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“Cannot intubate, cannot oxygenate” situations in healthy children are uncommon but are often
associated with poor outcomes. Clinical assessment, anticipatory planning, and the use of algo-
rithms can lessen the likelihood of untoward outcomes, but the common final pathway of many
algorithms for a difficult pediatric airway involves obtaining emergency tracheal access. The
airway practitioner must have the know-how and training needed to invasively secure the airway
when confronted with this rare but potentially devastating emergency. We provide practitioners
with an overview of pediatric emergency front-of-the-neck access strategies and a structure for

their management.

GLOSSARY

(A&A Practice. 2021;15:e01444.)

CICO = cannot intubate, cannot oxygenate; ECMO = extracorporeal membrane oxygenation; FONA =

front-of-the-neck access; IV = intravenous

he incidence of difficult pediatric airway is 0.28%,!
and 2% of these children require a surgical airway.?
Although rare in healthy children, “cannot intubate,
cannot oxygenate” (CICO) situations are closely associated
with poor outcomes.® Algorithms emphasize the early rec-
ognition and treatment of functional and anatomical airway
obstructions and the use of apneic oxygenation* during
airway instrumentation. Furthermore, they recommend
limiting the number of laryngoscopies and encourage early
progression to advanced intubation techniques.? These
approaches may eliminate the need for an invasive airway.
However, in CICO scenarios, unplanned front-of-the-neck
access (FONA) may present as the only life-saving option.
Nevertheless, specific instructions for performing FONA
techniques are not usually included in algorithms. Because
FONA indications are extremely rare and several FONA
approaches are described in the literature, justifiable safety
concerns can be raised. Currently, there is no evidence
favoring a particular technique, and the existing studies
are based on low case numbers. In this educational tool, we
offer pediatric airway practitioners a structure for the man-
agement of this rare emergency.
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AIRWAY ANATOMY IN CHILDREN AND CURRENT
GUIDELINES
Pediatric airways are characterized by elasticity and com-
pressibility, making them challenging to access in an
invasive approach, particularly in very young children
(Figure 1). In very young children, the relationship between
the mandible and the trachea—even with maximal exten-
sion of the head and neck—permits successful puncture
of the cricothyroid membrane only at a very steep angle
(Figure 1). A percutaneous technique can result in tracheal
compression and posterior wall perforation, while surgical
cricothyroidotomy is discouraged due to the risk of fractur-
ing the laryngeal cartilage.’ In neonates, the outer diameter
of the smallest available tracheal tube exceeds the longitudi-
nal dimensions of the cricothyroid membrane.

In a CICO situation for children aged 1-8 years, guide-
lines® recommend either a surgical tracheotomy if a
trained otolaryngologist is available or a percutaneous

Figure 1. Model of the percutaneous approach in young children.
The red dotted arrow shows the ideal angle for puncturing the cri-
cothyroid membrane with a percutaneous cannula. The blue arrow
illustrates that, despite neck extension, the angle for safe percuta-
neous cricothyroidotomy is not optimal in young children.
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cricothyroidotomy. However, the vast majority of airway
emergencies leading to a CICO crisis occur in children <1
year,” limiting the usefulness of this guideline. For these
infants, there is no evidence for the best approach to per-
form FONA and no consensus regarding the preferred
transtracheal route.

In a pediatric CICO crisis, the options to rescue the air-
way are limited to rigid bronchoscopy or FONA. When
FONA is required, options include surgical or cannula cri-
cothyroidotomy and surgical tracheotomy (Table). In spe-
cial cases, the preemptive use of extracorporeal membrane

oxygenation (ECMO) may represent an effective alternative
in an anticipated difficult airway.”

TIME TO TRACHEAL ACCESS AND SUCCESS RATE
OF DIFFERENT FONA APPROACHES IN ANIMAL
MODELS

Five different techniques are available to access the trachea
(Table). Metterlein et al® analyzed the catheter-over-needle
technique and reported an overall success rate of <50%,
with a mean time to tracheal access of 44 seconds. Prunty
et al’ reported a 100% success rate with a wire-guided

Table. Descriptions of the Different Techniques and Equipment That Can Be Used in a CICO Crisis, Along

With Their Advantages (+), Disadvantages (-), and Potential Complications

FONA Technique
Percutaneous techniques
Catheter-over-needle: insertion of a plastic cannula over a
metal needle for direct access to the trachea?

The set is ready to use (+)
Quick access to the trachea with 1 hand

Advantages (+)/disadvantages (-)

No excessive force is needed because of
the small, sharp needle (+)
Limited trauma to the tissue® (+)

Complications

Bleeding

Lateral and posterior laryngeal and
tracheal wall injuries

Fracture of the laryngeal cartilage

Risk of pre- or retrotracheal place-
ments-1t

Wire-guided cricothyroidotomy (Seldinger): wire insertion
through a metal needle or a plastic cannula, and
placement of a tracheotomy tube with a dilator
over the wire®

Transtracheal cannula: tracheal puncture distal to the cricoid
cartilage at an angle of 45° caudally, with cannula inser-
tion over the needle. A jet ventilation catheter for children
or an IV catheter (14, 16, or 18 gauge) is suitable!®*

Surgical techniques

Emergency tracheotomy: vertical midline skin incision with a
curved scalpel blade, muscle separation with 2 Backhaus
towel clamps, exposure of the cricoids, and the trachea
by tracheal anterior luxation with a third clamp. Then, a
vertical tracheal incision between the cricoid cartilage
and the first tracheal ring with sharp-pointed scissors is
performed, along with an incision of the first 2 tracheal
rings, and the endotracheal placement of a tracheal tube.
The technique is performed with a self-assembled clinical
tracheotomy set

Cricothyroidotomy with a scalpel bougie: palpation of the
cricothyroid membrane, transverse skin, and cricothyroid
membrane incision with the scalpel, 90° rotation of the
scalpel, insertion of the bougie into the airway using
the scalpel blade as a guide, and insertion of a tracheal
tube via the bougie®

movement (+)

The “stopper” in Quicktrach baby I° prevents
posterior tracheal wall perforation (+)

Not usable in children under 8 y (-)

Easy if trained in the Seldinger technique (+)

The Melker Emergency Cricothyroidotomy
Catheter Set? contains an uncuffed
airway catheter in different sizes (+)

Puncture with needle followed by insertion
of a guidewire (-)

Not usable in children under 8 y (-)

Experience with the Seldinger technique is
needed (-)

The wire is not kink-resistant, and the dila-
tor is not fixed to the cannula (-)

No complex equipment is required (+)

Easy kinking of a thin cannula® (-)

Temporary measure for oxygenation with
modified jet ventilation (using the Venturi
effect)1C (-)

Jet ventilation poses risks of pneu-
mothorax, subcutaneous emphy-
sema, air embolism, or damage
to the esophagus,®® in case of
cannula misplacement

No complex equipment is required for
children under 8 y (+)

Risk of bleeding due to larger skin
and subcutaneous tissue inci-
sions in comparison with percuta-
neous techniques

Injuries of the thyroid gland or the
trachea

Lower risk of severe complications in
comparison with percutaneous
techniques (+)

Risk of incision of more than 2 tracheal
rings (-)

Risk of tracheal injury (immediate)
and tracheal stenosis (late) if
more than 2 tracheal rings are

Fast access to the trachea due to fewer incised.
steps (+)

Lower risk of severe complications in
comparison with percutaneous
techniques (+)

Not usable in children under 8 y (-)

Abbreviations: CICO, cannot intubate, cannot oxygenate; IV, intravenous.
aCommercially available device: Quicktrach baby | (VMB Medizintechnik GmbH, Sulz, Germany) (ID 1.2).

"VYMB Medizintechnik GmbH.

cCommercially available device: Melker emergency cricothyroidotomy catheter set (Cook Medical, IN) (ID 3.5, 4.0, and 6.0).

dCook Medical.

¢Frova intubating introducer (Cook Medical, Bloomington, IN) or a commercially available device, ie, North American Rescue Tracheotomy Kit with Bougie-Intro-

ducer (North American Rescue LLC, Greer, SC) (ID 6).
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cricothyroidotomy. However, the complications of this tech-
nique include fractures of the laryngeal cartilage (20%) and
posterior tracheal wall injuries (13%), and no report has
described the time to tracheal access. The success rate using
a transtracheal cannula was reported to be between 65.6%
and 68.8%.!° The scalpel bougie technique showed an over-
all success rate of 75%,’ while emergency tracheotomy was
deemed successful in 94% of the cases.! Both techniques
were performed in under 1 minute.

Obtaining emergency access to the pediatric airway
poses considerable risks of complications. The lowest rate
of complications was reported by Ulmer et al,’* who noted a
17% rate of failure or severe injuries. Other pediatric FONA
techniques showed higher complication rates, including
the wire-guided technique (69%),’ the cannula technique
(36%),111* the catheter-over-needle technique (33%),2 and
the scalpel technique (38%).%1!

The current literature provides equivocal guidance on
performing FONA as a life-saving measure for children 8
years or younger.® In this patient population, a surgical tra-
cheotomy is preferred. In children older than 8 years, the
size of the cricothyroid membrane permits a cricothyroid-
otomy. Although evidence from animal models’ appears
to show a 100% success rate with percutaneous crico-
thyroidotomy, data from CICO situations in adults’® and
existing pediatric case reports favor surgical access, which
is commonly adopted after unsuccessful percutaneous
cricothyroidotomies.

However, it is unclear whether the results obtained
from studies with animal models can be applied to guide-
lines addressing pediatric CICO situations. The low inci-
dence and the heterogeneity of health care practitioner
experiences in this regard limit the comparison of success
rates. Moreover, the realization of much-needed studies is

ericoid

15t tracheal ring

Figure 2. The 5 key steps for performing emergency tracheotomy using a self-assembled clinical tracheotomy set with a 10-curved scalpel
blade, 3 Backhaus towel clamps, and sharp-pointed scissors (A). The picture(s) and the video show the ventral shaved part of a rabbit cadaver
obtained as waste product from the food industry (high-volume butchery). No live animals were used for that manuscript and no animals were
killed for performing the tracheostomies. Orientation by palpating the neck, vertical midline incision (B), separation of the muscles using 2
Backhaus towel clamps and exposure of the trachea and cricoid by tracheal anterior luxation with a third clamp (C, D), tracheal incision, with
the scissor placed perpendicularly, between the cricoid cartilage and the first tracheal ring with sharp-pointed scissors, avoiding the incision
of more than 2 tracheal rings (E), and placement of an appropriately sized endotracheal tube (F).
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impeded by ethical concerns pertaining to children. Based
on current knowledge, no single technique can be deemed
superior to the others. However, data in pediatric and
adult patients seem to show that surgical techniques offer
a higher rate of success in combination with a lower risk of
severe complications.

Percutaneous access is sometimes recommended in
pediatric CICO crisis algorithms due to anesthesiologists’
reluctance to initiate a surgical procedure. Despite the more
difficult procedural execution of percutaneous techniques
in children (due to tracheal flexibility and elasticity), anes-
thesiologists have historically been trained more frequently
(and, therefore, feel more comfortable) using percutaneous
techniques.

Given the paucity of evidence, we recommend emergency
tracheotomy for FONA in children 8 years or younger. For
children older than 8 years, we recommend a scalpel tech-
nique or a percutaneous technique. In an ideal scenario, a
trained otolaryngologist should provide a surgical airway.!?
However, recent studies suggest no difference in perfor-
mance times between surgeons and anesthesiologists with
proper training.!”> We recommend that anesthesiologists—
particularly those dedicated to pediatric anesthesiology—
should receive training and develop their skills in surgical
FONA techniques for all pediatric age groups by complet-
ing training sessions using animal models. Familiarity and
expertise in using a particular technique—in this case, a
surgical technique—will enhance patient safety.

BERN INSTITUTIONAL PROTOCOL
In a CICO crisis, we perform an emergency tracheotomy
in children <8 years and a scalpel cricothyroidotomy
technique in children older than 8 years. Our reasons for
choosing the surgical approach in both groups are the
higher rate of success and lower risk of severe complica-
tions in comparison with percutaneous techniques and
the impracticality of cricothyroidotomy in newborns and
infants. Alternatively, in children older than 8 years, per-
cutaneous cricothyroidotomy using an uncuffed tracheal
cannula with an internal diameter of 4.0mm can also be
attempted. The 5 key steps of emergency tracheotomy are
described in Figure 2.

It is important to remember to access the trachea using
a vertical incision and to avoid incision of more than 2 tra-
cheal rings, since this drastically reduces the risk of severe
and irreparable complications. The risk of complete transec-
tion of the trachea can be reduced by avoiding a horizontal
cut.

A video depicting the 5 steps of our emergency trache-
otomy has been provided as Supplemental Digital Content
1, (Video, http:/ /links.lww.com/AACR/ A427).

CONCLUSIONS

The need for FONA in neonates and infants is one of the
most critical situations a clinician can encounter. Airway
practitioners require training as well as equipment to suc-
cessfully perform a FONA when warranted. We favor the
surgical technique as the first choice in all children, with the
option of attempting the percutaneous technique in chil-
dren older than 8 years. E&
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