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Abstract
Cricothyroidotomy is a lifesaving procedure performed in acute respiratory failure
secondary to upper airway obstruction to restore a patent airway. Emergency
cricothyroidotomy is considered to be the technique of choice to provide oxygenation
to patients in “Can’t Intubate, Can’t Oxygenate” (CICO) scenario. In this study,
we describe and discuss indications, different techniques and complications of
cricothyroidotomy performed for establishing an airway in the emergency setting from
a multidisciplinary point of view.

Keywords
Cricothyroidotomy; Emergency; Airway; CICO

Cricothyroidotomy (also called cricothyrotomy) is a proce-
dure that involves the creation of a communication between
the skin and the airway through an incision of the cricothyroid
membrane. It allows the placement of a small breathing tube
into the trachea to establish a patent airway during certain
life-threatening situations or to perform pulmonary toilette in
patients unable to clear copious secretions.

Originally developed in the early 19th century by the
French surgeon Felix Vicq-d’Azyr, cricothyroidotomy was
re-introduced 100 years later by the American laryngologist
Chevalier-Jackson who described a technique, called “high
tracheostomy”, for gaining access to the trachea that resembles
anything we see today [1–3]. Chevalier-Jackson’s procedure
used for prolonged mechanical ventilation was not welcomed
in medical community and raised criticism because of high
complication rates (in particular laryngeal stenosis) [4].
Because of these complications, cricothyroidotomy fell
into oblivion until the 1970s when Brantigan et al. [3]
demonstrated that, with some precautionary measures, this
procedure can be performed safely and with few complications
[5]. Since then cricothyroidotomy has been increasingly used
in the clinical practice, not only for prolonged mechanical
ventilation, but also as an emergency lifesaving maneuver to
establish an airway for ventilation and oxygenation.

Nowadays, emergency cricothyroidotomy is universally
considered as the technique of choice to provide oxygenation
to patients in “Can’t Intubate, Can’t Oxygenate” (CICO)
scenario [1, 6, 7] while elective cricothyroidotomy for
prolonged mechanical ventilation has been definitively
substituted by formal tracheostomy [8]. On the contrary,
elective cricothyroidotomy, performed with prepacked kits
(Mini-tracheostomy kit), continues to be used in the clinical
practice in selected patients requiring frequent suctioning of

secretions.
We describe and discuss indications, different techniques

and complications of cricothyroidotomy performed for es-
tablishing an airway in the emergency setting from a mul-
tidisciplinary point of view, with particular emphasis on the
clinical use of this potentially lifesaving procedure within the
published guidelines for the management of difficult airway.

1. Indications

The primary indication for an emergency cricothyroidotomy is
represented by a CICO scenario. CICO scenario is defined as
a clinical situation characterized by the failure to intubate and
oxygenate the patient as a result of an upper airway obstruction
(at or above the subglottic region) [9]. As soon as the inability
to intubate and oxygenate the patient is recognized, cricothy-
roidotomy should be performed to restore a patent airway,
since continuing to attempt intubation increases morbidity
and mortality [10–13]. The management of CICO scenario
involves prompt decision-making to access the trachea via the
cricothyroid membrane and it is described [1] as emergency
front of neck access (eFONA).
There are several situations in which a physician may en-

counter a CICO scenario with the need to perform an emer-
gency cricothyroidotomy.
In the operating room, a failed intubation in an anaesthetized

and paralyzed patient with a contemporary failure to ventilate,
using facemask ventilation or supraglottic airway device, may
result in increasing hypoxemia requiring emergency cricothy-
roidotomy [9, 14]. In the literature several guidelines for the
management of unanticipated difficult intubation are reported
[15]. The onset of a CICO scenario may be the result of
a poor preoperative patient assessment. CICO emergencies
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TABLE 1. The most important screening tests for the prediction of difficult intubation.
Screening tests Explanation
Modified Mallampati test (class III and IV are considered
predictive of difficult intubation)

Class I: soft palate, fauces, uvula, and pillars visible

Class II: soft palate, fauces, and uvula visible
Class III: soft palate and base of the uvula visible
Class IV: soft palate not visible at all

Thyromental distance (≤ 6.5 cm is considered predictive
of difficult intubation)

Distance from the mentum to the thyroid notch with the head fully
extended

Sternomental distance (≤ 13.5 cm is considered predictive
of difficult intubation)

Distance from the suprasternal notch to the mentum with the head
fully extended

Neck circumference (> 35 cm is considered predictive of
difficult intubation)
Inter-incisor distance (> 3.8 cm is considered predictive
of difficult intubation)

Distance between the upper and lower incisors

Airway risk index (the presence of 5 or more criteria is
considered predictive of difficult intubation)

It is the sum of several clinical criteria (i.e., Mallampati classifi-
cation, ability to prognath, mouth opening, head/neck movement,
body weight and previous history of difficult intubation)

are frequently catastrophic accounting for about 25% of all
anesthesia related deaths [15]. In Table 1 are reported the
most important screening tests for the prediction of a difficult
intubation.
An emergency cricothyroidotomy may be also indicated in

spontaneously breathing patients with an airway obstruction
proximal to the subglottis caused by a wide range of diseases,
such as severe maxillofacial traumas or neoplastic laryngo-
hypopharyngeal obstructions (Table 2). In these cases, the
management of CICO scenario is often performed in settings
outside of the operating theatre, such as the intensive care or
the emergency department and sometimes even outside the
hospital setting [6].

TABLE 2. Common indications for emergency
cricothyroidotomy.

Emergency cricothyroidotomy
Severe maxillofacial trauma
Severe oropharyngeal hemorrhage
Edema of the glottis (as seen with anaphylaxis or inhalation
injuries)
Anatomic abnormalities
Trismus
Unstable cervical spine fracture with contraindications for
neck manipulation
Foreign body obstruction
Clenched teeth
Neoplastic laryngo-hypopharyngeal obstructions

The management of CICO scenario is a critical time and
delayed or failed emergency cricothyroidotomy leads to acute
cerebral hypoxia and death [16].
The CICO scenario is a rare event: in the literature its

incidence varies from 1 : 6000 to 1 : 13000 routine general

anesthetics [17, 18]. In the retrospective multicenter question-
naire survey performed by Tachibana et al. [19] the incidence
of CICO during a 3-year period was 0.003% or 1 : 32000 cases
conducted under general anesthesia. Rates of eFONA again
vary [1] but they are approximately 1 : 50000 routine general
anesthetics [20]. This means that in a hospital performing
10.000 surgeries each year a case of eFONA with the need
of an emergency cricothyroidotomy would be expected once
every 5 years [1]. In the intensive care units and emergency
departments, however, the incidence of CICO seems to be
higher (up to 10 times more frequent than in operating room)
[6]. The need of an emergency surgical airway is also more
frequent in trauma patients requiring emergency surgery, being
reported in 0.72% of the cases [21], with severe facial trauma
as the main risk factor. Furthermore, emergency cricothy-
roidotomy could be a rescue procedure in a pre-hospital setting
too. Brown et al. [22] reported a series of 4,871 emergency
airway encounters of which 91.7% were finally managed with
intubation. In the other cases, 168 received an extraglottic
device and 35 a cricothyroidotomy (0.7% 33 out of 35 were
successful). Nevertheless, the CICO scenario remains very
rare andmany anesthesiologists, intensivists and surgeons may
not have performed an emergency cricothyroidotomy during
their training [23–25]. For this reason, educational programs
with training on high fidelity manikins or advanced simulators
or cadaveric models should be implemented in every hospital
[23].

There are a few of absolute contraindications for emer-
gency cricothyroidotomy: the presence of a post-traumatic
transection of the airway with retraction of the trachea in the
mediastinum, a significant cricoid or laryngeal fracture and a
neoplastic or inflammatory stenosis of the subglottic larynx.
Relative contraindications for emergency cricothyroidotomy
are all that situations characterized by the presence of anatomic
“barriers” such as large goiters or a laryngeal tumor with inva-
sion of the cricothyroid membrane. The useful mnemonic [26]
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FIGURE 1. Neck, anterior view. (A), superior border
of thyroid cartilage; (B), inferior border of thyroid cartilage;
(C), superior border of cricoid cartilage; (D), cricothyroid
membrane; (E), suprasternal notch.

FIGURE 2. Neck, lateral view. (A), thyroid prominence;
(B), cricoid prominence; (C), cricothyroid membrane.

for difficult cricothyroidotomy SHORT (surgery, hematoma,
obesity, radiation, tumor/trauma) should be taken in account.

2. Surface and surgical anatomy

A thorough knowledge of laryngo-tracheal anatomy as well as
its anatomical variants is essential for a successful performance

of cricothyroidotomy. According to Boon et al. [23, 27] an
intimate familiarity of the laryngeal anatomy is essential, not
only to lessen tube misplacement and other complications of
the procedure, but also to reduce anxiety among providers.
The first anatomical landmark in the anterior midline of

the neck superiorly is the “Adam’s apple” or thyroid promi-
nence. Moving inferiorly the next prominence (second land-
mark) is the cricoid cartilage. Above the cricoid and between
the thyroid and cricoid prominence, the finger can “identify”
the depression of the cricothyroid membrane (third landmark;
Figs. 1,2).
A cricothyroidotomy enters the subglottic larynx in the mid-

line through the median cricothyroid ligament of the cricothy-
roid membrane. The cricothyroid membrane is a trapezoidal
fibro-elastic structure bordered laterally by the cricothyroid
muscles. The medial part of cricothyroid membrane is known
as the median cricothyroid ligament. The incision passes
through skin, subcutaneous, median cricothyroid ligament of
cricothyroid membrane and mucosa of the subglottic larynx.
Then the endotracheal tube or tracheostomy cannula passes
through the cricoid ring and the trachea. The only vessels
that may be encountered are the cricothyroid arteries that
course across the upper part of the cricothyroid membrane.
For this reason, the cricothyroidotomy should always be done
cutting the cricothyroid membrane along the superior margin
of the cricoid cartilage. The section of the cricothyroid artery
may explain why some cricothyroidotomy are bloody whereas
others are not [6].
The dimensions of the cricothyroid membrane vary in adults

between 9–10mmhigh [23] and 22–33mmwide (but the space
between the cricothyroid muscles is much less, being about
8.2 mm) [27]. Therefore, to avoid injuries to the subglottic
larynx, a tube of no more than 8 mm outer diameter should be
used. The “Difficult Airway Society” in fact suggests a 6.0
mm inner diameter tracheal tube or a cannula having an outer
diameter of up to 8 mm [15, 28]. In the largest available series
of CT scan measurements, Nutbeam et al. [28] found that
the height of the cricothyroid membrane was smaller than that
previously reported. In their study a total of 482 trauma scans
were assessed. The mean height of the cricothyroid membrane
as measured by two radiologists was 7.89 mm and 7.88 mm
in male patients and 6.00 mm and 5.92 mm in female patients.
The height of the cricothyroid membrane moreover increases
(by up to 20%) when the head and the neck are placed in fully
extension [23, 29, 30], confirming the necessity of performing
cricothyroidotomy in this position [30]. It is likely that a
decrease in cricothyroid membrane static height as well as in
its dynamic height (achieved by extension) may be observed
due to calcification associated with the ageing process [28].
Several studies have shown that in an emergency situa-

tion the identification of the cricothyroid membrane by pal-
pation may be difficult or impossible, particularly in females
and in obese patients [31–33]. Careful attention should be
paid in pregnant women with respiratory disorders, consid-
ering the difficulty to the laryngeal digital examination due
to pregnancy-related anatomy modifications. The traditional
method of palpating the cricothyroid membrane is based on
palpation of the thyroid cartilage and the depression between
the thyroid and cricoid cartilage. This can be easily performed
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FIGURE 3. Ultrasound localization of the cricothyroid membrane. Left and central images: lateral and anterior view of
the ultrasound neck examination. Right image: ultrasound view; (A) cricoid cartilage, (B) cricothyroid membrane, (C) thyroid
cartilage.

in males but not in obese subjects with a fat neck. In females
moreover there is no Adam’s apple and the thyroid and cricoid
cartilages have equal prominence [34]. In the study by Eliott
et al. [35] the capacity of 18 anesthesiologists to identify
the cricothyroid membrane in 6 subjects was evaluated. The
authors reported that this group of anesthesiologists was able
to locate the membrane only in the 30% of the cases. Other
prospective studies have demonstrated that clinicians (includ-
ing surgeons) can successfully palpate the membrane in only
70% of patients, number that falls to 30% if the patient is obese
[36–39].

To avoid the misidentification of the cricothyroid membrane
with the misplacement of the cannula, Levitan [34] described
a method for identifying the laryngeal structures called “laryn-
geal handshake”. As reported by this author, the maneuver
is performed with the thumb and the middle finger of the
dominant hand identifying the hyoid and thyroid laminae,
stabilizing the larynx between these two fingers, and moving
down the neck to palpate the cricothyroid membrane with the
index finger. After that the index finger of the dominant hand is
substituted by that of the non-dominant hand and the dominant
hand stabilized on the sternum is used to make the procedure
[16, 34].

The “Difficult Airway Society” [15] suggests the use of
the “laryngeal handshake” as a method for identifying the
cricothyroid membrane. Up today, however, the efficacy of
this technique has been assessed in the study by Drewn and
McCaul [16] only. In this study, five clinicians were asked
to identify the cricothyroid membrane using the “laryngeal
handshake” method in a total of 45 anaesthetized females
(Group L) and by conventional palpation in 45 controls (Group
P). Successful identification of the cricothyroid membrane
occurred in 62% and 33% of Group L and Group P patients,
respectively. The midline was accurately identified more
frequently in Group L than in Group P patients. The mean
time of the cricothyroid membrane identification was greater
in Group L at 31 s compared with Group P in which took 18
s. The authors concluded that the “laryngeal handshake” tech-

nique is more accurate but takes longer than the conventional
palpation technique in locating the cricothyroid membrane and
the midline.
The use of ultrasound to precisely identify the location of

the cricothyroid membrane (Fig. 3) has been reported in the
literature in several studies [40–42]. Although some authors
recommend the routine ultrasonographic identification of the
membrane in patients without anatomical landmarks [40], the
use of this technique is not recommended in emergency situ-
ations [1]. However, in selected patients with an anticipated
difficult airway and a cricothyroid membrane difficult to be
palpate, a good rule may be that to use ultrasound prior to the
induction of anesthesia to identify the site of the membrane
that will be marked with a pen for a later use, if should the
need arise [1].

3. Techniques

Three different techniques of cricothyroidotomy are in use
today: needle, percutaneous and surgical. Some debate exists
about which procedure is superior over all other techniques in
terms of successful cannula placement and complication rates
[7, 43–45]. However, it is likely that each procedure should be
used in a specific clinical scenario to make the best use of its
technical characteristics.
Needle cricothyroidotomy is the rescue technique of choice

for the failed airway in pediatric population [46]. It can
be employed also in extreme situations when an emergency
cricothyroidotomy set or the equipment to perform a surgical
cricothyroidotomy are not available. In the adults, percuta-
neous cricothyroidotomy is mostly used in the operating room
for the management of a CICO emergency while surgical
cricothyroidotomy is more often performed in settings outside
of the operating theatre (intensive care and the emergency
departments) or in pre-hospital settings.
In all these three techniques the first step is to stabilize the

thyroid cartilage with the first and third fingers of the non-
dominant hand leaving the second finger free to identify the
cricothyroid membrane [47]. The second step should be, if
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there is enough time, to inject 2% lidocaine into the skin,
subcutaneous tissue and through the cricothyroid membrane
into the subglottic larynx to anaesthetize the airway. Although
a cricothyroidotomy may be performed also with the neck in
a neutral position, the better exposure of the surgical field is
obtained with the patient’s neck extended or hyper-extended.
As the cricothyroidotomy may be a real emergency procedure,
often there is no time for the preparation of a standard sterile
field.

3.1 Needle cricothyroidotomy
A large bore (12–14 gauge) intravenous cannula or the can-
nula of a specifically designed needle cricothyroidotomy set is
introduced at a 45◦ caudal angle into the trachea through the
superior margin of the cricoid ring percutaneously, with nega-
tive pressure aspiration through a fluid-filled syringe. Once
the needle traverses the cricothyroid membrane air bubbles
appear in the syringe. The cannula is then advanced into
the airway while the needle must be withdrawn. To deliver
both high flow and high pressure to the patient to overcome
the cannula resistance [1], a jet insufflator should be attached
to the cannula. Jet ventilation is not suitable for long-term
ventilation [4] as it does not permit adequate ventilation and
hence leads to hypercapnia [47]. In adult patients the standard
practice is to intubate or convert in a formal tracheostomy as
soon as possible. Although reports of successful ventilation
with standard ventilators exist [1, 48, 49], jet ventilation seems
to be the only temporary technique for emergency ventilation
through a needle cricothyroidotomy usable in practice. How-
ever, needle cricothyroidotomy can be quickly converted to
surgical cricothyroidotomy [6, 50].

3.2 Percutaneous cricothyroidotomy
Percutaneous cricothyroidotomy can be performed using a
Seldinger or cannula-over-trocar technique. These two tech-
niques were recently compared by Metterlein et al. [51]
in an animal model in terms of insertion time, success rate
and complications. With the Seldinger technique successful
placement was possible in all attempts. The cannula-over-
trocar technique was successful in 63% and had a higher
complication rate (75% vs 13%). The cannula-over-trocar
technique allowed a faster procedure (32 s vs 53 s). The
authors concluded that the Seldinger method seem to be the
more reliable technique leading to fewer complications. How-
ever, the cannula-over-trocar technique was faster to perform.
The Seldinger cricothyroidotomy is, in fact, considered the
most acceptable technique to anesthesiologists [1, 52]. It
can be performed using a specifically designed percutaneous
cricothyroidotomy set. A small stab incision in the skin over
the cricothyroid membrane is performed. A needle attached
to a syringe filled with normal saline is passed through the
cricothyroid membrane and then directed caudally at 45◦. As
the needle is into the subglottic larynx air bubbles will appear
in the syringe. The syringe is disconnected from the needle
and a guide wire is inserted through the needle into the airway.
Once the guide wire is into the trachea the needle is removed.
The dilator and the tracheostomy cannula are jointly advanced
over the guide wire into the airway. The dilator and the guide-

wire are removed leaving the tracheostomy cannula in situ.
The tracheostomy cannula is then secured with stitches or a
tracheostomy tape.

3.3 Surgical cricothyroidotomy

As advocated by both the Advanced Trauma Life Support and
the Difficult Airway Society [44, 53], a 1–2 cm horizontal stab
incision is made using a no. 10/11 blade scalpel on the skin
over the cricothyroid membrane. After having clearly felt the
cricothyroid membrane with the non-dominant index finger, a
1 cm transverse incision is made through the membrane along
the superior border of the cricoid ring. The tract is dilated
passing a curved haemostat through the incision and angling
it caudally at 45◦ to avoid the lesion of the posterior wall of
the trachea. Alternatively, a no. 10 blade scalpel is inserted
into the airway along the superior edge of the cricoid and
then rotated 90◦, as suggested by the Difficult Airway Society
[44]. A tracheostomy cannula is then inserted into the airway
either directly or over a bougie. After having confirmed the
correct placement of the tracheostomy cannula, the ventilation
is initiated. The tracheostomy cannula is then secured with
stitches or a tracheostomy tape.
If the anatomical landmarks are not easily identified (fat

necks), it may be better to perform a 3 cm vertical midline
skin incision in order to try to identify, with the non-dominant
index finger moved from up to down and from side to side, the
cricothyroid membrane and the superior edge of the cricoid.
If this is not feasible the incision of the skin and the subcuta-
neous tissue may be extended. The Difficult Airway Society
published a consensus-based recommendation that an 8–10 cm
vertical incision should be performed to access the cricothyroid
membrane when the surface anatomy is not well defined [15],
but the incision commencement point as well as the incision
length are not reported. Fennessy et al. [54] measured, using
ultrasound in 80 healthy subjects, the distance between the
suprasternal notch and the cricothyroidmembrane to determine
a theoretical optimal incision position and length. The authors
showed that an 8 cm incision commencing 3 cm above the
suprasternal notch would include all cricothyroid membrane
locations in the extended neck position.
The studies reporting the speed of execution of cricothy-

roidotomy are not comparable because they are not standard-
ized in terms of provider level, airway experience and type
of procedure [6, 7, 55–67]. In these studies, however, sur-
gical cricothyroidotomy seems to be faster than percutaneous
cricothyroidotomy when performed for gaining access to the
airway in emergency settings. On the other hand, surgi-
cal technique could be more frequently related to inadvertent
contamination from devices and/or aerosol contamination, as
reported in a study by Chua et al. [68]. The choice of
the eFONA method should take into account these implica-
tions when managing infective respiratory diseases, especially
during the coronavirus 2019 pandemic. The time difference
between the performances of the two techniques is in seconds
rather than in minutes [69] and it is likely that this small
time factor doesn’t have any impact on mortality [1]. In a
randomized trial involving sheep models, Heard et al. [70]
demonstrated a better performance in oxygen delivery using
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the scalpel-finger-cannula technique as compared to scalpel-
finger-bougie, when managing a simulated CICO scenario. In
another animal study with porcine models, Umek et al. [71]
compared the success rate of rescue oxygenation (defined as
arterial oxygen saturation > 90% 5 min after the beginning
of oxygenation) between surgical scalpel-bougie technique
and percutaneous cannula technique. A significantly higher
success rate was observed for the surgical technique (83% vs
18%), but it was related to a more frequent iatrogenic trauma
(75% vs 27%). Furthermore, Heymans et al. [72] tested the
performance of 20 medical personnel, naive to surgical airway
technique, in establishing an emergency cricothyrotomy in ca-
davers, using three different techniques (Seldinger, trocar-like
insertion needle, surgical). Participants established emergency
cricothyrotomy more efficiently and safely with the surgical
procedure than with the other two commonly used techniques.
Today, there is no clear evidence demonstrating superiority

of a particular cricothyroidotomy technique [69]. The choice
of cricothyroidotomy techniques depends on several factors:
provider preference (based on training), anatomical knowl-
edge, presence or loss of the anatomical landmarks, age of
patients, commercial cricothyroidotomy kit availability, level
of familiarity with a given technique, and setting (hospital
or pre-hospital). All the airway practitioners (in particular
anesthesiologists and surgeons) should be aware about all types
of cricothyroidotomy and able to perform at least one. A
multidisciplinary hospital team should be involved in every
eFONA procedure, in order to use the technique with the best
chances of success in every clinical scenario.

4. Success rate of cricothyroidotomy

The success rate of cricothyroidotomy varies widely among
the studies reported in the literature according to clinical set-
tings. In the study by Kwon et al. [24] the success rate
of cricothyroidotomy performed in an emergency department
and the survival rate in the CICO scenario were 74% and
48%, respectively. Also, in the study by Paix and Griggs
[73] the success rate of cricothyroidotomy was not very high.
These authors, two medical specialists with backgrounds in
anesthesia and aeromedical retrieval, performed 24 surgical
cricothyroidotomy mainly under adverse pre-hospital condi-
tions over a combined 40 years of practice and reported a
success rate of 63%. In the meta-analysis by Hubble et al.
[74], however, the success rate in a pre-hospital series of 485
patients including 18 studies was higher (90.5%).
The study by Langvad et al. [7] underscores a very impor-

tant point, namely that focusing on cricothyroidotomy success
rate is not enough because also time aspects are essential.
Most patients who require emergency cricothyroidotomy in the
operating rooms, emergency departments, intensive care units
or pre-hospital settings have failed several endotracheal intu-
bation attempts and are non-ventilable and critically hypoxic.
The definition of cricothyroidotomy success should include
the time used to secure the airway. In a CICO scenario when
endotracheal intubation and other airway devices have failed,
and the patient has already started to deteriorate, the useful
time to establish a secure airway performing an emergency
cricothyroidotomy with chances of success ranges between 40

and 60 seconds [8, 64, 75], beyond which the risk of severe
hypoxia becomes too high. Another outcome indicator is the
rise in blood oxygen levels: an arterial oxygen saturation >

90% five minutes after the beginning of oxygenation should
be the minimal target. Despite a fast airway control, however,
many patients will die for the severity of their diseases. For
this reason, a positive patient outcome is not a requirement for
cricothyroidotomy success [6].
The main reason for cricothyroidotomy failure is the lack of

anatomical landmarks, with the misplacement of the cannula
and/or the performance of the procedure beyond 60 seconds
[7, 76]. However, the cricothyroidotomy failure is often due
to the stress of the operator in a life-threatening scenario
[76]. Despite the availability of several effective methods of
cricothyroidotomy training which provide an adequate skill
preparation, none of them prepares providers to the high-
stress application of the skill in life threatening situations
[6]. A recent study on difficult tracheal intubation events
using the Anesthesia Closed Claims Project database [77]
highlighted poor outcomes in malpractice claims related to
difficult tracheal intubation, mainly due to inadequate airway
planning and judgment errors. Authors emphasized the need to
improve both practitioner skills and systems response in CICO
scenarios, to improve patients’ outcomes.

5. Complications

The reported complications vary from 0% to as high as 54% [4]
depending on the clinical scenario, provider level of training
and presence or lack of anatomical landmarks.
Complications are more frequent in pre-hospital than in in-

hospital procedures owing to inadequate lighting, inability to
have a sterile field and lack of equipment [6]. Complications
were noted in 14% and 54% of all in-hospital and pre-hospital
cricothyroidotomies, respectively [78].
Cricothyroid complications can be classified in immediate

and delayed. The most important immediate and delayed
complications and the strategies to remedy or mitigate them
are reported in Table 3.

6. Cricothyroidotomy: the thoracic
surgeon's perspective

The emergent access to the airway obtained through the
cricothyroid membrane by cricothyroidotomy is the final
rescue maneuver in scenarios of difficult airway management
[43, 79]. Cricothyroidotomy is preferable for the majority
of patients requiring a prompt access to a compromised
and inaccessible airway because it is easier and quicker
to perform than an emergency tracheostomy [74, 80, 81].
Even for experienced airway surgeons (head and neck and
thoracic surgeons) with large experience in tracheostomy
performance, cricothyroidotomy is the technique of choice in
CICO emergencies for the easy anatomical landmarks and the
proximity of the cricothyroid membrane to the neck skin [82].
The emergency care of patients with difficult airway re-

quires effective participation of an interprofessional teamwork.
Optimal care depends not only on the medical or surgical
aspects but also on the delivery of care within the context of
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TABLE 3. Cricothyroidotomy complications and strategies for their treatment.
Immediate complication Cause Strategy
Creation of a paratracheal false tract Misplaced skin incision Identify again the anatomical landmarks

Extend a vertical incision superiorly and/or inferiorly
If time, use ultrasound to help landmarks identification

Incorrect cannula placement through the
thyrohyoid membrane

Misplaced skin incision Commence ventilation. If it is possible to ventilate the lungs (check with
a pediatric fiberscope that the cannula is into the trachea) convert the
procedure in a formal tracheostomy (in-hospital setting). If the cannula
doesn’t work, remove it and repeat the procedure (in- and pre-hospital
setting)

Posterior tracheal wall perforation into
esophagus

Insertion of the cannula into the airway with an angle of more
than 45° (percutaneous cricothyroidotomy) or a perpendicular
scalpel position when stabbing the cricothyroid membrane or
excessive depth of scalpel penetration through the cricothyroid
membrane (surgical cricothyroidotomy)

Remove the cannula and repeat the procedure

Bleeding (minor) Misplaced skin incision with superficial venous plexus injury.
Cricothyroid arteries injury (incision of the superior half of the
cricothyroid membrane)

Use direct pressure to stop bleeding

Bleeding (severe) Lacerations of a very large cricothyroid artery and of the anterior
jugular veins

Severe bleeding is very rare. However, if occur packing at the site should
provide control. If not, look for other bleeding causes

Cannula misplacement resulting in endo-
bronchial or endopharyngeal intubation

Insertion of the endotracheal tube too deep or angling the tube
inferiorly

Retract the tube until chest movement and breath sounds are appreciated

Fracture of the cricoid and/or thyroid
cartilage

It may occur due to an oversized tube being forced through the
cricothyroid membrane

If the placement of an oversized tube is impossible, insert a bougie
through the tract into the airway. Subsequently, insert a smaller cannula
by railroading it over the bougie

Glottic or subglottic stenosis Fibrosis, granulomas and perichondritis of subglottic larynx
(reported only in long-term cricothyroidotomies)

Convert an emergency cricothyroidotomy in a formal tracheostomy as
soon as it is possible

Dysphonia Misplaced skin incision and damage to vocal cords Remove the cannula and repeat the procedure
Persistent stoma and tracheoesophageal
fistula

Reported only in long-term cricothyroidotomies Convert an emergency cricothyroidotomy in a formal tracheostomy as
soon as it is possible
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FIGURE 4. Can’t intubate, can’t oxygenate (CICO) scenario: Cuneo Hospital’s emergency protocol.

a difficult airway team including anesthesiologists, other med-
ical specialties and nurses. The concept of a multidisciplinary
airway rapid response team was developed as an approach to
assemble specialized equipment and diverse clinical expertise
for securing of the airway when difficulty is encountered with
standard maneuvers in the shortest time possible [83–85]. The
multidisciplinary airway rapid response team may mitigate
the risk of death and other complications related to the failed
airway intubation scenario [83].

From a technical point of view cricothyroidotomy is a simple
procedure that can be performed not only by physicians but
also by other trained healthcare providers [5]. As a part of an
interprofessional teamwork (emergency difficult airway team),
the thoracic surgeon may have a unique role in regard to
his more experienced background in laryngo-tracheal anatomy
[86]. For this reason, he may often be called upon to manage a
CICO emergency in many settings, such as emergency wards,
intensive care units and operating rooms. It is therefore evident
the importance to have in each hospital a standardized protocol
for the emergent access to the airway in order to reduce time
to ventilation and improve patient successful chances.

In 2018 anesthesiologists and thoracic surgeons of our hos-
pital (a tertiary care hospital with 24/7 in-house specialist
coverage) adopted a unified multidisciplinary approach to the
in-hospital CICO scenarios. Our eFONA protocol for difficult
airway management is reported in Fig. 4. When a CICO
scenario is encountered, the anesthesiologist declares the de-
cision to perform a cricothyroidotomy and try to continue to
oxygenate via face mask, nasal cannula and SAD. If there is
enough time the thoracic surgeon is called in the operating

room or anywhere in the hospital. Otherwise, the cricothy-
roidotomy is performed by the anesthesiologist.
We have adopted the surgical cricothyroidotomy as the tech-

nique of choice in adults to provide oxygenation to patients in
CICO scenario, not only because it can be performed with a
simple surgical set, but also because of its higher success rates
compared to the percutaneous technique [15, 81, 82]. Both
when a horizontal or a vertical incision is used, the airway is
entered making a transverse incision through the cricothyroid
membrane along the superior edge of the cricoid cartilage in
order to reduce the risk of bleeding. The small endotracheal
tube is inserted into the airway over a bougie. The emergency
surgical cricothyroidotomy equipment is available in all the
operating rooms of our hospital. Furthermore, in order to
have a readily available airway-skilled interprofessional staffs,
regular multidisciplinary trainings with manikins are orga-
nized to improve and maintain the performance of emergency
cricothyroidotomy.
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