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Abstract
Phase II Site: David Grant Medical Center (DGMC), Travis Air Force Base

Project Title: Implementation of a Bougie-Assisted Cricothyrotomy Training Program
Authors: Gregory Caliwag, Susie Chairez-Rincon, Neil Murray

Background or Problem/Issue: DGMC anesthesia department lacks a cricothyrotomy training
program. Cannot intubate, cannot oxygenate scenarios occur in 0.07% of procedures, and may
result in patient death. The last step of the difficult airway algorithm is to place a surgical
airway. However, 30% of emergency cricothyrotomies placed by anesthesia providers fail.
Clinical Question or Purpose: In anesthesia providers at DGMC, how does the implementation
of a cricothyrotomy training program compared to no training program affect performance of
bougie-assisted cricothyrotomy (BAC) procedure, provider confidence with the procedure, and
provider comfort with the procedure?

Project Design: This was an evidence-based project that implemented a BAC training program
during one training day. Participants were evaluated on time to perform the procedure and
number of correct procedural steps utilizing an airway task trainer. A survey was used to
evaluate comfort and confidence before and after training.

Analysis of the Results: 13 anesthesia providers completed the training. The BAC placement
mean time was 106 seconds (range 47-224) pre-training and 74 seconds (range 27-123) post-
training. The mean procedural steps completed was 8 (range 7-11) pre-training and 11 (range 9-
12) post-training. Participants (n=3) who practiced BAC on the airway task trainer had a mean
increase of 3.33 procedural steps on their post-training evaluation compared to a mean increase
of 2 procedural steps in participants (n=7) who did not practice at all. Using a Likert scale,
comfort levels of 4 or greater (n=11) increased compared to pre-training comfort levels (n=8).

Confidence levels of 4 or greater (n=10) increased compared to pre-training levels (n=9).
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Organizational Impact/Implications for Practice: This project optimized training in
emergency airway management resulting in improved performance of BAC placement, increased
provider comfort, and confidence level. We propose implementing a sustainment plan to
reinforce BAC skills every six months to mitigate skill loss and align with current evidence-
based guidelines.

Abbreviated Abstract
Project Purpose: Evidence-based implementation of a bougie-assisted cricothyrotomy training
program allows anesthesia providers practice critical skills in surgical airway management.
Impact: Optimizing simulated BAC training improves performance and increases provider

comfort and confidence level.



IMPLEMENTATION OF A BOUGIE-ASSISTED CRICOTHYROTOMY TRAINING PROGRAM 6

Introduction

Emergency cricothyrotomy is the last step of the American Society of Anesthesiologists
(ASA) difficult airway algorithm and is used as a rescue maneuver to restore oxygenation during
a cannot intubate and cannot oxygenate (CICO) airway crisis. CICO is defined as the inability to
intubate and ventilate a patient in the presence of continuous oxygen desaturation, lack of chest
wall excursion or inadequate capnography tracing, resulting in 25% of anesthesia-related deaths
(Altun et al., 2019; Cooper, 2019; Hubert et al., 2014). Emergency access to the trachea is
achieved by making an incision through the cricothyroid membrane (CTM) and inserting a
breathing tube to restore oxygenation after tracheal intubation, face-mask ventilation, and the use
of a supraglottic airway have failed (Mandell & Orebaugh, 2019). Despite its crucial
importance, surgical cricothyrotomy is rarely performed in clinical practice, resulting in a failure
rate of 30% when performed by anesthesia providers during airway emergencies (Altun et al.,
2019). Procedure failure is primarily due to limited clinical experience performing the procedure
and misidentification of the CTM resulting in misplacement of airway devices, laryngotracheal
injury, inability to ventilate the patient, and death (Aslani et al., 2012; Hessert & Bennet, 2013;
Siddiqui et al., 2018).

Emergency cricothyrotomy is infrequently performed but is an essential skill to have in
advanced airway management. Therefore, it is crucial to optimize training to perform this
complex procedure (Hubert et al., 2014). Simulation cricothyrotomy training can significantly
improve provider confidence in performing the procedure, enhance decision-making, and
improve knowledge of upper airway anatomy (Aho et al., 2015; Hughes, 2018; Scott-Herring et
al., 2020; You-Ten et al., 2015). David Grant Medical Center’s anesthesia department currently
lacks a cricothyrotomy training program. The anesthesia department desires to have a

cricothyrotomy training program using low cost, high-fidelity airway task trainers so that they
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can practice this emergency procedure using equipment that is readily available in every
operating room including austere environments.
Significance of the Problem

Difficult intubation in conjunction with difficult ventilation occurs in 1.5% of operating
room (OR) procedures, with impossible intubation and difficult ventilation seen in 0.3% of
cases. CICO scenarios in the OR take place in 0.07% of cases and can rapidly progress to
irreversible brain damage and death if not managed appropriately (Hubert et al., 2014). Outside
the operating room, the rate of difficult intubations can be as high as 14% and are likely to result
in multiple ineffective attempts increasing the risk for hypoxia, inadequate ventilation,
esophageal intubation, gastric aspiration, airway trauma, and the need for an emergency surgical
airway (Cook, Woodall, & Frerk, 2011; Yildiz et al., 2015). To create a systematic approach to
airway emergencies, the ASA created a difficult airway algorithm. The last step in the algorithm
is the performance of an emergency cricothyrotomy as a rescue technique during a CICO
scenario (Caplan et al., 2013).

Front of neck access requires high technical skills as it is a low yield occurrence
performed in approximately 1 of 50,000 general anesthetics (Scott-Herring et al., 2020). Most
anesthesia providers will never encounter a CICO event requiring an emergency cricothyrotomy.
However, they must be ready to perform this rescue procedure when other noninvasive measures
of establishing an airway have failed (Cooper, 2019). Since the incidence requiring a
cricothyrotomy is rare, providers must master this essential skill through frequent education and
simulation training focusing on airway anatomy, correct cricothyrotomy technique, and

emergency equipment familiarization (Hessert & Bennett, 2013; Hubert et al., 2014).
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Military anesthesia providers at DGMC fall in line with the national picture requiring
frequent cricothyrotomy training. Currently, there is no established cricothyrotomy training
program or alternative methods to retain surgical airway skills within the DGMC anesthesia
department. Without a training program, anesthesia providers will not be able to maintain
proficiency in a procedure that is rarely performed and emphasizes the importance for the
DGMC anesthesia team to receive effective training to mitigate the absence of this life-saving
skill.

Relevance to Military Nursing

One of the most critical responsibilities of a military nurse anesthetist is the contribution
made towards advancing battlefield trauma care. Recent conflicts in Iraq and Afghanistan have
shown that combat trauma brings a unique and challenging component to advanced airway
management. Retrospective studies showed that airway compromise is the third leading cause of
preventable battlefield death accounting for 2% of total combat fatalities (Kotwal, 2011; Mabry
& Frankfurt; 2012; Mabry et al., 2010). Due to the nature of combat injuries caused by
explosions, gunshot wounds, and blunt trauma; surgical cricothyrotomies have an incidence rate
0f 0.62% in deployed settings compared to 0.36% in the civilian sector (Mabry & Frankfurt,
2012; Schauer et al., 2015). The establishment of a definite airway via an emergency surgical
cricothyrotomy remains the gold standard procedure for any CICO scenario in all clinical
settings. Therefore, the implementation of an evidence-based training program to ensure
readiness when performing this critical skill is essential to battlefield anesthesia
care. Furthermore, training programs and techniques utilized by anesthesia providers in a
military setting can have far-reaching effects for the training of other military providers ranging

from combat medics to emergency physicians.
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System or Clinical Question

In anesthesia providers at David Grant Medical Center, how does the implementation of a
cricothyrotomy training program compared to no training program affect performance of bougie-
assisted cricothyrotomy procedure, provider confidence with the procedure, and provider
comfort with the procedure?

Literature Review of Solutions

We utilized our clinical question to drive our literature search for solutions to address the
desire for an emergency cricothyrotomy training program at DGMC. Our team utilized the
Uniformed Services University of the Health Sciences (USUHS) Learning Resource Center to
search for articles in PubMed, CINAHL, and Embase databases. The key search terms used
included cricothyroid membrane, cricothyrotomy, front-of-neck access, ultrasound, palpation,
cricothyroidotomy task trainer, training program, education, and simulation. Our initial literature
search resulted in 685 potential articles. Exclusion criteria for all database searches included
articles with abstract only, unrelated to design, and non-English language unable to be translated.
A total of 438 articles were excluded and 247 articles were evaluated for possible inclusion
based on pertinence to our clinical question. During this process, a total of 197 articles were
excluded leaving 50 full-text articles. After screening these articles for quality, relevance, and
credibility by abstract, 30 articles were selected (Appendix E). We then used the Johns Hopkins
Nursing Evidence-Based Practice (JHNEBP) Evidence Rating Scale to assign a level of evidence
category and evaluate the quality of each article (Appendix F).

The articles evaluated included six randomized control trials (level 1A [2], level 1B [2],
level 3B [2]), two quasi-experimental studies (level 2A [1], level 2B [1]), one non-experimental

study (level 3A), 13 observational studies (level 2A [1], level 3A [4], level 3B [7], level 4A [1]),
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one prospective crossover study (level 3A), one randomized crossover study (level 2B), one
narrative review (level 4A), one letter to the editor (level 4A), one editorial (level 4A), two
educational articles (level 4A [2], and one teaching session (level 3B). Our literature review
supported the use of cricothyrotomy to gain airway access via the CTM during CICO airway
emergencies, a stance that is supported by the American Society of Anesthesiologists and the
American Association of Nurse Anesthetists (Bribriesco & Patterson, 2018; Cooper, 2019; You-
Ten et al., 2015). The literature also showed that the use of ultrasonography as an adjunct
teaching aid significantly improves the ability to identify neck landmarks and localize the CTM
using external palpation (You-Ten et al., 2015). The literature also supported the need for
anesthesia providers to perform regular cricothyrotomy simulation training to maintain the
knowledge, decision-making, and procedural skills needed to perform this high-risk,
low-frequency, life-saving procedure (Biron et al., 2013; Frerk et al., 2015; Hessert & Bennet,
2013; Hubert et al., 2014; Wong et al., 2003). These studies also supported the use of a low cost,
high-fidelity task trainer for teaching and assessing cricothyrotomy training as it provides an
opportunity to develop teamwork, cognitive, and motor skills (Cooper, 2019; Hughes et al.,
2018; Kei, Mebust, & Duggan, 2019). Additionally, our review showed that when a
cricothyrotomy is learned and practiced on an airway simulation model, anesthesia providers
show greater compliance with the ASA difficult airway algorithm (Cooper, 2019; Hubert et al.,
2014; You-Ten et al., 2015). Overall, the literature supports the use of simulated cricothyrotomy
training on airway models conducted at regular intervals of at least every six months to improve

provider performance in advanced airway procedures.
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Focus Areas

To accomplish our evidenced-based project (EBP), we identified four focus areas. First,
we performed an extensive literature search to identify the best methods for cricothyrotomy
training. Second, used the best evidence to implement effective emergency cricothyrotomy
training. Third, we developed a comprehensive sustainment plan to ensure the continued success
of this implementation. Finally, we disseminated results at the local and national levels and
maintain skills readiness.

Organizing Framework
Our team has elected to use the lowa Model of Evidence-Based Practice for the

organizing framework for this initiative. After following the steps of the model, this project was
born out of the problem-focus trigger of not having a training modality for a cricothyrotomy.
Upon an informal polling of staff, it was found that no providers had performed a cricothyrotomy
on a live patient and knowledge of the procedure only came during simulation training before
deployments or during residency. Because of the lack of training for this high-risk procedure,
this project was considered a priority of the department. Continuing through the steps, our team
performed a literature search to determine the best way to place a cricothyrotomy as well as
teaching methods for performing high-risk low-frequency procedures. Following careful
analysis and criticism of the literature, we concluded there was enough evidence to a pilot
training program. Following the implementation of this program, we evaluated the results and
assessed if the training program can be implemented for annual training. We designated a staff
member to take over the bi-annual training and will have the responsibility to observe, evaluate,

and analyze the training and make changes from new literature as needed.
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Project Design

General Approach
This was an evidence-based project that utilized a pre-training assessment, followed by
an educational training program for bougie-assisted cricothyrotomy, followed by a post-training
assessment in the same manner as the pre-assessment.
Setting and Population
DGMC is home to the 60th Medical Group and is located at Travis AFB in Fairfield,

California. DGMC is a Joint Commission-accredited teaching hospital and the Air Force
Medical Service’s flagship medical treatment facility in the United States. DGMC provides full
healthcare services to more than 130,000 active duty, retirees, and beneficiary dependents in the
immediate region of San Francisco and Sacramento. DGMC also provides quality healthcare
coverage to more than 377,000 Department of Veterans Affairs Northern California Health Care
System beneficiaries (Air Force Medical Service, 2019). This project took place within the
Anesthesia Department at DGMC. The anesthesia department provides services to over 3,300
surgical patients annually. It is important to note that 10-15% of anesthesia providers are
deployed at any given time during the year (Travis AFB, 2016). This educational training
targeted 32 anesthesia providers directly involved in airway management including 12 active
duty (AD) anesthesiologists, two contractor anesthesiologists, 14 AD Certified Registered Nurse
Anesthetists (CRNAs), and four contractor CRNAs.
Procedural Steps

Our first step was to conduct a pre-education assessment to determine baseline knowledge
and skills competency. The pre-training assessment began with a hands-on simulation where the
clinician was evaluated on the performance of a bougie-assisted cricothyrotomy after being read

a scripted patient scenario (Appendix L). To perform the simulation, we used a high-fidelity
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bleeding cricothyrotomy task trainer that was affordable, easy to replicate, reusable, and
provided a more realistic experience in cricothyrotomy training (Hughes et al., 2018; Wray et al.,
2019). The scenario was completed in one of the operating rooms at DGMC and the skills were
graded in real-time using a 17-step procedural checklist tailored to a BAC technique (Dharmasi
et al., 2019; Appendix H). Although there were 17-steps in the simulation checklist, there were
only 12 mandatory steps the participant had to complete to successfully place a BAC. Step 1,
step 2, step 3, step 5, and step 17 were not graded.

The participant was graded based on a point system with 1 point given for each step
completed in the correct order. If the participant completed the step but did so in the incorrect
order, no points were given. The maximum number of points a participant could receive was
12. The participant was timed individually during the procedure, starting from the moment the
participant placed a hand on a tool used to perform the cricothyrotomy or attempted to palpate
the cricothyroid membrane. Timing was performed using a stopwatch by one of the
investigators and was recorded in total seconds. In the event the stopwatch did not start, the
participant was instructed to stop until an alternate form of timing could be obtained. Once this
was completed, the scenario was restarted, and timing began as previously described. The
simulation ended when the BAC had been placed and timing was stopped once ventilation was
confirmed via bilateral chest rise and fall, auscultation of lungs, and/or verbalization of a chest
radiograph being ordered (Appendix I).

Our next step was to survey participants on their comfort and confidence level after the
pre-training simulation, which was supported by Kirkpatrick’s Model of Four Levels of Training
Evaluation (Kirkpatrick & Kirkpatrick, 2016). This survey was based on subjective ranking

asking participants to rate their comfort level on a Likert scale of 1 through 5 as follows: (1) very
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uncomfortable, (2) somewhat uncomfortable, (3) neutral, (4) somewhat comfortable, and (5)
very comfortable. Likewise, their confidence level was assessed using a similar 1 to 5 scale: (1)
not confident at all, (2) not too confident, (3) neutral, (4) somewhat confident, and (5) very
confident (Appendix J).

After the pre-education assessment, we immediately provided a BAC training course. The
components of the training program were taught via a pre-recorded video lecture that
demonstrated performance of the BAC procedure step-by-step using a standardized training
video script (Appendix K). Participants were given the option to practice on their own without
supervision on an identical airway task trainer. According to Wong et al. (2003), proficiency in
cricothyrotomy performance requires repeated practice of at least five times and a clear mental
algorithm of the procedural steps. For efficiency and sustainment, we provided participants with
a video lecture and self-guided practice attempts.

Following instruction and practice, we conducted a post-education assessment to evaluate
the effectiveness of the training events. The post-training assessment was performed in the same
manner as the pre-training assessment. Participants were required to perform a cricothyrotomy
using the same airway task trainer and were graded using the 17-step BAC procedural
checklist. Each participant was timed utilizing the same timing protocol and were evaluated
using the same point system as the pre-education assessment. After completing the simulation,
participants were asked to complete a post-education survey to rate their comfort and confidence
level, and if they used the airway task trainer for cricothyroidotomy practice before they
completed their final evaluation (Appendix J).

Data Analysis Plan

Since DGMC anesthesia providers were allowed to opt-out of our project, we were

unable to predict our sample size for data collection. For this reason, we used descriptive
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statistics to analyze our data and evaluate our training platform. During pre-training and post-
training simulations, we collected the time required to complete the cricothyroidotomy procedure
and the number of correct steps completed on the procedural checklist. We then used a survey to
assess provider comfort and confidence level using a Likert scale. The data collected was
operationally measured using descriptive statistics STATA/SE 14.2 for Windows. In addition,
we collected the following demographic data: age, the number of years since graduating initial
anesthesia training, previous surgical airway training, surgical airway training in the past year,
the performance of a surgical airway in a real clinical scenario, and average hours spent in the
operating room weekly.
Potential Barriers

We identified two barriers that had a potential impact in our implementation. First, we
had difficulty coordinating this assessment and training with the staff work schedule. To
overcome this barrier, we utilized the monthly training day reserved the 3rd Thursday of each
month to complete the training. The second barrier that we anticipated was the possibility that
the anesthesia providers may feel judged or graded on their ability to perform and would elect
not to participate in the training program. Therefore, all pre-training and post-training
evaluations were conducted with one provider at a time in isolation of other providers. This
barrier was also mitigated by the fact that only those conducting the EBP project had access to
the evaluation scores. In addition, we did not collect provider type in our demographics, leading
to the inability to compare between provider types (CRNA vs MD). We also made it clear to the
participants that cricothyrotomies are high-skill, low-yield procedures and that their participation

would greatly assist identifying future program needs and/or modifications.
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Sustainment and Dissemination Plan

Current literature shows that cricothyrotomy training should occur at least yearly using
high-fidelity simulation (Boet et al., 2011). However, training every six months is preferred
because it has shown to be superior for skill maintenance in advanced airway management
(Hessert & Bennett, 2013; Kuduvalli, 2008; Wong et al., 2003). To meet current evidence-based
guidelines and professional organizational standards on this high-risk low-frequency procedure,
we plan to create a cricothyrotomy training simulation program to be carried out every six
months. The final sustainment plan was based on the end-results of our evidence-based
project. Our team evaluated whether the implementation of a cricothyrotomy training program at
the DGMC anesthesia department successfully improved the following areas: performance of
bougie-assisted cricothyrotomy procedure, provider confidence and comfort level with the
procedure. The staff member in charge of the Comprehensive Medical Readiness Program
(CMRP) will provide initial cricothyrotomy training followed by bi-annual competency training
and practice. Our goal was to incorporate cricothyrotomy training as a career competency
requirement for all anesthesia providers. We disseminated project findings, limitations, and
strengths to committee stakeholders, DGMC leadership, and anesthesia personnel through oral
and poster presentations in the spring of 2021. We shared project findings with our peers and
professors during the annual USUHS research week in May 2021.

HIPAA Concerns/Ethical Considerations

We submitted this project for review to the Institutional Review Board (IRB) and received
an exemption because this project is not a research study. This EBP did not collect any patient
data, therefore there was no risk of inadvertent release of personally identifiable information
(PII). We collected participant’s demographic data that was de-identified from anesthesia staff

via a pre-survey and post-survey. There were no concerns for compliance with the Health
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Insurance Portability and Accountability Act (HIPAA). Although the information that was
collected was de-identified from individual staff members, we stored all electronic data on a
common access card (CAC) password-protected computer behind a locked door. Additionally,
paper data was stored in a locked cabinet behind a locked door and all requests to view or access
collected data will be routed to the chief investigator for approval.
Project Results

Our project did not reach the initial sample size of 32 anesthesia providers due to military
separations and permanent change of stations. At the time the cricothyrotomy training took
place, there were a total of 25 anesthesia providers employed at DGMC. Of this pool, 14 (56%)
providers were present during training day, 13 elected to participate, and one declined
participation. There were 11 providers unavailable during training day, three were deployed,
four were on leave, and four had scheduled time off. Providers who were not present during
training day were given the option to participate at a later date (excluding deployed members),
but all providers declined. Participant demographics were collected immediately after the first
simulation attempt. Of the clinicians that participated, 61% (n=8) were under the age of 40 and
one participant did not specify their age. Fifty-three percent (n=7) of providers had not had
surgical airway training in the past year. Sixty-one percent (n=8) of providers reported they had
participated in an academic session on surgical airway training in the last two years. None of the
providers reported having performed a surgical airway on a live patient.

For the pre-training assessment, the mean time to perform the cricothyrotomy was 106
seconds (range 47-224 seconds). The mean procedural steps completed was 8 (range 7-11). For
the post-training assessment, the mean time to perform the cricothyrotomy was 74 seconds

(range 27-123 seconds). The mean procedural steps completed was 11 (range 9-12). The level
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of comfort and confidence was surveyed after both simulation attempts. After the pre-training
assessment, 61% of providers (n=8) had a comfort level of 4 or greater. After the post-training
assessment, 84% (n=11) of providers had a comfort level of 4 or greater. Confidence levels
showed a slight increase, with 69% (n=9) of providers having a confidence level of 4 or greater
after the pre-training assessment compared to 76% (n=10) of providers having a confidence level
of 4 or greater after the post-training assessment.
Analysis of Results

Our results show that there was a mean decrease in time to perform the procedure by 32
seconds from the pre-training assessment to the post-training assessment. Providers completed a
mean of three more steps during the post-training assessment compared to the pre-training
assessment. Providers self-rated themselves as more confident and more comfortable after the
post-training assessment compared to the pre-training assessment. These results show that
routine cricothyrotomy training can be used to decrease time to perform the procedure as well as
increase confidence and comfort level among anesthesia providers.

Organizational Impact / Implications to Practice and Policy

As previously discussed, cricothyrotomy training should occur at least yearly but
preferably every 6-months to optimize skill maintenance. Based on our demographic data
collection, over 50% of the DGMC anesthesia providers had not received cricothyrotomy
training in over a year. This finding further emphasized the need for a uniform training platform
on difficult airway management in this department. With the improvements in time to perform
the procedure, comfort, and confidence level, we plan to implement a cricothyrotomy training
program to be completed every six months. A staff member in charge of the CMRP will be

responsible for bi-annual cricothyrotomy competency training for the anesthesia department.
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Future Directions for Research and Practice
The first suggestion for future evidence-based projects would be the re-evaluation of
participant training at different time intervals. This would then be used to guide the need for
frequency of training and assessing skill degradation. A future project might entail having
participants be timed and assessed on steps completed one month after completing
cricothyrotomy training and again at three months after completing the training.

The second recommendation for future implementation would be to add different
techniques to assist with cricothyrotomy performance. The BAC method was chosen for this
project due to the consistent availability of the necessary supplies in both the operating room
environment and in the austere environment. However, there are many different techniques used
to perform a surgical cricothyroidotomy, such as the Seldinger technique, for which there are
numerous kits from multiple manufacturers available for use. There are also various tools used
to assist the clinician in the successful placement of a cricothyrotomy, such as the use of
ultrasound to identify the CTM. It may be beneficial to add these tools and techniques in future
training to evaluate their benefit to the training platform.

The third recommendation would be to critically analyze the speed, technique, comfort,
and confidence level of the providers that did use the airway task trainer to practice the BAC
technique before the final evaluation. It was noted that there were a large number of providers
who elected not to practice the BAC after watching the training video. It is hypothesized that if
it were mandatory for each clinician to practice the BAC after watching the training video, there
would be a significant improvement in the final skills evaluation.

Our final recommendation for future research would be to investigate different

cricothyrotomy trainers or investigate utilizing animal models for practice. Although we used a
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bleeding cricothyrotomy trainer, some providers felt their fidelity could be improved. The
creation of the trainers was impractical because they took time and money. A different airway
task trainer may be available which would be more cost-effective and provide more realism than
our trainer. The ideal airway trainer would be cost-effective, create a realistic feel when
performing the cricothyrotomy procedure, and elicit a similar emotional response akin to
performing one on an actual patient.
Conclusion

Surgical access to the airway is the last rescue attempt to secure the airway when other
measures have failed. Due to the severity of complications associated with a CICO event and
improper placement of a surgical airway, it is imperative that all anesthesia providers learn and
practice how to perform an emergency cricothyrotomy through repeated simulation training.
Our pre-implementation surveys indicated that anesthesia providers at our facility were not
consistently training or maintaining any advanced surgical airway skills due to lack of a training
platform. After conducting extensive literature review and analysis, we implemented an
evidence-based practice project to incorporate this key skill as part of regular training at DGMC
anesthesia department. Our analysis of results and post-implementation surveys indicated that
BAC simulation training improved skill performance, increased provider confidence, and
comfort level performing the procedure. Additionally, BAC training can benefit providers
deployed in remote locations, as it is an ideal emergency technique for performing front of the
neck access and has applicability in both the OR setting in military treatment facilities as well as

in austere deployed environments (Hessert & Bennett, 2013).
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study

Observatioral
study

Dhservational

study

Randomized
controi trial

Observanonal

study

44 subjects, 23
anesthetists

Convenience

23 Anesthesiz
residents

Convenience

S0subjects Convenience

47 tralnzes. 23
using digital
palpation and
24 using US

Convenience

23 models and
operators were
used for data
collection

Conveniance

None

The use of
ultrasound

Theuss of a
standardizad
ultrasownd
tecnique

Tne use of
ultrasound

The use of
ultrasound

Identification of
cT™

Ease of
identifying CTM
total number of
attempts,
cricothyrctomy
suCcess

Timeto
wisualization of
CTM, parcepton
of landmark
difficulty
Laryngeal and
tracheal wall
injuries during
cricothyrotomy,
insertion time,
failure of CT,
identifying
carract
lzndmarks

Identification of
the CT™

Chi-square, Fischer exact test,
studentt test. ANOVA, mean,
madian

M/A

SPSSversion 11.0 stastical software

Independent samplest tast

5AS verslon 9.01 statistical
software.

N/A

Incorrect identification was more comman
with females(30.5%) compared with males
(80.5%)

23 of 25 residents were able to perform the
open cricothyrotomy by digitelpalpation on
the alrway model on the first attempt. With
the more chalienging model, all 25 residents
were able to logate the cricothyroig
membrans by ultrasound and successfully
perform open and percutansous
cricothyratomy.

Themean time tovisualization of the CM was
2432 + 20 1B ceconds [05% confidence
interval, 18.58-30.05 cecondsz).

Ultrasound guidance significantly decreased
the inodence of injuries to the lanynx and
trachea (digital palpation: 17 of 23 = 74% vs.
ultrasound: 6 of 24 =25%; relative risk, 2.88;
5% C1, 13910 5.94; P = 0.001) and increased
the probability of correct insertion by 5.6
times (P = 0.043) in cadavers with difficuit and
impossible landmark palpation {digita
palpation 8.3% ve. ultrasound 46. 7%} Injurizs
were found in 100% of the grades 3to 4
(difficult—impossible andmark
palpation|cadavers by digital palpation
compared with only 33% by ultrasound {P <
0.001). The mean |50) insertion time was
significanily longer with ultrasound than with
digital paloation (19615 [60.65]vs. 1105 =
[465 s|: P<0.001).

The average CTM sagittal length was 13.9 mm
(95% confidence interval [C1], 13.4-18.4). The
average sagittal and axiai differences before
andsfter simulated intubation were found to
be 0.91 mm {95% €t 0 35-147) and 1.04 mm
195% Cl, 0.38-1.7], respectively. The sagittal
variabifity is 1/15 the total length of the CTM

Adequate sample, multiple study
participants, assessment of incorrect
CTh localization

Results imply that this simple training
method may assist in safely
completing a low frequencyflow
volume task during an emergancy.

Well organizad multi phase study
decign. Many different patient subjects
including increased EMI to more
occurately represent the population

wel organizad randomized control
trial

Wide vareisty of experience ameng
medical providers being evaluated,
representing the population wel
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Nerandomization, unlimited  Level| 38
amount of assassments

providers could make, failure

ratz may be higher whan

equipment is included, no

time limit for providers to

B55E55

Small sample size. Results Level 3B
were based off subjective

data.

Correlation of results as well  Level 38
ac statistical significance was
weak in come aspects of the
study

study was conducted on Level 1A
cadavers which does not fully

correfate to live tissue

conditions.

Small sample size with heaithy Level 3B
volunteers
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IMPLEMENTATION OF A CRICOTHYROTOMY TRAINING

Summarize
prospective studies
evaluating CTM
identification,
demonstrate the
inaccuracy of the
landmark palpation
technique, and
describe the use of
ultrasound [US) as a
superior tool for CTM
identification

Assess the accuracy of
CTM identification by
Jjunior/senior
emeargency traineas by
identification

of surface anatomy
landmarks.

Develop/describe an
Us-guided technique
for emergent open
cricothyroidotomy
Also to evaluate the
time to completion
and failure rate of
US-guided technique.

Determine the ate of
successful
identification of the
cricothyroid
membrane by
anesthesia residents
and staff.

MjA Narrative
review

Assess the accuracy of Observational

CTM identification by study

juniorfsenior emergency
trainees by identification
of surface anatomy
landmarks

At the time of pupblication Labaratory
for this journal article observational
there was mot a discription  study design.
of how to perform an US

zuided cricothyroidotomy

in the fiturature. Hense

why the authors want to

develop @ US technique for
cricothyroidotomy.

Are anesthesiologists Observational
challengad when study

sttempting to locste the
cricothyroid membrane?
Thery hypothesized that
obesity would

decrease identfication
SLICCESS.

21 sources
[articles) were
used

BO patients. 16
emargency
trainees (8
junior and 8
senior level)

21 cadavers (12
female and 9
male). 2
independent
operstors of US.

12 subjects
{half were
non-obese the
other half were
obese). 61
anesthesia staff
and residents
who palpated.

A literature
review of the
Pubhied and
Google Schalar
databases was
performed with
search date
from 1880 to
Decembier
2017. Search
terms included
“ericothyraid
membranes + ult
rasound OR
point-gi-care
ultrasound”,
"aireay + uitras
ound OR
paint-of-care
ultrasound”,
and
“ericathyrotom
¥ + ultrasound
OR
point-of-care
ultrasound.”
Convenience

Convenience

Conmvenience

NjA

Palpation
technigue.

The use of
ultrasound

Pzlpztion
technique.

N/A

The accercancy of
correct location
of the CTM.

Time to
identification of
the cricothyroid
membrane and
fime to
completion of
the procedure
|cricothyroidoto
myl.

The accuracy of
rormrect location
of the CTMVI.

NjA

x2 test/Fisher's sxact test if the
count in a cell was <5, Success was
reported using proportion {95% Cl)
Statistical significance

was defined by a P value of <006

Used medians with interquartife
ranges (IQR). Data was plottedona
%=y graph for comparison.

Datawas analyzed using the
statistical software 2-3.0.3. Useda
mixed-efferts logistic regression
model to account for the
within-subject and
within-participant correlations.

Physicians are not sufficiently accurate in using
landmark palpation to locate the CTIM.
Evidence reveals the superiority of US
compared to landmark palpation.

160 assessments parformed, CTM surface
anatomy was correctly identified in 31.23%
{es% c1

24 23 to 39%) cases. Propartion of correct
lacalisation by

juniors was 305 [95% C1 20% to 41%), corract
localisation by seniors of 32.5% (95% C1 22% to
4a%); P=0.73.

Median time to identification of the
cricothyroid

membrane of 3.6 (IQR = 1.9 to 15.3) seconds
and a

median time to endotracheal intubation of
262 seconds

QR =10.7 to 50.7 seconds).

Of the 186 participant attempts to identify the
cricothyroid membrane in 12 subjects. The
overall success rate was 423 (79/186).
Sugcess rates for the demozraphic subgroups:
non-obese men 72% (95% Cl: 59 to B5%);
obese men 38% (25% Cl: 26 to 54%);
non-opese women 2434 (95% Cl: 12 to 36%);
obese women 35% (95% Cl: 21 to 49%).

NfA

The providers being eveluated are
more likly to be in the situation where
they will be faced with a airpay
nesading a surgical apprach to ainway
managemént, meaning through the
cT™

Proved that Us-guidsd
cricothyoidotomy is a technigue that
may assist cricothyroid identification in
popuiations seen in other ED.

Dzta confirmed the findings of other
studies that anesthesiclogists havea
low success rate for identifying the
cricothyroid membrane.

36

NJA Level 44

Use of patisnts who wers Level 28
relatively

stable and senario may not

reflect real life ED providers

may not represant acuratly

the ED doctors in the country.

Used cadavers which does not  Level 3A
translate to live
models/people, meaning US
will be more difficult with lve
human patients. Study may
not be reproducible if the
physician dees not have
previous US experience. Used
only two operators for the US,
maore operators should be
evaluated.

They wers not able to
delineate with accuracey the
borders of the CTM with US
due to the skin folds found on
obeses subjects. They found
that the heightofthe
cricothyroid membrane in
their study was less than
sverage observed in many
other studies.

Level 38
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IMPLEMENTATION OF A CRICOTHYROTOMY TRAINING

Determine the
accuracy of dinical
identification of the
cricothryaid
membrans (CTM)
using the traditional
palpation technique by
a group of physicians.

To wompare three
differ=nt methods of
identifying the
cricothyroid
membrane (CTM}and
gssess their individual
overall accuracy ta
include palpation of
the thyroid cartilage as
@ key landmarkvs
zpproximation based
on four finger widths
[patient's sized] to
estimate the CTM
location relative ta the
stemal notch vs
estimation based on
overlying skin creases
of the neck.

To compare the
accuracy of ultrasound
versus extemal
palpation inlocalizing
the cricothyraid
membrane in patents
with poorly definad
neck lanmarks.

Tha authors hypothesized | Observational
that the CTM would be study

more likehyto be

mizidantified in chese

patients than in normal

weight patients on the

braciz that anatomical

landmarks mightbe

obscured.

B A Prospective
randomized

trial.

The authors hyoothesized  Prospective.
that uitrasound is more single-center,
accurate than external
palpation in identifying the randomized
cricathyroid membrane
when compared to the
accepted ttandard,
computad tomography

clinical trial

san

single-blinded,

56 fernale Convinience
patients of
childbzaring

age participated
in the study.

The asceszors
were 14
physicians of
whom 17 were
anesthesiclogist
sand T were

OB/GYN
trainses
betwesn 1 and
50 adult Convinience
subjects who sample with
met Inclusion inclusionand
creteria. 45 exciusion
physician reteria.
355855075 Physician
particinated of assessorshad &
whom 23 were | randomly
eMmergency assigned
attending or technigue on
fellows, 12 werz an individual
3-year patient selected
emergency from a
residentsand | convinience
14 were I-yzar  samplz of
emergency patients waiting
residents. for care in the
EMErgenty
department
|ED}
340 subjects Corwinience
were scheduled  sample with
for & neck inclusion and
computec-tom  exclusion
ography scan, creteria. 100

117 were patients were

evcluded from  randomizadto
the ctudy aftar

randomization

the exiernal
palpation group

Atotalof 223  and 114
ASA | to ASALIl  patients to the
patients with ultrasound

poorly defined group. Two
onesthesia
fellows were

the assessors.

neck landmarks
completed the
study.

Palpation
technigue wth
the patient in
supime positan
and then with
head
extendad.
Participans
were also
asked to assess
the ease of
CTM palpation
using a 10-cm
visual anzlog
‘General
palpation
technigue, the
four-finger
technlgue, and
theneck
(rease
technigue.

Palpation
technigue vs
ultrasound

Accurate
localization of the
CT

Accurate
localization of the
CTM

Accurate
localization of the
CTh

Data was analyzed using Sigma Stat
(version 2.0}, Categorical data
presented as numbers and
percentages was anzlyzad by the
Fischer esact tast. Continous data
was anylyzed by the Student t-test
and/or ANOWA, ac appropriate.
Assodations were made by multiple
linzar and logistic regressien
analyses as indicated.

All statisticel analyses were
perfomed using STATA software
wersicn 12. Descriptive analysis
were reported with means, ranges,
and 95% confidence Intzrvals (C1).

The characteristics of 2ach group
were presented with frequencies
and percentages for catezorical
variables and compared using the
chi-sguare test. Continaus
variahles, means and 305 were
prezentad and compared ucing
independent two-sarnple t tasts.
Mormal distribution was checked by
examining histograms. The
statistical model was changed from
a logistic regression model to a
Poisson regression mode! ta
eramine the rate of successful
identification of the cricathryoid
membrane and to calculate risk
ratios. The distance from the target
location was compared between
groups using a t-test. SAS version
0.3 was used for the statishical
analysis. All P-values werz
two-sided, and @ value of P < 0.05
was considered statistically
significant

56 patients parficipated of whom 15 were

ohese (B > 30). A correct CTM estimation

was defined 3z 8 mark made between the

upperand lower limits of the mambrans and
within 5 mm of midline. In the supine neutral

neck position | the CTM was identifizd in
10/41 we Df15 (P=0.048) in non obece ve
obese, respectively. Of the incorractly

identified CTM in the supine position, 24 were

above {maximun 3 cm} and 22 below
(maximum 3 cm) the actual level. Similar

results were observed when the patierts were
placed with the meck in the extended position;
the CTWv was identified correctly in 12/41 vs

50 sdult patients poticipated, 32% female,
mean body mass index was 28 kg/m2. The

general palpation methed was sucessful 623
of the time {35% Cl =4£8% to 76%) and took an
average of 14 seconds to perform (range 5-43
seconds). In contrast, the fourfirger technigue
was sucessful 465 of the time (95% Cl = 32%
1o 60%) and took &n average of 12 seconos to
perform {range 6-40 seconds). The neck crease
method was successful 50% of the time (95%

Cl = 36%-54%) and took an average of 11

seconds to perform (range = 5-15 seconds).

Conclusion: all three methods performed

poarly overall and might be less acurate where

superficizl anatomy is not palpable dus to
body habitus.

The percetage of accurate attempts was

10-fold greater in the ultrasound group (81%
ws B%: 05% CI, 63 6-81 3%; P <0.0001) The

mean (50 distance measurad from the

external-palpation to computed-tomography
paint was fve-fold greater than the ultrasound
to the computed-tomography point {16.6 +-7.5

we. 3.4 +-3.3mm; 85% Cl, 11.67-14.70; 2 «
0.0001). Anaylsis demostrated that the risk
ratio of innacurate localization of the

cricethyroid membrane was 9.14-fold greater

withthe external palpation than with the

ultrasounc (P <0.0001}. There were no adverss
events observed. Conclusion: In subjects with

poorly defined neck landmarks,
ultrasonography is more accurate than

external palpation In localizng the cricothyroid

membrane.

Adecuate sample size. Study assessed
obese vs non-obese in identifying CTW
via palpation

Adeguaie sample size, patients had to
meet inclusion creteria. Exclusion
creteriaincuded urable to lay supine,
petients undergoing evaluation for
cervical spine imjury, prier neck surgery
or radiation, or younger than 18 years
old. ED physican assessors were
eligible to participate if they had been
formally trained in surgical airway
techniques. For the residents it
involved a farmalized sirway
curriculum that included
cadaver-based training with muitiple
invasive techrigues,

Adecuate sample size, patients
recruited had neck pathologies
inzluding previous neck surgery,
iradiation, and/or neck mass
Exclusion crateria included inability to
lie flzt, inahility to mantain a neutral
neck position, and refusal to
participate in the study.
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The study did not compared  Level 3A
the accuracy of clinical
identification of the CTiM
usirg ultrasound vs traditionsl
palpation technique by the
group of physicians.
Additonally, the cample anly
induded women of
childbearing age therefore it
cannat be applied to general
adult pooulation.

Study orly included Level 3B
emergency physicians with
formal training in surgical
alnway technigues. Results
might not be sufficiently
representatve among ather
providers outside the ED who
are likely to be calied to
perform this emergency
procedure {2.g anesthesia
staff, anesthesia residents,
and surgeons). This study was
performed under optimal
circumstances in a nonrushed,
non-timed critical setting
which hinders internal and
external validity.

The cricothyroicd membrane Level 1A
was assessed on patients in
the neutrzl nack position
makingit less than ideal. This
position may had afected the
accuracy of the cricothyroid
marbrane during the
palpation technigua skawing
results. Additionally, there
were onby two assessors in
this study increasing the risk
for bias through learning with
repeated sssessments.
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You-Ten Tocompare the effects

et al.,
2018

Cha,
2008

Duggan,
2017

Duggan,

Friedma
n, 2008

of practice with
ultrasound [US) and
non-ultrasound (NUS)
guided palpation of
neck landmarks on the
subsequent accuracy
of ericothyroid
membrane localization
wsing external
palpation

Compare usefulness of
porcine vs manikin
madel for
cricothyrotomy
training

NfA This wasa letter
to the editor
describingthe use of 3
3D cricothyrotomy
model overlayed over
a human neck to
create the novel
feeling of cutting open
another human's neck.
N/A. This wasan
editorial describing a
checklist creation from
the CICO {Cannot
intubate, mnnot
oxyeenate|

pneumeonic. Checklist
is Call it, communicate
it {C}, Incision {1}, Cut
vertically [C} and Over
Bougie Technique (0.
To compare an
inexpensive model to a
high fidslity simulator
for aricothyrotomy skill
training

Does practice with

ultrasound-guided of neck randomized

landmarks improve the
subsaquent accuracy of
blind localization of the
cricathyroid membrane?
The authors hypothesized
that practice with
uitrasound-guided
palpation of the
cricathyroid membrane
would improve
subsequent blind
|ocafization of the
cricathyroid membrans
without ultrasound

Is the parcine model
compared to the manikin
medel better for
cricathyrotomy training

Does the uze of & hizh
fidelity vs low fidzlity
training tool for
criccthyrotomy transfer
equally when applied to 3
human cadaver

Prospective 18 volunteer Convinlence
models for sample. 8
trisl cricothyroid anesthesia
membrans participants
localization were
Participants randomized to
included 15 the ultrasound
anesthesia groug and 7 to
residents in the
postgraduste  non-ultrasound
years Land 2,  group after
anesthesia recelvinga
fellows, and 15-minute
practicing didactic
anesthesia PowerPoint
sssistants. presentation on
the anatomy of
the neck,
landmarks, and
cricothyroid
membrane.
Prospective 49 participants Convenience

crossover study

Letter to the
editor

Editorial

Observational 22 perticipants Convenience

Ultrasound
guided
palpation of
the neck
landmarks and
cricothyroid
membrane;
non-ultrasoun
d guided
palpaton of
the neck
landmarks and
cricothyroid
membrane

Porcine model
ws manikin
model

High fidelity
simulation
{full-scaie
simulator) vs
low fidelity
simulation
(corrugated
tubing)

Accuracy of
cricothyroid

The data management and all

membrans

localization using 0.5 was used to determine

only external statistical significance. Participant

palpation characteristics were compared
descriptively between NUS and US

groups. Accuracy rate and palpation

point ultresound distance at
particigant level were compared
between the I groups using
Wilcoxon rank sum test. The

Wilcoxon rank sum test was used to

estimate sample size using 300
Maonte Carlo samples from
assumed normal distributions

visual analogue  Paired ttest mean
scale of 0-10 on

difficulty of skin

penetration,

landmark

recognition and

procedure, reality

of skin turgor

Post-test
cricothyrotomy

T-test, Mann-Whitney U test

statistical analyses were performed
using SAS9.4. A 2-sided P value of <

15 anesthecia participants were randomized to  The study had inclusion and exclusion
creteria for volunteer models to
include ag= older than 18 y=ars old, no
previous history of neck surgery, neck
irradiation, known neck deformity or
abnormality.

ultrasound {n = 8) and non-ultrasound (n=7)
groups. A total of 80 and 61 attempts were
performed by the ultrasound group and
non-ultrasound groups, respectively. The
median accuracy rate in the US group was
higher than the NUS group (65% vs 30%;
P=0.25), and the median palpation point
ultrasound distance in the ultrasound group
was shorter than in the NUS group (4.0vs 8.0
mm; P =0.04). The adjusted mean [95% CI],
3.6 [2.9-4.6] vs 6.8 [5.2-8.9] mm; P < 0.001).

Visual scores were higher in the porcine mode!
for reality of skin turgor, degree of difficulty
with skin penetration, and degree of difficulty
with landmark recognition.

Mo significant difference in change from
pretest to postiest cricothyrotomy
performance between the high-fidelity and
low-fidelity groups. Training on beth models
impraved cricathyrotomy performance as
evaluated through a three-point task specific
checklist, a zlobal rating scale, and time.

Compared 2 different models to assess
which one participants preferred for
training. Porcine model cosely
resembles human anatomy.

Appropriate outcomes assessed. High Al particpants did 3

38

The voluntear models were Level 38

relative healthy individuals

therefore results are not

representative of the genaral

adult population

Mo pre-test or past-test Level 34

Hands on time was limited

and each particiapant only

performed two

cricothyrotomies
Level 44
Level 44
Level 34

and low fidelity models were truely biz  cricothyrotomy on a cadaver

differences

before training. Graders may
lead to subjectivity. Time after
posi-test was ondy 11 days.
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IMPLEMENTATION OF A CRICOTHYROTOMY TRAINING

To evaluate the realism Will a realistic CTM model

of their trainer
compared to other
madels

To assess the impact of
a short training course
on the ability of
anesthesiclogy
residents to comply
with current difficult
airway management
guicelines

compare the
performance

of medical personnel,
naive to surgical airway
t=chniquss, in
esteblishing an
emergency surgical
zirway in cadavers
using three commanly
used cricothyrotomy
tachniques.

To develop and
validate a noveland
inexpensive
cricothyrotomy task
trainerthat can be
con-

structed from
household items.

combined witha 1 hour
dicactic lecture improve
the camfort with
performing a
cricothryoidotomy

Will a training course
affect the ability of
onesthesia residents to

comply with current

difficult airway
management guidefines

Which of the three

cricethyroidotomy ainway

technigues are superior

Does 5 low-cost,
easy-to-prepare neck
model

be used to effectivaly
teach and assess the
performance of EC?

Obszrvational

Obszrvational

Randomized

Observational

43 Parficipants

27 Anesthesia
residents

20 Medical

crossover study  students

54 Students

Convenience

Convenience

Convenience

Convenience

CTM trainer
with 1 hour
didactic
lecture

Pretest and

szminar

Theuse of the
surgical
technigue,
MMelker set,
and
QuickTrach for
cricothyratomy

A model
constructed
using z toilet
paper roll
{trachea and
larynx),
Styrofoam
(soft tssus),
cardboard
[Ehyroid
cartilage), zip
tie {cricoid),
and fabric
[skin).

Post test survey  N/A

Performance McNemar test, SAS/STAT software
during a CICV vyersion 9.2, Wilcoxon signed-rank
scenaric test, Kruskal-Wallis one-way ANCVA

Time successfull
placement, and
complications of
cricothyrotomy

generalized estimating equations
[GEE) with an identity link,
analysis was carried out with the
I1BM SPSS version 22

10-point checklist Mean {standard deviation; range}.
(5 points total).

Anomymous

survey rating the

educational value

and the degree of

enjoyment

regarding the

model.

Forty-thres EM residents completad the
survay (82.7%, 43/32). The mean reslism
rating of the trainer was 3.81 (35% C =
354-41). The participants raported previous
training on cadaver (62 835, 27/43),

porcine (45.5%, 20/43), and manikin (67 4%,
29/43} madels prior to using this trainer. The
bleeding cricathyrotomy trainer was ratzd
higher than other models {4.45, 95% Cl=

4 28-4 53). Participants noted improved
comfort with performing the cricathyrotomy
after tha educational lab {average
improvemeant of 1.2340.75). Participants
specifically commented on the realism of the
bleeding and skin texture

Appropriate outcomes assessed.

After training, all 27 residents (1009 camplied The training session sigaificantly
with the airway management guidelines, improved the residents’ compliance
compared with 17 [63%}in the pretest (P <
0.005). In the pretest and the 3-, 6-, and

12-month posttests, the median [rarge]

with guidelines and their performance
of cricothyrotomy. Post test was
randomized

durstion of cricothyrotomy was respectively
1175 [70to 184], €3 5 [45 10 97], 525 [43 10
75],and 62 5 [45 to 74] (7 < 0.000L ws. in the
pretest), the median [range] checklist score
was 3 [0 to 7], 10 [8 to 10], 9 [6 to 10], and 9 [4
to 10] (P < 0.0001 vs. m the pretest) and the
medlan [range] zlobal rating s@lewas 12 [7 to
22],30[20 to 35], 33 [231035], and 31 [18 10
33] (P <0.0001 vs_ in the pretest). There were
no significant differences between
performance levels achieved in the 3-, §-, and
12-month posttests.

The success rates were 95, 55, and 50% for
surgical cricothyrotomy, QuickTrach, and
Melker, respectively (P =0.025). The majority
of failures were due to cannulz misplaceament
(15 of 20). In successful procedurss, the

mean procedure time was 94 + 35 sin the
surgical group, 77 £ 34 in the QuickTrach 1l
groug, and 149 + 14 in the Melker group (P <
0.001|. Few significant complications wer
found in successful procedures. No cadaver
biometric parameters were correlated with
success of the procedurs.

Trainee scorss varied significantly by group {p  Allow the student to zo throgh the
0 0.001): mean (standard deviation; range}
scores were 1.8 (1.2; 1-4) for medical students, be done on a real life patient.
3.5 (1.2; 1-5) for interns, and 4.9 [0.5; 4-5}for

postgraduats y=ar 3 residents.

Randomized study with statistical
significance

39

Participans felt that the CTM  Level 38
was too cbvious and

suggested decreasing the sze

Limited sample siz= Level 38
Limited sample sze _evel 28
Mot realistic, difficult to apply  Level 3B

steps of a cricothyrotonmy as if if would  this traiing to the actual

procedure.
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Adherence to the
AsAdifficult
alnway algorithm
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Pre- and post-session CLQ mean
scores were calculated using &
paired t-t=st Wean and standarc
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scores and

0SATS. A Mann-Whitney U Test was

used to compare differences in
OSAT scores.

NJA

Prlma.’y OULCOME MEASUTES WETe
analyzed using Fisher's edact test.
Primary cutiome measures

Included 11} fallure to insert an oral

alrway; {2) fallure 1o call for help;
(3} bypassing the Lvi&; and (4)
attempted fisreoptc intubation.

secondary OULCOME MEessUNes were

anylyzed using the Wilcoxon test.
Parmicipant characteristics were
analyzed using the Mann-whitney
test for ordinal dats and Fisher's
exact test for nominal data.

N/A

Comparing pre- and post-CLO scares,
significant improvement in CLO after the
teaching sessians {p less than 0.001). OSATS
score converted into percentage was B8% fior
students everall. Post-sessionMCO, mean
score of 3.68 0.58 (929}, demonstrating a
high level of knowledze retention. Qualitative
feedback from students- indicated that this
session was highly apolicable to medical
training and teaching an essential skill required
of physiclans.
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Significantly more participants inthe
Mon-Trained group than the Trained group
(6/11vs 010, P = 0.012) commited at [=ast

one major ASA-DAA deviation, Including fallure

toInsertan oral alrway, fallure to call for help,
bypassing the laryngzal mask alrway, and
attempting fibreoptic Intukation. ANTS scares
faor all four categories of behaviours were
similar between the groups.
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NIA

cricothyrotomy OSATS described in this Could not considerinto the

study is a valid assessment tool of
technical skills required to

perform thic procedura. OSATS wac
adapted specifically for
cricothyrotomy, they verified its con-
struct validity and inter-roter
calculations. 3 board-certifizd
otolaryngaology-head /neck surgeons
and 2 otolaryngology-head/neck
surgery residents assessed the content
validity of this CLO and found i1 to be
appropriate. Content validity of this
MICC was assassad by a focus group of
5 otolarynzologists.

TN/

Two strengths that promoted internal
validity to this study was that

participants were randomized Into one

of two groups using a computer
algorithm and the staff
anesthesiologist who tought the
digacnc review to all parmcipants was
blindad 1o group slloation.

study that some students had
recently had lzarned the skil
of cricothyrotomy, placing a
potential bias on the scoring.
Ma separate contro! cohort to
compare the effectiveness of
the intervention Confidence
and skil were measured
shortly after the teaching
5E5510N, Meaning it may nat
correlate to aclinical scenano
several months later.
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Level 44

Level 36

Level 44

Modificetion to the scenario is | Level 1B

@ major limitation to this
study because It may have
affected the particlpants
performance. Participants in
scenaria A had the
opportunity to antcipate the
development of a 'cannot
Intubte-cannot oxygenate’
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renearse management
strategies during the “can
oxygenate” perlod. In



IMPLEMENTATION OF A CRICOTHYROTOMY TRAINING

Wray et To determine if the

al.,, 2019 bleeding CRIC task
trainer demostrated
non-inferiority to the
current standard of
teaching (SimMan task
trainer).

N/A

Randomized
conrolled trial

20 volunteer
participants
were recruited.
3 participants
opted out of
study. A total of
17 participants
completed the
study.

Convenience
sample, 15
emergency
medicine
residents and 5
fourth year
medical
students in
which 3
students/reside
nts opted not
to participate. A
total of 17
participants
were
randomized
into two groups
using block
randomization,
to receive
cricothyroidoto
my instruction
on either the
bleeding CRIC
or SimMan task
trainer. 9
participants
were
randomized
into the
Bleeding CRIC
Groupand 8
participants
were
randomized
into the SIM
Man Grouo.

Sim man task
trainerand
Bleeding CRIC
task trainer

Objective
Structured
Assessment of
Technical Skills
(OSATS),
completion time,
post-comfort
levels

The collected data was tabulated
and coded by a research assistant
not involved in any teaching
aspects of the study. The means/SD
were calculated for OSATS scores
and visual analog scores and then
compared between groups using a
t-test. ANOVA was performed to
analyze the realism scores among
the three task trainers. A power
calculation was performed based
on a previously shown novice mean
of 3.2 points per minute with a SD
of at least 1 point per minute. Using
3 two-sided t-test with an alpha of
0.05 and a power of 90% required a
sample size of 43 therefore it was
not performed due to the small
sample size.

There were no statistically significant

differences between the groups in assessment
scores, time to completion, or comfort levels

pre-and post-intervention. There was a

statistically significant difference in that the
participants gave higher realism scores in

post-test analysis to the Bleeding CRIC

compared to the SimMan. Both groups
demostrated that they had significantly
improved comfort levels from baseline
post-intervention.

Strenghts of this study include the
following: a single instructor taught
the participants how to perform a
cricothyroidotomy on their assigned
task trainer, a single evaluator, who
was blinded to the method of
instruction, tested the participants on
3 pig trachea and evaluated them
using a validated OSATS score. All
participants crossed over and
practiced performing a
cricothyroidotomy on the task trainer
they were not randomized to allowing
all participants to experience
performing a cricothyroidotomy on the
SimMan, the bleeding CRIC and the pig
trachea model.
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Potential biases to this study Tlevel 18
include conflict of interest.
The Bleeding CRIC task trainer
was produced by the current
study's lead author. This
study was also limited by
small sample size making it
difficult to determine whether
the bleeding CRIC task trainer
can be a viable model to
implement in
cricothyroidotomy training.
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Appendix F
Prisma Flow Diagram

42



IMPLEMENTATION OF A CRICOTHYROTOMY TRAINING PROGRAM 43
Appendix G
Project Timeline
Year 1-2019
Activity/Month JAN | FEB | MAR | APR | MAY |JUN |JUL |[AUG |SEP |OCT [NOV |DEC
Upload DNP Project Team
Literature Search
Project Planning
Final DNP Proposal/IRB Form
Year 2 - 2020
Activity/Month JAN | FEB | MAR | APR | MAY [JUN |JUL | AUG [SEP [ OCT | NOV | DEC
Pre-test/Survey Data Collection X
Educational Intervention X
Post-test Survey Data Collection X
Data Analysis X X
Project Analysis X X
Sustainment Plan Implementation X
Year 3 - 2021
Activity/Month JAN |FEB [MAR | APR | MAY |JUN [JUL | AUG |SEP |[OCT |NOV | DEC
Senior Mentor Discussion X
Oral Presentation to DGMC X
Leadership and EBP Council
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Upload Completed Milestone
Checklist

Upload Signed DNP Project
Senior Mentor Approved
Abstract/Impact Statement

Upload Project Completion
Verification Form

Upload Electronic Version of
Senior Mentor Approved Poster

Print Final Approved Poster

Upload Public Affairs Office
Clearance Letter

Register for USU Research Days

Oral Presentation to GSN/USU
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Appendix H
17-Step BAC Technique

Steps to performing a Bougie-assisted Cricothyroidotomy

1. ldentify necessary materials for BAC: bougie, scalpel, size
6 ETT, larger ETT options, 10cc syringe

2. Provide supraglottic oxygenation, if time permits

3. If space allows, position yourself on the same side of the
patient as your dominant hand (Right hand
dominant, stand on Right side patient)

4. Palpate up from sternal notch to find cricoid cartilage, and
palpate down from mandible to identify the superior
margin of thyroid cartilage. Palpate for the cricothyroid
membrane (CTM)

5. If time allows, clean neck with sterilizing solution or
swabs

6. With your non-dominant hand, stabilize the larynx using
thumb and middle finger and palpate CTM with index finger.

7. With scalpel in dominant hand, make a vertical incision
from thyroid cartilage to bottom of cricoid cartilage. If no
palpable anatomy, extend incision toward sternal notch

8. Palpate through incision to confirm CTM

9. Extend CTM incision laterally in both directions without
removing blade

10. Remove blade & insert non-dominant index finger into
transverse incision confirming with palpation of tracheal
rings

11. With dominant hand, slide bougie into incision space

12. Railroad ETT over bougie until cuff is no longer visible
above cricothyroid membrane

13. Remove bougie

14. Inflate Cuff

15. Attach ETT to ET CO2 and then BVM to confirm tube
placement

16. Assess for appropriate tube placement: auscultate both
lungs, X-ray if time allows

17. Secure the tube

Dharmasi et al., 2019
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Appendix I
17-Step BAC Simulation Checklist

Action (1 point per step)

Completed | Not
Completed

1. Identified necessary materials: bougie, scalpel, ETT, 10 cc syringe (Not graded)

2. Provided supraglottic oxygenation (Not graded)

3. Positioned self on same side of patient as dominant hand (right hand dominant =
stand on right side of patient) (Not graded)

4. Palpated up from sternal notch to find cricoid cartilage and palpated down from
mandible to identify thyroid cartilage. Palpated cricothyroid membrane (CTM)

5. Cleaned neck with sterile solution (Not graded)

6. Stabilized larynx using thumb and middle finger. palpated CTM with index finger

7. Made vertical incision from thyroid cartilage to bottom of cricoid cartilage. If
unable to palpate. extended excision towards sternal notch

8. Palpated through incision to confirm CTM

9. Extended CTM incision laterally in both directions without removing blade

10. Removed blade, palpates tracheal rings through incision

11. Slides bougie info incision space

12. Railroads ETT over bougie until cuff is no longer visible above CTM

13. Removes bougie

14. Inflates cuff

15. Attaches ETT to ETCO2 and BVM to confirm tube placement

16. Assessed appropriate tube placement: auscultates lungs, ETCO2 waveform, x-
ray

17. Secures tube (Not graded)

Total Time:

Appendix J
Pre-Education Questionnaire

Points (Max 12):
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Age:
Years since graduating residency:
‘When was the last time you had an academic session on surgical airway training?

Have you had any surgical airway training in the past year?
Yes No

Select the types of surgical airway training you have received
Bougie-assisted Seldinger technique Needle cricothyrotomy Other (specify)

Have you performed a surgical airway in a real clinical airway emergency?
Yes No

‘What are the average number of hours spent in the OR weekly?

I felt comfortable performing this procedure

| 2 3 4 5
Very Uncomfortable =~ Somewhat Uncomfortable =~ Neutral =~ Somewhat Comfortable ~ Very Comfortable
I felt confident performing this procedure

1 2 3 4 5
Not Confident at All Not too Confident Neutral =~ Somewhat Confident Very Confident

Post-Education Questionnaire

Did you practice using the airway task trainer prior to this simulation? If so, how many times did you
practice?

I felt comfortable performing this procedure

| 2 3 4 5
Very Uncomfortable =~ Somewhat Uncomfortable =~ Neutral =~ Somewhat Comfortable ~ Very Comfortable

I felt confident performing this procedure

1 2 3 4 5
Not Confident at All Not too Confident Neutral ~ Somewhat Confident Very Confident
Appendix K

Standardized Training Video Script
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Hello and welcome to our bougie-assisted cricothyrotomy training video. In this video, we will go over the step-
by-step process to perform a bougie-assisted cricothyrotomy. In total there are 17 steps with 3 optional steps
which are dependent on time and space. You will be given the option to practice on your own after watching this
video.

Step 1: Ensure you have all the necessary supplies. You will need a bougie, scalpel, size 6 ETT with larger ETT
options, and a syringe to inflate the cuff.

Step 2: If time permits, provide supraglottic oxygenation.

Step 3: If space allows, position yourself on the same side of the patient as your dominant hand. If you are right
hand-dominant, you will stand on the right side of the patient.

Step 4: Palpate up from the sternal notch to find the cricoid cartilage and palpate down from the mandible to
identify the superior margin of the thyroid cartilage. Palpate the cricothyroid membrane.

Step 5: If time allows, clean the neck with a sterilizing solution.

Step 6: With your non-dominant hand, stabilize the larynx using your thumb and middle fingers. Palpate the
cricothyroid membrane with your index finger.

Step 7: With the scalpel in your dominant hand, make vertical incision from thyroid cartilage to bottom of cricoid
cartilage. If you are unable to palpate or differentiate anatomy, extend the incision toward the sternal notch.

Step 8: Palpate through the incision to confirm the cricothyroid membrane
Step 9: Extend cricothyroid incision laterally in both directions without removing blade

Step 10: Remove blade and insert your non-dominant finger into the transverse incision. Palpate the tracheal rings
to confirm accurate placement.

Step 11: With your dominant hand, slide the bougie into the incision space.

Step 12: Railroad the endotracheal tube over the bougie until the cuff is no longer visible above the cricothyroid
membrane.

Step 13: Remove the bougie

Step 14: Inflate the cuff.

Step 15: Attach the endotracheal tube to end tidal CO2 and then the bag valve mask to confirm tube placement.
Step 16: Assess the appropriate tube placement; auscultate both lungs and if time allows, obtain an x- ray.

Step 17: Secure the endotracheal tube.

Appendix L
Scripted Patient Scenario
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The patient is a 55/M ASA 2 who recently was prescribed an ACE inhibitor. He presented to the ED with
angioedema including profound oral swelling/tongue swelling, which has now progressed to total occlusion of the
airway. The swelling in the oropharynx and larynx has progressed rapidly and is now preventing tracheal
intubation attempts. LMA placement has also failed. The patient is rapidly desaturating with a Sp02 now at 70%.
Two-handed mask ventilation has become impossible. The situation is now at the point where a cricothyrotomy
is the best option for a primary airway maneuver for achieving a definitive airway.

Appendix M
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DOCTOR OF NURSING PRACTICE PROJECT
Completion Verification Form

The DNP Project titled: |mplementation of a Bougie-Assisted Cricothyrotomy Training Program

was completed at David Grant Medical Center, Travis AFB, CA by the following student(s):

(Student Name) (Digital Signature)
Gregory Caliwag
Susie Chairez-Rincon
Neil Murray

The DNP Practice Project Team verifies that the following components of the DNP project, accomplished
by the above students, is of sufficient rigor and demonstrates doctoral level scholarship to meet the
requirements for USUHS GSN graduation:

e Presentation of DNP project to the leadership/stakeholders at the Phase II Site,
e Abstract/Impact Statement (dppendix F), and
e DNP Project written report (Appendix E).

Verified by:
(type name) (Digital Signature)

Senior Mentor

Laura Ransom

Julie Petsche

Team Mentor
& Phase II Site Director

For RNA Students only - add the following additional signature for final verification of project completion:

CDR Ken Radford

RNA Project Director (fype name) (Digital Signature)






