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Disclaimer

The opinions and assertions expressed in this report are those of the author(s) and do not

necessarily reflect the official policy or position of the Uniformed Services University, Naval

Medical Center Camp Lejeune, Naval Hospital Jacksonville, the Department of Defense, or the

United States Government. There are no financial relationships that exist between the speakers

and a commercial entity.
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Abstract

Phase II Site: Naval Medical Center Camp Lejeune and Naval Hospital Jacksonville

Project Title: Ultrasound identification of the cricothyroid membrane: Speed, accuracy, and skill

retention after rapid training

Authors: Barlow, R. J., Duncan, S. T., & Oates, J. R.

Background/Problem: Airway obstruction was the second leading cause of potentially

survivable death in recent wars (Walrath et al., 2017). Manual palpation to identify the

cricothyroid membrane (CTM) is successful in approximately 30% of attempts (Elliott et al.,

2010; Hiller et al., 2016). Ultrasonography to identify the CTM has been shown to provide

greater accuracy in live models and cadavers, at the cost of time (Kristensen et al., 2016;

Nicholls et al., 2008; Siddiqui et al., 2015; Siddiqui et al., 2018).

Purpose: This project compared speed and accuracy of palpation versus ultrasound-guided CTM

identification for healthcare professionals after a brief training session to assess skill acquisition

and retention.

Project Design: Participants were assessed on accuracy and time taken to identify the CTM

using palpation prior to receiving training. Following an 8-minute training video on

ultrasound-guided techniques for CTM identification, participants were assessed on their

accuracy and time taken to identify the CTM using ultrasonography. Six-to-eight weeks after the

initial training, participants were re-tested on accuracy and time to identify the CTM using

ultrasonography.

Analysis of the Results: Identification of the CTM during initial testing was significantly faster

than with ultrasonography (p<.001) although accuracy was not significant (p=.391). There was

no statistical significance between provider types for either speed or accuracy of CTM
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identification (p-values .202 and .781, respectively). Median accuracy in initial testing was

slightly better with ultrasonography than palpation (3.4 mm vs 4 mm from CTM midpoint).

Median time to CTM identification was faster with repeat testing (18.5 s) than with initial testing

(25 s).

Implications for Practice: Participants demonstrated successful acquisition and retention of this

advanced airway skill. This shared mental model can enhance readiness for hospital and combat

perioperative teams, providing skills to anticipate and execute cricothyrotomy when other airway

interventions are unsuccessful.

Abbreviated Abstract

Project Purpose: Develop, implement, and evaluate the effectiveness of an educational program
for identifying the CTM using ultrasonography for the perioperative staff of NMCCL and
NHJAX.

Impact: The program will increase staff knowledge regarding airway landmark identification
and may improve the care provided for patients with a known or suspected difficult airway. Will
enhance readiness for forward deployed hospital and combat perioperative teams.



8

Ultrasound Identification of the Cricothyroid Membrane:

Speed, Accuracy, and Skill Retention After Rapid Training

Management of a difficult or failed airway can quickly deteriorate into a "cannot

intubate-cannot oxygenate" (CICO) situation that may require the creation of an emergency

invasive airway (surgical or percutaneous) to provide oxygenation (Apfelbaum et al., 2022;

Frerk et al., 2015). The successful placement of an emergency invasive airway requires rapid and

accurate identification of anatomical landmarks (Elliot et al., 2010). Correct identification of

airway landmarks could mean the difference between restoring proper oxygenation or anoxic

injury or death. The cricothyroid membrane (CTM) is the preferred emergency invasive airway

site, but the accuracy rate of identification, which is traditionally performed by manual palpation,

is approximately 30% worldwide among clinicians who provide airway management (Elliott et

al., 2010; Hiller et al., 2016). The cost of failure to establish an emergency invasive airway is

real and especially true in military environments. Mabry and Frankfurt (2012) analyzed military

battlefield injuries and noted two-thirds of combat injured service members who underwent

prehospital cricothyrotomy died. Notably, combat medics were unable to cannulate the trachea in

nearly one-fourth of those casualties.

An accurate, clinically validated technique for identifying appropriate airway landmarks

should be an initial step toward improving outcomes for patients who are at risk for requiring

emergency airway procedures (Hiller et al., 2016). Recent research suggests the use of

ultrasound to identify the CTM is more accurate and reliable when compared to manual

palpation (Kristensen et al., 2016; Nicholls et al., 2008; Siddiqui et al., 2015; Siddiqui et al.,

2018). There is no standardized practice for airway landmark identification at Naval Medical

Center Camp Lejeune or Naval Hospital Jacksonville. As a potential solution, standardized
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ultrasound-guided training on accurate identification of airway landmarks that can be used prior

to airway management when clinically indicated was provided.

Problem Synthesis

The ability of providers of all experience levels to correctly identify the CTM via the

current standard of manual palpation is predictably inaccurate. Research demonstrates that

anesthesia providers, emergency physicians, and surgeons performed equally poorly in palpating

the CTM (Elliot et al., 2010; Hiller et al., 2016; Nicholls et al., 2008). Airway management is

vital in trauma resuscitation and surgical anesthesia, thus proficiency with backup airway

techniques is imperative. A CICO emergency can occur not only with traumatic airway injury,

but also may occur when routine airway placement for surgical anesthesia fails. An emergency

invasive airway is created using a needle or a scalpel to make a passage in the anterior neck

below the glottis to quickly cannulate the trachea for ventilation in CICO scenarios (Apfelbaum

et al., 2022; Frerk et al., 2015).

Accurate and reliable identification of the CTM is crucial in airway emergencies (Heard

et al., 2009). The CTM is the preferred site over the trachea for a surgical airway due to its

prominence and often easy identification by palpation in many individuals (Heard et al., 2009).

The anterior midline space between the thyroid and cricoid cartilages houses the CTM. The most

common technique for identifying the CTM is via manual palpation (Frerk et al., 2015), but this

technique may not be the best practice. For example, the CTM is poorly identified by palpation

and often yields inaccurate localization in many females, parturients, obese individuals, and

those with distorted airway anatomy or injuries (Elliott et al., 2010; Lamb et al., 2015; Lavelle et

al., 2021). Poor identification of external landmarks is the primary cause of failure for an

attempted emergency invasive airway (Elliott et al., 2010; Hamaekers & Henderson, 2011). A
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reliable technique that allows for greater accuracy in identifying CTM landmarks is necessary for

enhanced cricothyrotomy success, not only for staff in the hospital but also in a military

deployed setting.

Relevance to Military Nursing

Airway emergencies are especially prevalent in combat casualties. Walrath et al. (2017)

identified that “airway obstruction was the second most common cause of potentially survivable

death in all United States combat casualties from October 2001 to June 2011” (p. 2).

Additionally, Mabry & Frankfurt (2012) report the rate of cricothyrotomies performed in combat

injuries was 0.62% which is nearly twice that of what Schauer et al. (2015) report for the civilian

trauma population (0.32-0.36%). In addition to their traditional roles during surgery, physician

and nurse anesthesia providers often augment emergency medical personnel and surgeons in

trauma resuscitation efforts, both in hospitals and in combat scenarios (Adams et al., 2008; ASA,

2013; Tobin, 2021). The improvement of accurate identification of cricothyrotomy landmarks

could reduce morbidity and mortality in both combat and non-combat environments. Further,

preparing clinicians for better emergency invasive airway success aligns with the Military Health

System’s Quadruple Aim goal of Readiness to “deliver healthcare anytime, anywhere in support

of the full range of military operations” (United States Department of Defense, 2013).

Clinical Question

Because we recognize cricothyrotomy is a rarely performed but essential skill for airway

experts, we reviewed the evidence for this question: Among perioperative healthcare providers,

does the use of ultrasonography when compared to palpation increase the accuracy of

identification of the CTM?
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Search Strategy / Results

We searched PubMed, Cumulative Index to Nursing and Allied Health Literature

(CINAHL), Ovid Medline-All, and Joanna Briggs Institute Evidence Based Practice databases to

include articles for this systematic literature review. We used these search terms to retrieve

results from the databases: “identification,” “location,” “locate,” “airway,” “trachea,”

"cricothyroid membrane," “landmarks,” “placement,” "surgical airway," “emergency,” and

“cricothyrotomy.” As of September 24, 2021, these search terms yielded 218 results; 100 were

removed as duplicates, which provided 118 articles for review.

For a maximum breadth of information, no publications were excluded by date. Articles

were included for review if published in English, study participants used ultrasound to locate the

CTM, and live human or cadaver subjects were used for airway anatomy identification. Articles

were excluded if the technique of CTM identification was not specifically studied or identified,

ultrasound was used by the research staff but not by the participants, or the study’s focus was

exclusively on the pediatric population. After an abstract and full-text review, eight articles

remained as can be seen on our PRISMA flow sheet (Appendix A). Evidence level and quality of

sources were evaluated using the Johns Hopkins Nursing Evidence-Based Practice Evidence

Level and Quality Guide (Dang et al., 2022). Three sources were evaluated as level I evidence,

two of which were high quality and one was good quality. One source was evaluated as level II

evidence with good quality. Three sources were evaluated as level III evidence, with one high

quality and two good quality. Finally, one source was evaluated as level V evidence with high

quality. An overview of the evidence can be seen on our evidence table (Appendix B) and is

reviewed below.
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Solution Synthesis

In a narrative review, Alerhand (2018) examined almost four decades of cricothyroid

membrane location studies using both palpation and ultrasonography. The author’s review found

landmark identification via palpation is consistently inaccurate, especially in obese individuals

and women. It was noted ultrasound identification is more accurate than palpation, but the

tradeoff is a longer time to identification. Additionally, ultrasound identification yields greater

accuracy after a brief training course, and the improved accuracy holds true with identification

three months after the training period. Importantly, because ultrasound identification adds time to

proper location, it is not recommended in the midst of a CICO scenario.

Nicholls et al. (2008) developed a standardized technique for ultrasound identification of

the CTM. The authors’ technique begins by using the longitudinal orientation of the probe to

identify the lateral borders of the CTM, then rotating the probe to the transverse orientation to

verify the location of the CTM. Next, they tested this technique on 50 subjects and found

successful CTM identification in all 50 subjects. The mean time to CTM identification was 24.3

seconds. The authors suggest ultrasound-guided CTM identification is an efficient and accurate

method of assessment to be performed prior to proceeding with rapid sequence induction in

patients with an anticipated difficult airway.

Kristensen et al. (2016) compared transverse and longitudinal approaches to

ultrasound-guided CTM identification. The authors’ transverse method involves a

“thyroid-airline-cricoid-airline” or “TACA” technique in which 1) the thyroid cartilage is

identified as a triangular structure, 2) the airline of the CTM is identified caudally as hyperechoic

lines, 3) the cricoid cartilage is identified further caudally as a horseshoe-shaped structure, and 4)

movement cranially back to the airline of the CTM is performed to mark the site for placement.
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The longitudinal method tested resembled that of Nicholls et al. (2008). Thirty-eight of the

forty-two anesthetists included in this study successfully identified the CTM using at least one of

the two techniques. The mean time to CTM identification was 24.0 seconds using the transverse

technique and 37.6 seconds for the longitudinal technique. The authors specifically advocate

learning and applying these techniques before starting anesthesia in patients with impalpable

anatomical landmarks.

Lavelle et al. (2021) examined ultrasonographic CTM identification in obese parturients,

with the goals of determining accuracy, time, and ease of use for an experienced anesthetist. With

ultrasound use, the distance from the midpoint of the CTM was a mean of 2.5 mm and time to

identification was 23.5 seconds. Identification of the CTM using the palpation technique resulted

in a mean distance from the midpoint of the CTM of 5.5 mm and time to identification was 16.9

seconds. Ease of use was rated 4.2 out of 10 for the palpation identification versus a 2.4 out of 10

for the ultrasound group. The authors also suggested a 3 mm deviation from midpoint would still

provide a proper site for cannulation, so it is reasonable to deduce that the palpation method

would have resulted in failure to place the invasive airway.

Curtis et al. (2012) described ultrasound-guided bougie-assisted cricothyrotomy as a

novel technique for the insertion of a surgical airway. The authors studied two independent

operators utilizing ultrasound guidance using a linear transducer in the longitudinal orientation

for CTM identification and performance of cricothyrotomy on 21 cadavers. The median time to

identification of the CTM was 3.6 seconds (interquartile range = 1.9 to 15.3 seconds), the median

time for completion of the procedure was 26.2 seconds (interquartile range = 10.7 to 50.7

seconds), with a high success rate of 20 out of 21 cadavers. This study demonstrates
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ultrasound-guided identification of the CTM is both quick and accurate when used to place

invasive airways in cadavers.

Siddiqui et al. (2015) compared cricothyrotomy performed on cadavers with either digital

palpation of the CTM or ultrasound-guided identification of the CTM. The authors found

ultrasound guidance significantly decreased the incidence of injuries to the surrounding tissues

and increased the success rate in cadavers with difficult-to-impossible landmark palpation. The

authors suggest ultrasound-guided CTM identification should be performed before airway

management, specifically in patients whose neck landmarks are difficult to palpate. Siddiqui et

al. (2018) then compared ultrasonography to palpation in the identification of the CTM in

subjects with poorly defined neck landmarks. The authors deemed identification within 5 mm

from the center a success, citing previously established computed tomography (CT)

measurements of the CTM allowed for this deviation. The authors found proper identification of

the CTM with ultrasonography in 81% of the subjects and in only 8% with palpation. This study

further solidifies the superiority of ultrasound-guided CTM identification.

Arthurs et al. (2020) demonstrated positioning affects CTM location. Positioned at 0, 30,

and 90 degrees, subjects’ CTM was measured via ultrasound using the TACA technique

described by Kristensen et al. (2016). Compared to the 0-degree marking, the CTM displaced

cephalad 2.7 mm at 30 degrees and 4.2 mm at 90 degrees. Additionally, the distance of CTM

movement from 30 degrees to 90 degrees was greater with a body mass index of 30 or more or at

age 70 or greater. Considering the variability with position changes, the authors recommend

marking the CTM while supine. Alternatively, marking the CTM while the individual is in the

position of planned airway management may be a prudent practice.
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The available research literature explored multiple techniques for identification of the

CTM; however, the aim of this project was to determine the best technique for accurate CTM

identification in preparation for a potential emergency surgical airway based on the current

evidence available. Throughout the research previously discussed, ultrasonography is

consistently demonstrated as the most accurate technique for CTM identification. Considering

the available evidence, the project team included both the transverse and longitudinal techniques

identified by Kristensen et al. (2016) for CTM identification in the training video for this project.

Focus Area

Because the evidence demonstrates the identification of the CTM via palpation technique

is less accurate than ultrasonography to identify the cricothyroid membrane (Alerhand, 2018) the

focus of this project was to assess the accuracy and time to identification of the CTM in the

perioperative staff population. Perioperative staff of all levels of experience were briefly trained

on how to utilize the ultrasound machine for proper identification of the CTM. Six to eight

weeks after initial training and assessment, a follow up was conducted to test whether

participants maintained the ability to properly identify airway landmarks via ultrasonography.

The goal of teaching perioperative members the ability to correctly identify these emergency

landmarks is to ensure a shared foundation of knowledge potentially preventing adverse

outcomes related to emergency airway access.

Business Case Analysis

After an assessment of practical alternative methods of training for CTM identification,

the project team chose to use a live human model for ultrasound-guided CTM identification.

Using a live human model provided the most realistic experience, anatomical landmarks, and

tissue appearance. The value of this implementation was based on decreased morbidity and
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mortality, improved staff training and competence, and augmented operational readiness.

Moucharite et al. (2021) reported difficult intubation alone was associated with $14,000 higher

in-patient stays, four days longer hospital stay, higher likelihood of intensive care unit stay, and

two days longer stay in the intensive care unit. Experienced operators can perform CTM

identification via ultrasound-guidance in as little as 3.6 seconds (Curtis et al., 2012).

Additionally, adding this skill to the standard Trauma Combat Care Course, knowledge can help

operational forces provide more advanced care, potentially improving survival rates of

forward-deployed personnel. Full details are provided in the Business Case Analysis (Appendix

C).

Organizing Framework

The Johns Hopkins Nursing Evidence-Based Practice Model (Dang et al., 2022)

(Appendix D) was an exceptional fit for exploring the best practice of CTM identification. Over

its 20 well-defined steps, the model divides the process into three categories: developing the

practice question, searching for the available evidence, and translation of the evidence into a

practice change. The project team developed the practice question through discussion with senior

mentors and identification of the need for standardized knowledge and skills in the event of

emergency invasive airway events. Search for the relevant evidence among the available research

literature was exhaustive, and the real-world implications of combat-related airway management

failure was well-explored. Finally, the evidence was translated into a targeted approach to

training civilian and military medical providers in ultrasound-guided airway identification, which

can yield a high reward of saved lives with limited monetary cost.
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Project Design

General Approach

The project team provided standardized training on how to identify the CTM with an

ultrasound-guided technique to the perioperative staff of Naval Medical Center Camp Lejeune

(NMCCL) and Naval Hospital Jacksonville (NHJAX). Prior to the training, accuracy and speed

of the current practice of palpation for CTM identification was evaluated. After the training, the

palpation results were compared with the accuracy and speed of CTM identification utilizing an

ultrasound-guided technique.

Setting and Population

The project implementation spanned two US Navy healthcare facilities. NMCCL is in

Jacksonville, North Carolina. It is a level III trauma center with 205 in-patient beds, eight

operating rooms, and provides the following surgical services: Ear/Nose/Throat, General

Surgery, Oral and Maxillofacial Surgery, Orthopedics, Obstetrics and Gynecology, Podiatry, and

Trauma (Tricare, n.d.a). NHJAX is a mid-sized military community hospital located in

Jacksonville, Florida, with 64 in-patient beds and six operating rooms. Surgical services include

Ear/Nose/Throat, General Surgery, Oral and Maxillofacial Surgery, Orthopedics, Obstetrics and

Gynecology, and Podiatry (Tricare, n.d.b).

The focused population for implementation of the project was the perioperative staff of

NMCCL and NHJAX. Certified registered nurse anesthetists, physician anesthesiologists,

perioperative nurses, civilian perioperative technicians, and Navy hospital corpsmen whose

varied skill sets included preoperative patient preparation, intraoperative surgical management

and assistance, and postoperative anesthesia recovery were included.
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Procedural Steps

The initial testing and training session was conducted in one day at each testing site. A

standardized military male human model at each location was used for high fidelity testing. The

models laid supine on a hospital gurney with their head supported on a rolled towel. The center

of the CTM was located on the models via ultrasound by the project leaders and it was marked

with ultraviolet (UV) light-sensitive markers. An adhesive transparent film was placed over the

UV-sensitive mark to allow for repeated marking with a dry erase marker during identification

by participants. The models then remained as motionless as possible throughout the testing. A

demographics survey was provided to each participant to assess their perioperative role and prior

airway skills obtained, especially in locating the CTM (Appendix E). Prior to providing the

participants any primer education on locating the CTM, each participant was instructed to

palpate the neck of the standardized human models to find the center of the CTM and to mark the

center with a dry erase marker. Time was recorded via personal mobile phone devices and

distance was recorded with digital calipers. The time to identification and distance from the

center of the CTM was recorded. Then, a brief training video created by the authors was

presented to the participants. In this video, basic ultrasound principles, the anatomy of the

cartilaginous neck structures required for identification of the CTM, and two different

ultrasound-guided techniques identified in the literature for accurate location were discussed.

Figure 1 shows the anatomical location on a plastic model for which each ultrasound view could

be obtained on the human model. The transverse (“TACA”) and longitudinal (“string of pearls”)

views provided in Figure 1 were demonstrated on a live model during the instructional video.

The participants were then instructed to use a pre-set ultrasound configuration with the

ultrasound probe prepared with ultrasound gel to locate and mark the center of the CTM without
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palpating the neck. Time to identification and distance from the center of the CTM were

recorded. After six to eight weeks, the same human models were prepared in the same fashion as

before, and only participants who attended initial training and testing returned and were again

instructed to use ultrasonography to locate the center of the CTM. No additional education or

reminders were provided to participants for the repeat execution of this task, and participants

were not allowed to palpate to aid with location. Time to identification and distance from the

center of the CTM were recorded as before.

Data Analysis Plan

For data analysis, accuracy and time to CTM identification with palpation prior to

training versus accuracy and time to identification of the CTM with ultrasonography after

training were compared (Appendix F). A p-value less than .05 was determined as statistical

significance for the findings. An analysis of variance (ANOVA) was performed to evaluate the

significance of any difference in results for each skilled provider type, and Wilcoxon testing was

performed to evaluate the significance of speed and accuracy comparison of the two

identification methods. Funding for statistical analysis was provided by the Tri-Service Nursing

Research Program (TSNRP).

Potential Barriers

Several potential barriers were identified, and mitigation strategies were developed for

each. Difficulty finding a sufficient number of initial participants was reduced by working with

perioperative leadership to coordinate training sessions that worked well with the surgical

schedule. This coordination promoted buy-in from leadership and reduced scheduling conflicts

that might have eliminated participants. Further participant attrition during the retesting session

was also a barrier, but continued communication with leaders was helpful in retaining
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participants. Additionally, testing sessions were conducted in the centrally-located Post

Anesthesia Care Unit, so participants did not need to leave their workspace to attend. Different

training staff at two separate locations might have resulted in variation in training, so the same

training presentation, materials, methods, and supplies were used at each site.

Sustainment and Dissemination Plan

After data analysis, the results were shared with the perioperative staff and leadership at

the naval hospitals and with Uniformed Services University clinical site faculty. Dissemination

of this project to the Uniformed Services University of Health Sciences will be via manuscript,

academic poster, and presentation. The findings have also been submitted for presentation at the

TSNRP conference and the NMCCL Research Symposium. In addition, the manuscript has been

submitted for review by a peer-reviewed journal for future publication.

Health Insurance Portability and Accountability Act (HIPAA) Concerns/Ethical

Considerations

This project was given exempt status from the internal review board at each facility.

Additionally, information collected from participants, in the form of two demographics surveys,

was limited to occupation, experience, and whether the participants had prior experience related

to emergency airway procedures and ultrasonography. This information was stored on a

password protected file, in a password protected computer, and in a locked office. To preserve

anonymity, each participant created their own unique numerical identifier. The participants

provided that number on their demographics surveys and to the evaluator for testing results. This

approach to information collection prevented the participant from providing any personally

identifiable information while allowing the investigators to track and analyze data accurately.



21

Project Results

CTM identification speed and accuracy were assessed for 63 participants during the

initial training and testing sessions. Of those participants, 31 returned for repeat testing after six

to eight weeks. The participants’ skill characteristics are described in Table 1. Seventy-one

percent of the participants had five or fewer years of experience in their current healthcare role.

Speed and accuracy results are provided in Figure 2 and Table 2. No statistical significance

between provider types for either speed or accuracy of CTM identification was found (p-values

.202 and .781, respectively). Accuracy with palpation versus ultrasound was not statistically

significant (p=.391). Speed of palpation was significantly faster than with ultrasonography

(p<.001).

Analysis of Results

During initial testing, CTM identification by palpation was significantly faster than

ultrasonography. Although not statistically significant, median accuracy in initial testing was

slightly better with ultrasonography than palpation (3.4 mm vs 4 mm from CTM midpoint). After

six to eight weeks, participants were faster (median time to CTM identification with initial

testing was 25 seconds and repeat testing was 18.5 seconds) and remained accurate in

ultrasound-guided CTM identification. Repeat testing showed less variance for time and

distance. Median palpation and ultrasound measurements were within the 5 mm maximum

allowable deviation from the center of the CTM identified by Siddiqui et al. (2018). The brief

airway ultrasound training resulted in clinically significant accuracy in ultrasound-guided

location of the CTM that was sustained six to eight weeks post-training. The increased speed

demonstrated in the six-to-eight-week interval after training may improve identification time in

an airway emergency.
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This skill was successfully taught to and demonstrated by perioperative staff members

with a variety of skill sets, ranging from airway experts to medical technicians. This shared

mental model with multiple ultrasound-trained team members may better allow for rapid CTM

location during an emergency when the person performing the procedure encounters difficulty.

Preoperative CTM identification in cases of anticipated difficult airway may also be a valuable

strategy in airway management. A head-of-bed elevation angle change can significantly alter

CTM position (Arthurs et. al, 2020), so pre-marking of the CTM for an anticipated difficult

airway should be done in the same position a cricothyrotomy would be performed.

Limitations

Demographic differences related to training, sample size, and location limit

generalizability of findings to the institutions where the project was conducted. This project

included a small convenience sample within the local institutions, which was representative of

military treatment facilities of comparable size due to a mix of civilian and military staff

make-up. All military medical staff are required to attend emergency airway training during the

Tactical Combat Casualty Care (TCCC) course (United States Department of Defense, 2022), but

only manual palpation techniques are routinely taught due to the austerity of front-line combat.

Civilian staff without such training were also among our participants. The airway models were

males with a body mass index (BMI) less than 30 with no known airway deformity, which is less

consistent with the populations in which airway anatomy is more difficult. The ability to better

locate the CTM in such populations is well-established for airway experts (Lamb et. al, 2015;

Siddiqui, 2015; Siddiqui, 2018), but the focus of this project was more directed at testing the

ability to rapidly teach this technique to various staff - those with airway and ultrasound

experience and those without. Additionally, the initial session occurred during the same time as
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training for the new electronic health record roll-out and this limited our participant pool.

Importantly, anesthesia providers were a relatively small portion of our participant group.

Obtaining the majority of data from those less familiar with airway management and ultrasound

use may have increased the time and reduced the accuracy of location; however, it provided the

opportunity to better assess the efficacy of the standardized training provided.

Additionally, some participants acknowledged the correct center of the CTM on the

ultrasound monitor, but due to unfamiliarity with the ultrasound machine marked the center

erroneously outside the ultrasound probe’s beam. Due to this, the median measurement may have

been more accurate with more training on ultrasound considerations. The dry-erase marker was

sometimes difficult to see when participants attempted to mark the CTM with ultrasound gel

present, so additional time was taken to indicate the intended marking site, potentially increasing

the average time with the ultrasound technique.

Organizational Impact / Implications to Practice and Policy

In battlefield medicine, the first responder is usually a hospital corpsman with TCCC as

the base level of training (US Department of Defense, 2022). In deployed military settings,

perioperative staff augment emergency personnel in trauma resuscitation. This project

implemented training to perioperative healthcare professionals on ultrasonography techniques for

CTM identification with the primary focus on providing a retainable skill that could be utilized

in preparation for an emergent cricothyrotomy. Training implementation demonstrated surgical

support staff, nurses, and anesthesia providers were able to retain this evidence-based skill to

accurately identify the CTM via ultrasonography. This project suggests teaching all members of

the resuscitation team the ability to correctly identify the CTM encourages a shared mental

model, with the goal of preventing failed emergency airway access.
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Future Directions for Research and Practice

Future studies could include similar ultrasound-guided airway training for perioperative

staff with mixed skill sets, then assessing their identification accuracy and time on models who

are female, pregnant, obese, and/or with airway distortion. Actual or simulated cricothyrotomy

on cadavers, animals, or high-fidelity manikins could further demonstrate the efficacy of

training. Assessment of ultrasound-guided identification of CTM in operational settings with

operational equipment could provide valuable information about the practical application of this

skill in military operations.

Conclusion

The project team conducted an evidence-based project comparing the accuracy and time

to CTM identification by palpation and ultrasonography. Rapid training was provided to

perioperative healthcare providers of all skill levels at NMCCL and NHJAX about how to

identify the CTM using ultrasonography. The data collected mirrored the findings in the

literature review. Identification of the CTM using palpation was faster than the initial use of the

ultrasound-guided technique but there was no statistically significant difference in accuracy. In

repeat testing of the ultrasound-guided technique, speed improved and accuracy remained

consistent. These results suggest this skill is teachable to all levels of healthcare providers and is

retainable. The authors recommend extending training of CTM identification with

ultrasonography to all areas of military medicine.
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Figure 1. Transverse (top three images) and longitudinal (bottom image) ultrasound views of

CTM.
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Table 1. Demographic data

Provider type Number of participants for
initial test (n=63)

Number of participants for
repeat test (n=31)

Physician anesthesiologist 2 1

CRNA 6 4

RN 13 5

HM 42 21

Table 2. CTM identification results

Technique Median distance from center
(mm)

Median time to location
(secs)

Palpation 4 9

Ultrasound, initial test 3.4 25

Ultrasound, repeat test 4 18.5
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Figure 2. CTM Identification Results
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Appendix A
PRISMA Diagram

218 studies imported for screening -
l 

118 studies screened 

l 
118 full-text studies assessed for eligibility -

8 studies included 

100 duplicates removed 
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ofpalpation
technique

forC
TM

identification
on

a
hum

an
m
odelortraining

m
annequin.

Pros
C
ons

-
Q
uick

m
ethod

foridentification
attem

pt

-
N
o
new

training
needed

-
Easierto

conductthe
im
plem

entation
trialsw

ith
m
annequins

-
N
otasaccurate

com
pared

to
ultrasound-guided

m
ethod

-
Training

m
annequin

anatom
y
isleastcom

parable
to
hum

an
anatom

y
ofthe

training
options

-
Training

m
annequinsm

ay
differfrom

the
tw
o
clinicalsitesinvolved

in
the

project

A
ssum

ptions

-
Identification

ofthe
C
TM

using
the

standard
palpation

isaccurate
only

32%
ofthe

tim
e
by

anesthesia
providers(Elliotetal.,2010).

-
A
ccurate

identification
ofthe

C
TM

using
the

standard
palpation

takes,on
average,14

seconds(B
air&

C
him

a,2015).
-

A
ccurate

identification
ofthe

C
TM

using
ultrasound-guidance

takes,on
average,24.3

seconds(N
ichollsetal.,2008).

-
The

accurate
identification

ofthe
cricoid

m
em

brane
isim

perative
in
reducing

com
plicationsand

failure
in
placing

em
ergentsurgicalairw

ays
(Elliotetal.,2010).

-
U
sing

ultrasound-guidance
to
identify

C
TM

reduced
com

plicationsin
cadaverssignificantly

(Siddiquietal.,2015).
-

The
rate

ofcricothyrotom
iesperform

ed
in
com

batinjuriesisalm
osttw

ice
thatofthe

civilian
traum

a
population

(M
abry

&
Frankfurt,2012)

-
C
om

batm
edicsw

ere
unable

to
cannulate

the
trachea

in
nearly

one-fourth
ofcom

batinjured
service

m
em

bersw
ho

underw
entprehospital

cricothyrotom
y
and

died
(M

abry
&
Frankfurt,2012).
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-
86%

ofanesthesia
providersreportthey

alw
ayshave

daily
accessto

an
ultrasound

m
achine

(K
ristensen

etal.,2016).
R
ecom

m
endation

and
R
ationale

R
ecom

m
endation

Proposalto
recom

m
end

alternative
#1:U

tilization
ofultrasound

guidance
forC

TM
identification

on
a
live

hum
an

subjectfortraining.Ifinitialtraining
resultsare

positive
forincreased

accuracy
ofC

TM
identification,plan

to
propose

update
to
the

anticipated
difficultairw

ay
standard

ofpractice
to
include

preoperative
C
TM

identification
w
ith

ultrasound.

R
ationale

Em
ergency

cricothyroidotom
y
m
ay

be
m
ore

successfulw
hen

providershave
a
m
ore

accurate
m
ethod

ofidentification
ofthe

C
TM

priorto
attem

pted
airw

ay
placem

ent.

Value
B
ased

C
are

-Investm
entR

equired
by

the
O
rganization

and
the

A
ssociated

"VA
LU

E"
or$

G
A
IN
ED

.

I.
Value

projected
based

on:

D
ecreased

m
orbidity

and
m
ortality

W
ith

im
proved

technique
foraccurately

finding
the

appropriate
airw

ay
landm

arksthere
is

potentialfordecreased
adverse

eventsdue
to
failed

airw
ay

events.A
lthough

reportsofthe
financialcostofem

ergency
cricothyroidotom

y
are

scarce,difficultintubation
alone

hasbeen
associated

w
ith

$14,000
higherinpatientstays,4

dayslongerhospitalstay,higherlikelihood
of

IC
U
stay,and

2
dayslongerstay

in
the

IC
U

(M
oucharite

etal.,2021).

Im
proved

Training
and

Staff
C
om

petence
M
ore

staffbeing
trained

in
U
S
use

can
increase

the
num

berofresourcesavailable
in
an

em
ergentsituation.U

ltrasound
identification

hasbeen
perform

ed
in
aslittle

as12
secondsto

36
secondsaftera

shortcourse
ofinstruction,so

surgicalstarttim
e
im
pactisexpected

to
be

m
inim

alto
none.

B
enefitto

O
perationalR

eadiness
A
dding

to
TC

C
C
know

ledge
and

skillsetcan
help

operationalforcesprovide
m
ore

advanced
care

to
im
prove

survivalratesofforw
ard-deployed

personnel
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Increased
PatientSafety

and
Satisfaction

Ensuring
the

bestpracticesare
being

utilized
w
illhelp

ensure
w
e
are

keeping
patientsassafe

as
possible,decreasing

m
orbidity

and
m
ortality

rates.C
losed

claim
costsassociated

w
ith

airw
ay

traum
a
cost~$25,000

percase
(D
om

ino,1998).

D
ecreased

length
ofstay

in
intensive

care
unit

Average
costofIC

U
inpatientstay

requiring
m
echanicalventilation

is~
$31,574

-42,570
(D
asta

et.al,2005)

II.
C
ostprojected

based
on:

Suppliesneeded
To

ensure
staffhave

the
equipm

entnecessary
to
perform

ultrasound
technique.M

TFs
consistently

have
ultrasound

capability
in
criticalareas.N

eed
foradditionalequipm

entis
unlikely;how

ever,included
w
illbe

one
ultrasound

perlocation.
Each

ultrasound
m
achine

costs
about$30,000

(FujiFilm
Sonosite,2021).

Tim
e
required

fortraining
Staffw

illhave
to
spend

tim
e
in
training

and
aw

ay
from

routine
duties,w

hich
m
ay

affect
productivity

butlikely
notpredeterm

ined
m
anning

cost.O
n
average,the

nationalhourly
w
age

forperioperative
staff(including

M
D
,C

R
N
A
,R

N
,LPN

,M
edicalA

ssistant)is$58.88
perhour

(U
nited

StatesB
ureau

ofLaborStatistics,2021).

D
evelopm

entoftraining
program

D
evelopm

entand
im
plem

entation
ofa

new
training

program
w
illbestsucceed

w
ith

new
job

dutiesand/orjob
positionsto

ensure
appropriate

inform
ation

isbeing
dissem

inated

III.
Projected

Value:

D
ecreased

C
osts:

D
ifficultintubations/airw

ay
costs:

$14,000
IC
U
adm

ission
average

costs:
$37,000

C
losed

claim
costs:

$25,000
Total

$76,000

Increased
C
osts:

+/-U
ltrasound

forpreoperative
unit:

$30,000
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Average
staffm

em
bertraining

cost:
$3,600

(60
staffm

em
berstraining

for1hr)
Total

$33,600

Total:
+$42,400/yr

R
isksand

M
itigation

Plan

R
isks

Plan

1.Low
participation

C
oordinate

w
ith

perioperative
leadersto

schedule
thistraining

during
unittraining

tim
e
to
ensure

m
axim

um
participation.

2.H
igh

attrition
ofparticipantsin

the
retesting

phase
2.C

oordinate
w
ith

perioperative
leadersto

schedule
the

retestduring
unittraining

tim
e
and

ensure
all

participantsare
aw

are
offollow

up
datesand

provide
rem

inders.

3.D
ata

suggeststhatultrasound-guidance
isnot

m
ore

accurate
than

the
palpation

m
ethod

in
our

facilities

3.R
eturn

to
“StatusQ

uo”
m
ethod

ofpalpation
to
identify

the
C
TM

Im
plem

entation
Plan

Phase
1:

G
atherevidence

M
ilestone

D
escription:

C
onductliterature

search
aboutthe

bestm
ethod

foridentifying
the

C
TM

.

D
eliverables

D
ue

D
ate

A
ccountable

Person

M
easurable

goal:O
rganization,

categorization,and
critique

ofat
O
ne

m
onth

Principle
Investigator
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least8
system

atic
review

s,
m
eta-analyses,appropriate

w
ell-designed

studies,and
expertopinions.

R
esourcesN

eeded

A
ccessto

research
databases;tim

e
to
perform

tasks;and
article

organization
program

.M
itigate

risk
by

utilizing
U
SU

H
S
Learning

R
esource

C
enter

capabilitiesto
ensure

adequate
database

searchesand
organization

ofresults.

Expected
LevelofB

enefit

Thisisthe
foundation

ofthe
project’sevidence-based

supportand
w
ithoutconclusive

evidence,thisprojectw
ould

failto
m
eetitspurpose.

Phase
2:

D
issem

ination
offindings(orprojectapproval)

M
ilestone

D
escription:

W
rite

the
proposed

projectplan
and

route
itthrough

the
approvalprocess.

D
eliverables

D
ue

D
ates

A
ccountable

Person

M
easurable

G
oal:

Produce
a
professional

presentation
and

paperand
subm

ititforapprovalthrough
the

appropriate
avenues.

O
ne

m
onth

aftercom
pletion

ofdata
collection

(2
m
onths

total)

Principle
Investigator

R
esourcesN

eeded

Tim
e
to
perform

tasksand
accessto

professionaltechnicalsupportto
include

obtaining
an

accountto
the

electronic
InstitutionalR

eview
B
oard.M

itigate
risksby

collaborating
w
ith

colleaguesand
expertsto

ensure
presentation

quality
and

accuracy.

-

.....--
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Expected
LevelofB

enefit

D
issem

ination
to
executive

leadership
allow

sthe
decision

to
be

approved
through

the
InstitutionalR

eview
B
oard.A

dditionally,itdescribesthe
program

’s
im
portance

and
viability.

Phase
3:

D
evelop

the
training

and
evaluation

program
.

M
ilestone

D
escription:

D
evelop

an
evidence-based

training
program

.W
rite

the
proceduresand

m
ethodsto

serve
asa

go-by
forconducting

this
project.Identify

personnelto
serve

asthe
rolesdescribed

in
the

proceduresand
m
ethods.

D
eliverables

D
ue

D
ates

A
ccountable

Person

M
easurable

goals:Produce
detailed

w
ritten

proceduresand
m
ethodsw

ith
a
detailed

training
program

.

O
ne

m
onth

afterprogram
approval3

m
onthstotal)

Principle
Investigator

R
esourcesN

eeded

Tim
e
to
perform

tasksto
include

procurem
entofsuppliesand

reservation
ofallneeded

spaces.Identifying
personnelto

fillneeded
rolesand

ensure
adequate

training
ofthe

proceduresand
m
ethods.M

itigate
risksby

ensuring
each

clinicalsite
isconducting

the
program

in
the

sam
e
m
annerw

ith
the

sam
e
equipm

ent.

Expected
LevelofB

enefit

Selecting
key

personnelto
perform

needed
rolesw

illintegrate
the

“buy-in”
and

m
axim

um
participation.A

dditionally,having
detailed

w
ritten

procedures
and

m
ethodsw

illensure
thateach

site
isconducting

the
training

and
evaluation

in
the

sam
e
m
anner.

Phase
4:

C
onducttraining

program
and

collectdata

M
ilestone

D
escription:

Im
plem

entation
oftraining

and
evaluation

ofparticipants'identification
ofC

TM
via

palpation
and

ultrasound-guidance.

- -
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D
eliverables

D
ue

D
ates

A
ccountable

Person

M
easurable

goal:To
have

60
participantsatboth

clinicalsites
N
H
JA
X
-15-17

February
2022

M
N
C
C
L
-2-4

February
2022

Principle
Investigatorand

ProjectM
em

bers

R
esourcesN

eeded

H
andoutsand

flyersw
ith

training
inform

ation.Tim
e
forallparticipantsand

projectm
em

bersto
attend

training
sessions(one

hourforparticipants).
U
tilization

ofStaffEducation
and

Training
resourcesand

space.A
llsupplies.M

itigate
risksby

engaging
departm

entleadership
to
encourage

participation.

Expected
LevelofB

enefit

Increased
training

and
readinessofparticipantsand

the
ability

to
accurately

identify
the

C
TM

w
hich

isan
im
perative

step
w
hen

placing
an

em
ergent

surgicalairw
ay.

Phase
5:

O
ne

m
onth

follow
up

dem
onstration

and
data

analysis

M
ilestone

D
escription:

R
e-evaluation

ofparticipants’ability
to
accurately

identify
the

C
TM

w
ith

ultrasound-guidance
attw

o
m
onthsafterinitial

im
plem

entation.

D
eliverables

D
ue

D
ates

A
ccountable

Person

M
easurable

goal:To
have

at
leasthalfthe

participantsattend
the

re-evaluation
sessionsat

each
site.

N
H
JA
X
-19-21

A
pril2022

N
M
C
C
L
-30

M
arch

-1
A
pril

2022

Principle
Investigatorand

ProjectM
em

bers

-
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R
esourcesN

eeded

H
andoutw

ith
re-evaluation

session
inform

ation.Tim
e
forallparticipantsand

projectm
em

bersto
attend

re-evaluation
sessions(no

m
ore

than
one

hourfor
participants).U

tilization
ofStaffEducation

and
Training

resourcesand
space.A

llsupplies.M
itigate

risk
ofattrition

by
engaging

w
ith

departm
ent

leadership
and

provide
rem

indersto
participants.

Expected
LevelofB

enefit

Providesthe
data

required
to
determ

ine
ifultrasound-guided

identification
ofthe

C
TM

ism
ore

accurate
than

palpation
in
a
group

ofm
ixed-experience

staffw
ith

em
ergency

cricothyrotom
y
training.

N
O
TE

:
M
odified

from
H
arvard

B
usinessR

eview
Press.(2011).Pocketm

entor:D
eveloping

a
businesscase.B

oston:A
uthor(pp

82-85).
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Appendix D
Johns Hopkins Nursing Evidence-Based Practice Evidence Level and Quality Guide

Inquiry 

Work In Interprofessional Teams 

PRACTICE 

•·· Best 
Practices 

Practice 
Improvements 
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Appendix E
Pre-testing Demographics Survey

1. What is your unique identifier? ______________
(Suggestion: The number of your street address AND your favorite color, like “1623-Green”)

*This number will be used today and during the re-test on ___________; please remember
your unique identifier.

2. Circle your current medical role (HM, RN, MD/DO, APRN)?
Specialty:________________________________ (Write in)

3. How many years of experience do you have in your current medical role, AFTER the time you
completed your initial training? (corps school; residency; graduation; etc)

0-5 years
5-10 years
Greater than 10 years

4. What previous training on identification of the cricothyroid membrane have you completed?
(Select ALL that apply)

Live patient with actual surgical airway insertion
Ultrasound
Palpation
Cadaver
Animal
Mannequin

5. How confident are you in your own ability to identify the cricothyroid membrane using
PALPATION?

1 - Not at all confident
2 - Somewhat confident
3 - Confident
4 - Very confident

6. How confident are you in your own ability to identify the cricothyroid membrane using
ULTRASOUND?

1 - Not at all confident
2 - Somewhat confident
3 - Confident
4 - Very confident

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 
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Appendix F
Post-testing Demographics Survey

1. Did you attend the training session within the past 6 weeks on how to identify the cricothyroid
membrane using ultrasonography?
___ YES (proceed) ___ NO (that’s OK, you will still have a chance to demonstrate later)

2. What is your unique identifier? ______________ (Reminder example: The number of your street
address AND your favorite color, like “1623-Green”). Please use the one you listed in the first
session.

3. How confident are you in your own ability to identify the cricothyroid membrane using
PALPATION?

1 - Not at all confident
2 - Somewhat confident
3 - Confident
4 - Very confident

4. How confident are you in your own ability to identify the cricothyroid membrane using
ULTRASOUND?

1 - Not at all confident
2 - Somewhat confident
3 - Confident
4 - Very confident

□ 

□ 

□ 

□ 

□ 

□ 

□ 

□ 
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A
ppendix

G
D
ata

A
nalysisPlan

Population
or

E
vent

Variable
N
am

e
Variable

D
escription

and
type

ofm
easure

D
ata

Source
Possible

R
ange

of
Values

L
evelof

M
easurem

ent
Tim

e
Fram

e
ofM
easurem

ent

Tim
e
Fram

e
for
C
ollection

Statistical
Test

D
ecision

R
ule

Independent
Variable

C
TM

Identification
via
ultrasound
training

D
escription:M

ilitary
H
ealthcare

providers
receive

an
educational

intervention
on

ultrasound-guided
approach

to
C
TM

identification.
ProcessM

easure

StaffTraining
R
ecords

0=before
training

(via
palpation)

1=aftertraining
(via

ultrasound)

N
om

inal
Phase

IISite
dependent

Phase
IISite

dependent
N
one

N
/A

D
ependent

Variable

Event

%
of

accurate
C
TM

identification

Prim
ary:The

%
of

accurate
C
TM

identification
(w
ithin

5m
m
ofthe

centerof
C
TM

)w
ith

current
practice

(digitalpalpation)
B
EFO

R
E
and

ultrasound
A
FTER

education
provided;

Secondary:tim
e
to

identification;providers’
self-reported

confidence

M
easurem

ent
w
ith

digital
calipers(orif
cost
prohibitive,a
ruler)

0-100%
Interval

Phase
IISite

dependent
Phase

IISite
dependent

Paired
t-test

orW
ilcoxon’s

signed
rank

test

B
ased

on
literature
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Appendix H
Project Timeline

● Develop practice question - 1 Oct 2021
● Literature review of most accurate CTM identification method - 15 Nov 2021
● Communicate with clinical leadership to determine best dates/times for our implementation

training and retesting (Feb 2022 and March/April 2022) - 1 Dec 2021
● Schedule training sessions: 13 Dec 2021
● IRB submission and approval - complete by: 13 Dec 2021
● Secure training location - PACU with AV equipment - complete by: 15 December 2021
● Secure trainers and subjects for each location - complete by 1 Jan 2022
● Ensure all supplies needed for training and testing are present - complete by: 1 Jan 2022
● Create training presentation - complete by: 1 Jan 2022
● Conduct practice training and make edits - complete by: 5 Jan 2022
● Create demographics surveys - complete by: 10 Jan 2022
● Disseminate advertising of training and confirm with clinical leadership - complete by: 15 Jan

2022
● Conduct training sessions and gather participant data

○ NMCCL: 2-4 Feb 2021; NHJAX: 15-17 Feb 2022
● Conduct retest session and gather participant data

○ NMCCL: 17-18 Mar 2022; NHJAX: 29 Mar and 1 Apr 2022
● Analyze data - complete by: 31 May 2022
● Disseminate data - complete by:May 2023
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Appendix I
Team Mentor Agreement Form

.nedu:ation Y ar: 

. am (0 l l1 

I. 

3. 

5. 
6. 

Dl\"P Project lopic Area: 

Ph .e II 
Ph II 
Ph t: II 
Ph .e II 
Ph l' II 
Ph II 

CCl 
CCl 

HJAX. 

CT 
m nt orm 

Emet' • un 1Ye 1 

mtub· e. can'1 ,. u m ). 
I • atiou oftb 

pl • i • 
1 b 

sono~rapruc 
m 
0 

en1ire 

tornl 

HEFLEY.JUST! 
ERYL.128634 0 /20/2021 

( re) 

rorm J'rsw11: 4 • 1" _()/6 

p 
p 
PD 
PD 
PC 
p 
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Appendix J
CITI Certificates

This is to certify that 

Julianne Oates 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Cumrulum Group) 

Biomedical Investigators and Research Study Team 
(Course Learner Group) 

1 • Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 12-Apr-2021 

Expiration Date 11-Apr-2024 

Record ID 42040493 

Nol valid foe renewal of cert1ficanon 
1troughCME. 

bor I V In tltut O I Tr n n In II I V 

Verify at www.c1tiprogram.org/venfynwda28d8b 7-21 eb-46c5-a481-a1 d3563d4c64-42040493 
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Appendix J
CITI Certificates

~CITI •• ,~ PROCR/\\ 1 

This Is to certify that 

Julianne Oates 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Curnculum Group) 

Completion Date 12-Apr-2021 
Expiration Date 11-Apr-2024 

Record ID 42072807 

fllo1 valid foc renewal of certIficaoon 
1tvougt, CME. 

Biomed Research Coordinators, Clinical Coordinators, Study Coordinators & Research Administrators 
(Courw Leamer Group) 

1 • Basic Course 
(S1age) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) ..,AITI 
c bor t In Utut o I Tr mn In ti t v 

Verify at www.c1t1program.org/verifynwSa0720b7-3267-4502-a407-1 e27592d376d-42072807 
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Appendix J
CITI Certificates

-1CITI 
~PROCR \ 

Th is Is to certify that 

Julianne Oates 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Curnculum Group) 

Biomedical Research Support Staff 
(Course Leamer Group) 

1 • Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 12-Apr-2021 
Expiration Date 11-Apr-2024 

Record ID 42072561 

Not valid for renewal of cert1ficaoon 
through CME. 

bor ttv In tltut on I Tra n1ng In t t v 

Verify at www .cItI program .org/venfynw5c3a4855-6d09-44ba-a bd9-6ef3b5a 76d2d-42072561 
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Appendix J
CITI Certificates

-1CITI 
~PROCR \ 

This Is to certify that 

Julianne Oates 

Has completed the following CITI Program course: 

Good Clinical Practice (U.S. FDA Focus) 
(Cumrulum Group) 

Completion Date 12-Apr-2021 
Expiration Date 11-Apr-2024 

Record ID 42040494 

Not valtd for renewal of cer11ficaoon 
through CME. 

GCP for Clinical Trials with lnvestJgatlonal Drugs and Medical Devices (U.S. FDA Focus) 
(Course learner Group) 

1 • GCP 
!Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Pers.onnel and Readiness) ~ITI 
bor t In tltut onal Tr nlng In ti t v 

Verify at www.c,t,program.org/verrfy/?w816c831 0-d25d-41 c5-aea2-e79913fafedb-42040494 
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Appendix J
CITI Certificates

~CITI •• ,~ PROCR \ 1 

This Is to certify that: 

Julianne Oates 

Has completed the following CITI Program course: 

GCP - Social and Behavioral Research Best Practices for Clinical Research 
(Curnculum Groupl 

GCP - Social and Behavioral Research Best Practices for Clinical Research 
(Course learner Groupl 

1 • Basic Course 

Completion Date 17-Apr-2021 
Expiration Date 16-Apr-2024 

Record ID 42040496 

Not valid for renewal of cer11ficaoon 
through CME. 

(Stagel 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) ~ITI 
Verify at www.c1t1program.org/venfyflwc92455d3-79a0-403d-85cb-bf7fd7b3cc00-42040496 
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Appendix J
CITI Certificates

~CITI •• ,~ PROCRA\1 

This Is to certify that 

Julianne Oates 

Has completed the following CITI Program course: 

Responsible Conduct of Research (RCR) 
(Curnculum Group) 

Responsible Conduct of Research (RCR) 
(Course Learner Group) 

1 • Basic Course 
(Stagel 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 
C 

Completion Date 17-Apr-2021 
Expiration Date 16-Apr-2024 

Record ID 42040495 

Not valid ror renewal of cen,ficanon 
through CME. 

_,AIT 

bor t V In tltUl onal Tr nlng In ti t V 

Verify at www.c1t1program.org/verifynwf38d0d63-68bc-48ef-86ad-cf2f724c7026-42040495 
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Appendix J
CITI Certificates

:iCITI 
,,. PROCR I 

This Is to certify that 

Julianne Oates 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Cumcu um Group) 

Social and Behavioral Investigators and Research Study Team 
(Course Learner Group) 

1 • Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 13-Apr-2021 
Expiration Date 12•Apr•2024 

Record ID 42072806 

Noc valid foc renewal of cert1ficaoon 
tlTI>ughCME. 

~ITI 
borat v In tltut n I Tr nln In ti t v 

Verify at www.c1t1program.org/verify/?wl 8ef7471-6d1 d-4352-bl cf-c9b816e7c5bb-42072806 
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Appendix J
CITI Certificates

GCITI 
,~ PROCRJ\\ 1 

This is to certify that 

Randall Barlow 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Cumrulum Group) 

Biomedical Investigators and Research Study Team 
(Course Learner Group) 

1 • Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 15-Apr-2021 
Expiration Date 14-Apr-2024 

Record ID 42110956 

Not valid for renewal of certtficaoon 
through CME. 

~ITI 
c bor t n tltut on.ii Tra nin In ti t v 

Verify at www.c1t1program.org/verifynwaa8333a8-d678-4f1b-b3d0-bfa649ac2fc8-42110956 
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Appendix J
CITI Certificates

OCITI 
,_, PROCR/\ 

This is to certify that 

Randall Barlow 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(CurnclAum Group) 

Completion Date 15-Apr-2021 

Expiration Date 14-Apr-2024 

Record ID 42110989 

Not valid f0< renewal of cert1ficacon 
through CME. 

Biomed Research Coordinators, Clinical Coordinators, Study Coordinators & Research Administrators 
(Courw Leamer Gro14>) 

1 - Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) ~ITI 
C bor t n tit ton I Tra n In ti t v 

Verify at www.c1t1program.org/verifynwf a869b68-2f 41-426f-80ba-609876145080-42110989 
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Appendix J
CITI Certificates

~CITI •• ,~ PROCR \ 1f 

Th is Is to certify that 

Randall Barlow 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Curnculum Group) 

Biomedical Research Support Staff 
(Course Leamer Group) 

1 • Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 15-Apr-2021 
Expiration Date 14-Apr-2024 

Record ID 42110988 

Not valid for renewal of cert1ficanon 
tlvoughCME. 

l bor t v In Utut on I Tra nln In ti t v 

Verify at www.citiprogram.org/verrfy/?w5079f32b-ffd3-4395-a3a0-01aa7b365617-42110988 
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Appendix J
CITI Certificates

~CITI •• ,~ PROCR/\vr 

This Is to certify that 

Randall Barlow 

Has completed the following CITI Program course: 

Good Clinical Practice (U.S. FDA Focus) 
(Cumrulum Group) 

Completion Date 16-Apr-2021 
Expiration Date 15-Apr-2024 

Record ID 42111067 

No! valid fOT renewal ol cert1ficanon 
through CME. 

GCP for Clinical Trials with lnvestlgational Drugs and Medical Devices (U.S. FDA Focus) 
(Course Learner Group) 

1 • GCP 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) ~ITI 
borat In lltut ona> Tra nin In iat v 

Verify at www.c1tiprogram.org/verify/?w378adad8-c392-438b-9be1-40f4c2a627dd-42111067 
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Appendix J
CITI Certificates

~CITI •• ,~ PROCR ~If 

This is to certify that 

Randall Barlow 

Has completed the following CITI Program course: 

GCP - Social and Behavioral Research Best Practices for Clinical Research 
(Curnculum Group) 

GCP - Social and Behavioral Research Best Practices for Clinical Research 
(Cou~ learner Group) 

1 - Basic Course 

Completion Date 16-Apr-2021 
Expiration Date 15-Apr-2024 

Record ID 42110991 

Not valid for renewal of cen,ficanon 
through CME. 

(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) _,AITI 
r bor I In tllut O I Tr I In In II I v 

Verify at www.c1t1program.org/venfynw85f66d58-7070-4be9-abc8-8f52a83b81dc-42110991 
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Appendix J
CITI Certificates

This is to certify that 

Randall Barlow 

Has completed the following CITI Program course: 

Responsible Conduct of Research (RCR) 
(Curnculum Group) 

Responsible Conduct of Research (RCR) 
(Cou,~ learner Group) 

1 - Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 16-Apr-2021 

Expiration Date 15-Apr-2024 

Record ID 42110990 

Nol valid for renewal of cer11ficanon 
through CME. 

~ITI 
bor•t v In mut onal Tra, in In ti t v 

Verify at www.c1tiprogram.org/venfynw2d76a43d-4318-41aa-a321-52060bdae8a2-42110990 
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Appendix J
CITI Certificates

OCITI 
,~ PROCR \ 1 

This Is to certify that: 

Randall Barlow 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Cumcu um Group) 

Social and Behavioral Investigators and Research Study Team 
(Course Learner Group) 

1 • Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 16-Apr-2021 

Expiration Date 15-Apr-2024 

Record ID 42110987 

Not valid for renewal of cer11ficaoon 
through CME. 

~ITI 
bo atlv In tltut onal Tr nlng In t,at v 

Verify at www.c,tiprogram.org/venfyflw1b628279-eacc-4053-bb49-aae993ff853f-42110987 
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Appendix J
CITI Certificates

GCITI 
,~ PROCR v 

This Is to certify that 

Stephen Duncan 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Cumrulum Group) 

Biomedical Investigators and Research Study Team 
(Course Learner Group) 

1 - Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 10-Apr-2021 
Expiration Date 09-Apr-2024 

Record ID 42016330 

Not valid for renewal of certJficaoon 
through CME. 

~IT 
borat v In mut on I Tra nin In tlal v 

Verify at www.cit1program.org/venfy/?wcf72ba8e-94d 1-4f70-893c-77c23038cd8a-42016330 
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Appendix J
CITI Certificates

~CITI •• ,~ PROCRJ\v 

This Is to certify that 

Stephen Duncan 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Curnculum Group) 

Completion Date 14-Apr-2021 
Expiration Date 13-Apr-2024 

Record ID 42101553 

Not vahd for renewal of cert1ficanon 
through CME. 

Biomed Research Coordinators, Clinical Coordinators, Study Coordinators & Research Administrators 
(Course Leamer Gro14>) 

1 • Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 
bor I In t ut on I Tra nin In tlat v 

Verify at www.c1t1program.org/verifynwbae73943-3220-4eca-8a30-bcbb9ff371 c9-42101553 
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Appendix J
CITI Certificates

ciCITI 
,~ PROCR/\\1 

This Is to certify that 

Stephen Duncan 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Curnculum Group) 

Biomedical Research Support Staff 
(Course Leamer Group) 

1 • Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 14-Apr-2021 

Expiration Date 13-Apr-2024 

Record ID 42101552 

Noc vahd for renewal of cer11ficaoon 
through CME. 

bor IV In tllUl on I Tr nln In ti IV 

Verify at www.c1tlprogram.org/verify/?w60574ae0-4cb7-4109-b 1ff-aaf8c1451a53-42101552 
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Appendix J
CITI Certificates

:iCITI 
,~ PROCRA 

This Is to certify that 

Stephen Duncan 

Has completed the following CITI Program course: 

Good Clinical Practice (U.S. FDA Focus) 
(Cumwlum Group) 

Completion Date 14-Apr-2021 

Expiration Date 13-Apr-2024 
Record ID 42101554 

Not valid for renewal of cer11ficacon 
tlrough CME. 

GCP for Clinical Trials with lnvestlgational Drugs and Medical Devices (U.S. FDA Focus) 
(Course Learner Group) 

1 • GCP 
!Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 
bor tlv In ,tut o I Tra nln In Uat v 

Verify at www.c1t1program.org/venfy/?w79d68711-a385-4859-97ec-3a2c17269102-42101554 
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Appendix J
CITI Certificates

:1CITI 
,~ PROCRAv 

This Is to certify that 

Stephen Duncan 

Has completed the following CITI Program course: 

GCP - Social and Behavioral Research Best Practices for Clinical Research 
(Curnculum Group) 

GCP - Social and Behavioral Research Best Practices for Clinical Research 
(Course Learner Group) 

1 - Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Pers.onnel and Readiness) 

Completion Date 17-Apr-2021 

Expiration Date 16-Apr-2024 
Record ID 42101556 

Not vahd for renewal ol cemficanon 
tlvoughCME. 

bor t 

Verify at www.c1tiprogram.org/verify/?w63cdf505-8cbb-49a9-9445-e 17d58ebfd66-42101556 
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Appendix J
CITI Certificates

:iCITI 
,~ PROGR \ 1 

This Is to certify that 

Stephen Duncan 

Has completed the following CITI Program course: 

Responsible Conduct of Research (RCR) 
(Curnculum Groupl 

Responsible Conduct of Research (RCR) 
(Courw Learner Groupl 

1 • Basic Course 
(Stagel 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 16-Apr-2021 
Expiration Date 15-Apr-2024 

Record ID 42101555 

Noc valid for renewal of cemficanon 
through CME. 

~ITI 
C bor I In tllUI O I Tr r1 ng In ti t Y 

Verify at www.c,tiprogram.org/venfynw74a06784-9440-4f14-95d5-fa00071a3f83-42101555 
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Appendix J
CITI Certificates

~CITI •• ,~ PROCRA\lf 

This is to certify that 

Stephen Duncan 

Has completed the following CITI Program course: 

OUSD P&R Human Research 
(Cumcu um Group) 

Social and Behavioral Investigators and Research Study Team 
(Course Leamer Group) 

1 • Basic Course 
(Stage) 

Under requirements set by: 

Office of the Under Secretary of Defense (Personnel and Readiness) 

Completion Date 15-Apr-2021 
Expiration Date 14-Apr-2024 

Record ID 42101551 

Not valid for renewal of cert1ficanon 
through CME. 

~ITI 
bor I In I tut on I Tr nlng In I I v 

Verify at www.c1tiprogram.org/venfy/?wf6cf38ff-4c49-452e-8c96-5c9f207805a4-42101551 
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Appendix K
USU (VPR) Form 3202N

1E PROPO 

rr 1e,ct ·umber: GSN-61-13074 
\'PR Oat "tam 

rroje,ct Title:ldenll cation of Emergency Airway Landmarks: Implementation of Ultras<>und Training Among 
Per1operatlve Staff 

I. 
2. 

3. 

4. 

6. Attach the Abstra t or the p und or 
also 

uxludc the P T1mclmc. 
7. Is this propo lated to an a 

If es. t.-Omp lo\\<; if n • proce 
Project umber: _____________ _ 
Project Title: 

Pro· t tart Date: 

9. 

11. 
If 

ruJ.:n.1 CPrt>Je.:t Poin1 ofCtlnl3L"1 for the Group) 

In I 

WOODBERRY .MITCHE 
LLWAYNE.1060957114 -

u 

iKd. plOIS, 1.1 

( iJ;J'l:lllln! nd Date) 

I); C 

D cs 181 0 

A 

HEFLEY .JIJSTih.BERYL 1291134.3534 
llJZ2.011009-17 41-06'Cl7 

C 1gnMJJre and 0-.uc) 
BARBERKENNETI-l.DOUGLA 00Ut, _.,. 
S.11TT263644 ~Nrntl>OOO.A&l17121llll44 

Cba,r Prt> •r.llll Oul!s'IOr 

Lei.a Taylor, PhD, RN, ANEF, 
FAAN 

nd Date) 

94 • DIM ~_aue11:~ 

Dean. l))(J GJ11d lo? Scbool of 11n111 C i !!11:Ulln.' and Da1e I 
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Appendix L
MTF IRB / PI Letter of Determination

February 08, 2022 

MEMORANDUM 

From: Exemp De ermination Off'cial, aval Med'cal Center Camp 
Lejeune 

To: LCDR Justin Hefley, MC, USN 

Subj: EXEMP DETERM NATION OFF CIAL REVIEW 

Ref: (a) AVHOSPCAMLEJINST 6500.3B 
(b) SECVAVINS 3900.39E 
(c) 32 CFR 219 

Encl: (1) EDO Deter ina ion Application 

1. Per he reference, a review of your application, "Identification of 
Emergency Air1.-ay Landmarks: Implementation of Ultrasound Training 
Among Periopere1tive Ste1ff 1 " was completed by he Exemp 
Determination Official. 

2. After reviewing your app ica ion, the project descr·bed does no 
meet the er eria o ac ivities subject to federal regulations at 32 
CFR 219. Based on the materials submit ed, it has been de ermined 
that RB oversight is not required at this time. 

3. Although IRB oversight is no required, all activi ies proposed in 
the submission should be conducted in a responsible and ethica 
anner, and held to standards required by your field and your 

responsib • l • • es at aval Medical Center Ca p Lejeune. 

4. This determinatio applies only to the activities described in the 
de ermina ion submission and does no apply should a y changes be 
made. I changes are being considered and here are questions abou 
whether addi ional review is needed, please con ac the HRPP. 

5. If you have any ques ions or concerns, please contact CID at 
(910)450-3013 orstephanie.l.dysonel s.c r@mail.mil. 

Program 
Medical Center Camp Lejeune 
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Appendix L
MTF IRB / PI Letter of Determination

0 

DEPARTME TOFTHE AVY 
AVALHO PITALJA KO VILLE 

2080 HILD TREET 
JA K ONVILLE FLORIDA 32214 

M FOR Dir tor ur An th ia rogram had Moor DR, 

lOJ 22 

HJX 
IO 

0 1M L I TIT TIO AL RE E BOARD 

I. R ear h Proj t Detail : 

a. Title: 'Id ntification of Em rg nc uv a Landmark : lmpl m ntation of tra ound 
Training Among Perioperati e taff.' 

artm nt ace p th ign d m mo from a al 
edical enter amp Lej dicating that IRB o r ight i not r quir d for thi 

multi- ite proj t. NHJX ha h Mr . Ker ten Wh ler at P that no oth r 
action i n ary. 

• n i Mr. lm r M ndoza he can b reached at: 
TRuL mail.mil 

Re e re 1rec n e tigation Department 
a al Ho pita) Jack ·on il1e 
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Appendix M
PAO Clearance / Level of Dissemination Classification

\lJ23,, 6:12 PM l'IU<IU Mall - ' cwal requer;t r 'N "-X-2023'USU-P'AO-Reque6t m VJ.24..2023.!p<lr 

Oates, Jlllranne <julianne.oates@usuhs.edu> 

Approval request for "NMCCL-NHJAX-2023-USU~PAO~Request 
documents.V3.24.2023..pdf' 

USU IP\lb Olearance ,(vi:a Goog e Workspace Approv:als) <approvals-~ply@goog .com> 
Reply-To,: approv s-nor~goog!,e.com 
To: • , lianne.oates@ s.ed 

Approval Complete 

• USU Pub Cle.aranoe (usupubclearance@usuhs.edu) appFo ·ed the file 

JAX-2023-USU-PAO- ] ➔ 

Open 

Google LI.C, 1600 Amphitheatre Partway, lain View. CA 94043, USA 
Google Worbpace 'too received this eowl because you are 11:\'0ked ill illl llj>Jllll\'al oc a file in Google 

Dri\'e. 

ue, Apr 4. 2023 at 6:43 A: 

✓ ✓ ✓ 

5:i'lmaH,googlec • 't1'0/?, -etco 5&'11E'A'"p!&6ealttl~l&pennmsgl msg'«:1762242080007776066& m5g'C176224208000777li066 111 
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Appendix N
DNP Project Completion Verification Form

Appendi"t G: Dani K. fnouye Graduate Schooi ofN~ 
DNP Pro" ct Compieion Verificatio Fo1m 

DOCTOR OF. URSING PRACTICE PROJECT 
Comp'letion Yuifiratfon Fo1"m 

The DNP Proiect titled: 

Ultrasound Iden ification of the Cricothyroid Membrane: Accuracy, Speed, and Skill 
Retention After Rapid Training 

was compl.e ed at: Naval Medical Center Camp Lejeune & Naval ospital Jacksonville 

by the fol.lowing student(s): 

(OlJNI mcdeil nmn11) 

LCDR Julianne Oates 

LT Stephen Duncan 

LT Randall Bartow 

(.sigJtaturll) 

04/12/2023 

The DNP Practice Prnject Team verifies that the foUowu~g components. of the DNP project, 
accomp • shed by the above tu_dents, is of suffici.ent rigor and demonstra es doctoral. le • 
:scholarship to meet the requirements for SUHS GS gradua • on: 

• PFe-.sen tion ofDNP project to the eaderrJrip/ take-holders at the Phase II ite 
• Abstrac-tllmpaot Statement (,4:ppendix F), and 
• DNP Project written r:eport. 

Veri.fied by: 
(dat11) 

Senior Mentor: CDR Danielle Cuevas 4/12/2023 

Team Mentor: -----------
Team Mentor: -----------· 

Phase II Si e 
Director: CDR Justin Hefle 

EFLEY.JUS I .B _..,...,. 
ER .1286343534 ::;:n~.,, ,a.s~ 4/12/2023 

For RNA. Soul.en.rs 011~ • .add rh.11.folk»l•mg ,addirionafaigrraturej'or jfnal 'V~&arion oJJJf'OjllU oomp!11tion: 

CDR K B rbe BARBER E ETH.DOU ~~- ,_ 4AP en a r .;L..A"' 11n~1o, • , . ..,. ,, , , , .,.;' .::;...;;..=-..:....::= 

RNA Project Drrector (typ.e name) (Signahlre) (Date) 

Form Version: _/L,fog 201 0Mar1010 




