
MISCELLANEOUS

Self-directed simulation-based training of emergency
cricothyroidotomy: a route to lifesaving skills

Jacob Melchiors1,2
• Tobias Todsen2

• Philip Nilsson2
• Andreas Pagh Kohl2 •

Morten Bøttger3
• Birgitte Charabi1 • Lars Konge2

• Christian von Buchwald1

Received: 14 March 2016 / Accepted: 23 June 2016 / Published online: 5 July 2016

� Springer-Verlag Berlin Heidelberg 2016

Abstract The emergency cricothyroidotomy (EC) is a

critical procedure. The high cost of failures increases the

demand for evidence-based training methods. The aim of

this study was to present and evaluate self-directed video-

guided simulation training. Novice doctors were given an

individual 1-h simulation training session. One month later,

an EC on a cadaver was performed. All EC’s were video

recorded. An assessment tool was used to rate performance.

Performance was compared with a pass/fail level for the

EC. We found a high reliability, based on Pearson’s

r (0.88), and a significant progression of skill during

training (p\ 0.001). Eleven out of 14 succeeded in cre-

ating an airway on the cadaver in 64 s (median, range

39–86 s), but only four achieved a passing score. Our 1-h

training protocol successfully raised the competence level

of novice doctors; however, the training did not ensure that

all participants attained proficiency.

Keywords Surgical skills training � Simulation �
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Introduction

A critical element in management guidelines for situations

in which intubation and oxygenation are not possible is the

creation of a surgical airway, or the emergency cricothy-

roidotomy (EC) [1–3]. EC is a high-risk procedure—a

failed attempt and the loss of the airway are immediately

life-threatening. It has recently been defined as an essential

surgical procedure by the World Bank indicating its

potential when addressing surgically avertable deaths [4].

Otolaryngology residents fear the procedure due to its

unpredictability and the hectic nature of the cannot intu-

bate/cannot oxygenate scenario [5]. Therefore, training in

EC is a high priority in all departments that receive trauma

patients or those with a high likelihood of encountering

patients with an unsuspected difficult airway, such as

Departments of Emergency Medicine and Otolaryngology

Head and Neck Surgery. Most EC’s are performed by

either anesthesiologists, trauma surgeons or head and neck

surgeons—although no comprehensive data exist on the

prevalence of EC’s across the all aspects of the healthcare

system, an educational effort should be directed toward

these groups [6, 7].

Despite EC’s notoriety, the procedure is very rarely

performed. During routine general anaesthesia, the inci-

dence is as low as 0.002 % [6]. In the context of emergency

medicine, this number is higher. Of patients requiring a

controlled airway, an intubation, 1 % in emergency rooms

and 10 % in pre-hospital settings end up needing a surgical

airway [7]. The procedure’s relative rarity hinders a see-

one, do-one approach to education. Developing compe-

tence through supervised performance and routine by rep-

etition is unfeasible and the training programs for this

procedure must reflect these challenges.

& Jacob Melchiors

Jacob.melchiors@gmail.com

1 Department of Otorhinolaryngology, Head and Neck

Surgery, Rigshospitalet, University Hospital of Copenhagen,

Blegdamsvej 9, 2100 Copenhagen, Denmark

2 Copenhagen Academy for Medical Education and

Simulation, Copenhagen, The Capital Region of Denmark,

Denmark

3 Department of Anesthesia, Center of Head and Orthopedics,

Rigshospitalet, University Hospital of Copenhagen,

Copenhagen, Denmark

123

Eur Arch Otorhinolaryngol (2016) 273:4623–4628

DOI 10.1007/s00405-016-4169-0

http://orcid.org/0000-0002-9929-9350
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-016-4169-0&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-016-4169-0&amp;domain=pdf


Simulation training can be valuable for learning proce-

dures, such as the emergency surgical airway [8–10],

because the method is readily available and can be repe-

ated. It offers the junior doctor a safe environment in which

to gain familiarity with the procedure. Simulation-based

training programs have been proved to be more effective

than non-simulation education (lecture or video presenta-

tion) [11]. However, supervised training of junior doctors

in surgical procedures, be it on patients or simulators, is

costly and time-consuming. In the context of limited

working and training hours and limited budgets, new ways

to educate must be explored. A self-directed simulation

training with no faculty present that utilizes video

instructions can be a cost-effective method for teaching

basic surgical skills [12, 13].

This study aimed to explore the feasibility and effect of

teaching emergency cricothyroidotomy to novice doctors

using only an instructional video and self-directed training

on a low-fidelity model.

The research questions were:

1. What is the effect of self-directed video-guided

simulation-based training on the EC competency of

novice doctors?

2. Can self-directed, video-guided, simulation-based

training be sufficient to achieve competency in emer-

gency cricothyroidotomy?

Materials and methods

Participants

Sixteen house doctors (interns) without prior training in

head and neck surgery were included in the study, recruited

from four different community hospitals.

The procedure

We chose the rapid four-step technique (RFST) for per-

forming EC [14], which is a simple, straightforward tech-

nique that has been well tested in a clinical setting and

found to be fast and efficient [6].

Simulation-based training and testing

Each participant completed a 1-h individual session con-

sisting of watching an instructional video on an iPad,

‘‘hands-on’’ training on a low-fidelity model, and an end-

of-course test. The 3-min instructional video demonstrated

on a cadaver how to perform the RFST procedure [15]. The

model, an Airsim Advance Crico (Trucorp, �Belfast, N.

Ireland)—an anatomically correct training model of the

head and neck made from a polymer compound—was

available along with a tray of relevant instruments (Fig. 1).

Participants were instructed to perform four RFST proce-

dures, because a prior study suggested that skill levels on

simple phantoms most likely plateau after that point [16].

Participants were allowed to review the instructional video

as needed between their RFST attempts, but not during an

attempt. No other instruction or supervision was provided.

The end-of-course test was made more difficult, by adding

an extra layer of ‘‘tissue’’ to the model between the skin

and the larynx. Each training attempt as well as the end-of-

course test was video recorded.

Cadaver test

One month after completing the simulation-based train-

ing session, the participants were invited to attend a final

training session. No detailed information was given on

the nature of this second session. When arriving, each

participant was immediately called to perform the pro-

cedure on an unembalmed cadaver with no preparation

time. Each was given a tray with relevant instruments,

and the procedure was timed and video recorded.

Cadavers were not selected with the procedure in mind

and had natural anatomical variations, that is, some were

obese and some had short necks. None had pretracheal

pathology.

Fig. 1 Training session with instructional video and low-fidelity

model
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Assessment

Two blinded specialists—one a head and neck surgeon

(BC) and one anesthesiologist (MB) experienced in diffi-

cult airway management—reviewed all the video material

and rated all four training attempts and the cadaver test,

using an OSATS-based rating scale (Table 1) with estab-

lished evidence of validity [17, 18]. Both raters were

experienced in assessment using the rating scale. A pre-

vious study had defined a score above 12.2 points per

minute as a passing score indicating proficiency in the EC

procedure [17].

Statistical analysis

We established interrater reliability of the assessment by

calculating Pearson’s r for the test scores. An interrater

reliability above 0.8 is sufficient for summative assessment

(high-stakes assessment with consequences) [19]. When

assessing score progression, we used related samples,

Friedman’s two-way analysis of variance by ranks. We

used Pearson’s correlation to determine correlation

between scores per minute of the last training attempt and

the cadaver test. The statistical analysis was performed

using a statistical software package (PASW, version 19.0;

SPSS Inc, Chicago, IL).

Ethical considerations

Information was given to participants in accordance with

the standards of the National Committee on Health

Research Ethics. Educational studies without any patients

are exempt from ethical approval, according to standard

practices. All participants were given verbal and written

information about the study, and all signed informed con-

sent forms. All participants were anonymous and free to

withdraw from the study at any time. None of the novice

doctors worked at the same institution as the authors or had

any professional relationship before or after the study. The

unembalmed cadavers were obtained with approval from

the University of Copenhagen through the Department of

Cellular and Molecular Medicine.

Results

The interrater reliability was high, Pearson’s r = 0.88. The

results of the training attempts are shown in Table 2 and

Fig. 2. We found a significant progression of skills between

the training attempts (p\ 0.001).

Median age was 29 years (range 25–34 years), 10 were

males, and 6 were females.

Table 1 The assessment tool for emergency cricothyroidotomy skills

Parameters 0 1 2 3 4

Positioning of the head Failed to perform – Performed, but insufficiently – Performed successfully

Palpation Failed to perform – Performed, but insufficiently – Performed with determination

Appropriate employment of instruments Incorrect and clumsily – Correct but insecurely – Correct and determined

Stepwise progression, i.e., flow Chaotic and hesitantly – Non-linear but deliberate – Linear and deliberate

Points from 0 to 4 are given to each of the four observations. The total score is divided by the time spent in minutes creating a score per minute as

the final score

Table 2 Results
Score/min 1. Attempt 2. Attempt 3. Attempt 4. Attempt Retention-test

Mean 3.56 8.56 8.26 11.15 8.95

SD 1.97 4.25 4.54 4.02 5.13

Fig. 2 Score progression during training attempts
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Two participants failed to appear to the cadaver test.

These participants had achieved a mean score of 10.5 on

their last attempt in training, which was near average.

We found a moderate but highly significant correlation

when correlating the last training attempt and the cadaver

test, r = 0.61, p\ 0.001 (Fig. 3).

Three of the 14 participants failed to secure an airway

on the cadaver test, and the remaining 11 succeeded in 64 s

(median, range 39–86 s). When applying a pass/fail level

determined in an earlier study [17], we found that only 4 of

the 14 participants achieved a passing score indicating

proficiency in the EC.

Discussion

The 1-h self-directed, simulation-based training using

instructional video successfully improved EC performance.

The skill level archived at the end of training significantly

correlated with performance on a cadaver 1 month later. This

was archived in a cost-effective manner with inexpensive

equipment and no senior faculty present. However, the

improvement in skill was insufficient for most participants to

achieve a test score above the predefined pass/fail level.

A high interrater correlation confirmed the reliability of

these results, a finding that aligns well with an earlier study

using the assessment tool that found an interrater reliability

of 0.811 [7].

The progressions of skills of these pure novices from

their first to their fourth training attempt indicated that the

training was useful in acquiring basic competency, despite

lack of supervision. However, four unsupervised training

attempts were insufficient for trainees to reach the plateau

phase of their learning curves.

Two participants did not attend the cadaver test; how-

ever, their test results from the simulation training were

similar to those of other participants, and their tests prob-

ably would not have affected our result.

We found only a moderate correlation between the

fourth training attempt and the cadaver test. Previous

studies conducted on EC have shown that training on low-

fidelity models correlates well to performance in high-fi-

delity tests, and that retention can be maintained for up to a

year [20, 21]. However, participants in these studies were

either residents or attending physicians in anesthesiology,

and we can assume that their initial skill levels were far

higher than those of our novice participants. When

assessing learning, we can infer a level of competence from

a test performance apart from the training scenario. A time

delay between tests reveals the subjects’ ability to replicate

their performance determining that they ‘‘know what’’, but

a change in test model can assess the subjects’ ability to

apply their knowledge to a different but similar situation,

indicating that they ‘‘know how’’ [22]. In the mentioned

studies, transfer or retention tests were conducted in a safe,

known environment either on the same model at different

times or on different models with little time delay

[10, 20, 21]. In our study, we tested subjects both at dif-

ferent times to assess retention, in different contexts to

assess transfer, and lastly, in a stressful environment to

assess stability of performance. For practical reasons, our

time delay for the test was only a month, which can be

considered short for a procedure that is rarely performed.

This is a limitation of the study as a follow-up test could

have indicated the need for refresher courses. A later

assessment, however, would not have altered the conclu-

sions of this study with regard to immediate training effect.

When evaluating a new educational modality, we find it

relevant to perform a transfer test on the highest possible

level of fidelity. This practice negates the risk of training

for testing as opposed to training for real-life performance,

or improving performance in the simulator model as

opposed to performance in real life. The use of fresh,

frozen cadavers must be considered the gold standard in

EC skills assessment [23]. Because, in real life, EC must be

performed under stressful conditions, we gave the partici-

pants the equivalent of a ‘‘mock call’’ [24], asking them to

perform immediately on the cadavers with no time to

prepare. Even with a procedure as technically simple as the

RFST, a stressful environment can be expected to affect

any doctor’s performance, not the least a novice house

doctor. Testing that is realistic in context, environment, and

the characteristics of the model used greatly increases the

generalizability of the results.

When assessing competence in a time-sensitive proce-

dure, such as EC, it is tempting to view the time from

‘‘knife to airway’’ as the sole indicator of skill level [25].

From this viewpoint, 11 of our 14 novices succeeded in

creating an airway in less than 86 s. However, there is a

Fig. 3 Correlation between the last training attempt and the retention

test
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strong disconnect between the very positive outcomes

using this indicator and clinical reality. In several simula-

tion studies, success rates were between 90 and 100 %

using less than 60 s [26–28], which is far better than

reports from actual surveys on airway management in

which more than half of initial attempts at EC fail com-

pletely [6]. We believe that a score representing both

technical proficiency and speed is superior to speed alone

as this considers the performer’s ability to use relevant

techniques to complete the procedure even under difficult

conditions, such as abnormal anatomy or bleeding. When

taking this approach, we found that our training program

was insufficient to educate young doctors to pass the

cadaver test. Eleven of 14 were able to create an airway

under these conditions. Five of 11 succeeded despite a

flawed use of instruments and a failing to optimize con-

ditions by dorsal flexion of the neck resulting in a lower

and ultimately a failing score. These technical failures are

cause for concern and indicate the need for further training

despite a successfully performed procedure. We believe

only four (29 %) demonstrated sufficient skill from which

to infer competency in emergency cricothyroidotomy.

There are several options for adjusting the simulation

program in light of these findings. First, we must consider

that four training attempts might be too few to achieve

proficiency and additional attempts could be added to the

program. Other programs indicate that five or more

attempts improve outcome [16]. The addition of further

attempts could be complemented with the use of process

goals. Studies have demonstrated that participants who

assume a process orientation and identify set goals improve

the value of self-directed learning particular in the field of

procedural skills [29, 30]. It may also be relevant to

speculate how feedback during the training could have

affected the outcome; the influence of feedback in simu-

lation training has been previously examined [31]. EC is

technically simple, but some guidance even from non-ex-

perts could conceivably improve the results. A recently

published paper explored using medical students as non-

expert educational assistants or facilitators in a simulation

setting with positive results [32]. Because physicians have

different learning curves, we would in conclusion recom-

mend training until mastery performance level instead of

using a fix number of performed EC procedures [33, 34]. A

prior study established a pass/fail score that can be used to

ensure EC competence by the physicians if applied in an

‘‘End of Course’’ test [17].

Considering time spent and general costs, we found that

self-directed video-guided simulation training significantly

improved the performance scores of novice doctors and

should be part of an EC training program. Moreover, we

believe that a self-directed training process can have a

positive effect on motivation and initial acquisition of basic

skills. However, it is important to acknowledge that our

setup did not ensure that all participants reached the

required competency level.

The self-directed, video-guided simulation-based train-

ing had a significant effect on novice doctors’ emergency

cricothyroidotomy performance on cadavers. However, the

majority of the physicians did not progress to the required

competency level in emergency cricothyroidotomy with

this educational intervention alone.
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