warning if the patient has a record
of a previous difficult intubation. Furthermore, based on
the Intubation Difficulty Scale [18] a detailed description
of the circumstances and the method used for the tracheal
intubation is now recorded in the database if a patient is
registered with a difficult tracheal intubation. The clinical
implications of these new capacities may help to identify
those patients who had a previous difficult tracheal
intubation and help the anaesthesiologist to make the
necessary precautions before the patient undergoes
tracheal intubation again.
A failed tracheal intubation by direct laryngoscopy may
seem like a more clinically significant outcome than the
predefined definition of a difficult tracheal intubation in the
database. A previous study shows that multiple attempts at
tracheal intubation may be associated with morbidity [19].
In a clinical context, it therefore seems reasonable that the
Danish Anaesthesia Database intubation score includes the
number of attempts to graduate difficulties.
Our estimates differ from previous reported results. A
positive predictive value between 69% [9] and 78% [8]
1086

and an OR of 9.5 reported by El-Ganzouri et al. [9] are
significantly greater than our findings. There may be
several reasons for these differences. Arne et al. [8]
demonstrated that only 44% of the patients with Cormack
and Lehane [20] score of III or IV in fact underwent
difficult tracheal intubations. El-Ganzouri et al. used the
Cormack and Lehane score for graduating tracheal
intubation difficulties, which may explain their higher
estimates compared with our findings when using the
Danish Anaesthesia Database intubation score. Arne et al.
[8] used an intubation score, but only a few patients were
registered with previous knowledge of difficult intubation
and hence the statistical confidence interval of their
findings is wide. In addition to patient factors successful
airway management is determined by the anaesthetists
technical skills, non-technical skills, as well as the facilities
available, and the local environment [21, 22]. These
determining factors may vary over time. As an example
many more anaesthetists performing or attempting
tracheal intubation participated in this study of everyday
practice on Danish anaesthesia departments, which
possibly adds to the variation and lack of agreement
between the evaluations of a previous and a present
difficult intubation. Finally, only the most severe episodes
of a previous difficult tracheal intubation may be reported
to the patients and consequently only these severe
episodes may be included in the previously reported
assessments. This may explain their higher positive
predictive values of a previous difficult tracheal intubation
as a risk factor and predictor for a subsequent difficult
tracheal intubation.
The present study is based upon a large cohort of
prospectively and consecutively collected data representing everyday experience from clinical anaesthesia practice
in Denmark. The Danish Anaesthesia Database requires
all recorded indicators to be subjected to relevant rules of
validation. This minimises subsequent problems of missing and invalid data. This confers a high external validity
to our results. The large number of patients enabled us to
detect or reject even weak associations with great power
and to strengthen the precision of the estimates to very
narrow confidence intervals.
Limitations of the study
Confounding by indication is well-known to introduce
bias in the results in any non-randomised study involving
interventions [23]. The airway management of anticipated difficult tracheal intubation is likely to differ from
that of an unanticipated difficult tracheal intubation. Our
results could be biased by numerous variables that are not
recorded in the Danish Anaesthesia Database. These
unknown confounding variables may be important for the
airway handling depending on the previous difficult
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tracheal intubation. As an example a more experienced
physician may be allocated for the task thereby resulting
in a successful tracheal intubation. As another possible
confounding factor, a patient may be scheduled for a
fiberoptic intubation because of a record of a previous
difficult tracheal intubation, thereby leaving this particular
patient ineligible for the analysis performed in this study.
The number of risk factors that may be considered for
difficult intubation used in our multivariate analysis was
limited. In future analysis, the inclusion of other
additional risk factors for a failed tracheal intubation by
direct laryngoscopy (such as the thyromental distance,
ability of mouth opening, range of neck movement,
or jaw protrusion ability) may change the impact of a
previous failed tracheal intubation by direct laryngoscopy
as a risk factor for subsequent failure. It is a limitation of
the present study that there was no record of the
educational level or years of experience of the individuals
performing or attempting the intubations. Those with
least experience may have the most episodes of difficult
intubations. This information might have changed the
results of our multivariate analysis. We cannot ensure that
controlled and uniform conditions were met and applied
in all the patient encounters due to a heterogeneous
population of patients and reporters and a lack of a
national recommendation for airway management. This
may reduce the internal validity of this study.
Our assessment indicates that neither a documented
previous difficult tracheal intubation nor a previous failed
tracheal intubation by direct laryngoscopy are sufficient as
sole predictors for a subsequent difficult tracheal intubation or failed tracheal intubation by direct laryngoscopy.
However our results strongly suggest that the patients
who previously underwent a tracheal intubation with
difficulties or underwent a tracheal intubation which
failed will be at risk of undergoing identical problems
during a future tracheal intubation. For these patients,
a careful airway evaluation including other significant
predictors of a difficult tracheal intubation may be of vital
importance to ensure adequate and safe handling of the
airway.
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Special Article

Regional & Topical Anaesthesia of Upper Airways
Nibedita Pani1 , Shovan Kumar Rath2

Summary
A combination of techniques are required to adequately anaesthetise upper airway structures for awake intubation . The widest coverage is provided by the inhalational technique. This technique, however, does not always
provide a dense enough level of anaesthesia for all patients. Supplementation of this technique with any of the specific
nerve blocks is an excellent way to accomplish efficacious anaesthesia for awake inubation. Anaesthetising upper
airway is not a difficult skill to master and should be in the armamentarium of all practising anaesthetist.
Key words

Awake intubation, Fibre optic intubation, Laryngoscopy, Topical anaesthesia,
Local anaesthetics, Nerve block

patient discomfort, but requires adequate local anaesthesia of the airway. Fibreoptic intubation (FOI) is regarded as a safe way of managing some airway problems, particularly anticipated difficulty with direct laryngoscopy1-3. Several authors have reported that FOI can
be achieved with considerable haemodynamic stability46
under local anaesthetic when combined with sedation.

Introduction
Airway management is fundamental to the practice of anaesthesia and tracheal intubation is frequently
required to ensure adequate airway control, while providing optimal operating conditions. Intubation by direct laryngoscopy is usually satisfactory. However, providing anaesthetic care to the patient with a difficult airway keenly interests anaesthesiologists. Expertise with
regional anaesthesia of the airway allows intubation in
awake patients with suspected difficult intubation in the
presence of certain anatomical variants or airway pathology, where visualization of the glottis by direct laryngoscopy can be difficult or impossible. Furthermore, in
the presence of upper airway trauma & cervical spine
injury, neck movement must be minimized if neurological injury is to be avoided. Therefore, it is essential that
every regional anaesthesiologist be skilled enough to
administer general anaesthesia and especially in the
management of the difficult airway with the knowledge
of recent development in the field of regional anaesthesia of the upper airways.

Laryngobronchoscopy in an awake, unprepared
patient lead to undesirable elevations in the patient’s
sympathetic and parasympathetic outflow causing excessive salivation and gag and cough reflexes making
intubation difficult, To decide on a proper approach to
an awake intubation, one must determine what structures need to be anaesthetized along the two basic
routes of intubation (oral or nasal) to facilitate optimal
surgical conditions in the context of patient-specific
anatomic considerations. Each of these routes has a
well-defined pattern of innervation that can be specifically blocked to provide adequate anaesthesia to subdue these reflexes and facilitate intubation.
Although fibreoptic intubation can be done in the
unconscious individual, it is particularly suited to the
awake patient and, with proper technique, produces
minimal discomfort while maintaining a wide margin of
safety.7-11

The mainstay of difficult airway management remains flexible fiberoptic laryngobronchoscopic intubation. In the awake patient fibreoptic intubation maintains a wide margin of safety while producing minimal
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3. Branches of the vagus nerve innervate the
epiglottis and more distal airway structures.(Fig 3)

Relevant Anatomy
Three major neural pathways supply sensation to
airway structures (Fig 1)
1. Terminal branches of the ophthalmic and
maxillary divisions of the trigeminal nerve supply
the nasal cavity and turbinates. (Fig 2),12 (i.e. the
greater and lesser palatine nerves arising from the pterygopalatine ganglion innervate the nasal turbinates and
most of the nasal septum.. The anterior ethmoidal nerve
arises from the olfactory nerve (CN I) and innervates
the nares and the anterior third of the nasal septum.)

Fig 3 Branches of the vagus nerve innervating
the epiglottis and more distal airway structures.

The airway reflexes important for awake intubation
The aforementioned nerves participate in several
brainstem-mediated reflex arcs.
1.Gag reflex – triggered by mechanical and
chemical stimulation of areas innervated by the glossopharyngeal nerve, and the efferent motor arc is provided by the vagus nerve and its branches to the pharynx and larynx.

Fig 1 Three major neural pathways supplying
sensation to airway structures.

2.Glottic closure reflex – elicited by selective
stimulation of the superior laryngeal nerve, and efferent
arc is the recurrent laryngeal nerve.– exaggeration of
this reflex is called laryngospasm.
3.Cough – the cough receptors located in the larynx and trachea receive afferent and efferent fibers from
the vagus nerve.

Fig 2 Sensory supply of nose

2. The oropharynx and posterior third of the
tongue are supplied by the glossopharyngeal
nerve.

Techniques for Anaesthetizing the Airway
Even in the hands of the most skilled regional anesthesiologist, blocks are subject to a certain rate of
complications or failure13-16. So Fiberoptic intubation
can be performed under a variety of conditions. However, one major decision must be made with every procedure will the patient be intubated while under general
anaesthesia, or does the patient need to be awake dur-

(The sensory innervation of the anterior two thirds
of the tongue is provide by the trigeminal nerve i.e. lingual branch of the mandibular division. it is not a part of
the reflex arcs controlling gag or cough, its blockade is
not essential for comfort during FOI.)
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ing intubation? Intubation under general anaesthesia
(even with inhalational induction and spontaneous respiration) carries the inherent risk of losing control of the
difficult airway. For this reason, many anaesthesiologists,
on recognition of a difficult airway, elect to perform an
awake intubation using either fiber optic
laryngobronchoscopy or awake direct laryngoscopy

Advantages: 1.ready availability; 2.relatively low
CNS and cardiac toxicity; 3.quick onset; 4.clinically
useful duration of action (30-60 mins for topical application and 1 to 2 hours after infiltration).
Disadvantages:
1. Toxic plasma levels (>5 mcg.ml-1) can be
reached when moderate amounts of high concentration solutions are used;

Preparation for Awake Intubation
Adequate sedation & analgesia is important and
advantageous in both the anaesthetizing of the airway
as well as during the intubation. Agents used for this
purpose are generally fall into 2 group: benzodiazepines and opioids. For this purpose, it is best to use
short-acting or reversible agents for sedation or agents
that do not cause a considerable degree of respiratory
depression,i.e midazolam, alfentanil, and fentanyl

2. Caution must be used in patients with hepatic
dysfunction.
Topical anaesthesia
1. Topicalization is the simplest method for anaesthetizing the airway. Topicalization of the airway is
the spreading of local anaesthetic over a region of mucosa to achieve local uptake and neural blockade of
that region

Second is Antisialogogues,17,18 as oral secretions
may make visualization via the fiberoptic equipment
difficult and may serve as a barrier to effective penetration of local anaesthetic into the mucosa.
Glycopyrrolate or atropine may be used12,19.

2. Local anaesthetic can be sprayed12 directly
onto the desired mucosa.(Fig 4) (Pressurized solution
of benzocaine, tetracaine, and butamben in a small canister, delivers a spray via a long spray nozzle pointed in
the desired direction.(being oily its absorbed easily).
Alternatively, a 10-mL syringe can be filled with
lidocaine 2–4% and sprayed via a small-bore single or
multiperforated catheter or the working channel of the
fiberoptic bronchoscope.)

Local anaesthetics
There are three most often used local anaesthetic
with or without the use of vasoconstrictors: Cocaine,
Benzocaine,& Lidocaine
Local anaesthetics – benzocaine

3. Nebulization of lidocaine 2–4% via face mask
or oral nebulizer for 15–30 minutes can achieve highly
effective anaesthesia of the oral cavity and trachea for
intubation.(Fig 5). The major advantage of this technique lies in its simplicity and lack of discomfort. In
addition, very little working knowledge of the anatomy
of the region is required for its successful implementation

A water-insoluble ester that is frequently used in a
20% spray to produce anaesthesia in mucous membranes.
Local anaesthetics – lidocaine
Lidocaine is probably the local anaesthetic most
frequently used for topical anaesthesia of the airway.
Lidocaine 2-4% applied to mucous membranes produces superficial anaesthesia in about one minute.12,20
The peak effect occurs within two to five minutes and
the duration of action is 30-45min.21The maximum safe
dosage has generally been considered to be 3-4 mg.
kg-1, although some recommend up to 6 mg./ kg.20,22-25

4. Atomization12,18 is ideal for airway topicalization
during nasotracheal intubations.
5. Density of anaesthesia is variable and often requires supplementation to facilitate intubation. Some
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7. Vasoconstrictors such as epinephrine
(1:200,000) or phenylephrine (0.05%) can be added
to the solution to
1. To prolong the duration of nerve blocks
2. Causes mucosal vasoconstriction, which improves visualization during the procedure and helps
limit bleeding.
Topical nasal vasoconstrictors28-30
Fig 4 Local anesthetic can be sprayed directly
onto the Desired mucosa.

1. Neosynephrine
- Adults (~_12 yr): 0.25-0.5%, 2-3 sprays in each
nostril
- Children (6-12 yr): 0.25%, 2-3 sprays in each
nostril
- Infants (<6 too): 0.16%, i-2 drops in each nostril
2 Xylometazoline
- Adults: 0.1%, 1-2 sprays or I metered dose
spray or 2-3 drops in
each nostril

Fig 5 Nebulization of lidocaine 2–4% via face
mask

- Children (>6 yr): 0.05%, 1-2 sprays or 2-3
drops in each nostril

patients may have intact cough reflex making intubatiuon
difficult. Rate of onset is highly dependant on patient
compliance.deep breaths may also lead to CNS depression in previously diseased patients .

- Children (<6 yr): 0.05%, 1 spray or I drop in
each nostril
3.Oxymetazoline
- Adults and children >6 yr: 0.05%, 2-3 sprays
or drops in each nostril
Children (2-5 yr): 0.025%, 2-3 drops in
each nostril

6. Anaesthetic-soaked cotton pledgets12,18,24,26,27
or swabs can be applied to targeted mucosal surfaces
for 5-15minutes to effect selective blockade of underlying nerves. These are soaked in either viscous or aqueous solutions of local anesthetic The cotton acts as a
reservoir for the anesthetic agent, producing a dense
block. This technique is especially effective in the nasal
passages. Cotton-tipped swabs soaked in either
lidocaine or cocaine and placed superiorly and posteriorly in the nasopharynx to block the branches of the
ethmoidal and trigeminal nerves. Bilateral nasal administration of anaesthetic provides partial posterior pharyngeal anaesthesia by affecting the Sphenopalatine
nerve fibers, thus diminishing the gag reflex.

8. Gargling often does not cover the larynx or trachea adequately.
Techniques for Block Individual Nerves of
the Airway
Often more difficult to perform, and carry a higher
risk of complications than the above mentioned methods. The common complications of nerve blocks are:
bleeding, nerve damage, and intra-vascular injection.
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Nerve blocks

Patient is placed supine and a line is drawn between the angle of the mandible and the mastoid process. Using deep pressure, the styloid process is palpated just posterior to the angle of the jaw along this
line, and a short, small-gauge needle is seated against
the styloid process. The needle is then withdrawn slightly
and directed posteriorly off the styloid process. As soon
as bony contact is lost, 5–7 mL of local anesthetic solution are injected after careful aspiration for blood.

There are 3 blocks used for upper airway anesthesia:
1.Glossopharyngeal block – for oropharnyx.
2.Superior laryngeal block – larynx above the cords.
3.Translaryngeal block – larynx and trachea below the
cords.
Blockade of the Glossopharyngeal Nerve

For both approaches, careful aspiration for blood must
be carried out prior to injection (to prevent inadvertent intravascular injection) because the glossopharyngeal nerve is
closely associated with the internal carotid a. & palatoglossal

It provides sensory innervation to the posterior
third of the tongue, the vallecula, the anterior surface of
the epiglottis (lingual branch), the walls of the pharynx
(pharyngeal branch), and the tonsils (tonsillar branch)31
Facilitates endotracheal intubation by blocking the
gag reflex associated with direct laryngoscopy as well
as facilitating passage of a nasotracheal tube through
the posterior pharynx. Glossopharyngeal nerve block
is not adequate as a solo technique to facilitate intubation, but in combination with other techniques it is highly
effective.
Blockade of the Glossopharyngeal Nerve

Fig 6 Glossopharyngeal block (Intraoral
approach).

It can be blocked using one of three methods:
1. Topical spray application,
2. Direct mucosal contact of soaked pledgets, or
3.Direct infiltration by injection.
Glossopharyngeal block
There are two way to approach:
1. Intra-oral – need enough mouth opening (Fig 6)
It is most easily blocked Intraorally by instilling 5
mL LA submucosally (by a 22-gaugue needle) at the
caudal aspect of the posterior tonsillar pillar (where it
crosses the palatoglossal arch).
2. Peristyloid – require the ability to distinguish the bony
landmarks (Fig 7)

Fig 7 Glossopharyngeal block (Peristyloid
approach)
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arch is highly vascular and even a very small amount of local
anesthetic can cause seizures.

The hyoid bone can be easily fractured if excess
pressure is applied. 2 ml of LA should reliably bathe
the internal branch of the superior laryngeal nerve, given
at its proximity to the hyoid bone. If this volume is injected outside the thyrohyoid membrane, it is likely to
block the external branch of the superior laryngeal nerve
as well. Isolated external branch blockade may result
in cricothyroid muscle weakness, which eliminates its
function as an airway dilator.The motor input of the recurrent laryngeal nerve is spared, however, and therefore does not result in clinically significant change in
laryngeal inlet diameters.

Contraindicated in patients with coagulopathies
or anticoagulation.
Superior laryngeal block (Fig 8)
Internal branch12,32 (originates from the superior
laryngeal nerve lateral to the greater cornu of the hyoid
bone. The nerve should pass approximately 2–4 mm
inferior to the greater cornu of the hyoid bone. where it
pierces the thyrohyoid membrane and travels under the
mucosa in the pyriform recess.) innervates the base of
the tongue, posterior surface of the epiglottis, aryepiglottic fold, and the arytenoids33

In case of contraindications, unwillingness or distorted anatomy noninvasive blockade can be accomplished by placing anesthetic-soaked cotton pledgets
into the pyriform fossae bilaterally(for 10-15 min).

Fig 9 Normal surface anatomy of Larynx:1)
cricoids cartilage 2) thyroid cartilage 3) hyoid
bone 4) cornu of hyoid
Fig 8 Superior laryngeal block

Recurrent Laryngeal Nerve Block (Fig 10)

Blockade is usually inadequate as a solo technique for
intubation. The superior laryngeal nerve can be blocked in the
piriform fossa where it runs just deep to the mucosa by using
Kraus or Jackson forceps to hold a cotton pledget soaked in
lidocaine 2-4% against the mucosa for about 60 see12,24,26,27.
Alternatively, this block can be performed using an external
approach to the nerve as it penetrates the thyrohyoid membrane near the greater cornu of the hyoid26,34 Direct infiltration
is accomplished by a 25G needle at the level of the thyrohyoid membrane inferior to the cornu of the hyoid bone33,35.A
reliable block with a definite endpoint is effected by retracting
the needle marginally after contacting the greater cornu and
injecting 2mL of LA (2% lidocaine) after negative aspiration
in extended neck position.

Recurrent laryngeal nerve provides sensory innervation to the trachea and vocal folds. Blockade facilitates comfortable passing of the endotracheal tube into
the trachea.
This nerve can be blocked by using topicalization
techniques described previously.
Translaryngeal block of the recurrent laryngeal
nerve is easily accomplished at the level of the
cricothyroidmembrane. A 10-mL syringe with a 22- or
20-gauge needle is advanced until air is aspirated into
the syringe. 4ml of LA (4%lidocaine) are then injected,
inducing coughing that disperses the local anesthetic.
646

Pani Nibedita et al. Regional & topical anesthesia of upper airways
Theoretically, in high-risk situations, administration of local anaesthesia to the larynx and trachea may
predispose to aspiration by obtunding protective airway reflexes.27,34 However, these techniques have been
used in these circumstances without associated aspiration,30,37,38 and the relative risk must be weighed against
those associated with other airway management modalities. A common sense approach using good clinical
judgement is mandatory
A combination of techniques is required to adequately anaesthetise upper airway structures for awake
intubation . The widest coverage is provided by the
inhalational technique. This technique, however, does
not always provide a dense enough level of anaesthesia for all patients. Supplementation of this technique
with any of the specific nerve blocks is an excellent
way to accomplish efficacious anaesthesia for awake
inubation.39 by laryngoscopic or fiberoptic method40.

Fig 10 Recurrent Laryngeal Nerve Block
Translaryngeal block of the recurrent laryngeal
nerve at the level of the cricothyroidmembrane.

The recurrent laryngeal nerve can also be blocked
by spraying local anesthetic via the injection port of
the fiberoptic bronchoscope. Motor function remains
completely unaffected. Direct infiltration of recurrent
laryngeal nerve is contraindicated as it may cause upper airway obstruction since all motor supply to larynx
except cricothyroid is by recurrent laryngeal nerve.
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T

he introduction of cricoid pressure (CP) by Sellick1 in 1961 “to control
regurgitation until intubation with a cuffed endotracheal tube was completed” was met with an enthusiastic reception worldwide and rapidly
became an integral component of the rapid sequence induction/intubation
technique (RSII). The maneuver consisted of “occlusion of the upper
esophagus by backward pressure on the cricoid ring against the bodies of
cervical vertebrae to prevent gastric contents from reaching the pharynx.”1
Sellick1 provided evidence that extension of the neck and application of CP
obliterated the esophageal lumen at the level of the 5th cervical vertebra, as
seen in a previously placed soft latex tube distended with contrast media
to a pressure of 100 cm H2O. He also confirmed the value of CP in
preventing saline (run into the esophagus from a height of 100 cm H2O)
from reaching the pharynx in a patient undergoing gastroesophagectomy.2
Sellick1,2 emphasized that the lungs can be ventilated by intermittent
positive pressure and that CP can prevent inflation of the stomach during
positive pressure ventilation. References to CP were found in the literature
more than 230 yr ago.3 In a letter from Dr. W. Cullen to Lord Cathcart
dated August 8, 1774, concerning the recovery of persons “drowned and
seemingly dead,” the use of CP by Dr. Monro was referred to as a means
of preventing gastric distension during inflation of the lungs.3
Before Sellick described CP, several techniques were used in patients at
risk of aspiration of gastric contents: awake intubation, induced hyperventilation with carbon dioxide during inhaled induction,4 and RSII performed with the patient in a 40° head-up tilt.5 The rationale behind the
head-up tilt was that gastric contents could not reach the laryngeal level
even if contents were moved up into the esophagus.5 The RSII with CP was
extended not only to emergency surgical and obstetrical procedures and
the critical care setting, but also to elective procedures in patients at risk of
aspiration of gastric contents. The plethora of manuscripts, correspondence, and reviews on CP is a testimony to its relevance to anesthetic
practice and continuing interest to clinicians.6
In the last 2 decades, clinicians have questioned the efficacy of CP and
therefore the necessity of the maneuver.7,8 Some suggested abandoning it
on the following grounds: (a) Its effectiveness has been demonstrated only
in cadavers,9 –11 and therefore its efficacy lacks scientific validation. (b) It
induces relaxation of the lower esophageal sphincter.8,12 (c) There have
been reports of regurgitation of gastric contents and aspiration despite CP.13
(d) The esophagus is not exactly posterior to the cricoid, and thus the
maneuver is unreliable in producing midline esophageal compression.14 (e) It
is associated with nausea/vomiting and also with esophageal rupture.15 (f) It
makes tracheal intubation and mask ventilation difficult or impossible.15–18
Because of ethical considerations, a controlled study of the efficacy of CP is
not feasible. Even if such a study were conducted, it would probably yield
little information, given the low incidence of pulmonary aspiration. The
compelling evidence supporting the effectiveness of CP comes from studies
that unequivocally demonstrate its efficacy in preventing gastric inflation in
anesthetized children and adults.19 –21 It is inconceivable that a maneuver
effective in preventing gastric inflation during manual ventilation would not
be effective in preventing esophageal contents from reaching the pharynx.
The study by Rice et al.22 in the current issue sheds new light on the
efficacy of CP. In 24 awake volunteers, magnetic resonance imaging was
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performed with and without CP in sniffing, neutral,
and extended head positions. Without CP, the diameter of the postcricoid hypopharynx was 7.3 ⫾ 1.9 mm.
The anteroposterior thickness of the anterolateral wall
(2.6 ⫾ 1.0 mm) and posterior wall (3.5 ⫾ 1.2 mm)
added up to 6.1 mm. Because the anteroposterior
diameter of the postcricoid hypopharynx with CP
measured only 4.7 ⫾ 1.4 mm, the authors inferred that
the lumen of the alimentary tract posterior to the cricoid
cartilage was indeed compressed.22 This finding clearly
demonstrates the efficacy of CP. Furthermore, magnetic
resonance imaging showed compression of the postcricoid hypopharynx during CP regardless of the
position of the cricoid cartilage (midline or lateral
displacement) relative to the vertebral body.22
Unlike “the cervical esophagus,” Rice et al.22 observed that the postcricoid hypopharynx moved with
the cricoid ring as an anatomic unit, an anatomical
relationship that has been described previously.23
Although they distinguished between the postcricoid
hypopharynx, the part of the alimentary tract compressed by CP, and the esophagus, they referred to the
postcricoid hypopharynx as the “cricopharyngeus.”
The question remains: Is the postcricoid hypopharynx
a part of the esophagus or a separate entity? Clinicians
have regarded the cricopharyngeus as a major component of the upper esophageal sphincter. Its muscle
tone creates a sphincteric pressure (mean 38 mm Hg,
in awake subjects) that prevents esophageal contents
from reaching the pharynx (second line of defense).24
Sphincter pressure increases slightly during inspiration
preventing air entry into the esophagus but markedly
decreases with neuromuscular blockade.25 Although
distinct from the remainder of the cervical esophagus,
one can argue that the postcricoid hypopharynx (the
cricopharyngeus) is the upper esophagus.
It has been suggested that pulmonary aspiration
despite CP may reflect concomitant reflex relaxation
of the lower esophageal sphincter,8 which is not
attenuated by prior administration of metoclopramide.12 This suggestion is unlikely for several reasons:
(a) The purpose of CP is to prevent gastric contents
from reaching the pharynx, not to prevent gastroesophageal reflux. (b) In a study of healthy volunteers,
gastroesophageal reflux did not occur during CP.26 (c)
The incidence of pulmonary aspiration, with the use of
a laryngeal mask airway (LMA), which is also known
to decrease lower esophageal sphincter tone,27 is not
higher than that associated with tracheal intubation.28
Sellick recommended that CP should be applied
“lightly” first, then with “firm” pressure exerted when
consciousness is lost. Based on studies of cricoid force
to prevent material from reaching the pharynx, 40 N
(10 N ⫽ 1.0 kg) was recommended.29 Studies showed
that 34 and 30 N occluded a manometry catheter
behind the cricoid cartilage in all patients at a pressure
greater than 30 and 25 mm Hg, respectively.24,29 In a
cadaver study, 20 N prevented the regurgitation of
esophageal fluid at a pressure of 25 mm Hg, and 30 N
Vol. 109, No. 5, November 2009

prevented regurgitation at a pressure of 40 mm Hg.30
Accordingly, the current recommendation is to apply
10 N when a patient is awake, and increase the force to
30 N once the patient loses consciousness.15 Evidence
is mounting regarding improper application of CP by
anesthesia personnel.30 In one survey, 48% of participants did not apply CP properly. Conversely, anesthesia personnel can be trained to perform the correct
maneuver by practicing on weighing scales.31 With
proper training, the correct force applied is reproducible within a range of 2 N.31
Cricoid force greater than 40 N can compromise
airway patency and cause difficulty with tracheal
intubation.6,15,16 CP may displace the esophagus,14
make ventilation with a facemask or with an LMA
more difficult,6,17 interfere with LMA placement and
advancement of a tracheal tube,6,16,18 and alter laryngeal visualization by a flexible bronchoscope.16 Other
investigators have found that CP does not increase the
rate of failed intubation.32,33 Releasing CP is certainly
justified if the glottic view remains distorted or mask
ventilation and tracheal intubation become difficult.
Contrary to Sellick’s recommendations, the current
teaching is to avoid manual ventilation of the lungs
before intubation during RSII to prevent gastric distension, a potential cause for regurgitation. The effectiveness of CP in preventing gastric insufflation was
first recognized in 1974.15 Subsequent studies confirmed that CP prevents gastric distension even when
inflation pressures as high as 60 cm H2O are used,
provided the airway remains clear.15–17 Thus, manual
inflation of the lungs need not be withheld before
intubation during RSII. In patients with insufficient
oxygen reserve, or when consumption is high or when
a nondepolarizing muscle relaxant with a slow onset
is used, manual ventilation during CP application is
necessary.

SUMMARY
CP substitutes for the loss of tone in the cricopharyngeus, nature’s normal defense mechanism. The findings
of Rice et al. lend strong support to the efficacy of
Sellick’s maneuver in occluding the alimentary tract
posterior to the cricoid cartilage. There is strong evidence
that gastric insufflation can be prevented by CP, and
that mask ventilation can be applied safely during
RSII. On the other hand, there are circumstances in
which CP or RSII is undesirable or contraindicated.
These situations should be respected and other alternative management strategies sought. In the clinical
setting, the decision to use CP should be a balance
between the potential benefits that have been demonstrated repeatedly, and rare potential complications
that are likely a result of improper application of the
technique34 but that can easily be taught.31 It is our
duty as clinicians to make Sellick’s great contribution
a safe practice.
© 2009 International Anesthesia Research Society
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Background: We designed a prospective randomized single-blind study to compare efficiency and post-operative
upper airway morbidity when the laryngeal mask airway
(LMA) Supremet is used as an alternative to the endotracheal tube (ETT).
Methods: One hundred and thirty-eight elective pelvic
laparoscopic ASA I–II female patients were assigned to
s
receive either the LMA Supreme or the ETT for airway
management. Balanced anesthesia and ventilation techniques were standardized to control end-tidal CO 2 and BIS
value in the range 4.5–5 kPa and 40–50, respectively, and to
maintain adequate hemodynamic stability. A single surgeon blinded to the airway management technique performed all surgical procedures. The ventilation efficiency
of each airway was evaluated. Anesthesia- and surgeryrelated times were calculated and anesthesia details were
recorded. Post-operative pain and pharyngolaryngeal
morbidity were measured in a blind fashion using a
numerical rating scale (NRS) (0–100).

Results: Surgery duration was similar in both groups.
Airway management duration was shorter with the
s
LMA Supreme . Post-operative pharyngolaryngeal morbidity incidence and all symptoms’ intensity were significantly increased after ETT as compared with LMA
s
Supreme anesthesia. At the end of the PACU stage, the
incidence and mean NRS of post-operative hoarseness
s
were reduced when LMA Supreme was used as an alternative to the ETT (16% vs. 47%; Po0.01 and 9 vs. 19,
Po0.01, respectively).
Conclusion: We demonstrated that choosing an LMA
s
Supreme was an efficient pharyngolaryngeal morbiditysparing strategy. Moreover, we showed that the LMA
s
Supreme and the ETT were equally effective airways for
a routine gynecological laparoscopy procedure.

T

because of its overall simplicity of use for nonexpert laryngeal mask users and ventilation performance. We hypothesized that choosing the SUP
during gynecologic pelvic laparoscopy would influence upper airway management outcome. We
designed a study to compare post-operative pharyngolaryngeal discomfort and ventilation efficiency when the SUP was used as an alternative
to the ETT.

safety and efficacy of laryngeal mask airway
(LMA) during general anesthesia is now established.1–3 However, few randomized studies have
prospectively compared the laryngeal mask and
endotracheal tube (ETT) anesthesia outcome in
routine clinical practice mainly because the potential differences could only be established through
studies in which the LMAs were used by specialists.4 Because skill acquisition with LMA use was
quite a long process, most clinical studies performed by non-expert users precluded meaningful
comparisons of the airway devices. Two years ago,
a new gastric access LMA (Fig. 1), LMA Supremet,
became available. Increasingly, it appeared that the
LMA Supremet (SUP) with the possibility to suction the stomach could be an interesting alternative
to the ETT during laparoscopic procedures, mainly
HE
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Methods
After obtaining Local Research Ethics Committee
approval and written informed consent, 138 ASA
status I–II adult female patients scheduled for
elective pelvic laparoscopy were enrolled in this
randomized single-blind study. Patients with
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Gastric access
port

Ventilation port

Ventilation face
Drainage tube to
suction the stomach

plastic single-use size 3 or 4 blade. The trachea
was intubated using a single-size 7.0 mm internal
diameter high-volume, low-pressure tracheal tube.
The cuff was inflated and maintained at 25 cmH2O
(Pressure controller, Endotest Rusch, 67660 Betschdorf, France). In the case of difficult laryngoscopy,
an Eschman bougie was recommended to facilitate
tracheal access.

Cuff

Fig. 1. The LMA Supremet. LMA, laryngeal mask airway.

known or predicted difficult airway, increased risks
of regurgitation, ongoing upper respiratory tract
and those unable to understand the definitions of
the post-operative upper airway symptoms (hoarseness of voice, sore throat and dysphagia) or the
use of a visual analogue scale (VAS) or requiring
operative use of a nasogastric tube were not included in the trial.

Anesthetic and airway management procedures
Premedication consisted of oral hydroxizine 1 mg/
kg given 1 h before the planned surgery time. Upon
arrival in the operating room, the patients were
randomly assigned (sealed envelops) to receive
either the ETT or the SUP for airway management.
Standard monitoring systems including non-invasive arterial blood pressure, heart rate, hemoglobin
arterial oxygen saturation, end-tidal carbon dioxide (EtCO2) and sevoflurane (EtSevo), BIS and
adductor pollicis neuromuscular function were
attached.
Anesthetists involved in the present trial were
requested to maintain optimal anesthesia depth as
indicated by hemodynamic stability (within 20%
pre-induction values) and BIS values ranging between 40 and 50. Airway management was performed by senior anesthesiologists skilled with the
LMA Supremet (SEBAC, Pantin, France). After
3 min of pre-oxygenation, anesthesia was induced
with sufentanil (0.15–0.25 mcg/kg), followed 45 s
later by propofol (2–2.5 mg/kg) and atracurium
(0.5 mg/kg).

Managing the airway with a tracheal tube
In the ETT group, tracheal intubation maneuvers
were initiated with adductor pollicis muscle response 5 0 to train-of-four stimulation of the ulnar
nerve. Facemask ventilation was discontinued and
conventional laryngoscopy was performed with a

2

Managing the airway with the LMA Supremet
In the SUP group, with optimal jaw relaxation, a
humidified size 3, 4 and 5 laryngeal mask [depending on patient height (o155, 4155 and 4170 cm,
respectively] was inserted into the oral cavity with
the head of the patient slightly placed in the
sniffing position as soon as an optimal was obtained. Once orally placed, the laryngeal mask was
distally blocked in the pharynx while the head
returned to the neutral position. Then the cuff of
the laryngeal mask was inflated to 50 cmH2O pressure and ventilation was attempted. In case of
failure to ventilate after initial placement, the cuff
was deflated to zero cuff pressure before the
optimal position (up–down maneuver) was challenged using a small-volume bag ventilation-induced end-tidal CO2 curve appearing on the
monitor. Then the cuff of the laryngeal mask was
inflated and maintained at 50 cmH2O of controlled
pressure and the airway was fixed with an adhesive tape. In case of impossible ventilation with the
SUP after two insertion attempts we planned to
place an ETT. When ventilation was confirmed
with the SUP, a 14-Gauge probe was placed in the
stomach to suction its content, which was recorded,
and then removed from the laryngeal mask.

Standardized procedures for both groups
When an adequate level of anesthesia was obtained, the leak pressure was measured with both
airways using the ventilator (Julian, Dräger Medical, Antony, France). Three cycles of pressure-controlled ventilation at three levels of 20, 25 and
30 cmH2O were applied while antero-lateral neck
auscultation was performed. Then the three inspiratory pressure-induced tidal volumes were
used during volume-controlled ventilation to measure cycle-to-cycle inspiratory–expiratory leak volume. The sealing pressure was defined as the
highest inspiratory pressure free from audible
and measured gas leak.

LMA or ETT anesthesia for pelvic laparoscopy?

After airway managements, the patients of both
groups received tidal volume (8 ml/kg) controlled
mechanical ventilation with a respiratory rate of
12 breaths/min adapted to maintain end-tidal
CO2 in the range 4.5–5 kPa with a fresh gas flow
of 1.5 l/min.
Forced-air warming of the upper body and limbs
was systematically applied to maintain tympanic
temperature above 36.5 1C. Anesthesia was maintained with sevoflurane in combination with nitrous oxide (50%) in oxygen. The concentration of
sevoflurane and re-injections of sufentanil and
atracurium were adjusted to maintain adequate
anesthesia depth and neuromuscular blockade as
confirmed by o2/4 responses of the corrugator
supercilii muscle to TOF stimulation of the
ophthalmic branch of the facial nerve.
During the surgery, all patients received an
intravenous Ringer lactate solution administered
at the rate of 15 ml/kg/h, propacetamol (1 g),
ibuprofen (100 mg) and tramadol (20 mg). Laparoscopic technique pneumoperitoneum was maintained with carbon dioxide and adjusted to a
pressure of 15–20 mmHg. At the end of the procedure, the surgeon systematically administered
0.75% ropivacaine (10 ml) in the peritoneum
through the main umbilical trocar, and residual
neuromuscular blockade was reversed with neostigmine 1.5–2.0 mg and atropine 1.0–1.5 mg depending upon adductor pollicis muscle number
of response ( 2/4) to train-of-ratio stimulation of
the ulnar nerve at the wrist. Sevoflurane was then
discontinued, the ventilatory circuit was opened
and the patient was allowed to awakening. With
return to spontaneous ventilation, the cuff of the
airway was deflated until its removal when the
patient responded to simple commands.

assessed using a difficulty VAS (0 5 no difficulty,
100 impossible airway management) rated by the
senior anesthetist caring for the patient just after
removal of the airways.

Post-operative recordings and measurements
A second assessor blinded to the allocation group
recorded on a separate data sheet post-operative
parameters such as the occurrence of nausea and/
or vomiting, and the need for any therapeutic
interventions including the analgesic requirements,
and questioned all the patients just before leaving
the PACU about pharyngolaryngeal discomfort.
The patients were asked whether they experienced
any abdominal pain or pharyngolaryngeal discomfort. Hoarseness of the voice was defined as being
either a change in the voice tone or a painful
phonation. Sore throat was defined as a permanent
soreness of the throat. Dysphagia was defined as a
pain triggered by on-command saliva swallows.
The questions were: ‘do you have abdominal pain,’
‘do you have hoarseness of voice or sore throat’ ‘do
you feel any discomfort or pain when you swallow
your saliva.’ If the answer was yes to any of these
questions, the intensity of the complaint or pain
was assessed using a 101-point numerical rating
scale (NRS 0 5 no discomfort or no pain to
100 5 extreme discomfort or maximal imaginable
pain). Symptoms’ intensity was also rated just
before leaving the hospital. Similar questions concerning post-operative upper-airway discomfort
were asked by the surgeon at the day 5–7 postoperative visit.

Sample size calculation and statistics
Operating room recordings and measurements
A single surgeon blinded to the airway management technique performed all the laparoscopic
procedures. An unblinded assessor not attending
to the patient recorded airway management details
and timed all anesthesia and surgical sequences.
Airways placement and weaning duration were
defined as the time elapsing between injection of
atracurium to definitive ventilation through the
airway (chest/neck auscultation and EtCO2 normal
qualitative and quantitative aspects) and the last
trocar to airways removal, respectively. Surgery
time lasted from the first peritoneal puncture to
the last suture. Airway management quality was

We measured in 35 post-operative patients leaving
the PACU, whose trachea was intubated for gynecologic pelvic laparoscopy, a mean  SD NRS for
hoarseness of voice of 21  14. We hypothesized
that SUP, compared with ETT anesthesia, would
reduce by at least 50% the intensity of NRS for
hoarseness, considered as the primary objective
variable. A total of 138 patients included in two
equal groups were requested to declare this hypothesis (a 5 0.05 and power 5 1 b 5 0.9) using a
two-sided test. Values are mean  SD or median
(range). Parametric variables were compared using
Student’s t-test, and non-parametric variables were
compared using the Mann–Whitney U-test or the
w2 test with Yates’ continuity correction, as appro-
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priate. A P value of o0.05 was considered statistically significant.

Results
The demographic characteristics of the patients
were comparable between the two groups (Table
1). No ventilation failure occurred with the two
airways. The average time to airways placement
and weaning was of a shorter duration in the SUP
group as compared with the ETT group. Three
patients of the ETT group required an Eschman
bougie assistance to facilitate tracheal access, and
11 patients of the SUP group required manipulations to promote a seal airway. Median airway
management difficulty VAS was 5, similar in both
groups. In the SUP group, a mean (extreme) of 4 (0–
21) ml of gastric secretion was suctioned. Operating
room recordings and measurements are presented
in Table 2. Surgery duration was similar in the two
groups. Post-operative evaluations showed that the
incidence of nausea and vomiting and the requirement for analgesic treatment were similar in both
groups. Post-operative pain and pharyngolaryngeal discomfort evaluation is presented in Table 3.
Post-operative abdominal pain incidence and NRS
intensity were similar in the two groups. Postoperative pharyngolaryngeal discomfort incidence
and NRS intensity were significantly increased
after ETT as compared with SUP anesthesia. Two
patients of the ETT group as compared with none
of the SUP group complained of hoarseness of
voice still persisting at the Day 5–7 evaluation visit.
In both cases, symptoms resolved within the 15
post-operative days.

Discussion
We demonstrated that using the SUP as an alternative to the ETT was an efficient pharyngolaryngeal morbidity-sparing strategy for the patients
included in the present trial. We showed that the
SUP and the ETT were equally effective ventilatory
devices for routine gynecological laparoscopic procedures.
We calculated post-operative pharyngolaryngeal
morbidity incidence and measured all symptoms’
intensity during the first post-operative week.
Although we standardized the anesthesia technique, allowing similar anesthesia depth and recovery room requirement, and surgical technique
promoting similar post-operative pain, we ob-
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Table 1
Demographic characteristics of the patients.

Age (years)
Weight (kg)
Height (m)
ASA I/II (number of patients)
Smoking (410 cigarettes/day,
number of patients)

LMA Supremet
group (n 5 69)

ETT group
(n 5 69)

33 (9)
66 (14)
1.65 (8)
45/16
5

33(8)
66 (17)
1.64 (6)
39/12
4

Values are mean (SD) or numbers.
ETT, endotracheal tube; LMA, laryngeal mask airway; SD,
standard deviation.

Table 2
Operating room recordings and measurements.

Anesthetic agents
Induction
Propofol (mg)
Sufentanil (mcg)
Atracurium (mg)
During maintenance
Sufentanil (mcg)
Atracurium (mg)
Airway characteristics
Sealing pressure
430 cmH2O (%)
Sealing pressure
425 cmH2O (%)
Maximum peak airway pressure
during anesthesia (cmH2O)
Duration of timed sequences
Airway placement (min)
Airway weaning (min)
Surgery (min)
Airway management difficulty VAS
(0–100) [mean/median (range)]

LMA
Supremet
group
(n 5 69)

ETT
group
(n 5 69)

185 (35)
12 (3)
32 (7)

196 (37)
14 (4)
31 (7)

6 (6)
3 (6)

10 (5)
4 (6)

95

100

5

–

25 (6)

23 (5)

2.2 (0.6)
4.5 (3.0)
54 (21)
5/5 (0–25)

3.8 (0.7)
7.5 (2.5)
57 (23)
5/5 (0–40)

Visual analogue scale of airway management difficulty (0 5 no
difficulty and 100 impossible airway management).
The sealing pressure was defined as the highest peak inspiratory pressure (20–25–30 cmH2O), free from audible and measured gas leak. Airway placement and weaning time duration
were defined as the time elapsing between injection of atracurium to definitive ventilation through the airway (chest/neck
auscultation and EtCO2 normal qualitative and quantitative
aspect) and last trocar to airway removal, respectively. Surgery
time lasted from the first peritoneal puncture to the last suture.
ETT, endotracheal tube; LMA, laryngeal mask airway; VAS,
visual analogue scale.

served that all upper airway-related symptoms
were reduced in incidence and in intensity if the
SUP was used as an alternative to the ETT. Our
primary objective variable, the hoarseness of voice,
which best characterizes laryngeal dysfunction re-

LMA or ETT anesthesia for pelvic laparoscopy?
Table 3
Post-operative pain and pharyngolaryngeal discomfort evaluation.
LMA Supremet
group (n 5 69)
Post-anesthesia care unit evaluation
Abdominal pain
Incidence (%)
81
Intensity NRS [mean/ 28/30 (0–45)
median (range)]
Hoarseness of voice
Incidence (%)
16
NRS [mean/median
3/0 (0–40)
(range)]
Dysphagia
Incidence %
16
NRS, mean/median
7/0 (0–50)
(range)
Sore throat
Incidence (%)
19
NRS, mean/median
7/0 (0–50)
(range)
Ward evaluation just before
Abdominal pain
Incidence (%)
NRS [mean/median
(range)]
Hoarseness of voice
Incidence, %
NRS, mean/median
(range)
Dysphagia
Incidence (%)
NRS [mean/median
(range)]
Sore throat
Incidence (%)
NRS [mean/median
(range)]

ETT group
(n 5 69)

79
27/30 (0–40)
47*
19*/0 (0–65)
26*
15*/0 (0–60)
32*
10/0 (0–60)

leaving the hospital
54
18/15 (0–40)

50
20/20 (0–40)

9
1/0 (0–25)

37*
10*/0 (0–70)

9
2/0 (0–35)

19*
5/0 (0–30)

5
3/0 (0–25)

15*
3/0 (0–45)

In order to evaluate post-operative pain and pharyngolaryngeal
discomfort, the patients were asked whether they experienced any
abdominal pain or pharyngolaryngeal discomfort. The questions
asked were: ‘do you have abdominal pain,’ ‘do you have hoarseness of voice or sore throat’ ‘do you feel any discomfort or pain
when you swallow your saliva.’ If the answer was yes to any of these
questions, the intensity of the complaint or pain was measured using
a 101-point numerical rating scale (NRS: 0 5 no discomfort or no
pain, to 100 5 extreme discomfort or maximal imaginable pain).
ETT, endotracheal tube; LMA, laryngeal mask airway.
*Po0.05 vs. LMA Supreme group.

sulting from airway management, was much more
intense after ETT than SUP anesthesia. Although
upper airway symptoms rapidly decreased in incidence and intensity, two patients of the ETT group
vs. none of the SUP group suffered from persistent
dysphonia reported to the surgeon at the follow-up
visit. Although all patients were placed under
best-relaxed conditions5 at the time tracheal intubation maneuvers were undertaken, some minor
trauma of the vocal cords during tracheal intubation6,7 or tracheal tube maintenance8 possibly oc-

curred, resulting in prolonged post-operative voice
dysfunction. Interestingly, some patients of the
SUP group suffered from hoarseness of the voice
of minor intensity. Two reasons may explain why
the SUP may affect post-operative laryngeal function. First, 11 patients (16%) required manipulations and repositioning of the laryngeal mask to
improve ventilation and seal. During the up–down
maneuver, we speculated that in case this specific
feature occurred, minor laryngeal trauma might
have occurred. The second reason might be linked
to the structure and shape of the SUP. Indeed, when
correctly positioned, the distal cuff of the laryngeal
mask is inflated at the level of or just below the
cricopharyngeal upper-esophageal sphincter muscle. Although we maintained the pressure in the
cuff of the laryngeal mask at or below 50 cmH2O,
some changes in arytenoids shape or position
might have resulted in transient vocal cord palsy
and hoarseness of the voice. Finally, we evidenced
in one patient of the SUP group a surprising
audible stridor resulting from expiration through
the SUP just after insertion. Reducing cuff pressure
of the laryngeal mask to 45 cmH2O relieved this
abnormal expiratory sound. Endoscopic studies are
requested to evaluate the influence of SUP cuff
pressure on the glottis shape and post-operative
laryngeal function.
Large-scale studies have already reported high
success and low complication rates when a LMA
was used during general anesthesia.1–3 Similarly,
some trials have shown that the LMA ProSealt
was an efficient alternative to the ETT for laparoscopic cholecystectomy9 and gynecological surgery.10 However, routine ‘LMA ProSeal’ use for
laparoscopic procedure remained relatively infrequent due to the lack of reliability of this airway if
placed by a non-expert anesthesiologist. In contrast, we demonstrated that the SUP resulted in
very low airway management difficulty VAS, with
most anesthesiologists rating both ETT and SUP
airway management techniques as very simple.
Interestingly, the SUP was found to be an efficient
ventilation device compared with the ETT. We
confirmed that the SUP promoted high sealing
pressure exceeding 30 cm in most (95%) cases.
Moreover, four patients of the SUP group required
a transient increase to more than 20 mmHg of the
carboperitoneum pressure, resulting in a peak inspiratory pressure exceeding 35 cmH2O. For these
patients we could not evidence any gas leak,
suggesting that the sealing pressure of SUP could
exceed 35 cmH2O in some patients.6 Of interest, we
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were able to drain the gastric content of all the
patients of the SUP group. We believe that this easy
gastric access associated with the use of the SUP is
an additional safety argument favoring the use of
this laryngeal mask in this type of surgery. Similar
gastric drainage performed in the ETT group may
have resulted in a difficulty in placing the probe in
the stomach of some patients and would have
certainly led to a higher pharyngolaryngeal morbidity rate.
Our study has limitations. Firstly, we could not
blind the operating room observer who timed all
the events during the procedure. A strict doubleblind design for such a study would have been
difficult under our working conditions. Secondly,
our airway management techniques were compared in a single surgical indication. Thus, our
results may not be generalizable to other abdominal surgery types because restriction of the use of
SUP may be of concern until its safety is demonstrated. Thirdly, we studied only female patients,
and our trial cannot be considered as a genderrelated study. However, we have used a relatively
small inner diameter ETT in order to limit the risk
of abnormally high hoarseness of the voice in both
the incidence and the intensity in the ETT group.
Finally, in all patients of the SUP group the airway
was placed after a muscle relaxant injection, which
may not be considered as a usual practice. The SUP
was inserted with optimal jaw relaxation, which
was obtained in all cases during the 60 s following
propofol injection, but before a peripheral maximal
neuromuscular block was installed. Because paralysis was required for surgical purposes and the
mean duration of the procedure was short (o1 h),
we decided to insert the SUP a few seconds after
the muscle relaxant injection. We are quite confident that this strategy did not affect our results.
In conclusion, we demonstrated that using the
SUP instead of an ETT allowed reducing the postoperative pharyngolaryngeal morbidity resulting
from airway management. We also showed that
the SUP was an efficient alternative to the ETT for
airway management during infertility pelvic laparoscopy procedures.
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Thyromental distance measurement – fingers don’t rule
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Summary

Thyromental distance (TMD) measurement is commonly used to predict difficult intubation. We
surveyed anaesthetists to determine how this test was being performed. Comparative accuracy
of ruler measurement and other forms of measurement were also assessed in a meta-analysis of
published literature. Of respondents, 72% used fingers for TMD measurement and also considered
three finger widths the minimum acceptable TMD. In terms of distance, the minimum acceptable
TMD was felt to be 6.5 cm by 55% of respondents. However, the actual width of three fingers was
(range) 4.6–7.0 cm (mean 5.9 cm), with significant differences between genders and between
proximal and distal interphalangeal joints. The meta-analysis showed ruler measurement increased
test sensitivity (48% (95% CI 43–53) vs 16% (95% CI 14–19) without a ruler), when predicting
difficult intubation.
. ......................................................................................................
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Failure to predict a difficult airway is the most important
factor leading to a failed tracheal intubation [1]. A range
of bedside screening tests is available to help predict
a ‘difficult airway’ but unfortunately these are rather
unreliable [2]: the incidence of unexpected difficult
intubation can be as high as 30% [3]. Anaesthetists should,
therefore, be prepared to manage every patient as if they
possessed a potentially difficult airway [4].
Among the tests commonly used is measurement of the
thyromental distance (TMD). Patil originally proposed a
specially designed intubation gauge of 6.5 cm [5] but
other measures include a ruler [6], radiological measurement [7], or three large finger breadths [8]. The accuracy
of this test has been subjected to previous scrutiny and
various authors have concluded that the diagnostic value
of this test to predict a difficult intubation is of little value
statistically [9–11].
We wished to ascertain how this test was being
applied. We also wished to measure the finger widths
of a group of anaesthetists to assess how close this came
to the threshold of 6.5 cm. Finally, we planned to
conduct a meta-analysis of the literature to assess the
accuracy of TMD as an indicator of difficult intubation,
especially when measured with a ruler vs other
measurement techniques.
878

Methods

We surveyed 118 trainee and consultant anaesthetists in
New Zealand by questionnaire during an ANZCA
(Australian and New Zealand College of Anaesthetists)
Annual Scientific Meeting of 1200 participants. We asked
how they usually measure the thyromental distance, what
is the minimum acceptable thyromental distance in an
adult (in cm) and, if finger measurement is used, what is
the minimum acceptable finger width. Anaesthetists also
marked their index, middle and ring finger widths at
the proximal and distal interphalangeal joint on a ruler.
The survey conformed to the audit requirements of the
Northern Regional Ethics Committee who did not
require informed signed consent.
We conducted a search of two Ovid databases (Medline
plus Medline-in-process and Embase) (1980–December
2008) and the Cochrane Central Register of Controlled
Trials (2008, issue 4) for studies and trials relating to
the accuracy of TMD as a predictive test for difficult
intubation. Our key words included ‘thyromental’,
‘thyroid’, TMD, airway, intubation, laryngoscope and
combinations thereof. No language limit was applied. For
inclusion, studies needed to be prospective and to present
test specificity and sensitivity or raw data from which
 2009 The Authors
Journal compilation  2009 The Association of Anaesthetists of Great Britain and Ireland
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these statistics could be derived and tracheal intubation
had to be performed with a standard laryngoscope. We
excluded studies where patients had anatomically abnormal airways.

Table 1 Summary of studies in the meta-analysis from Group A
(ruler measurement), including sensitivity and specificity with
95% confidence intervals.

Study (n = 14)

Statistical analysis
Chi-square analysis was used to test categorical variables
for differences between groups, and continuous variables
were analysed using 2-sided t-tests (SAS v 9.1 for Windows,
SAS Institute, Cary, NC, USA). A p value of < 0.05 was
considered significant. The meta-analysis was carried
out using the program Meta-DiSc (http://www.hrc.es/
investigacion/metadisc_en.htm). The results of the various
studies and the sensitivities and specificities were pooled
using the Mantel-Haenszel method and weightings were
assigned using the inverse variance method.
Results

Survey
There were 118 anaesthetists surveyed (24 trainees, 91
consultants; 74 males, 41 females; three respondents did
not reply with status or gender). The commonest TMD
measure was finger width (72%), and 24% simply used
visual inspection to assess thyromental distance. Only
one respondent used a ruler and four used a thyromental gauge. Half of the respondents (55%) considered
6.5 cm as the minimum acceptable TMD, although 42%
regarded a lesser distance as acceptable. Three finger
widths was considered the minimum acceptable TMD in
an adult by the majority (71%) and four finger widths by
21%. The ruler measurements of three finger widths
revealed that the majority (84.4%) were < 6.5 cm. The
mean measurement of three finger widths in the sample was 5.81 cm (SD 0.62). The actual measurement
of three finger widths for the same group of respondents
revealed that the majority (84%) were < 6.5 cm. The
mean three finger width was less in females than males
(5.38 cm vs 5.91 cm, p < 0.0001). The mean difference
between three male finger widths at the proximal and
distal interphalangeal joints was 0.99 cm (n = 37, p <
0.0001). In females the mean difference was 0.86 cm
(n = 37, p < 0.0001).
Meta-analysis
The meta-analysis included 24 studies [9, 11–33] with
23 146 patients where the accuracy of thyromental
distance measurement was assessed as a predictor of
difficult intubation. Fourteen of these studies [9, 11, 13,
14, 17, 19, 20, 23–25, 27, 28, 30, 33], including 6066
patients, placed in Group A (Table 1), used a ruler for
thyromental distance measurement and produced a
sensitivity of 48% (95% CI 43–53) and specificity of 79%
 2009 The Authors
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No. of
patients

Sensitivity
(95% CI)

Specificity
(95% CI)

160
500
250
295
212
200
382
206

0.95
0.35
0.56
0.24
0.45
0.76
0.67
1.00

0.89
0.95
0.75
0.92
0.95
0.77
0.69
0.46

305

0.87 (0.62–0.98)

0.63 (0.57–0.68)
0.98
0.79
0.73
0.80
0.24
0.89

Ayoub et al. [13]
Bilgin et al. [33]
Butler et al. [11]
Descoin et al. [14]
Iohom et al. [17]
Krishna et al. [25]
Krobbuaban et al. [28]
Larinska-Kowara
et al. [30] – male
Larinska-Kowara
et al. [30] – female
Merah et al. [27]
Savva [19]
Schmitt et al. [20]
Tse et al. [9]
Wong et al. [23]
Yildiz et al. [24]

(0.76–0.99)
(0.21–0.52)
(0.31–0.78)
(0.12–0.40)
(0.23–0.68)
(0.50–0.93)
(0.50–0.80)
(0.73–1.00)

380
350
270
471
411
1674

0.15
0.59
0.81
0.32
0.86
0.29

Pooled data

6066

0.48 (0.43–0.53)

(0.02–0.45)
(0.33–0.82)
(0.54–0.96)
(0.21–0.45)
(0.42–0.99)
(0.19–0.40)

(0.84–0.94)
(0.93–0.97)
(0.69–0.80)
(0.88–0.95)
(0.91–0.97)
(0.70–0.81)
(0.64–0.74)
(0.39–0.54)

(0.96–0.99)
(0.74–0.83)
(0.67–0.78)
(0.76–0.84)
(0.20–0.28)
(0.87–0.90)

0.79 (0.78–0.80)

Table 2 Summary of studies in the meta-analysis from Group B
(non-ruler measurement), including sensitivity and specificity
with 95% confidence intervals.

Study (n = 10)

No.
patients

Sensitivity
(95% CI)

Specificity
(95% CI)

Arne et al. [12]
El-Ganzouri et al. [32]
Ezri et al. [15]
Frerk et al. [16]
Koh et al. [18]
Krobbuaban et al. [29]
Merah et al. [31]
Noorizad et al. [26]
Ulrich et al. [21]
Vani et al. [22]

1200
10 507
1472
244
605
550
80
379
1993
50

0.16
0.07
0.30
0.82
0.38
0.52
0.62
0.17
0.16
0.25

0.95
0.99
0.86
0.81
0.88
0.72
0.93
0.87
0.86
0.93

Pooled data

17 080

0.16 (0.14–0.19)

(0.07–0.29)
(0.05–0.09)
(0.22–0.37)
(0.48–0.98)
(0.18–0.62)
(0.40–0.64)
(0.24–0.91)
(0.05–0.36)
(0.10–0.25)
(0.03–0.65)

(0.93–0.96)
(0.97–0.99)
(0.84–0.88)
(0.75–0.86)
(0.85–0.90)
(0.67–0.76)
(0.84–0.98)
(0.83–0.90)
(0.84–0.87)
(0.80–0.98)

0.94 (0.94–0.95)

(95% CI 78–80). Ten studies [12, 15, 16, 18, 21, 22, 26, 29,
31, 32], with a total of 17 080 patients, did not specify use
of a ruler to measure thyromental distance. This Group B
(Table 2) produced a sensitivity of 16% (95% CI 14–19)
and specificity of 94% (95% CI 94–95). One study in the
ruler group used a different TMD cut-off point for men
and women (8 cm and 7 cm respectively) and results
were calculated separately according to gender [30].
Discussion

Our study shows that using three fingers as a gauge is
the most common method of measuring thyromental
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distance, but this correlated poorly with the commonly
accepted cut-off point of 6.5 cm and using three finger
widths to judge this distance overestimates the true
measure. This overestimation is greater in females than in
males. Measurement of three finger width at the proximal
interphalangeal joint in our population revealed a wide
range from 4.6 to 7.0 cm (mean 5.92 cm). We found
finger width varied between proximal and distal interphalangeal joints, as did the width between genders.
Although three large finger widths [8] could be interpreted as the proximal interphalangeal joint, other texts
demonstrate the use of the distal interphalangeal joint [34]
and we found these to differ by  0.9–1 cm. Comparing
ruler with non-ruler TMD measurement in our metaanalysis showed a threefold increase in sensitivity with
ruler measurement for prediction of difficult laryngoscopy.
The studies selected for this meta-analysis were heterogeneous. Cut off points for TMD ranged from 6.0 to
8.0 cm. Patient lower age limit ranged from 15 to
18 years allowing anatomical immaturity to be a variable.
Two studies in the non-ruler group applied objective
measurement in the form of a thread [22] or a pencil [16].
The remaining eight studies in this group used unspecified methods of TMD measurement. Previously identified sources of TMD measurement error include
excessive adipose tissue on the mentum, a thick mandible,
incorrect use of the cricoid instead of the thyroid cartilage
as a landmark for measurement, measurement while the
patient’s mouth is open or the neck is not fully extended
[35], and digit preference where measurements are
rounded off to the nearest whole number. Even under
optimal standardised testing conditions with two trained
researchers, only moderate inter-observer reliability was
found. This variability was possibly caused by patient
inability to maintain a correct position [36].
Shiga conducted a meta-analysis of bedside tests for
prediction of a difficult intubation in apparently normal
patients [10]. This meta-analysis included thyromental
distance measurement in over 20 000 patients from 17
studies with a variety of test thresholds ranging from 4.0
to 7.0 cm. Measurement of the thyromental distance in
this meta-analysis suffered from a wide range of test
sensitivity 20% (95% CI 11–29), moderate specificity 94%
(95% CI 89–99) and low positive likelihood ratio 3.4
(95% CI 2.3–4.9), however, Shiga did not differentiate in
the study on the basis of thyromental distance measurement technique. The majority of patients in Shiga’s
thyromental distance meta-analysis came from one study
[37] where assessement was made by multiple individuals
of unspecified gender using three finger widths as a cut-off
point and measure of thyromental distance. The sensitivity
in this study was the lowest found in the meta-analysis at
880

15% (95% CI 11–21). Our meta-analysis of 24 studies
included 15 studies which were also used by Shiga. We
excluded two studies from Shiga’s analysis because we
were unable to extract specificity, sensitivity or raw data
from which these statistics could be derived. Our metaanalysis of 23 146 patients had a sensitivity of 25% (95% CI
23–28) and specificity 90.2% (95% CI 90–91) which are
similar to those found by Shiga, however, dividing our
patients into ruler and non-ruler measurement groups
revealed two diverse subgroups with a threefold difference in sensitivity (Tables 1 and 2). In another study of
1500 obstetric patients where three fingers were used to
measure TMD, the relative risk of experiencing a difficult
intubation compared with a Class I Mallampati airway
assessment was 9.71% (95% CI 1.91–49.32) [38].
Thyromental distance varies with patient size [20],
and applying the ratio of height to TMD (RHTMD)
improves the accuracy of predicting difficult laryngoscopy compared with TMD alone (sensitivity 83% and
67% respectively) [28]. When evaluating the predictive
value of RHTMD vs mouth opening, TMD, neck movement and oropharyngeal view (modified Mallampati),
RHTMD had the highest sensitivity, positive predictive
value and fewer false negatives than the other variables
[29]. In these studies TMD was measured objectively in a
standardized method [39].
The choice of a suitable cut-off point for TMD
involves a balance between positive and negative likelihood ratios. Decreasing the cut-off point of the TMD to
4.0 cm results in positive and negative likelihood ratios of
9.4 and 0.03 respectively [13]. Patil originally suggested
that in a normal adult, the thyromental distance is greater
than 6.5 cm and this cut-off point is now commonly
applied. In two studies receiver operating characteristic
curves were used to identify the optimal cut-off point for
measuring thyromental distance which were 6.5 cm
(sensitivity 52%, specificity 71%) [29] and 6.5 cm (sensitivity 67%, specificity 68%) [28]. Shiga et al. using
pooled data with a cutoff of 6.0 cm or less for TMD,
found slightly improved prediction of difficult laryngoscopy compared to a larger threshold [10]. Standard
anesthesia textbooks [8] suggest the TMD should be at
least 5.0 cm or three large finger breadths. Our survey
showed that three finger breadths is the most common
form of TMD measurement and is also used as a cutoff point. Racial difference also influences TMD as a
predictor of difficult laryngoscopy. In Chinese women,
high sensitivity and specificity (71.4% and 92.1% respectively) were found with a TMD £ 5.5 cm [23].
Objective measurement of the TMD improves test
sensitivity. This in turn leads to a lower false positive rate
which has clinical implications by reducing the chance of
missing a difficult intubation [29]. We recommend that
 2009 The Authors
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accurate TMD measurement requires the use of a ruler or
a thyromental gauge. It should be noted that although
measurement of TMD with a ruler improves the
sensitivity of predicting a difficult intubation compared
to other methods, sensitivity still remains relatively poor.
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Tracheal extubation
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Key points
Problems associated with
extubation, recovery, and
emergence are more
common than problems at
intubation; many aspects are
controversial with no clear
guidelines or protocols.
The key to management of
all post-extubation airway
problems is rapid and
effective administration of
oxygen.
Intra-cuff local anaesthetic
or spray can be used for a
smooth emergence.
Laryngospasm is the
commonest cause of postextubation airway
obstruction and can be life
threatening.
Patients at high risk postextubation require specific
preformulated strategies.
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Respiratory complications after tracheal extubation are three times more common than complications occurring during tracheal intubation and
induction of anaesthesia (4.6% vs 12.6%).1
A closed claims analysis of the American
Society of Anesthesiologists database revealed
that death or brain damage with induction of
anaesthesia decreased from 62% of perioperative claims in 1985– 1992 to 35% in 1993–
1999. This may reflect widespread adoption of
difficult airway guidelines which predominantly
address induction of anaesthesia. In contrast,
the claims for death or brain damage associated
with maintenance, extubation, and recovery
remained almost the same.2 Development of
specific airway management plans addressing
these periods of risk should improve patient
safety. This article reviews the controversies
and problems related to emergence and extubation after anaesthesia.

Tracheal extubation: awake or
anaesthetized?
When deciding when to extubate, two main
considerations should be taken care: (i) was
there any previous difficulty in controlling the
airway?; (ii) what is the risk of pulmonary
aspiration? As a general rule, patients should
be extubated awake. A small number of studies
involving children show a greater incidence of
upper airway complications with awake extubation as a result of increased airway reactivity.1
However, the endpoint for wakefulness in
these studies was taken as swallowing; the incidence of respiratory complications dramatically
decreased when extubation was performed when
eyes were open, with spontaneous ventilation.3
Extubation under deep anaesthesia decreases
cardiovascular stimulation and reduces the
incidence of coughing and straining on the
tube. However, the incidence of respiratory complications has been found to be greater after
extubation under deep anaesthesia, regardless of
the type of operation.1 A systematic approach to
extubation is suggested in Figure 1.

Patient position
Despite advances in anaesthesia, the reported
incidence of pulmonary aspiration in the perioperative period has not decreased in the last
three decades; it varies from 2.9 to 10.2 per
10 000 anaesthetics.4 Mortality rates of patients
who have aspirated vary from 0 to 4.6%.4 The
traditional practice of extubating in the left
lateral, head-down position maintains airway
patency by positioning the tongue away from
the posterior pharyngeal wall and also protects
the airway from aspiration. Laryngoscopy and
reintubation may be favourable in this position
for experienced anaesthetists.5
The practice of extubation in the supine,
sitting up position is controversial. The suggested
rationale for its use in starved patients after anaesthesia utilizing short acting agents is not, as yet,
associated with evidence to show that it is as safe
as traditional methods. However, the relative ease
of reintubation in a supine position does merit its
use in a semi-upright position in patients who are
expected to be difficult to be intubated, obese or
have chronic respiratory disease.5, 6 In these
patients, and in those who have undergone upper
airway surgery, the supine semi-upright position
also facilitates spontaneous respiration and diaphragmatic expansion, aids an effective cough
reflex, increases functional residual capacity
(FRC) and encourages lymphatic drainage and
reduction of airway oedema. Recent practice
guidelines for patients with obstructive sleep
apnoea recommend a semi-upright, lateral or any
non-supine position for extubation and recovery.
Extubation in the prone position may be
necessary after spinal surgery. A technique has
been described where, after reversal of neuromuscular block, spontaneous sustained regular
ventilation was achieved with the patient still
anesthetized. Anaesthesia was then discontinued and the patient allowed waking up without
stimulation; extubation was performed with
eyes open or purposeful movements.7
In children, extubation in the recovery position while still anaesthetized is still common
practice.3
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Tracheal extubation

Fig 1 An approach to extubation14 (reproduced with permission from Lippincotts, Williams, and Wilkins).

Timing of extubation
Ikari and Sasaki demonstrated that the firing threshold of the
laryngeal adductor neurons involved in laryngospasm varies in a
sinusoidal manner during spontaneous ventilation.8 The mean
threshold for glottic closure is increased during inspiration. Thus,
extubation is usually carried out at end-inspiration when the glottis
is fully open to prevent trauma and laryngospasm. Direct laryngoscopy, suctioning of the posterior pharynx, administration of 100%
oxygen, ventilation to aid washout of inhalation agents, and positive pressure breath at extubation to prevent atelectasis are routine
manoeuvres before extubation.

Double-lumen tubes
Removal of double-lumen tubes has been associated with tears of
the posterior membranous trachea, bronchial rupture, and failure
to extubate after long procedures. Double-lumen tubes are more
difficult to remove during emergence as they are stiffer, bulkier,
and longer; they may cause tracheobronchial trauma. A single-

lumen tube is often substituted under anaesthesia at the end of the
procedure for postoperative ventilation or delayed extubation. This
can be facilitated by the use of hollow tracheal tube exchange
catheters allowing oxygen insufflation, or fibreoptic scopes with
ports for oxygen insufflation. Tubular fibreoptic laryngoscopes
[WuScope (Pentax Precision Instruments, Orangeburg, NY)] have
also been used for placement and tube change under direct vision.9

Biting the tracheal tube during emergence
A Guedel airway, inserted as a bite-block before starting to lighten
anaesthesia, often ensures a secure airway through the tracheal
tube during emergence. Alternatively, the tracheal tube is left
in situ with cuff deflated, so that patients can breathe around it if
the tube is bitten on during emergence. Loose teeth, caps and
bridges are a hazard and should be carefully watched and
accounted for if a patient is biting on the tube or airway. A nasal
tracheal tube withdrawn to the nasophrynx can be used as a nasal
airway during emergence.
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Where should extubation be performed?
There remains some controversy about the ideal location for extubation, and transfer practices on the way to the recovery room.
In the UK, 65 –91% of extubations are undertaken in theatre.6 The
Anaesthetic Incident Monitoring Study (8372 reports) revealed
recovery room incidents in 5% of patients; half of these occurring
in ASA I –II patients and 43% of problems were related to the
airway. Although many hospitals now use recovery area staff
trained to perform extubations, the ultimate responsibility for the
patient remains with the anaesthetist.5
Several studies have shown a decrease in oxygen saturations
during transfer from the operating theatre, even when oxygen is
administered.1 On arrival in the recovery unit, up to 20% of
patients may have oxygen saturation ,92%. Despite the use of
40% oxygen by face mask, 15% of patients will have an oxygen
saturation of ,92% for .30 s. Children are particularly susceptible to hypoxaemia during transfer; 50% have a saturation of
,95% on arrival in the post-anaesthesia care unit (PACU).9
However, one study revealed that only 63% of anaesthetists always
use oxygen enriched air for transferring patients to the recovery
area.4 It is recommended that 100% oxygen is administered before
leaving theatre and high inspired oxygen given during transfer.

Problems associated with extubation
Mechanical causes of difficult extubation
Possible causes of inability to remove the tracheal tube are failure
to deflate the cuff caused by a damaged pilot tube, trauma to the
larynx, cuff herniation, adhesion to the tracheal wall and surgical
fixation of the tube to adjacent structures. Sequelae can vary from
aspiration to fatal haemorrhage if undue force is applied. The
problem is usually solved by puncturing the cuff transtracheally or
using a needle inserted into the stump of the pilot tube; rotation
and traction of the tube; using a fibreoptic scope for diagnosis; and
surgical removal of tethering sutures.

Cardiovascular response
Tracheal extubation is associated with a 10– 30% increase in arterial pressure and heart rate lasting 5–15 min.8 Patients with coronary artery disease experience a 40– 50% decrease in ejection
fraction. The response may be attenuated by pharmacological interventions including: esmolol (1.5 mg kg21 i.v. 2–5 min before
extubation), glyceryl trinitrate, magnesium, propofol infusion,
remifentanil/alfentanil infusion, i.v. lidocaine (1 mg kg21 over
2 min), topical lidocaine 10% and perioperative oral nimodipine
with labetalol.7, 8 Alternatively, tracheal intubation can be converted to a laryngeal mask before extubation (see later).

Respiratory complications
The incidence of coughing and sore throat at emergence ranges
from 38 to 96%. Specific techniques have been used to minimize
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this. Filling the tracheal tube cuff with liquid avoids overinflation as
a result of an increase in temperature or N2O diffusion. Lidocaine
2% with NaHCO3 1.4 or 8.4% has an excellent diffusion profile
across the PVC cuff (45–65% in 6 h), is safe and less irritant in
case of cuff rupture, especially if 1.4% NaHCO3 is used (more physiological pH). This technique significantly reduces the incidence of
sore throat in the 24 h postoperative period, coughing, bucking, restlessness, and hoarseness during emergence, without suppressing the
swallowing reflex;10 these findings merit consideration for patients
with cardiovascular disease, increased intraocular or intracranial
pressure and pulmonary hyper-reactivity. The laryngotracheal instillation of Topical Anaesthetic (LITATM, Sheridan, Hudson RCI)
tracheal tube has an additional pilot tube through which local anaesthetic can be instilled into the larynx via 10 small holes above and
below the cuff. Instillation of lidocaine through this device has been
shown to reduce coughing before extubation and decrease sedation
requirements in the intensive care unit (ICU).
Early postoperative hypoxaemia may be caused by inadequate
minute ventilation, airway obstruction, increased ventilation
perfusion mismatch, diffusion hypoxia, post-hyperventilation
hypoventilation, shivering, inhibition of hypoxic pulmonary vasoconstriction, mucociliary dysfunction, and a decrease in cardiac
output. In a large study involving .24 000 patients, 0.9% had a
hypoxic event (SpO2 ,90%) in the PACU requiring intervention
other than supplemental oxygen. Sustained mild hypoxaemia (.5
min) or severe desaturation (,80%) in the elderly (.80 yr old) is
associated with greater risk of silent myocardial ischaemia, ECG
abnormalities or delirium. In a mathematical model, it has been
shown that desaturation time to ,85% is most rapid in postoperative adults (23 s) when compared with apnoeic children (46 s) and
standard adults (84 s).9 Another study involving .24 000 patients
in a paediatric hospital found hypoxaemia to be the commonest
respiratory adverse event (0.34%) in the PACU in children ,8 yr
of age. Preoxygenation (100% oxygen) before extubation and
administration of high inspired oxygen during transfer with continuous positive airway pressure can decrease the incidence of
early hypoxaemia post-extubation.
Active and passive heavy smokers, patients suffering from
chronic obstructive pulmonary disease and children with mild to
moderate upper respiratory tract infections have a high incidence
of bronchospasm at extubation.
Residual neuromuscular block may be an absolute or contributory cause of post-extubation hypoxaemia, even after reversal and
use of short acting agents.

Airway obstruction
A differential diagnosis of post-extubation upper airway obstruction (UAO) includes laryngospasm, laryngeal oedema, haemorrhage, trauma and vocal cord paralysis/dysfunction.
Laryngospasm is the most common cause of post-extubation
UAO. An analysis of 4000 cases reported by the Australian
Incident Monitoring Study revealed a 5% incidence of perioperative
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laryngospasm (almost always after extubation in intubated patients).
This may present as mild inspiratory stridor or complete airway
obstruction.11 It is more common in children undergoing upper
airway surgery. Laryngospasm is most frequently caused by local
irritation by blood or saliva and is likely to occur in patients during
light planes of anaesthesia, when they are neither able to prevent this
reflex nor generate an adequate cough. In children, the incidence can
be reduced if they are left undisturbed in the lateral recovery position
until they wake up.3 I.V. magnesium (15 mg kg21 over 20 min) and
lidocaine (1.5 mg kg21) have been used to prevent laryngospasm.
Table 1 describes a management plan for established laryngospasm.
Laryngeal oedema is an important cause of UAO in neonates
and infants and presents as inspiratory stridor within 6 h of extubation.8 Supraglottic oedema may displace the epiglottis posteriorly
blocking the glottis on inspiration. Retroarytenoidal oedema below
the vocal cords limits abduction of the vocal cords on inspiration.
Subglottic oedema of 1 mm in neonates can reduce the laryngeal
cross-section by 35%. Associated risk factors include a tight fitting
tube, trauma at intubation, duration of intubation .1 h, coughing on
the tube and change of head and neck position during surgery. It is
also common in adults after prolonged translaryngeal intubation in
the critically ill. Management includes: (i) warm, humidified,
oxygen enriched air mixture; (ii) nebulized epinephrine 1:1000 (0.5
ml kg21 up to 5 ml); (iii) dexamethasone 0.25 mg kg21 followed
by 0.1 mg kg21 six hourly for 24 h; (iv) Heliox (60:40 or 80:20)
temporarily stabilizes respiration giving other modalities time for
effect; (v) reintubation with a smaller tube in severe cases.
UAO can be caused by direct compression or as a result of
severe laryngeal and pharyngeal oedema secondary to venous and
lymphatic congestion resulting from a haematoma. Immediate
release of wound sutures and reintubation with definitive control of
haemorrhage is usually required.
Trauma (e.g. excessive suctioning, traumatic intubation or extubation) may damage the airway and cause UAO. Arytenoid cartilage
dislocation can present acutely as UAO or later cause voice change
and painful swallowing. Immediate reintubation followed by gentle
reduction of arytenoids or prolonged tracheal intubation is required.
Table 1 Structured approach to the management of laryngospasm7 (the main aim is
to rapidly oxygenate the patient)
Think of
Airway irritation/obstruction
Blood/secretions
Light anaesthesia
Regurgitation
Management
100% oxygen
Visualize and clear pharynx/airway
Jaw thrust with bilateral digital pressure behind temperomandibular joint, oral/nasal
airway
Mask CPAP/IPPV
Deepen anaesthesia with propofol (20% induction dose)
Succinylcholine 0.5 mg/kg to relieve laryngospasm (1.0 –1.5 mg/kg i.v.
or 4.0 mg/kg i.m. for intubation). Be aware of contraindications, for example,
neuromuscular problems
Intubate and ventilate

Vocal cord paralysis is a rare cause of UAO. This usually
results from trauma to the vagus nerve after surgery involving the
head and neck or thoracic cavity or direct trauma or pressure from
intubation itself. Unilateral paralysis, which presents with hoarseness of voice in the early postoperative period, can usually be
managed conservatively and, depending on aetiology, may recover
over several weeks. Bilateral vocal cord paralysis may present as
acute post-extubation UAO, requiring immediate reintubation.
Vocal cord dysfunction is an uncommon cause of UAO, usually
occurring in young females with recent upper respiratory tract
infection and emotional stress. It presents with laryngeal stridor or
wheezing similar to asthma but unresponsive to bronchodilator
therapy. Reintubation and a surgical airway may be necessary.
Definitive diagnosis is by actual visualization of the paradoxical
adduction of vocal cords during inspiration.8

Post-obstructive pulmonary oedema
The incidence of post-obstructive pulmonary oedema is 1:1000
anaesthetics; most patients are children or young fit adults. The
common pattern is an episode of airway obstruction at emergence
followed by rapid onset of respiratory distress, haemoptysis, and
bilateral radiological changes consistent with pulmonary oedema.
Both clinical and radiological features usually resolve within 24 h
with no sequelae, although delayed presentation of up to 24 h, and
progression to acute lung injury and death have also been reported.
The pathophysiology is uncertain. It is thought to be a result of
Starling forces resulting from negative intra-alveolar pressure,
increased cardiac filling, and haemorrhage from disruption of pulmonary vessels. Other implied factors are effects of hypoxaemia
and catecholamine release on alveolar capillary permeability and
impairment of alveolar fluid clearance by volatile anaesthetic
agents. Treatment includes prompt application of positive airway
pressure and oxygenation. One differential diagnosis is neurogenic
pulmonary oedema, which has a similar (but more severe) clinical
presentation; it characteristically presents within minutes to hours
of a severe central nervous system insult.

Tracheomalacia
Softening or erosion of the tracheal rings leading to tracheal collapse and UAO may be primary or secondary to a prolonged insult
by a retrosternal thyroid or other tumours, enlarged thymus, vascular malformations, and prolonged intubation. Failed extubation,
complicated by inspiratory stridor or expiratory wheezing, may be
the first signs of the condition. Techniques for extubation include
deep extubation to avoid coughing and maintenance of continuous
positive airway pressure (CPAP) to maintain airway patency.

Pulmonary aspiration
One-third of cases of pulmonary aspiration occur after extubation.
A multicentre, prospective study of 200 000 operations in France
from 1978 to 1982 found that 14 of 27 clinically significant
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aspirations occurred after operation. The swallowing reflex is
obtunded by anaesthetic agents and laryngeal function may be disturbed, with an inability to sense foreign material for at least 4 h,
even in apparently alert postoperative patients.

place until it is deemed that reintubation will not be required (up
to 72 h). Figure 2 shows an algorithm for difficult extubation,
which complies with the recommendations of the ASA task force
on management of the difficult airway.8, 12

Recognizing the high risk patient

Extubation in the intensive care unit

Such patients include those likely to be difficult to extubate and to
reintubate. Patients with severe cardiopulmonary disease, congenital
or acquired airway pathology, morbid obesity, obstructive sleep
apnoea,2 severe gastro-oesophageal reflux, and patients who needed
multiple attempts at intubation may have problems at extubation.
Contributing surgical factors include: recurrent laryngeal nerve
damage (10.6% in malignant thyroids); haematoma (0.1–1.1%
post-laryngeal/thyroid surgery); oedema and distortion of anatomy
after head and neck surgery; posterior fossa surgery; inter-maxillary
fixation; and drainage of deep neck and dental abscesses.12

Extubations in ICU are either protocol directed or unplanned.
A significant proportion of accidental extubations may not require
intubation. Reintubation after planned extubation occurs in up to
20% of patients within 24–72 h of extubation. Mortality of
patients who fail a trial of extubation is 2.5–10 times than among
patients who are successfully extubated. Outcome improves if
reintubation occurs within 12 h of extubation.13

Strategies for difficult extubation
Substituting a laryngeal mask for a tracheal tube while
the patient is still anaesthetized and paralysed
A laryngeal mask airway (LMA) is inserted while the patient is in
a deeper plane of anaesthesia after tracheal extubation. Muscle
relaxation is then antagonized and the LMA removed when spontaneous breathing resumes and commands are obeyed. This avoids
coughing and a pressor response to extubation and there is lesser
need for airway manipulation compared with deep tracheal extubation with insertion of Guedel airway.8, 12

Extubation over a flexible bronchoscope
This can be considered in suspected laryngeal paralysis, tracheomalacia or tube entrapment. An LMA is substituted as mentioned
earlier and the patient is allowed to resume spontaneous ventilation
while still anaesthetized. A flexible bronchoscope is then advanced
through the LMA. This enables visualization of the anatomy and
assessment of laryngeal function. If required, reintubation can be
facilitated using an Aintree intubation catheter which jackets the
flexible bronchoscope. The latter is then removed along with the
LMA and the patient is reintubated over the catheter.12

Use of a tracheal tube exchange catheter (reversible
tracheal extubation)
This strategy is especially useful for patients expected to be difficult to reintubate. Tracheal tube exchangers (e.g. the Cook airway
exchange catheter) are long hollow catheters with connectors for
jet and/or manual ventilation and respiratory monitoring; most
have depth and radio opaque markers, and end or distal side holes.
They can be introduced through a tracheal tube permitting extubation. Spontaneous breathing, talking and coughing may take place
around the device and they are tolerated well enough to be left in
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Predicting unsuccessful extubation
Classical weaning criteria are not accurate in predicting extubation
outcome. Bedside tests have been used: for example, the gag
reflex, strong cough to stimulation by a suction catheter, absence
of excess secretions. Recent research has shown that inability to
open the eyes, follow with the eyes, grasp the hand, and stick out
the tongue make unsuccessful extubation four times more likely.
The spontaneous breath trial (SBT) using a T-piece or continuous
positive airway pressure of 5 cm of H2O or pressure support of
3 –14 cm of H2O in adults has 80–95% sensitivity for predicting
successful extubation. After completion of the SBT, a prospective
study showed that a weak cough (grade 0– 2) or those patients who
could not cough onto a white card held 1 –2 cm from the tracheal
tube were three to four times more likely to have unsuccessful
extubations.
The cuff leak test is used to test laryngeal patency. The average
difference between inspiratory and expiratory volume after cuff
deflation, recorded for six consecutive breaths, is determined. A
volume ,10–12% of delivered tidal volume implies upper airway
oedema.

Post-extubation stridor
Post-extubation stridor (PES) occurs after 2–16% of extubations in
the ICU. A randomized prospective multicentre double-blind trial
of 700 patients showed that the incidence of laryngotracheal
oedema leading to upper airway narrowing was higher in female
patients, especially those intubated for .36 h. Other risk factors
for PES include: mobile and large tracheal tubes; excess cuff
pressure; tracheal infection; patients fighting the ventilator; aggressive tracheal suctioning; and the presence of a nasogastric tube. An
audible leak or quantitative assessment of cuff leak volume may
be used to predict risk of PES. The same principles also apply
after general anaesthesia. Children who have an absent air leak at
25 cm of H2O have a 2.8 times greater incidence of adverse
respiratory events (laryngospasm, UAO, and oedema). Laryngeal
ultrasound is being evaluated to predict PES. Prophylactic dexamethasone given to susceptible children decreases the prevalence
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Fig 2 An algorithm for extubation of the difficult airway (reproduced with permission from Bailey P8).

of PES by 40%. A single methyl prednisolone injection in adults
significantly decreases oedema in 6– 7 h.

5. Vaughan RS. Extubation – yesterday and today. Anaesthesia 2003; 58:
945–50
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Editorials
Tracheal intubation: optimal conditions, vocal
cord damage, and allergy
François Donati phd md frcpc,* Benoît Plaud md phd†

O

ne of the indications of neuromuscular
blocking drugs (NMBDs) is to provide adequate conditions for performing tracheal
intubation. However, many studies have
shown that tracheal intubation can be successfully performed without NMBDs, by using an appropriate mixture of an intravenous or inhaled hypnotic, an opioid,
and possibly another adjuvant, such as lidocaine. It is
impossible to determine the regimen that will provide
the optimal conditions, with minimal side effects, as the
combinations of agents, doses, and timing of administration are almost endless. To compound the problem,
in spite of attempts at standardization, assessment of
intubating conditions is somewhat subjective.1,2
Proponents of intubation without paralyzing agents
mention that NMBDs are not always indicated for the
surgical procedure. Their duration of action may be too
long for the intended surgery, or there may be residual
paralysis, as stated by Bouvet et al.3 in this issue of
the Journal. Also, these authors mention the possibility of allergic or anaphylactic reactions as the principal
reason for avoiding NMBDs. Of note, the Bouvet et
al. study was conducted in France, where anaphylaxis
during anesthesia is a great concern. Those who favour
the almost systematic use of NMBDs for tracheal intubation argue that aiming for high quality intubating
conditions is not only a matter of elegance, but also a
question of patient safety. Poor intubating conditions
may be associated with cough, movement, ventilation
difficulties, oxygen desaturation, and an increased risk
of pulmonary aspiration.4 Recently, poor conditions
have been associated with complaints of hoarseness

and sore throat in the postoperative period, with documentation of laryngeal injuries.5 Given the evidence
presented by Bouvet et al.3 and considering previous
studies, should we be more concerned about paralyzing our patients or damaging their vocal cords?
Intubating conditions
Until the mid-1990’s, investigators comparing the
ability of two induction regimens on intubating conditions had to either develop their own scoring system or adopt a previously proposed classification. In
1994, a group of experts met in Denmark to propose
a standardization of many aspects of the studies on
NMBDs, including intubating conditions. The recommendations of this group were published in 1996,1
and the intubating scoring system the experts proposed
has since been adopted by virtually all investigators,
including Bouvet et al. 3 The initial recommendations were updated at a meeting held in Stockholm
in 2005 and were published last year.2 Unfortunately,
the updated recommendations relating to intubating
conditions lack the clarity and detail of the original
edition; therefore, it appears preferable to adhere to
the previous scoring system for future studies.
The original system, introduced in 1996 to grade
intubating conditions, is based on an assessment, completed by a blinded investigator, of the following five
items: ease of laryngoscopy, vocal cord position, vocal
cord movement, limb movement, and cough. Each
item is graded as excellent, good, or poor, according
to specific criteria. For example, the item “limb movement” is rated excellent, if there is no movement at all;
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good, if movement is “slight”; and poor, if movement
is “vigorous”. As it is relatively easy to assess if there
is movement or not, an excellent score is easily separated from the other grades. However, the line between
“slight” and “vigorous” movement might be markedly observer-dependent, making it harder to separate
“good” from “poor”. The final score depends on the
worst score of any item. Consequently, the final score
is considered poor, if any item is rated poor; it is good,
if one or more items are rated good and none are rated
poor; and it is excellent, only if all items are judged
excellent.
In many studies, such as the study completed by Bouvet et al.,3 excellent and good scores are pooled into an
“acceptable” category, while a poor score qualifies as
“unacceptable”. Thus, the boundary between acceptable and unacceptable conditions is somewhat blurred
and may be assessor-dependent. While there could be
consistency within a study, comparisons between studies or extension to clinical practice may be difficult. For
example, Bouvet et al.3 found “acceptable” intubating
conditions to be present in 95% of subjects without
NMBDs. It is possible that some “good” scores (45%
of patients) may have been rated as “poor” by another
assessor, because of blurring between the “good” and
“poor” categories. In the cisatracurium group, however, only 17% of subjects received a “good” score;
the remainder were rated “excellent”. As a result, there
are fewer instances where another observer would have
rated the conditions as “poor”, as it is unlikely that
one observer would give an “excellent” rating, while
another observer would give a “poor” rating to the
same event. Excellent conditions are less subject to
inter-observer variability, since they only occur when
there is no movement at all, and there is usually consistency in the incidence of excellent conditions across
studies. For example, at one minute after succinylcholine administration, 1 mg·kg–1,6 most studies find excellent intubating conditions in 70–80% of patients.
Quite apart from the fact that an “excellent” rating
is better for our patients than merely a “good” rating,
discriminating between excellent and good conditions
allows the design of studies with more refined outcome
measures, using smaller numbers of patients. For example, in the study by Bouvet et al.3 the rates of acceptable
conditions were not statistically different between the
groups, 100% and 95% in the paralyzed and non-paralyzed groups, respectively. If, indeed, the real difference
is 5%, one would require over 800 patients per group
to detect a statistically significant difference. If all three
categories are considered, however, a re-analysis of the
data suggests that intubating conditions are better in
the group that received cisatracurium (P < 0.001). Is
CAN J ANESTH 55: 10
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this information, obtained with 65 patients per group,
clinically relevant? Yes, in all likelihood, it is. If excellent conditions occur more often, chances are that poor
conditions will occur less frequently. Furthermore, if
the rate of poor conditions is only 5%, this event will
be observed 50 times by someone who performs 1,000
tracheal intubations in a year!
Vocal cord damage
Tracheal intubation is very rarely associated with
severe laryngeal or tracheal symptoms, but these
events do occur and are associated with difficult intubation.7 The number of patients needed to determine
whether intubation without NMBDs leads to more
or fewer of these injuries would be very large indeed.
However, tracheal intubation leads to minor, yet frequent, symptoms, such as hoarseness and sore throat,
and it is likely that a procedure that yields more of
these minor side effects will also be associated with
more severe, yet infrequent, outcomes, just as a high
incidence of only “good” intubating conditions indicates an increased likelihood of “poor” conditions.
This approach was first undertaken by Mencke et al.5
who compared postoperative sore throat and hoarseness in patients who had their tracheas intubated both
with and without NMBDs. Vocal cord damage was
assessed by an experienced otolaryngologist using a
fibreoptic examination. Not surprisingly, intubating
conditions were superior with an NMBD (in that case
atracurium) than with saline, with 43% and 5% excellent intubating conditions, respectively. The incidence
of hoarseness was greater in the saline group, and correlated well with the poor quality of intubating conditions. Poor intubating conditions were associated with
a 40% incidence of vocal cord sequelae, compared with
fewer than 20% in the “excellent” group. The authors
of that study concluded that, “the quality of tracheal
intubation may affect the incidence of laryngeal morbidity.”5
Two additional studies were performed on laryngeal
injuries by the same research group, but all patients
received neuromuscular blocking agents.8,9 No statistically significant difference in hoarseness, sore throat,
or cord injury was found between groups, probably
because the incidence of poor intubating conditions
was not very different between groups, and other factors, such as coughing at extubation, may also have
contributed to postoperative laryngeal side effects.
In the study by Bouvet et al., the incidence of vocal
cord sequelae was very low in both groups, but only
patients with persisting symptoms were examined. The
incidence of hoarseness at 24 hr was 20–30% in both
groups, which corresponds to the incidence reported
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by Mencke et al.5 in their first study in patients with
excellent or good intubating conditions.
Anaphylaxis
Considering that the use of NMBDs improves intubating conditions and may possibly decrease the incidence of laryngeal symptoms, why is it that some
anesthesiologists advocate omitting paralyzing agents
and express an interest in methods that do not involve
these drugs? For short duration procedures, using
a small dose of an NMBD yields better intubating
conditions than using nothing at all.10 Postoperative
residual paralysis can be effectively reduced by reversal agents and appropriate monitoring.11 Bouvet et al.3
mention the risk of anaphylactic reactions, which is
perceived as a major concern in certain countries, particularly in France and Norway.
The French obsession with anaphylactic reactions
may appear puzzling to North American and other
European observers, while the lack of concern in North
America for possible allergic reactions to NMBDs
might seem unreal to French anesthesiologists. In
France, a very extensive reporting network has been
developed over the past 20 years.12,13 It is difficult to
determine the incidence of anaphylactic reactions from
such surveys, because reporting may be incomplete,
the denominator is uncertain, and the reliability of
the tests is not known. Still, the overall incidence has
been estimated to be anywhere between 1:3,000 and
1:20,000 anesthetics, with more frequent occurrences,
possibly as high as 1:1,500, for allegedly “allergenic”
drugs such as succinylcholine and rocuronium.12–14
Interest in allergic reactions has also developed
in Australia, the United Kingdom, and Scandinavian countries. In Norway, rocuronium was virtually
eliminated from the anesthesia carts after an estimated
150,000 administrations led to 29 reports of anaphylactic reactions in 1997–2000 (1:5, 172).15 Succinylcholine was also frequently implicated in allergic
reactions. During the same period, only seven such
reports appeared in neighbouring Sweden, Finland, and
Denmark, following an estimated 800,000 rocuronium doses (1:114,000). An allergy referral centre in
Denmark reported that, contrary to the situation in
France, the most common agent implicated in allergic reactions was chlorhexidine, not NMBDs.16 In the
United States, reports of allergic reactions to the Food
and Drug Administration are very rare (approximately
1:1,000,000 administrations of rocuronium).17
While some would attribute these widely different
incidence rates to underreporting in some countries,
or perhaps to statistical variations,16 others hypothesized that environmental factors could play a role.
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A study was undertaken to screen products available
in Norway, but not in the other Scandinavian countries, that could sensitize patients to NMBDs.18 Succinylcholine IgE antibodies were found in 0.4% of
Norwegian blood donors. but in none of the Swedish
donors. After screening many products, the authors
of that study focused on pholcodine, an antitussive
found in over-the-counter cough syrups in Norway,
but unavailable in Sweden. Sensitization to pholcodine was common in Norway, but virtually absent in
Sweden, and cross-sensitization with neuromuscular
blocking agents could occur. Interestingly, pholcodine is available in France, the United Kingdom, and
Australia, where there has been considerable interest
in allergic reactions, but it is not available in Canada
or in the United States.18
Does pholcodine explain the apparent differences
in the incidence anaphylactic reactions between countries? At present, the evidence is circumstantial, but
the lead is interesting. Other factors could be involved,
and over-reporting could play a role. In any event, it
is interesting to consider that something as unlikely as
the presence or absence of an over-the-counter cough
syrup in the community might influence the manner
in which we approach tracheal intubation and the
practice of anesthesia.
Conclusion
Hoarseness and laryngeal trauma are frequent and
have been linked to poor tracheal intubating conditions. In all likelihood, these minor side effects are
indicators of less frequent, but more severe, complications of tracheal intubation. Similarly, an induction
sequence that often yields good rather than excellent intubating conditions is more likely to provide
poor intubating conditions in some patients than a
regimen that yields excellent intubating conditions in
most subjects. Thus, aiming for excellent, rather than
good, intubating conditions reduces the probability of
complications such as laryngeal injuries, and the simplest way to achieve this result is to use NMBDs. The
most compelling reason to omit paralyzing agents is
the perceived concern for allergic reactions, and there
is some weak evidence that the propensity to develop
such reactions might be country-specific. Unfortunately, a milder, more frequent form of allergic reaction has not been described that could be used as a
marker for more severe events, as is the case of laryngeal morbidity. Anesthesiologists who use NMBDs to
facilitate tracheal intubation should continue to do so:
if the incidence of allergic reactions were > 1:5,000
in a given region, there would be, at the very least,
an annual occurrence of such events in a moderately
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sized hospital, and individual practitioners would be
aware of the problem. Those practitioners who choose
to withhold NMBDs at the time of tracheal intubation, because of possible anaphylactic reactions, must
develop the skill and experience to aim for excellent,
rather than good, intubating conditions.

Intubation trachéale:
conditions optimales,
lésions laryngées et
allergie
Une des indications des curares est de fournir des
conditions appropriées pour effectuer une intubation
trachéale. Toutefois, de nombreuses études ont établi
que l’intubation trachéale pouvait être réalisée sans
curare, en utilisant un mélange approprié d’un hypnotique intraveineux ou inhalé, d’un opiacé et au besoin
d’un autre adjuvant, comme la lidocaïne. Il est impossible de déterminer la recette qui donnera les conditions
idéales, parce que les combinaisons de médicaments, de
doses et de séquence temporelle d’administration sont
en nombre presque infini. Pour compliquer les choses,
l’évaluation des conditions d’intubation est de nature
subjective, malgré des efforts de standardisation.1,2
Ceux qui préconisent l’intubation sans curarisation
avancent que les curares ne sont pas toujours indiqués pour l’intervention chirurgicale, que leur durée
d’action pourrait perdurer au-delà de la fin du geste
chirurgical ou qu’il existe un risque de curarisation
résiduelle, comme le précisent Bouvet et coll.3 dans ce
numéro du Journal. Ces auteurs citent aussi la possibilité de réactions allergiques ou anaphylactiques
comme première raison d’éviter les curares. Il est à
noter que le travail de Bouvet et coll. s’est déroulé en
France, où l’on se préoccupe beaucoup d’anaphylaxie
pendant l’anesthésie. Ceux qui sont en faveur d’une
utilisation quasi systématique d’un curare pour l’intubation trachéale proposent que l’obtention de conditions idéales pour l’intubation n’est pas simplement
une question d’élégance, mais aussi de sécurité du
patient. Des conditions d’intubation médiocres peuvent être accompagnées de toux, de mouvement, de
ventilation difficile, de désaturation et d’un risque
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accru d’inhalation pulmonaire.4 Une étude récente a
établi une association entre des conditions médiocres
et des symptômes de maux de gorge et de raucité de
la voix, avec mise en évidence de lésions laryngées.5
Avec les données de Bouvet et coll.3 et les résultats des
études précédentes, devrions-nous nous préoccuper
des risques de la curarisation ou de lésions aux cordes
vocales ?
Conditions d’intubation
Jusqu’au milieu des années 1990, les chercheurs qui
voulaient comparer deux types d’induction sur les
conditions d’intubation devaient établir leur propre
grille d’évaluation ou en adopter une publiée auparavant. En 1994, un groupe d’experts s’est réuni
au Danemark pour proposer une normalisation de
plusieurs aspects des études sur les curares, dont les
conditions d’intubation. Les recommandations du
groupe ont été publiées en 1996,1 et depuis, la grille
d’évaluation des conditions d’intubation a été retenue
par presque tous les chercheurs, incluant Bouvet et
coll.3 En 2005, ces recommandations ont été mises à
jour lors d’une réunion tenue à Stockholm et publiées
l’an dernier.2 Malheureusement, les nouvelles recommandations sur les conditions d’intubations ne sont
pas aussi claires et précises que les anciennes, de sorte
qu’il est préférable, dans l’avenir, de s’en tenir au texte
de 1996.
	La grille proposée en 1996 pour les conditions
d’intubation est basée sur l’évaluation, dans une étude
à double insu, de cinq composantes: la facilité de la
laryngoscopie, la position des cordes vocales, le mouvement des cordes vocales, le mouvement des extrémités et la toux. Chaque composante est notée excellente,
bonne ou médiocre, selon des critères spécifiques.
Par exemple, pour la composante « mouvement des
extrémités », on accorde une note « excellente » s’il
n’y a aucun mouvement, « bonne » si le mouvement
est « discret » et « médiocre » si le mouvement est
« vigoureux ». Comme il est facile de constater s’il y
a mouvement ou non, la note excellente se démarque aisément des autres. Toutefois, ce qui départage
un mouvement « discret » de « vigoureux » pourrait
être sujet à interprétation, de sorte qu’il est difficile
de séparer le « bon » du « médiocre ». La note finale
est la pire des cinq composantes : pour qu’elle soit
médiocre, il suffit qu’une seule composante soit jugée
médiocre ; elle est bonne si au moins une composante
est évaluée comme bonne et aucune n’est médiocre ;
et elle est excellente si toutes les composantes sont
considérées excellentes.
Dans bien des études, comme celle de Bouvet et
coll.,3 on regroupe les conditions excellentes et bonnes
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sous le vocable « acceptable » et les conditions médiocres sont considérées « inacceptables ». Ainsi, la ligne
séparant les conditions acceptables de celles qui sont
inacceptables devient assez floue et dépend de l’évaluateur. Il peut y avoir cohérence à l’intérieur d’une même
étude, mais il est difficile de comparer des études différentes ou d’appliquer les résultats en pratique clinique.
Par exemple, Bouvet et coll. rapportent des conditions
acceptables chez 95 % des sujets qui n’ont pas reçu
de curare. Il est possible qu’un autre évaluateur aurait
noté quelques cas de « bonnes » conditions comme
étant « médiocres », étant donné le flou entre ces deux
catégories. Dans le groupe cisatracurium, on note
de bonnes conditions que dans 17 % des cas, le reste
étant jugé excellent. Il existe donc moins de situations
où un autre observateur aurait pu accorder une note
« médiocre », puisqu’il est peu probable qu’un évaluateur donne une note « excellente » tandis qu’un autre
juge ces mêmes conditions comme « médiocres ».
On retrouve moins de divergences entre les observateurs lorsque les conditions d’intubation sont excellentes, parce que celles-ci surviennent uniquement
lorsqu’il y a absence totale de mouvement. Ainsi, il
existe une certaine cohérence entre les études. Par
exemple, la plupart des articles rapportent qu’après 1
mg·kg–1 de succinylcholine, on retrouve d’excellentes
conditions dans 70–80 % des cas.6
Bien sûr, « excellent » est mieux que seulement
« bon » pour nos patients. Un autre avantage à faire la
distinction entre « excellent » et « bon » est de pouvoir planifier des études avec des mesures fines et un
nombre restreint de sujets. Par exemple, dans l’étude
de Bouvet et coll., il n’y avait pas de différence significative entre les groupes quant à la proportion de
conditions acceptables (100 % et 95 % avec et sans
curarisation, respectivement). En effet, si la différence
réelle était de 5 %, il faudrait plus de 800 patients par
groupe pour obtenir une différence statistiquement
significative. Toutefois, en tenant compte des trois
notes possibles pour les conditions d’intubation, une
analyse des résultats permet de conclure que les conditions d’intubations sont meilleures dans le groupe
cisatracurium (P < 0,001), et ce, avec 65 patients par
groupe. Est-ce pertinent du point de vue clinique ?
Selon toute vraisemblance, oui. Si d’excellentes conditions surviennent plus souvent, il y a fort à parier que
les conditions médiocres seront plus rares. Et si des
conditions médiocres sont présentes dans 5 % des cas,
elles surviendront 50 fois pour celui qui réalise 1 000
intubations chaque année.
Lésions aux cordes vocales
L’intubation trachéale comporte un risque très faible
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de lésions majeures au larynx ou à la trachée, mais ces
complications surviennent, en particulier lorsqu’il y a
intubation difficile.7 Il faudrait une étude avec un nombre énorme de patients pour établir si la curarisation
amène plus ou moins de ces lésions. Toutefois, l’intubation trachéale produit des symptômes mineurs, mais
fréquents, comme des maux de gorge et une raucité
de la voix, et il est probable qu’une intervention qui
produit plus de ces effets secondaires mineurs donnerait aussi plus de séquelles plus graves, mais rares, tout
comme une proportion élevée de seulement « bonnes »
conditions d’intubation est révélatrice d’une incidence plus grande de conditions « médiocres ». C’est la
démarche qu’ont entrepris Mencke et coll.5 lorsqu’ils
ont comparé l’incidence de maux de gorge et de raucité de la voix suite à l’intubation trachéale avec ou
sans curare. De plus, un otorhinolaryngologiste expérimenté a évalué les lésions laryngées par un examen
fibroscopique. Les conditions d’intubation étaient évidemment meilleures avec curare (atracurium dans ce
cas-ci) que sans curare, avec des conditions excellentes
dans 42 % et 5 % des cas, respectivement. L’incidence
de raucité était plus grande dans le groupe sans curare
et était corrélée à la présence de conditions d’intubation médiocres. On retrouvait des lésions aux cordes
vocales chez 40 % des sujets qui ont connu des conditions d’intubation médiocres, mais chez seulement 20
% de ceux dont les conditions étaient excellentes. Les
auteurs de cette étude concluaient que « la qualité des
conditions d’intubation peut modifier l’incidence de
morbidité laryngée ».5
	La même équipe de recherche a mené deux autres
études sur les lésions laryngées, mais dans lesquelles
tous les patients ont reçu un curare.8,9 On n’a pas trouvé de différence statistiquement significative quant à
l’incidence de maux de gorge, de raucité de la voix ou
de lésions aux cordes vocales entre les groupes, probablement parce que l’incidence de conditions d’intubation médiocres n’était pas bien différente entre les
groupes et parce que d’autres facteurs, comme la toux
à l’extubation, pourrait aussi contribuer à l’apparition
d’effets secondaires au larynx. Dans l’étude de Bouvet
et coll., l’incidence de lésions laryngées était très faible
dans les deux groupes, mais on a examiné seulement les
patients dont les symptômes persistaient. L’incidence
de raucité de la voix était de 20 à 30 %, ce qui est comparable à ce que Mencke et coll.5 ont trouvé dans leur
première étude chez les patients dont les conditions
d’intubation étaient excellentes ou bonnes.
Anaphylaxie
Sachant que l’administration d’un curare améliore les
conditions d’intubation et pourrait diminuer la surve-
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nue d’effets secondaires au niveau laryngé, pourquoi
préconiser l’intubation sans curare et pourquoi s’intéresser à des méthodes qui évitent la curarisation ?
Lorsque la durée de la chirurgie est brève, une petite
dose de curare peut être utilisée, avec de meilleures
conditions d’intubation que rien du tout.10 On peut
diminuer le risque de curarisation résiduelle par l’antagonisation pharmacologique des curares et par un
monitorage adéquat.11 Bouvet et coll.3 retiennent le risque de réaction anaphylactique, qui est perçu comme
un problème majeur dans certains pays, comme la
France et la Norvège.
	L’obsession française concernant les réactions anaphylactiques apparaît étrange vue de l’Amérique du
Nord ou d’autres pays européens, tout comme le peu de
souci qu’on se fait en Amérique du Nord pour le risque
allergique peut sembler irréaliste du point de vue français. En France, au cours des 20 dernières années, on a
développé un réseau très complet pour le diagnostic des
cas.12,13 Il est toutefois difficile de déterminer l’incidence
de réactions anaphylactiques à l’aide de telles enquêtes
parce que la déclaration des cas pourrait être incomplète, que le dénominateur est incertain et que la fiabilité
des tests est inconnue. Néanmoins, l’incidence globale
a été estimée dans une fourchette allant de 1 : 3 000
et 1 :20 000 anesthésies, avec une incidence plus élevée, peut-être jusqu’à 1 :1 500 pour des substances
soupçonnées d’être « allergènes », comme la succinylcholine et le rocuronium.12–14
On s’est aussi intéressé aux réactions allergiques
en Australie, au Royaume-Uni et en Scandinavie. En
Norvège, le rocuronium est pratiquement disparu des
chariots d’anesthésie après que l’on ait relevé 29 réactions anaphylactiques sur un total estimé de 150 000
doses en 1997–2000 (1 :5 172).15 La succinylcholine
a été également mise en cause dans un bon nombre
de réactions. Pendant la même période, on a recensé
seulement sept cas dans les pays voisins (Suède, Finlande et Danemark), pour environ 800 000 patients
ayant reçu du rocuronium (1 :114 000). D’après les
données fournies par un centre danois de consultation
pour les allergies, la substance la plus fréquemment
impliquée dans les réactions anaphylactiques était la
chlorhexidine et non les curares, contrairement à ce
qui prévaut en France.16 Aux Etats-Unis, les déclarations de réactions allergiques à la Food and Drug
Administration sont très rares (environ 1 :1 000 000
administrations pour le rocuronium).17
Alors que certains ont expliqué ces grandes différences d’incidence aux déclarations incomplètes dans
certains pays ou à des variations statistiques,16 d’autres
ont émis l’hypothèse que certains facteurs dans l’environnement pourraient jouer un rôle. Une étude a été
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mise sur pied pour rechercher des produits disponibles
en Norvège, mais pas dans les autres pays scandinaves,
qui pourraient sensibiliser les patients aux curares.18 On
a retrouvé des anticorps IgE à la succinylcholine chez
0,4 % des donneurs de sang en Norvège, mais chez
aucun en Suède. Après avoir passé plusieurs produits
au crible, les auteurs de l’étude se sont tournés vers la
pholcodine, un médicament contre la toux retrouvé
dans les sirops en vente libre en Norvège, mais pas en
Suède. Une sensibilité croisée avec les curares pourrait
survenir. Fait intéressant, la pholcodine est disponible
en France, en Australie et au Royaume-Uni, là où il y a
beaucoup d’intérêt pour les réactions allergiques, mais
pas au Canada et aux Etats-Unis.18
Peut-on attribuer à la pholcodine ce qui semble être
des différences dans l’incidence de réactions anaphylactiques entre les pays ? Jusqu’à présent, les preuves
sont circonstancielles, mais la piste est intéressante.
D’autres facteurs pourraient être impliqués et le nombre de déclarations pourrait être gonflé. De toutes
façons, il est intéressant de penser que quelque chose
d’aussi saugrenu que la présence ou l’absence d’un
sirop contre la toux en vente libre dans une collectivité
pourrait influencer notre façon de considérer l’intubation trachéale et la pratique de l’anesthésie.
Conclusion
La raucité de la voix et les lésions laryngées sont fréquentes et ces complications ont été reliées à des conditions d’intubation médiocres. Ces effets secondaires
mineurs sont sans doute des indicateurs de complications moins fréquentes, mais plus graves, de l’intubation trachéale. De la même façon, un type d’induction
de l’anesthésie qui produit des conditions d’intubation qualifiées de bonnes, sans être excellentes, est plus
susceptible de donner des conditions médiocres chez
certains patients qu’une induction qui donne d’excellentes conditions chez la plupart des sujets. Ainsi, lorsqu’on vise des conditions excellentes, pas seulement
bonnes, on réduit la possibilité de lésions laryngées
et le meilleur moyen d’y parvenir est de curariser. La
raison la plus impérieuse d’éviter la curarisation est le
risque perçu de réactions allergiques et il existe des
preuves assez faibles que ce risque pourrait dépendre du pays où l’on pratique. Il est dommage qu’une
forme plus bénigne, mais plus fréquente, de réaction
allergique n’ait pas été décrite, car elle pourrait servir
d’indicateur d’événements plus graves, comme c’est le
cas pour des lésions laryngées. Les anesthésiologistes
qui utilisent les curares pour intuber devraient continuer à le faire : si des réactions allergiques surviennent
à une fréquence de > 1 : 5 000, de tels événements
reviendraient au moins chaque année dans un hôpital
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de taille moyenne et chaque anesthésiologiste serait
au courant du problème. Ceux qui choisissent de procéder à l’intubation sans curare à cause de la possibilité de réactions anaphylactiques devraient développer
les habiletés et l’expérience pour viser des conditions
d’intubation non pas seulement bonnes, mais excellentes.
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Prospective randomized controlled multi-centre trial of cuffed or
uncuffed endotracheal tubes in small children#
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Background. The use of cuffed tracheal tubes (TTs) in small children is still controversial.
The aim of this study was to compare post-extubation morbidity and TT exchange rates when
using cuffed vs uncuffed tubes in small children.
Methods. Patients aged from birth to 5 yr requiring general anaesthesia with TT intubation
were included in 24 European paediatric anaesthesia centres. Patients were prospectively randomized into a cuffed TT group (Microcuffw PET) and an uncuffed TT group (Mallinckrodtw,
Portexw, Rüschw, Sheridanw). Endpoints were incidence of post-extubation stridor and the
number of TT exchanges to find an appropriate-sized tube. For cuffed TTs, minimal cuff
pressure required to seal the airway was noted; maximal cuff pressure was limited at 20 cm
H2O with a pressure release valve. Data are mean (SD).
Results. A total of 2246 children were studied (1119/1127 cuffed/uncuffed). The age was 1.93
(1.48) yr in the cuffed and 1.87 (1.45) yr in the uncuffed groups. Post-extubation stridor was
noted in 4.4% of patients with cuffed and in 4.7% with uncuffed TTs (P¼0.543). TT exchange
rate was 2.1% in the cuffed and 30.8% in the uncuffed groups (P,0.0001). Minimal cuff pressure
required to seal the trachea was 10.6 (4.3) cm H2O.
Conclusions. The use of cuffed TTs in small children provides a reliably sealed airway at cuff
pressures of 20 cm H2O, reduces the need for TT exchanges, and does not increase the risk
for post-extubation stridor compared with uncuffed TTs.
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In traditional paediatric airway management, the general
use of cuffed tubes in children aged below 8 – 10 yr has
been considered inappropriate.
Fear of airway mucosa injury mainly based on case
reports and scruples, to ignore standard textbook advice,
have prevented widespread use of cuffed paediatric tubes
until today,1 2 despite contradictory findings albeit in older
children in single-centre studies.3 – 6
Oversized outer tube diameters, inadequately designed
cuffs, wrongly positioned or missing depth marks, and

cuff overinflation have been identified to cause airway
damage in children managed with a cuffed tube.7 – 12
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A new cuffed tracheal tube (TT) (Microcuffw PET;
Kimberly Clark, Health Care, Atlanta, GA, USA) with an
anatomically designed high volume–low pressure tube
cuff,13 – 15 with a recommendation chart for tube size selection
has recently become available for paediatric anaesthesia.16
The aim of the present study was to compare postextubation airway morbidity, measured as post-extubation
stridor, after the use of these cuffed TTs in combination
with a cuff pressure release valve17 18 and uncuffed TTs in
children from birth up to 5 yr. In addition, this study
assessed the intubation attempts and ventilation indices
with the use of cuffed TTs compared with the uncuffed.

Methods
The study was planned and organized as a prospective, randomized, controlled multi-centre trial by the Department of
Anaesthesia, University Children’s Hospital Zurich,
Switzerland. The study protocol was approved by an
International Study Review Board. Local ethics committee
approval was given by each study centre and written parental informed consent was obtained for all patients.
The study procedure was instructed on-site in each
study centre by the main investigator. An instructional CD
was also provided.
Study sites were provided with sealed, opaque, consecutively numbered envelopes that contained the randomization code. The envelopes were opened immediately
before induction of anaesthesia.
Cuffed TTs were sent by the manufacturer. The cuff
pressure manometers, pressure release valves, and, if
needed, airway pressure gauges were directly sent from the
University Children’s Hospital Zurich to the study centres.
Patients aged from birth to ,5 yr in 24 European paediatric anaesthesia centres requiring general anaesthesia
with tracheal intubation were recruited. Patient’s inclusion
and exclusion criteria are summarized in Table 1. Baseline
patient characteristics, history, and type of procedure were
noted.
In the author’s institution, a stridor rate of about 2%
was observed before this study.19 A conservative estimate
based on the literature would suggest a baseline rate of
post-extubation stridor using uncuffed tubes of 2.5%.3 20 – 25
An unacceptable deterioration using cuffed TTs would
amount to an increase in post-extubation stridor incidence
rate to a total of 4%.
A study observing similar rates in both groups should be
sized to have a power of 90% at a type I error rate of 5% to
detect a difference of 1.5%. Using the sample size estimation
software PASS (NCSS Statistical Software, Kaysville, UT,
USA), the sample size was estimated at 3928 individuals
including adjustments for interim analysis and clustering
according to the O’Brian and Fleming26 stopping rule.
The management of anaesthesia was according to the
guidelines and standards of the local anaesthesia

Table 1 Inclusion and exclusion criteria
Inclusion criteria
Children aged from birth (weighing 3 kg) to ,5 yr
Children requiring oro-tracheal or naso-tracheal intubation with a Magill
shaped TT or preformed (RAE) TT as a part of their anaesthetic care and
planed controlled ventilation during the surgical/interventional/diagnostic
procedure
Tracheal intubation performed using direct laryngoscopy
Extubation after the procedure in the operating theatre
Procedure performed in the supine position
Patients for elective and emergency surgery, interventions, or both if there is
no risk for regurgitation or pulmonary aspiration
ASA physical status I and II
Written parental consent
Exclusion criteria
No parental written consent obtained
Known airway anomalies (airway stenosis, including Down’s syndrome)
Known or suspected difficult intubation
Known need for abnormal tube size
Children at risk for regurgitation
Surgery of the larynx and/or of the trachea, neck, and/or upper oesophagus
Pulmonary diseases (concurrent pneumonia or bronchial infection, asthma
requiring inhalation medication, pulmonary malformations)
ASA physical status .II
Fibreoptic intubation or alternative intubation technique
Planned postoperative ventilation in the ICU
Weight and/or height percentiles ,3%/.97%

departments. Cuffed TT sizes (Microcuffw PET) were
selected as follows: ID 3.0 mm for birth (.3 kg body
weight) to ,8 months; ID 3.5 mm for 8 to ,18 months;
ID 4.0 mm for 18 to ,36 months; and ID 4.5 mm for 36
to ,60 months.16
Uncuffed TT sizes were selected according to local
institutional guidelines. Each study centre used their usual
uncuffed paediatric TTs (Mallinckrodtw, Portexw, Rüschw,
Sheridanw) for the uncuffed group.
Tracheal intubation was performed under direct laryngoscopy by the oral or nasal route, without or with the use of
bougies or stylets. TT insertion depth was managed
according to institutional guidelines in uncuffed TTs and
according to the depth marking in cuffed TTs. If there was
resistance to passing the tube through the larynx, a tube
one size smaller (20.5 mm ID) was selected. Air leak
pressure after intubation was tested with the patient supine
and the head in the neutral position. An audible air leak at
the patient’s mouth had to be present at 20 cm H2O
positive inflation pressure in uncuffed TTs and in cuffed
TTs with the cuff fully deflated in accordance with the
recommendations of Motoyama and colleagues,27 Koka
and colleagues,25 Stocks,28 and Lee and colleagues.29 If
there was no air leak present at 20 cm H2O inflation
pressure, the tube was judged to be too large and had to
be exchanged for the next smaller size (20.5 mm ID).27 28
A cuffed TT size ID 3.0 mm was exchanged to an
uncuffed TT size ID 3.0 mm. When changing an uncuffed
TT to the next smaller size which resulted in excessive air
leak, a throat pack or cuffed TT was used.
After assuring that no oversized tubes were inserted in
either group, adequacy of sealing was tested by mechanical ventilation of the patients. TTs with excessive air
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Medications applied to treat post-extubation stridor and the
need for ICU admission or re-intubation were noted.

Data management and statistical analysis

Fig 1 Test assembly used in the cuffed group: cuffed paediatric TT
(Microcuffw PET) attached to a cuff pressure manometer with pressure
release valve (arrow) limiting cuff pressure at 20 cm H2O.

leak, not allowing adequate ventilation, were exchanged to
the next larger size (þ0.5 mm ID).
For cuffed TTs, the cuff was inflated with the cuff
pressure manometer. Cuff pressure was limited to 20 cm
H2O with a pressure release valve (Fig. 1).30 When in the
uncuffed group a smaller tube was too small and a larger
one too large, a throat pack could be used or the patient
was switched to a cuffed TT.
Minimal sealing pressure was assessed under
steady-state ventilation conditions and maintained during
the procedure. This was performed by slowly reducing the
cuff pressure until an audible leak appeared at the patient’s
mouth and then the pressure was increased until leak disappearance. Minimal cuff pressure required to seal the
airway and quality of sealing were recorded. Further intubation time, anaesthetic technique, course of intubation,
leak pressure, peak inspiratory pressure, use of throat
package, and number of TT exchanges to find the
appropriate-sized tube were also recorded. The final TT
inserted (cuffed or uncuffed) was noted.
Intraoperatively, the presence of plateau-type end-tidal
capnography, oxygenation, accidental endobronchial intubation, or extubation and the need for secondary TT
exchange (excessive leakage) were recorded.
Patients’ tracheas were extubated awake or asleep.
Immediately before extubation, the cuff was fully deflated
and then the TT was removed from the patient’s trachea.
Duration of intubation, occurrence of laryngospasm, postextubation stridor, defined as any new high pitched
inspiratory sound, within 1 h after extubation, were
recorded by an independent assessor in the child free of
pain, secretions, and residual airway obstruction.

Completed data forms were copied at the local centre and
the original data forms sent to the organizers and checked.
If required, the investigators were contacted by e-mail to
complete the data forms. Data forms were electronically
scanned and stored (Kaiser Data, Wollerau, Switzerland).
Statistical calculations were performed by the Mannheim
Institute of Public Health, University of Heidelberg,
Germany.
Baseline characteristics and outcomes across the groups
(initial cuffed vs initial uncuffed and final cuffed vs final
uncuffed TTs) were compared using Student’s t-test for
normally distributed data, Mann – Whitney U-test for nonnormally distributed data, and x2 analysis for nominal data.
Risk ratio was assessed to analyse the impact of a new
treatment (e.g. cuffed tubes) on an outcome (e.g. stridor)
and was calculated as the risk in the treatment group
(cuffed tubes group) divided by the risk in the control
group (uncuffed tubes group). A risk ratio of 1 indicated
the same risk for the outcome in both groups with no
association between the risk factor and the outcome. A risk
ratio of ,1 was interpreted as a less likely occurrence of
the outcome in the experimental group than in the control
group, suggesting that the factor may be protective.
Finally, a risk ratio .1 was identified as a more likely
occurrence of the outcome in the experimental group than
in the control group, suggesting that the factor may be disadvantageous. All analyses have been calculated using
SAS (Version 8.2, SAS Inc., Cary, NC, USA) or SPSS
(Version 16, SPSS Inc., Chicago, IL, USA).

Results
Four thousand and eight hundred study envelopes were
sent to the study centres. A manufacturing change in the
TT shaft material resulted in increased risk of kinking of
the TT. This required temporary recall of the Microcuffw
PET tube. Because the rectification of this problem
required several months, the study was stopped ahead of
schedule.
A total of 2406 completed data forms were returned
from the study centres. One hundred and sixty data forms
(106 in the cuffed group/54 in the uncuffed group) had to
be excluded because the age group or the TT size with
regard to age group was not correctly selected. Finally,
2246 children from 24 study centres were investigated
(1119/1127 cuffed/uncuffed tubes). Five patients (one in
the cuffed group/four in the uncuffed group) remained
intubated after operation and were not included in the
assessment of post-intubation morbidity. Numbers of
patients investigated per centre ranged from 7 to 188;
median 83 patients.
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Children’s age was 1.93 (1.48) yr in the initially cuffed
(n¼1119) and 1.87 (1.45) yr in the initially uncuffed
(n¼1127) study groups. Patient characteristics, history, and
type of procedure are presented in Tables 2 and 3.
Induction and intubation data are given in Table 4.
Post-intubation stridor was noted in 4.4% in the final
cuffed group and in 4.7% in the final uncuffed group
(P¼0.543, risk ratio 0.936) (Tables 5 and 6). Exclusion of
patients with one or several tube exchanges did not significantly alter post-extubation morbidity among the two
groups (Table 5).
TT exchange rate was 2.1% in the cuffed and 30.8% in
the uncuffed study groups (P,0.0001, risk ratio 0.068).
The reasons for tube exchange in the two groups are
shown in Table 7. Minimal cuff pressure to seal the
trachea in the cuffed group was 10.6 (4.3) cm H2O.
Intraoperatively, capnography was reliable in 98.6%
(cuffed TTs) and in 95.6% (uncuffed TTs) (P,0.0001,
risk ratio 1.03) (Table 8).

Discussion
The main finding of the present study was that the
Microcuffw PET used according to the proposed recommendation for tube size selection with cuff pressure
limited to 20 cm H2O can be safely used in small
children, since the incidence of post-extubation stridor was
Table 2 Patient characteristics (n¼2246) in the two groups who finally had
cuffed or uncuffed tubes

Patients investigated
Age of patients (yr) [mean (range)]
Weight of patients (kg) [mean (SD)]
Gender (female/male)
ASA (I/II)
Prior croup
Actual or recent respiratory tract
infection (,4 weeks)

Cuffed tubes

Uncuffed tubes

1197
1.94 (0 –4.99)
11.4 (4.7)
33.1%/66.9%
66.2%/33.8%
23 (2.0%)
159 (13.6%)

1049
1.85 (0 –4.98)
11.2 (4.6)
35.0%/65.0%
33.4%/66.6%
27 (2.6%)
131 (12.9%)

Table 3 Type of procedure (per patient more than one intervention possible)
in the two groups who finally had cuffed or uncuffed tubes
Cuffed tubes (n51197) Uncuffed tubes (n51049)
Interventions
Head surgery
ENT
Cleft
Thoracic
Abdominal
Laparoscopy
Urology
Limb
Cardiac catheterization
Gastroenterology
Radiology
Others

1246
143
171
73
17
310
26
284
92
16
13
28
73

1081
108
161
87
13
263
12
223
79
14
15
35
71

Table 4 Induction and tracheal intubation data in the two groups who finally
had cuffed or uncuffed tubes

Intubation route (oral/nasal)
Tube brand used (Magill/preformed
curved)
Muscle paralysis used
Bougie/stylet used
Local anaesthesia spray used
Induction (i.v./inhalation)
Systemic steroids used (PONV)
Systemic NSAID used (Pain)
Oro-gastric suctioning used
Difficulties with intubation
Patients with .1 intubation attempts
Patients with .1 tube insertion
attempts

Cuffed tubes
(n51197)

Uncuffed tubes
(n51049)

95.4%/4.6%
77.8%/22.2%

91.6%/8.4%
77.9%/22.1%

61.9%
5.7%
4.5%
34.5%/65.5%
17.0%
35.2%
53.8%
2.3%
5.7%
3.4%

57.6%
12.9%
5.4%
34.2%/65.8%
16.8%
40.2%
50.6%
2.5%
8.4%
9.0%

not increased when compared with uncuffed TTs.
Furthermore, minimal tube exchange rate, a reliable,
sealed airway, and improved capnography trace were the
main benefits of cuffed TTs.
To date, only single-centre experience with cuffed
TTs has been published.3 – 6 Because of the many limitations associated with these studies (e.g. limited
numbers, non-randomized design, not including infants
or young children), it has so far not been possible to
draw valid conclusions in the longstanding debate relating to the use of cuffed vs uncuffed TTs in paediatric
anaesthesia. Since a modern cuffed TT designed for
small children has recently become commercially available, a large prospective, randomized, multi-centre trial
was required to further investigate this issue in small
children.
The study was terminated prematurely due to reasons
beyond our control. An improved version of the Microcuff
PET became available only 1 yr after the study stopped.
Despite not being able to recruit the number indicated by
the initial power calculation, the study still managed to
include more than 2000 patients, demonstrating similar
incidences of post-extubation stridor with longer intubation times in the cuffed group.
The most central finding of the present study was that
the incidence of post-extubation stridor was not affected
by the use of cuffed TTs. In this study, an anatomically
designed cuffed TT with controlled and limited cuff
pressure was used and the tube size selected strictly
according to size recommendations. The incidence of postextubation stridor in both patient groups is consistent with
the findings of Ashtekar and Wardhaugh31 and should alleviate the fear of many paediatric anaesthetists that cuffed
TTs may cause increased post-extubation stridor rates in
small children. However, it is important to note that cuffed
TTs with oversized outer tube diameters, wrongly
designed cuffs, and cuffs used without cuff pressure
control can cause airway damage.7 – 10
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Table 5 Primary outcomes: post-extubation morbidity and therapy. *P,0.05; **P,0.01
Cuffed tubes final after
exchanges (n51197)
Duration of tracheal intubation (min) 107.5 (79.9)
[mean (SD)]
Extubation (awake/asleep)
49.0%/51.0%
Laryngospasm
4.5%
30.4 (27.6)
Time from extubation to assessment
(min) [mean (SD)]
Inspiratory stridor: all
4.4%
Inspiratory stridor: with signs of
0.33%
severe dyspnoea
Epinephrine nebulizer (% patients
18.9/0.84
with stridor/% all patients)
NSAID (% patients with stridor/%
30.2/1.38
all patients)
Systemic steroids (% patients with
20.8/0.92
stridor/% all patients)
Unplanned ICU-admission (%
5.6/0.25
patients with stridor/% all patients)
Need for re-intubation (% patients
3.8/0.18
with stridor /% all patients)

Uncuffed tubes final after
exchanges (n51049)

Cuffed tubes initial without
exchange (n51095)

Uncuffed tubes initial
without exchange (n5780)

99.0 (72.8)**

103.0 (76.6)

93.8 (71.7)**

46.7%/51.4%
3.5%
27.6 (24.4)*

All (A– D)
A: 0 to ,8
months
B: 8 to ,18
months
C: 18 to ,36
months
D: 36 to ,60
months

4.3%
0.37%

4.4%
0.26%

30.6/1.44

15.1/0.73

22.4/1.40

36.7/1.72

30.2/1.47

30.6/2.1

22.4/1.05

15.1/0.73

18.4/1.15

2.1/0.10

5.7/0.27

2.04/1.13

2.1/0.10

3.8/0.18

2.04/1.13

Table 7 Reasons for tube exchange and incidence; data expressed as number
of incidents or as indicated. **P¼0.01; ***P,0.001; ****P,0.0001

Cuffed tubes Stridor (n) Uncuffed
(final) (n)
tubes (final)
(n)

Stridor (n)

1197
326

49 (4.7%)NS
14 (4.7%)NS

53 (4.4%)
9 (2.8%)

1049
298

43.6%/56.4%
3.4%
26.4 (23.3)*

4.7%
0.29%

Table 6 Stridor rates per age group. NS, not significant
Age groups

48.2%/51.8%
4.6%
30.6 (27.7)

NS

247

15 (6.1%)

234

8 (3.4%)

311

15 (4.8%)

266

17 (6.4%)NS

313

14 (4.8%)

251

10 (4.0%)NS

In this context, it should also be pointed out that data
regarding post-extubation stridor are difficult to compare
between different studies. The time of assessment varies
from immediately after extubation to discharge from the
recovery room.3 20 – 25 32 33 Residual airway obstruction due
to anaesthetics, pain, and secretions must also be
accounted for. In the present study, clear and stringent
definitions for stridor and its assessment were followed.
This fact may explain why the incidences of stridor in our
study (4.4% and 4.7%, respectively) were higher than the
value used for the initial power calculation (2.5%).
However, a similar incidence of post-extubation stridor in
younger children can be found in other studies.25
Publications reporting lower stridor frequencies usually
also include children in the 6 – 16 yr age range where the
risk of stridor is much less.3 6 The fact that the majority of
participating centres did not have any previous experience
with the use of cuffed TTs and the multi-centric nature of
the study also support the general applicability of the
study findings.
Cuffed tubes were selected with a smaller diameter, and
the cuff was inflated as required to fill the individual gap

Tube passage
Resistance to pass into the
trachea
Leakage (n tested)
.20 cm H2O inflation pressure
for air leak
Sealing (n tested)
Peak inspiratory pressure used
(cm H2O) [mean (SD)]
No audible air leak
Acceptable air leak
Excessive air leak
Minimal cuff pressure for
sealing cm H2O [mean (SD)]
Tube exchange
Tube exchange
Reason for tube exchange
Resistance to pass the tube
No air leak at 20 cm H2O
Excessive air leak at IPPV
Others (too long preformed
tube)
Patients with more than one
tube exchange
Total number of tube
exchanges
Throat pack used

Cuffed tubes
initial (n51119)

Uncuffed tubes
initial (n51127)

7

46***

1112
10

1081
112***

1102
17.3 (3.4)

969
16.3 (3.2)***

1018
78
6
10.6 (4.3)

398
383
188
—

24 (2.1%)

347 (30.8%)****

7
10
6
1

46***
112***
188***
1

5

87***

29

434***

2.7%

10.0%**

between the tube and the tracheal wall. This principle
resulted in 15 times reduced need for TT changes and considerable less use of throat packaging. In fact, the chance
to find an appropriate TT at the first attempt was 97.9%
for cuffed and only 69.5% for uncuffed TTs. Particularly,
in prehospital, emergency, and intensive care settings, and
also for less experienced anaesthetists, a paediatric TT
which fits almost 100% at first attempt provides a considerable benefit.
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Table 8 Intraoperative incidence of the secondary outcomes. ****P,0.0001

Reliable capnography
Oxygenation problems
Accidental endobronchial
intubation
Accidental extubation
Secondary tube exchange
required

Cuffed tubes
(n51197)

Uncuffed tubes
(n51049)

98.6%
1.0%
1.5%

95.6%****
1.1%
2.5%

0.6%
0.5%

0.4%
1.0%

Reassuringly, the cuff inflation pressure (10.6 cm H2O)
needed to accomplish an adequate tracheal seal was substantially less than with other paediatric TT cuffs
reported34 and below the 25 cm H2O threshold that has
been shown to cause increased airway morbidity with
uncuffed tubes.32 The better tracheal seal caused by the
TT cuff was also found to result in significantly enhanced
conditions regarding the ability to record an adequate capnography trace, something that occasionally can be very
difficult if uncuffed TTs are used. As mentioned above,
these positive effects of using a cuffed TT could be
accomplished without increasing the risk for postextubation stridor. It must be pointed out that the excellent
findings obtained with the Microcuff PET in this study
cannot be generalized without further studies to all cuffed
paediatric tubes available.7 9 10
In conclusion, when using appropriately designed
cuffed TTs with a clear concept for cuff pressure control
and tube size selection, cuffed tubes have a much higher
chance of fitting at first attempt than uncuffed tubes.
Cuffed TTs are not per se associated with higher airway
morbidity in small children, objectified here as postextubation stridor, and thus they can be used safely in this
age group.
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Editorial I
Cuffed or uncuffed tracheal tubes during anaesthesia in infants and small children: time to
put the eternal discussion to rest?

Few things in anaesthesia are as delicate and as vulnerable
as the paediatric airway. In our smallest patients, the
airway must be protected to allow adequate ventilation but
must also be handled with utmost care to ensure no injury
occurs to the laryngo-tracheal structures. Although the
introduction of the laryngeal mask airway has been a
major breakthrough in paediatric and adult anaesthesia, the
vast majority of major surgical procedures carried out in
newborns and infants still require tracheal intubation in
order to provide safety for the patient and optimal conditions for both the anaesthetist and the surgeon.
There is no doubt that the first generation of tracheal
tubes (TTs) made out of red rubber with a low volume –
high pressure cuff had significant potential to cause harm
to the larynx and trachea both in adults and in children,
sometimes resulting in severe damage with drastic longterm sequelae (e.g. the need for permanent tracheotomy).
The subsequent development of TTs made out of much
less irritant plastic materials with high volume – low
pressure cuffs solved this problem for adult patients,
making the use of cuffed TTs the universal standard for
procedures carried out in the grown-up population.
Despite the simultaneous development and production
of paediatric sized cuffed TTs of more modern design,
these tubes were still suboptimal in many ways.1 This was
especially true regarding the cuff design, and anything but
very short-term use (e.g. airway management for adenotonsillectomy) has been the focus for an almost eternal
discussion within the paediatric anaesthesia community.
Some paediatric airway experts have cited individual
horror-cases of children who have had damage associated
with cuffed TTs, and based on a huge personal experience,
claimed that cuffed TTs should not be used, or even be
banned, in paediatric anaesthetic practice.2
A completely different view has been put forward from
other centres, for example, the paediatric cardiac centre in
Lund, Sweden. Their interest in metabolic monitoring for

all paediatric cardiac cases (including cases needing
cardiopulmonary bypass) requires a good seal of the
airway to allow accurate metabolic measurements of
oxygen consumption and carbon dioxide production in this
complex patient population. This patient category does
represent a distinct high-risk population due to the long
periods of low perfusion pressures when on bypass (or
even circulatory arrest), thereby seriously limiting capillary
mucosal circulation in the area of the trachea that is in
contact with the TT cuff. These paediatric cardiac cases
are obviously subjected to repeated and stringent follow-up
for a prolonged period due to their cardiac problems, but
no cases of serious airway complications that could be
attributed to the TT cuff have been identified, despite
having their use in thousands of infants and children. This
obviously does not rule out the existence of minor lesions
but does argue against the experience of the ‘uncuffed
camp’. Positive experiences with regard to the use of
cuffed TTs in paediatric anaesthesia have also been
reported both from the USA and from France.3 4
As there has been, up to now, a complete lack of prospective randomized clinical trials of adequate size, comparing the use of cuffed and uncuffed TTs in infants and
children, the debate has gone back and forth for ages,
based on personal experience and no end to this dilemma
has been in sight.
However, based on the design deficiencies of commercially available cuffed paediatric TTs,1 Weiss and colleagues5 – 10 from Zürich decided to develop a paediatric
TT with a high-volume/low-pressure cuff and adequate
distance markers that potentially could resolve the stalemate concerning cuffed vs uncuffed TTs in small children.
On the basis of the positive results of a pilot study,11 the
Zürich group decided to take their new concept one step
further.
In the current issue of the British Journal of
Anaesthesia, the Zürich group present the results of one of
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the largest prospective randomized multicentre studies
within the field of anaesthesia.12 In this study, more than
2200 children (newborn – 5 yr old), undergoing a large
variety of surgical interventions requiring tracheal intubation, were prospectively randomized to be intubated either
with a standard uncuffed TT or with a Microcuff TT. The
incidence of post-extubation stridor was chosen as their
primary effect parameter, with the hypothesis that the incidence of post-extubation stridor should not differ between
the groups (equipoise).
The study nicely shows that the risk of post-intubation
stridor did not differ if a cuffed or an uncuffed TT was
used (4.4% vs 4.7%). Furthermore, a highly significant
reduction in the number of TT exchanges was found in
advantage of cuffed tubes (2.1% vs 30.8%). The reduced
number of TT exchanges is not only important from an
economic perspective, but repeated laryngoscopy and TT
passage through the larynx and subglottic area should
reasonably increase the likelihood of trauma to the airway.
Furthermore, the better airway seal with cuffed TTs was
found to result in a small but statistically significant
improvement in the quality of the exhaled CO2 trace.
As always, it is necessary to evaluate the strengths and
potential weaknesses of a study before drawing your final
conclusions and the current study has a number of
strengths. First, the number of patients enrolled is large,
which is an important strength of any study. Secondly, the
strict and elaborate study protocol, including a pre-study
information and quality visit to all participating centres by
one of the principal investigators, mirrors the high ambitions of the steering committee. The fact that this study
reports a slightly higher overall incidence of postintubation stridor (4.5%) than previous studies (2.5%)3
can be taken as evidence of the stringency of the strict
study protocol used. Thirdly, the large number of participating centres supports the general applicability of the
study findings.
Some limitations can of cause also be identified. From a
strict academic point of view, the major limitation of the
study is that it had to be terminated before the initially projected number of patients (n¼3928) had been included,
due to circumstances beyond the control of the investigators. The result of equipoise between cuffed and
uncuffed TTs with regard to the incidence of postoperative
stridor would of course have been even more reliable if the
initially projected number of patients had been included.
However, a very significant number of patients (.2200)
were in fact recruited, and thus, the results deserve widespread scientific and clinical recognition. A further limitation is that the study results are only valid when the
Microcuff TT is used and the cuff pressure is limited to
20 cm H2O. Thus, the results cannot be extrapolated to
other commercially available cuffed paediatric TTs nor to
the use of Microcuff tubes without continuous pressure
measurements. Finally, the present study for obvious
reasons does not provide any data regarding the rare long-

term problems of tracheal intubation in general, for
example, laryngeal damage or tracheal stenosis—a fact that
the ‘uncuffed camp’ already has put forward as a major criticism of the study.13 To provide such data will necessitate
repeated fibreoptic bronchoscopy after a single episode of
TT intubation with a cuffed vs uncuffed TT and to gather
such information will be associated with very substantial
problems. Thus, it is unlikely that such data will ever be
produced on a sufficiently large scale.
In what way has the present study influenced the position of the debate concerning cuffed vs uncuffed TTs in
paediatric anaesthesia? First, the study provides a strong
evidence base to support the finding that an appropriately
designed cuffed TT does not increase the risk of postextubation stridor in newborns, infants, and small children
and is associated with a reduced number of TT exchanges.
Secondly, the burden of evidence has now shifted and lies
with the claim that the use of appropriately designed
cuffed TTs is dangerous. Thus, the ‘uncuffed camp’ will
now have to prove, based on prospectively gathered data,
that the use of adequately designed cuffed TTs is in fact
harmful to the paediatric airway.
So from now on, should cuffed TTs always be used in
infants and small children undergoing anaesthetics and
surgery that mandate TT intubation? In situations where
the use of a cuffed TT is seen to be associated with significant advantages, for example, major surgery, the
answer is, in my opinion, yes. However, two factors will
influence whether cuffed TTs will be used routinely in
other cases. First, currently the price of Microcuff TTs is
substantially higher than standard uncuffed TTs. This may
change with time and commercial competition, but for the
time being this will most likely influence the clinician’s
choice of TT to a large extent. Secondly, the use of cuffed
TTs will require continuous cuff pressure monitoring.
Thus, the routine use of cuffed TTs will introduce a slight
increase in the workload of the paediatric anaesthetist and
also introducing the cost of buying cuff pressure monitors.
However, routine cuff pressure monitoring represents
normal practice for our adult colleagues, so this second
argument against the use of cuffed TTs does ring very
hollow.
Lastly, it is very important that the current results are
not taken as evidence that the use of cuffed paediatric TTs
is safe also in the NICU or PICU setting. This is, of
course, due to the readily apparent fact that cuffed TTs
will be in place for much longer periods of time in the
NICU/PICU setting than during anaesthesia and surgery.
However, hopefully the results of the current study will
prompt future large scale NICU/PICU studies that in a
similar way compare the use of cuffed and uncuffed TTs.
NICU/PICU studies will also have a greater potential of
including a bronchoscopic evaluation of laryngo-tracheal
injury at extubation to help shed light on the possible risks
of more major airway damage of cuffed and uncuffed TTs
in the paediatric population.
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In conclusion, we should all be grateful to the Zürich
group for their tireless effort to bring the debate on cuffed
vs uncuffed TTs in paediatric anaesthesia forward—not
only by designing a new and more appropriate cuffed paediatric TT but more so for going through the huge work of
evaluating its use on a very large scale. I am sure that
their study will prove to be one of the hallmark papers of
paediatric anaesthesia and will definitely change clinical
practice. Perhaps the eternal debate will not completely
stop, but it will definitely stand on much firmer scientific
ground and depend less on opinion.
P. A. Lönnqvist
Section of Anaesthesiology and Intensive Care
Department of Physiology and Pharmacology
Karolinska Institute
Paediatric Anaesthesia and Intensive Care
Karolinska University Hospital
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Editorial II
General anaesthesia vs local anaesthesia: an ongoing story

Many anaesthetists, surgeons, patients, and nurses believe
that major surgery is inherently safer, if it can be performed under local or regional anaesthesia (LA) rather
than general anaesthesia (GA), particularly in a sicker
patient. Carotid endarterectomy is one such procedure,
where views are often polarized, such that in some UK
centres, GA is not offered as an option at all. Is there any
evidence to support such a stance, either for this or other
major procedures in the medically fit or unfit patient?

The GALA study tested the hypothesis that LA is safer
than GA in a large population undergoing carotid endarterectomy (Table 1).1 2 A summary of the systematic review
performed and an analysis of previous studies conducted
by Rerkasem and colleagues3 can be found at http://www.
dcn.ed.ac.uk/gala/. It was suggested that avoiding the
physiological disturbances produced by GA is beneficial
and that there may be benefits specific to carotid surgery,
including the following:
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The Diagnostic Value of the Upper Lip Bite Test
Combined with Sternomental Distance, Thyromental
Distance, and Interincisor Distance for Prediction of Easy
Laryngoscopy and Intubation: A Prospective Study
Zahid Hussain Khan, MD*
Mostafa Mohammadi, MD*
Mohammad R. Rasouli, MD†
Fahimeh Farrokhnia, MD*
Razmeh Hussain Khan‡

BACKGROUND: Accuracy of upper lip bite test (ULBT) has been compared with the
Mallampati classification. In this study, we investigated whether the combination
of the ULBT classification with sternomental distance (SMD), thyromental distance
(TMD), and interincisor distance (IID) or a composite score can improve the ability
to predict easy laryngoscopy and intubation compared with each test alone.
METHODS: In a prospective study, 380 patients who were scheduled for elective
surgery were selected randomly and enrolled in the study. Before inducing
anesthesia, the airways were assessed, and ULBT class, SMD, TMD, and IID
determined. Laryngoscopic view according to the Cormack and Lehane grading
system was determined after induction of anesthesia and Grades 3 and 4 defined
as “difficult intubation.” By using receiver operating characteristic analysis, the
best cutoff points of the tests were calculated. Finally, sensitivity, specificity,
positive and negative predictive values and accuracy of these tests and their
combinations with the ULBT were calculated.
RESULTS: The prevalence of difficult intubation was 5% (n ⫽ 19). Class III ULBT, IID
⬍4.5 cm, TMD ⬍6.5 cm, and SMD ⬍13 cm were defined as predictors of difficult
intubation. There was no significant difference regarding difficult intubation based
on gender (P ⬍ 0.05), whereas there were significant differences between the older
tests and laryngeal view (P ⬍ 0.05, Mc-Nemar test). Specificity and accuracy of the
ULBT were significantly higher than TMD, SMD, and IID individually (specificity
was 91.69%, 82.27%, 70.64%, and 82.27%, respectively, and accuracy was 91.05%,
71.32%, 81.84%, and 76.58%, respectively). The combination of the ULBT with SMD
provided the highest sensitivity.
CONCLUSION: We conclude that the specificity and accuracy of the ULBT is significantly higher than the other tests and is more accurate in airway assessment.
However, the ULBT in conjunction with the other tests could more reliably predict
easy laryngoscopy or intubation.
(Anesth Analg 2009;109:822–4)

A

lthough many advances have been made and many
time-tested methods have been used to overcome the
conundrum of an unanticipated difficult laryngoscopic
tracheal intubation, most tests are not reliable.1 All
preoperative airway assessment tests are characterized
by low sensitivity, reasonable specificity, low positive
predictive value (PPV), and significant false positives.2– 4
Although our initial evaluation of the upper lip bite
test (ULBT1) showed greater specificity and accuracy
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compared with the Mallampati classification, the
ULBT has not been compared with other tests, such as
measurement of sternomental distance (SMD), thyromental distance (TMD), and interincisor distance
(IID). In this study, the ULBT is compared with these
tests for preoperative assessment of airway and prediction of ease of tracheal intubation. We also aim to
describe a composite measure that combines ULBT
with each of the other measures.

METHODS
Three hundred eighty ASA I patients older than 16
yr scheduled for elective surgical procedures requiring endotracheal intubation were enrolled in the study
after approval of the ethics committee of the university. Verbal informed consent was obtained from each
patient before starting the study. Patients with any
airway abnormality or obvious neck pathology were
excluded.
Vol. 109, No. 3, September 2009

The SMD was measured in supine position with the
head fully extended and with the mouth closed. The
straight distance between the upper border of the manubrium sterni and the bony point of the mentum was
measured. For TMD, the straight distance between the
upper border of the thyroid cartilage and the bony point
of mentum was measured.5 IID was measured when the
patient opened his or her mouth, and the distance
between incisors was obtained. The ULBT class was
determined according to the following criteria: Class I,
lower incisors can bite the upper lip above the vermilion
line; Class II, lower incisors can bite the upper lip below
the vermilion line; and Class III, lower incisors cannot
bite the upper lip.1
Anesthesia was induced with midazolam (1 mg),
fentanyl (2 g/kg), thiopental (5 mg/kg), and atracurium (0.5 mg/kg). With the head in the sniffing
position, laryngoscopy with a Macintosh 3 blade was
attempted, and the view determined using the
Cormack-Lehane (C-L) grading system.6 C-L Grades 1
and 2 were categorized as “easy intubations” and
Grades 3 and 4 as “difficult intubations.” All preoperative airway assessments and measurements were
performed by a third-year resident, and subsequent
laryngoscopies and C-L grading were conducted and
scored by one of the authors (ZHK), who was blinded
to the observations made preoperatively.
Statistical analysis was performed using SPSS software version 10.5 (SPSS, Chicago, IL) and MedCalc
version 9.2 (MedCalc Software, Maria-kerke, Belgium). Receiver operating characteristic (ROC) analysis was used to determine the accuracy of each test
and the combination of ULBT with the other tests
(SMD, TMD, and IID). For this purpose, a binary
variable was defined. If both the ULBT and the other
test had predicted easy intubation based on obtained
cutoff points, the new variable was coded as “easy.” If
one or both of them had predicted difficult intubation,
the variable value was coded as “difficult intubation.”
Sensitivity, specificity, accuracy, PPV, and negative
predictive values (NPV) were then calculated. The
best cutoff points were determined by selecting a
point where the sensitivity and specificity were approximately equal. Data were analyzed by using Fisher’s exact and Mc-Nemar tests, and a P value ⬍0.05
was considered statistically significant.

RESULTS
Three hundred nine patients (209 men) were included in the study. The mean age was 34 ⫾ 10 yr
(mean ⫾ sd). Intubation was difficult in 19 patients
(5%, C-L Grades of 3 and 4 in 17 and two cases,
respectively). The ULBT classes versus C-L grades are
depicted in Figure 1.
By using receiver operating characteristic analysis,
Class III ULBT, IID ⱕ4.5 cm, TMD ⱕ6.5 cm, and SMD
ⱕ13 cm were defined as cutoff points for difficult
intubation (Table 1). These criteria were determined to
predict difficult intubation.
Vol. 109, No. 3, September 2009

Figure 1. The upper lip bite test (ULBT) classes versus
Cormack-Lehane (C-L) grading.

There was no significant difference regarding difficult intubation according to gender (P ⬎ 0.05, 2 test).
However, there were differences by gender with regard to the tests and C-L grades (P ⬍ 0.05, Mc-Nemar
test). A combination of each test with the ULBT
showed the highest sensitivity for the combination of
ULBT with SMD, whereas the highest specificity was
found in the combination of ULBT with TMD.

DISCUSSION
Our results show that the ULBT has higher accuracy and specificity than the other tests and also a high
NPV. The results also indicate that Class I ULBT is
more likely to predict an easy intubation than the
other tests. We further found that the combination of
SMD and ULBT improved the sensitivity of ULBT
when compared with the latter alone. This finding was
the hallmark of our results when the tests were
combined. However, the combination of the ULBT
with the other tests did not show any superiority to
the ULBT alone with regard to specificity. A combination of these tests did not enhance PPV, NPV, and
accuracy compared with those obtained with the
ULBT alone.
One of the most important challenges in using
SMD, TMD, and IID is the quantitative nature of these
tests,7,8 whereas the classification of patients based on
the ULBT is of a qualitative nature, making differentiation of classes easy and precise. In brief, the differences between the ULBT and the other tests are those
between continuous and discrete variables. Thus, the
ULBT is associated with the least interobserver variability, which adds to its advantage as an airway
assessment test. These findings are consistent with a
previous report by Eberhart et al.,9 which showed that
the interobserver reliability of the ULBT is higher than
the Mallampati classification.
The prevalence of difficult intubation in our study
was 5%; however, failure to intubate was not encountered. Our results corroborate those of a previous
study, which reported a prevalence of 4.7% for difficult intubation.3 Wilson et al.10 suggested five risk
factors in predicting difficult intubation, including
© 2009 International Anesthesia Research Society
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Table 1. Area Under the ROC Curve, Sensitivity, Specificity, Positive and Negative Predictive Values, and Accuracy of Interincisor
Distance (IID), Thyromental Distance (TMD), Sternomental Distance (SMD), and Upper Lip Bite Test (ULBT) Are Being Shown
IID ⱕ4.5 cm
TMD ⱕ6.5 cm
SMD ⱕ13.5 cm
ULBT class III
IID ⫹ ULBT
TMD ⫹ ULBT
SMD ⫹ ULBT

Area under the ROC curve

Sensitivity

Specificity

Positive predictive value

Negative predictive value

Accuracy

0.72 (0.6–0.85)
0.78 (0.66–0.89)
0.77 (0.67–0.87)
0.85 (0.74–0.96)
0.77 (0.73–0.81)
0.79 (0.74–0.83)
0.76 (71–80)

68.4 (46.7–84.4)
73.6 (52.1–88)
84.2 (63.1–94.4)
78.9 (58.3–91.3)
78.9 (57.4–91.4)
78.9 (57.5–91.4)
84.2 (63.1–94.4)

77.0 (75.9–77.9)*
82.2 (81.1–83)*
70.6 (69.5–71.2)*
91.9 (90.9–92.6)
76.2 (75–76.8)
79.8 (78.8–80.4)
67.9 (66.8–68.4)

13.5 (9.3–16.7)
17.9 (12.7–21.4)
13.1 (9.8–14.7)*
33.3 (25.2–39.4)
14.9 (10.8–17.2)
17.0 (12.4–19.7)
12.1 (9.1–13.6)

97.8 (96.4–99)
98.3 (97–99.2)
98.8 (97.3–99.6)
98.8 (97.6–99.5)
98.6 (97.1–99.4)
98.6 (97.2–99.4)
98.8 (97.2–99.6)

76.5 (74.2–78.2)*
81.8 (79.7–83.3)*
71.3 (69.2–72.3)*
91.0 (89.3–92.5)
76.3 (74.2–77.6)
79.7 (77.6–81)
68.7 (66.6–69.7)

Negative predictive value for all tests is high, indicating that all tests can predict easy intubation readily.
ROC ⫽ Receiver operating characteristic.
* Significant differences with the similar parameter in ULBT (P ⬍ 0.05, Fisher’s exact test).

weight (P ⫽ 0.05), head and neck movement (P ⫽
0.001), jaw movement (P ⫽ 0.001), receding mandible
(P ⫽ 0.001), and protruding (“buck”) upper incisors
(P ⫽ 0.001). The ULBT when tested initially had the
potential to evaluate both jaw movement and buck
teeth simultaneously, providing additional support
for its use as an airway assessment test.
Sensitivity, specificity, and accuracy of the ULBT
(78.95%, 91.96%, and 91.05%, respectively) were similar to those reported in the earlier study (76.5%, 88.7%,
and 88%, respectively).1
The ULBT has high specificity and NPV, making it
superior in identifying easy tracheal intubation and
laryngoscopy. The sensitivity and specificity of SMD and
TMD corroborate previous data.2 With regard to the
combination of ULBT and other tests, we found that the
combination of the SMD and the ULBT had a higher
sensitivity than the ULBT alone; however, this combination had lower specificity and PPV than the ULBT alone.
Our results differ from those of Richa et al.,11 which
showed a low sensitivity for the combination of the
ULBT with the TMD and ULBT with SMD (18.7% and
15.6%, respectively) but high specificity for these
combinations (99% and 98%, respectively). The PPV of
the test combinations were 60% and 50%, respectively,
whereas in our study, these combinations had lower
PPV.11 Because the predictive values depend on the
values of sensitivity, specificity, and prevalence
(which was higher in their study), this could explain
the difference between our results and theirs.
A test to predict difficult intubation should have high
sensitivity, so that it will identify most patients in whom
intubation will truly be difficult.7 It should also have a
high PPV, so that only few patients with airways actually easy to intubate are subjected to the protocol for
management of a difficult airway.12,13 Similarly, a test
should have a high NPV to correctly predict the ease of
laryngoscopy and intubation. It is being argued that both
long and short TMD portend difficulty in correctly
anticipating the laryngeal view,14 which challenges the
validity of TMD as a useful screening test. On the other
hand, the ULBT has the ability to assess jaw movement
and protruding incisors simultaneously, enhancing its
predictability. In conclusion, despite the fact that this
study showed acceptable sensitivity and PPV of ULBT in
comparison with the other tests, the ULBT is a test with
824
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high specificity and NPV, making it a favorable test for
identifying easy intubations and laryngoscopy. These
findings are in agreement with those of Eberhart et al.9
However, we suggest applying a combination of assessment methods in predicting the ease of intubation. Such
a combination is preferable because anatomic predictors
of difficult intubation carry a low-sensitivity rate when
used alone, whereas a multivariate composite risk index
may achieve better results than single, independent
criteria.
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