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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 chil-
dren because of inadequate cooperation. Consequently, awake intubation in pediat-
rics 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 broncho-
scope, 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 fiberop-
tic 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 endotra-
cheal 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 tech-
nique 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 lubri-
cated 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 single-
practitioner 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 laryngo-
scope 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 intu-
bations. 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 fiber-
optic channel that delivers a higher quality image than the SOS. The Bonfils is manu-
factured 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 pneumo-
thorax.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 pedi-
atric 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, Washing-
ton) and Storz video laryngoscope (Karl Storz GmbH, Tuttlingen, Germany). Other
devices are constructed using prisms and mirrors, such as the Airtraq optical laryn-
goscope (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 advan-
tageous 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 simi-
larity 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.)



Fig. 4. GlideScope Cobalt.
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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 visu-
alization 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 advan-
tage of these video laryngoscope blades is that they can be used for direct
Fig. 5. GlideScope Cobalt reusable video baton.



Fig. 6. The Storz Miller 1 video laryngoscope.

Fiadjoe & Stricker190
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 warm-
up 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 pedi-
atric 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 nasotra-
cheal 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.)



Fig. 8. Truview EVO2. (Courtesy of Truphatek, International, Netanya, Israel.)
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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

LARYNGEALMASKS

Laryngeal masks continue to have an important place in the management of the chal-
lenging 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 posi-
tioning 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 fiberop-
tic 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.



Fig.10. IV catheter inserted into cut end of pilot balloon inflation line.
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management is often advantageous; advantages include reduction in operating room
pollution, reduction in the number of tracheal tube exchanges, and improved ventila-
tion 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 recon-
structed 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 stan-
dard 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.



Fig.12. Air-Q airway with tracheal tube in situ stabilized by laryngeal forceps.
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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 chal-
lenging 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 anes-
thetized with a topical local anesthetic (typically lidocaine) after an adequate anes-
thetic 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.



Fig.14. Modified nasal trumpet.
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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. Fiber-
optic 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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