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Objectives/Road Map
● Intent of NMCP SRNA Class of 2025 Evidenced Based Practice (EBP) Projects

● Utility of airway point of care ultrasound (POCUS) for difficult airway identification 

● Overview of airway POCUS imaging techniques and assessment interpretation

● Discuss utility of gastric POCUS for aspiration risk assessment 

● Overview of gastric POCUS imaging techniques and assessment interpretation

● Preliminary Results Review

● Organizational Impact and Recommendations
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-POCUS is a clinically useful tool that has emerged in a variety of settings-Helps to guide patient management-From placing vascular access devices, to confirming peripheral nerve location during regional anesthesia, to bedside diagnostic evaluation such as FAST exams-Our projects focus on gastric and airway assessment to ID aspiration risk and difficult airways, respectively



NMCP Class of 2025 EBP Projects 
The Dilemma of Difficult Airways: Utilizing Ultrasound in the Perioperative Area

Gastric Point of Care Ultrasound: When Clinical Judgement is Not Enough

Project Design: Pre- and post-education intervention evaluation designed using the Johns Hopkins 
Nursing Evidence-Based Practice Model

Education Design: Indication- Acquisition Interpretation and Medical Decision Making Framework

Project Goals: 
● Increase knowledge of POCUS techniques and their use in perioperative assessment
● Provide an opportunity for hands-on practice of ultrasound skills
● Assess knowledge gained with pre- and post-education evaluations
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As listed here, two ongoing projects focusing on gastric and airway POCUS techniques.- Designed the project- 
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- Pre-test: evaluation administered prior to education late spring- Delivered education and skills training in the summer - Administered post-evaluation 3 months after the second didactic session



Airway POCUS



Clinical/System Question

Among anesthesia providers at Naval Medical Center Portsmouth (P), 

can didactic education combined with hands-on skills simulation of 

POCUS (I), when compared to provider baseline clinical ability (C), 

increase anesthesia providers’ knowledge and demonstration of 

competency in post-training evaluation on airway POCUS (O)?
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Can we increase the knowledge of anesthesia providers on airway POCUS techniques and assess improved learning after 3 months post-training?



Determining a Difficult Airway
● Assessments to identify a difficult airway have been used since 1980s

○ Mallampati 
○ Thyromental Distance 
○ Mouth Opening
○ Inter-incisor distance

● Current practices have been shown to have poor specificity and sensitivity 
● Airway POCUS has been shown to accurately identify patients with a difficult airway

○ Promotes safe and competent care and overcomes limitations with traditional physical examinations

● Examination of 406 insurance closed claims -> 46 cases revealed poor airway management 
○ 74% of the patients received a preoperative airway assessment

■ 19 difficult airways and 11 non-difficult airways
■ 89% elective surgeries
■ ⅔ ASA 1 or 2

Balkal et al., 2021
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-Assessments to identify a difficult airway have been used for decades and we should all be familiar with them- some of them include include Mallampati, TMD, Mouth opening, and inter-incisor distance.Mallampati: sensitivity of 93% and specificity of 26.2% (higher inclusion of false positives)Thyromental Distance: sensitivity of 53.3% and specificity of 80%Current practices have poor specificity and sensitivity: Measurements can be subjective depending on the provider and experience level and it shows that the current practices have room for improvement in predicting patients with potential difficult airwayssensitivity= determines the ability to identify someone with a difficult airwayspecificity= determines the ability to identity someone who does not have a difficult airwayAirway POCUS has shown to accurately identify patients with a difficult airway… it promotes safe and competent care and has the ability to overcome limitations with traditional physical examsA review by Domino (2020) examined 406 insurance-closed claims, with 46 cases linked to poor airway management. This research found that 30 people had severe outcomes such as death or permanent brain damage. Just to go over some of the stats- All but 26% (74%) of the patients received a preoperative airway assessment revealing 19 difficult airways and 11 non-difficult airways. 89% of the surgeries were elective, and ⅔ were ASA 1 or 2*almost half of the patients has seemingly “easy” airways … These findings show that even a thorough clinical assessment of relatively healthy patients does not adequately prepare for unexpected airway emergencies or poor outcomes.Ultrasound (US) has recently emerged as a portable and noninvasive tool for rapid airway assessment and management…. So US research (in general) has been done to assess its benefits perioperatively and that includes airway POCUS. 



Solution Synthesis 
● Literature Review: Difficult airway prediction utilizing the distance of skin to epiglottis (DSE) 

cutoff:

○ >1.85 cm (sensitivity 80%, specificity 70.8%)

○ >2.54 cm (sensitivity 91%, specificity 83%)

○ >2.65 cm (predicted 100% of difficult airways)

● 2 hours of training (didactic, reading, educational videos, PowerPoint) produced success 

(identifying the correct landmark) in airway, gastric, lung, and cardiac US.

○ 88.3% success rate at an average of 36.9 seconds (after initial training)

○ 86.7% success rate at an average of 47.7 seconds (3 months post-training)

Haskins et. al (2021)
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KATE - highlight how long providers could measure diff airway The question we asked was: How can airway ultrasound be used?Common themes seen throughout the literature that had high specificity and sensitivity in using airway ultrasound include: assessing a difficult airway, confirming endotracheal tube placement, predicting difficult mask ventilation, and identifying the CTM. For difficulty airway: there were multiple measurements used but the measurement with the most support we found was the distance of skin to epiglottisCUTOFF VALUES are where the research varies; does show a range of DSEs that support a difficult airwayDifficult airway prediction>1.85 cm (sensitivity 80%, specificity 70.8%)>2.54 cm (sensitivity 91%, specificity 83%)>2.65 cm (predicted 100% of difficult airways)The research has shown that 2 hours of training (using didactic, reading, educational videos, and powerpoint presentations) produced success in airway ultrasound techniques *this was for training on multiple different US measurements (airway, lung, gastric, cardiac),88.3% success rate at an average of 36.9 seconds86.7% success rate at an average of 47.7 seconds (3-months post training)but this study shows how a relatively short training supports a rapid assessment and retained knowledge after 3 monthsOur training, of course, is much more condensed because we’re only utilizing one specific measurement within airway POCUS and not utilizing multi-organ assessmentsNot on the slide…Additional studies like Ambrose et al. (2022) studied 120 patients to find the best approach to predicting difficult airways by comparing the current practice to ultrasound. They showed highly significant differences in the accuracy of Mallampati and CL classification. For example, a Mallapati score of 3 or 4 predicted 61 difficult airways versus 49 by CL. However, POCUS measurements identified all 41 difficult airway cases where a DSE cutoff thickness of 2.65 centimeters (cm) was highly predictive (p<0.0001).Out of the different measurements, the literature review showed high significance and evidence in measuring the distance of skin-to-epiglottis (DSE) as a consistent predictor of difficult airways and will be the focus of our DNP project.Can we increase provider knowledge?Predictors of…difficult airwayRecognition of possible difficult airway



Airway POCUS 
Technique
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Moving on to airway ultrasound techniques



How to Ultrasound the Airway

Lin et al., 2023
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Lin, J., Bellinger, R., Shedd, A., Wolfshohl, J., Walker, J., Healy, J., Taylor, J., Chao, K., Yen, Y. H., Tzeng, C. T., & Chou, E. H. (2023). Point-of-Care Ultrasound in Airway Evaluation and Management: A Comprehensive Review. Diagnostics (Basel, Switzerland), 13(9), 1541. https://doi.org/10.3390/diagnostics13091541Here are 5 views used in airway POCUS. We’ll be reviewing 2, 3, and 4 but our testable view is #2: The thyrohyoid view for the distance of skin to epiglottis.



2: Thyrohyoid View

Lin et al., 2023
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Lin, J., Bellinger, R., Shedd, A., Wolfshohl, J., Walker, J., Healy, J., Taylor, J., Chao, K., Yen, Y. H., Tzeng, C. T., & Chou, E. H. (2023). Point-of-Care Ultrasound in Airway Evaluation and Management: A Comprehensive Review. Diagnostics (Basel, Switzerland), 13(9), 1541. https://doi.org/10.3390/diagnostics13091541To visualize the epiglottis place a high frequency linear probe at the thyrohyoid membraneSolid double headed arrow (shown in the center)→ pre-epiglottic space Solid single headed arrow (just above) points to→ thyrohyoid membrane Bilateral dashed arrows – pointing to epiglottisStars→ Strap muscles (thyrohyoid, sternohyoid, omohyoid, sternothyroid, infrahyoid muscles)



2: Thyrohyoid View

Lin et al., 2023
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Lin, J., Bellinger, R., Shedd, A., Wolfshohl, J., Walker, J., Healy, J., Taylor, J., Chao, K., Yen, Y. H., Tzeng, C. T., & Chou, E. H. (2023). Point-of-Care Ultrasound in Airway Evaluation and Management: A Comprehensive Review. Diagnostics (Basel, Switzerland), 13(9), 1541. https://doi.org/10.3390/diagnostics13091541Using this view, freeze the image and measure the longest dashed lines shown here (skin to epiglottis) → the evidence supports that a DSE > 2.54cm indicate Cormack-Lehane grade 3 or 4



2: Thyrohyoid View

Kolli, S., 2021
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Here’s another snapshot of what this view is going to look like (alien face?) with the strap muscles, pre-epiglottic space, and epiglottisAirway POCUS and the DSE is a newer ultrasound interest that is being studied as an additional way to identify a difficult airways in addition to traditional measuresOur project focuses on assessing the provider’s knowledge of airway ultrasound through presentations, handouts, and hands-on training at baseline and 3-months post intervention.Ultrasound is used to measure the DSE in the thyrohyoid view→measure the skin to the hypoechoic epiglottis structureThe rule of thumb based on current research: a DSE >2.65 cm is highly predictive (p<0.0001) for a patient to have a difficult airway or intubation



Gastric POCUS



Problem 
Significance

Internal review of data, 2023 and Warner et al., 2021

● Pulmonary aspiration is a rare but serious 
perioperative complication

● Aspiration of gastric contents accounted for 115 
of the 2,496 (5%) claims in 2021 ASA Closed 
Claims Project

● Military Treatment Facility Data Review
○ Anesthesia complications from 2014-2023
○ Reported suspected aspiration events
○ Hospital admissions and mechanical 

ventilation requirements
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Potential for under-identification of high aspiration risk patients and unnecessary intervention for patients improperly identified as high riskClinical practice modifications to preoperative assessment may lead to improvement of perioperative outcomesDespite existing American Society of Anesthesiologists (ASA) fasting guidelines, thorough preoperative assessment, and interventions to address and mitigate high aspiration risk, aspiration events still occurEstimated cost of each mechanical ventilation is$47,158(Cieslak, et al.BASICALLY - we are bad at objectively determining risk using subjective clinical judgementHard data points obtained by gastric POCUS allow for clinical data to guide decision making Typical management of patients assumed to be “high-risk” can include pharmacologic aspiration prophylaxis, endotracheal tube vs. supraglottic airway management, rapid sequence inductionIn a study of 246 preoperative patients who followed ASA standard fasting guidelines, 28.4% of patients with one or more comorbidity risk factors for aspiration had high (>1.5ml/kg) gastric residual volume (GRV) identified with gastric point-of-care ultrasound (POCUS)In another study on 63 patients requiring emergent intubation, rapid sequence induction (RSI) was utilized for all patients assumed to be a full stomach. Post-intubation suction of gastric content revealed that only 31 of these patients had volumes associated with a high risk for aspirationGERD and obesity had 2.3x and 1.07x  greater risk for aspiration, respectively.



Solution Synthesis
● How do we improve accuracy aspiration risk assessment?

○ Evaluation tools: nasogastric or orogastric decompression, 
endoscopy and scintigraphy

○ Comparatively, gastric POCUS is a noninvasive, easily 
learned-skill and readily available in the perioperative 
environment
■ Existing anesthesia provider ultrasound proficiency
■ Average assessment time 3 minutes, 35 seconds
■ Providers required an average of 33 ultrasound 

examinations to achieve 95% accuracy 

Upper abdominal sonographic image showing empty gastric 
antrum. (Perlas, et al., 2017)

Cieslak et al., 2020, Flynn et al., 2022 , Kruisselbrink et al., 2019 and Zhang et al., 2020
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Presentation Notes
An alternative solution to evaluate gastric contents is gastric POCUS. It’s non-invasive, accessible, and reliable. Anesthesia providers are already trained to utilize bedside ultrasound equipment and their clinical judgment can be enhanced by qualitative evaluation of visualized solid contents vs empty stomach, and quantitative measurement of the gastric antrum. Studies have shown that provider clinical judgment without ultrasound misdiagnosed a full stomach 55% of the time. To note, gastric POCUS is most effective when used for elective surgical patients with conditions that put them at risk for presence of gastric content and aspiration.**patients in the study?There is little benefit in performing gastric POCUS on elective surgical patients without risk factors who have followed  fasting guidelines due to the



Clinical/System Question
Among anesthesia providers at Naval Medical Center Portsmouth 

(P), can didactic education combined with hands-on skills 

simulation of point-of-care gastric ultrasound (I), when compared 

to provider baseline clinical ability (C), increase anesthesia 

providers’ knowledge and demonstration of competency in a post-

training evaluation on gastric POCUS (O)?
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MARISAThis is a pre/post implementation evaluation. Our goal is not to test performing ultrasounds on real patients, but rather the ability to provide an opportunity for anesthesia providers to learn or improve knowledge of gastric POCUS as well as the technique to perform a gastric ultrasound.



Gastric POCUS 
Technique



Technique Basics
● Transducer: Curvilinear low frequency (2-5 mHz)
● Setting: Abdominal exam
● Transducer Position: Scan in sagittal orientation 

beginning just below the xiphoid process
● Position: Supine followed by right lateral decubitus 

(RLD)
● Goal: Visualize the gastric antrum (GA) and distinguish 

between the following:
● Qualitative: Empty or full, liquid or solid content
● Quantitative: Baseline gastric secretions vs. 

increased gastric content

Flynn et al, 2022 and  Haskins et al, 2021, and Van de Putte & Buvet, 2023

gastricpocus.org
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Presentation Notes
To begin the assessment, select the curved array low frequency transducer and you want to ensure that the abdominal exam setting has been selected. The patient should be scanned first in the supine position for a baseline view, followed by RLD position utilizing gravity for better visualization of fluid in the antrum. An empty stomach should not be confirmed in the supine position alone. As shown in the photo, you want to find the gastric antrum in the sagittal plane. The antrum itself is what you are looking for because it is superficial and therefore an amenable location to accurately reflect the content of the entire stomach.gastric antrum:Is the most amenable to sonographic examination due to its superficial location Accurately reflects the content of the entire stomachHollow viscus with a prominent multi-layer wall



Qualitative Assessment: Empty

● Flat and collapsed or characteristic “bulls-

eye” shape

Flynn et al, 2022 and Haskins et al, 2021

Qualitative Assessment: Solid Content

● Frosted glass or hyperechoic appearance

Qualitative Assessment: Liquid Content

● Anechoic or hypoechoic appearance

● Starry night appearance

Presenter
Presentation Notes
What we should be looking for when scanning in the sagittal plane are certain landmarks. Anteriorly should be the rectus abdominus, followed by the liver, the antrum and the pancreas. You should be able to see where the left lobe of the liver comes to a point and the gastric antrum should be sandwiched between the liver anteriorly and the pancreas posteriorly. The SMA should be seen posterior from the pancreas and the aorta at the bottom of the screen. The gastric antrum itself appears as a hollow viscus with a prominent multilayer wall. As in these photos, if it is empty, the antrum should appear flat or collapsed with either an absent or a small hypoechoic center that would give it a bullseye appearance. If you saw this view while evaluating a patient, your qualitative assessment is that the stomach is empty based on its flat appearance.Between the liver (anteriorly) and the pancreas (posteriorly)Points de repère importants :Left lobe of the liverPancreasAortaIs usually located superficially (3-4 cm)Recent intake = attenuated waves d/t scattering from air and varying densities of food. In these views, you can do a quick qualitative assessment for solid contents which would denote a full stomach. Compared to the views in the previous slide, the thick prominent wall of the antrum is much thinner, and the shape is a lot rounder or distended appearing. The content itself will appear heterogeneous as it can be a mix of solid content and air, which gives it that frosted glass appearance. Note in the left photo that recently ingested food will block your view in the proximal antrum, so you will see high echogenicity that will blur the posterior aspect as well as deeper structures. Milk will appear as a homogeneous hyperechoic fluidShape: round or distended antrumWall: thinContent: heterogenic, can be a mix of content and air -> gives frosted glass appearanceAlso Note the recently digested food blocking the view in the proximal antrumThese are the views where quaNtitative assessment starts to come into play. You’ll notice that the shape of the antrum will appear round and distended and the wall is thin, but the content itself is what we are quantifying. Qualitatively, clear fluid will appear to be anechoic or hypOechoic, while milk will have a homogeneous hypERechoic appearance. Recently ingested clear fluids will have bubbles that can be seen and give it the classic “starry night” appearance. In either of these two views, further quantitative assessment will be required to determine the AMOUNT of fluid within the antrum. By doing a volume assessment, we can differentiate between a normal quantity of gastric secretions versus a higher, non-fasting volume of fluid which may affect an anesthetic plan and potentially put the patient at higher risk for aspiration.Shape: round/distendedWAll: thinContent: clear fluid is anechoic or hypO echoic, while milk will be hypERechoicFurther assessment required to determine AMOUNT of fluid…volume assessment can differentiate a low (normal) quantity of baseline gastric secretions from a higher (non-fasting) volume 



Goal: Quantify the amount of liquid content by measuring the cross 
sectional area (CSA) of the gastric antrum

VOLUME (ML) = 27.0 + (14.6 X RIGHT-LAT CSA) – 1.28 X AGE

Cutoff: < 1.5 ml/kg

Quantitative Assessment of Liquid Content

Van de Putte & Buvet, 2023

Perlas et al., 2017, Flynn et al., 2022 and Delamarre, 2021

gastricpocus.org
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PatrickDistinguish between normal gastric secretions and excess fluid content We know that 50% of fasting subjects have some degree of fluid in their stomachsThe ultimate goal of gastric POCUS is to quantify the amount of liquid gastric content. A 2021 study by Delamarre noted that the cross-sectional area of the gastric antrum in the right lateral decubitus position has a linear correlation with the total gastric volume. Measurement of the CSA and subsequent calculation of total gastric volume can help distinguish between normal volume of baseline gastric secretions and excess fluid content. To measure the CSA, you first need to identify the antrum at the level of the aorta in the RLD position. Obtain a still image of the antrum at rest, which would ideally be between peristaltic contractions, and then use the free-tracing tool on the ultrasound to draw a circle around antrum. You want to include the full thickness of the gastric wall, from serosa to serosa). The machine automatically calculates an area seen at the top left of the screen in this photo. This value can then be used in the following equation to calculate the estimated total volume of the stomach. Delamarre, 2021The cross-sectional area of the antrum (CSA) has a linear correlation with the gastric volumeTo measure the CSA: Identify the antrum at the level of the aorta in the RLDObtain a still image of the antrum at rest (between peristaltic contractions)Use the free-tracing tool of the ultrasound machine to measure the CSA including the full thickness of the gastric wall (from serosa to serosa)VOLUME (ML) = 27.0 + 14.6 X RIGHT-LAT CSA – 1.28 X AGECorrelation between CSA measured in RLD and age determining antrum volume. Based on model proposed by Van de Putte & Duvet, 2023



Interpretation and Summary
● Additional tool for assessment of 

patients at high risk for aspiration events

● Allows for qualitative and quantitative 

evaluation of gastric contents

● Provides information to incorporate into 

anesthetic management plan

Van de Putte & Buvet, 2023

Haskins et al., 2021 and Van de Putte et al., 2017
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PATRICKTo conclude, we discussed qualitative and quantitative POCUS assessment, how can we use this date to guide our anesthetic plan. The purpose is to help make critical decisions such as avoiding delaying or canceling a case for better options such as proceeding with aspiration precautions or even inserting an NG tube pre-operatively. It could help decide whether an LMA or ETT should be placed. Standard sequence vs RSIHow can results guide our anesthetic management plan?DelayCancelProceed ± aspiration profylaxisInsert nasogastric tube: pre-, per- or post-operativelyUse a laryngeal mask or endotracheal tubeDo standard intubation or rapid sequence



Findings



Preliminary Statistical Analysis

● Data findings
● Statistical analysis
● Limitations
● Future Steps
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Presentation Notes
Turnover - initial presentation was in April → a lot of military members move from and to our command throughout the summer. Unable to appropriately capture. Many who came to the post-test were not there for the the initial instruction.  inability to correlate pre and post scores from the same individuals due to resident and SRNA out rotations, PCS, TDY, and deployments.Able to capture a wide audience at morning rounds → Unable to capture the same number with hands on skills due to staff availability when OR’s in useLow buy-in due to previous knowledge on the subject or lack of time in between cases to complete training/test Results Significant value = 0.72 > 0.05 so we accept the null hypothesis and this means our scores are not significantly differentWe are 95% confident that there is not a significant differenceFuture Steps: Attitudes Survey(?)LimitationsHigh turnover due to to military PCS Concurrent POCUS training with Anesthesia Residency Program Varying availability of staff for training → low sample size Simulation center loaning a different ultrasound than what is used in the ORResults using Independent Samples T-Test Airway Ultrasound: p value was not significant (<0.05)P value = 0.72 GOAL SAMPLE SIZE: 48WE ONLY GOT: 12High turnover, training population, outrotations, summer leave, shortstaffedWhy did we pick this timeline? Dynamic movement in the department is ongoing. Programmatic timeline dictated. How did we teach people? What qualifies you/certified to teach?



Organizational Impact & 
Recommendations
Continuing 
Education

Collaboration with departmental POCUS training programs, 
involvement with MD and RNA residency programs, hands on skills 
practice

Practice 
Improvement

Via increased knowledge of techniques, potential for 
increased utilization in perioperative patient assessment

Patient 
Outcomes

Potential for more accurate identification of difficult airways 
and aspiration risk, expected improved patient outcomes and 
satisfaction
.
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- Ongoing projects: large training program, project assigned in phase I then arrival at NMCP- 
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