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Abstract

During out-of-hospital cardiac arrest, patients presenting in pulseless electrical
activity (PEA) may receive inappropriate care if a manual pulse check determines
pulselessness. This study created the Cardiac Arrest Focused Echocardiography (CAFE)
exam incorporating a pre-imaging technique to reduce the time spent acquiring an ultrasound
image. Paramedic participants were trained to use the CAFE exam and to record an 8 second
image during the pulse check pause. The paramedic performing the CAFE exam is
supernumerary to standard cardiac arrest proceedings and must not interrupt the delivery of
cardiopulmonary resuscitation (CPR). Real-time ultrasound image interpretation during the
CPR cycle determined the presence of a pericardial effusion, tamponade physiology, and

heart function.

Research Aim. To determine if paramedics can acquire an ultrasound image during
the 10 second pulse check pause in simulated PEA cardiac arrest. Secondary aims focus on

ultrasound image acquisition quality, interpretation, and retention of learned knowledge.

Method. The study recruited 30 paramedics from Wellington, New Zealand. This
study adhered to the reporting guidelines set by the International Network for Simulation-
based Paediatric Innovation Research and Education (INSPIRE). Participants were divided
into two equal groups and completed three trial phases between January to March 2022.
Phase I involved an eLearning program covering ultrasound theory, ultrasound device
orientation, echocardiogram views, PEA, cardiac arrest ultrasound, and cardiac arrest
considerations for Maori. Phase II involved 4.5 hours of classroom theoretical and practical
education, including competency-based assessments. The assessments included simulations

testing hands-off time (HOT), pathological image interpretation, echocardiography (echo)
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skills and a knowledge test. The phase II assessments were replicated in phase 111 to assess

knowledge and skill retention.

Findings. The mean HOT was 9.6 seconds (SD = 2.9, 95% CI [9.3, 10.0]), with
47.7% of scans achieved within the 10 second pulse check pause. Image adequacy was
measured using the Cardiac Ultrasound Structural Assessment Scale (CUSAS). The results
showed that 73.9% ( 95% CI [67.8, 79.4]) met the desired standard of > 3. Of the 243 CAFE
exam interpretations paramedics were correct in 91.9% of cases (95% CI [88.5, 94.5]). The
accuracy of interpreting left ventricular squeeze was relatively low, with overall accuracy at
73.6% (95% CI1[67.6, 79.0]). In contrast, valvular opening was consistently high, with 100%
(95% CI [95.8, 100]) of cases in phase II and 99.3% (95% CI [96.4, 99.9]) in phase III.
Overall, the knowledge quiz showed 67.2% (95% CI [53.2, 79.3]) satisfying the > 80% pass
requirement. This result did not meet the study aim. A binary logistic regression explored the
association between HOT, study phase and station compared with the comparison station. An
odds ratio of 7.69 (95% CI [1.35, 9.09]) with the ‘person effect’ was associated with an

increased HOT due to image acquisition difficulty for this station.

Conclusion. This study found that paramedics can acquire and interpret ultrasound
images during pulse check pauses in simulated PEA cardiac arrest. Despite limited training,
study participants averaged 9.6 seconds for ultrasound examinations, with 47.7% meeting the
9.99-second time limit. Paramedic participants demonstrated adequate image acquisition and
strong interpretation abilities. The findings showed that most participants were able to retain
acquired knowledge and skills with the education intervention offered, but others will require

ongoing training and support.

This study highlights the potential of ultrasound application in PEA cardiac arrest,

emphasising the need for strategies to optimise HOT and address challenges such as
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equipment costs, educational standards, and clinical governance. Ultrasound use in out-of-
hospital cardiac arrest should focus on improving patient assessment accuracy by providing

clinical information for differential diagnoses, and guiding treatment and transport decisions.

Research Outputs

This research has been disseminated through presentations and by educating
paramedics in out-of-hospital ultrasound use. This section details the author’s contributions
and achievements in point-of-care ultrasound, specifically the integration of ultrasound in

cardiac arrest resuscitation.

Oral Presentations

e 15" July 2022, Australasian College of Paramedicine Research Symposium, Sunshine

Coast https://paramedics.org/events/acprs2022.

e 19" August 2022, 3-minute Thesis Virtual Competition Doctoral Candidate Finalist.

https://www.youtube.com/watch?v=P6L1mXrscYg.

e 30™ August 2022, Aeromedical Society of Australasia, and Flight Nurses Association
Conference. Presentation on ‘Ultrasound in Cardiac Arrest’.

https://www.aeromedconference.com/2022-program.

e 17" November 2022, Auckland University of Technology Postgraduate Research
Symposium. Presentation on ‘Ultrasound in Cardiac Arrest’.

e 3" December 2022, Invited speaker at WINFOCUS World Point of Care Ultrasound
Congress on the integration of ultrasound in PEA cardiac arrest.

https://www.winfocusworldcongress.com/archive/congress-2022/.

e 25" May 2023, Australasian College of Paramedicine Critical Care Summit Tweed

Heads Gold Coast. Presented as part of a team on ‘The Art of Low Fidelity


https://paramedics.org/events/acprs2022
https://www.youtube.com/watch?v=P6L1mXrscYg
https://www.aeromedconference.com/2022-program
https://www.winfocusworldcongress.com/archive/congress-2022/
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Simulation’ Also, part of a podcast recording ‘This Emergency Life Raft’

https://paramedics.org/ccs2023/schedule.

227 July 2023, Australasian Society of Ultrasound in Medicine Christchurch.
Presented on the ‘Focus of Pocus’ introducing the proposed Certificate in Prehospital

Performed Ultrasound. https://asum.com.au/docs/Events/NZ2023-Conference-

Programme.pdf.

12" August 2023, Emergency Ultrasound Group presenting on the ‘Focus of Pocus’
introducing the proposed Certificate in Prehospital Performed Ultrasound.

24™ October 2023, Australasian Society of Ultrasound in Medicine conference in
Sydney presenting the ‘Focus of Pocus’ introducing the proposed Certificate in

Prehospital Performed Ultrasound.

Awards and Grants

15" July 2022, Best Higher Degree by Research Presentation. Australasian College of
Paramedicine Research Symposium.

30™ August 2022, Best Presentation Award, Flight Nurses Association Conference.
Auckland University of Technology School of Clinical Sciences 2022. Performance
Based Research Seed Fund recipient.

Paramedics Australasia Travel Grant 2022.

The Heart Foundation Travel Grant 2022.

Ultrasound Specific Education - Completed

Certificate of completion 17" April 2021, Clinical Ultrasound POCUS New Zealand,

Wellington, accredited provider 2-day course in clinical ultrasound.


https://paramedics.org/ccs2023/schedule
https://asum.com.au/docs/Events/NZ2023-Conference-Programme.pdf
https://asum.com.au/docs/Events/NZ2023-Conference-Programme.pdf
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e Certificate of Completion Physics 16 August 2021. Tutorials through the
Australasian Society of Ultrasound in Medicine. Physics tutorials and exams one to
three as part of the Certificate in Allied Health Performed Ultrasound certification
program.

e Emergency Ultrasound Group Online POCUS Management Part one Workshop, 31*
May 2022.

e Australasian College for Emergency Medicine certificates of completion:

e 30™ March 2022, Certificate of completion eFAST ultrasound.
e 17" June 2022, Ultrasound Governance.
e 18" June 2022, Focused Echocardiography in Life Support.

e 18" June 2022, Lung Ultrasound.

e Certificate in Allied Health Performed Ultrasound eFAST with the
Australasian Society of Ultrasound in Medicine 27" October 2022.

e Certificate in Allied Health Performed Ultrasound Vascular Access with the

Australasian Society of Ultrasound in Medicine 315 August 2023.
¢ Emergency Ultrasound Group face-to-face POCUS Management Part two

workshop, 8" August 2023.

Opportunities

e Postgraduate course lead and lecturer for the Paramedic Ultrasound Course at
Auckland University of Technology 2021, 2022 and 2023

https://www.aut.ac.nz/__data/assets/pdf file/0006/506841/RADY801-Ultrasound-

Imaging-Paramedicine-2022.pdf.



https://www.aut.ac.nz/__data/assets/pdf_file/0006/506841/RADY801-Ultrasound-Imaging-Paramedicine-2022.pdf
https://www.aut.ac.nz/__data/assets/pdf_file/0006/506841/RADY801-Ultrasound-Imaging-Paramedicine-2022.pdf
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Emergency Ultrasound Group Instructor Team (voluntary) 2022

https://www.emugs.org/newzealand.

Introduction of ultrasound into Wellington Free Ambulance.

Advocating for a new certification pathway for prehospital providers through the
Australasian Society of Ultrasound in Medicine.

Sonographic Educator in the Wellington Emergency Department, 8 hours per week

supporting the Clinical Ultrasound Lead, 1% August 2023.

vi
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Chapter 1 Introduction

This chapter comprises six sections. The first highlights the prevalence and outcomes
of out-of-hospital cardiac arrest (OHCA) in New Zealand, emphasising pulseless electrical
activity (PEA). This section also discusses key OHCA resuscitation techniques, including
high performance cardiopulmonary resuscitation (HP-CPR), manual pulse checks, end tidal
carbon dioxide (ETCO2) monitoring, and the electrocardiograms (ECG) role in PEA
diagnosis. The subsequent section frames the problem statement, underscoring its relevance
in New Zealand. The third discusses ultrasound’s role in paramedic practice, addressing the
current protocols, challenges, and potential applications. The fourth section outlines the
research aims, accompanied by an originality statement. The fifth section details New
Zealand’s ambulance services, covering strategy, workforce, Wellington Free Ambulance
(WFA), and the geographical context. The final section concludes by outlining this thesis’s

structure.

1.1 Background Out-of-Hospital Cardiac Arrest in Australasia

Cardiac arrest is a life-threatening event, with ischemic heart disease considered the
second leading cause of death nationwide (Dicker, Todd, et al., 2021). Cardiac arrest occurs
when heart function, breathing, and consciousness are lost and is the most time-sensitive, life-
threatening event a patient can suffer. There are two types of cardiac arrest: either with a
shockable rhythm or a non-shockable rhythm. The first is where a defibrillator corrects an
erratic electrical heart stimulation that cannot sustain circulation. The second is a non-
shockable rhythm: either asystole, with no electrical activity or heart contraction, or pulseless

electrical activity (PEA), with normal electrical rhythm but no heart contraction. To
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determine the patient’s underlying rhythm, the attending paramedic® interprets the ECG to

decide if the patient is in a shockable or non-shockable rhythm.

In 2018, the Australia and New Zealand Resuscitation Outcomes Consortium reported
that shockable rhythms, such as ventricular fibrillation (VF) and pulseless ventricular
tachycardia (VT), account for 27.9% (2591 cases) of OHCA and can be reversed with
defibrillation (Beck et al., 2018). In New Zealand, VF and VT account for 36.5% (738 cases)
of cardiac arrests in the Hato Hone St John Ambulance Service and 36.4% (96 cases) in the
WFA region. Across Australasia, asystole and PEA account for 47% (4369 cases) and 24.5%
(2277 cases) of cardiac arrests, respectively. Hato Hone St John treats 40% of asystole (808
cases) and 21.5% of PEA (435 cases); WFA presents similar data with 43.1% of asystole but
36.4% for PEA (Beck et al., 2018). First responders, including the Fire and Emergency New
Zealand and lay bystanders, may also treat shockable rhythms using automated external

defibrillators (AED).

Analysis of the New Zealand registry for all OHCA cases reveals that survival at 30-
days post-arrest is 28% when the presenting rhythm is shockable compared with survival for
PEA of 7% and < 1% for asystole. For patients who have witnessed cardiac arrest with a
shockable rhythm, the 30-day survival rate is 32%, contrasting with 7% for PEA cases
(Dicker, Todd, et al., 2021). The Resuscitation Outcomes Consortium (ROC) of North
America shows the epidemiological patterns of the first rhythm presentation PEA is
increasing from 20.3% in 2006 to 21.8% in 2010, resulting in a 1.5% increase (Daya et al.,
2015). The reduction in shockable cardiac arrest rhythms may be attributed to increased use

of cardiac medications such as beta-blocker therapy and cardiac depressant medication

3 Paramedic — The term paramedic for this research refers to all practice levels of emergency medical technician,

paramedic, intensive care paramedic and critical care paramedic.
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(Myerburg et al., 2013). Insertion of implantable cardioverter defibrillator (ICD) has also

increased in recent years (Mond & Crozier, 2019).

Pulseless electrical activity occurs when the heart’s electrical impulse, responsible for
simulating a cardiac contraction (heartbeat), generates a rhythm displayed on an ECG
monitor, but the heart does not contract. This decrease in cardiac contractility is often due to
disease processes that reduce preload (heart stretch), increase afterload (pressure which the
heart contracts against), or cause respiratory failure (Oliver et al., 2020). This disconnect
between electrical stimulation and lack of cardiac contraction is termed ‘true PEA’ (Labovitz
et al., 2010). The determination of this condition during cardiac arrest resuscitation is through
a manual ‘pulse check’ to determine the presence of true pulselessness. The pulse check is
performed during a 10 second pause in chest compressions and aims to detect the absence or
presence of an underlying heartbeat. However, there is concern regarding the rescuer’s ability
to palpate the patient’s pulse, and the literature suggests that the palpation of a pulse during
cardiac arrest may not be accurate (Zengin et al., 2018). This uncertainty can lead to a failure
to diagnose profoundly shocked but perfusing states, leading to erroneous management with
unnecessary and asynchronous chest compressions and potential high-dose vasopressor drug
administration (Badra et al., 2019). As a result, the patient in pseudo-PEA may be

prematurely declared dead.

On the other hand, patients in PEA with cardiac activity identified on ultrasound
(ultrasound-identified pseudo-PEA) were associated with the return of spontaneous
circulation (ROSC) (Masoumi et al., 2021). The authors reported that 62 cases of PEA
identified using ultrasound showed 53.2% (n = 33) had mechanical cardiac activity and were

identified as pseudo-PEA. Of these pseudo-PEA cases, 63.6% achieved ROSC.
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Differences in pseudo-PEA rates identified by ultrasound, ranging from 19% to 75%
across various studies, can be attributed to several factors. Higher percentages, towards the
75% mark, are often seen in studies involving early ultrasound application by in-hospital
doctors, with patient co-morbidities and critical illnesses increasing the likelihood of PEA
cardiac arrest (Breitkreutz et al., 2010; Chardoli et al., 2012; Flato et al., 2015; Gaspari et al.,
2017; Gaspari et al., 2016; Masoumi et al., 2021; Prosen et al., 2010; Salen et al., 2005;
Zengin et al., 2016). Conversely, studies reporting lower rates, between 19% and 54%, often
included out-of-hospital patients, potentially with delayed resuscitations and bystander CPR

(Gaspari et al., 2016; Jaramillo et al., 2020; Prosen et al., 2010; Salen et al., 2005).

The New Zealand National Ambulance treatment guidelines for OHCA-PEA include
airway management, HP-CPR, adrenaline administration, assessment for reversible causes
and manual palpation of the pulse every 2 minutes during the 10 second pulse check pause
(National Ambulance Sector Clinical Working Group, 2019). Paramedics can correct two of
the 10 established reversible causes of PEA cardiac arrest. These include reversing hypoxia
(low oxygen levels) through oxygenation and sodium chloride 0.9% fluid administration for
hypotension (low blood pressure). Many reversible causes of cardiac arrest are not
recognisable prehospital without the use of ultrasound (Australian Resuscitation Council &
New Zealand Resuscitation Council, 2016). Ultrasound can identify causes of profound
shock such as tension pneumothorax, pulmonary embolism, and cardiac tamponade (Blanco
& Martinez Buendia, 2017). In a potentially reversible condition such as cardiac tamponade,
the current recommendation prehospital is the urgent transport of the patient to the

emergency department (ED) (National Ambulance Sector Clinical Working Group, 2019).

The following section discusses the key concepts of OHCA resuscitation with a focus

on examining the limitations in identifying pseudo-PEA in the out-of-hospital setting.
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1.1.1 Key Concepts of OHCA Resuscitation

High-Performance Cardiopulmonary Resuscitation. High-performance-CPR is a
systematic approach to optimising the elements of resuscitation. These elements focus on a
compression rate of 100 to 120 per minute, optimal ventilations, and early defibrillation. The
HP-CPR technique enhances the chest compression fraction (CCF), minimising interruptions.
The CCEF ratio refers to the division of the total time spent performing chest compressions
divided by the entire duration of the resuscitation process (Mathew et al., 2022). A CCF ratio
of at least 60-80% is recommended by the American Heart Association (AHA)
Cardiopulmonary Resuscitation Guideline to maintain coronary perfusion (Panchal et al.,
2020). However, maintaining a high CCF is not sufficient; the quality of compressions plays
a crucial role. If the compressions are not performed at the appropriate rate and depth, they
may be ineffective. The compressions in target (CiT) metric encompasses the proportion of
chest compressions conducted at the appropriate rate and depth (Loza-Gomez et al., 2022).
The interplay between CCF and CiT underscores the balance required between quantity and
quality in cardiac resuscitation. A high CCF ensures that compressions are performed most of
the time during a cardiac arrest, but the CiT ensures these compressions are effective. The
AHA consensus statement suggested in 2013 to “avoid unnecessary pulse checks” to reduce
CPR interruption (Meaney et al., 2013). A large-scale study of 12,928 patients explored the
effect of CCF on the survival rates of OHCA patients with non-shockable rhythms.
Interestingly, the highest survival rate was observed among those with a CCF of < 40%
(Vaillancourt et al., 2020). Of the 3,366 (26%) PEA patients, 154 received < 40% CFF and
575 received 41 to 60% CCF. Return of spontaneous circulation was achieved for 27% of the
< 40% CCF group and 23% of the > 41% CCF group, with survival to discharge at 5.2% and
1.8%, respectively. The adjusted odds of survival for patients with a CCF range of 0-40%

were estimated to be 2.00 times larger than those for patients with a CCF range of 81-100%
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(95% CI[1.16-3.32]). These results suggest patients in PEA cardiac arrest with a low CCF (0-
40%) have twice the odds of surviving compared to those with a very high CCF (81-100%).
However, Vaillancourt et al. (2020) noted that CCF of > 40% increased ROSC in non-

shockable rhythms but didn't necessarily improve survival.

By questioning these concepts, the relevance, and implications of integrating
ultrasound into PEA cardiac arrest care are highlighted and discussed further within the

Discussion Chapter.

The Manual Pulse Check. Over a decade ago, the AHA changed the CPR guideline
to downplay the emphasis on performing manual pulse checks in cardiac arrest (Field et al.,
2010). Accurate palpation of a manual pulse during cardiac arrest, even by highly trained
health professionals, was shown to be inaccurate. A study by Dick et al. (2000) highlighted
an example of pulse check inaccuracy who assessed 206 emergency medical technicians
(EMT) and paramedics as they performed pulse checks on patients undergoing a carotid
artery bypass graft procedure. Only 1.7% of participants correctly identified a pulse in less
than 10 seconds, while a palpable pulse was incorrectly declared in 44.9% of attempts. The
reduced emphasis on pulse checks, especially in PEA, poses the risk of overlooking pseudo-

PEA patients who might benefit from targeted resuscitation.

In today’s clinical environment, low-flow shocked patients may go under-recognised
with no alternative to the traditional pulse check. However, moving away from this pulse
detection method, ETCO; measurement has emerged as a more reliable marker of ROSC,
enhancing the efficiency of cardiac arrest care (National Ambulance Sector Clinical Working

Group, 2019).

End Tidal Carbon Dioxide Measurement. This is used routinely within the New

Zealand ambulance services to verify correct endotracheal intubation and measure cardiac
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output. In cardiac arrest, cardiac output is measured through pulmonary blood flow, which is
determined by the quality and quantity of CPR and ventilation strategy. A sampling device
measures concentrations of ETCO; from an advanced airway, such as an endotracheal tube.
Outputs provide a measurable physiologic index of resuscitative efforts. The interpretation of
ETCO:z is called capnography. Capnography produces a waveform which is displayed on the
resuscitation monitor. During CPR, capnography measurements determine the response to
resuscitative efforts and ROSC (Aminiahidashti et al., 2018). The use of ETCO. is
recommended by the AHA 2010 to guide resuscitative efforts. Sustained or sudden increases

in ETCO; also indicate ROSC (Meaney et al., 2013).

Accurate ETCOz levels hinge on factors like CPR quality, underlying conditions,
notably pulmonary embolism (PE), and ventilation rate. A PE during cardiac arrest can
decrease ETCO2 measurements due to diminished pulmonary perfusion (Aminiahidashti et
al., 2018). Whilst experienced ultrasound users might detect PE using ultrasound, such
specificity exceeds this research’s aims and the typical paramedic’s scope for cardiac arrest.
However, identifying a clot in transit from a PE can suggest treatment modalities, such as
thrombolysis, addressing a reversible cardiac arrest cause. Essentially, PE can challenge

ETCO; reliability in assessing low-flow output.

High-performance-CPR can improve ETCO; measurements, achieving levels of > 20
mmHg, whereas ventilations of > 12 per minute can reduce this measurement. Gutierrez et al.
(2022), sought to determine if variations in CPR depth, rate and ventilation influenced
ETCO:z evaluating an adult OHCA population. Their results showed a significant association
with CPR depth, explaining variation in ETCO; measurements during cardiac arrest. Paiva et
al. (2018), found ETCO; of > 10 mmHg was linked with higher rates of ROSC and hospital

survival, although ETCO2 measurement of < 10 mmHg is not a reason to withhold
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resuscitative efforts. The New Zealand National Ambulance Clinical Practice Guideline
outlines ETCO2 measurements of < 15 and > 25 mmHg as indicators of poor or more
favourable outcomes (National Ambulance Sector Clinical Working Group, 2019).
Importantly, Crickmer et al. (2021), determined that 10 mmHg increases in ETCO; increased

the odds of achieving ROSC (OR = 1.7, 95% CI [1.35, 2.24]; p = < 0.001).

In PEA patients, an increase in ETCO: often indicates ROSC, but this change can be
subtle and overlooked. In addition, HP-CPR has demonstrated higher levels of ETCO> of >
20 mmHg, resulting in uncertainty of ROSC in low-flow states. Additionally, a less discussed

form of ROSC detection in PEA is the width of the QRS complex on an ECG.

Electrocardiogram. The ECG is an essential tool utilised in cardiac arrest to
differentiate between rhythms. Historically, associations with QRS width and ECG complex
size in PEA distinguished between true and pseudo-PEA. A study by Bergum et al. (2016),
investigated the association between PEA ECG patterns and underlying causes of cardiac
arrest. Their results showed that the majority (90%) of QRS complexes were widened, and a
further 63% exhibited bradycardia (< 60 beats per minute); they concluded that ECG patterns
weren’t predictive of survival. In contrast, Skjeflo et al. (2018), found a correlation between
increased heart rate and concurrent narrowing of the QRS complex appearing 3 to 6 minutes
before ROSC. The QRS width may have limitations, and monitoring heart rate increases is an

easier predictor of ROSC in PEA situations.

Whilst the manual pulse check, ETCO», and ECG analysis are not the focus of this
research, it is essential to recognise the limitation of current practices in detecting and
considering reversible causes of PEA cardiac arrest. This acknowledgement presents an
opportunity to use ultrasound as an assessment tool to improve management decisions,

potentially enhancing pseudo-PEA cardiac arrest recognition.
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1.1.2 Whatis Ultrasound

Ultrasound is a frequency of sound greater than 20,000 Hertz (Hz) not audible by the
human ear. In diagnostic ultrasound, sound waves (acoustic waves) pulse through a tissue
medium, reflecting off structures in the body where they are processed into an image
(Edelman, 2007). There are three types of transducers used in the out-of-hospital setting
including the linear, curvilinear and the phased array. The linear is a high frequency
transducer used for imaging shallow structures such as the lung pleura, blood vessels and
nerves. The curvilinear is a lower frequency typically used for imaging deeper structures such
as those in the abdomen. The phased array transducer has a low to medium frequency range
allowing for higher tissue penetration and improved frame rate to capture moving structures

such as the heart (Soni et al., 2020). The phased array transducer was used in this study.

1.1.3 Echocardiographic Views

The four main echocardiographic views used in prehospital ultrasound include the
parasternal long axis (PSLA), parasternal short axis (PSA), apical four-chamber (A4C) and
the subcostal four chamber view (SC4) shown in Figure 1. For the purposes of this study the

PSA view was not integrated into the exam protocol due to the difficulty of acquisition.
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Figure 1

Echocardiography Views

Note. Image created by the author using Canva.com (paid version). PSLA = parasternal long axis, A4C = apical

four chamber and SC4 = subcostal chamber four.

The PSLA ultrasound view shown in Figure 2 is imaged by placing the transducer
adjacent to the left of the sternum over the third or fourth intercostal space with the
transducer orientation marker to the patient's right shoulder (Soni et al., 2020). Key structures
identified in the PSLA view include the right ventricle (RV), aortic outflow (AO), left atrium

(LA), mitral valve (MV), left ventricle (LV), pericardium and descending aorta (DA).



CARDIAC ARREST FOCUSED ECHO 11

Figure 2

Parasternal Long Axis Ultrasound Image

Parasternal Long Axis
(PSLA)

Structures to identify in
the PSLA view include:
e Right ventricle (RV)
Aortic outflow (AO)
Left atrium (LA)
Mitral valve (MV)
Left ventricle (LV)
Pericardium . S4-1
Descending aorta .
(DA) Cardiac

-0.3dB

Note. Ultrasound Image and information created by the author and included in the education package for this

research.

The A4C ultrasound view shown in Figure 3 is ideally imaged with the patient in the
left decubitus position (laying on their left side) however in cardiac arrest the patient is
positioned supine. The transducer is placed in the apical window below the left nipple for
males and in the lower lateral quadrant of the left breast for females. Alternatively, the
transducer can be placed in the fifth intercostal space towards the apex of the heart. The
ultrasound beam is tilted towards the patient’s right shoulder with the transducer orientated
towards the patients left axilla (Soni et al., 2020). Key structures identified in the A4C view

include the LV, RV, LA, RA, mitral valve, tricuspid valve, pericardium and septum.
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Figure 3

Apical Four Chamber View Ultrasound Image

Apical Four Chamber PHILIPS MI 1.0
(A4C) 1S 0.5

A4C
Structures to identify in
the A4C view include:
o Leftventricle (LV) 18.0cm
Left atrium (LA)
Septum

2D
HGen

Mitral valve (MV) Gn 50
Tricuspid valve (TV) 50

Right ventricle (RV) 4/2/1
Right atrium (RA) 75 mm/s
Pericardium

Note. Ultrasound Image https://www.thepocusatlas.com/echocardiography-2 by Justin Bowra MBBS, FACEM,
CCPU Emergency Physician. Anatomical structural highlights superimposed by the author and included in the

education package for this research.

The SC4 ultrasound view shown in Figure 4 is favourable in critically unwell patients
because the subcostal region is easily accessible, especially during cardiac arrest when CPR
is performed, and defibrillation pads and CPR feedback sensors are in place. The transducer
is placed below the xiphoid process using the liver as the acoustic window, positioning the
probe indicator to the right and aiming the ultrasound beam towards the patient's left shoulder

(Diaz-Gomez et al., 2021). Key structures include the pericardium, RV, LV, LA and LA.
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Figure 4

Subcostal Four Chamber Ultrasound Image

Subcostal Four
Chamber (SC4)

Structures to identify in
the SC4 view include:
e Liver
Right ventricle (RV)
Tricuspid valve (TV)
Right atrium (RA)
Left atrium (LA)
Mitral valve (MV) .
Left ventricle (LV) - S4-1
Pericardium
Cardiac

-0.3dB

Note. Ultrasound Image and information created by the author and included in the education package for this

research.

1.2 Statement of the Problem

The progression of modern medicine has changed the spectrum and survivability of
cardiac arrest, with increases in the presentation of PEA (Chardoli et al., 2012; Oliver et al.,
2020). However, survival from PEA remains low and it is underrepresented in research. The
past 60 years have shown significant progress and improved survival from cardiac arrest.
Extensive research has been conducted on the survivability of VF arrest, leading to
substantial improvements such as practical training programs and increased public awareness.
These advancements also include broad access to public defibrillators and innovations like
the GoodSAM first responder program (Parish et al., 2003; Smith et al., 2022). Despite

overall advancements in cardiac arrest survival, the challenge is to enhance PEA survival
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through improved recognition and informed treatment decisions for low-flow shocked
pseudo-PEA states. The PEA patient presents with a complex condition that is not easily
identified in the out-of-hospital setting using current treatment methods to identify the
underlying cause (Van den Bempt et al., 2020). The early identification of reversible causes
in PEA is vital to optimise focused treatment and improve survival. For example, a
multicentre study of 793 hospital PEA cardiac arrest patients demonstrated that 54.9% (n =
225 of 414) had cardiac activity on ultrasound. Of the 793 patients, 34 had a pericardial
effusion, and 13 required a pericardiocentesis procedure, of which 15.4% survived hospital

discharge (Gaspari et al., 2016).

The 2022 International Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science with Treatment Recommendations highlights weak
recommendations and low-certainty evidence for ultrasound use in cardiac arrest. Ultrasound
is advised for experienced clinicians without interrupting CPR, especially when a reversible
cause is suspected. The balance between CPR interruption risks and ultrasound benefits is
emphasised, with concerns about its diagnostic value, clinical context, and selection bias.
Knowledge gaps include point of care ultrasound (POCUS) diagnostic accuracy during
cardiac arrest, uniform terminology, reviewer reliability, feasibility during CPR, and impact

on outcomes (Wyckoff et al., 2022).

1.3 Ultrasound Paramedic Practice in New Zealand

The author has observed limited uptake of ultrasound in the out-of-hospital setting in
New Zealand. A crucial aspect of this Doctoral research involves advocating for practice
change. The author established and facilitated the postgraduate ultrasound imaging course for
paramedics at Auckland University of Technology (AUT). This course is specifically tailored

for prehospital providers to gain knowledge and proficiency in POCUS. The development of
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the ultrasound course is supported by New Zealand’s two ambulance organisations, Hato
Hone St John Ambulance and Wellington Free Ambulance. Hato Hone St John Ambulance is
planning a New Zealand-wide trial for extended care paramedics to use ultrasound in low
acuity patients. Furthermore, in November 2022, WFA embraced a pilot ultrasound project
proposed and led by the author. At the time of writing, this project is underway with training
and equipment for five critical care flight paramedics to utilise ultrasound within their clinical
practice. Chapter six builds on this discussion with the presentation of a proposal to introduce
a Certificate of Prehospital Performed Ultrasound (CPPU) for the regulation and

credentialing of paramedics to perform ultrasound in New Zealand.

These initiatives reflect a significant advancement in the integration of ultrasound in
prehospital care in New Zealand. The goal of providing comprehensive training and
facilitating access to ultrasound technology is to enhance diagnostic capabilities and

ultimately improve patient care in the prehospital setting.

1.4 Research Aims

This research aims to examine and address the gaps within the literature. This research
seeks to determine relationships and patterns by asking the following questions and providing
evidence and insight to inform clinical practice and identifying where further research may be
required. The research involved three phases. Phase I includes an online pre-education
module, phase II didactic and hands-on training, simulation assessments and knowledge

testing and phase III assessments and knowledge testing only.

1.4.1 Research Question One: Image Acquisition

Can 100% of paramedics who receive cardiac arrest-focused echo (CAFE) education

and training acquire ultrasound images within the 10 second pulse check pause at simulated
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cardiac arrests at least 90% of the time? The CAFE exam is discussed in detail in CAFE

Exam Interpretation.

1.4.2 Research Question Two: Quality of Imaging

Can 100% of CAFE trained paramedics achieve a Cardiac Ultrasound Structural
Assessment Scale (CUSAS) score of > 3 in at least 90% of simulated cardiac arrest echo

attempts?

1.4.3 Research Question Three: Image Interpretation

Can 100% of CAFE trained paramedics accurately identify the presence or absence of
pericardial effusion, pseudo-PEA, true PEA, left ventricular contraction and valvular
movement as measured by the CAFE exam fluid and function assessment analysis in > 90%

of cases?

1.4.4 Research Question Four: Underpinning Knowledge

Can 100% of CAFE trained paramedics achieve a pass mark of > 80% on the quiz

testing foundational knowledge and correctly diagnose the presence of cardiac tamponade?

1.4.5 Research Originality

This research is the first out-of-hospital study evaluating ultrasound use in PEA
cardiac arrest within New Zealand. The simulation-based approach provides a controlled
environment to collect data and demonstrate practical implications. This research may
contribute to the literature and knowledge exploring ultrasound use in out-of-hospital PEA

cardiac arrest.
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1.5 Ambulance Services in New Zealand

The New Zealand Government oversees multiple organisations in the out-of-hospital
sector. The Ambulance Team provides strategic leadership commissioning emergency
ambulance services, on behalf of Te Whatu Ora Health New Zealand, and the Accident
Compensation Corporation (ACC). Their roles include advancing ambulance strategy,
addressing Maori health, improving system efficiencies, and fulfilling obligations to meet Te

Tiriti o Waitangi (Te Whatu Ora Health New Zealand, 2024).

The two ambulance providers in New Zealand, Hato Hone St John and Wellington
Free Ambulance are contracted to deliver out-of-hospital care for medical and traumatic
emergencies within the urban and rural communities. Emergency medical services include
road-based ambulances, air ambulances (helicopters and planes) and communication centres

that receive emergency calls, dispatch ambulances, and provide clinical advice to callers.

1.5.1 Ambulance Strategy

The New Zealand ambulance services follow a professionally autonomous paramedic
system based on a paramedic-led model of expertise which has undergone
professionalisation, including self-regulation, national registration, and university entry
standards for practice. This system is integrated into the local healthcare and public health
framework and has devised a service delivery strategy covering emergency, urgent, and
primary care models. Both traditional and non-traditional clinical roles are employed in a
coordinated approach to service delivery encompassing a paramedic-led model of expertise
(Makrides et al., 2022). In contrast, many European ambulance systems follow the ‘Franco-
German’ model of predominantly doctor-led ambulances with nurses and/or paramedics

(Makrides et al., 2020).
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In 2009, the New Zealand Minister of Health identified three strategic ambulance
provider goals to be achieved by 2020. These goals included leadership, community
resilience and seamless delivery of ambulance services within the wider health sector
(National Ambulance Sector Office, 2009). The goal of leadership examined methods of
aligning service expectations with patient outcomes. Providers were asked to be accountable
for and develop sustainable funding, drive service expectations, and develop performance
indicators to achieve this. Community resilience goals included community pride and
confidence within the ambulance service. This was achieved through improved sustainability
of paid employed and volunteer workforce, alternative service models and integration into the
emergency management planning system. The final goal of seamless delivery was patient-
focused, improving outcomes and coordinated care. The aims were to improve the level of
clinical expertise, develop consistent protocols and extend the role of the paramedic. In
addition, a further aim was to develop information sharing, evaluate health outcomes and
ensure ambulance response was clinically appropriate for each patient (New Zealand

Ambulance Sector Office, 2009).

1.5.2 New Zealand Paramedic Workforce Demographics

Paramedicine in New Zealand has seen a rapid change since the 1970s with the
introduction of higher education and expanded clinical practice (Tunnage et al., 2015). In
2020, paramedicine became formally recognised as a profession under the Health
Practitioners Competence Assurance Act (HPCAA) 2003. In March 2021 the registration of
paramedics opened through Te Kaunihera Manapou* Paramedic Council. At the time, there

were three pathways to registration:

4 Te Reo Maori for The Paramedic Council
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e Pathway A: recognised a Bachelor of Health Science (BHSc) from AUT or Whitireia
and WelTech Community Polytechnic New Zealand.

e Pathway B: recognised existing qualifications and experience, and providers applied
for a Registration Assessment Programme.

e Pathway C: provided a process for paramedics in non-clinical positions such as
education and research to submit a portfolio of experience evaluated by independent

assessors. This pathway was offered for a limited time and has now closed.

To uphold the principles of Te Tiriti®, all paramedic applicants must complete cultural
competencies through Mauirora online learning and other methods, as mandated by the
Paramedic Council (Kaunihera Manapou Paramedic Council of New Zealand). The
Paramedic Council acts as the regulatory body overseeing the registration of paramedics
under The HPCAA 2003. Additionally, the Paramedic Council ensures paramedic
competence, issues practising certificates, defines the scope of practice, accredits educational
institutions, addresses health and competence issues notifications, and handles complaints
about paramedic conduct (Tunnage et al., 2015). Clinical practice for paramedics employed
by ambulance providers identify a level of practice which is clearly defined by skills listed at
the front of the National Clinical Practice Guidelines (National Ambulance Sector Clinical
Working Group, 2019). Registered paramedics use their clinical skills, knowledge and
judgement to provide emergency and non-urgent care to patients within the community

(Bryne, 2020).

For the purposes of statistical analyses, there are approximately 1,770 registered
paramedics in New Zealand at the time of writing. Among these registered paramedics, 873

(49%) identify as male, 782 (44%) as female, 113 (6%) as non-disclosed and two (< 1%) as

> Te reo Maori for The Treaty of Waitangi
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gender diverse shown in Figure 5 (K.Cook, Paramedic Council, personal communication, 29"

July 2022).

Figure 5

Gender of Registered Paramedics in New Zealand 2022

= Female = Male = Non-disclosed Gender diverse

Note. Data provided by K. Cook Paramedic Council 31 March 2022

The age of registered paramedics is categorised into six age groupings, as shown in
Figure 6. Of 1,770 paramedics, 434 (24.5%) are aged between 20-30 years, 424 (24.9%)
between 31-40 years, 364 (20.5%) between 41-50 years, 403 (22.7%) between 51-60 years,

134 (7%) between 61-70 and 11 (0.06%) between 71-79 years.
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Figure 6

New Zealand Registered Paramedics Age Group 2022
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Note. Data provided by the New Zealand Paramedic Council on the 31st of March 2022.

According to the Panui — Huirae Newsletter in July 2023, it’s reported that New
Zealand has seen a growth in the number of registered paramedics, with a total of 2,108,
marking a rise of 338 compared to the previous year. When broken down by demographics,
44% (or 943) of these registered paramedics identified as female. Additionally, Maori
representation stands at 5.8% (or 123 paramedics), while Pacific Peoples make up 1.8% (or

40 paramedics) (Kaunihera Manapou Paramedic Council of New Zealand, 2023b).

In New Zealand, there is significant under-representation of Maori and Pacific
Peoples in the paramedic workforce. Strengthening ethnic engagement and participation
within the out-of-hospital setting improves inequities of emergency care (Morrison &
Tunnage, 2014). Promotion of research with inclusive representation enriches the study

design by bringing diverse perspectives, cultural insights, and enhanced community
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engagement. This approach is pivotal for fostering inclusivity and addressing health

disparities among marginalized groups within the research in general.

This research used the level one ethnic group New Zealand Statistics reporting
standards. The six ethnic groupings are Maori, Pacific peoples, Asian, MELAA (Middle
Eastern, Latin American and African), European and Pakeha, and other ethnicities (Ministry
of Health, 2017). Ethnicity data from the New Zealand Paramedic Council included 48 ethnic
subgroups for 1,770 paramedic responses. The author merged these groups using the ethnic
grouping standards set by Statistics New Zealand for census data collection

(https://www.stats.govt.nz/tools/2018-census-ethnic-group-summaries) to allow statistical

analyses. Most paramedics identify as European, New Zealand European or New Zealander
(n =1,418, 80%), with less representation from Maori (55, 3%) and Pacific Peoples (26, 1%),
Asian (33, 2%) and other (29, 2%) shown in Figure 7. Of the population, 209 (11%)

respondents did not state or declare their ethnicity.


https://www.stats.govt.nz/tools/2018-census-ethnic-group-summaries
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Figure 7

New Zealand Registered Paramedic Ethnicity 2022
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Note. Data provided by the New Zealand Paramedic Council, transposed by the author into five ethnic

groupings (n=1770).

The paramedic workforce is stratified into four main tiers: unregistered emergency
medical technician (EMT), registered paramedic, extended care paramedic (ECP) and critical
care paramedic (CCP). Additional scopes of practice include clinical practice advisors (CPA)
and flight paramedics. In addition to these existing designations, the Paramedic Council has
recommended adding ECP and CCP designations as specialist paramedic practices. This
proposed endorsement is designed to acknowledge paramedics with advanced qualifications

and expertise (Kaunihera Manapou Paramedic Council of New Zealand, 2023a).
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1.5.3 Wellington Free Ambulance Paramedic Workforce

At the time of writing, the WFA had 197 frontline emergency ambulance personnel
with level of practice, as shown in Figure 8. Of these, 81 were at the paramedic level, with 29
ICPs and five flight paramedics. Other roles within WFA included ECP (also paramedic level
with a specific additional range of practice), EMT, graduate paramedic (first-year post-
university graduation), supervised paramedic (second year of employment) and Shift

Managers who align with a shift to provide managerial and on-road support to the crew.

Figure 8

Wellington Free Ambulance Level of Practice 2022
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Note. Para = paramedic, CPA = clinical paramedic Advisor, ECP = extended care paramedic, ICP = intensive
care paramedic, EMT = emergency medical technician, Flight Para = flight paramedic, Grad = graduate, sup

Para = supervised paramedic.

Ethnicity data collection within WFA is inaccurate, as 44% of frontline personnel did

not respond to the workplace demographic survey. From the available data in 2020, WFA
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staff identified as 49% European, 4% Maori, 1% Pacific Peoples and 2% other, as shown in

Figure 9.

Figure 9

Ethnicity of Wellington Free Ambulance Workplace Demographic Survey 2020
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Note. Information was provided by WFA Human Resources Manager Chris Wright by email correspondence 5"

of July 2020.

1.5.4 New Zealand Geography and Population

New Zealand is a small island country in the southwest ocean. New Zealand has a
similar land mass to the United Kingdom, spanning 1,600 km long and approximately 450
km at the wides point (Blyth et al., 2024). The diverse population of New Zealand is
approximately 5 million, with an Maori population estimated at 775,836 (Statistics New

Zealand, 2020). The population density of New Zealand is 15 people per km? compared to the
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United Kingdom’s 243 people per km?. Geospatial modelling has the majority (86%) of New
Zealand inhabitants living in an urban region (Lilley et al., 2019). The geographical nature of
New Zealand is challenging, with mountainous ranges, volcanos, steep hills, and fjords. This
varied terrain emphasises the importance of suitable ambulance response measures for time-
critical patients suffering an OHCA. These geographical and demographical considerations
provide insight into the understanding and challenges associated with the broad and diverse
landscape within the context of cardiac arrest care in New Zealand. A map of the world

highlighting New Zealand’s location is shown in Figure 10 encircled in red.
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Figure 10

Map of the World

RUSSIA

KAZAKHSTAN MONGOLIA

CHINA

AUSTRALIA

Note. Standard Licence Free Image - The Earth, World Map on dark background. Vector illustration by Yan4ik— stock.adobe.com. New Zealand circled in a red outline.
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1.5.5 Study Setting

The study was set in the Greater Wellington and Wairarapa regions of New Zealand.
At the time of writing, 10 ambulance stations are located throughout the area, as shown in
Figure 11. On average, WFA receives over 150,000 emergency calls for approximately
58,000 emergencies annually (Wellington Free Ambulance, 2022). Of these, 209 were for

OHCA responses (Dicker, Swain, et al., 2021).

This observational simulation trial was conducted in Wellington utilising paramedics
employed by WFA, doctors from the Wellington Emergency Department, international

ultrasound experts for ultrasound scan reviews and support staff from WFA and AUT.
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Figure 11

Wellington Free Ambulance Region

OUR REGION

We cover from Cook Strait to just north of
Waikanae on the Kapiti Coast, and across
to Mt Bruce in the Wairarapa. We look after
a population of 500,000 people.

Note. Reproduced from https://www.wfa.org.nz/about-us/our-region/

1.6 Thesis Structure

This thesis comprises six chapters detailing research conducted with the Wellington
Free Ambulance, serving the Greater Wellington and Wairarapa areas of New Zealand. The

research presents an educational model and simulation techniques to incorporate POCUS in


https://www.wfa.org.nz/about-us/our-region/
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advanced cardiac arrest care, adhering to the Australia and New Zealand Council of
Resuscitation (ANZCOR) standard of a 10 second or less no-flow hands-off time (HOT)

during pulse checks. Chapter summaries include:

1. Chapter One: Introduces background themes relevant to the 10 second pulse check
pause and pseudo-PEA determination and explores the New Zealand setting.

2. Chapter Two: Presents literature reviews focusing on OHCA-PEA and the education
surrounding out-of-hospital ultrasound.

3. Chapter Three: Describes the research methodology, detailing the educational
programme, the design of phases I, II, and III, and the methods for data collection and
measurement.

4. Chapter Four: Delves into the results, highlighting characteristics of the study
participants and the investigations into individual research questions.

5. Chapter Five: Is a comprehensive discussion, outlining key findings, identifying the
study’s strengths and limitations, and offering practical recommendations. Chapter five
also showcases the transformative impact of introducing ultrasound to ambulance
services in New Zealand, underscoring the importance of this research opportunity for
out-of-hospital ultrasound in the country.

6. Chapter Six: Provides a conclusion, summarising the research findings and integrating

the content of the thesis.
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Chapter 2 Literature Review

2.1 Out of Hospital Cardiac Arrest Pulseless Electrical Activity

The previous chapter introduced OHCA arrest in New Zealand, specifically PEA, and
the tools currently used by the ambulance service to determine the return of spontaneous
circulation. This literature search and review was completed by the author examining
published literature seeking to identify what has been accomplished to build on previous
work and identify gaps (Grant & Booth, 2009). The review centres on journal articles and

references from the selected articles.

2.1.1 Method of the Literature Review

The review was undertaken using a narrative approach analysing the contribution or
value for inclusion within the review. The electronic databases CINAHL complete, SCOPUS,
PubMed via EBSCO and Web of Science were searched from 21%t April to 26™ April 2021.
For currency, only full-text articles published from 2005 to 2021 were included in this
review. The exclusion of articles prior to 2005 was due to the relatively new use of
ultrasound in the prehospital setting. Key words and phrases used for the literature search are
shown Table 1 including point of care ultrasound or POCUS or echo* or AND cardiac arrest
or heart arrest or cardiopulmonary arrest AND or OHCA or prehospital or prehospital or
paramed* or EMS or emergency medical service or ambulance or EMT or emergency

medical technician AND pulseless electrical activity or PEA.
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Table 1

Literature Review Search Terms

Line Search term Theme

"point of care ultrasound" or POCUS or echo* or "focused
1 Ultrasound
echo*"

2 "cardiac arrest" or "heart arrest” or "cardiopulmonary arrest"  Cardiac arrest

"out of hospital cardiac arrest" or OHCA or prehospital or

3 pre-hospital or paramed* or EMS or "emergency medical EMS
service" or ambulance or EMT or "emergency medical

technician”
4 "pulseless electrical activity" or PEA PEA
Note. " " = search phrase, * = any ending

The inclusion criteria were studies examining the use of ultrasound in (a) cardiac
arrest and (b) prehospital PEA. Articles reviewed were entered into a review matrix and
scaled according to their relevance from one to four: One is irrelevant, two borderline, three
relevant and four important. Abstracts, editorials, reports, and letters were excluded due to
insufficient data. A summary of literature reviewed is shown in Table 2. The literature
identified for inclusion or exclusion is shown using a Preferred Reporting Items Systematic
Reviews and Meta-Analysis (PRISMA) flow diagram shown in Appendix E. The review
identified several potential issues with ultrasound use in cardiac arrest. The following
sections will review ultrasound use in OHCA-PEA, the 10 second pulse check pause in PEA,

and ultrasound image acquisition and interpretation.

The review process identified various studies from different regions demonstrating
global interest in using ultrasound in cardiac arrest settings. Seven studies were conducted in

the United States of America (Chin et al., 2013; Fitzgibbon et al., 2018; Gardner et al., 2018;
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Huis in ’t Veld et al., 2017; Rooney et al., 2016; Salen et al., 2005; Walker, 2017), two from
Canada (Gaspari et al., 2017; Gaspari et al., 2016) one from Brazil (Flato et al., 2015) and
one from Iran (Chardoli et al., 2012) (Table 2). Furthermore, seventeen studies were
conducted in European countries including Germany (Breitkreutz et al., 2010; Breitkreutz et
al., 2009; Breitkreutz et al., 2007; Nelson & Sanghvi, 2016; Scharonow & Weilbach, 2018),
Norway (Busch, 2006), Denmark and Austria (Aagaard et al., 2018; Aichinger et al., 2012),
the United Kingdom (Booth et al., 2015; Hayhurst et al., 2011; Niendorff et al., 2005; Price,
Uddin, et al., 2010; Testa et al., 2010; Walker, 2017; Younger et al., 2016), Turkey (Zengin
et al., 2016), Italy (Testa et al., 2010), the Netherlands (Ketelaars et al., 2018), Slovenia
(Prosen et al., 2010) and Denmark (Aagaard et al., 2018). Eight studies were specifically in
the prehospital setting, with ultrasound used during resuscitation in the prehospital setting
included. Five studies involved paramedic cohorts (Booth et al., 2015; Chin et al., 2013; Reed
et al., 2017; Rooney et al., 2016; Younger et al., 2016). Of these, the majority were

prospective, retrospective, or observational reviews.

The following section evaluates the specific findings relating to ultrasound in PEA

cardiac arrest.
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Table 2

Summary of Papers Reviewed

34

Author Title Location Study Design n Main Theme Evaluation 1-4
Cardiac movement observed during
Cardiac Movement Identified on Prospective initial echo was significantly associated
Aichinger, G., Prehospital Echocardiography Austri ObSGE')Va tional 4 with higher survival rates, supporting
2012 Predicts Outcome in Cardiac Arrest ustna stud the feasibility and utility of focused echo
Patients Y in evaluating outcomes during
prehospital CPR
Breitkreutz, R., Focused Echocardiography in Life Descriptive F§a51b111ty of.a.ddlng the subcostal
. . Germany . - window to critical care beyond the
2009 Support: The Subcostal Window analysis FAST
The focused protocol is feasible and
. . Prospective beneficial without causing delays in
Busch. M., 2006 E;:?bii;g?zogii}bnﬂ? tr e}slzilj) ital Norway observational 38 patient care; additional research is
£ ' Y Y study needed to clarify its precise indications
and role in prehospital settings
Timing of Focused Cardiac Images obtained during rhythm analysis
Aagaard, R., 2018 Ultrasound during advan@d life Denmark Prlos.pectlve 60 apd bag—ma.sk ventilations were of
support - A prospective clinical clinical study higher quality compared to images
study obtained during chest compressions
Focused echocardiography in life Prospective
Breitkreutz, R., support and peri-resuscitation of pect] Echo performed by an emergency
. . observational 230 L
2010 emergency patients: A prospective Germany study physician as per FEELS protocol
trial
The Cardiac Arrest Sonographic United
*Gardner, K., Assessment (CASA) exam - A States of Abstract ) Determination of reversible causes using
2018 Standardised approach to the use of America strac a POCUS

ultrasound in PEA
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Gaspari, R., 2016

Gaspari, R., 2017

Niendorff, D.,
2017

Miesemer, B.,
2017

Chin, J., 2013

Emergency department point-of-care
ultrasound in out-of-hospital and in-
ED cardiac arrest

A retrospective study of pulseless
electrical activity bedside ultrasound
identified interventions during
resuscitation associated with
improved survival to hospital
admission. A REASON Study.

Rapid Cardiac Ultrasound of
Inpatients suffering PEA arrest
performed by non-expert
sonographers.

Using Ultrasound for Cardiac arrest
- second in a three-part series

A pilot study examining the viability
of prehospital assessment with the
ultrasound for emergencies
(PAUSE) protocol

Canada

Canada

United
Kingdom

United
States of
America

Focused echo
evaluation

Multicentre
Prospective
Observational
Study

Feasibility study

Report

Prospective
educational
intervention pilot

793

225

13

20

Ultrasound was performed at the
beginning of advanced cardiovascular
life support (ACLS) and at the end. The
primary outcome was survival to
hospital admission. Secondary included
survival to hospital discharge and
ROSC. They used multivariate
regression modelling. 20 cites

Bedside echo to categorise PEA arrest
and ROSC

Non-expert physicians lead echo
subcostal to diagnose tamponade, PE,
hypovolemia and lack of cardiac activity

Education arm - Enrolled 20 EMT
paramedics with no prior ultrasound
training. Subjects were tested on
interpretation and image acquisition.
Two emergency physician images for
accuracy. Image interpretation was
performed using pre-obtained ultrasound
clips containing normal and abnormal
images
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Rooney, K.., 2016

Reed, M., 2017

Booth, K., 2015

Hayhurst, C.,
2010

Zengin, S., 2016

Walker, E., 2017

Prehospital assessment with
ultrasound in emergencies:
implementation in the field

Introduction of paramedic-led echo
in life support into the prehospital
environment: The PUCA study

Training paramedics in focussed
echo in life support.

An evaluation of echo in life support
(ELS): is it feasible? What does it
add?

Benefits of cardiac sonography
performed by non-expert
sonographer in patients with non-
traumatic CA

Ultrasound: A potential new
approach for cardiac arrest
management.

United
States of
America

United
Kingdom

United
Kingdom

United

Kingdom

Turkey

United
Kingdom

Prospective
Interventional
Educational Study

Retrospective
review

Prospective pilot
observational
study

Convenience
sample
retrospective
analysis

Prospective
observational
study

Literature review

17

45

56

264

Enrolled and trained 20 paramedics
based on PAUSE protocol. Education is
3 hrs, with a 2-hrs didactic portion that
includes physics images and machine
functions. Plus, base image
interpretation. 1 hr of hands-on with
healthy models demonstrate SC4, A4C
& PSLA

Trained rapid response paramedics were
performing ultrasounds during cardiac
arrest. Images were reviewed with body
camera footage

The data collected during a 1-day course
training 11 paramedics

Ultrasound scanners were doctors or
specialist trainees who held level 1
emergency ultrasound competency. A
revision session was held, and two
centres were included. Scanning was
permitted during the 10 second pulse
check

Emergency physicians were dedicated to
echo-only resuscitation

Reviewing a new approach to cardiac
arrest management
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Testa, A., 2010

Price, S., 2010

Scharonow, M.,
2018

Breitkreutz, R.,
2007

Younger, P., 016

Flato, U., 2015

The proposal of an integrated
ultrasonographic approach into the
ALS algorithm for cardiac arrest: the
PEA protocol

Echocardiography in Cardiac Arrest

Prehospital point of care emergency
ultrasound: a cohort study

Focused echocardiographic
evaluation in resuscitation
management: Concept of advanced
life support - confirmed algorithm

Can paramedics perform and
evaluate a focused echo during a
simulated 10 second pulse check
after a 1-day training course

Echocardiography for
prognostication during the
resuscitation of ICU patient with
non-shockable rhythm cardiac arrest

Italy

United
Kingdom

Germany

Germany

United
Kingdom

Brazil

Descriptive
analysis and
protocol creation

Review

Prospective
observational
study

Multicentre, non-
randomised,
prospective,
protocol-driven
observational
study

Observational
education study

Multicentre, non-
randomised,
prospective,
protocol-driven
observational
study

99

10

49

Proposed simplified ultrasound protocol
for PEA

To discuss the potential for an echo to
aid diagnosis and treatment during
resuscitation

Documented all prehospital missions
performed by rescue physicians. The
findings were compared prehospital with
in-hospital ultrasounds performed by
rural rescue physicians, who had special
training in emergency ultrasound and
supervision each month

Algorithm review

Paramedics were invited to attend a 1-
day training, 6 hrs broken into 3 hrs
class 3 hrs didactic views SC4/PSLA

Two specialist intensivists with echo
level 2/3 performed echo during CPR to
the FEEL protocol
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Prehospital echocardiography during Ultrasound was performed after

Ketelaars. R. resus.ci.tation impacts.treatment ina Prospective interventions., with the first exam as

2018 T physician-staffed helicopter Netherlands cohort study 56 soon as possible, after every 2 min cycle

emergency medical service: an of compressions, after ROSC, or at the
observation study termination of resuscitation
United EMS residents/fellows responded

Fitzgibbon, J., Feasibility of OHCA Ultrasound by States of Observational 56 alongside EMS to OHCA. The training

2018 EMS physicians America study was part of their normal training. Intro
package of how to integrate into ACLS
PEA patients were randomised into two
groups. Group A - echo evaluating
cardiac activity, RV dilation, LV

. Echo integrated ACLS protocol vs Prospective func.tlon,.perlcardlal effyswn/tamponade

Chardoli, M., . . . . . and inferior vena cava size. Group B -

conventional CPR in patients with Iran observational 100 .

2012 PEA study normal cardiac arrest care, no echo. The
presence or absence of mechanical
ventricular activity was recorded, and
PEA reversible causes were recorded.
ROSC was evaluated in both groups

Nelson, B., 2016 Out-of-hospital PO(.:US‘. current use Germany Review article - -

models and future direction
Outcomes were compared
retrospectively with PEA, which had
Impact of Modified Treatment in higher ETCOz and possibly a low flow
Echocardiographically Confirmed Interventional state. Al ALS Where. ultrasound was
Pseudo-pulseless Electrical Activity trial with used were accon}p.amed by an
Prosen, G., 2010 in Out-of-hospital Cardiac Arrest Slovenia comparative 84 emergency pl;lyswl? n an.d an ALfS
Patients with Constant End-tidal retrospective instructor with basic training in focused
Carbon Dioxide Pressure during analysis echo use. Outcome measures were

performed using the Utstein style,
ROSC in the field, survival at 24hrs,
discharge, and cerebral performance
categories from 1-5

Compression Pauses




CARDIAC ARREST FOCUSED ECHO

39

Does the presence or absence of
sonographically identified cardiac
activity predict resuscitation
outcomes of cardiac arrest patients?

Salen, P., 2005

Ultrasound use during CPR is
associated with delays in chest
compressions

Huis in ‘t Veld,
M., 2017

United
States of
America

United
States of
America

Prospective
observational
study

Prospective
observational
study

90

23

PTs were enrolled prehospital and
transferred under resuscitation to the
nearest ED where ultrasound occurred
every 3-5mins during carotid pulse
checks. TTE looking in B-mode for
absence or presence of kinetic cardiac
activity, presenting cardiac rhythm,
presence of ultrasound detected activity,
prehospital resus time intervals and ED
resus time intervals

Resus was recorded. POCUS use was

documented and time. A linear mixed-

effects model was used to estimate the 4
effect POCUS had on pulse check

duration

Note. *Gardner, K., 2018 was an abstract only. Searched for the full document and located the full article by Clattenburg, E. J., 2018.

Grading Matrix

1- Irrelevant, promising title but content too distant from the topic

2 - Borderline, somewhat peripheral might be worth including depending on research findings

3 - Relevant, useful background material. Similar to other studies

4 - Important, directly relevant to the topic. Established basis for future research
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2.1.2 Use in Cardiac Arrest Pulseless Electrical Activity

Point-of-care ultrasound is commonly used during cardiac arrest management by
emergency physicians within the ED and is a recognised practice within the international
resuscitation guidelines (Atkinson et al., 2019). Notwithstanding, ultrasound in OHCA is not
used routinely by ambulance clinicians. Current out-of-hospital treatment guidelines for non-
shockable rhythms of PEA emphasise the importance of HP-CPR and the detection of
reversible causes. Many of these causes are not recognisable out-of-hospital without
ultrasound (Australian Resuscitation Council & New Zealand Resuscitation Council, 2016).
When a potentially reversible cause is identified which cannot be treated out-of-hospital, the
current recommendation is urgent transport to the ED (National Ambulance Sector Clinical

Working Group, 2019).

Previous investigations of pseudo-PEA have reported rates identified by ultrasound
ranging between 19% and 75% (Breitkreutz et al., 2010; Chardoli et al., 2012; Flato et al.,
2015; Gaspari et al., 2017; Gaspari et al., 2016; Prosen et al., 2010; Salen et al., 2005; Zengin
et al., 2016). The higher rates of identified pseudo-PEA may be attributed to the early
application of ultrasound by doctors in the community or at witnessed in-hospital cardiac
arrest. The lower rates of identification of 19% to 54% included patients from the out-of-
hospital setting with more delayed resuscitation and bystander CPR timeframes (Gaspari et

al., 2016; Jaramillo et al., 2020; Prosen et al., 2010; Salen et al., 2005).

The Real-time Evaluation and Assessment Sonography Outcomes Network
(REASON) study demonstrated a correlation between myocardial activity and improved
ROSC, survival to hospital, and discharge rates. In the REASON study, a multivariate
analysis revealed that patients who had organised cardiac activity and were administered an

adrenergic infusion had a significantly higher likelihood 8.2 (95% CI 1.8-32.1) of achieving
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ROSC compared with patients who did not receive this treatment (Gaspari et al., 2017). The
ANZCOR guidelines support using ultrasound in cardiac arrest, providing there are no
interruptions to CPR (Australian Resuscitation Council & New Zealand Resuscitation
Council, 2016). The role of ultrasound in the OHCA has been described as a valuable tool
distinguishing pulselessness from profoundly shocked states in pseudo-PEA (Badra et al.,

2019). However, ultrasound is not used routinely for PEA cardiac arrest care.

For the past 15 years, emergency physicians, and more recently, the out-of-hospital
sector, have observed, intervened, and reported on using ultrasound in cardiac arrest (Nelson
& Sanghvi, 2016). The evidence produced out-of-hospital consists mostly of simulation and
observational trials (Booth et al., 2015; Reed et al., 2017; Younger et al., 2016). According to
the grading of recommendations assessment, development, and evaluation approach outlined
in the Consensus on Cardiopulmonary Resuscitation Emergency Cardiovascular Care Science
with Treatment Recommendations (CoSTR), these findings are categorised as presenting
low-quality evidence (Australian Resuscitation Council & New Zealand Resuscitation
Council, 2016). Several studies within this review integrated ultrasound protocols into
existing resuscitation guidelines, focusing on minimising pulse check interruptions, as shown

in Table 3.



CARDIAC ARREST FOCUSED ECHO

Table 3

Literature where resuscitation ultrasound was incorporated into the study (by publication date)

42

Author Protocol/Study Purpose n Clinician Action Pulse Check Pause
Circulation 9.0 seconds (7.6 —
Lien ot al US-CAB (Ultrasound — To systematically Emergency department ultrasound assessment 10.4)
2018 " Circulation, Airway and  evaluate circulation, 177 of heartbeat, confirmation of tracheal Airway 7.5 seconds (6.0 — 9.0)
Breathing) airway, and breathing. intubation and bilateral lung slide. Breathing 16.0 seconds (14.9 —
17.9)
38 pre . .
Evaluate pre and p ost intervention =~ Emergency department ultrasound during < 10 Pre-intervention 19.8 seconds
. intervention- stepwise ot (17.9-21.7)
CASA Exam (Cardiac second pulse check between resuscitation : :
Clattenburg, . protocol to assess 45 post . . . .
Arrest Sonographic . . . attempts (2 mins), evaluate for 1) cardiac Post-intervention 15.8 seconds
E.J., 2018 reversible causes of intervention . . .
Assessment) . tamponade 2) right heart strain 3) cardiac (14.4-17.2)
pulseless electrical 267 cardiac activity
activity. arrest events '
A retrospective study of pulseless electrical Pre intervention 28.3 seconds
Gaspari, R., Multicentre Prospective gct1v1ty, bed51de pltrasounq 1d§nt1ﬁed . (95% CI[25.1, 31.5])
2017 REASON Study Observational Stud 225 interventions during resuscitation associated ) )
Y with improved survival to hospital admission. Pos;[ intervention 12.8 seconds
A REASON Study. (95% CI[11.9, 13.7))
During the 10 second pulse check, paramedics
. . Evaluate the heart during obtained a view and interpreted a 3-second
Reed et al., Paramedic Ultrasound in . . . . .
2017 Cardiac Arrest (PUCA) the 10 second pulse 45 cardiac video clip. Interpretation at the time 17 seconds (IQR 13-20)
check. evaluated heart function and other pathology.
Video footage and commentary were recorded.
SequeptlalAEchographlc Intensive Care Unit bedside ultrasound in
Lichtenstein & > Y2NNINE ASSCSSING A protocol used for cardiac arrest and profoundly shocked patients,
. Mechanism or Origin of ..
Malbrain, profound shock and - examining the lungs, legs, abdomen, and heart, -
Severe Shock of . X
2015 cardiac arrest. are evaluated for the cause of hypotension or

Indistinct Cause
(SESAME Protocol)

arrest.
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Chin et al.,
2013

Hayhurst et
al., 2010

Breitkreutz et
al., 2010

Hernandez et
al., 2008

Breitkreutz et
al., 2007

Prehospital Assessment
with Ultrasound for
Emergencies (PAUSE)

ELS (Echo in Life
Support)

FEELS (Focused
Echocardiographic
Evaluation in Life
Support)

CAUSE (Cardiac Arrest
Ultrasound Exam)

FEER (Focused
Echocardiographic
Evaluation in
Resuscitation)

Examining the viability
of prehospital assessment
with the US for
emergencies PAUSE
protocol.

To review the adequacy
of views obtained, and
timing of the scan and the
clinical findings of
pericardial effusion and
ventricular wall
movement.

To evaluate the feasibility
of the FEELS protocol
applied by trained
emergency doctors and
report.

A protocol was developed
to address the four
leading causes of cardiac
arrest.

Develop an algorithm and
integrate into the cardiac
arrest.

16 cardiac
views

56

Emergency medical technicians with no prior
ultrasound experience applied a two-step
approach evaluating 1) pleural line exam to
rule out pneumothorax 2) focused
transthoracic echocardiogram to look at heart
motion and tamponade. Simulation study

12 Echo views in < 10 seconds
(no further data provided). One
paramedic took approximately
90 seconds, and the other three
ranged between 10 and 25

. L seconds.
focused on image acquisition.
Emergency department ultrasound scan during
the 10 second pulse check using one of three 45/47 < 0 seconds

echo windows.

Diagnose and exclude during the < 10 second
pulse check from one of three echo views -
potentially treatable causes of cardiac arrest.

Emergency department patients with non-

shockable cardiac arrest. Obtain a four-

chamber view of the heart to rule out -
tamponade, hypovolemia, and massive PE.

Also, lung slide to rule out pneumothorax.

In hospital protocolised 10-step approach

integrating into the resuscitation guideline. An

echo was to be obtained within 5 seconds -
during the pulse check pause ruling out

reversible causes.

Note. Cardiac arrest protocols were selected from articles within this literature review.
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2.1.3 The 10 Second Pulse Check Pause in Pulseless Electrical Activity

More than three decades of literature have demonstrated the healthcare professional’s
inability to identify a pulse in cardiac arrest (Badra et al., 2019; Eberle et al., 1996). In the
presence of PEA and asystole, treatment decisions hinge on the outcome of the pulse check.
There is concern regarding the paramedic’s ability to detect the patient’s pulse, and the
literature suggests that the palpation of a pulse during cardiac arrest may not be accurate
(Zengin et al., 2018). The ANZCOR guideline highlights the definition of PEA as a co-
ordinated electrical rhythm with an impalpable pulse (Australian Resuscitation Council &
New Zealand Resuscitation Council, 2016). This uncertainty can lead to a failure to diagnose
profoundly shocked but perfusing states, leading to unnecessary asynchronous chest
compressions and high-dose vasopressor drug administration (Badra et al., 2019). Diagnosing
a profoundly shocked pseudo-PEA state in the presence of a non-palpable pulse may have
prognostic importance for this group. The literature suggests that PEA and asystole have
different prognoses and represent different entities, requiring a distinctive approach to each
(Labovitz et al., 2010). Incorporating ultrasound into the 10 second pulse check pause

increases accuracy when evaluating for a low-flow shocked state in real-time.

Adding an ultrasound examination into the cardiac arrest algorithm frequently results
in the pulse check exceeding the 10 second limit (Clattenburg, Wroe, Brown, et al., 2018;
Reed et al., 2017). This is concerning as delays in CPR worsen patient outcomes (Paradis,
1990). The Paramedic Ultrasound in Cardiac Arrest (PUCA) study performed by specialised
rapid response paramedics (n = 7) from Scotland reported median pulse check pauses of 17
seconds (IQR 13-20 seconds) when ultrasound was used. The PUCA study used an audible
10 second countdown to improve times but only had a 60% adherence rate (Reed et al.,

2017). What is not well documented or understood is the root cause of ultrasound pulse check
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prolongation. The PUCA study has several limitations, including a small participant size of
seven paramedics and incomplete data collection due to technical issues. Also, the
paramedics were not supernumerary, performing additional critical care tasks such as scene
management and advanced skills. These limitations may have negatively impacted the results

of ultrasound use in cardiac arrest.

A paramedic-led simulation study by Younger et al. (2016) demonstrated that
paramedics could perform a focused echo exam within the 10 second pulse check 96.7% of
the time in a simulated environment after one training day. However, the study design
included low participant numbers (n = 10) and repeated assessments and interpretations were
measured but not reported. A study by Hayhurst et al. (2011) included 50 cardiac arrest
patients who underwent an echo during cardiac arrest resuscitations in the ED. They reported
a 90% adherence to the 10 second pulse check by emergency physicians. In their discussion,
Hayhurst et al. (2011) mention that no ultrasound scans compromised advanced life support
management. However, there is no information on how the 10 second timeframe was adhered

to.

In the studies reviewed, ultrasound use in cardiac arrest was primarily investigated in
the ED. This propensity may be attributed to the availability of ultrasound devices in the ED
and trained emergency physicians to use ultrasound during resuscitation. Studies where pulse

check durations were recorded are shown in Table 3.

An interventional study by Gaspari et al. (2021) demonstrated extended pulse check
pauses to 28.3 (95% CI [25.1, 31.5]) seconds. However, a post-intervention pre-pause
imaging technique improved pauses to 12.8 seconds (95% CI [11.9, 13.7]). In contrast, Lien
et al. (2018) reported timings as low as 9.0 seconds for ultrasound application using a

systematic evaluation of the inferior vena cava, heart and lungs. Clattenburg, Wroe, Gardner,
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et al. (2018) observed a reduction from 19.8 seconds to 15.8 seconds post-intervention using
the CASA exam protocol. These findings support the effectiveness of structured ultrasound
protocols and pre-imaging to potentially enhance the efficiency of ultrasound during the 10

second pulse check pause.

In addition, when comparing simulation versus the ED setting, there are noticeable
differences in the study outline and participant characteristics. Studies by Chin et al. (2013)
and Reed et al. (2017) primarily involved out-of-hospital real patient settings. In comparison,
Younger et al. (2016) and Booth et al. (2015) involved training paramedics and EMTs and
evaluating education interventions using simulation to assess the feasibility of ultrasound
during resuscitation. In contrast, studies in the ED setting, such as those by Gaspari et al.
(2017), involve larger sample sizes using experienced emergency physicians to evaluate
clinical utility and real-world application. Overall, simulation focuses on education and
feasibility, whilst ED settings evaluate protocols and live applications during real

resuscitations.

2.1.4 Ultrasound Image Acquisition and Interpretation

An important element of ultrasound is the ability to acquire and interpret the image. A
pilot educational trial by Rooney et al. (2016) used a convenience sample of 20 paramedics.
Their trial examined the ability of paramedics, after 3 hours of training to use the Prehospital
Assessment with Ultrasound for Emergencies (PAUSE) protocol. Of the 20 paramedics, only
four achieved a written examination score of > 80% required to progress to the field study.
Results from the four study participants showed echo views were considered adequate for
interpretation and diagnosis for 89% of patients. In these patients, diagnostic accuracy was
100% differentiated between cardiac standstill (asystole) and myocardial activity (Rooney et

al., 2016). A scan was considered adequate if the paramedic considered the image readable.
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However, images were not moderated or externally reviewed and may not indicate true image
adequacy. An earlier study of military medics by Backlund et al. (2010) showed that with 4
hrs of training, 92% of images acquired were considered adequate for diagnostic purposes.
Their study also developed a system to scale ultrasound image quality called the Cardiac
Ultrasound Structural Assessment Scale (CUSAS). This 6-point grading scale numerically
represented the degree of visible ventricle and myocardium. A score > 3 was deemed an
adequate image for diagnostic interpretation of cardiac activity (Backlund et al., 2010). Image
adequacy quality standards are an important feature in interpreting the image. The CUSAS

adopted for this study to measure ultrasound image adequacy.

In 2017, the International Federation for Emergency Medicine (IFEM) wrote a
consensus statement to manage undifferentiated hypotension in cardiac arrest patients. After
evaluating two international multi-centre prospective studies integrating point-of-care
ultrasound in resuscitation, they recommended a structured approach to sonography in
hypotension evaluation during cardiac arrest. The Sonography in Hypotension and Cardiac
Arrest (SHoC) protocol is a practical checklist standardising cardiac arrest and hypotension
scanning based on the ‘4 F’ acronym: Fluid, Form, Function, and Filling. The SHoC protocol
targets the most common disease incidence and urgency, including core and supplementary
views during cardiac arrest. Core ultrasound views are performed during the pulse check
pause using subcostal or parasternal cardiac windows. These views assess fluid (pericardial
effusion), form (ventricular) and function (organised cardiac activity) of the heart.
Supplementary views examine the lungs (for pneumothorax) and inferior vena cava (for size
and filling) (Atkinson et al., 2017). An integral part of the SHoC cardiac arrest protocol
includes a verbal checklist to improve team dynamics. The SHoC protocol was created by an
ultrasound specialist subcommittee of the Australasian College for Emergency Medicine and

the Ultrasound Working Group to include recommendations from the International Liaison
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Committee on Resuscitation (Atkinson et al., 2017). The SHoC checklist is for hospital-based

resuscitation; however, elements may be transferable to the out-of-hospital setting.

2.1.5 Summary

The literature indicates that using ultrasound during cardiac arrest can be beneficial if
applied promptly. However, there are uncertainties regarding its integration into the
resuscitation process, especially in out-of-hospital settings. Concerns arise about potential
delays in the crucial 10 second pulse check pause, which might reduce the effectiveness of
CPR. Factors unique to the out-of-hospital environment, like scene management challenges
and other clinical demands, might distract an ultrasound-trained paramedic and cause
extended pulse check pauses compared to in-hospital scenarios. A potential solution could be
to create a dedicated role for the ultrasound paramedic, combined with a pre-imaging

technique. Yet, this combined approach has not been tested in the out-of-hospital context.
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2.2 Literature Review of Prehospital Ultrasound Education

This review examines the literature published on EMS ultrasound education. The aim
is to identify present-day ultrasound uses in New Zealand and abroad, evaluating the
pedagogical principles of education design, delivery, curriculum and assessment. The review
identifies what has been accomplished to build on previous work and gaps within the
literature (Grant & Booth, 2009). The review centres on journal articles and references from

the selected articles.

2.2.1 Method of the Literature Review

The electronic databases: CINAHL complete, Science Direct, PubMed via EBSCO
and Google Scholar were searched on the 12" of September 2020. Articles reviewed were
refined using custom dates from 2005 to 2020 and full text articles. The exclusion of articles
prior to 2005 was due to the relatively new use of ultrasound in the prehospital setting. Key
words and phrases used for the literature search were point of care or POCUS or ultrasound
or echo* AND paramedic or EMS or emergency medical service or prehospital or ambulance
or emergency medical technician or EMT AND education or school or learning or teaching or

classroom or education system shown in Table 4.
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Table 4

Literature Review Search Terms - Education

Line Search term Theme

"point of care ultrasound" or POCUS or echo* or "focused

ultrasound
echo*"

paramedic or EMS or emergency medical service or
2 prehospital or pre-hospital or ambulance or emergency EMT
medical technician or EMT

education or school or learning or teaching or classroom or

: Education
education system

Note. " " = search phrase, * = any ending

The author completed the literature search and review. Articles reviewed were entered
into a review matrix and scaled according to their relevance from one to four: One is
irrelevant, two borderline, three relevant and four important. A summary of papers reporting
education of ultrasound is shown in Table 5. Abstracts, editorials, and letters were excluded
due to insufficient data. Literature identified for inclusion or exclusion is depicted using a

PRISMA flow diagram presented Appendix F.

The review process identified various studies from different regions demonstrating
global interest in using ultrasound in education. Twelve studies were conducted in the United
States of America (Ault et al., 2015; Backlund et al., 2010; Bhat et al., 2015; Chenkin et al.,
2008; Chin et al., 2013; Heegaard et al., 2010; Lane et al., 2015; Mason et al., 2019; Moore,
2013; Paddock et al., 2015; Press et al., 2013; Raio et al., 2009). Three studies in Canada
(D’Alessandro et al., 2018; Guy et al., 2019; Johri et al., 2018), two from Australia (Meadley
et al., 2017; Roline et al., 2013), one in Africa, one from Lebanon (El Sayed & Zaghrini,
2013) and one from Hong Kong (Hon et al., 2019). Furthermore, seven studies were

conducted in European countries including Germany and the United Kingdom (Booth et al.,
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2015; Brooke et al., 2012; Gradl-Dietsch et al., 2018; Oliveira & Lawrence, 2016; Price,

Ilper, et al., 2010; Reed et al., 2017; Younger et al., 2016).
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Table 5

Summary of Papers Reporting Education of Ultrasound

Author Title Location Study Design n Main Theme Evalllfjtlon
Our objective was to evaluate the
effectiveness of an extended focused
Press, G., 2013 Evalluatlon ofa tralnlng United States Prospect.lve assessment le[h sonography for trauma.
curriculum for prehospital of America observational 34 (eFAST) training curriculum incorporating 3
trauma ultrasound. cohort multiple educational modalities. We also
aimed to determine if certain demographic
factors predicted successful completion.
Teaching Flight Nurses Observational
Ultrasonographic Evaluation United States To rule out PTX and oesophageal
Mason, R., 2019 . . study - 12 . . . 2
of Oesophageal Intubation and of America . intubations before flight.
Education
Pneumothorax.
A short report on the
acquisition of point-of-care Prospective
Hon, S., 2019 ultrasound skills and Hong Kong observational 17 FAST skill acquisition. 2
knowledge by ambulance study
personnel in Hong Kong.
Implementation and evaluation of a
A Blended Prehospital Prospective prehospital ultrasound curriculum using a
Guy, A., 2019 Ultrasound Curriculum for Canada convenience 17 blended model of traditional didactics and 4
Critical Care Paramedics. sample hands-on experience with online
prereading.
. . The aim of this study was to assess the
Basic echocardiography for . . . o .
. ' Observational impact of different teaching interventions
Gradl-Dietsch, G., undergraduate students: a . . . .
2018 comparison of different peer- Germany study - 79 in a peer-teaching environment on basic 2
P p Education echocardiography skills and to examine the

teaching approaches.

influence of gender on learning outcomes.
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Paramedic POCUS, Turning
Our Heads to the Prehospital

zDozlkglessandro, . Side of the Fence: A Narrative Canada I;:\l;rizilvve - Narrative review of education.
Review of Education, Training
and Future Direction.
Cardiac Point-of-Care . ..
Johri, A.M.,2018 Ultrasound: State-of-the-Artin  Canada  Review - heview of POCUS training and methods of
Medical School Education. 24
gzgﬁi Itfi: lgi};;ﬁi Fg:fezgr;lf: Link training programs to hospital systems,
Trainin gg Curgr cula Zn d prioritize longitudinal learning models,
Salmon, M., 2017 Provider Core Competencies Africa - - share.: resources to promote health equity,
for Point-of-Care Ultrasound maximize access, gnd develop a regional
Education on the African consensus on training standards and
Continent credentialing.
Introduction of paramedic-led .
. . . Prospective . . .
Reed. M. 1. 2017 echo in life support into the United observational 7 Provided education and evaluation for the
> prehospital environment: The Kingdom stud PUCA study.
PUCA study. Y
Educational standards for Evaluation of different educational
Meadley, B., 2017 training paramedics in Australia Scoping review - approaches used for training paramedics in
ultrasound: a scoping review. ultrasound in the out-of-hospital setting.
g\iﬁ 5 ;Zaglgjclzzg:jeio;gl d?:;?n To assess whether paramedics can be
. & United Observation trained to perform basic echo in a 10
Younger, P., 2016 a simulated 10 second pulse . . 10 . .
check after 1-day training Kingdom education study second pulse check during simulated ALS
results.
course.
Ultrasound-Guided Peripheral
}g;r%ﬁ::lle;?c%?ssfi’(f;%rsam United Observational Improve the efficiency of practice by
Oliveira, L., 2016 Nurses a%l d C}(I) s}r,nen ’ Kinedom study - 65 implementing ultrasound guidance for PIV
’ P & Education access.

(Technicians) at a Military
Hospital.
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To determine whether paramedics can be

Prospective . i
. . . . trained to perform and interpret focused
Booth, K., 2015 Training paramedics in United pilot . 9 echo in life support for the assessment of
> focussed echo in life support. Kingdom observational . -
tud cardiac movement and the recognition of
study reversible causes.
Disaster Response Team FAST
Skills Training with a Portable United States Prospective RC
Paddock, M. T., 2015  Ultrasound Simulator of America blinded Pilot 36 Determine image acquisition.
Compared to Traditional study
Training: Pilot Study.
Ultrasound in medical
Lane, N., 2015 education: listening to the United Stgtes Review - Review of ultrasound medical education.
echoes of the past to shape a of America
vision for the future.
Prehospital Evaluation of
Effusion, Pneumothorax, and United States Prospective This study assesses the ability of EMS
Bhat, S. R., 2015 Standstill (PEEPS): Point-of- of America observational 57 providers and students to accurately
care ultrasound in Emergency study interpret heart and lung US images.
Medical Services.
Peripheral Intravenous Access United States ~ Prospective
Ault, M. J., 2013 Using Ultrasound Guidance: of America stu dp 7 To evaluate the learning curve in PIVUS.
Defining the Learning Curve. Y
An Emergency Department
Moore, C., 2013 Nu.rse—Drlv.en Ultrasound- United Stgtes Review - To evaluate the UGPIV introduction.
Guided Peripheral Intravenous of America
Line Program.
Prehospital emergency
ultrasound: a review of current Review imaging modality improvement in
El Sayed, M. J., 2012  clinical applications, Lebanon Review - . maging ymp
challenges, and future diagnostic accuracy.
implications.
Brooke. M.. 2012 Acquisition and interpretation United Prospect.ive To establish whether UK paramedics have
of focused diagnostic Kingdom observational 36 the necessary cognitive, psychomotor, and
ultrasound images by cohort affective capacity to acquire the necessary
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ultrasound-naive advanced
paramedics: trialling a PHUS
education programme.

skills to incorporate ultrasound
examination into their routine assessment
of patients after a short programme of
education and training.

To determine the effectiveness of a number
of different educational methods used to

Price, S., 2010 Peri-resuscitation . Prospective teach echocardiography to novices. This
echocardiography: Training Germany observational 204 vol h ¢ - 4
the novice practitioner cohort involved the ass;ssment o CO.gl’llthe and.

' psychomotor skills and affective aspects in
five key areas.
To determine if 9-1-1 paramedics trained
. . in ultrasound could adequately perform

Heegaard, W., 2010 Prehospital ultrasound by United States | rosPective and interpret the Focused Assessment
paramedics: results of field . observational 25 EMT . 3
trial of America study Sonography in Trauma (FAST) and the

’ abdominal aortic exams in the prehospital
care environment.
Pilot Study to Determine the To assess the ability of Army National

Backlund, B. H., Feasibility of Training Army United States  PToSPective Guard combat medics to perform a limited

2010 National Guard Medics to of America observational 12 bedside echocardiography to determine 4
Perform Focused Cardiac study cardiac activity after a brief training
Ultrasonography. module.

The goal of this study is to determine if
. . prehospital care providers can learn to
éig‘s)li(l)ft Stélfd Z I]::r);r(r)l;n;;gl the Prospective acquire and recognize ultrasound images

Chin, E. J., 2013 ASSGSSII}IIGI’I'[ with Ul tfasoun d United States  education 20 for several emergent life-threatening 3
for Emergencies (PAUSE) of America intervention conditions, including pneumothorax,
Protocol g pilot pericardial effusion, and cardiac standstill,

’ using the novel PAUSE protocol after a
brief training session.
To evaluate the feasibility of bedside
Feasibility of bedside thoracic thoracic ultrasound in the prehospital

Roline, C. E., 2013 ultrasound in the helicopter Australi Prospective - HEMS setting. While in flight, providers 5

emergency medical services ustratia pilot study completed limited bedside thoracic

setting.

ultrasounds with the patient supine and
recorded their interpretation of the
presence or absence of the
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ultrasonographic sliding lung sign on a
closed data-set instrument.

Can emergency medical
services personnel identify United States

Educational

To determine the sensitivity and specificity
of emergency medical service in

Raio, C., 2009 pneumothorax on focused of America study 33 identifying pneumothorax on ultrasound 2
ultrasound examinations? examinations.
Procedures can be learned on Randomized Sought to determine whether a Web-based
Chenkin. J.. 2008 the Web: a randqmized study United Stgtes con‘Frolle.d . 71 tutorial is at leas.t as effective as a.didactic )
> of ultrasound-guided vascular of America noninferiority lecture for learning ultrasound-guided
access training. trial vascular access.

Note. HEMS — helicopter emergency medical service, POCUS — point of care ultrasound, UGPIV — ultrasound-guided peripheral intravenous access, PIVUS —

peripheral intravenous ultrasound, PUCA — paramedic ultrasound in cardiac arrest, FAST — focused assessment sonography in trauma, eFAST — extended focused

assessment sonography in trauma, PTX — pneumothorax.

Grading Matrix
1- Irrelevant, promising title but content too distant from the topic

2 - Borderline, somewhat peripheral might be worth including depending on research findings

3 - Relevant, useful background material. Similar to other studies

4 - Important, directly relevant to the topic. Established basis for future research
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2.2.2 Precursory Testing

Precursory testing is used to benchmark a candidate’s pre-existing knowledge. Many
of the studies reviewed used a pre-and post-course multiple-choice testing (MCQ) to
highlight the effectiveness of education content and the improvement of candidate
knowledge. The number of questions within each study test reviewed ranged from 15 to 75,
with some integrating video clips showing normal and abnormal pathology. A pre-course test
prepared by Press et al. (2013) combined probe placement and position, identification of
structures and findings and interpretation of an eFAST video clip into 25 computer multiple-
choice questions. Of the 34 candidates completing that MCQ, the mean pre and post-test
scores were 43% and 78%, a mean improvement of 35%. Most often, the pre-course test was
administered post-course for comparison. Adding pre-and post-course testing is necessary for
bench marking and knowledge retention. The timing of post-course test delivery varied from
immediately after course completion to 6 weeks later (Bhat et al., 2015; Press et al., 2013).
Considering that all the studies reviewed used pre-or post-testing, the suggestion is to
integrate this concept into future research projects. The timing of post-course test delivery
varied within the studies reviewed, and this may be important when considering knowledge

retention and skill fade.

2.2.3 Online Learning

Alternative learning strategies, such as online or web-based education, are an
accepted form of learning and can potentially replace classroom lectures (Platz et al., 2011).
The modern-day tech-savvy paramedic is governed by work and duty time limitations,
making web-based learning achievable (NZ Transport Agency, 2017). The advantages of
web-based learning include access to high-quality education anytime and anywhere, various

content, student progress tracking and self-directed learning (Chenkin et al., 2008; Press et
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al., 2013). Traditional teaching methods of ultrasound involve didactic training and proctored
scanning; however, with free open-access medical education, self-directed learning with up-
to-date free material is an attractive medium (Guy et al., 2019; Lane et al., 2015). This once
classroom-based program has evolved, blending face-to-face with web-based education
(Lewiss et al., 2014). A web-based platform also allows the integration of module

checkpoints through quizzes and interactive testing.

Chenkin et al. (2008) compared classroom and web-based learning in ultrasound-
guided vascular access. Both groups participated in 1 hour of learning and 2 hours of didactic
individual self-guided practice. Following a 2-week cooling-off period, each participant
completed an Objective Structured Clinical Examination (OSCE) comprising four stations of
8-minute duration. The result showed no statistical difference between the two groups. Both
web and classroom learning were as effective as each other. Out of interest, the web-based
group were granted continued access to refresh their skills, accessed an average of 3.4 times

(range 1 -7) over the study period.

2.2.4 Classroom and Didactic Hands-on Training

Mastery of ultrasound skills requires progressive development and proficiency, likely
supported by appropriate training and education (Younger et al., 2016). Considering the
absence of an out-of-hospital specific accredited education pathway for ultrasound in New
Zealand, future education and program development will rely on existing literature and
evaluations of current programs. This initiative aims to incorporate prehospital ultrasound as
a specialized level of practice within a comprehensive career framework. The CAFE exam is

seen as part of PEA cardiac arrest evaluation for ultrasound trained paramedics.

Emergency ultrasound encompasses five nominal categories: Resuscitative,

Diagnostic, Sign or Symptom Based, Procedural Guidance, Therapeutic and Monitoring
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(American College of Emergency Physicians, 2016). Much of the work improving safety and
education has been established by various hospital-based institutions, with emergency
physicians taking a clinical leadership role (American College of Emergency Physicians,
2016). The common education modality within the reviewed literature combined didactic
lectures and hands-on training. Lecture duration ranged from 5 minutes with small group
simulation labs to comprehensive 2-day courses (Backlund et al., 2010; Guy et al., 2019;
Price, Ilper, et al., 2010). Most hands-on training separated students into small groups with a
3:1 or 4:1 student-instructor ratio. Ultrasound was performed on volunteers, simulation
mannequins and computer-generated simulation. On average, classroom teaching duration
was 2.5 hours (5 mins to 5.25 hrs), and hands-on time was 3.2 hours (15 mins to 5.45 hrs).
The content of lectures was specific to each study, with most including basic ultrasound

concepts (knobology), scanning technique, interpretation, and application.

Ultrasound Clinical Examination Assessment. The traditional written assessment is
a comprehensive demonstration of theoretical knowledge and remains a prominent
measurable criterion for examination today. However, ultrasound performance is a didactic
psychomotor skill necessitating OSCE. The challenge of psychomotor assessment is
developing a framework that ensures the validity and reliability of scoring, examiners, and
patients (Todsen et al., 2015). The OSCE is a generic health sciences examination tool
examining the learner’s skills and knowledge with carefully written instructions detailing
tasks and information supplied when required. Stations are accompanied by an examiner who
marks against a structured scheme or rubric. Candidates accumulate marks if they perform a

task correctly (Harden et al., 1975).

In this review, several studies mentioned using an OSCE assessment tool; however,

one criticism is that there is no standard for these assessments including variation in duration
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of assessment, content, scoring and criteria. Standards used within these studies could not be
compared due to inconsistency or lack of information. Tolsgaard et al. (2013) initiated a
Delphi consensus study to identify key elements specifically required for ultrasound
certification and recertification standards. On the third Delphi round the consensus panel
identified seven essential factors for assessment resulting in the development of the Objective
Structured Assessment of Ultrasound Skill (OSAUS). The OSAUS is designed to test
proficiency in several aspects related to ultrasound, including the use of equipment,
optimising image quality, adopting a systematic approach to examinations, and interpreting
the images. Building on this, Todsen et al. (2015) who was also a contributor to the Delphi
consensus study, examined the reliability of the OSAUS rating system. The study by Todsen
et al. (2015) assessed 24 doctors of varied ultrasound experience as they performed POCUS

abdominal scans. Their results found the OSAUS tool to be both reliable and beneficial.

The utilisation of a standardized framework like the OSAUS in ultrasound
assessments, ensures a consistent and fair evaluation against a recognised benchmark. Setting
the standard for education and assessment is pivotal in the proficiency and development of
ultrasound competence. As part of the OSCE experience, simulation software and devices can

provide a useful training platform.

Simulation. The notion of feeling competent requires a high degree of hands-on
training. Blehar et al. (2015) explain that to achieve a base level of competence in ultrasound,
the sonographer must achieve 20 to 25 scans per exam. Providers may not have established
relationships with ED’s or other providers in the prehospital sector to gain hands-on clinical
experience. Simulation-based education is a training solution ensuring a structured, safe
environment to become proficient at mastering the skills of probe technique, image

acquisition and interpretation (Lewiss et al., 2014; Sidhu et al., 2012). A prospective study
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conducted by Knudson and Sisley (2000) examined 74 emergency medicine residents,
comparing hands-on training with simulation only. There was no significant difference
between the hands-on training and ultrasound simulators. Research shows that students retain
information more readily when applying it to a clinical situation such as simulation (Lane et
al., 2015). The addition of simulation ultrasound may be a viable option, especially in areas
where patient contact may be low. A summary of education learning modules reviewed

within the literature is shown in Table 6.
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Table 6

Education Summary of Learning Modules Reviewed

Author

Method of Instruction and Assessment

Press et al, 2013

eFAST
Stage 1 Pre-training test — 25 MCQ (computer based)
Didactic lectures — 2 hrs (classroom)
e 40 minutes of basic ultrasound concepts
e 40 minutes of abdomen and eFAST ultrasound
e 20 minutes of cardiac ultrasound
e 20 minutes of lung ultrasound
Hands-on training (4 hrs, instructor ratio 4:1)
e Two groups rotated through four stations
o cFAST performed at each station

e Ultrasound views — eFAST (hepatorenal, splenorenal, suprapubic, subxiphoid, parasternal long axis and mid-
clavicular for lung)

e Images captured — still and 4 second clips of cardiac and lung views
Stage 2 Proctored Scanning - 6-week period

e Two groups attend 4 hrs proctored 1:1 in the ED, performing minimum of four eFAST exams on actual patients.
Internet-based Education Modules - six modules 10-20 minutes long

e Module 1: Introduction to eFAST

e  Module 2: Image optimization technique

e  Module 3: Positive eFAST recognition

e  Module 4: Maximising accuracy avoiding false negatives

e  Module 5: Maximising accuracy avoiding false positives
Review Didactic Session — completion of stage 2 (classroom)

e I-hour eFAST techniques and image revision
Post-training Test and OSCE — completion 6 weeks training
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e  Pre-test was re-administered as a post-test
e  OSCE included three eFAST scans on three different patients. Two with ascites and one normal (no findings)

e  Check list scored transducer technique, image acquisition, appropriate gain, depth and image interpretation
Remediation — 4 hrs

e  Post-test students who failed underwent proctored scanning similar to the hands-on training session

Hon et al, 2019

eFAST
Pre-course reading materials

e  Course material sent one week prior to course commencement
Course content
Topics/Lectures

e Introduction 15 minutes

e  Physics and knobology 30 minutes

e How to do FAST? 30 minutes

e  Prehospital FAST: why and when? 30 minutes
Hands-on training — 25 minutes sessions, instructor ratio 4:1

e  Abdomen and pelvis

e Lung and cardiac

e Simulated FAST

e  Free practice

e Case studies

e  FAST for triage

e Trouble shooting and pitfalls

e  Scanning in unfriendly environments

Total live scanning equalled 200 minutes. Scanning used the SonoSim® ultrasound education training product.
Testing

e POCUS skills test — 45 minutes
e 25 MCQ test — 35 minutes

Paddock et al, 2015

eFAST

Training Protocol -Compared Simulator ultrasound training verses traditional ultrasound training:

63
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Pre-course testing (ultrasound and eFAST knowledge)
e 74 MCQ assessing key content within the SonoSim® narrative
e  Ultrasound simulator-based narrated screencast didactics — 90 minutes
e  Group training — instructor ratio 4:1
e Group A: Traditional skills training 1hr with 15 minutes hands-on time
e  Group B: Simulator based training lhr with 15 minutes hands-on time
e Group C: Traditional skills and simulator-based training 2 hrs
e Groups A, B and C assessed:
o Standardized direct observation skills assessment
o FAST image interpretation skills assessment
o Post-course ultrasound and FAST knowledge evaluation

EFAST
Study Protocol, instructor to ratio 4:1
Lectures, written pre/post exams and OSCE
Course 6 hrs:
e  Physics and image orientation 60mins
Heegaard et al, 2013 e FAST exam 40 minutes
e  Case review of each quadrant 20 minutes
e Abdominal aorta 40 minutes
e Case reviews of AAA 20 minutes
e  Practical training 180 minutes

e  FEach participant received two 1-hour refresher course during the 1-year study period

ECHO
Pre-course 15 MCQ exam
Random assigned four groups:
Gradl-Dietsch et al, 2018 e  Peer teaching
e  Peer teaching using Peyton’s four step approach
e  Team based learning

e  Video based learning
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Course (practical) two sessions 90 minutes each

Cardiac windows (PSLA and A4C)
Pathological findings
Post-course 15 MCQ exam

OSCE single station (two windows and identify anatomical structures within 5 minutes)

Booth et al, 2015

Training Protocol

Pre- and post-course questionnaire — establish knowledge
Course competition — OSCE

Perform PSLA and SC4

Perform both scan windows within a simulated 10 second pulse check

Younger et al, 2016

ECHO

Training Protocol

Pre-reading College of Emergency Medicine Ultrasound eBook (2010)

1-day course 6 hrs

Classroom based learning 3 hrs

Practical session 3 hrs with an instructor at each station 2:5 ratio. Ultrasounds was performed on each other and a
CAE® Vimedix simulator

OSCE

CAE® Vimedix simulator included three pathologies already shown within the teaching. Simulations assessed
interpretation, view acquisition <10 sec and correct pathology identification

Price et al, 2010

ECHO

Small group teaching and skills training

Lectures 20 minutes
Didactic training with 12 hands on stations
Small groups 3:1 instructor ratio

One station incorporated ALS simulation mannequin and anther computerized image identification and
interpretation suite (Reslice™ Echo simulator)

OSCE
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Backlund et al, 2010

ECHO —4 hrs
e  Basics of ultrasonography 5 minutes
e Divided into four groups
e Didactic training 15 minutes (views taught SC4 and PSA)
e Observed by an instructor until satisfactory echo performed

e Assessment — four scans on healthy volunteers using SC4/PSA, recording a 3 second clip. Clips were reviewed
independently

e  CUSAS ultrasound assessment score was used

Guy et al, 2019

PHUS
Pre-course reading developed from open access resources
2-day course 15 hrs 30mins, 4.1 instructor ratio
e Introduction to Equipment 15 minutes
e  Physics and Knobology Theory 30 minutes
e  Thoracic Ultrasound Theory and Applications 45 minutes
e Abdominal Ultrasound Theory and Applications 45 minutes
e  Thoracic/Abdominal Practice 1 hr 45 minutes
e Hemodynamic Ultrasound Theory and Applications 60 minutes
e Hemodynamic Ultrasound Practice 2 hrs
e  Vascular Ultrasound Theory and Applications 30 minutes
e  Vascular Ultrasound Practice 60 minutes
e  General Review of Theory and Applications 30 minutes
e  General Practice All Scans 3 hrs
e  Written Examination (30 MCQ and written questions) 60 minutes
e  Practical Examination of Image Acquisition 2 hrs and 15 minutes each
e  Debriefing and Feedback 30 minutes
Total Time 15 hrs 30 minutes

Brooke et al, 2012

POCUS
Training Protocol
2-day course

66



CARDIAC ARREST FOCUSED ECHO

Review of anatomy and physiology of the chest 45 minutes
Pathophysiology of the chest 45 minutes

Management of critical chest injury 45 minutes
Introduction to the science of ultrasound 45 minutes
Introduction to ultrasound imaging equipment 45 minutes
Image orientation and practical application (practical) 60 minutes
Ultrasound imaging of the lungs 45 minutes

Ultrasound and the diagnosis of pneumothorax 45 minutes
Practical sessions (total) 3 hrs

Video Clip assessment 27 minutes

OSCE 10mins per participant

Post course assessment 2-part examination

Assess ability to detect the presence or absence of PTX using 30 pre-recorded video clips

OSCE

Chin et al, 2013

Echo

PAUSE protocol (Prehospital Assessment with Ultrasound for Emergencies)

Training Protocol — 2 hrs total

No formal instruction on probe orientation, identifying structures, doppler functionality or image quality adjustments.
These were deemed unnecessary in identifying cardiac activity or large pericardial effusions

Basics of ultrasonography, PAUSE protocol, image acquisition, basic interpretation for the heart and lungs

lecture 1hr

Group didactic session 1:3 instructor ratio 1 hr (lung view, SC4 and PSLA)

Exam — followed immediately post course.

Image video clip recognition, 10 questions viewed on a laptop (clips had not been seen by participants

previously)

Acquire a view of the left and right plural interfaces and one view of the heart. Cardiac views were scored using

the CUSAS assessment

Bhat et al, 2015

PHUS

Training Protocol

Pre-course MCQ, 16 video clips normal/abnormal pathology
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e  Lecture basic scanning, ultrasound anatomy, image interpretation with pathology and lung imaging (1 hr)

e Post-test immediately following lecture MCQ 16 video clips same as pre-course in a different order

Note. eFAST = extended focused sonography in trauma, FAST = focused assessment sonography in trauma, AAA = abdominal aortic aneurysm, OSCE = objective structured
clinical exam, POCUS = point-of-care ultrasound, PSLA — parasternal long axis, SC4 — subcostal chamber four, PSA = parasternal short axis, CUSAS = cardiac ultrasound

structural assessment scale, PTX = pneumothorax, PAUSE = prehospital assessment with ultrasound for emergencies, PHUS = prehospital ultrasound.
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2.2.5 Summary

This literature review has revealed a gap in the current landscape regarding ultrasound
education methods, assessment techniques, and curriculum content for ambulance staff in
New Zealand and internationally. This gap presents a promising opportunity for collaboration
between out-of-hospital providers and tertiary education centres to establish a recognised
standard encompassing robust education, rigorous assessment, and comprehensive clinical

supervision.

The absence of a formal out-of-hospital ultrasound education programme for
ambulance staff in New Zealand underscores the need for development in this area by

defining ultrasound as a specialist skill.
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Chapter 3 Methods

This chapter identifies the methodology and perspective which form the foundation of
this research. This is followed by presenting information on the study design, study
participants, education programme design, study phases, data sources and measurement

acquistion.
3.1 Methodology and Perspective

Identifying methodological perspective forms the research foundation and determines
the appropriate methods for answering questions and analysing data (Griffiths & Mooney,
2012). Philosophy defines the assumption of how knowledge and nature are interpreted. The
conceptual ‘toolbox’ of research paradigms outlines this study’s guiding principles,
frameworks and research construction (Kaushik & Walsh, 2019). The theoretical approach of
this research uses a pragmatist philosophy encompassing the freedom to choose the
appropriate method, technique and procedures to answer the research question (Zukauskas et
al., 2018). Pragmatic philosophy draws from experience and links this to action (Kaushik &
Walsh, 2019). Pragmatism resonates with paramedic practice through the practical processes
of developing knowledge, drawing from experience, employing clinical decision-making, and
providing action-based clinical intervention (Williams et al., 2021). Paramedic practice is
conducted using clinical guidelines, and thus, a CAFE ultrasound evaluation tool will be

developed and utilised for this research.

In addition to the methodological perspective rooted in pragmatic philosophy, the
education pedagogy for this research will leverage constructivist principles, incorporating
innovative approaches such as the flipped classroom model (De Vasconcelos Papa &

Guilherme Villares Da Costa, 2021). This pedagogical strategy involves delivering
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educational content outside the classroom, using an online platform encouraging independent
learning. In phase II of the study, the educational approach emphasises active learning with

instructors facilitating collaborative face-to-face learning.

This research focuses on informing practice through evidence-based medicine,
primarily employing quantitative research methods. Quantitative research generates data and
analyses relationships between variables (Curtis & Drennan, 2013). The existing literature is
insufficient to address the integration of ultrasound into OHCA in New Zealand. This
research aims to provide additional knowledge and education. In the context of this study, the

term ‘author’ refers to the lead researcher, Hannah Latta, and is used throughout the work.

Research bias and preconceptions are pivotal in shaping meaningful scientific
outcomes within paramedicine and ultrasound education. Acknowledging potential biases and
ensuring transparency about the authors’ prior experiences are crucial steps addressed
through study design and the transparent use of tools to demonstrate objectivity and
reliability. The author’s prior ultrasound education experience can influence curriculum
development and teaching methods. Being mindful of these biases and actively collaborating

with experts outside of paramedicine fosters trust and neutrality and enhances reliability.

3.2 Study Design

This study uses deductive quantitative scientific enquiry through observation,
competency assessment and evaluation of simulated interventions. The deductive method is
appropriate to explore the variables through empirical data collection and quantitative
analysis and uses simulation as a training methodology. This chapter reports using the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines

(Myriam & Matthias, 2014) and the International Network for Simulation-based Paediatric
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Innovation Research and Education (INSPIRE) statements for transparent reporting (Cheng et
al., 2016). The Society for Simulation in Health Care Consensus Group created the INSPIRE
guideline to develop and improve simulation research reporting. This guideline is an
extension of STROBE, allowing the critical appraisal of simulation strengths, weaknesses

and study replication.

This study has three phases. Phase I is an eLearning education module using a flipped
classroom approach to pre-learning before hands-on practical training. The flipped classroom
shifts the focus to student-centred learning by presenting traditionally classroom-taught
material on an online platform. This approach allows the learner to participate in the modules
during their own time, managing shift work requirements and reducing the burden of

attendance in the classroom.

Phase II provides practical and theoretical education and initial competency-based
assessment in the classroom. These assessments include onsite, online knowledge tests,
ultrasound integration into simulations, a fluid and function evaluation of the ultrasound

images termed the CAFE exam and echo skills competency testing.

Phase III is a repeat of phase II assessments with an additional simulation station
assessment. Phase I1I reduces fatigue with the inclusion of assessments only. Progression
through each phase builds on the participants’ knowledge and experience in preparation for
the final assessments in phase III. This sequence provided safe, structured, and supportive

strategies to generate effective scientific knowledge acquisition.

3.2.1 CAFE Exam Summary

The cardiac arrest-focused echo (CAFE) exam is a focused ultrasound interpretation

for PEA cardiac arrest developed specifically for this study. The CAFE exam is a modified
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version of the SHoC exam by Atkinson et al. (2017) specifically focusing on the presence of
fluid and function of the left ventricle encompassing myocardial contractility (squeeze) and
valvular movement indicating forward flow. The exclusion of ‘filling’, which evaluates the
inferior vena cava and ‘form’ determining right heart enlargement for signs of PE, was
considered beyond the clinical scope of novice ultrasound paramedics. The focused clinical

questions of the CAFE exam evaluate fluid and function:

e Is there a pericardial effusion causing tamponade?
e What is the degree of ventricular contraction (squeeze)?

e Are the valves opening, indicating forward flow?

These questions are asked during the 2 minutes of CPR in the cardiac arrest scenario. A
CAFE report form is completed at the of the scenario and reviewed later by two external

reviewers.

3.2.2 Study Participants Recruitment

Study participants were a convenience sample of self-selecting WFA paramedics.
Paramedics recruitment occurred over 1 month for groups A and B. The recruitment period
may have missed participants who were on leave. Wellington Free Ambulance paramedics
work 48 hours on an 8-day cycle with two 12-hour day and night shifts followed by 4 days
off. Each paramedic is assigned to one of four shift colours red, brown, blue, or green. The
nature of shiftwork applies selection bias based on the dates chosen to conduct trial phases.
To mitigate this and provide equal opportunity for attendance, group A included paramedics
from shifts green and blue and group B from brown and red. For the study size power

calculation see Study Size Calculation.
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3.2.3 Paramedic Participants Catchment

On March 6%, 2022, 125 employees of WFA held an Authority to Practice (ATP) of
paramedic and above (H. Leckie, personal communication March 6%, 2022) and were,
therefore, eligible to participate in the study. The distribution of ATPs for WFA staff is

shown in Table 7.

Table 7

Wellington Free Ambulance Authority to Practice

Qualification Level n

Paramedic 71
Clinical Paramedic Advisor 11
Extended Care Paramedic 11
Critical Care Paramedic/Intensive Care Paramedic 32
Total 125

3.2.4 Eligibility of Paramedics

Eligibility criteria included employment with WFA holding paramedic level of
practice or greater. Entry into the study was limited to paramedic level or above, anticipating
alignment with the future use of ultrasound and the implementation of the CAFE exam.
Speciality levels included intensive care paramedics, flight paramedics, extended care
paramedics and clinical paramedic advisors. Further inclusion requirements included a
Bachelor of Health Science in Paramedicine or equivalent qualification and paramedic
registration (New Zealand or Australia). Exclusions included previous clinical ultrasound

experience.
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3.2.5 Recruitment Dates

Due to SARS-COV-2 pandemic disruptions, the study participants were divided into
groups ‘A’ and ‘B’ with 15 participants per group. Recruitment commenced for group A on
the 16" of December 2021 closing on the 10 of January 2022. Group B were recruited on
the 1%t of April 2022 closing on the 26™ of April 2022. Group B study participants were

recruited using the same method as group A.

3.2.6 Study Advertisement

With prior approval from WFA, recruitment posters were displayed in high-traffic
areas on 10 ambulance stations in the Wellington and Wairarapa region in early December

2021 shown in Appendix G. The ambulance stations included were as follows:

e Life Flight, Rongotai
e Newtown Station

e Thorndon Station

e Johnsonville Station
e Porirua Station

e Kapiti Station

e Lower Hutt Station

e Upper Hutt Station

e Masterton Station

e Greytown Station

On December 16, 2021, an advertisement for group A was placed in the ‘Keeping
Connected” weekly intranet bulletin staff update available in Appendix H. Group B was

advertised on April 7, 2022. Group B was recruited similarly to group A but relied on word-
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of-mouth between participants and their colleagues to spark interest. Group A study
participants were encouraged to discuss their experiences to improve recruitment for group B.

Additional information for staff was provided on the WFA SharePoint page, shown in

Appendix L.

A short 3-minute synopsis promotional video was also created and is available on

YouTube by clicking the following hyperlink CAFE Trial Promotional Video.

Registrations of Interest. Paramedics were asked to register their interest by email.
All interested applicants were sent a standardised email reply. Interested paramedics returned
a digitally signed consent form to the CAFE Research email address

(Cafe.research(@wtfa.org.nz). Consent forms were downloaded and stored in the author’s

AUT OneDrive folder titled ‘CAFE Research’, ‘Consent Forms’. The AUT OneDrive was
shared with the author’s supervisor Dr. Bronwyn Tunnage (BT). Completed consent forms
were printed in hard copy and stored on AUT premises in a secure drawer accessible to BT
only. Group A included 26 registrations of interest, of which 15 enrolled in the study. Eleven
applicants were excluded due to non-availability across all three phases and work or leave
cycle requirements. In group B, 16 paramedics registered interest, and 15 enrolled, with one
participant missing the deadline for enrolment. Registrations of interest for groups A and B

are displayed in Figure 12.


https://www.youtube.com/playlist?list=PLztshbshepGfEiitne6jwSOewmQt7gSPy
mailto:Cafe.research@wfa.org.nz
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Figure 12

Registrations of Interest and Enrolment Groups A and B

15
Participants
26 Registered Interest
“ Group A - Study 15
A Participants Enrolled
X 11 Not enrolled
~ 3
22 |-
S
B 15 Enrolled
Q
& Grgup B - Study 16 Registered Interest
articipants
1 Denied (Enrollment
Closed)

Note. Group A study participants not enrolled were unable to attend due to work commitments. Group B, one

registration of interest was received one day after enrolment closed.

3.3 Study Population

This study sought a convenience sample of 30 self-selecting WFA paramedics based
on practical considerations and anticipated outcomes derived from the existing literature, with
the goal of achieving statistically significant results. Wellington Free Ambulance was
considered a representative sample of New Zealand paramedics based on four similarly
published studies ranging from 11 to 40 participants (Aichinger et al., 2012; Chin et al., 2013;
Kreiser et al., 2022; Reed et al., 2017; Rooney et al., 2016). All study participants were
employees of WFA and met the eligibility criteria described in the section Eligibility of
Paramedics. Study participants were to complete each phase sequence before proceeding to

the next.
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3.3.1 Study Participant Attendance

78

Attendance in phase I included 30 participants, 15 from group A and 15 from group

B. In phase II, 29 attended (group A n =15, group B n =14) and 26 completed phase III

(group A n =12, group B n =14) as shown in Figure 13. Participants were assigned to either

group A or B, depending on their month of recruitment. Participants did not switch between

groups. Of the 30 participants enrolled in the study, one did not complete phase II due to

contracting SARS-CoV-2. In phase 11, three participants withdrew, one for personal reasons

and two from SARS-CoV-2.

Figure 13

Phase Attendance Flow Diagram

Phase [ Phase II Phase I1I
n =30 n=29 n =26
I I ] I_I_I I I ]
Group A Group B Group A Group B Group A Group B
n=15 n=15 n=15 n=14 n=12 n=14

3.3.2 Demographic Survey

Ln = | withdrew

(sickness)

L n = 2 withdrew

(sickness, personal
reasons)

L n = 1 withdrew

(sickness)

The anonymity of the survey design posed challenges in following up non-

completion, leading to missing data points and incomplete records. However, maintaining

anonymity in the survey was important for ensuring participant privacy and confidentiality.
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3.3.3 Demographic Data Collection

In phase I, participants were asked to complete an online demographic survey through
AUT Qualtrics*™ Software. Survey questions asked participant paramedic’s demographic
characteristics, including age, ethnicity, gender, education, and employment information.
Participants accessed the survey through the AUT Canvas page and clicked on a ‘flip card’
revealing a password (CAFE2022) and a link to the Qualtrics® website. Survey links and
answers were anonymous and could not be tracked or used to identify respondents. Survey
data was collated on the 15" of June 2022, and manually entered the IBM® Statistical
Package for Social Sciences (SPSS®) for Apple® Mac, version 29.0.0.0 (241). The survey
data was incomplete. The study recruited 30 participants, of which 25 responded to the
survey, 16 (53%) male and 9 (30%) female. This data was exported from Qualtrics*™ and

entered manually into the participant database in SPSS®.

3.3.4 Study Participant Characteristics

The characteristics of study participants are presented in Table 8. Ethnicity data were
categorized using the New Zealand Ministry of Health’s (MOH), Manatii Hauora level one
grouping (Ministry of Health, 2017). The study also included demographic information such
as gender, age, employment, and education from 25 participants in phase I, with five
participants not providing demographic details. No reminders or follow-ups were conducted
due to questionnaire anonymity. The study explored gender proportions in the New Zealand

paramedic population using a Chi-Square Goodness of Fit test to assess gender disparity.

Among the 25 participants who completed the demographic survey, 16 (64%)
identified as male and nine as female, with no participants selecting other gender categories.

Over half of the participants (n = 15, 60%) were aged between 20 and 40 years, five were
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between 41 and 50, and the rest fell into the 51 to 70 age categories. Nearly all participants (n
=22, 88%) identified as New Zealand European. The majority had over 4 years of ambulance
employment (n = 23, 92%), with over half having 9 to 20 years of experience (n = 17, 68%).
Eighteen respondents (58%) held bachelor’s degrees, while one participant held a philosophy
degree or doctorate, and 11 had postgraduate qualifications. All 30 participants were
registered in New Zealand and held either a Bachelor of Health Science in Paramedicine or
an approved equivalent qualification (Te Kaunihera Manapou Paramedic Council, 2021). For
the purposes of analysis gender was coded in SPSS® to represent categories for example 1 =

male and 2 = female.
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Table 8

Description of Study Participants’ Characteristics by Group

Variable n %
Gender Male 16 64%
Female 9 36%
(Missing) 5) -
Total 25 100%
Age Group 20-30 6 25%
31-40 9 38%
41-50 5 21%
51-60 2 8%
61-70 2 8%
(Missing) (6) -
Total 24 100%
Ethnicity NZ European 23 92%
NZ Maori - -
Pacific Peoples 1 4%
Asian - 0%
Other ethnic groups 1 4%
(Missing) 5) -
Total 25 100%
Ambulance 1-3 2 8%
Employment 4-8 6 24%
(years)
9-12 7 28%
13-17 3 12%
18-20+ 7 28%
(Missing) 5) -
Total 25 100%
Education Bachelor’s Degree 18 58%
Postgraduate Certificate 8 26%
Postgraduate Diploma 3 10%
Master’s Degree - -
PhD or Doctorate 1 3%
Other (specify) 1 3%
(Missing) 5) -
Total 31 100%

81

Note. NZ = New Zealand, Education Other = National Diploma. Percentages were rounded to the nearest whole

number.
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3.3.5 Study Population Goodness of Fit Test

A Chi-Square Goodness of Fit test compared observed gender to the expected values
of gender within the New Zealand registered paramedic workforce. Using the observed
proportions of male to the female gender, a Chi-Square Goodness of Fit test indicates there
was no significant difference in the proportion of males, ¥*(1, n = 0.49), p = 0.25, and
females, y*(1, n = 0.44), p = 0.25, identified in the study sample (Table 9). The study
population was considered a gender-representative sample of New Zealand paramedics. The
absence of gender-diverse participants in this study is the rationale for male-to-female

comparison only.

Table 9

Chi-Square Goodness of Fit Test

Observed  Expected

Variable n n x> D

Gender Male 16 13.2 0.49 0.25
Female 9 11.8 0.44 0.25
Total 25

Note. Twenty-five participants responded to the demographic survey in phase one.

3.3.6 Maori Participation

To address ethnic diversity within the study, preferential inclusion of Maori
participation was sought. Methods of recruitment were discussed with WFA cultural advisor
Yvonne Gemmell to encourage Maori participation. Despite best endeavours, no participants

identified as Maori and one identified as New Zealand Samoan. All other participants were of
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New Zealand European or British origin. Participant characteristics are described in the

demographics section in Study Participant Characteristics.

3.3.7 Eligibility Instructor Assessors

The author recruited doctors with ultrasound experience from Wellington ED with
permission from the Wellington Emergency Department Clinical Director, Dr. Andre
Cromhout. Expressions of interest were sought for instructor assessors for phase II and III of
the study in December 2021. Advertisements were displayed in ED, high-traffic areas, the
staff lounge, and the weekly intranet bulletin. Initial staff interest was low, so further
expressions of interest were sought through internal networks and by word of mouth. The
eligibility criteria included current ASUM accreditation in the Certificate in Clinician
Performed Ultrasound (CCPU) or completing the work required to achieve ASUM
accreditation. The latter was included due to SARS-COV-2 delays in the accreditation
process for some doctors awaiting final CCPU completion. Recruitment for group B doctors
was laborious following the SARS-COV-2 lockdown. In April and May 2022, international
borders opened, and many doctors who had volunteered for group A could not attend group B
due to travel commitments. Despite this, all doctors who participated were engaged in the
practice of emergency medicine and used ultrasound within their practice. The following

section describes the CCPU and its relevance as a requirement of the assessor role.

Certificate in Clinician Performed Ultrasound. The CCPU qualification
demonstrates proficiency in image acquisition and ultrasound skills relevant to a medical
speciality area. The syllabus is modular, including basic echocardiography in life support
(BELS), which is a pre-requisite for demonstrating competency to instruct and assess echo
ultrasound. The BELS module covered the following course objectives, replicated from the

ASUM BELS course objectives (Australasian Society for Ultrasound in Medicine, 2021a):
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On completing the BELS unit, learners should be able to understand the following:
e Normal heart and Inferior Vena Cava (IVC) appearance, including IVC
collapsibility, pericardial fluid, and chamber collapse
e Learners will be able to identify and discuss the following:
e Sonographic signs of tamponade
e Sonographic signs of cardiogenic shock
e Sonographic signs of massive pulmonary embolism
e Sonographic signs of sepsis and hypovolemia
e The Role of Echo in cardiac arrest and its Integration into Advanced Life
Support (ALS) Protocols
e Learners will be able to demonstrate the ability to interpret ultrasound in the
following settings
e Echocardiography in the shocked or arrested patient
e Fluid volume estimate in the shocked patient
e Learners will be able to demonstrate the following skills:
e 2-dimensional B mode (Brightness mode) Image acquisition:
e Imaging the heart in parasternal long, parasternal short, apical four-
chamber and subcostal views
e Imaging IVC in longitudinal and transverse planes and assessing IVC size
and collapsibility
e Image interpretation:
¢ Qualitative assessment of IVC, Left Ventricle (LV) and Right Ventricle
(RV) size, LV contractility and volume status
e Recognition of cardinal ultrasound findings in shock/arrest

e Clinical correlation:
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e Integration of clinical picture and BELS findings

e The role of BELS in guiding ongoing resuscitation

The BELS includes a pre-test, 6 hours of learning, 4 hours of practical knowledge and
a post-test. Competency assessments include two formative and one summative assessment of

clinical skills related to echo in life support.

3.3.8 Eligibility of Healthy Volunteers

The author recruited healthy volunteers as models and simulation faculty for phases II

and III of the study. The number of volunteers required for each phase and station are shown

in Table 10.

Table 10

Healthy Volunteer Numbers Required

Phase II 11
Scanning Stations 5 -
Simulation 1 3 3
Simulation 2 3 3
Simulation 3 3 -
Echo Assessment 1 1
Total 15 7

Initial eligibility criteria included an ATP of EMT or higher and being a WFA
employee or volunteer. Advertising and expressions of interest were sought simultaneously

with study participants. Volunteers expressed their interest through the same process as study
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participants. Response for both groups, A and B, was lower than expected. Possible reasons
for this low response may include pandemic shift work fatigue and personal and study or life
commitments. The benefit was less enticing for volunteers but included ultrasound and
research exposure. As a result, the eligibility for volunteer recruitment was lowered to allow
uptake from a larger pool of WFA staff and paramedic students at Whitireia Community
Polytechnic. The author removed the initial requirement for EMT and included first
responders (FR) and paramedic students. The author gave preferential entry to volunteers

with resuscitation experience.

The author corresponded with Whitireia and WelTech Community Polytechnic Head
of Paramedic Science, B. Westenra. With permission from Whitireia, the study was
advertised on their Paramedic Student Facebook page, calling for study volunteers. This
advertisement was successful, with three Bachelor of Health Science Paramedic students
volunteering their time for group B phases II and III. The remaining positions were filled
with WFA EMTs, FRs, and patient transfer officers. All phases of the study included five

reserve volunteers, all utilised due to sickness.

3.3.9 Research Faculty

The research faculty included staff directly involved with the planning of the research
project, Dr. Andy Swain, and volunteers for phase II and III. Assistance was sought from
WFA Educator Brendan Harris, who is a registered paramedic with a Bachelor of Health
Science (Paramedicine) and a Postgraduate Certificate in Clinical Education, specialising in
simulation. Support to faculty staff and assistance with simulations was provided by Celeita
Williams, who has 8 years of experience as a paramedic lecturer at AUT with vast simulation

experience and is also a registered intensive care paramedic with Hato Hone St John
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Ambulance. Celeita Williams has a master’s degree in Aeromedical Transport and Retrieval

Medicine and is working towards a Doctor of Health Science.

3.3.10 Independent Image Reviewers

The author recruited two independent external moderators to retrospectively review
all ultrasound images at the suggestion of Dr. Scott Bomann (external supervisor). Both
reviewers are ultrasound experts and leaders in their field. Each reviewer was allocated an
alphabet letter for presenting results. Reviewer A was Dr. Darrell Sutijono, a Senior
Physician at the Permanente Medical Group in Santa Clara, California. Dr. Sutijono has
extensive experience in ultrasound and is a Clinical Assistant Professor (Affiliated) at
Stanford University School of Medicine. Reviewer B was Dr. Reinier Van Tonder, an
Assistant Professor of Emergency Medicine, and Associate Medical Director of the Yale
New Haven Hospital, Saint Raphael’s Campus Emergency Department in Connecticut. Dr.
Van Tonder is also the Co-Director of Emergency Ultrasound for the Saint Raphael’s

Campus.

3.3.11 Information Sheet and Consent Form

All participants, including study participants, healthy volunteers, instructor assessors,
and external moderators, were provided with an information sheet and consent form. An
example of all participants’ information and consent forms is shown Appendix J. All

participants had the opportunity to withdraw from the study at any time.

3.3.12 Research Budget

The total cost of running this trial amounted to $8,500.53, sourced from multiple

funding streams including Auckland University of Technology Doctor of Health Science
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Funds, PBRF ‘Seed Funding Grant’, Heart Foundation Grant, and Wellington Free

Ambulance. An itemised budget is shown in Appendix K.

3.3.13 Remuneration

Remuneration for participants was provided in the form of Motor Trade Association
(MTA) vouchers. Each participant received a $20 MTA koha® towards travel for attending
phases II and III. Vouchers were placed in a named envelope and presented to the participants

on their arrival at phases II and III.

3.3.14 Additional Remuneration for Doctors

The ultrasound doctors provided their time and experience with no expectation of
remuneration beyond the MTA vouchers. One doctor provided 16 hours of their free time
over groups A and B, phase II and III. This time commitment could not go unrecognised, and
the author applied through AUT School of Clinical Sciences PBRF Fund for a ‘Seed funding
grant’. The successful application funded additional koha for each doctor, which was

allocated based on their time contribution.

3.3.15 Continuing Professional Development Points

Registered paramedics in New Zealand must complete 30 hours of continuing
professional development (CPD) annually to maintain their annual practising certificate
(APC). For further information on Kaunihera Manapou Paramedic Council Practice

Standards see the following link https://paramediccouncil.org.nz/ (Kaunihera Manapou

Paramedic Council of New Zealand). Participation in research had not previously been

recognised as a form of CPD until this study. To formally recognise the time, clinical

® Koha is the Maori term for “a gift or donation”
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experience and knowledge acquired through study participation, the author contacted the
New Zealand Paramedic Council Registration Coordinator on March 10%, 2022, seeking
consideration for CPD allocation for study participants. The Paramedic Council registrar
responded by requesting information, including a breakdown of hours, learning outcomes,
theoretical knowledge, and hands-on training. The registrar also asked for WFA endorsement.
A subsequent email was sent from the author to the WFA Manager of Operations K.
Worthington, seeking approval of CPD allocation. The request was approved for CPD point
allocation on March 10%, 2022. Points were allocated based on hours of participation. On
March 11, 2022, the CAFE trial was formally recognised and allowed to issue CPD points
to study participants. This application of recognition for CPD points has created an avenue
for future participants of research studies to have their time and knowledge formally

recorded.

3.3.16 Completion Certificate

After phase III, participants, doctors, and support staff were awarded a certificate of
completion and CPD hours for claiming points. The certificate was supported by WFA and
signed by the author and Dr. Andy Swain, WFA Medical Director. A template of the

certificate is shown in Appendix L.

3.3.17 Confflicts of Interest

Given the author’s position as a senior critical care flight paramedic with WFA, part-
time paramedic lecturer with AUT and author of this project, the concepts of power and
influence are essential considerations. To mitigate these influences, transparency regarding
the author’s background and potential conflicts of interest was crucial. Collaborating with

experts outside the paramedicine field provided diverse perspectives and enhanced the
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study’s neutrality and objectivity. This approach ensured that the research was conducted

with integrity, minimal bias, and promoted trustworthiness and scientific rigor.

Participant communication included the use of email and text messages. Text
messages were to be used as a quick form of communication due to the dynamic nature of the
pandemic and the effect this had on participants, faculty, and the study venue. Most
communication was through a neutral email address created for the study to reduce bias. Dr.
Andy Swain and the author had access to the study email account secured on the WFA
SharePoint site. The author sent general emails, such as study date reminders. Dr. Bronwyn
Tunnage handled emails or contact with study participants containing identifiable information
such as study Identification (ID) numbers. Dr. Tunnage was not directly involved with the

study days, had no physical contact with participants or faculty, and could remain impartial.

Dr. Scott Bomann and Dr. Andy Swain moderated the phase I lecture content.
Externally recruited ultrasound doctors conducted assessments in phases II and III. The
author provided a teaching role only to remove bias and potential power differentials between
author and the paramedic participant. The author is a professional colleague of the
participants. If a participant chose to withdraw at any time, this would not have affected them

personally or their employment with WFA.

3.3.18 Ultrasound Device Selection

The Philips Lumify® hand-held ultrasound device was selected for this study due to
the author’s familiarity with the device and an existing relationship with the company, which
facilitated the provision of devices for the study. Specifically, a Lumify® phased array cardiac
transducer (4-1 MHz) was used with a Samsung™ Galaxy Tablet A to conduct the ultrasound

imaging during Phases II and III. This choice of equipment was influenced by the author’s
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expertise and the availability of resources through collaboration with Philips, ensuring

reliable and consistent data collection for the research project.

3.4 Educational Programme

The study’s author developed the education program (modules) using freely available
information from point-of-care ultrasound literature, incorporating content from accredited
providers including ASUM and Australasian College of Emergency Medicine (ACEM).
Videos and written content are shown in developed and presented in Phase I are shown in

Appendix M and N, respectively.

The education modules, including eLearning, hands-on didactic training, small group
simulations, and Objective Structural Assessment of Ultrasound Skill (OSAUS), were
reviewed by Dr. Scott Bomann and Dr. Brad Peckler. Dr. Peckler, a full-time consultant at
Wellington Hospital, is the clinical lead for the Simulation and Skills Centre and specialises
in educational processes. His expertise in simulation assessments positioned him as the

optimal candidate to evaluate the CAFE assessment forms.

It's worth noting that OSAUS is an established framework for assessing clinical skills
and competencies in doctors, as indicated by Bromley (2000). For this paramedic research,
the simulation and echo assessment forms were simplified from the OSAUS structure and
ASUM BELS ultrasound competence assessment form. Detailed assessment forms for echo
skills and simulations developed specifically for this study are provided in Appendix O and

P, respectively.

3.4.1 Study Phase Timeline

This study was divided into three components, phases, I, II and III, each occurring

over 1 month spanning three consecutive months. Completion in each phase was required to
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progress to the next phase. The duration of each phase, accommodated participants rostered

annual leave, shift colour, healthy work-life balance, and personal time burden.

3.4.2 Simulation, Fidelity and Limitations

Simulation fidelity refers to the accuracy of a simulation in replicating real-world
experiences. This includes the authenticity of the physical environment, the realism of the
concepts, and the functionality of interactions with personnel and equipment Figure 14. The
development of simulations for this study were based on concepts described by Carey and

Rossler (2021).

Figure 14

Simulation Fidelity Concepts

Vs
. . « Senses (sight, touch, sounds)
Physical Environment * Resemble real-life cardiac arrest scene
Vs
Conceptual Realism : Narr?lte‘d S}mulaqon role p%ay
* Realistic simulation narrative
Psychological « Elicits a response comparable to the real
world
Vs
Functional . Psychomgtor Skll‘lS (ecl}o aqul_smon)
* Dynamic interaction with equipment

Note. Simulation fidelity concepts used for Phase II and III simulations as described by Carey and Rossler

(2021).
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The research utilised simulation as an investigative tool to facilitate safe practice and
evaluation of ultrasound application without patient risk (Rosen et al., 2008). The use of
high-level fidelity through simulation aimed to provide a realistic scene, allowing the
participant to achieve the goal of performing the CAFE exam within the 10 second pulse
check pause (Carey & Rossler, 2021). Cardiac arrest PEA mock ultrasound images (video
loops) were presented to the participant on a tablet during the simulations in place of healthy
volunteer images as shown in Figure 15. The participant evaluated the mock ultrasound

image and reported their findings using the CAFE exam form.
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Figure 15

Simulation Pathological Scan Series

Scan 1

Scan 2

Scan 3

Note. Screen capture of images supplied by the author.

SUBX = subxiphoid view, A4C = apical four chamber view, PLAX = parasternal long axis view.
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Simulation fidelity limitations included using mock images instead of real-time
pathology, potentially affecting the realism and urgency perceived by participants immersed
in the cardiac arrest scenario. Despite efforts to enhance fidelity through environmental
handling and psychological responses, these limitations may have impacted the immersive
experience. Additionally, the limited realism of the simulations may have affected participant

performance between simulation stations and phases (Carey & Rossler, 2021).

3.4.3 Clinical Variation

After reviewing the data collected from phase II group A, there was a discrepancy
with simulation three. The assessor for simulation three was asked to provide feedback on
why the HOT was increased (maximum HOT 27 seconds). The suggestion was that the
healthy volunteer scan view was difficult, increasing the HOT. The echo view difficulty was
seen as dictating the non-adherence of the simulation team to recommence CPR at 10

seconds. This observation is discussed further in the results and discussion chapters.

The optional refresher training module between phase II and III highlighted the
importance of the supernumerary ultrasound operator to the cardiac arrest team as there is a

potential to increase pulse check pauses beyond the allotted 10 seconds.

Due to the SARS-COV-2 pandemic, the assessor faculty varied between study groups
and phases. The healthy volunteers acting as scanning models also differed between groups
and phases. However, variation in healthy model participants increased the variety of echo

scanning, possibly representing the operational environment more closely.

3.4.4 Study Participant ldentification Allocation

Study participants’ names were entered into a Microsoft® Excel Version 16.74 (2023)

spreadsheet and emailed to BT, the primary supervisor. By limiting participant liaison to the
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primary supervisor, anonymity between the participant and author was maintained. Each
participant was randomly assigned one of 30 predetermined identification numbers and
eLearning passwords. The tool used to randomise the participants was a web-based Sequence

Generator from random.org (https://www.random.org/sequences/). Randomisation occurred

on January 18%, 2022, for group A and on April 26, 2022, for group B. Participants were

emailed their identification numbers and passwords by the primary supervisor (BT).

3.5 Phase I Design

Phase I theory-based education was delivered online through an eLearning platform
written by the author specifically for this study. These learning modules required completion
before attending phase II 1 month later. This section discusses the eLearning platform and

describes the learning outcomes.

3.5.1 eLearning Platform

The researcher used the AUT eLearning platform called Canvas. Canvas is a web-
based learning management system AUT uses to deliver course learning materials to
students. Educators can create and present online materials and assess student’s learning.
Canvas offers flexibility for learning on any web-based system, including mobile devices,
which is essential when considering fatigue, workload, and time management for paramedics
during the SARS-COV-2 pandemic. The AUT Learning Transformation Lab approved using
Canvas for this study on November 21%, 2021. The development of phase I educational
content commenced on November 227, 2021. The eLearning content was reviewed by Dr.
Scott Bomann and Dr. Andy Swain and approved for delivery in December 2021 and
recommendations were incorporated. The eLearning module went live on the January 1%,

2022, to test the platform.


https://www.random.org/sequences/
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Study participants were invited to login into the AUT Canvas page using their study
ID and password where the eLearning platform was available for group A on January 19,
2022, and B from February 8, 2022. Phase I was allocated 2-hours however study
participants had access to the education platform from phase I to III. Each study participant
was required to complete phase I in their own time before attending the face-to-face
classroom training in phase II. Phase I completion was confirmed using the Canvas analytics
tool. Canvas remained open throughout the study phases for participants to review content as

required.

3.5.2 eLearning Content

The content of phase I included a 2-hour online eLearning training package to address
basic ultrasound knowledge and cardiac arrest ultrasound integration theory. Study
participants were allowed 21 days to complete six learning modules with a specific learning

outcome for each. The module tabs are shown in Figure 16.
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Figure 16

Canvas Home Page Modules

Ultrasound Intro ° How to use the Cardiac Ultrasound °
15-minutes Ultrasound Device ° Sonographic Views

14-minutes 12-minutes

Cardiac Arrest PEA ° Cardiac Arrest ° Maori and Cardiac °
30-minutes Ultrasound Integration Arrest

27-minutes 11-minutes

Note. Screen capture supplied by the author of the Canvas home page taken on February 21%, 2022.

3.5.3 Learning Outcomes

The learning modules were developed with novice ultrasound users in mind, featuring
brief instructional videos and concise written material. These modules were intentionally kept
short and flexible, catering to the demanding schedules of shift workers. They provided the
convenience of being paused and replayed. The following section outlines the learning

objectives for each module.

Module One, Introduction to Ultrasound (15 minutes). The module included two 7-
minute videos from Clarius ‘Fundamentals of Ultrasound’, a free and open-access

educational video Clarius Fundamentals of Ultrasound (1) Physics. A five-page summary

document titled “What is Ultrasound” shown in Appendix M. Learning outcomes included:


https://www.youtube.com/watch?v=cI7ULKNhVcw
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1. The study participant will have a basic understanding of ultrasound waves and how
ultrasound images are produced.

2. The study participant will have a basic understanding of ultrasound probe
technology.

3. The study participant will know to describe the most common ultrasound probe

movements of sliding, fanning, rotating, and rocking.

Module Two, how to use the ultrasound device (12 minutes). The module delivered
a 7-minute narrated PowerPoint video and 5 minutes of reading including a six-page

summary titled ‘Transducer Orientation” shown in Appendix N. Learning outcomes included:

1. Basic knowledge of the Lumify® ultrasound device, including how to change
ultrasound image depth and gain.

2. Creation of a ‘new patient’” and ability to enter patient details which were
subsequently replaced with a participant identification number.

3. Ability to save a video clip and review the image.

4. Basic knowledge of the cardiac (phased array) probe.

Module Three, CAFE Exam Sonographic Views (12 minutes). The module
delivered a 7-minute video demonstrating the echo ultrasound views including the subcostal
(SC4), apical four-chamber (A4C) and the parasternal long axis (PSLA). Learning outcomes

included:

1. Demonstrating a basic understanding of the essential CAFE cardiac views.
2. Ability to describe sonographic anatomical structures in SC4, A4C, and PSLA

Vview.
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3. Knowledge of where to position the probe to obtain a SC4, A4C, and PSLA view.

Module Four, Cardiac Arrest PEA (30 minutes). The module included a 2-minute
summary of PEA; a video by Osmosis.org on tamponade physiology which was of 7 minutes
duration; and a narrated PowerPoint video discussing the reversible causes of PEA cardiac
arrest, and an ultrasound image review which was 22 minutes in duration. Learning outcomes

included:

1. Ability to define PEA and pseudo-PEA.

2. Ability to identify the causes of PEA cardiac arrest.

3. Understanding how to optimise an image using DAG (Depth, Axis, and Gain
settings).

4. Understanding tamponade physiology and the sonographic signs of tamponade.

Module Five, Cardiac Arrest Ultrasound Integration (27 minutes). The module
included a 26-minute narrated PowerPoint video with an accompanying summary PDF.

Learning outcomes included:

1. The ability to describe how ultrasound is integrated into PEA cardiac arrest.
2. Understanding the rationale for adhering to the 10 second pulse check pause.
3. Knowing when and how to complete the ‘CAFE Exam Report’.

4. Develop and understand how to assess the scan for fluid and function of the heart.

Module Six, Maori and Cardiac Arrest (11 minutes). The module included an

interview with Yvonne Gemmell, Maori Advisor for WFA. The interview theme is “How
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does cardiac arrest affect Maori?”. This video was created specifically for this study and was

written and produced by the author. Learning outcomes included:

1. Awareness of cultural sensitivities for Maori surrounding death and cardiac arrest.

2. Understanding general practices surrounding death for Maori.

3. Understanding the importance of Karakia (prayer) and the Wairua (pathway of

spirits).

3.6 Phase II Design

The education included 6 hours of face-to-face learning and hands-on practical
ultrasound skills. Study participants’ knowledge, echo skills, and CAFE exam integration into
the cardiac arrest simulation were also assessed. This assessment provided a benchmark
comparator for phase III assessments. This section outlines the training and assessment day,
the training and simulation environment, the equipment and the assessment centre for the

knowledge quiz and simulation stations.

3.6.1 Training and Assessment Day

The group A training and assessment day was held at the Wellington Simulation Suite
on February 9%, 2021, from 0830 to 1525 hours. The main training room was used for
PowerPoint lectures, demonstrations, and hands-on ultrasound scanning stations, as shown in

Figure 17.
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Figure 17

Wellington Simulation Suite Scanning Stations

Note. Photo supplied by the author.

Scanning stations included privacy screens, hospital beds, linen, pillows, Philips®
Lumify ultrasound device, cleaning wipes, gloves, and laminated echo anatomy prompt
cards. The echo prompt cards provided supplementary reference material for sonographic
anatomy, CAFE exam assessment process, and echo and simulation assessment requirements.
Prompt cards were not available during assessments. A fifth scanning station was set up in a

small side room off the main training room, also used for the echo skills assessment.

The morning included four 15-to-20-minute lectures and scanning demonstrations
before each hands-on scanning session. Scanning sessions were divided into three 60-minute

sessions, as shown in the timetable Figure 18.
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Figure 18
Phase II Timetable

Timetable
Welcome

0% 30-0900 Introduction, Yvonne Gemmell to say a !(araklg, introduction of
faculty and volunteers, venue safety, orientation, group
allocation for practical sessions, practical session etiquette.
Lecture 1 - Demo

0900-0920 Echo views (SC4, A4C & PSLA)
Revisit echo anatomy within each view
Scanning Session 1

0920-1020 Famil?arisat?on wfth equipment ' '
Familiarisation with transducer placement/manipulation
Echo views (SC4, A4C & PSLA)

lo20-1030 Morning Tea (provided)
Lecture 2 - Image optimisation/qgrading

1030-10 P

5id syskem (CUSAS)

Scanning Session 2

1046-114§ Echo views (SC4, A4C & PSLA)
Optimising images using depth, axis and gain (DAG)

114-5-1200 Lecture 3 - CAFE Exam & Reporting

1200-1230 Lunch (provided)
Scamning Session 3
CAFE Exam emphasis on <10-second

O o]

1280=188 Recording loop and reviewing images for fluid and function
assessment

1330- 1348 Lecture 4 - Cardiac arrest sim with CAFE
exam demo

1345-1400 Afternoon Tea
Assessments (75mins)

1400-1518 Knowlgdge test
Echo simulation
Cardiac arrest Simulation 1
Course Closure
Review, questions?

16156-18626 Take-home messages, Phase Ill assessment centre date
Encouraged to review the online e-learning package, course
photo. Course closure.

Note. Phase II course timetable created by the author.
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Each study participant, healthy volunteer and instructor assessor was pre-assigned to a
scanning station and assessment group allocation was included on their name badge. The
scanning session included five stations with rotations to improve scanning exposure to
various body types. Scanning groups had a 3:1 participant-to-instructor ratio, as shown in
Figure 19. Each scanning session provided an opportunity to build knowledge and hands-on

experience, emphasising echo acquisition, image quality and integration into cardiac arrest.

Figure 19

Phase II Scanning Station

Instructor

Participtants Volunteer

Note. A study participant demonstrating the parasternal long-axis view. Photo supplied by the author.
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3.6.2 Simulation Orientation

Before the simulation assessments commenced, everyone (study participants,
assessors, volunteers, and faculty staff) watched a short simulation demonstrating the process
in lecture four. The demonstration included a 10 minute live step-by-step run-through of the
simulation assessment (Figure 20). During this session, the video was stopped, and key

elements such as the pulse check pause with simulated pathological scan were discussed.

Simulation volunteers and faculty staff were allocated 20 minutes to practice the
simulation scenario. Before assessments commenced, each volunteer practised their role and

had the opportunity to ask questions.
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Figure 20

Ultrasound Simulation Assessment Imaging Sequence

CPR Image

N

R X

\-
Image Acquisition
Py
J

v\.
Hovermg Hands

Note. Photos supplied by faculty staff.

Pre-imaging towards the end of the
CPR cycle. The ultrasound paramedic
sees the CPR ultrasound image, and a
simulation scan showing CPR is placed
over the ultrasound screen.

The CPR substitute scan remains in
place until a few seconds before the 10
second pulse check pause.

At the 10 second pulse check pause, the
CPR operator hovers above the chest.
The ultrasound paramedic records an 8-
second video (or less if needed), and
CPR is resumed at the end of the pulse
check pause dictated by the
resuscitation team.

During the 2-minute CPR cycle, the
ultrasound paramedic reviews a
substitute pathological scan that aligns
with the view they have taken and the
scenario pathology.
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The assessments were scheduled in the afternoon (1400-1515 hours). Participants
were divided into their pre-allocated groups. All groups commenced their assessments
simultaneously, with one participant at each station. Each station was 15 minutes in duration,
75 minutes in total. The echo station was 5 minutes per participant totalling 15 minutes for
the rotation. Two rest stations were added to improve the assessment process flow and allow
time between assessments to reduce stress and fatigue. The flow diagram shown Figure 21

depicts assessment of the participants.
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Figure 21

Phase Il Assessment Flow Diagram

oM

) 4

Group 2 Group 3
Time ﬂ
| | oY
. @
15mins ﬂ
AN
15mins Smins each
15mins ﬂ g
15mins ﬂ & -
[ 2
15mins ﬂ Z =i n Z = @ X ==
Study participants move through each station within their group.
Total time is 75 minutes. The Echo station is only 5 minutes long
and is one station only.

Station

Knowledge

Echo

Rest

Simulation

v

Note. The left arrow (green box) shows the time, and the right-hand arrow (orange box) shows the station.

Groups one, two and three move through each station until all stations are complete.
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3.6.3 Knowledge Quiz Equipment

The equipment for the knowledge quiz station included four laptops, two Apple®
MacBooks and two Hewlett Packard® PCs. The two Apple® laptops had a touchpad mouse,

and the others had an auxiliary mouse.

3.6.4 Knowledge Quiz Description

The online Canvas knowledge quiz was built into the eLearning Canvas platform and
was accessible to the study participants during the assessment. The quiz was designed to test
theoretical knowledge of heart sonographic anatomy, echo view identification and pathology
relevant to PEA cardiac arrest. The knowledge quiz also answered the research question: Can
paramedics adequately identify the presence of pseudo-PEA, true PEA, and cardiac

tamponade?

The quiz consisted of 12 multiple-choice questions (MCQ) with an inbuilt 15-minute
time limit initiated by the participant at the commencement of the quiz. Once this time was
complete, the quiz would automatically end. The quiz used a variety of MCQ and dropdown
menu answer styles. Settings within the quiz allowed participants to progress forwards with
no option to review questions before submitting the final answers. The quiz questions were
not randomised with no quiz item bank used. Study participants had no prior knowledge of

this information.

At the time of assessment, participants were shown to a private room or quiet area
with access to a computer. An invigilator Dr. Andy Swain (AS) was present to assist with the
login process and technical support. Web browsers were set to a Google® Chrome incognito
page and loaded with the Canvas login. Study participants were asked to log in using their

study identification number and password. If the participant forgot their credentials, the
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invigilator had access to a master copy of usernames and passwords. This next section

outlines each quiz question in detail.

Quiz Question One. Participants were asked to identify which echo view was shown
in a 3-second video clip shown in Figure 22. This clip could be paused and replayed.

Multichoice options included:

e Subcostal four chamber view
e Parasternal long axis view

e Apical four chamber view

The correct answer is the SC4 view. The purpose of this question was to test echo
view identification. This question is awarded one point for the correct answer. The term
subcostal also known as subxiphoid was used in error which may have caused some

confusion for this question.

Figure 22

Knowledge Quiz Question One

Phase || Knowledge Quiz 2022

Please complete the following questions. You have a total of 15 minutes for 12 questions.

I 1/12

Which view of the heart is this?

Subcostal four chamber view

Apical four chamber view

Note. The author took a screen capture.
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Quiz Question Two. This question displayed a static ultrasound image of a SC4 view
which highlighted fundamental anatomical structures numbered one to six. This question
required participants to drag and drop six possible answers into the correct box shown in
Figure 23. Available answers included the right ventricle, right atrium, liver, left ventricle,
pericardium, and left atrium. This question assessed anatomical knowledge which is relevant
to evaluating the presence of fluid (pericardial effusion) and contractile function (squeeze) of
the left ventricle. This question was awarded one point. An incorrect answer was awarded no

points. The correct answers were:

1. Liver

2. Right ventricle
3. Left ventricle
4. Right atrium
5. Left atrium

6. Pericardium
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Figure 23

Knowledge Quiz Question Two

Note. The red box outlines the drag-and-drop options—a screen capture taken by the author.

Quiz Question Three. A coloured and numbered still echo image of the parasternal
long-axis view was used. Similar to question two, vital anatomical structures were numbered
from one to five with the addition of coloured anatomical structures. The coloured anatomical
structures included the pericardium, left ventricular septum, lateral wall, and mitral valve.
The numbers corresponded with the right ventricular aortic outflow tract, left atrium, left
ventricle and descending aorta. The question required participants to click a dropdown menu
and select from eight possible answers shown in Figure 24. This question was awarded one

point. One incorrect answer awarded no points. The correct answer is:

1. Right ventricle
2. Aortic outflow tract
3. Left atrium

4. Left ventricle
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5.

Descending aorta

Pericardium (green highlight)

Left ventricular septum and lateral wall (yellow highlight)

Mitral valve (red highlight)

Figure 24

Knowledge Quiz Question Three

Match the numbers and colours with the correct answer.

Pericardium

Left ventricular septum and lateral wall

Mitral (alve
i
'
icle

&y
1

1
/\orlﬁic outflow tract
'
]
LL,"( atrium
i

'
,[(‘H ventricle

1Dy ing aorta

E—

Right atrium
Left ventricular septum and lateral wall
Pericardium

Descending aorta

Left atrium

Pulmonary artery

Aortic outflow tract

Left ventricle

Right ventricle

Note. The author took a screen capture.

Dropdown menu options
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Quiz Question Four. This was based on an illustration of the three echo views taught
in this study. The three views included the PSLA, A4C and the SC4 view. This question
required participants to click a dropdown menu beside each box and select the correct answer
as shown in Figure 25. This question aims to test the knowledge of the physical probe
position used to achieve each echo view. The correct answer is 1) parasternal long axis, 2)

apical four chamber view, 3) subcostal four chamber view.

Figure 25

Knowledge Quiz Question Four

Matching 1 point aN@E W

Match the image with their correct view.

1 Parasternal long axis v
/
2 n Apical four chamber view v
J
J
3 Subcostal four chamber view v

Parasternal long axis
Subcostal four chamber view
Apical four chamber view

Note. The author took a screen capture.

Dropdown menu options
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Quiz Question Five. This question presented a GIF (Graphics Interchange Format, a
constantly moving image that cannot be paused or rewound) echo image of an A4C scan. The
three possible answers included the PSLA, A4C and the SC4 view. This question required
participants to drag and drop their answers into the box shown in Figure 26. This question
aimed to test the knowledge of the echo views used in this study. The correct answer is the

A4C view.

Figure 26

Knowledge Quiz Question Five

| 5/12

1 point
Which view of the heart is this?

Which echo view is this?

No Answers Chosen

Possible answers

i Parasternal long axis view ii Subcostal four chamber view Apical four chamber view

Next

Note. Red box outlining drag and drop from possible answers tab to box one. The author took the screen

capture.
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Quiz Question Six. A coloured and numbered still echo image of the A4C view was
displayed. Similar to question three, vital anatomical structures are numbered from one to
four with the addition of coloured anatomical structures. The coloured anatomical structures
included the lateral ventricle wall, septum, tricuspid valve, mitral valve, and pericardium. The
numbered regions corresponded with the left and right ventricles and the left and right atrium.
The question asked participants to click a dropdown menu and select from eight possible
answers as shown in Figure 27. This question was awarded one point. One wrong answer

awarded no points. The correct answer is:

1. Left ventricle

2. Left atrium

3. Right ventricle

4. Right atrium

e Lateral ventricle wall (red highlight)
e Septum (green highlight)

e Tricuspid valve (purple highlight)

e Mitral valve (blue highlight)

e Pericardium (yellow highlight)
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Figure 27

Knowledge Quiz Question Six

Right ventricle
Left atrium

|— Pericardium

Mitral valve

Left ventricle

Dropdown menu
L sepum options
Lateral ventricle wall

Right atrium

mmmm Tricuspid valve

Note. Screen capture supplied by the author.

Quiz Question Seven. This question asked the participant to match the question with
the correct answer to complete the sentence using a dropdown menu shown in Figure 28. The
four sub-questions focused on integrating ultrasound into cardiac arrest using the CAFE

exam. This question was awarded one point. The correct answers are shown below:

Pre-imaging involves? imaging the heart towards the end of the CPR cycle.

The pulse check pause CAFE exam should take? less than 10 seconds.
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e An assessment of the heart during the CPR cycle examines? fluid and function of the
heart.
e The maximum number of attempts in the SC4 view is? two before attempting either
the parasternal long axis view or the apical four chamber view.
Figure 28

Knowledge Quiz Question Seven

=

Match the question with the correct answer

=]

Pre-imaging in cardiac arrest involves

The pulse check pause CAFE exam should take

imaging the heart towards the end of the CPR cycle v
\ less than 10 seconds v
\
‘\
An assessment of the heart during the CPR cycle examines 'Fluid and function of the heart v
‘\
The maximum number of attempts in the subcostal view are

\
y
v
\
\
\
1
\
v
v
v

\
two before attempting either the parasternal long axis view Vv
\

! ~
less than 10 seconds

imaging the heart towards the end of the CPR cycle

— two before attempting either the parasternal long axis view or
apical four chamber view

Dropdown menu
options
[— Fluid and function of the heart

Note. Screen capture supplied by the author.

Quiz Question Eight. This question asked participants to select the assessments
associated with the CAFE exam shown in Figure 29. This question aims to evaluate the

knowledge of CAFE exam assessments. This question was awarded one point. The correct

answer 1s fluid and function assessment.
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Figure 29

Knowledge Quiz Question Eight

1 8/12

The CAFE exam consists of the following assessments. Select the most appropriate answer(s)
Function assessment
Filling assessment
Form assessment

Fluid assessment

Note. Screen capture supplied by the author.

Quiz Question Nine. This question asked participants to complete the sentence by
filling in the blank spaces shown in Figure 30. The question tests knowledge of tamponade
physiology. Correct answers are in italics. The sentence with correct answers included: “A
pericardial effusion is a collection of (fluid) that surrounds the heart between the heart muscle
and the pericardial sac. Cardiac tamponade is diagnosed when the (right) ventricular wall
(collapses) in (diastole). The heart is (filling) in diastole, and the (ventricular) valves are
open”. Answers were dragged into the available spaces to complete the sentence. This
question was awarded 0.16 points per answer with six correct answers awarded one full point.

Partial points were awarded per correct answer.
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Figure 30

Knowledge Quiz Question Nine

1 9/12

n 1point

Complete this statement by fill in the blanks.

A pericardial effusionis a collection of = Answer ' that surrounds the heart between the heart muscle and pericardial sac . Cardiac tamponade is diagnosed when the

Answer = ventricularwall = Answer ' in | Answer = .Indiastole the heartis ' Answer andthe ' Answer = valvesare open.

i blood i fluid i left i right i dilates i collapses i systole i diastole i squeezing i filling i aortic i ventricular

Note. Screen capture supplied by the author.

Quiz Question Ten. This question asked participants to review the video clip and
evaluate the image using the CAFE exam shown in Figure 31. This clip could be paused and
replayed. The question aimed to assess the participants’ ability to determine the presence or
absence of a pericardial effusion (fluid), left ventricular squeeze (function) and the presence
or absence of valvular movement. This question was awarded one point. The correct answer

is no pericardial effusion, weak contraction and valves are opening.
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Figure 31

Knowledge Quiz Question Ten

| 10/12

Assess this ultrasound image using the CAFE exam of fluid, function and valve movement

> 0:00/0:01

Fluid? Function?

No Answers Chosen No Answers Chosen

Valves opening?

No Answers Chosen -

Possible answers e

i Yesvalves are opening &7 'No valves opening ii Weak contraction i Pericardial effusion i Vigorous contraction

£ No pericardial effusion

Note. Screen capture supplied by the author.

Quiz Question Eleven. As shown in Figure 32, this question asked participants to
determine the likely diagnosis of a 75-year-old male who has experienced chest pain over the
past 24 hours. He collapsed while making breakfast and is in a PEA cardiac arrest. The
participant performed the CAFE exam and saw the GIF ultrasound image shown. The
question asked was “What is the likely diagnosis?”. The correct answer was pericardial

effusion causing tamponade. Available answers included:

e Congestive heart failure

e Nothing - this heart beats normally
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e Pulmonary embolism.

This question aimed to demonstrate a realistic scenario of a PEA cardiac arrest with
potentially reversible pathology. The question was awarded one point. The correct answer is

pericardial effusion causing tamponade.

Figure 32

Knowledge Quiz Question Eleven

11/12

You attend a 75 year old male, who has experienced increasing chest pain over the past 24-hours. He had a witnessed collapse whilst making breakfast and is in a PEA cardiac
arrest. You perform the CAFE exam and see this image. What is the likely diagnosis?

Congestive heart failure

Pericardial effusion causing tamponade
Nothing his heart is beating normally

Pulmonary embolism

Note. Screen capture supplied by the author.

Quiz Question Twelve. As shown in Figure 33 this question presented a PEA cardiac
arrest scenario of a 56-year-old female with a history of COPD who collapsed in the toilet.
Her husband heard a thud, found her unconscious and called 111. On ambulance arrival, the
husband was doing effective CPR. Her initial rhythm was PEA and ETCO: reading of 5

mmHg. During the pulse check, the following clip was recorded. Using the fluid and function
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and valve assessment, the question asked was “What are your findings?”. The ultrasound
video clip could be paused and replayed as needed. This question assessed the participants’
interpretation of an asystole ultrasound image without pericardial effusion or movement. This
question was awarded one point. The correct answer is subcostal view, no pericardial

effusion, no function, and no valvular movement.

Figure 33

Knowledge Quiz Question Twelve

1, 1212

You attend a 56yo female with a history of COPD, collapsed in the toilet. Her husband heard a thud, found her unconscious and called 111. On ambulance
arrival the husband is doing effective CPR. Her initial rhythm is PEA and ETCO2 is SmmHg. During the pulse check pause you record the following clip. Using the
fluid, function and valve assessment what are your findings?

» 0:00/0:24

Subxiphoid view, pericardial effusion evident in this view, function (left ventricular squeeze), no valvular movement.
Subxiphoid view, no pericardial effusion in this view, no function (left ventricular squeeze), no valvular movement.
Parasternal long axis view, no pericardial effusion evident in this view, no function (left ventricular squeeze) with no valvular movement.

Parasternal long axis view, no pericardial effusion in this view, weak function (left ventricular squeeze), weak valvular movement.

Note. Screen capture supplied by the author.

3.6.5 Simulation Environment Limitations

The limitations of the simulation for this study included the actors, simulation fidelity
and preparing the participant for the scenario. An example of the simulation environment is

shown in Figure 34.
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Figure 34

Simulation Assessment Stations Wellington Simulation Suite

Station 1 Station 2 Station 3

Note. Photos supplied by the author.

3.6.6 Simulation Equipment

The WFA training department provided the simulation equipment managed by their
Paramedic Educator Brendan Harris. Brendan organised the equipment and simulation staff
(healthy volunteers, assessors, and faculty). The Corpuls® defibrillation trainer and medical
equipment used during simulations were familiar to the ambulance staff and are used
operationally. Each ultrasound scanning station was equipped with a Koninklijke Philips N.V
Lumify® handheld ultrasound device (Samsung® android tablet) and probe (cardiac) pictured
in Figure 35. Three Lumify units were supplied by Philips® New Zealand, and two additional
units from borrowed from Wellington ED. Many factors influence ultrasound image quality,
including imaging equipment and familiarity, user skill and unfavourable imaging conditions
generated by patient habitus and environment. When diagnosis relies on the quality of the
ultrasound image, the equipment is of utmost importance. A recent study by Le et al. (2022)

compared four handheld POCUS devices highlighting the good image quality of the Philips®
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Lumify when compared with other handheld devices (Butterfly® IQ+, Kosmos®and GE®
Vscan Air). Paramedics in the CAFE study used the Philips® Lumify ultrasound device,
which demonstrated the best image quality, contrast resolution, and overall image satisfaction
in a study by Le et al. (2022) highlighting favourable performance of Lumify in the POCUS

setting.

Figure 35

Philips® Lumify Tablet and Cardiac Probe

Note. Product Image from Medical Dealer, n.d. (https://medicaldealer.com/philips-lumify/).

3.6.7 The Assessor Role

The assessor’s role is to mentor practical learning in phase II and assess in phase 11
and III. Assessments are marked against the CAFE study specific rubric. Competencies were
marked as either ‘competent’ or ‘not yet competent’. This was to streamline assessments

given the brief educational and hands-on components, and to facilitate ease of marking by


https://medicaldealer.com/philips-lumify/
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multiple assessors across phases II and III. An example of a simulation assessment rubrics for
phases II and III are shown in Appendix O. Assessor feedback was encouraged; however, no
“coaching” was provided during the active simulation assessments and echo acquisition.
Competencies were marked as either ‘competent’ or ‘not yet competent’. Results were

documented and discussed with the participant on completion of the assessment.

3.6.8 Simulation Assessments (15 minutes)

Simulation assessments were used to demonstrate competence in ultrasound use in
cardiac arrest whilst exhibiting a working knowledge of the ultrasound equipment, image
acquisition, problem-solving and image interpretation. The CAFE simulations were allocated
15 minutes per simulation; 10 minutes of live simulation and 5 minutes for assessor and
participant debriefing. During CPR, the participant was asked to evaluate the ultrasound
video and record their findings on the CAFE form. Each simulation generated three images
from three pulse check pause periods. Hands-off time was measured in seconds and recorded

by the assessor.

Each scenario involved five members (one assessor, two paramedics and one patient),
shown in Figure 36. The assessor examined the study participant using an OSAUS

assessment form.
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Figure 36

Simulation Roles

Airway Officer/Defib
Monitor

Note. Photo supplied by the author.

3.6.9 Pre-Imaging Technique

Pre-imaging captures an echo image of the heart during CPR with the aim of reducing
the time taken to acquire an image during the 10 second pulse check pause. An ultrasound
probe is placed in the SC4 view during CPR towards the end of the 2-minute cycle. For this
study the real-time ultrasound image captured by the participant during pre-imaging was
covered by a second tablet which displayed a 34 second video clip of a heart during CPR as

shown in Figure 37.
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Figure 37

Pre-imaging Simulation CPR

—

Real ultrasound image
underneath

Note. Photo supplied by the author.

The rationale for concealing the real-time ultrasound video was to improve the
validity of the time taken to acquire an echo image during the pulse check pause. The
simulation tablet was removed when CPR stopped, allowing the participant to acquire a real-
time ultrasound image. During the pause, the participant presses record on the ultrasound
device, optimises the image, and removes the probe 10 seconds later. The ultrasound video
record time was set for 8 seconds with an audible beep to indicate the recording had finished.

The CPR paramedic was instructed to hover above the chest, ready to commence CPR as
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soon as the 10 seconds were finished. If the ultrasound was completed before the 10 seconds,

the CPR paramedic was instructed to recommence CPR.

Study participants were encouraged to commence scanning in the SC4 view as this is
the least interruptive and most accessible for pre-imaging before the pulse check pause starts,
as shown in Figure 38. However, if the study participant could not achieve an image in this
view after two attempts, they were advised to move to other views, including the A4C or

PSLA view.

Figure 38

Simulation Image Acquisition Subcostal View

Note. Photo supplied by the author.
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3.6.10 CAFE Exam Interpretation

Participants were given a PEA cardiac arrest pathological scan to interpret during the 2-
minute CPR interval between pulse checks. This evaluation occurred following the

completion of the ultrasound examination during the simulated pause in CPR (Figure 39).

Figure 39

Simulation Image Analysis During CPR Cycle

Simulated pathological image
being reviewed

Note. Photo supplied by the author.

The aim was to use the CAFE exam form to document image interpretation. The
CAFE form included a ‘fluid’ evaluation for the presence of pericardial effusion and
evidence of tamponade, as well as a ‘function’ evaluation to classify ventricular squeeze as
none, weak, or vigorous. Of note, the simulation scan series did not show pathology for

pericardial effusion or tamponade. This pathology was assessed within the knowledge quiz.
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Finally, valvular movement was a measure of forward blood flow through the heart. The
pathological scan set presented to participants during simulations were intended to track the
progression of a pseudo-PEA cardiac arrest to true PEA. The scan series included three
pathological images per echo view, one for 2-minute round of CPR. The first image for each
echo view was relatively straightforward with distinguishable anatomical structures such as
the pericardium, septum, and valves of the heart. As the simulated cardiac arrest progressed,
the heart condition was programmed to deteriorate, resulting in the final simulated image of

true PEA, as shown in the static images illustrated in Figure 40.
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Figure 40

Pathological Subcostal Scan Series

Scan 1

Scan 2

Scan 3

Note. Subcostal view scan series for the cardiac arrest simulation. Screen capture supplied by the author.

Simulation scans were set on a video loop which could be paused and scrolled
through as needed by the study participant. The scan series shown to the study participant
was time-dependent, meaning if the participant was up to their third scan within the cardiac

arrest simulation, they were shown the third scan in the simulation scan series. Each

132
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participant is offered the same set of scans between phases and stations for consistency. Once
the study participant had reviewed the scan, they completed a CAFE Exam report form

shown in Figure 41.

CAFE Report Form. The CAFE exam assessed the ‘Fluid and Function’ of the heart.
Participants circled their interpretation of the pathological simulation image, assessing for
pericardial effusion or tamponade, the heart’s function (none, weak or vigorous) and whether
the valves were opening. When the simulation was complete, the ultrasound study was ended

and saved to an internal storage card.

The study also assessed competencies beyond the original research questions.
Assessors used manual marking sheets during practical assessments of simulations and echo

stations referenced in Appendix O and P. The assessment included the participants

competence level by ticking a corresponding box with data categorised as ‘competent’ or ‘not

yet competent’.



CARDIAC ARREST FOCUSED ECHO

Figure 41

CAFE Exam Participant Report Form for HOT Simulations

CAFE Exam Rerort

Sbudv Participant ID Number:

ACAFE

ComPLeted during the 2-minute CPR Cjcte

View Fluid (eirete) Funcltion (erete)
(cirele) Pericardial Effusion? Nohe
Yes Wealk
Subx No Vigorous
A4C 1 | |
PLAX *Tamrohade? (circle) Valves opening? (circle)
Nowne Yes Yes
No No
*Evidence of R) ventricular collapse Assess L) ventricular wall for
in diastole (ventricular valves open) thickening, cavity squeeze and
ool e el
View Fluid (cirete) Function (arcte)
(circle) Pericardial Effusion? None
Yes Wealk
SUbX No Vigorous
A4C 1 | |
PLAX *Tamroﬁade? (cirele) Valves opening? (circte)
Nowne Yes Yes
No No
*Evidence of R) ventricular collapse Assess L) ventricular wall for
in diastole (ventricular valves open) thickening, cavity squeeze and
forward flow of blood
View Fluid (circte) Funcltion (arce)
(cirele) Pericardial Effusion? Nohe
Yes Wealk
SUbX No Vigorous
A4C ! !
PLAX *Tampovmde? (circle) Valves opening? (circle)
Nowne Yes Yes
No No

*Evidence of R) ventricular collapse
in diastole (ventricular valves opm)

Assess L) ventricular wall for
thickening, cavity squeeze and
forward flow of blood

Note. Screen capture supplied by the author.
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3.6.11 Echo Skills Station Assessment

The rationale for this assessment was to assess echo imaging acquisition and real-time
interpretation without the pressure of a cardiac arrest scenario. Participants were asked to
demonstrate all three echo views and point out sonographic anatomy on the ultrasound tablet
screen. This assessment lasted 5 minutes, and the assessor marked against the OSAUS rubric
which is available in Appendix P. Figure 42 shows an echo station exam during an

assessment in phase III.

Figure 42

Group A Phase IIl Echo Assessment

Note. Photo supplied by the author.
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3.6.12 Refresher Training Module

The author developed a 30-minute refresher module for participants to view on Canvas
between phase II and III. The supervisor (AS) reviewed the refresher module on February 17,
2022. Group A study participants were emailed a ‘Refresher Opportunity’ on March 6,
2022, and group B, on June 6™, 2022, they were advised that an optional refresher module
was available. The refresher course was accessed by 11 participants from group A and 14

from group B.

The refresher content included one 3-minute narrated video demonstrating the three
echo views. The second video included a 25-minute video discussing learning points from
phase II and highlighting the importance of adhering to the 10 second pulse check pause.

Refresher topics included:

Cardiac arrest integration and the simulation process

e Pre-imaging and the process of the simulation substitute pathological scan

e Equipment familiarity with particular attention to the save loop touchscreen button
e CAFE exam report form familiarity

e Pericardial effusion and tamponade physiology

e Image review and sonographic anatomy

e Summary and the importance of the 10 second pulse check pause adherence

e A discussion of the simulation process

3.6.13 Ultrasound Images Data Entry

Ultrasound images were automatically assigned a Medical Record Number (MRN)
generated by the ultrasound device. Study participants entered their study ID and assessment

station numbers into the patient information section (Figure 43). This data allowed the
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matching of images with study ID and retrospective review of the images. Missing images
resulted from participant error failing to record or store the image. Missing images were
treated as missing data and included as missing in frequency tables. Missing ultrasound

images reviewed by Rater A and B were excluded pairwise for inter-rater reliability analysis.

Figure 43

Ultrasound Study Identification Data Entry

A1 LS

& Patient Info Ml scansarcooe  [] ovemvaw sTART EXAM
MRN
1234567
Last (Family)
StudyP 14450
First (Given)
Birth Date
&}
Performed By

Show Detailed Form

Note. Screen capture supplied by the author. MRN = Medical Reference Number, StudyP = Study Participant.

3.6.14 Data Storage

All data was stored on the AUT OneDrive server, accessible by authorisation only.
Access was available for the author, supervisors Dr. Bronwyn Tunnage, Dr. Andy Swain and
Dr. Nick Garrett, the statistical advisor. Hard copies of the assessment sheets, echo

assessment, simulation assessment, CAFE report form, and the Secure Digital (SD) card,
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were stored at Life Flight Wellington. Data collected from these for analysis was stored on
the AUT OneDrive. Study ultrasound videos taken in phases II and III were stored in two
places; firstly, on the ultrasound tablet’s internal storage and on a removable memory card
downloaded to AUT OneDrive. Data collection commenced after the completion of phase I
group A. After completing this for each group, data was entered into into IBM® Statistical

Package for Social Sciences (SPSS®) for Apple® Mac, version 29.0.0.0 (241).

3.7 Phase III Design

Assessment Centre. For this study, participants who achieved a pass mark of > 80%
in the knowledge quiz during phase II were eligible to progress to phase III. However,
participants who did not meet this threshold and failed the phase II assessment were required
to complete the refresher module to address knowledge gaps and enhance their skills.
Successful completion of the refresher module was a prerequisite for participation in phase
111, ensuring that all participants had the opportunity to reinforce their learning and improve
their readiness for the subsequent assessment. There was a 4-week gap between phases II and
II1, facilitating knowledge consolidation and ensuring participants-maintained work-life
balance. While the assessments in phase III mirrored phase II, an additional simulation was
incorporated to enrich the data set. Participants underwent two simulation assessments on the
day including an echo skills assessment and a knowledge quiz (same questions as in phase 11
quiz). Each segment was allocated 15 minutes, with a 5-minute transition period between
them. Audible signals indicated the start and end times and the changeover moments. An
example of the assessment station environment can be seen in Figure 44. To maintain
assessment fairness, privacy screens separated stations, and participants were instructed to
maintain confidentiality about the assessment content. Detailed descriptions of the simulation

and echo setups were given in phase II.
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Venue Change. Due to the pandemic’s implications, the Wellington Simulation Suite
cancelled all reservations. Consequently, the assessment day was hastily relocated to the
Salvation Army Church Hall on 177 Main Road, Tawa, Wellington. This was the sole
available alternative shown in Figure 44. Group B’s phase II took place on May 27", 2022,
spanning from 0830 hours to 1525 hours. All involved parties, including faculty, volunteers,
and participants, were promptly informed of the venue shift via email or phone. While the
Salvation Army Tawa Church Hall sufficed with adequate facilities and neighbouring
simulation rooms, this sudden location change, though necessary during the pandemic,

introduced some disruption.

Figure 44

Salvation Army Church Simulation Environment

Simulation Station 1 Simulation Station 2 Echo Station

Note. Photo supplied by the author.

The main hall was converted into a classroom with chairs in the centre and scanning
stations on the side. Each scanning station was equipped with the same equipment as
previously stated. Privacy was maintained using makeshift sheet partitions and portable
massage tables as beds. The scanning stations doubled as quiz stations, with partitions

providing privacy. Photos of the Wellington and Tawa research days are available in
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Appendix Q. The uncertainty of the pandemic resulted in the remaining phases running at the

church. Group B phase III was held at the Tawa Salvation Army Church on June 20%, 2022.

3.7.1 External Reviewing Process

External reviewers A and B were contacted by email. The author uploaded study
ultrasound video clips to a Google ® Drive account, where reviewers were invited to view
images. Reviewers were sent a Microsoft® Excel spreadsheet to enter their evaluation of each
ultrasound video clip. Images were scored against a 6-point Likert score, the CUSAS, which
is shown in Figure 45. A CUSAS score of > 3 is the minimum criterion for determining
cardiac ventricular activity. External moderators also signed a Confidentiality Agreement,

shown in Appendix R to maintain study integrity.

Figure 45

Cardiac Ultrasound Structural Assessment Score

4 N

Cardiac Ultrasound Structural Assessment Score

No myocardium visualised (1)

Myocardium visualised (2)

Partial ventricle visualised (3)

Multiple partial chambers visualised (including at least one ventricle) (4)

Full ventricle visualised (5)

Multiple full chambers visualised (including at least one ventricle) (6)

\_ /

Note. Cardiac Ultrasound Structural Assessment Scale reproduced from Backlund et al. (2010).
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3.8 Statistical Methods

3.8.1 Study Size Calculation

A power analysis was based on 100% of participants achieving > 80% knowledge
quiz pass rate with a £14.3 margin of error and 95% CI. The sample size in this study exceeds
that of previously described simulation studies of nine to ten participants (Booth et al., 2015;

Younger et al., 2016).

3.8.2 Statistical Analysis Plan

The primary statistical analysis was performed using SPSS®. The analysis plan shown
Table 11 which includes descriptions of each dataset. Performance targets and binary logistic
regression analyses used Statistical Analysis Software (SAS®) version 9.4 (www.sas.com).
The confidence interval was set at 95%, and a significance level of 0.05 was applied.
Confidence point estimates were calculated using the online tool from https://sample-

size.net/confidence-interval-proportion/ and are available in the text. Missing data due to

non-participant attendance were excluded and this is noted in frequency tables. For inter-rater
reliability measures, missing scores were excluded pairwise (Pallant, 2020). The primary
statistical analysis was the author’s work with support from Dr. Nick Garrett. The binary

logistic regression was the work of Dr. Nick Garrett with input from the author.


https://sample-size.net/confidence-interval-proportion/
https://sample-size.net/confidence-interval-proportion/
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Table 11

Statistical Analysis Plan

142

Variable

Data Type

Test

Assumptions

Sample Size

Gender

Nominal

Categorical entered as
nominal

Power Analysis

Chi-Square Goodness of Fit Test

> 80% pass mark in the knowledge quiz
1 Categorical variable

25 Observations

Hands-oft-time (HOT)

Continuous ordinal

Binary

<10 seconds or > 10
seconds

Repeated measures

<10 seconds or > 10
seconds

One sample Kolmogorov-Smirnov Test

Descriptive

Binary Logistic Regression

‘Unadjusted Person Effect’

GENMOND QIC Goodness of Fit

First-order autoregressive model (AR)

GENMOND Procedure Type 3 Analysis

GENMOND Repeated Measures Logistic
Regression

‘Person Effect’

Scale is ordinal samples are from the same set of values.

Mean, median, mode, standard deviation, maximum and
minimum times, CIs, IQR, Skewness and Kurtosis, Q-Q
plot

Binary data

Observations are independent

Dependence on the previous recording.

Uses sums instead of squares

Does not depend on the order in which the terms for the
model are specified
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CUSAS Simulation and Echo
stations

Binary > or >3

Cross tabulation

Cohen’s Weighted Kappa Measure of

Relates to study design

Ordinal i
rdina Agreement Ordinal
Binary Cohen’s Weighted Kappa M f
onen s Welghied Happa feasure 0 Relates to study design
<3or>3 Agreement
Binary
CAFE Exam Cross tabulation Relates to study design
Correct or incorrect
Shapiro-Wilks Test, Q-Q plot and histogram
Knowledge Quiz Continuous ordinal

Wilcoxon Signed Rank Test

Repeated measures, matched subject design

Hands off time versus CUSAS
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3.8.3 Research Question One Methods

The HOT was measured when simulated chest compressions physically stopped, and
compressions were restarted after the ultrasound was completed. Hands-off-time occurred
three times per simulation for each station, with an ultrasound scan interpretation every 2-
minutes between CPR cycles. Every participant simulation generated three ultrasound images
and three HOT intervals, which were measured by the assessor using a manually operated
stopwatch. Hands-off-time intervals were recorded in seconds (mm:ss) and handwritten on
the simulation assessment form for each study participant. This analysis focused on the HOT
data collected from assessment forms. The main objective was to examine the distribution of
HOT measurements and compare the mean times between phases II and III. An evaluation of
the normality of the data was presented using the Kolmogorov-Smirnov test. Additionally,
the data was presented as dichotomous groupings based on HOT scores: HOT < 10 seconds

or > 10 seconds.

Binary logistic regression was used to examine the factors contributing to achieving
the target of < 10 seconds HOT. As the data involved individuals who produced HOT for
multiple simulations across two phases of experiments, there is an inherent ‘person effect’
due to individual variation. The two models analysed variability between the ‘unadjusted for
person effect’ and ‘person effect’. The person effect represents factors which were perceived
to affect the variables. These perceived variables include study participant fatigue, knowledge
consolidation, equipment and simulation familiarity and learned responses. The model
assumed 0 = greater than or equal to 10 seconds and 1 = less than 10 seconds. The threshold

for the pulse check pause variable of < 10 was 9.99 seconds.
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3.8.4 Research Question Two Methods

The CUSAS image scoring system developed by Backlund et al. (2010) was used to
grade echo images based on specific visual parameters, including effective imaging of the
myocardium and ventricular chamber visibility. The CUSAS Likert scale ranges from
numbers 1 to 6, with a score of > 3 considered adequate for image interpretation of the fluid
and function assessment (CAFE exam). External reviewers (A and B) evaluated ultrasound
clips against the CUSAS scores shown in Figure 46. This analysis evaluates study

participants’ CUSAS scores from simulations stations and echo skills stations.

Figure 46

Cardiac Ultrasound Structural Assessment Score

1 = No myocardium visualised

2 =  Myocardium visualised

3 = Partial myocardium visualised

4 =  Multiple partial chambers visualised (including at least one ventricle)
5 = Full ventricle visualised

6 =  Multiple full ventricles visualised (including at least one ventricle)

Note. Cardiac Ultrasound Structural Assessment Scale reproduced from Backlund et al. (2010).

For the evaluation of ultrasound images, external reviewers provided their
interpretation of the CUSAS score, which was then entered into a Microsoft® Excel version
16.74 (2023) spreadsheet stored on Google® Drive. Missing data occurred when reviewers

did not enter a value due to missing images or image quality issues. Additionally, in some
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cases, reviewer A entered a CUSAS score, while reviewer B did not. Data points missing
from either reviewer were excluded pairwise, reducing the impact of incomplete and missing
interpretations. A cross-tabulation and inter-rater reliability analysis was also evaluated using
Cohen’s Weighted Kappa Measure of Agreement to assess the consistency of evaluations

between raters.

Echo images were also evaluated against the same CUSAS scoring system used in the
simulation image review. Each participant took three images, one of each echo view (SC4,
PSLA and A4C) in phases II and III. External reviewers A and B evaluated images from both
phase II and III echo skills stations. The analysis describes the CUSAS echo skills station
characteristics as a binomial evaluation of images rated < 3 or > 3. Secondly, an inter-rater

reliability analysis was performed using Cohen’s Weighted Kappa of Agreement.

3.8.5 Research Question Three Methods

The CAFE exam asked questions evaluating ‘fluid” and ‘function’ of the heart during
simulation stations. Data recorded by the participant was binary (yes or no) for answers
pertaining to fluid: “Is there a pericardial effusion?”, “Is there evidence of tamponade?”. The
function assessment evaluation of left ventricular squeeze determining weak, vigorous or
none and valvular movement (yes or no). All interpretations were entered into SPSS® as a
binary interpretation of a ‘correct’ or ‘incorrect’ answer. Analyses performed included
frequency and descriptive data with a crosstabulation to show study participant ID with phase

and interpretation.

The original mock scan image interpretations were determined by the author in
conjunction with Dr Scott Bomann as the Director of Emergency Ultrasound at Wellington

Emergency Department.
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3.8.6 Research Question Four Methods

Test results were generated from the online Canvas knowledge quiz were entered into
the SPSS® database following each group. Test scores were entered as a point score out of 12.
An individual pass mark of > 80% included a quiz score of 9.6 out of 12. Quiz question nine
was awarded 0.16 points per partial answer with six correct answers awarded one full point.
The analysis reviews the knowledge quiz characteristics evaluation of the differences
between phase II and III and groups A and B. A Wilcoxon Signed Rank Test was used to
compare two related samples testing the mean difference between phase II and III for
statistical significance. A further examination of individual quiz questions evaluated gaps in

knowledge to inform future education programs.

3.8.7 Incidental Findings Methods

A post hoc analysis was conducted to address questions arising from the research

aims, providing additional context and support for future research and education in this field.

Hands off time versus CUSAS score. An analysis of phase, simulation station and

hands-off-time versus CUSAS score was performed using a cross-tabulation.

Analysis of Competence. Skill competency was not part of the research questions but
formed part of the OSAUS assessments. Participants performed three ultrasound scans per
simulation at each 10 second pulse check pause. The simulation station assessor evaluated the
competence of the participant in acquiring an ultrasound image for each scan acquisition. If
the assessor did not deem the study participant competent, the participant was marked as ‘Not
Yet Competent’ on the assessment form. This section will describe simulation competency

characteristics between study participants.
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Echo View Quality. While the quality of the echo view is not a primary research
question, obtaining a clear echo view and relevant anatomical landmarks are crucial for the
CAFE evaluation. The results from this section will inform education and future research in
this area. Study participants used one of three echo views (SC4, A4C and PSLA) during the
CAFE exam. The SC4 view was preferred and is the most sensitive for evaluating pericardial
effusion. Due to the potential for CPR interruption, the parasternal view was the least
preferred of the two alternatives for pre-imaging. Study participants were encouraged to
begin the CAFE exam with the SC4 view. If, after two attempts, they could not achieve this
view, the participant was taught to explore an alternative view with the preferred option of

apical before parasternal due to access difficulties during CPR.

Echo Skills Competency. Each participant was assessed for competency to achieve
the correct echo view, probe orientation, optimise the image, and identify sonographic
structures within each view. Data is presented using a crosstabulation showing echo skills

assessment competence by phase.

Ultrasound Image Depth Selection. Study participants were taught to pre-set their
ultrasound image to a depth of 23 cm. This depth is considered adequate to capture an image
of the heart in most patient SC4 view. The participant could adjust their image depth as
required for each scan. Data is presented using a scatter plot, bar graph and Spearman’s Rho

to determine the strength of association between image depth selection and CUSAS score.

3.8.8 Method Limitations

Hands-off-Time. The timing of hands-off intervals was recorded by assessors using a
stopwatch, introducing potential biases due to assessor limitations and different assessors

across phases.
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Study Protocol Deviation. During phase II for group A, a technical glitch with the
knowledge quiz inadvertently exposed a participants’ identity. The participant attempted to
complete the knowledge quiz at the time, but the quiz would not advance to the next question.
The knowledge quiz supervisor (AS) could not resolve the situation without the author’s
participation. Unfortunately, this revealed the participants’ study ID. The technical issue was
resolved quickly with a second quiz being started from the stopped point, and both quiz
marks were combined to form their overall quiz score. For transparency, the participant and

supervisor (BT) were advised immediately.

Wellington Simulation Suite. Accessing the AUT login page and knowledge quiz
required an internet connection. The Wellington Regional Hospital guest network could not
load ultrasound videos and images within the quiz. The individual laptops were, therefore,
tethered to personal cell phones used as hotspots. However, internet speed remained an issue.
In phase IIT group B, all laptops were tethered to WFA Vodafone® 3G portable modems,

which improved internet speed issues.

Simulation Verses the Real-world Setting. The limitations of simulation in cardiac
arrest include fidelity in replicating adequate cognitive loading and clinical variety. However,
simulation is demonstrated in the literature as a useful tool in ultrasound transferable to the
clinical setting (Bowman et al., 2021). The less transferrable skills include those that are

difficult to simulate, such as healthy volunteer clinical variation and high cognitive loading.

Assessor Variation. The increased burden on the hospital system and healthcare
providers due to SARS-CoV-2 made recruiting and retaining qualified ultrasound faculty
challenging, leading to short-notice changes that affected continuity across groups.
Consequently, assessor inter-rater reliability was not analysed due to limited faculty and time,

a recognised limitation of this study.
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Salvation Army Church. A portable modem provided by WFA was used to enhance
internet connectivity for efficient video content loading during the phase II quiz. Though it
performed flawlessly during a pre-test, on May 27, 2022, a couple of unforeseen technical
issues emerged. At 1400 hours, an unexpected Canvas outage led to a delay in initiating the
quiz by 40 minutes (S. Schutte, personal communication, June 2, 2022). Additionally, the
modem unexpectedly could not support the data demands of the quiz for multiple
participants, hampering the smooth flow of the quiz, especially when loading data-intensive
ultrasound images. The author sent an email on May 29%, 2022, thanking the participants,
providing information about the technical issue, and asking if they had any feedback. Email
responses were sent to Dr. Bronwyn Tunnage, who anonymised responses. Two responses
were received, one from the invigilator who indicated that study participant 23 could not
answer question 12 as it would not load. The invigilator loaded question 12 onto their phone
at the time, and the participant said which answer they believed was correct. Participant 12
answered the question correctly and was scored accordingly. The second respondent, study

participant 21, replied:

I lost about one and a half minutes at the start due to the arrow up down
keys not working. I have not used the touch pad type of laptop that we
sat the quiz on...am used to using a mouse, and I think the unfamiliarity
with the touch pad also slowed down my progress. The issue with the
arrow keys was sorted by tapping on them repeatedly, but unfortunately
this had eaten into my 15-minute time frame. I could not make the

videos run either, so just had to guess the structures from the still frames.
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Chapter 4 Results

This chapter analyses the key findings from the research data collected. The results
are presented using the INSPIRE Guidelines. The INSPIRE group modified STROBE with
an extension for the Simulation-Based Research (SBR) (Cheng et al., 2016). The following
sections examine the study participant characteristics, missing data, simulation HOT, CUSAS
scores, the CAFE fluid and function assessment, skill competence, echo skills station CUSAS

scores, the knowledge quiz, and other analyses supporting the research aims.

4.1.1 Analysis of Simulation Data

The following sections will present the data analysis for each simulation research

questions. The simulation assessments aim to answer research questions one, two and three:

1. Can 100% of paramedics who receive cardiac arrest-focused echo (CAFE) education
and training acquire ultrasound images within the 10 second pulse check pause at
simulated cardiac arrests at least 90% of the time? This question examines the hands-

off-time Research Question One: Hands off Time Results.

2. Can 100% of CAFE trained paramedics achieve a Cardiac Ultrasound Structural
Assessment Scale (CUSAS) score of > 3 in at least 90% of simulated cardiac arrest
echo attempts? This question evaluates all paramedic acquired ultrasound images from

echo and simulation assessments against the Likert scale Research Question Two:

Quality of Imaging.

3. Can 100% of CAFE trained paramedics accurately identify the presence or absence of
pericardial effusion, pseudo-PEA, true PEA, left ventricular contraction and valvular

movement as measured by the CAFE exam fluid and function assessment analysis in >
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90% of cases? This question evaluates the assessment of the CAFE exam Research

Question Three: Interpretation.

4.2 Research Question One: Hands off Time Results

Overall, there were 243 HOT measurements recorded. In phase II 29 participants
recorded three HOT measurements each (n = 87). In phase III 26 participants recorded six
measurements each (n = 157). One participant did not attend phase II and was withdrawn
from phase III. Three participants did not attend phase III. A frequency table of study

participant attendance is shown in Figure 47.
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Figure 47

Study Participant Phase Attendance with Number of HOT Occurrences
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Note. Participants four, six and nine did not attend phase III. Participant 30 did not attend phase II and therefore

was withdrawn from phase 111 also.
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In phase II, there were 87 HOT measurements with a mean time of 10.9 seconds (SD
=3.7,95% CI [10.1, 11.7]). In phase III, there were 156 HOT measurements with a mean of
8.9 seconds (SD = 1.9, 95% CI [8.6, 9.2]). The inclusion of a second simulation assessment
provided more opportunities to gather HOT data, leading to a larger and more comprehensive
dataset for analysis in phase III. In the combined analysis of HOT data from phase II and III,
the average HOT was 9.6 seconds (SD = 2.8, 95% CI [9.3, 10.0]) displayed in Table 12.
Additionally, a scatter plot (Figure 48) visually represents the HOT scores of each study
participant. Participants’ one to fifteen (group A) showed a learned effect with improvement
between phase II and III. However, participants’ sixteen to twenty-nine showed almost no

learned effect but better performance across both phases.
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Table 12

Hands-off-time Descriptive Analysis of Phases II, Il and Combined

Valid

HOT in
seconds

Statistic Std. Error

n 87
Phase 11 Mean 10.9 0.25

95% CI Lower Bound 10.1

of Mean Upper Bound 11.7

Median 10.1

Mode 10.0

Std. Deviation 3.7

Minimum 4.6

Maximum 27.3

Interquartile Range 3.0

Skewness 1.98 0.258

Kurtosis 5.38 0.511
n 156
Phase Il Mean 8.9 0.15

95% CI Lower Bound 8.6

of Mean Upper Bound 9.2

Median 9.7

Mode 10.0

Std. Deviation 1.9

Minimum 3.9

Maximum 14.8

Interquartile Range 2.0

Skewness -0.672 0.194

Kurtosis 0.463 0.386
n 243
Combined Mean 9.6 0.18

95% CI Lower Bound 9.3

of Mean Upper Bound 10.0

Median 10.0

Mode 10.0

Std. Deviation 2.8

Minimum 3.9

Maximum 27.3

Interquartile Range 2.2

Skewness 2.01 0.156

Kurtosis 9.39 0.311

155
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Figure 48

Scatter Plot of Study Identification Number with Hands-off Time and Phase Number
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4.2.1 Data Distribution

The descriptive data shows that the distribution of HOT values was skewed. Phase 11
showed a positive skew (1.98), with more HOT towards the right. Phase III showed a
negative skew (-0.672) with greater HOT to the left. The kurtosis values (5.83) indicate that
the distribution in phase II had more extreme values (heavier tails); however, phase III tends
to be flatter (0.463, lighter tails) with fewer extreme values. Figure 49 shows the HOT in

seconds by phase, represented in a histogram.
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Figure 49
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A one-sample Kolmogorov-Smirnov (D(243) = 0.185, p =< 0.001) was used to
determine if the data comes from a normal distribution. A p-value less than 0.05 supports
evidence that the distribution significantly differs from the normal, which is the case for this

dataset (Pallant, 2020).

A Quantile-Quantile (Q-Q) plot was used to present phases II and III graphically,
representing the theoretical distribution of data assuming a normal distribution. Based on the
observed distribution shown in Figure 50, phases II and III do not meet the assumption for
normality, and therefore, non-parametric statistical tests are appropriate for the analysis of
HOT. Extreme outliers are also shown in box and whisker graph in Figure 50 and are
included in all statistical analyses as these measures are part of the key objective when

analysing ultrasound integration into the 10 second pulse check pause.
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Figure 50

Hands-off Time Q-Q Plot and Box and Whisker Graph
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An analysis of the combined data showed 116 of 243 of scan attempts (47.7%, 95%
CI[41.3, 54.2]) were achieved in < 10 seconds, with 127 (52.2%, 95% CI [45.7, 58.6]) of

participants with a scan time > 10 seconds shown in Figure 51.

Figure 51

Hands-off-time Combined < 10 or > 10 Seconds

140 52.2%

120 47.7%

100

Ultrasound Scans Numbers
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<10 seconds >10 seconds

Note. < 10=9.99 seconds, >10 = 10.00 seconds.

A cross-tabulation shown in Figure 52 examines phase and dichotomous HOT
differences between phases II and III. In phase IT a HOT of < 10 seconds was achieved in 32
(36.7%, 95% CI [26.6, 47.8]) attempts, and 84 (53.8%, 95% CI [45.6, 61.8]) in phase III.
There were 55 (63.2%, 95% CI [52.2, 73.3]) occurrences achieving > 10 seconds in phase II

and 72 (46.1%, 95% CI [38.1, 54.3]) in phase III.
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Figure 52

Cross-tabulation of Hands-off-time with Phase

Hands off time

<10 seconds > 10 seconds Total
Phase 2 32 55 87
Phase 3 84 72 156
Total 116 127 243

Figure 53 displays the phase and HOT data as a histography showing a 17%

improvement in achieving a < 10 seconds between phases II and III.

Figure 53
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When examining HOT that fall marginally outside of the 10.00 seconds from 10.01 to
10.99 seconds there are 47 (19.3%, 95% CI [14.5, 24.8]) of 243 scans that meet this criterion

as shown in Table 13.

Table 13

Hands-off Time 10.01 to 10.99 seconds

Valid Statistic
n 47
Mean 10.3
Median 10.3
Mode 10.1
Std. Deviation 0.25
Range 0.88
Minimum 10.0
Maximum 10.8
Percentiles 25 10.1
50 10.3
75 10.5

However, dividing the data into < or > 10 seconds without considering the individual
participant effect suggests that 48% of the attempts were achieved in less than 10 seconds.
This discrepancy suggests that other factors besides scan acquisition contribute to the results

and requires further analysis which is explored in the next section.

4.2.2 Binary Logistic Regression

The analysis compared phase number and simulation station, categorizing HOT as
either > 10 seconds or < 10 seconds. The first model examined HOT against phase and

station without adjusting for individual differences. The second model included participant
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identification (person effect). Table 14 illustrates that in Phase II, the percentage of achieving
< 10 seconds HOT was 59%, 37%, and 37% for phase and stations 2-1, 2-2, and 2-3
respectively, compared to Phase III which showed 59% and 49% for stations 3-1 and 3-2.
This variation suggests that certain phases or stations were more challenging for some

healthy model volunteers or simulation conditions.

Table 14

Hands-off-time by Phase and Station

Phase number and simulation station number

Hands-off-time 2-1 % 2-2 % 2-3 % 3-1 % 3-2 % Total

> 10 seconds 11 41 19 63 25 83 32 41 40 51 127
<10 seconds 16 59 11 37 5 37 46 59 38 49 116
Total 27 100 30 100 30 100 78 100 78 100 243

4.2.3 Model Unadjusted for Person Effect

An odds ratio GEE analysis measured the strength of association between phase,
station, and HOT as shown in Table 15. Phase II and simulation station one was used as the
baseline reference station. The results showed a significant difference between the reference
station (2-1) and phase II simulation station three (2-3), (OR = 7.1, 95% CI [2.12, 25]).
However, phase II simulation station two (OR = 2.50, 95% CI [0.86, 7.14]), phase III
simulations station one (OR = 1.01, 95% CI[0.41, 2.5]) and phase III simulations station two
(OR =1.50, 95% CI [0.66, 3.10] effect combinations were not significantly different to the

reference station.
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Table 15
Unadjusted Odds Ratios

95% CI
Effect Odds Ratio Lower Upper
phase/station 2-2 vs 2-1 2.50 0.86 7.14
phase/station 2-3 vs 2-1 7.14 2.12 25
phase/station 3-1 vs 2-1 1.01 0.41 2.5
phase/station 3-2 vs 2-1 1.50 0.66 3.10

Note. Measurements rounded. SAS®system analysis.

Therefore, the results suggest that participants exposed to phase II and simulation
station three had significantly higher odds of taking > 10 seconds to acquire a scan than those
exposed to the reference station. However, the odds ratio for the remaining phase and station

effect combinations were not significantly different from the reference station.

4.2.4 Model Adjusted for Person Effect — Repeated Measures

The GENMOD procedure used the quasi-likelihood information criterion generalised
linear model to analyse repeated measures of HOT in the study. The analysis included 29
study participants, and a total of 243 observations were included in the analysis. The QICu
value of 326.8 is a measure of goodness of fit for this model. To model the repeated measures
of HOT, it would be necessary to specify a structure for the study participant correlation
across measures. A first-order statistical autoregressive model AR (1) was used, which
assumes that the HOT score for each station was only dependent on the performance in the
previous station and not any other station performances. A type three analysis was used to

measure likelihood ratios instead of sums of squares.
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Overall, the p-value for differences across all phases and simulation stations is y*(4, N
=243)=9.01, p = 0.060 which is not statistically significant (»p => 0.05) suggests that the
individual tended to perform similarly across all phases and simulation stations. However, in
practical terms, this means that while there may be some indication of differences in
performance across phases and simulation stations, these differences are not convincingly

significant based on the chosen threshold.

An analysis of the odds ratio shown in Table 16 measured the association between
phase-station and HOT, adjusting for the ‘person effect’. Phase II, simulation station one,
remained the reference variable. The results showed a significant difference between the

reference group (2-1) and the phase II simulation station three (OR = 7.69, 95% CI [1.35,

9.09)).

Table 16

Adjusted Odds Ratio

Odds Ratio 95% Confidence Limits

Label Lower Upper
Exp (phase/station 2-2 vs 1-1) 2.70 0.83 9.09
Exp (phase/station 2-3 vs 2-1) 7.69 1.35 9.09
Exp (phase/station 3-1 vs 2-1) 1.06 0.43 2.63
Exp (phase/station 3-2 vs 2-1) 1.40 0.55 3.57

Overall, the type three Generalised Estimating Equation (GEE) analysis (p = 0.060)

suggests that individuals tend to perform similarly across all variables with or without the
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person effect. The output of a binary logistic regression model with the addition of variables
showed that the simulation station had an impact on both ‘unadjusted’ and ‘person effect’.
The odds ratio of simulation station three unadjusted was 7.14 (95% CI [2.12, 25]), and the
addition of the ‘person effect’ showed a further increase in the odds ratio of 7.69 (95% CI

[1.35,9.09]).

4.3 Research Question Two: Quality of Imaging

Out of 243 simulation stations from phases II and I1I, 234 CUSAS images were
reviewed and scored by reviewers A and B. Nine images were excluded pairwise. A cross-
tabulation of study participant IDs all phase simulation evaluations and Rater A CUSAS

scores of < or > 3 is shown in Table 17.
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Table 17

Cross-tabulation of Study Participant, Simulation CUSAS < 3 or > 3 by Rater A

Rater A (Binned) Total
No image to
review <3 >3
Study participant ID 1 - 3 6 9
2 - 4 5 9
3 3 4 2 9
4 - 3 - 3
5 - 3 6 9
6 2 - 1 3
7 2 3 4 9
8 - - 9 9
9 - 2 1 3
10 - 1 8 9
11 - 1 8 9
12 - 1 8 9
13 - - 9 9
14 - 6 3 9
15 - 1 8 9
16 - - 9 9
17 - - 9 9
18 - 1 8 9
19 - - 9 9
20 - 1 8 9
21 - 1 8 9
22 - - 9 9
23 - - 9 9
24 - - 9 9
25 - - 9 9
26 - 2 7 9
27 - 2 7 9
28 - - 9 9
29 - 1 8 9
Total 7 40 196 243

168
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4.3.1 Descriptive Data

Reviewer A and B assessed 87 participant images (five images excluded pairwise) in
phase Il and 152 in phase III (four images excluded pairwise). A descriptive analysis of phase
IT CUSAS scores for both reviewers is shown in Table 18. The data showed a mean CUSAS
of > 3 for reviewer A (M = 3.8, SD = 1.3) and reviewer B (M = 3.5, SD = 1.3). In phase III,
the mean scores for both reviewer A (M =4.2, SD = 1.5) and reviewer B were also >3 (M =

3.6, SD = 1.4).

Table 18

CUSAS Simulation Station Descriptive Statistics Reviewer A and B

Phase number Reviewer A Sim Reviewer B Sim

n n

Phase 11 n Valid 82 82
Missing 5 5

Mean 3.8 35

Median 4.0 4.0

Std. Deviation 1.3 1.3

Range 6.0 6.0
Minimum 1 1

Maximum 6.0 6.0

Phase III N Valid 152 152
Missing 4 4

Mean 4.2 3.6

Median 4.0 4.0

Std. Deviation 1.5 1.4

Range 5.0 5.0
Minimum 1 1

Maximum 6.0 6.0

Note. Sim = Simulation
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A detailed cross-tabulation analysis of simulation CUSAS scoring (1-6) by reviewer
A and B from phases II and III, is shown in Table 19. Reviewers agreed the most (34 images,
14.5%, 95% CI [10.2, 19.7]) when multiple chambers were visualised with a CUSAS of four.
Additionally, the second most agreeable CUSAS score was one with agreement on 22

images.
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Table 19

Cross-tabulation Simulation CUSAS Score Between Reviewers A and B

171

Reviewer A

Partial

Multiple partial
chambers
visualised

Multiple full
chambers
visualised

No myocardium Myocardium myocardium (including at least Full ventricle (including at least

Reviewer B visualised (1)  visualised (2) visualised (3) one ventricle) (4) visualised (5) one ventricle) (6) Total
No myocardium visualised (1) 22 2 1 1 - - 26
Myocardium visualised (2) 2 3 3 17 1 - 26
Partial myocardium visualised (3) 2 5 - 34 3 1 45
il chnben vl T s s ow o«
Full ventricle visualised (5) - - - 26 5 31 62
Multipl.e full chambers Visu.'fllised ) 1 ) ) 1 9 13
(including at least one ventricle) (6)

Total 26 12 8 114 15 59 234

Note. CUSAS = Cardiac Ultrasound Structural Assessment Scale, 0 = No image obtained to grade, 1 = No myocardium visualised, 2 = Myocardium visualised, 3 = Partial

myocardium visualised, 4 = Multiple partial chambers visualised (including at least one ventricle), 5 = Full ventricle visualised, 6 = multiple full chambers visualised (including at

least one ventricle).
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A cross-tabulation analysis of the combined phase II and III simulation CUSAS
scores showed the number of images rated < 3 or > 3 (Table 20). The combined phases
showed a > 3 CUSAS score for 83.7% (95% CI [78.4, 88.2]) of images for reviewer A (196)
and 77.7% (95% CI [71.9, 82.9]) for reviewer B (182). Both reviewers agreed on a CUSAS
of > 3 for 173 (73.9%, 95% CI [67.8, 79.4]) cases. Despite the CUSAS scores showing small
variability between reviewers, the images reviewed did not met the desired standard of > 3 in

90% of cases.

Table 20

Cross-tabulation of CUSAS Simulation < 3 or > 3 scores by Reviewer A and B

Reviewer B CUSAS Simulation

Reviewer A
<3 >3 Total
Reviewer A CUSAS <3 29 9 38
Simulation >3 23 173 196
Reviewer B Total 52 182 234

4.3.2 Cohen’s Weighted Kappa for Reviewer Simulation CUSAS Analysis

A weighted Kappa considers the Likert scale data of CUSAS scoring. Values are
weight-based on distance from concordance, reflecting importance considering the magnitude
of disagreement. A cross-tabulation analysis shows the highest level of agreement for
reviewers A and B was the CUSAS of 4, with 34 (54.8%) images agreed by both reviewers

and no myocardium visible (n = 22).

The weighted Kappa statistic showed the reliability of external reviewers A and B

agreeing on CUSAS images scoring was 0.453 (95% CI [0.37, 0.527], p =< 0.001) shown in
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Table 21. This shows a moderate agreement between reviewers that is beyond what would be

expected by chance alone (Barton & Peat, 2014).

Table 21

Cohen’s Weighted Kappa Simulation

Asymptotic 95% CI
Ratings Weighted Kappa®  Std. Error® z° Sig.  Lower Bound Upper Bound
Reviewer A 0.453 0.038 11.994 <0.001 0.379 0.527

Reviewer B

a. The estimation of the weighted Kappa uses linear weights.
b. Value does not depend on either null or alternative hypotheses.

c. Estimates the asymptotic standard error assuming the null hypothesis that weighted kappa is
ZET0.

4.3.3 Echo Skills CUSAS

Of the 160 echo skills stations images, reviewers A and B evaluated 85 images in
phase II and 75 in phase III. Two images that were not acquired by the participant are listed
as missing. A preliminary descriptive analysis of CUSAS scoring of combined phase II and
IIT echo CUSAS scores shows a mean CUSAS score of > 3 for reviewer A (M =3.9, SD =

1.4) and B (M = 3.4, SD = 1.3) as shown in Table 22.
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Table 22

Echo Skills CUSAS Score Combined Phases Il and 111

Reviewer A B
ECUSAS Combined ECUSAS Combined

n Valid 160 160
Missing 2 2

Mean 3.9 34

Median 4.0 4.0

Std. Deviation 1.4 1.3

Range 5 5

Minimum 1 1

Maximum 6 6

Note. A =reviewer A, B =reviewer B, ECUSAS = Echo Cardiac Ultrasound Structural Assessment Score

Similarly with the echo CUSAS scores categorised into dichotomous data of < 3 and
> 3, Table 23 shows reviewer A scored 123 (76.8%, 95% CI [69.5, 83.1]) images > 3 while
reviewer B 137 (85.6%, 95% CI [79.2, 90.6]). Both reviewers agreed on a score of > 3 for
121 images (75.6%, 95% CI [68.2, 82.0]). Despite the CUSAS scores showing small
variability between reviewers, most images met the desired standard of > 3 in 90% of cases

and did not meet the research aim.
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Table 23

Cross-tabulation of Echo CUSAS < 3 or > 3 scores from Reviewer A and B

Reviewer B Echo CUSAS
Reviewer A
<3 >3 Total
Reviewer A Echo CUSAS <3 21 16 37
>3 2 121 123
Reviewer B Total 23 137 160

4.3.4 Cohen’s Weighted Kappa Reviewer Echo Skills CUSAS Analysis

A cross-tabulation analysis of 160 reviewer A and B echo skills CUSAS scores was
carried out from phase II and III, including missing images re-coded as zero. A cross-
tabulation analysis shows the highest level of agreement for reviewers A and B was the
CUSAS of 4, with 32 (20.0%, 95% CI [14.1, 27.0]) images agreed by both reviewers,
followed by ‘no myocardium was visible’ (n = 14) shown in Table 24. These results emulate

the simulation’s similar agreement CUSAS values of four and one.
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Table 24

Cross-tabulation of CUSAS Echo Skills Station by Reviewer

176

Reviewer A
Multiple partial
Partial chambers visualised Multiple full chambers
No myocardium Myocardium  myocardium  (including at least ~ Full ventricle  visualised (including
visualised visualised visualised one ventricle) visualised at least one ventricle) Total
Reviewer B No myocardium visualised 14 2 - - - - 16
Myocardium visualised 2 3 8 7 - 1 21
Partial myocardium visualised - 2 3 29 - 2 36
Multiple partial chambers - - 1 32 1 13 47
visualised (including at least one
ventricle)
Full ventricle visualised - - 3 12 9 11 35
Multiple full chambers visualised - - - - 1 4 5
(including at least one ventricle)
Total 16 7 15 80 11 31 160

Note. CUSAS = Cardiac Ultrasound Structural Assessment Scale, 0 = No image obtained to grade, 1 = No myocardium visualised, 2 = Myocardium visualised, 3 = Partial

myocardium visualised, 4 = Multiple partial chambers visualised (including at least one ventricle), 5 = Full ventricle visualised, 6 = multiple full chambers visualised (including at

least one ventricle)
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A weighted Kappa statistic showed the reliability of reviewers A and B agreeing on
CUSAS images scoring was 0.499 (95% CI [0.34, 0.58], p = <0.001) shown in Table 25
corresponding with a moderate agreement (Barton & Peat, 2014). This indicates a moderate

level of agreement between reviewers and a similar level of agreement to simulation images.

Table 25

Cohen’s Weighted Kappa Echo Skills

Asymptotic 95% CI
Ratings Weighted Kappa®  Std. Error® z° Sig.  Lower Bound Upper Bound
Reviewer A 0.499 0.046 11.195 <.001 0.3409 0.589

Reviewer B

a. The estimation of the weighted Kappa uses linear weights.
b. Value does not depend on either null or alternative hypotheses.

c. Estimates the asymptotic standard error assuming the null hypothesis that weighted kappa is
ZET0.

In summary, overall, combining (n = 307 of 394) simulation (n = 196 of 234) and
echo (n = 121 of 160) stations scores that achieved a > 3 CUSAS showed 77.9% (95% CI

[73.4, 81.9]) of scans met the not meeting the study aim of 90%.

4.4 Research Question Three: Interpretation

The research question aimed to assess study participants ability to identify the
presence or absence of pericardial effusion, pseudo-PEA, true PEA, left ventricular
contraction, and valvular movement using the CAFE exam fluid and function assessment and
the 12-question knowledge Quiz. The data is presented in three tables. The first (Table 26)
presents the CAFE exam simulation station question with pathological scan interpretation

frequencies by phase number. The second (Table 27) CAFE exam interpretation by question
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type, scan and phase number and the third (Table 28) presents the interpretation by view and

scan number.

4.4.1 Pathological Scan Interpretation Study Participant

The data shown in Table 26 describes the breakdown of CAFE exam interpretations
by question type and phase, aiming to highlight overall correct and incorrect interpretation for
each phase. Specifically, in phase II, there were 348 completed interpretations and 624 in
phase III. The total correct interpretation by phase is 320 (91.9%, 95% CI [88.5, 94.5]) in
phase Il and 557 (89.2%, 95% CI [86.5, 91.5]) in phase III. Overall, there was 877

(90.2%,95% CI [88.1, 92.0]) correct CAFE interpretations.
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Table 26

Cross-tabulation of CAFE Exam Simulation Station Question with Pathological Scan Interpretation Frequencies by Phase Number

CAFE Exam Interpretation

Phase number Is thzrfeﬁ.las i};:)e;;c:rdial tar;;éﬁ;ig «% Dvaluate LV squeeze Arggzzijlagl;/es Combined Total % 9(5:?)
Phase 11 Correct 83 85 65 87 320 91.9%  88.5,94.5
Incorrect 4 2 22 - 28 8%
Total 87 87 87 87 348 100%
Phase III Correct 140 148 114 155 557 89.2%  86.5,91.5
Incorrect 16 8 42 1 67 11%
Total 156 156 156 156 624 100%

Note. CAFE = Cardiac Arrest-Focused Echo

*The simulation scan series did not show pericardial effusion pathology, rather pseudo-PEA to true PEA progression of cardiac arrest.

**There was no tamponade pathology presented in the simulation scan series.

179
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4.4.2 Pericardial Effusion

In phase II, out of the 87 interpretations, 83 (95%, 95% CI [91.0, 99.7]) were correct,
indicating no pericardial effusion, while four interpretations were incorrect. In phase III, out
of the 156 interpretations, 140 (90%, 95% CI [84.9, 94.4]) were correct, and 16 were
incorrect. This showed a slightly lower accuracy rate compared to phase II, with a higher
number of incorrect interpretations. Furthermore, when the data was separated by question,
scan number and phase (Table 27) the analysis revealed that as the scan series progressed in
difficulty, there was an increasing number of incorrect answers. In phase II from scan 1-3
there were two incorrect answers (scans 2-3) however in phase III there were nine and seven
answers incorrect (scans 2-3). Overall, for both phases the total of correct interpretations (no

pericardial effusion) was 223 of 243 scans 91.7% (95% CI [87.5, 94.9]).
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Table 27

CAFE Exam Interpretation by Question Type, Scan and Phase Number

Is there a pericardial effusion?

Scan number Correct Incorrect Total % 95% CI
Scan 1 Phase Phase 11 29 - 29 100
number - pp s T 52 - 52 100
Total 81 - 81 100
Scan 2 Phase Phase 11 27 2 29 93.1
number - pp s T 43 9 52 82.6
Total 70 11 81 86.4
Scan 3 Phase Phase 11 27 2 29 93.1
number by e II 45 7 52 86.5
Total 72 9 81 92.5
Total Phase Phase II 83 4 87 95.4 88.6,98.7
mumber s I 140 16 156 89.7 83.8,94.0
Total 223 20 243 91.7 87.5,94.9

Is there a tamponade?

Scan 1 Phase Phase 11 29 - 29 100
number by e II 52 - 52 100
Total 81 - 81 100
Scan 2 Phase Phase 11 29 - 29 100
number by e II 49 3 52 94.2
Total 78 3 81 96.2
Scan 3 Phase Phase 11 27 2 29 96.5
number - pp s T 47 5 52 90.3
Total 74 7 81 91.3
Total Phase Phase II 85 2 87 97.7 91.9,99.7
number e I 148 8 156 94.8 90.1,97.7
Total 233 10 243 95.8 92.5,98.0
Evaluate LV Squeeze
Scan 1 Phase Phase 11 18 11 29 62.0
number - pp s T 21 31 52 40.3

Total 39 42 81 92.8
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Scan 2 Phase Phase 11 23 6 29 79.3
number by e II 44 8 52 84.6
Total 67 14 81 82.7
Scan 3 Phase Phase 11 24 5 29 82.7
number by e II 49 3 52 94.2
Total 73 8 81 90.1
Total Phase Phase II 65 22 87 74.7 64.2, 83.4
mumber s I 114 42 156 73.0 65.4,79.8
Total 179 6 243 73.6 68.1,79.1
Are The Vales Moving
Scan 1 Phase Phase 11 29 - 29 100
number by e II 52 - 52 100
Total 81 - 81 100
Scan 2 Phase Phase 11 29 - 29 100
number by e II 52 - 52 100
Total 81 - 81 100
Scan 3 Phase Phase 11 29 - 29 100
number by se T 51 1 52 98.0
Total 80 1 81 98.7
Total Phase Phase II 87 - 87 100 95.8, 100
number e I 155 1 156 99.3 96.4,99.9
Total 242 1 243 99.3 96.4,99.9

182

Further evaluation of interpretation by scan view (Table 28) shows minimal no errors

in the subcostal view for scans 1-2, however scan 3 showed eight errors (88.4%, 95% CI

[80.8, 95.9]). The additional apical and parasternal views showed no errors.
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Table 28

Pericardial Effusion and Tamponade Interpretation by View and Scan Number

Is there a pericardial effusion?

Scan view n % 95% Cl1
Subxiphoid Scan 1 80/ 80 100.0 95.4, 100
Scan 2 66 /77 85.7 75.8,92.6
Scan 3 61/69 88.4 78.4,94.8
Apical Scan 1 1/1 100.0 0.25, 100
Scan 2 1/1 100.0 0.25, 100
Scan 3 9/9 100.0 66.3, 100
Parasternal Scan 2 3/3 100.0 29.2, 100
Scan 3 2/2 100.0 15.8, 100
Is there a tamponade?
Subxiphoid Scan 1 80/ 80 100.0 95.4, 100
Scan 2 74177 96.1 89.0,99.1
Scan 3 63 /69 91.3 82.0, 96.7
Apical Scan 1 1/1 100.0 0.25, 100
Scan 2 1/1 100.0 0.25, 100
Scan 3 9/10 90.0 55.5,99.7
Parasternal Scan 2 3/3 100.0 29.2, 100
Scan 3 2/2 100.0 15.8, 100

4.4.3 Cardiac Tamponade
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In phase II, out of the 87 interpretations, 85 (97.7%, 95% CI[91.9,99.7]) were correct

and showed no evidence of tamponade. However, two interpretations were incorrect,

suggesting that there were false positives in identifying tamponade. In phase III, out of the

156 interpretations, 148 (94.8%, 95% CI [90.1, 97.7]) were correct, and eight were incorrect.

This indicates a slightly lower accuracy rate compared to phase II, but most interpretations
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were accurate. Additionally, the analysis revealed a similar pattern as with pericardial
effusion as shown in Table 28 where the error in interpretation increased as the scan series
progressed. Specifically, phase II had two errors of interpterion in scan 3 and in phase III
three and five errors for scans 2-3. Overall, for both phases the total of correct interpretations
(no tamponade physiology) was 233 of 243 scans (95.8%, 95% CI [92.5, 98.0]). Evaluating
the interpretation by scan view shows no errors in all first scans however the subcostal view
scan two shows 74 of 77 correct scans (96.1%, 95% CI [89.0, 99.1]) and scan three shows 63
of 69 correct scans (91.3%, 95% CI [82.0, 96.7]). The apical and parasternal views were

mostly correct with one incorrect interpretation for the apical view on scan three.

4.4.4 Left Ventricular Squeeze

In phase II, out of the total 87 interpretations 65 (74.7%, 95% CI [64.2, 83.4]) were
correct in evaluating left ventricular squeeze. In phase III, out of the total interpretations 114
(73%, 95% CI [65.4,79.8]) were correct, while 42 interpretations were incorrect. The data
indicates that there was a noticeable frequency of incorrect interpretations. Additionally, as
shown in Table 28 scan 1 had vigorous squeeze progressing to scan three with no squeeze. As

the participants’ progressed through the scan series interpretation improved from 48.8% to

94.2%.

When evaluating individual scans (1-3) by phase as shown in Table 29 scans 1-2 in
both phases show a high proportion of error with 48.7% (95% CI [37.4, 60.1]) correct
interpretations which improved for subsequent scans to 81.8% (95% CI [71.3, 89.6]) and
94.2% (95% CI1 [85.8, 95.4]) respectively. Of note the progression from scan 1-3

demonstrates vigorous left ventricular squeeze compared to weak and no squeeze.
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Table 29

Left Ventricular and Valvular Movement Interpretation by View and Scan

Evaluate LV squeeze?

Scan view n % 95% CI
Subxiphoid  Scan 1 39/80 48.7 37.4, 60.1
Scan 2 63/77 81.8 71.3, 89.6
Scan 3 65/69 94.2 85.8,98.4
Apical Scan 1 1/1 100.0 0.25, 100
Scan 2 1/1 100.0 0.25, 100
Scan 3 6/10 60.0 26.2, 87.8
Parasternal Scan 2 3/3 100.0 29.2, 100
Scan 3 2/2 100.0 15.8, 100
Are the valves opening?
Subxiphoid  Scan 1 80/80 100.0 95.4, 100
Scan 2 77777 100.0 95.3, 100
Scan 3 69/69 100.0 94.7, 100
Apical Scan 1 1/1 100.0 0.25, 100
Scan 2 1/1 100.0 0.25, 100
Scan 3 9/10 90.0 55.5,99.7
Parasternal Scan 2 3/3 100.0 29.2, 100
Scan 3 2/2 100.0 15.8, 100

4.4.5 Valves Opening

In phase I, all 87 (100%, 95% CI [95.8, 100]) interpretations were correct in
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evaluating valve opening. In phase III, 155 (99.3%, 95% CI [96.4, 99.9]) interpretations were

correct, with one incorrect answer. The results indicate a high accuracy rate in evaluating

valve opening. Furthermore, the analysis suggests that echo view or scan number did not

account for errors in interpreting valves opening as highlighted in Table 29.
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A cross-tabulation analysis of the CAFE exam interpretation by phase and scan
number shown in Table 30 reveals a progression in correct interpretation percentages across
scans in phase II (62.0%, 72.4%, and 79.3%). Phase III exhibited a lower percentage for the
first scan (40.3%) compared to phase II, possibly due to performance and knowledge recall
weakening over the 1-month period. Subsequent scans in phase I1I showed improved
interpretation (75.0%, 80.7%), similar to phase II. Scan one had the lowest correct
interpretation rate across phases II and III, indicating challenges early on that improved over

time.

Table 30

Cross-tabulation Analysis of CAFE Exam Interpretation by Phase and Scan Number

Interpretation overall

Phase number Correct Incorrect Total % 95% CI
Phase I Scan number  Scan | 18 11 29 62.0
Scan 2 21 8 29 72.4
Scan 3 23 6 29 79.3
Total 62 25 87 71.2 60.5, 80.4
Phase III Scan number  Scan | 21 31 52 40.3
Scan 2 39 13 52 75.0
Scan 3 42 10 52 80.7
Total 102 54 156 65.3 57.3,72.8
Total Scan number  Scan 1 39 42 81 48.1
Scan 2 60 21 81 74.0
Scan 3 65 16 81 80.2

Total 164 79 243 67.4 61.2,73.3
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In summary, of the combined CAFE exam interpretation results in phase II, 62
(71.2%, 95% CI [60.5, 80.4]) evaluations were correct in all areas of interpretation. In phase
I, 102 (65.3%, 95% CI [57.3, 72.8]) were correct in all areas of interpretation. Of the 243
interpretations, 164 (67.4%, 95% CI [61.2,73.3]) answered all questions correctly. Of note,
the scan view presents different results, which have not been investigated due to the limited

data in this series.

4.4.6 External Reviewer Reference Scan Interpretation

External reviewers (A and B) interpreted the reference scan series using the CAFE
exam providing a benchmark of expert interpretation. Of the 18 images reviewed, nine in
phase II and nine in phase III, each reviewer submitted 36 answers per phase. For phase 11
images, substitute scan three (PSLA view), reviewer A incorrectly identified ventricular
squeeze and valvular opening. Reviewer A for the phase III images had no incorrect
interpretations. Reviewer B for the phase II scans incorrectly identified ventricular squeeze in
scan two (SC4 view) and scan one (PSLA view). Reviewer B also incorrectly identified
ventricular squeeze in the phase III scan one (SC4 view and PSLA) images. Reviewer

substitute scan results are shown in Table 31.

Overall, most of the incorrect interpretation involved the evaluation of left ventricular
squeeze (n = 5). There were two incorrect evaluations of valvular movement interpretation: a
myocardial ‘twitch’ and not true valvular activity indicating no forward flow of blood and
thus no movement. The combined results for phase II and III reviewer interpretations shows

94-96% of correct interpretation between phases II and III.
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Table 31

Cross-tabulation of Reviewer A and B Substitute Scan Interpretation

188

CAFE Exam Questions
Phase I1 Is ther:fgl Siirrilgardial talrilg(l)erf: di? Evaluate LV squeeze Argl‘;zzijlagl;es Combined Total Corr:;))ined
Reviewer A Correct 9 9 8 8 34 94%
Incorrect - - 1 1 2
Reviewer B Correct 9 9 7 9 34
Incorrect - - 2 - 2
Total 18 18 18 18 72 100%
Phase 111
Reviewer A Correct 9 9 9 9 36 96%
Incorrect - - - - -
Reviewer B Correct 9 9 7 8 33
Incorrect - - 2 1 3
Total 18 18 18 18 72 100%
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4.5 Research Question Four: Underpinning Knowledge

A descriptive analysis of quiz scores in phase II showed a mean score of 9.2 (M = 10,
SD =2.4) and Phase 111 10.2 (M = 10.9, SD = 1.5). The minimum scores for phases II and III

were 3.6 and 6.5 with a maximum score of 12 for both phases as shown in Table 32.

Table 32

Knowledge Quiz Test Score Frequencies

Quiz Phase I1 Quiz Phase I1I Overall (II and IIT)

Valid 29 26 55
Missing 1 4 5

Mean 9.2 10.2 9.7
Median 10 10.9 10.5

Std. Deviation 24 1.5 2.1
Minimum 3.6 6.5 3.6
Maximum 12 12 12

In phase II, 17 out of 29 (58.6%, 95% CI [40.7, 76.5]) participants completed the quiz
with an individual passing grade of > 80%, and one participant received a perfect score of 12
shown graphically in Figure 54. Phase III results showed that 20 out of 26 participants
(76.9%, 95% CI [60.7, 93.1]) individually passed, with four participants receiving a perfect

score. Overall, 67.2% (95% CI [53.2, 79.3]) passed, not meeting the study aim.
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Figure 54

Knowledge Quiz Pass Mark Phases Il and 111
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Individual participant test scores tended to improve between phases Il and III as
shown in Table 33. However, it is worth noting that of the 26 who completed phase III, six

participants demonstrated a poorer performance in phase III, as shown in Figure 55.
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Table 33

Individual Participant Knowledge Quiz Scores Phases II and 111

Participant Study ID Phase II Knowledge Quiz ~ Phase III Knowledge Quiz
Participant 01, Study 11 11
Participant 02, Study 9.67 8.5
Participant 03, Study 9 12
Participant 04, Study 7.33 -
Participant 05, Study 6.83 11.67
Participant 06, Study 11.67 -
Participant 07, Study 10 11
Participant 08, Study 10 7.5
Participant 09, Study 4.33 -
Participant 10, Study 10.5 9.67
Participant 11, Study 11 12
Participant 12, Study 11.83 12
Participant 13, Study 11.67 10.83
Participant 14, Study 7.83 8
Participant 15, Study 11 11
Participant 16, Study 6.17 12
Participant 17, Study 10 11
Participant 18, Study 11 10
Participant 19, Study 10.83 9
Participant 20, Study 11.67 11.83
Participant 21, Study 4 6.5
Participant 22, Study 11 11
Participant 23, Study 9 11
Participant 24, Study 12 11
Participant 25, Study 8.83 10.5
Participant 26, Study 8.83 10
Participant 27, Study 6.67 9.67
Participant 28, Study 9.67 9.67
Participant 29, Study 3.67 7.5

191
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Figure 55

Individual Participant Knowledge Quiz Scores Phase Il and 111
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Note. Red line indicates the required pass mark of 9.6 out of 12 or > 80%.
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4.5.1 Knowledge Quiz Score Distribution

A Shapiro-Wilk test of normality showed that quiz scores from phases II and III do
not follow normal distribution (p = 0.05) as shown in Table 34. A Quantile-Quantile plot and

Shapiro-Wilk histogram is shown in Figure 56.

Table 34

Shapiro-Wilk Test of Normality

Statistic df Sig.
Quiz phase 11 0.874 26 0.004
Quiz phase III 0.894 26 0.012
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Figure 56

Quantile-Quantile Plot and Shapiro-Wilk Histogram of Knowledge Quiz Distribution
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A box and whisker graph of phases II and III knowledge quiz scores highlights the

distribution as shown in Figure 57.
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Figure 57

Box and Whisker Graph Knowledge Quiz Distribution for Phases II and 111
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4.5.2 Wilcoxon Signed Rank Test

The Wilcoxon Signed Rank Test showed phase II and III knowledge quiz scores had

no statistical difference in improvement (p = 0.051) as shown in Table 35.

The effect size was calculated using the Z value (1.950) divided by the square root of
26, resulting in 0.382, which is defined as a medium effect size (Pallant, 2020). This indicates
that the improvement had practical significance and relevance to genuine improvement in
knowledge retention. Such findings support the argument for periodic training sessions to

reinforce and enhance knowledge.
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Table 35

Related-Samples Wilcoxon Signed Rank Test

Related-Samples Wilcoxon Signed Rank Test Summary

Total N 26

Test Statistic 186.500
Standard Error 30.757
Standardized Test Statistic 1.951
Asymptotic Sig.(2-sided test) 0.051

4.5.3 Individual Knowledge Quiz Questions

Question One. Participants were asked to select which echo view was shown in a 3-
second video clip. The SC4 view was the correct answer. In phase II, 27 (93.1%, 95% CI
[77.2, 99.1]) participants answered this question correctly, with two incorrect answers. In
phase III, there were 23 (88.4%, 95% CI [69.8, 97.5]) correct answers and three wrong
answers. The PSLA was selected by participants for all the incorrect answers. Results are

shown in Figure 58.

Question Two. Participants labelled structures shown on a SC4 view. In phase II, the
question was answered correctly by 28 (96.5% 95% CI [82.2, 99.9]) participants, with one
incorrect answer. This study participant mislabelled the pericardium and left atrium. One
wrong selection for this answer resulted in zero points. In phase III, 26 (100%, 95% CI
[86.77, 100]) participants correctly labelled the sonographic structures. Results are shown in

Figure 58.

Question Three. Participants were asked to match colours and numbers on a
parasternal long-axis anatomy view. This question was worth one point; if one label was

incorrect, the answer was marked as wrong. Many participants had partially correct answers,
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but the question is worth one point only. In phase II, question three was answered correctly
by 10 (34.4%, 95% CI [17.9, 54.3]) participants and incorrectly by 19. In phase III, 18
(69.2%, 95% CI [48.2, 85.6]) participants responded to the question correctly, with eight

incorrect answers. Results are shown in Figure 58.

Question Four. Participants were asked to match the image displayed with the
correct view. This question was awarded one point. In phase II, question four was answered
correctly in 29 (100%, 95% CI [95.8, 100]) answers. In phase III, 22 (84.6%, 95% CI [65.1,

95.6]) were correct, with four incorrect answers. Results are shown in Figure 58.

Question Five. Participants were to identify which echo the view of the heart shown.
This question was worth one point. In phase II, 24 (82.7%, 95% CI [64.2, 94.1]) answers
were correct, with five incorrect answers. In phase 111, 24 (92.3%, 95% CI [74.8, 99.0])

answers were correct, with two wrong answers. Results are shown in Figure 58.

Question Six. Participants were asked to match the colours and numbers with the
correct labels in an A4C view. This question was worth one point; if one title was
mismatched, the answer was marked as incorrect. Many participants had partially correct
answers, but all correct answers were worth one point. In phase II, 20 (68.9%, 95% CI [ 49.1,
84.7]) answered correctly and nine incorrectly. In phase 111, 22 (84.6%, 95% CI [65.1, 95.6])

were correct, and four were incorrect. Results are shown in Figure 58.

Question Seven. Participants had to match the four sentences with the correct answer
concerning CAFE exam integration. In phase II, 25 (86.2%, 95% CI [68.3, 96.1]) answered
correctly and three incorrectly, with one missing an answer included in the total. In phase III,
23 (84%, 95% CI [65.1, 95.6]) were correct, and three were incorrect. Results are shown in

Figure 58.
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Question Eight. Participants chose the most appropriate answer. This question was
worth one point. In phase II, 23 (79.3%, 95% CI [60.2, 92.0]) answered correctly and five
incorrectly, with one missing answer included in the total. In phase III, 22 (84.6%, 95% CI

[65.1, 95.6]) were correct, and four were incorrect. Results are shown in Figure 58.

Question Nine. Participants had to drag and drop words to complete a sentence about
pericardial effusion and tamponade. This question was worth one point for six correct
answers. In phase II, 10 (34.3%, 95% CI [17.9, 54.3]) participants answered correctly and 18
incorrectly, with one missing answer included in the total. In phase III, 14 (53.8%, 95% CI

[33.3, 73.4]) answers were correct and 12 incorrect. Results are shown in Figure 58.

Question Ten. Participants assessed an ultrasound video clip using the CAFE exam.
This question was worth one point. In phase II, 22 (75.8%, 95% CI 56.4,89.7]) answered
correctly and five incorrectly, with two missing answers included in the total. In phase III, 21
(80.7%, 95% CI [60.6, 93.4]) were correct, and five were incorrect. Results are shown in

Figure 58.

Question Eleven. Participants selected the correct diagnosis for the image shown.
This question was worth one point. In phase II, 23 (79.3%, 95% CI [60.2, 92.0]) answered
correctly and two incorrectly, with four missing answers included in the total. In phase 111, 25
(96.1%, 95% CI [80.3, 99.9]) were correct, and one was incorrect. Results are shown in

Figure 58.

Question Twelve. Participants selected the correct diagnosis for the image shown.
This question is worth one point. In phase II, 18 (62.0%, 95% CI [42.2, 79.3]) answered
correctly and five incorrectly, with six missing answers included in the total. In phase III, 20
(76.9%, 95% CI [56.3, 91.0]) were correct and four incorrect, with two missing answers

included in the total. Results are shown in Figure 58.
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When comparing individual questions with phase numbers, it becomes evident that

questions three, nine and twelve were challenging.
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Figure 58

Knowledge Quiz Question by Phase
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4.5.4 Refresher Module Participation

The time between phase II and IIT was 1-month. Twenty-four participants accessed
the Canvas module. Of the 12 participants who did not pass the knowledge quiz in phase II,
two were absent (due to SARS-CoV-2), seven achieved a pass in phase III, and three did not

pass. Three additional participants who previously passed phase II failed in phase III.

4.6 Incidental Findings

4.6.1 Hands-off-time Versus CUSAS Score

In phase II, reviewer A, scored 68 images a CUSAS of > 3, with 27 (39.7%) images
taking less than 10 seconds. Reviewer B had similar results, with 61 images a CUSAS of > 3
and 21 (34.4%) taking less than 10 seconds. In phase III, reviewer A scored 128 images a
CUSAS of > 3 and 77 (60.1%) taking less than 10 seconds. Reviewer B had similar results
with 121 images a CUSAS of > 3 and 72 (59.5%) in less than 10 seconds. Overall, there is an
approximate 20% improvement in achieving a CUSAS of > 3 in less than 10 seconds
between phases Il and III. A crosstabulation analysis showing HOT and CUSAS Score is

shown in Table 36.
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Table 36

Analysis between Hands-off-time and CUSAS Score

Rater A
Phase number <3 >3 Total

Phase 11 Hands off time < 10 seconds 4 27 31
> 10 seconds 10 41 51
Total 14 68 82
Phase I1I Hands off time <10 seconds 6 77 &3
> 10 seconds 18 51 69
Total 24 128 152

Rater B
Phase 11 Hands off time < 10 seconds 10 21 31
> 10 seconds 11 40 51
Total 21 61 82
Phase I1I Hands off time < 10 seconds 11 72 83
> 10 seconds 20 49 69

Total 31 121 152
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4.6.2 Analysis of Competence

Of the 243 simulation ultrasound scans acquired, 222 (91.3%) were marked
competent, and 21 were not yet competent shown in Table 37. Of note, nine of the
assessments were deemed not yet competent were from group A with one in group B.
Additionally, those with competency failures tended to have additional failures with the scan

series.
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Table 37

Echo Simulation Competency by Study Participant ID

Is the study participant

competent? Total
Yes No
1 6 3 9
2 5 4 9
3 6 3 9
4 3 - 3
5 8 1 9
6 2 1 3
7 9 - 9
8 6 3 9
9 2 1 3
10 9 - 9
11 8 1 9
12 9 - 9
13 6 3 9
14 9 - 9
Study participant ID 15 9 - 9
16 9 - 9
17 9 - 9
18 9 - 9
19 9 - 9
20 9 - 9
21 9 - 9
22 9 - 9
23 9 - 9
24 9 - 9
25 9 - 9
26 9 - 9
27 9 - 9
28 9 - 9
29 8 1 9

Total 222 21 243
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A cross-tabulation analysis between phase, simulation and scan number showed the
difference in competency between phases II and III as shown in Table 38. There were 76
(87.3%) of participants deemed competent in phase II, with an increase in competence (n =
146, 93.5%) in phase III. Notably, phase III simulation stations were not sequential and were

assigned to a participant as a station became available.

Table 38

Study Participant Simulation Echo Competency with Scan Number

Scan number

Phase

number Simulation number Scan1l Scan2 Scan3 Total

Phase I  Simulation 1  Is the study participant Yes 25 25 26 76
competent? No 4 4 3 1
Total 29 29 29 87

Phase III  Simulation 1  Is the study participant Yes 26 26 25 77
competent? No i i 1 1
Total 26 26 26 78

Simulation 2 Is the study participant Yes 21 24 24 69

competent? No 5 5 ) 9
Total 26 26 26 78

Due to the high percentage of overall simulation scan competency (91.3%), per-
person failures in competency show the relationship between the participant and repeated
competence failure. Figure 59 highlights study identification numbers one, two, three, eight
and thirteen as having greater than three failures for competence. Four participants failed one

competency only and did not have repeat failures.
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Figure 59

Simulation Competency by Study Participant
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4.6.3 Echo View Quality

Of the 243 echo views carried out during simulations, 226 (93%) were taken in the
SC4 view, 12 were apical, and five were parasternal views. In phase II, one scan was taken in
the apical view for scan one, and there were no parasternal first views. In phase 11, all scans

commenced in the SC4 view, with one parasternal view in scan two, as shown in Table 39.
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Table 39

Frequencies of Simulation Scan View by Phase and Scan Number

Phase number View Scan n %
Phase 11 Subxiphoid Scan 1 28 38.4
Scan 2 26 35.6
Scan 3 19 26.0
Total 73 100.0
Apical Scan 1 1 10.0
Scan 2 1 10.0
Scan 3 8 80.0
Total 10 100.0
Parasternal Scan 2 2 50.0
Scan 3 2 50.0
Total 4 100.0
Phase I1I Subxiphoid Scan 1 52 34.0
Scan 2 51 333
Scan 3 50 32.7
Total 153 100.0
Apical Scan 3 2 100.0
Parasternal Scan 2 1 100.0
Total 243 100.0

4.6.4 Echo Skills Competency

A frequency table displaying echo skills competency is shown by phase and

competency question in Table 40.

Subcostal View (Phase IT). Twenty-nine participants attained this view of which 26
(89.6%, 95% CI [72.6, 97.8]) were correct, with one participant selecting the incorrect view
and two unable to attain a view. Probe orientation was correct in 27 (93.1%, 95% CI [77.2,
99.1]) scans, with one image not attained. The image was central in 25 (92.5%, 95% CI [75.1,
99.0]) cases and no image was attained in two cases. The correct depth was selected in 23

(85.1%, 95% CI1 [66.2, 95.8]) scans. Twenty-five (92%, 95% CI [75.7, 99.0]) correctly
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identified the RV. Moreover, 20 (74.0%, 95% CI [53.7, 88.9]) were able to accurately
identify either the mitral or tricuspid valve, and 23 (88.4%, 95% CI [69.8, 97.5]) correctly

identified the pericardium.

Apical View (Phase II). Twenty-nine participants (100%, 95% CI [88.0, 100])
attained and used the correct probe orientation. The image was central in 25 (96.1%, 95% CI
[80.36, 99.9]) images with one off-axis. Twenty-four (92.3%, 95% CI [ 74.8, 99.0]) of
participants correctly identified the LV with two incorrect answers. The pericardium was
correctly identified in 24 (92.3%, 95% CI [ 74.8, 99.0]) images, with two incorrect answers

and three images not attained.

Parasternal Long Axis View (Phase II). Twenty-nine participants attained this view,
with one participant not gaining a view. Probe orientation was correct in 29 scans (100%95%
CI [88.0, 100]) and the image was central in 28 (96.5%, 95% CI [82.2, 99.9]), with one off-
axis image. The correct depth was selected in 21 (72.4%, 95% CI [52.7, 87.2]) scans, with
seven incorrect depth selections and one image not attained. Twenty-three (79.3%, 95% CI
[60.2, 92.0]) participants correctly identified the LV with five incorrect answers, and 25
(86.2%, 95% CI [68.3, 96.1]) correctly identified the RV with three incorrect answers and

one image not attained.

Subcostal View (Phase III). Twenty-six participants completed the repeat echo
assessment phase III. Twenty-five (96.1 95% CI [80.3, 99.9]) images were correct in the SC4
view, with one participant choosing the incorrect view. Probe orientation was correct in 23
(88.4%, 95% CI [69.8, 97.5]) scans, with three incorrect probe marker orientations. The
image was central in 18 of 21 images (85.7%, 95% CI [63.6, 96.9]), with three off-axis
images and two image failures. The correct depth was selected in 21 of 23 (91.3%, 95% CI

[71.9, 98.9]) scans with two incorrect. Eighteen of 20 participants correctly identified the RV
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and atrioventricular valves (90.0%, 95% CI [68.3, 98.7]), with two incorrect identifications
for both. Twenty of 26 answers (76.9%, 95% CI [56.3, 91.0]) were able to correctly identify

the pericardium, with six incorrect answers.

Apical View (Phase III). Twenty-six images (100%, 95% CI [86.7, 100]) were
correct in the apical view, 22 (84.5%, 95% CI [65.1, 95.6]) participants had the correct probe
orientation, with two incorrect. The image was central in 23 of 24 (95.8%, 95% CI [78.8,
99.8]) with one image off-axis. Twenty of 24 (83.3%, 95% CI [62.6, 95.2]) participants
correctly identified the LV with four incorrect answers. The pericardium was correctly

identified in 23 of 24 (95.8%, 95% CI [78.8, 99.8]) images, with one incorrect answer.

Parasternal Long Axis View (Phase III). Twenty-six images (100%, 95% CI [86.7,
100]) were correct in the parasternal long-axis view. The probe orientation was correct in 21
(80.7%, 95% CI [ 60.5, 93.4]) scans, with five incorrect. The image was central in 23 of 25
(92.0%, 95% CI [73.9, 99.0]) with two off-axis images. The correct depth was selected in 19
of 25 (76.0%, 95% CI [54.8, 90.6]) of scans, with six incorrect depth selections and two
images not attained. Twenty of 25 (80.0%, 95% CI [59.3, 93.1]) correctly identified RV with
five incorrect answers. Nineteen (76.0%, 95% CI [54.8, 90.6]) participants correctly

identified the LV with six incorrect answers.
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Table 40

Echo Skills Assessment Competence Phases Il and 111

C t Probe Image Identify Identify
Valid ere: ) i £ Image Depth  Identify the ventricle Ventricular ) ,y
view Orientation Centre Pericardium
Valves
Yes No | Yes No
Phase 11 Echo View n Miss Yes No Yes No Yes No Yes No Yes No Yes No
RV RV | LV LV
Subxiphoid 29 1 26 1 27 1 25 223 4 25 2 - - 20 7 23 3
Apical 29 129 - 29 - 25 1 - - - - |24 2 - - 24 2
Parasternal longaxis 29 1 29 . 29 . 28 1 21 7 25 3 |23 5 - - - -
Total 87 3 84 1 85 1 78 4 4 11 50 5 47 7 20 7 47 5
Phase Il ~ Subxiphoid 26 4 25 1 23 3 18 3 21 2 18 2 - - 18 220 6
Apical 26 4 26 - 22 4 23 1 - - - - 20 4 - - 23 1
Parasternal longaxis 26 4 26 - 21 5 23 2 19 6 20 5 |19 6 - - - -
Total 78 12 77 1 66 12 64 6 40 6 38 7 39 10 18 2 20 1

Note. Miss = Missing image study participant. Of note, if the participant could not acquire the echo image, the questions could not be answered, resulting in unequal results
for each variable, a dash (-) = Not Asked, LV = Left Ventricle, RV = Right Ventricle. *Correct view denotes the correct echo window and does not explain the ultrasound

image quality.
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These results show that performance levels decreased in phase III, which occurred 1
month after phase II with no additional hands-on training. Participants performed well across
many tested variables, however some areas, such as probe orientation, image depth and, to a
lesser extent, ventricle identification required additional education and hands-on experience
to improve competency. These factors highlight the importance of training and education to

maintain competency and confidence in image acquisition.

When combining study ID with competency, CUSAS and HOT shown in Table 41 a
pattern emerges. Study participants who received a CUSAS score of < 3 was more likely to
be deemed not yet competent. In contrast, Group B (participants 16 to 29) do not show a clear

pattern with participant 29 having mixed results.
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Table 41

Cross-tabulation of Study ID with Competency, CUSAS and Hands-off Time
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19 9 - 9 - - 9 9 5 4 9
20 9 - 9 - 1 8 9 8 1 9
21 9 - 9 - 1 8 9 4 5 9
22 9 - 9 - - 9 9 4 5 9
23 9 - 9 - - 9 9 8 1 9
24 9 - 9 - - 9 9 7 2 9
25 9 - 9 - - 9 9 6 3 9
26 9 - 9 - 2 7 9 6 3 9
27 9 - 9 - 2 7 9 3 6 9
28 9 - 9 - - 9 9 9 9
29% 8 1 9 - 1 8 9 4 5 9
Total 222 21 243 7 40 196 243 116 127 243

Note. Grey highlight indicates study participants who had repeated competency failures. *Indicates study participants who had one competency failure.
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4.6.5 Ultrasound Image Depth Selection

Of the 230 images in phase II and III simulations, the mean depth selected was 20.9
cm (M =22, SD = 3.7), with a minimum and maximum depth between 14 and 30 cm. The
most common selection was 16 cm, with 63 (27.3%) participants selecting this depth over
repeated measures. However, a large group selected between 23 and 25 cm (r = 104, 45.2%),

as shown in Figure 60.
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Figure 60

Ultrasound Image Depth Selection for Simulations in Phases I and II1
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During this analysis, it became apparent that there may be a potential relationship
between the CUSAS score and selected image depth. However, the two variables have no
clear link, as shown in Figure 61. Of note, the depth selection of 16, 21, 23 and 25 was
associated with a higher proportion of CUSAS scores of > 3. The anomaly at 16 cm may be

attributed to the characteristics of the young adult healthy volunteers.

Figure 61
CUSAS and Image Depth
CUSAS
H=3
H<3
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o
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Image Depth

Note. CUSAS scoring is from Reviewer A.
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To further investigate the apparent non-relationship, a Spearman’s rank-order
correlation analysis was performed to determine the degree of relationship between image
depth and simulation CUSAS score. Reviewer A was used as the reference, and a one-tailed

test looked for increases or decreases within the data set shown in Table 42.

Table 42

Spearman’s Rho Reviewer A Simulation CUSAS with Image Depth Phases Il and 111

Reviewer A Image Depth all

sim CUSAS phases
Spearman’stho  Reviewer A sim CUSAS  Correlation 1.000 -0.024
Coefficient
Sig. (1-tailed) - 0.357
n 243 230
Image Depth all phases Correlation -0.024 1.000
Coefficient
Sig. (1-tailed) 0.357 -
n 230 230

The results show no significant correlation between CUSAS score and image depth
from reviewer A, r(230) =-0.02, p = 0.357. These results suggest that the CUSAS score is
not influenced by image depth. Notwithstanding this, selecting the correct image depth
should be considered part of standard image optimisation with echo scanning convention
selecting less than 21 cm in the SC4 view as improving the chances of capturing an image of
the heart. The study population of heterogeneous healthy volunteers is narrow, which may

limit the generalisability of these findings.

This chapter has provided results to the research questions. The discussion interprets
the findings, relates back to the literature, and provides clinical context to the research

questions.
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Chapter 5 Discussion

This research sought to determine if paramedics could acquire and interpret an
ultrasound image during pulse check pauses in simulated PEA cardiac arrest scenarios.
Secondary aims focused on ultrasound image acquisition, interpretation, and retention of

learned knowledge.

This chapter explores the key findings for each research question and the contribution
of new information relevant to the existing literature. The goal was to enhance current
knowledge and safely integrate ultrasound into OHCA care. The significance and relevance
of the findings are discussed within the context of clinical implications in PEA cardiac arrest,
as well as the possible future direction of this research. Key findings are summarised,
identifying correlations, patterns, and relationships within prior studies, and their significance
is evaluated and discussed. This chapter offers practical suggestions for future research and

highlights the study’s strengths and weaknesses while acknowledging limitations.
5.1 Key Findings

The study reveals an average HOT of 9.6 (95% CI [9.3, 10.0]) seconds and a median
of 10.0 seconds during simulated cardiac arrest resuscitations. Nearly half (47.7%) of all
ultrasound scans were completed in under 10 seconds. As for image quality, reviewers A and
B agreed on a CUSAS of > 3 for 173 cases (73.9%, 95% CI [67.8, 79.4]) which did not meet
the desired standard of > 3 in 90% of cases. Paramedic CAFE exam scan interpretation
accuracy for phase Il was 91.9% (95% CI [88.5, 94.5]), and phase III 89.2% (95% CI [86.5,
91.5]) meeting the study aim of 90%. In the knowledge quiz, 58.6% (95% CI [40.7, 76.5])
participants completed the quiz with an individual passing grade of > 80% and in Phase III

76.9% (95% CI1[60.7, 93.1]) not meeting the study aim of > 80%.
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5.2 Research Question One Discussion: Image Acquisition

The first research question aimed to determine whether 100% of paramedics could
perform ultrasound within the 10 second pulse check pause during simulated cardiac arrest
resuscitations at least 90% of the time. The study reported a mean HOT of 9.6 seconds (95%
CI [9.3, 10.0]) across phases II and III. The narrow confidence interval suggests on average
paramedics performed ultrasound within the 10 second window. However, the HOT data in
performance shows variability with outlier scan times. Contrary to expectations only 47.7%
(95% CI [41.3, 54.2]) of the scans met the < 10 second criterion. There was a 17%
improvement in achieving < 10 seconds between phases II and III possibly due to knowledge

consolidation and reduced assessment load in phase III.

Notably, nearly 20% (19.3%, 95% CI [14.5, 24.8]) of scans were completed just 1-
second beyond the 10 second cut-off, suggesting that minor adjustments could increase the

percentage of scans completed within the target timeframe.

The aggregation of individual studies reveals notable variations in HOT outcomes
across different research contexts. These disparities underscore the importance of considering
methodological subtleties and study populations when interpreting HOT data. A British study
assessed 10 paramedics, with findings indicating that 96.7% of echo scans (n = 29 of 30)
were completed within 10 seconds (Younger et al., 2016). This efficiency rate is notably
higher than the results of the CAFE trial, which reported 47.7% of scans completed within 10

seconds.

It is important to recognise the methodological differences between these two studies
that might have influenced these outcomes. The study by Younger et al. (2016) relied on an

ultrasound simulator mannequin, which, while useful for basic training, lacks real human
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anatomy. In contrast, the CAFE trial utilised healthy volunteer models, ensuring high
simulation fidelity and mirroring authentic clinical scenarios more closely. Such realism is
indispensable, particularly when contextualised against the demanding and critical nature of
cardiac arrest resuscitation. Furthermore, the Younger study had a more limited scope, given
its smaller sample size and 30 HOT measurements, whereas the CAFE trial had 243. In
comparison, the CAFE trial placed more emphasis on simulation realism and fidelity,
offering deeper insights into how ultrasound is employed in operational environments. An
enhanced understanding is crucial for comprehending the role of ultrasound in OHCA

resuscitation and potentially refining the resuscitation process in the future.

Drawing from the literature, the successful implementation of echocardiography
within the critical 10 second window during cardiac arrest (94.7%, n = 36 of 38), as
demonstrated by the Prehospital Echocardiography in Cardiac Arrest (PECA) trial (Kreiser et
al., 2022). In this trial, 40 paramedics received didactic lectures and practical training aimed
at acquiring and interpreting essential cardiac arrest echo views. The educational focus of the
PECA trial evaluated ventricular contractility, pericardial effusion, and pneumothorax.
However, an important consideration arises from the trial’s description of scan acquisition as
a ‘compression pause’ without clear details on measurement capture methods.
Comparatively, Gaspari et al. (2021) reported substantial variation in their study data
particularly an 8 second disparity between CPR pause length (28.3 seconds) and ultrasound
acquisition time (20.4 seconds), underscoring the necessity of precisely defining
measurement parameters in research. Such discrepancies have implications for data

interpretation and comparability across studies within the broader literature.

While drawing comparisons between Younger et al. (2016) and the PECA trial, it is

encouraging to note that both reported excellent adherence to the 10 second pulse check
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pause. The absence of standardised HOT measurements introduces ambiguity, making it
challenging to directly compare their results with those of the CAFE study. Both trials
showed promising results for ultrasound acquisition, particularly the PECA trial, performed

in the operational setting with paramedics.

Another key study is that produced by Gaspari et al. (2021), who reported a mean
HOT of 13.1 seconds (95% CI [12.1, 14.2]) using a pre-imaging technique within a
controlled ED environment. Surprisingly, despite the controlled setting, the observed HOT
was longer compared to the PECA prehospital trial, suggesting potential influences of ED-
specific factors such as access to a wider array of resources. The disparity in HOT between
ED and prehospital settings underscores the impact of environmental variations, including
staff availability and physical challenges encountered in the field. While the CAFE trial
demonstrated paramedic performance in simulated prehospital scenarios, Gaspari et al.
findings highlight the necessity of customizing scanning protocols to suit the unique demands

of different settings (Gaspari et al., 2021).

Shifting the focus to the minimum and maximum HOT durations of the CAFE trial, in
the current study, the findings yielded surprisingly short HOT. The minimum in phases II and
IIT was 4.6 and 3.9 seconds respectively. Although a short HOT is preferable for improving
CCEF, it is important to note that a quick scan may not capture the entire cardiac cycle or slow
heartbeat required to evaluate left ventricular function (squeeze) and valvular movement in
the CAFE exam. In contrast, evaluating fluid for pericardial effusion doesn’t require a
complete cardiac cycle if the ultrasound view is sufficient. Meanwhile, accurately diagnosing
the severity of the obstructive shock, such as tamponade physiology, calls for a more
comprehensive ultrasound image capturing multiple heartbeats to analyse right ventricular

wall motion.
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In reviewing the CAFE HOT durations, a comparison observation emerged. The
maximum HOT durations for phases II and III were 27.3 seconds and 14.8 seconds,
respectively. These findings closely align with Gaspari et al. (2021), who documented a
maximum HOT of 33.1 seconds pre-intervention. Notably, after implementing their pre-
imaging technique, they observed a reduction in the maximum HOT to 14.2 seconds. It is
essential to highlight research by Gaspari et al. (2021) occurred in the ED and involved
trained ultrasound doctors. In contrast, the CAFE study setting centred around ultrasound-

naive paramedics and incorporated the pre-imaging technique from the outset.

The simulation environment was useful for evaluating factors contributing to meeting
the target of less than 10 seconds. It was observed that phase II simulation station three
exhibited a significantly higher likelihood of a prolonged HOT when compared to other
stations (UOR = 7.1, 95% CI [2.12, 25]. Even when accounting for individual participant
variations, the association strengthened with the odds increasing to 7.69 (95% CI [1.35,

9.09]).

The simulation environment assisted in identifying which station was more likely to
lead to longer HOT durations. The characteristic variable in station three included a healthy
female volunteer described by the assessor as ‘tall with difficult echo views’, specifically the
SC4 view used for most simulation scan attempts. The relationship between echo view
difficulty and increased HOT is apparent when reviewing the reference scans taken by the
assessors on healthy models before simulations commenced. External reviewers A and B
evaluated the assessor’s scans using the CUSAS. Notably, the reference scans for phase II
simulation station three exhibited CUSAS scores of one and four in the SC4 view and a six
on the third attempt in the apical view. The still images of the assessor scans in Figure 62

illustrates the challenging nature of the healthy volunteer’s echo views. It is essential to
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mention the assessor scan series was acquired by the assessor within a 10 to 16 second

timeframe.

The SC4 view for this study was the preferred first and second-choice echo window.
However, difficulties in this window resulted in an alternative selection and progression from
the SC4 to the A4C or PSLA view. The more common second-line option is the PSLA, which
is easier to acquire compared with the more challenging apical view optimally achieved with
the patient in the left decubitus position (Aly et al., 2021). The rationale for the apical view as
the second choice in this study is two-fold, with patients unable to be positioned due to the
cardiac arrest and the placement of a CPR feedback ‘puck’ in the middle of the sternum, thus

limiting access to the PSLA view.
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Figure 62

Assessor Scans Phase II Station Three (Group A)

Scan 1 CUSAS Score 1 (SC4 view

[26968075780804 - Instructor Sim3

6968075780804 - Instructor Sim3

Note. Images are still screen captures taken by the author from the best quality of the video loop.
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The extended pulse check pauses can be linked to the simulation resuscitation team’s
difficulty and non-compliance, as they often delayed resuming compressions past the 10
second mark. This delay was exacerbated by ultrasound paramedics continuing to seek
clearer views, inadvertently lengthening the HOT. Personal differences among participants
further intensified this trend. This suggests that individual attributes or behaviours might have
further exacerbated the prolonged HOT times, especially at this station. Such insights
underscore the value of identifying paramedics with consistently extended HOTs. These
individuals may significantly benefit from supplementary training to consistently hit the sub-

10 second target.

While achieving the HOT within 10 seconds is critical for the current goal of
maintaining CCF ratios, there are some inherent weaknesses of this approach. It is worth
considering whether pulse checks in PEA cardiac arrest that are slightly longer than 10
seconds harm the resuscitation attempt. In this study, nearly 20% of HOT were 1-second over
the 10 second pulse check pause. The importance of maintaining a high CCF of 60 to 80% in
shockable rhythms is emphasised; however, Loza-Gomez et al. (2022) found that a high CCF
(> 80%) led to a low CiT (13%), indicating that faster compression rates failed to achieve
quality markers like adequate depth and recoil. Similarly, Vaillancourt et al. (2020) observed
that a CCF of > 40% improved the chances of ROSC in non-shockable rhythms but didn’t
necessarily improve survival rates. Those patients in PEA with a CCF of < 40% had twice the
odds of survival and received a reduced CCF but had the highest survival rate. This patient
group may have suffered from pseudo-PEA and benefited more from therapies besides CPR.
This insight provides a new perspective concerning the validity of the 10 second pulse check
pause in non-shockable rhythms and the significance of CCF ratios specifically for PEA

cardiac arrest.
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Administering CPR to patients with an inherent heartbeat can be hazardous unless the
compressions are aligned with the heart’s natural rhythm. The risk of asynchronous CPR
might lead to ineffective or counterproductive compressions. However, tailored vasopressor
administration could improve resuscitation effectiveness. Supporting this, a study by Paradis
et al. (2012) found that compressions timed with cardiac systole (ventricular ejection) led to
higher coronary perfusion pressure (CPP). Likewise, Marill et al. (2020) show that switching
from asynchronous to synchronous CPR increased the mean arterial pressure from 55 to 83
mmHg and the CCP from 32 to 60 mmHg. These studies suggest that asynchronous CPR
may have a negative effect on pseudo-PEA. Ultrasound may offer a future solution for

identifying pseudo-PEA and optimising CPR timing.

5.2.1 Summary of Research Question One

This research question aimed to establish if paramedics could obtain an ultrasound
scan during the 10 second pulse check pause which was not achieved based on the 10 second
time limit. The use of ultrasound during cardiac arrest resuscitations varies in effectiveness
between studies. While some research shows over 90% of ultrasound scans are completed
within the crucial 10 second window, the CAFE trial reports only 47.7%. A critical factor
influencing these discrepancies may be the source of data. Studies drawing from real human
subjects tend to provide more robust and clinically relevant insights than those relying on
mannequin simulators, which lack the anatomical variation and realistic feedback of living
tissues. The significance of CCF is debated, especially concerning non-shockable rhythms
such as PEA. Synchronised CPR, where compressions align with the heart’s rhythm, may
enhance results, predominantly in pseudo-PEA situations. Tailoring training and protocols to

the specific out-of-hospital setting appears key for effective resuscitation. Improved HOT
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between phases II and III suggest familiarity and knowledge consolidation improves cardiac

arrest ultrasound integration.

5.3 Research Question Two Discussion: Quality of Imaging

The study aimed to determine if 100% of paramedics could achieve a CUSAS score
of > 3 in at least 90% of simulated cardiac arrest echo attempts. The objective was not met,
with paramedics scoring > 3 in 83.7% (95% CI [78.4, 88.2]) of cases according to reviewer A
and 77.7% (95% CI [71.9, 82.9]) according to reviewer B. Overall both reviewers agreed on a
score of > 3 in 73.9% (95% CI [67.8, 79.4]) of cases. The expectation of a 90% success rate
appears overly optimistic, indicating that the current training may not be adequate for novice

sonographers to reach the required competence level for clinical practice.

The CUSAS findings in this study are comparable with those reported by other
investigators (Backlund et al., 2010; Chin et al., 2013; Kreiser et al., 2022; Reed et al., 2017).
The study’s CUSAS scoring reliability was moderate (k = 0.45, 95% CI [0.34, 0.58]) for
simulation and echo skills but lower than Backlund et al. (2010), who reported substantial
agreement (k = 0.6) but with fewer scans reviewed (n = 48) and 92% achieving a CUSAS >

3.

This study broadly supports the findings of Rooney et al. (2016) who found that
paramedics self-critiqued cardiac arrest images were deemed adequate in 89% (95% CI [67,
99]) of scans. This form of evaluation may not be as impartial or as rigorous as an assessment
made by external experts. Also, their study was smaller, with 19 participants, and only the
PSLA and SC4 views were used. The CAFE study employed expert reviewers, enhancing

validity of results, and confirming overall image quality.
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The stand-alone echo skills station showed a non-statistical decline in CUSAS scores
in the echo skills station compared to simulation, the overlapping confidence intervals
highlight the complex challenges faced in real-world clinical scenarios. The findings
underscore the importance of understanding and adapting to the complexities of cardiac
imaging during live patient care, where factors like patient body type and clinical conditions

can impact image quality and diagnostic accuracy.

In this study, a clinically relevant observation was made between phase II and phase
III scans. In phase II, scans conducted within the 10 second pulse check pause showed an
approximate 10% difference in achieving a CUSAS score of > 3. Notably in phase II, there
was a tendency for quicker scans to yield lower image quality, likely attributed to
inexperience. In contrast, during phase III, about 10% more scans achieving a CUSAS score
of > 3 was within the 10 second pulse check pause. This may be due to improved familiarity
and the addition of a second simulation that enhanced practical skills. In practical terms, these
findings underscore the importance of experience and targeted training (like simulations) in
improving the quality of scans, especially when time is limited. They highlight the potential
challenges for those new to the technique (as seen in phase II) and the benefits of continued

practice and training (as evidenced by the improvements in phase III).

Understanding the substantial differences between simulation and echo skills stations
is crucial. Echo skills stations necessitated that participants gather one image of all three
views and identify anatomical structures within a 5-minute timeframe. Conversely,
simulations primarily involved SC4 views acquired within 10 seconds. Collecting data on all
three echo views was to assess whether paramedics could obtain high-quality views in all
echo windows and effectively describe key anatomical structures to interpret the CAFE

€xam.
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As previously discussed, high-quality images with a CUSAS score of > 3 are required
for accurate clinical judgment and evaluation during cardiac arrest. In this study, paramedics
were taught to optimise their images using the settings of depth (ultrasound penetration), gain
(image brightness) and transducer axis orientation (target object). Since image depth is
central in determining the examination window, the depth should always be greater than the
structure of interest (Zander et al., 2020). For optimal image quality in the SC4 view,
participants were encouraged to pre-set their ultrasound image depth to 23 cm before
scanning to optimise image quality. The study found that image depths of 23 and 25 cm were
selected in 45.2% of scans, but 27.3% selected 16 cm as the most frequently chosen depth
over repeated measures. Image depth is crucial when performing ultrasound as the focal zone

provides image clarity and the visibility of specific anatomical structures in the scan view.

The FEELS trial provided recommendations on depth selection, proposing that for an
enhanced view, the ultrasound depth should be set at a minimum of 15 cm (Breitkreutz et al.,
2009). For the CAFE study, the minimum depth selected by one participant was 14 cm,
demonstrating that all but one image depth was set within the FEELS trial standard.
Comparing image depth with the CUSAS score, depths 16, 19, 23, and 25 cm were correlated
with a significant proportion of adequate images (> 3). However, there was no significant
correlation between CUSAS score and image depth (p = 0.357). The characteristics of the
healthy volunteer cohort may explain this result. Given that these models were slender and
lacked lung or cardiac disease, the selection of imaging depth became less critical during
scanning. Consequently, this cohort may not fully represent the general cardiac arrest
population, where higher body mass index and the presence of lung and cardiac disease are
more common. In general, if the image setting is too shallow or deep, the image quality is
reduced, and relevant structures are not seen. The paramedic can adjust image depth using

depth sliders on the ultrasound device screen. For example, Figure 63 visually compares two
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scans taken by two study participants from simulation station one, group A. Image one is set
at a depth of 23 cm and scored a CUSAS of 4 and 6 from reviewers A and B. The LV is
positioned within this image’s focal zone, improving resolution. In the second image, the
focal zone is set at a depth of 16 cm, marking the boundary between the liver and
pericardium. Both reviewers gave this image a CUSAS rating of 4. Even though the images
exhibit varying depths, they adequately present information to evaluate LV function and

detect pericardial effusion in the dependent area between the liver and the right ventricle.
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Figure 63

Depth Selection Comparison

28238935487610 - Quick ID Stu 8208 Sim 1

9/2/2022 14:40:02}

Note. Ultrasound scans from simulation station one group A. LV = Left Ventricle, orange dotted line =

ultrasound focal zone, red circle = depth selected, yellow outline = pericardium outline.
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Given that the CAFE exam looked for evidence of pericardial effusion, the correct
depth setting of an image would be helpful. The most common location for pericardial fluid
collection is between the liver and the right ventricle. Cardiac tamponade can be caused by an
effusion that hinders venous return and, thus, the heart’s filling. Sonographic signs of
tamponade physiology are unique to the right side of the heart. Although pericardial effusion
in the context of PEA cardiac arrest is uncommon, it is a potentially reversible cause. To
provide clinical context, a large (n = 953) prospective multi-centre investigation by Gaspari et
al. (2016) identified 34 (4.2%) of 793 patients had sonographic pericardial effusions during
cardiac arrest resuscitation, with 13 requiring pericardiocentesis. Remarkably, two patients
who underwent the pericardiocentesis procedure demonstrated successful outcomes,
surviving to hospital discharge. Whilst the frequency of known pericardial effusion is low,

inclusion within cardiac arrest ultrasound protocols should always be considered.

Smaller ambulance services such as Wellington Free Ambulance grant special
authority for flight paramedics beyond the National Clinical Practice Guidelines to perform a
pericardiocentesis procedure for suspected cardiac tamponade in traumatic cardiac arrest. The
current pericardiocentesis procedure involves using anatomical landmarks and is a blind
procedure to attempt aspiration of the effusion. Ultrasound application would facilitate the
detection of effusions and enable direct visualisation of the pericardium. Ultrasound is highly
sensitive and specific for diagnosing cardiac tamponade but depends on the operator’s skill
(Alerhand & Carter, 2019). Ultrasound needle guidance facilitates real-time visualisation of
the procedure, ensuring precise placement and reducing injury to adjacent structures (Blanco
et al., 2022). The identification of a pericardial effusion by ultrasound, while not integrated
into current New Zealand paramedic or flight paramedic practice, is an essential component
of the CAFE fluid assessment. The inclusion underscores the significance of identifying and

potentially treating tamponade, a potentially reversible cause of PEA cardiac arrest. From a
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risk stratification perspective, there are generally no contraindications to using ultrasound
unless performing the procedure is deemed unsafe. However, considerations of conditions
such as aortic dissection and ventricular rupture in settings without immediate surgical
facilities may render diagnosis futile (Blanco et al., 2022). Both complications will only be
identified if an ultrasound is performed. Furthermore, ultrasound offers a safer approach for

drainage procedures, mitigating risks associated with invasive interventions.

Image optimisation and its impact on the CUSAS score have been the main topics of
this section thus far. Examining the CAFE exam report form, which was created especially
for this study, is also crucial. Although phases I and II and the refresher module included
instruction on using the CAFE form, there is still room for improvement. Chin et al. (2013)
developed a flow chart to evaluate ultrasound in cardiac arrest. The use of descriptive
prompts such as “Is there an anechoic space between the heart and the pericardial line?”
(p.144) is less complex than the evaluation of tamponade physiology used in the CAFE exam
as shown in Figure 64. The CAFE exam tamponade description included “Evidence of right

ventricular collapse in diastole (ventricular valves open)” as a written prompt.
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Figure 64
CAFE Exam Report Form
View Fluid (cirete) Funckion (crete)
(circte) Pericardial Effusion? Nowe
Yes Wealk
SUbX No Vigorous
«t
| Aac ! !
§ PLAX *Tamponade? (circle) Valves opening? (circte)
Nowe Yes Yes
No No
*Evidence of R) ventricular collapse Assess L) ventricular wall for
in diastole (ventricular valves opey\) thickening, cavity squeeze and
forward flow of blood

Note. Screen capture provided by the author.

In the future, the CAFE exam fluid and function check form will be updated to avoid

confusion regarding tamponade errors in the absence of pericardial effusion. Additionally, the

function assessment will prioritize evaluating valvular movement first, based on this study’s

findings showing improved accuracy in determining pseudo-PEA. A proposed algorithm for

interpreting results is shown in Figure 65.
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Figure 65

PEA Cardiac Arrest Image Interpretation Algorithm

PEA Cardiac Arrest lmage

Interpretation Algorithm
m\i Is there fluud in the pericardial sac?

CAFE Exam
m — ConsldEr signs of tamponade:
® |s the fluid circumferential?
Valves mov,ns? LV Squeeze? * LV collapsing in diastole (filling phase)?
® Heart swinging in the fluid?
\ ﬁ AR * Treat according to your CPGs
% \ Squeeze organised effort?
weak:
N V/ + minimal wall thickening, endocavity
'/ Yes [ 4 change (bad ejection)

UlSOrousz

m * Good wall fhickenins, LV chamber 9ood
\ change (good ejection)
/ \ True PEA j

continve CPR
troe PEA Is the blood moving forward?

continue CPR Pseudo-PEA:
consider pausing CPR and treating for

shock, low threshold for
recammendms CPR

235

Note. This algorithm is a suggestion for future development of ultrasound integration into PEA cardiac arrest.

5.3.1 Summary of Research Question Two

The study investigates the ability of paramedics to achieve a CUSAS score of >3, a

benchmark for adequate image quality. Although promising, the results fall short of the

targeted 90% efficacy, with 77.9% achieving the desired score. Factors such as time

constraints and the complexity of high-fidelity clinical scenarios, including challenges related
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to patient scan difficulty, may contribute to lower scores. The study also discusses the
importance of image depth settings, revealing that while there is no significant correlation
between depth and CUSAS score, optimal depth settings are essential for clear images.
Additionally, user experience plays a role in achieving optimal image quality. This
information aligns with prior research and contributes uniquely to best practices in echo

imaging.

5.4 Research Question Three Discussion: Interpretation

The third research question evaluated if 100% of paramedics could identify the
presence or absence of pericardial effusion, pseudo-PEA, true PEA, left ventricular
contraction and valvular movement for at least 90% of cases. This evaluation involved
analysing the CAFE exam. The pathological scan interpretation findings showed that
paramedics were 91.9% accurate meeting the research aim; however, the confidence interval
(95% CI [88.5, 94.5]) suggests a small risk of true success falling slightly below the desired
90%. While the findings are promising, continued development of the CAFE exam and

interpretation may be needed to ensure consistent achievement of this target.

The study found high accuracy in participants’ ability to correctly rule out pericardial
effusion at 91.7% (95% CI [87.5, 94.9]). However, errors increased from the first to the third
scan, potentially due to diminishing clarity in anatomical structures and less familiarity with
complex cardiac images. This finding highlights the difficulties posed by more complex or

challenging images in accurately identifying the presence or absence of pericardial effusion.

Examining tamponade physiology there is a slight decline in the accuracy of image

interpretation for ruling out tamponade physiology from 97.7% (95% CI [91.9,99.7]) in phase
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IT to 94.8%, 95% CI [90.1, 97.7]) in phase III. However, these results show consistent

performance meeting the target of 90%.

The accuracy of interpreting the left ventricular squeeze was relatively low, with
74.7% (95% C1[64.2, 83.4]) accuracy in phase II with a slight decline in phase III (73%,
95% CI1[65.4,79.8]). Overall accuracy was 73.6% (95% CI [67.6, 79.0]). In contrast, valvular
opening was consistently high, with 100% of cases in phase II and 99.3% (95% CI [96.4,

99.9]) in phase 111, demonstrating a high level of accuracy for valvular opening.

Diagnostic accuracy in the current study was similar to previously reported findings
(Kreiser et al., 2022; Price, Uddin, et al., 2010) where left ventricular squeeze interpretation
proved more challenging. Notably, errors were more frequent when assessing vigorous left
ventricular squeeze, making up 51.3% of mistakes, whereas only 5.8% were in cases with no
visible squeeze. The valvular opening assessment showed high accuracy, suggesting it may
be a more reliable metric for novice ultrasound users. An intriguing educational insight
emerged regarding the assumed link between left ventricular function and valvular
movement. Participants often incorrectly interpreted valvular opening based on observations
of ventricular squeeze or the lack thereof. Figure 66 illustrates this point with the second
image in the SC4 scan series, highlighting the degree of valvular opening of the tricuspid

valve, suggestive of forward flow in association with a weak squeeze.
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Figure 66

Right Atrioventricular (Tricuspid) Valve Activity

Note. Red outline highlighting the tricuspid valve.

This finding shows the importance of understanding the clinical correlation between
valvular movement and ventricular squeeze. In cases where the mitral valve is not visible
during the ultrasound, participants were guided to evaluate the tricuspid valve or vice versa.
This protocol ensured that some valuable cardiac information was captured, even if the left
atrioventricular valve itself could not be assessed at the time. This approach highlighted the
flexibility required in real-world clinical settings and underscored the importance of training
in diverse conditions to enhance diagnostic accuracy. Echo interpretation during cardiac
arrest is challenging, even a slight movement of the probe or ventilation of the patient can be

mistaken for cardiac activity when there is none.

In the CAFE study, each participant had a total of 90 minutes of hands-on scanning
experience across ten scans and five stations. This demonstrated a quick learning curve for
paramedics in acquiring practical ultrasound skills. The condensed training in the CAFE
study was practical and achievable within the study’s timeframe and resources. However, the

importance of comprehensive training programs, as outlined by Blehar et al. (2015) suggest a
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plateau of essential echocardiography learning after approximately 30 scans. The educational
approach used aligns with existing guidelines and suggests that the training model is
appropriate across three dimensions: knowledge, image acquisition, and interpretation (Price,
Uddin, et al., 2010). Notably, the Australasian Society for Ultrasound in Medicine (ASUM)
guidelines recommend 6 hours of instruction, including four practical hours, 25 scans, and
interpretation of 50 scans with defined pathology (Australasian Society for Ultrasound in
Medicine, 2021b). This framework underscores the importance of structured and

comprehensive training and proficiency beyond research project constraints.

In contrast, this study provided participants with a brief 90-minute training with ten
scanning opportunities each. Despite this abbreviated training period, paramedics showcased
a commendable aptitude for the skills of ultrasound. This suggests that while enhanced
outcomes might be achievable with extended scanning opportunities, as recommended by
ASUM, even brief focused training sessions can effectively impart the essential skills of
ultrasound in a focused setting. The results underscore the potential merits of a streamlined

educational approach even though a more prolonged educational pathway would be the ideal.

The skills for image interpretation traditionally involve face-to-face learning and
developing skills over time (Blehar et al., 2015). In the CAFE study, the “flipped classroom’
was used allowing the learner to participate in the modules during their own time, managing
shift work requirements and reducing the burden of attendance in the classroom. All 30
participants participated and completed the phase I eLearning module. Module content
included videos, infographics, and written text to demonstrate ultrasound device use,
sonographic anatomy, cardiac arrest sonographic physiology and image acquisition skills. A

wide range of presentation media was used to cater for varied learning styles.
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In terms of knowledge and interpretation accuracy, it appears that performance during
the first simulation scan was impacted by a lack of experience and unfamiliarity with the
equipment. This suggests that while participants may have quickly acquired basic skills, the
initial learning curve did affect the accuracy of early scan interpretations. As paramedics
become more comfortable with the technology and procedure, we would expect to see
improvements in both knowledge and interpretation accuracy. We also rotated participants
among five different scanning stations to diversify their experience by scanning different

healthy volunteers.

In phase II, participants received stepwise face-to-face education, starting with
equipment familiarity, progressing to echo view acquisition, and culminating in cardiac arrest
integration. With a favourable 1:3 instructor-participant ratio, they rotated through five
scanning stations, ensuring an enriching educational experience that maintained engagement
and resonated with contemporary ultrasound teaching approaches (Landry et al., 2017).
Despite these educational efforts, phase I1I showed a slight dip in interpretation accuracy to
89%, potentially signalling a decline in knowledge proficiency over time. This is an
important consideration for real-world clinical practice where sporadic use, or a lack of
ongoing training could affect performance. To improve competence, various strategies such
as continued education, routine practice sessions, refresher courses, and simulation-based

training could be offered or encouraged.

Expanding the use of ultrasound in out-of-hospital settings, particularly for cardiac
arrest scenarios, remains a challenge due to the current lack of availability of ultrasound
devices in road-based ambulances. However, there are some promising developments with a
few paramedics holding credentials for using ultrasound in trauma and vascular access, which

is a significant step forward. To further this progress, the author is working with the
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Australasian Society for Ultrasound in Medicine developing a specific Certificate in
Prehospital Performed Ultrasound (CPPU) which is discussed further in the section titled

ASUM Annual Congress CPPU Abstract.

5.4.1 Summary of Research Question Three

The research question aimed to determine if paramedics could accurately identify
various cardiac conditions through ultrasound, targeting a 90% accuracy rate. Utilizing a brief
90-minute training program, paramedics demonstrated varying levels of proficiency: modest
accuracy in interpreting pericardial effusion, the lowest accuracy in left ventricular squeeze,
and the highest consistency in identifying tamponade and valvular opening. These results
support the study’s educational approach and suggest that even with limited training,
paramedics can quickly acquire essential skills for use in cardiac arrest ultrasound. However,

the variable findings highlight target areas for improvement.

5.5 Research Question Four Discussion: Underpinning Knowledge

The fourth objective addressed the research question of whether 100% of paramedics
could achieve an individual pass mark of > 80% in the knowledge quiz and accurately
identify the presence of cardiac tamponade. Multiple choice questions were conducted to
assess participants’ knowledge and understanding throughout the study. The quiz consisted of
multiple-choice questions strategically developed to assess participants’ knowledge and
understanding across key study areas, including echo view identification, sonographic

anatomy, fluid and function determination, and identification of PEA and cardiac tamponade.

Despite not meeting this target with significance just above threshold (p = 0.051), the
observed increase in pass rates from 58.6% (95% CI [40.7, 76.5]) to 76.9%, 95% CI [60.7,

93.1]) suggests improvement. The wide confidence intervals indicate varied participant
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performance, suggesting that education may be effective for many but insufficient for all. The
need for tailored education and education support was highlighted, with six participants

showing reduced performance in phase III.

The study did not explicitly evaluate skill decay with four weeks between phases 11
and III. Nevertheless, it remains crucial to consider this aspect when assessing the longevity
of knowledge derived from educational interventions. The refresher module completed by 24
participants may have contributed to this improvement. Of note the study could not
conclusively determine if participants sourced ultrasound education information outside of
the course content. The effect size was calculated showing a medium effect with practical
significance for general improvement in knowledge retention. Such findings bolster the

argument for periodic training sessions in reinforcing and enhancing knowledge.

One notable limitation was the use of identical MCQs across both phases. While this
simplifies comparisons, it raises questions about whether the observed score improvements
reflect genuine understanding or merely familiarity with the test questions. Despite a 1-month
gap between phases which may have minimized answer recall, this methodological choice
does not fully address the issue of test familiarity. Participants were unaware of question
duplication between phases, highlighting a consideration for future quiz construction.
Additionally, Phase II’s longer duration (5.5 hours) may have caused fatigue, whereas Phase
I, consisting solely of assessments, likely reduced fatigue and potentially improved

cognition.

Additionally, participants only received their overall test scores and were not given
individualised feedback or the opportunity for review, which could limit the educational
value of the testing experience. Participants were allowed continued access to phase I

eLearning modules and a 30-minute refresher module between phases II and III. Student
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centred learning and the pedagogy of the flipped classroom relies on the student’s individual
interest, time flexibility and autonomy (Koh, 2019). Modern educational practices frequently
facilitate free and open access to learning resources, aligning with the increasing trend of
offering materials through online platforms or proprietary educational systems. Therefore,
while the study shows promise in its educational outcomes, these limitations and design

choices should be considered when interpreting the results.

While reviewing individual quiz questions, it became evident that there were certain
areas where participants performed consistently well and others that posed challenges.
Specifically, in question one, echo view selection shows slightly higher accuracy in phase II
than in phase III, which could be explained by loss of knowledge over time. Accuracy in
question two was conversely high, with correct labelling of structures in the SC4 view
suggesting participants were familiar with this view as part of the CAFE exam emphasis.
Question three exhibited lower accuracy rates in both phases, suggesting additional difficulty
with question design and challenges with labelling and matching colours and numbers with
individual anatomy in the PSLA view. Question 10 presented a pericardial effusion image
and patient case history. The accuracy between both phases was similar 75.8% (95% CI
56.4,89.7]) and 80.7% (95% CI [60.6, 93.4]) suggesting that participants had a good
understanding of the visual appearance of pericardial effusion and tamponade physiology.
However, in question nine, participants were less able to articulate tamponade physiology
34.3% (95% CI [17.9, 54.3]) in phase II and 53.8% (95% CI [33.3, 73.4]) in phase III with
limitations identified by how points were awarded. The education provided for tamponade
physiology was emphasised in the 30-minute refresher module and may explain the increase

in accuracy for this question in phase III.
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Comparing the CAFE study with the results from the literature is challenging due to
the varied methods, educational content, and testing across studies. A study by Bhat et al.
(2015) employed pre and post-education MCQs, specifically examining test scores for
pericardial effusion. The scores before and after were 57.9% and 84.6%, not dissimilar to the
CAFE study results post-education. The PAUSE pilot trial demonstrated excellent pathology
identification of 91% after 2 hours of training. Interestingly, cardiac standstill recognition
within their findings included three misidentifications of pericardial effusion (Chin et al.,
2013). This finding resonates with the CAFE results, suggesting that as the cardiac arrest
progresses and the heart becomes less responsive, the identification of the pericardium

becomes more challenging.

5.5.1 Summary of Research Question Four

Based on the results obtained, it can be concluded that the focused and condensed
education provided did not meet the objective of achieving a pass rate of > 80%. The
participants’ performance in the knowledge quizzes indicated that the educational
intervention was adequate for some participants but not all. The identification of knowledge
gaps among participants suggests that the educational intervention was effective in
pinpointing areas where additional training or support is needed. Recognising knowledge
gaps is valuable as it enables educators to focus future interventions and address specific
areas of weakness, thereby enhancing the overall educational experience for the learners. Of
importance is the transference of this education into the real-world setting. Although
participants demonstrated knowledge and identification of good-quality images reviewed in

an exam setting, translation into clinical practice will present additional challenges.
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5.6 Incidental Findings Discussion

Image acquisition and Hands-off time. The data indicates that frequency of
achieving a CUSAS score of > 3 within 10 seconds is challenging for novice ultrasound users
with minimal experience. However, phase III showed an approximate 20% improvement in
achieving this goal suggesting room for improvement. The increase in HOT was statistically
illustrated by comparing the duration of each simulation scan using binary logistic regression.
The data indicates that the ease of image capture differs among patients, consequently
influencing the time required for image acquisition. To address these variations, ultrasound
training for paramedics should incorporate alternative imaging perspectives like the A4C and
PSLA, ensuring more effective image capture in diverse scenarios. However, these
alternative views also come with their own challenges; they are harder to acquire and could

potentially disrupt chest compressions, thus lengthening the HOT.

5.7 Strengths and Limitations

Structured Simulated Environment. One of the significant strengths of the CAFE
trial was the use of simulation as a primary tool. The simulation environment ensured
participants could operate safely and controlled, allowing specific variables to be isolated and
tested without extraneous distractions or confounding elements. Such an environment
enabled more precise data collection, especially when emulating the unpredictable nature of

real-life working settings.

Consistency in Equipment. Adopting the Philips® Lumify ultrasound device across
all study phases offered uniformity improving the strength of measurement consistency and
reduction of measurement bias. This consistency facilitated participants to develop familiarity

with the ultrasound device, which, over time, had the potential to enhance their proficiency.
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Data Collection. Even with the limited sample size, the study was tailored so that the
applied statistical tests effectively detected associations or effects. The limited sample size
may result in generalized conclusions. Pandemic related logistical difficulties and additional

stress on participants’ may have impacted the engagement and consistency of findings.

Flexibility in Adverse Conditions. The adaptability of the study, especially during
the challenges presented by the SARS-CoV-2 pandemic, reflects resilience. Conditions were

adapted to try and ensure that the research progressed with minimal loss of data.

Attention to Feedback and Continuous Improvement. Whilst there were
challenges associated with the equipment and simulation, these have already been
acknowledged. Feedback from participants and instructors was noted, implying an openness

to refine and optimise processes and tools based on real-world input.

Commitment to the Participant. Despite the potential risks associated with the
familiar relationships between participants and researchers, the study structure empowered
the participants. By keeping the author blinded to participant identification and ensuring they
weren’t directly involved in assessments, the study aimed to minimize bias and maintain the

objectivity of its findings.

Methods. This study experienced significant challenges, particularly due to the
recruitment of actively working paramedics amidst a pandemic. The methodology required
participants to attend phases II and III during their days off, offering minimal compensation.
This design could introduce selection bias, as paramedics willing to participate may differ in
characteristics, attitudes, or behaviours compared to those who declined. However, the
groups were homogeneous with no prior exposure to ultrasound and assessments were

identical. Additionally, the inherent nature of shift work in the paramedic field could
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influence study outcomes, as factors like fatigue and motivation could affect performance.
The study sample size was capped at 30 participants due to constraints such as venue
capacity, faculty staff and healthy volunteers’ availability. The study design and statistical
tests could detect a significant effect or association despite the smaller sample size. However,
caution should be exercised when interpreting the results, as the sample size might limit the

generalizability of the findings to the wider paramedic population. Staff shortages and health-

related absences among volunteers posed challenges by preventing participation and
potentially affecting the consistency of the results and conclusions. However, this variable
improved the variety of healthy volunteers scanned, providing further insight into
characteristics affecting performance. Unavoidably there was some missing data for CUSAS
image review by raters A and B and study participant non-attendance. Adjustments were

made for the image review data set where absent data was removed pairwise.

The gender variance analysis was insignificant; however, the potential lower
representation of females may introduce bias and limit the generalisability of findings.
Gender-specific effects were not investigated due to a small sample size reducing any
potential impact on study outcomes. The use of anonymity has limited the potential to

explore gender-related variables and is worth considering in future studies.

Simulation. The timing and accuracy of measurements made simulation an effective
tool to evaluate the time-sensitive nature of the 10 second pulse check pause and evaluate
technical skill. The operational working environment yields stressors and insights not
accounted for in the simulation. Testing reliability is limited in transfer to the real setting.
Two assessors were recruited on short notice for group B, reducing lead-in time. Assessors
were sent a link to a video to improve the standardization of teaching and assessments. One

assessor suggested installing a prompt card for simulations for the last group to enter phase
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III. In hindsight, assigning each healthy volunteer to a scanning station for both groups A and
B would facilitate in-depth comparison of difficult scans and identify characteristics
associated with the ‘patient’ and participant. However, pandemic illness impacted the

availability of models.

Equipment. The Philips® Lumify ultrasound device was used across all study phases,
providing continuity of use and familiarity. In some cases, the ultrasound gel hindered touch
screen sensitivity, rendering the participant unable to capture an image, and this was observed
as a feature of prolonged pulse check pauses. Other observed problems were a combination
of user error, soiled fingers and proximity of the record and freeze buttons on the device. This
caused confusion and delays in some simulations, leading to accidental image freezing
instead of recording. The 8 second video loop, intended to instil urgency, led to extended
pauses beyond 10 seconds with delayed activation of the video loop button. An ultrasound
CPR mode with a standardized approach and simplification of the interface may address
these challenges. The study also highlights the need for expert reviewers to enhance validity
and address technological aspects, such as the choice of ultrasound devices, that can

influence image quality.

Online Knowledge Quiz. Unpredictable internet speed and connection stability
hindered ultrasound image loading and question progression. Improved conditions could
include pre-downloading content, offline mode, or paper-based tests. The use of the same set
of questions presented and re-presented in the online knowledge quiz may raise concerns
about assessment validity and rigor. Education theory suggests that constructing a
randomized bank of questions would enhance assessment validity by reducing predictability

and ensuring a more comprehensive coverage of learning outcomes (Krzic & Brown, 2022).
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The participants’ computer literacy also posed barriers, with some struggling with touchpad

or laptop technology.

Designing assessments that accommodate participants’ technical proficiency is critical
for ensuring fair evaluation. While the MCQs were appropriately pitched, relying solely on
overall correctness for grading may be limiting. Incorporating a randomized bank of quiz
questions would not only reduce the repetitive nature of the quiz but also enhance assessment
validity by providing a more robust and varied evaluation of participant knowledge and

understanding.

5.8 Practical Implications and Recommendations for Future Research

The growing body of evidence and confidence with recent out-of-hospital trials
supports the incorporation of ultrasound into cardiac arrest management. However, barriers to
implementation remain - including ultrasound device cost, clinical governance and oversight,
and the development of ultrasound in general paramedic practice. Once ultrasound is woven
into everyday paramedic practice to inform care and improve patient outcomes, cardiac arrest

ultrasound may become less contentious.

Ultrasound use in PEA cardiac arrest. Ultrasound is used to answer focused
clinical questions to identify reversible causes of cardiac arrest. The spectrum of ultrasound
competency determines the validity of ultrasound within cardiac arrest care. A novice user is
best placed to answer binary questions such as those used in the CAFE exam assessing
pericardial effusion and the function of the left ventricle. In contrast, the advanced or
experienced user may ask in-depth questions assessing the right heart form and fluid status of
the inferior vena cava. The commencement of competency-based use of ultrasound in PEA

cardiac arrest necessitates a framework identifying the focus of ultrasound use across various
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domains of clinical practice. Figure 67 introduces the concept of a “Novice’ and ‘Advanced’
scope of POCUS use based on the Sonography in Hypotension and Cardiac Arrest (SHoC)

protocol (Atkinson et al., 2017).

Figure 67

PEA Cardiac Arrest POCUS Competency
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P-PEAT Algorithm. The success of algorithms such as the chain of survival proves
the efficiency of decision-making around cardiac arrest care. Implementing an algorithm
specifically for ultrasound use in PEA cardiac arrest supports consistency and provides a
standard of care. Informed by the CAFE research and other investigations, the author

developed an algorithm to guide practice. The proposed PEA cardiac arrest ultrasound
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algorithm encapsulated in the mnemonic ‘P-PEAT’ stands for Prepare, Pre-image, Echo,

Analyse, and Treatment, as illustrated in Figure 68.
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Figure 68

P-PEAT Cardiac Arrest Algorithm
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The P-PEAT algorithm is simple, focusing on performing the basics well. The
ultrasound paramedic should ‘Prepare’ the equipment with a pre-set depth of > 20 cm, probe
pre-gelled, and remain supernumerary to the cardiac arrest. Remaining supernumerary
removes interruption to the advanced cardiovascular life support care delivered by the
resuscitation team. The use of ‘Pre-imaging’ allows the ultrasound paramedic to position the
probe in the SC4 window during the CPR cycle, further reducing HOT. The ‘Echo’ is the
acquisition of the ultrasound during the pulse check pause with emphasis on brevity. When
considering large vessels, Doppler’ measurements are helpful, particularly in the austere out-
of-hospital care environment where an echo window may not be optimal or accessible. The
option of Doppler waveform detection is beyond this study but should be considered a
secondary investigation. A study conducted by Cohen et al. (2022) suggests that Doppler
ultrasound demonstrated superior accuracy for pulse detection compared to manual pulse
palpation (95.3% vs. 54.0%, p =< 0.001). When a Doppler pulse is detected, a pause in CPR
provides an opportunity for an echo scan. This approach could be a lateral move towards a

more adaptive algorithm in such circumstances. However, there are limitations to using

Doppler ultrasound, including user experience, knowledge of Doppler shift, and the handheld
device’s functionality, as not all devices have Doppler capability. A visual evaluation of
pulsation in the vessel could be used; however, this technique needs further evaluation to

determine if pulsation is visible in a low-flow shocked patient.

The ‘A’ letter in the P-PEAT algorithm stands for ‘Advanced’. The ‘Advanced’
section describes the evaluation of the right heart, looking for signs of PE, specifically Mc

Connell’s sign® and the IVC for evidence of obstructive shock. The addition of ‘Advanced’

" Doppler ultrasound measures frequency shifts to estimate blood flow velocity in a vessel.
& McConnells sign is a right ventricular regional pattern of acute heart strain and right ventruicular akinesis and

apical sparing observed in pateints with pulmonary embolism.
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allows the P-PEAT algorithm to be used by all levels of practitioners. While assessing the
right heart and inferior vena cava is beyond the scope of the CAFE exam, it becomes relevant
when paramedics develop experience and proficiency in echo allowing skill and knowledge
progression. The next step in the P-PEAT algorithm is to ‘Analyse’ the scan using the fluid
and function assessment, looking for reversible causes of PEA, pseudo-PEA or a low-flow
shocked heart. The final step is to consider ‘Treatment’ and transport options. The overall
aim of the P-PEAT algorithm is to provide consistency of scanning in PEA cardiac arrest and

to normalise the process.

5.9 Practice Change

The CAFE research opportunity has positioned the author to influence practice
change in out-of-hospital ultrasound. The author was poised to lead and develop the
postgraduate paramedic ultrasound course at AUT. At present this course is offered as a
standalone paper or as part of a postgraduate certificate, diploma, or masters. The ultrasound
course is 150 hours of learning (15 points) over 12 weeks with online theoretical learning
using various interactive media. Enrolled students attend a 2-day comprehensive block course
led and delivered by the author and supported by ASUM credentialled doctors and
sonographers. Learning modules consider low- and high-acuity patients in out-of-hospital
settings, as shown in Figure 69. The author has designed and facilitated this course intending
to provide an appropriate education opportunity for paramedics to achieve competency in

out-of-hospital ultrasound techniques.
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Figure 69

Auckland University of Technology Postgraduate Ultrasound Course

Week 1 Ultrasound Physics and Safety

Week 2 Ultrasound Probes and Artifacts of Ultrasound

Week 3 Respiratory Ultrasound

Week 4 Echocardiography 1

Week 5§ Echocardiography 2

Week 6 Abdominal Ultrasound 1

Week 7 Abdominal Ultrasound 2

Week 8 Trauma and Undifferentiated Shock

Week 9 Procedural Guided Ultrasound

Week 10 Community Care and Cardiac Arrest Integration

Week 11 Critical Care Paramedic Ultrasound Application Extensions
Week 12 Bringing it all together — Consolidation of ultrasound learning

At the time of writing this thesis course work required students to complete two
essays within 12 weeks. The first is on the physics of ultrasound, and the second is on the
application of ultrasound out-of-hospital using a case-based presentation about their clinical
practice. Students must also attend three online lectures, from a total of six. This course
creates a pathway for out-of-hospital clinicians to learn ultrasound in New Zealand with the

support of ASUM.

The existing ASUM Certificate in Allied Health Performed Ultrasound (CAHPU) is a
credentialing mechanism for various allied health professionals, including paramedics.
However, it’s important to note that whilst this pathway exists there is limited scope of
practice to enable practice of ultrasound skills. The CAHPU certificate focuses primarily on
ultrasound use within hospital settings. Of the 11 modules offered, only three are appropriate
for out-of-hospital application. These modules include eFAST, vascular access and basic
early pregnancy. The addition of abdominal aortic aneurysm (AAA), basic soft tissue

examination, proximal deep vein thrombosis, renal hydronephrosis and calculi, focused echo
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in life support (FELS), lung assessment, pleural effusion, and rapid cardiac echo improves

utility out-of-hospital.

The ultrasound course was developed to address a gap in out-of-hospital ultrasound
education. The course modules emphasise patient and clinician safety, while the clinician’s
employer is responsible for ultrasound use and implementation. The author recognised this
need and proposed a Certificate in Prehospital Performed Ultrasound (CPPU) to ASUM. The
ASUM community has positively responded, and the AUT ultrasound course accreditation
efforts are ongoing. The refined structure is proposed using modules, including Critical
Care,” ‘Community’ and ‘Practitioner’, each building on the previous module. As illustrated
in Figure 70 this format offers a clear breakdown of each module and the corresponding
weeks of study. This structure paves the way for the ultrasound credentialing of out-of-
hospital providers, extending beyond paramedics to nurse practitioners and rural doctors.

ASUM would oversee this credentialing process.

The author was invited by ASUM faculty to present the CPPU proposal at their
annual congress in Sydney, Australia, on October 14", 2023. An abstract for ‘Certificate in
Prehospital Performed Ultrasound (CPPU): Aligning with Prehospital Practice Requirements’

was accepted and is shown in the next section as the ASUM Annual Congress CPPU

Abstract.
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Figure 70

Certificate in Prehospital Performed Ultrasound Modules
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Note. Screen capture from CPPU proposal presentations using PowerPoint Software.

5.10 ASUM Annual Congress CPPU Abstract

Title. Certificate in Prehospital Performed Ultrasound (CPPU): Aligning with out-of-

hospital requirements.

Introduction. Point-of-care ultrasound (POCUS) has rapidly evolved and has been
adopted by many medical specialities, including paramedicine. Out-of-hospital professionals
increasingly use POCUS to answer focused clinical questions. This leads to quicker and more
precise diagnoses and treatment for patients with conditions requiring immediate attention.
However, comprehensive POCUS frameworks are essential to ensure the highest clinical

quality and safety standards. A Certificate in Prehospital Performed Ultrasound (CPPU)
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specific to the paramedic scope is needed to progress the safe implementation and continued

practice of ultrasound out-of-hospital.

Purpose. To introduce an ASUM Certificate in Prehospital Performed Ultrasound
(CPPU) aligned with out-of-hospital and paramedic practice requirements by merging current
modules from CAHPU and CCPU tailored to critical and community care and practitioner
level. Out-of-hospital ultrasound improves diagnostic ability, facilitating targeted clinical
management, early recognition of surgical emergencies, and appropriate destination decisions
for trauma and medical patients. Improved outcomes have been documented through the
utilization of ultrasound in out-of-hospital settings. The CPPU aims to address the
shortcomings of ultrasound, such as paramedic ultrasound experience and interpretation
errors. The Auckland University of Technology’s ultrasound course provides a foundation for

CPPU accreditation.

Conclusion. The introduction of a CPPU signifies the progression of ultrasound
practice in paramedicine. It provides a tailored pathway for practitioners to upskill and gain
accreditation in out-of-hospital ultrasound. The CPPU aims to address the shortcomings of
ultrasound and emphasizes the importance of governance, infrastructure, administration,
education, and quality. The benefits of ultrasound out-of-hospital, such as improved
diagnostic ability and targeted clinical management, are well-established. The ultrasound
course at AUT provides a solid foundation for those wishing to gain certification in out-of-
hospital ultrasound. The CPPU represents a significant step towards improved patient

outcomes in out-of-hospital and paramedic practice.
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5.11 Wellington Free Ambulance Ultrasound Introduction

Wellington Free Ambulance has initiated an ultrasound pilot program involving four
flight paramedics. As a flight Paramedic, the author will work directly with this select group,
making them an ideal cohort to test the CPPU concept. The pilot project uses the Lumify
ultrasound device, which features remote uploading via Tricefy, a cloud medical imaging
platform, and Reacts cell phone software. Reacts software provides video calling for remote
clinical support. Throughout the program, flight paramedics must maintain a logbook and
undergo summative and formative evaluations based on ASUM CAHPU criteria. Following
the pilot program, WFA aspires to integrate ultrasound into broader paramedic practices, with
ECPs poised as the next group for implementation. Establishing clinical governance, the need
for regular audit and review processes, and the provision of ongoing education are in
development at the time of writing. Additionally, the financial burden of procurement and

maintenance of ultrasound equipment is still unresolved.
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5.12 Recommendations For Future Research

Operational Setting. Research investigating how strategies from the CAFE trial
work when applied in real-world operational settings. Are there any logistical or practical

barriers that were not apparent in the controlled environment of a trial?

Sample Size and Population. Future studies should aim to have a larger sample size

and be more representative of the population to enhance the generalisability of the findings.

Quantification of Low Flow Output. Investigate advanced measurement techniques
for quantifying low flow states, potentially using arterial lines as markers for initiating
targeted vasopressor treatment. This will assess the reliability and effectiveness of these

methods in out-of-hospital settings.

Outcomes and Clinical Significance. The critical question remains: “Does the
recognition of pseudo-PEA low flow states improve survival outcomes, or does it simply lead
to intensive care unit admissions for patients unlikely to survive hospital discharge?”. Studies
should aim to tackle this ethical and clinical dilemma by looking at both short-term and long-

term outcomes.
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Chapter 6 Conclusion

This study set out to establish whether paramedics could acquire and interpret an
ultrasound image during pulse check pauses in a simulated PEA cardiac arrest. Observation,
education, and simulation were methods used to explore the objective. This research
demonstrated that with minimal training, paramedics averaged 9.6 seconds to perform an
ultrasound during simulated cardiac arrests. However, only 47.7% of scans were within the
strict 9.99-second time limit. Difficulties obtaining an echo view contributed to delays in
hands-off time, suggesting specific training to improve adherence. While the current
ultrasound experience by paramedics in New Zealand is minimal, increasing its use in

everyday practice is anticipated to improve ultrasound skills and competence.

Secondary aims focused on ultrasound image quality and image interpretation
abilities. Paramedics acquired good images; with time, their proficiency and image quality
are expected to improve. Despite the condensed learning, the image quality was fair, and
paramedics demonstrated strong interpretation skills with minimal training. Overall,
participants’ image interpretation exceeded 90%, indicating a high level of proficiency.
However, there are opportunities for improvement, particularly in evaluating left ventricular
squeeze. These findings complement those of previously published studies showing that
paramedics perform well when asked to evaluate pericardial effusion, tamponade, left
ventricular squeeze, valvular movement and the presence or absence of a heartbeat.
Paramedics demonstrated adequate knowledge and retention; however, only 67.2% achieved
the specified pass mark (> 80%), indicating areas for improvement in education delivery,

design, and testing methods.

The broader translation of ultrasound technologies into New Zealand paramedic

clinical practice in the out-of-hospital setting is yet to be established. However, providing
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real-time information during active resuscitation is invaluable, especially when traditional
methods of ROSC detection for pseudo-PEA are indeterminate. Once ultrasound becomes
part of paramedic practice, consolidating knowledge, skills and familiarisation with the
equipment should improve ultrasound competence. Ultrasound use in cardiac arrest
emergencies should aim to improve patient assessment accuracy, provide insight for
differential diagnoses, and guide treatment and transport decisions, complementing the

current skills employed in answering the questions of the P-PEAT algorithm.

Given the increasing occurrence of PEA in cardiac arrest, evaluating for pseudo-PEA
is critical for improving patient survivability. Suggestions for future research focus on the
efficacy of ultrasound in determining pseudo-PEA and the possibility of integrating

algorithms such as P-PEAT.

Overall, this research has demonstrated that paramedics can learn and integrate
ultrasound into the pulse check pause, acquire good-quality images, interpret findings
accurately and retain specific knowledge. With regular ultrasound use and increasing

familiarity, speed and proficiency in POCUS are anticipated to improve.
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Can paramedics acquire and interpret Cardiac Arrest Focused Echocardiography (CAFE)
during the pulse check pauses in pulseless electrical activity (PEA) at simulated cardiac
arrests?

In order to investigate this question, the research will assess the following secondary questions to
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2. Achieve echo images that are adequate for interpretation with a CUSAS Score of 23 (Phase I
and IIl: CAFE Exam Integration Simulations)
and, within the two-minute CPR cycle:
3. Accurately identify the presence of pseudo-PEA and true PEA (Phase Il and lll: Online
Knowledge Test and CAFE Exam Integration Simulations)
4, Accurately identify cardiac tamponade (Phase Il and Ill: Online Knowledge Test and CAFE
Exam Integration Simulations)
To investigate the research questions the method involves three phases. These include pre-

education, didactic and hands-on training, and assessment. These are outlined in the methods
section.

9. Will any of the information contained in the WFA dataset be published or disclosed to
any other person? Outline the manner and circumstances of publication or disclosure. *

No. Aggregated data will be published.

10. Wll the outputs from use of the WFA dataset be shared with WFA? *

The outcomes will be published and available to VWFA staff.
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11. Will WFA be free to use outputs from the use of WFA data for its own activities? *

Not without prior permission and consent from the author. Material in the public domain e.g.
research findings from publications, may be used freely.

12. Will any individual be identifiable at any stage including during data collection and

6/16/2021

analysis or as a result of the outputs of processing? Outline the manner or
circumstances in which individuals may be identifiable and what steps will be taken to
protect their privacy. *

The lead researcher will be blinded to participant performance through the use of a study
identification number assigned by Dr Bronwyn Tunnage (Research Supervisor). Once the data
has been synthesized and published, the study participants may wish to know their results. The
study identification number at this point can be matched to the study participant name and
information provided.
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13. How do you propose to access or have the information transferred to you? Please
include whether you will require access to WFA record/LT. systems. *

Information is provided by the study participant and data recorded from assessments and quizzes.

No WFA data is required.

14. How will the WFA data be stored and secured?*

In Phases Il and Ill, ultrasound images taken during the assessments (using healthy volunteers)
will be stored on the ultrasound device and downloaded to AUT OneDrive as a DICOM (digital
imaging and communications in medicine) file. Images will be viewed using a DICOM reader.

The research material including scans and assessments will be stored on the lead researcher’s

AUT OneDrive. This data will also be saved on a hard drive labelled ‘CAFE Research Back Up’

which will be stored physically at Life Flight in a secure locked safe. This drive will be backed up
once a week.

15. Who will have access to the WFA dataset? *

Research team:
Hannah Latta

Dr Bronwyn Tunnage
Dr Andy Swain

External Moderators
Dr Scott Bomann (also research team)
Dr Kelvin Ward (TBC)

6/16/2021



CARDIAC ARREST FOCUSED ECHO

16. Are there any plans for future use of the data beyond those already described? *

17. For how long will the data be kept? *

None

10 years

18. How will the data be destroyed? *

6/16/2021

Hard drive wiped and digital data deleted
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19. Will any data be transferred outside New Zealand? (If so, please list the countries and
the circumstances of transfer). *

No

20. Will a subcontractor or other third party be appointed to process any of the data? If so,
list the party and its role. *

Yes, Dr Kelvin Ward, Lead Physician for Point-of-Care Ultrasound, After-Hours Medical Centre,
Wellington (TBC) as part of external moderation process.

21. What type of ethics approval will/has been sought? To clarify ethics requirements,
please refer to the guidelines at www.ethics.health.govt.nz
(httP-//www ethics health.govt.nz). *

D No ethics review is required
D Health and Disability Ethics Committee (HDEC) review
D Non-HDEC review (e.g. university ethics committee)

D Not sure

6/16/2021
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22. \What is the legal basis for your request?
Rule 11 of the Health Information Privacy Code and the Health Act 1956 provide a
framework for when information can be disclosed . Refer to the code here:
https://www.Privacy.org.nz/Privacy-act-2020/codes-of-Practice/hiP-c2020/
and sections 22B to 22 H of the Health Act here:

https://www legislation.qovt.nz/ act!Public/1956/ 0065/latest/DLM305840.htmI#DLM30667
or contact our team for assistance. *

O The data is being requested on behalf of a healthcare provider who will use it for the purposes of
continued patient care

O The data is being requested for research purposes and will not be published in a form that could
reasonably be expected to identify the individual/s concerned

23. Have you consulted with anyone from WFA regarding your project? If so, please provide
their names. *

Dr Andy Swain

6/16/2021
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24. Please check the following have been emailed to ClinicalServices@wfa.org.nz
(mailto: ClinicalServices@wfa.org.nz). *

D Project protocol/proposal (Aim, Methodology, Data analysis, Evaluation)

Are you requesting data? If so, please complete and upload the data request form available here:
O https://www.surveymonkey.com/r’MVF Adatasharingchecklist

Full ethics application form. If your project involves participants please also append the following
O documents to your full ethics application form: Participant information sheet, Participant consent
form, Participant recruitment information (advertisement/letter of invitation) .

Ethics: please provide a copy of the ethics approval letter or upload a short statement asto why
this is not required. Note that whilst external ethics committee approval may not be required all QI
and Audit activities must comply with the NEAC guidelines found here:

https://neac. health aovt.nz/ Publications-and-resources/neac-Publications/ national-ethical-standards-health-

and-disability
D Funding contract

Evidence of cultural consultation. If your request is for research you must include evidence of
Cultural Consultation

Privacy Impact Assessment Document. Please complete the Brief Privacy Analysis document
(template 1) available at https:.//www.privacy.org.nz/assets/L EGACY-FILES/Guidance /Template-1-Brief-Privacy-
Analysis-Part-1-Appendix-A.docx

25. Does this study relate to an existing or previous study registered with WFA? If so, please
state the study title and Principal Investigator's name. *

No

6/16/2021
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26.If access for this request is granted, | understand my responsibilities and will ensure
compliance with my obligations. In particular if this request is for clinical records, these
will only be used for the purposes outlined within the scope of this form and all records
will be maintained securely and in accordance with the Health and Information Privacy
Code 1994 and subsequent amendments. If the project is authorised, the project title,
project outline and principal investigator may be listed on a publicly available research
register.
Responsible Contact: ENTER FIRST NAME AND LAST NAME BELOW™

Hannah Latta

27.Entertoday's date dd/mm/yyyy ©

06/12/2021
APPROVED Dr Andy SWAIN
Medical Director, VWWFA.
07/03f2022
APPROVED Paul Fake

Executive Director Qulity
Improvement and Innovation

07/03/2022

Microsoft Forrms

This content & neither created nor endorsed by Microsoft The data yousubmit will be sent to the form owner.

6/16/2021
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Appendix C

Data and Privacy Analysis

PART 1 APPENDIX A:
TEMPLATE — BRIEF PRIVACY ANALYSIS

Tailoring this template to your own project

e  Add your own branding and formatting throughout this document.

e Review the list of questions and risks in sections 2.1 and 2.2 of the template to suit
your organisation and project.

e If your organisation has written policies, procedures or guidelines on privacy, you could
add these as a background reference section at the end of the document.

e  Update the sign-off list in section 5 to include:

- people who should be involved in preparing and reviewing the document (for
example the project manager)

— people who need to review and approve the document (for example, the privacy
officer).
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CAFE TRIAL A
Brief Privacy Analysis /'

03 December 2021

1. Project summary:

Integration of paramedic-led echocardiography in pulseless electrical activity (PEA) at out-of-
hospital cardiac arrests: An education and simulation study.

1.1 Brief description of the project
a) Describe your existing systems and the main changes that are proposed:

This is a simulation trial researching the ability of paramedics to learn and apply
focused cardiac arrest ultrasound in simulated Pulseless Electrical Activity
(PEA).

b) Describe the purpose of the change, including any projected benefits to your
organisation or to the individuals affected:

Benefits:

Paramedics - include learning a new skill, contributing to informing a knowledge
gap within paramedic PEA cardiac arrest ultrasound literature and exposure to
the practical element of research.

Volunteer — Being involved with facilitating practical sessions, experiencing
ultrasound first hand and having an opportunity to be part of a research project.

c) ldentify the main stakeholders or entities involved, and their role in the project.

1. Auckland University of Technology — academic oversight

2. Wellington Free Ambulance — research platform (participants and volunteers)

3. Wellington Emergency Department/CCDHB — simulation suite facilities and
study assessors/mentors.

4. Life Flight Air Rescue Centre — access to a secure database if required.

5. Philips — loaned ultrasound devices.

1.2 Personal information that the project will involve

In the table below, describe:

e the personal information that will be collected, used and/or disclosed
e the source of the information

e the purpose of the information for your project.

Note: “Personal information” is any information about an identifiable living person.
However, a person doesn’t have to be named in the information to be identifiable.
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Type of personal Source of Purpose of information

Information Information for the project

Provide feedback of final

. |
hame Parteipant results to the participant.

Determine variables within the

Demographic Data Participant participant group, e.g. age,
sex, paramedic grade.

To assess spread of ethnicity
Ethnicity Participant within the study group against

national horm.

*The participant name will be collected by Dr Bronwyn Tunnage and aligned with a study
Identification number. The lead researcher Hannah Latta has access to the study
identification number only and is therefore blinded to the data. Names will allow results to
be shared with individual participants at the end of the project.

Page 3 of 9
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2. Privacy assessment

2.1 Areas that are risky for privacy

Some types of projects are commonly known to create privacy risks. If the project
involves one or more of these risk areas, it’s likely that a PIA will be valuable.

Use this checklist to identify and record whether your proposal raises certain privacy
risks. Delete any that do not apply.

Does the project involve Yes No | If yes, explain your response
any of the following? {tick) | (tick)

Information management generally

A substantial change to an existing policy,
process or system that involves personal

information ‘/

Example: New legislation or policy that makes it
compulsory to collect or disclose information

Any practice or activity that is listed on a risk
register kept by your organisation

Example: Practices or activities listed on your J
office’s privacy risk register or health and safety
register

Collection

A new collection of personal information

Example: Collecting information about individuals’ \/

location

A new way of collecting personal information The participant will enrol with AUT for
Example: Collecting information online rather than \/ Phase | eLearning Module.

Demographic data will be collected such
as name, age, sex and time in current
ATP.

on paper forms

Storage, security and retention

A change in the way personal information is
stored or secured J

Example: Storing information in the cloud

A change to how sensitive information is
managed

<
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Does the project involve Yes If yes, explain your response
any of the following? (tick)

Example: Moving health or financial records to a
new database

Does the project involve Yes No | If yes, explain your response
any of the following? {tick) | (tick)

Transferring personal information offshore or
using a third-party contractor /

Example: Outsourcing the payroll function or
storing information in the cloud

A decision to keep personal information for
longer than you have previously

Example: Changing IT backups to be kept for \/
10 years when you previously only stored them for
7

Use or disclosure

A new use or disclosure of personal
information that is already held J

Example: Sharing information with other parties in
a new way

Sharing or matching personal information held
by different organisations or currently held in
different datasets

Example: Combining information with other \/
information held on public registers, or sharing

information to enable organisations to provide
services jointly

Individuals’ access to their information

A change in policy that results in people
having less access to information that you
hold about them

Example: Archiving documents after 6 months into a
facility from which they can’t be easily retrieved

Identifying individuals
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Does the project involve Yes No | If yes, explain your response
any of the following? (tick) | (tick)

New intrusions on individuals’ property, person or activities

Introducing a new system for searching
individuals’ property, persons or premises /

Example: A phone company adopts a new policy
of searching data in old phones that are handed in

Surveillance, tracking or monitoring of
movements, behaviour or communications J

Example: Installing a new CCTV system

Changes to your premises that will involve
private spaces where clients or customers
may disclose their personal information

Example: Changing the location of the reception
desk, where people may discuss personal details

to compliance action against individuals on

New regulatory requirements that could lead
the basis of information about them /

Example: Adding a new medical condition to the
requirements of a pilot’s license

List anything else that may impact on privacy, The volunteer model will expose their
such as bodily searches, or intrusions into J upper abdomen and small portions of
physical space the chest (left side) will be exposed to

perform ultrasound. Females will be
asked to wear a crop top and privacy is
maintained using screens and
appropriately placed blankets. All
volunteer models will be consented into
this process.
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2.2 Initial risk assessment

If you answered “Yes” to any of the questions above, use the table below to give a rating —
either Low (L), Medium (M), or High (H) — for each of the aspects of the project set out in

the first column.

For risks that you've identified as Medium or High, indicate (in the right-hand column) how

the project plans to lessen the risk (if this is known).

If you answered “No” to all the questions in 2.1 above, move on to section 3 below.

Aspect of the Project

Level of information handling

L — Minimal personal information will be
handled

M — A moderate amount of personal
information (or information that could become
personal information) will be handled

H — A significant amount of personal
information (or information that could become
personal information) will be handled

Describe any medium and high
risks and how to mitigate them

Standard demographic and ethnicity data
for describing the research population.

Sensitivity of the information (eg
health, financial, race)

L — The information will not be sensitive

M — The information may be considered to be
sensitive

H — The information will be highly sensitive

Ethnicity for deviations from the norm.

Significance of the changes

L — Only minor change to existing
functions/activities

M — Substantial change to existing
functions/activities; or a new initiative

H — Major overhaul of existing
functions/activities; or a new initiative that's
significantly different

Page 7 of 9
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research staff.
L — No interaction with other agencies

M — Interaction with one or two other agencies
H — Extensive cross-agency (that is,

government) interaction or cross-sectional
(non-government and government) interaction

Interaction with others L& Participants, volunteers, assessors and

Public impact L No public impact

L — Minimal impact on the organisation and
clients

M — Some impact on clients is likely due to
changes to the handling of personal
information; or the changes may raise public
concern

H — High impact on clients and the wider
public, and concerns over aspects of project;
or negative media is likely

3.  Summary of privacy impact

The privacy impact for this project has been assessed as:

Low — There is little or no personal information involved; or the use of personal
information is uncontroversial; or the risk of harm eventuating is negligible; or the
change is minor and something that the individuals concerned would expect; or risks
are fully mitigated

J

Medium — Some personal information is involved, but any risks can be mitigated
satisfactorily

High — Sensitive personal information is involved, and several medium to high risks
have been identified

Reduced risk — The project will lessen existing privacy risks

Inadequate information — More information and analysis is needed to fully assess
the privacy impact of the project.

3.1 Reasons for the privacy impact rating

Briefly summarise your reasons for the rating you gave above.

Page 8 of 9
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We are collecting minimal personal information required only to describe the study
population and compare variables within the research data.

4. Recommendation
Do a full privacy impact assessment

Describe:

o the likely timing of the PIA

o the level of complexity that will be needed
e who will be responsible for doing the PIA

or
A full privacy impact assessment is not required.

Explain why a PIA is not needed

No participant or volunteer personal information will be shared outside the study and
that recorded for the study will be anonymised and aggregated for research papers.

5. Sign off

Hannah Latta Flight ICP
Name Position (Project Manager)

758

/ ZV%—_ 07 ;03 ;2022

Signature Date
Dr Andy SWAIN Medical Director, WFA.

Name

Position (Manager)
Z %;Zi:u ' 07 , 03, 2022

Signature / Date
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Appendix D

Matauranga Maori Committee Consultation Approval

AU

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

School of Clinical Sciences
Matauranga Maori Committee

Verification of Maori Consultation

This document provides verification that the research project named below was discussed
with the School of Clinical Sciences Matauranga Maori Committee, Auckland University of
Technology. Specific comments and recommendations are indicated following the table.

Title of project: “Out-of-hospital cardiac arrest focused echocardiography in pulseless electrical
activity (PEA) — A prehospital observational trial”

Research Team members and affiliations: Hannah Latta- Ngapuhi affiliation | Meeting Date:
by partner and son, AUT DHSc Candidate; Dr Bronwyn Tunnage-AUT 4/11/2020
Supervisor; Assoc Prof Andrew Swain-AUT Supervisor; Dr Scott Bomann-
Specialist Advisor, Wellington Hospital.

Discussion Areas Discussed
Whakapapa: Relationships
Researcher experience in field X
Consultation with local stakeholders X
Consenting process X
Clarity of data usage X
Dissemination of findings X
Benefits to participants X

Protecting the rights & interest of Maori

Clear purpose of project X

Relevance to Maori

Likely outcome for participants, communities, other stakeholders X
Participant recruitment methods X
Maori involvement in project (participants, researchers, etc.) X

Cultural & Social Responsibility
Participants” access to appropriate advice

Participants treated with dignity and respect X

Privacy and confidentiality X

Whanau support

Transparency of research process X

Mana tangata — Power & Authority

Reciprocity (acknowledgements, compensation, gifts) X
Risks of participation identified X
Ownership of outcomes X

Informed consent process X
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Comments / clarifications

1.

This is a three-phase study. Phase 1 and 2 are training and competency
assessment components, training participating paramedics to perform and
interpret ultrasound assessments. Phase 3 is an observational trial where the
trained supernumerary paramedics will perform the ultrasound assessments
during out-of-hospital cardiac arrest (OHCA). Maori are over-represented in OHCA
statistics, so it is of direct relevance to Maori.

This is a purely observational study. Whatever is observed by ultrasound will not
be conveyed to those conducting the resuscitation — usual protocols will continue.
The project is looking to obtain the data on how common pulseless electrical
activity is and determine if the current resuscitation algorithm protocols could be
improved by the addition of the ultrasound check.

Cultural safety information will be included in the training and the research team
this as an opportunity to improve on the cultural resources and training that
currently available in the ambulance service.

Current resuscitation practice involves exposure of the person’s chest for safety
and diagnostic reasons. Introduction of the ultrasound assessment will involve the
addition of ultrasound gel. The probe equipment and monitoring equipment are
very discreet.

Consent from the person undergoing resuscitation cannot be sought at the time of
ultrasound. However, permission will be sought from whanau —i.e., explaining
why the researchers are doing what they are doing and checking that that is OK.

Data from the project will be given to Te Mana Raraunga with the intention of
making sure that the data and findings are available to Maori.

Recommendations made by Committee

1.

Involving Maori in the early phases of the project will be a prime opportunity to
engage and support Maori and to demonstrate its applicability to M3ori when/if it
comes to implementation of the new process.

The committee support taking the opportunity to improve cultural training.

The committee would strongly advise including Maori paramedics and healthy
volunteers in the early phases of the project and to seek their feedback on the
ultrasound protocol to help understand how the protocol may be perceived by
whanau. Talking with Kaumatua about the project would optimise the likelihood
that the ultrasound protocol will be culturally responsive prior to doing the Stage 3
research.

Talking with the Maori liaison for Wellington Free Ambulance and St Johns would
also be useful.

Communication was highlighted as key for Maori — the need to explain what is
being done, why, and what is expected from that action, so that whanau
understand exactly what is being undertaken and why. Communication with
whanau should be an important factor to include in training. It is also important to
prioritise the dignity of the person involved.
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6. The committee noted that it would be good practice to retrospectively
acknowledge the whanau / patient, thanking them for the gift of their knowledge.
Ideally this would be done face-to-face, or if that was not possible by letter, to
thank the family.

7. Advice from the committee about questions such as “what is the right thing to do
about gel left on the body if resuscitation is ceased?” is to talk with the respective
whanau — they will tell you what to do. Similarly, when there are multiple family
members on the scene, look to the more mature person in the group and ask who
the key person to talk with is.

8. The committee acknowledged the sharing of data with Te Mana Raraunga and
noted that involving Maori early on will also support better relationships to allow
easier dissemination of results.

Please contact the Committee’s Administrator Greta Smith at socs-mmc@aut.ac.nz if you
have any questions about this feedback.

You may be contacted in 12 months’ time for feedback about the process and the
usefulness of these comments and recommendations to your project.

Signature: ,gz// Aeguod——nu_ 5/11/2020

Grant Mawston
Matauranga Maori Consultation Committee
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PRISMA Flow Diagram OHCA-PEA Literature Review

Appendix E

Identification of studies via databases
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Identification

Screening

Included

Records identified from:
CINAHL complete (n = 104)
Scopus (n = 76)

PubMed (n = 48)
Web of Science (n =39)
Google Scholar (n =9)

Records removed before screening not related to

topic:
CINAHL (n=96)
Scopus (n = 68)
PubMed (n = 38)
Web of Science (n =22)
Google Scholar (n =9)

Records screened
CINAHL complete (n = 8)
Scopus (n = 8)
PubMed (n = 10)
Web of Science (n=17)
Google Scholar (n = 0)

Records excluded duplicates
CINAHL (n=4)
Scopus (n=7)
PubMed (n =0)
Web of Science (n=1)
Google Scholar (n = 0)

Reports excluded:
Web of Science - Not in
English (n=1)

Studies included in review
CINAHL complete (n = 4)
Scopus (n=1)

PubMed (n = 10)

Web of Science (n=15)

Google Scholar (n = 0)
Reports of included studies
(n=30)
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Appendix F

PRISMA Flow Diagram Ultrasound Education

Identification of studies via databases ]
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Identification

Screening

Included

Records identified from:
CINAHL complete (n = 128)
PubMed (n = 185)

Science Direct (n = 48)
Google Scholar (n = 66)

Records removed before screening not related to

topic:
CINAHL (n=115)
PubMed (n = 178)
Science Direct (n = 45)
Google Scholar (n = 62)

Records screened
CINAHL complete (n = 13)
PubMed (n=7)
Science Direct (n = 3)
Google Scholar (n = 4)

Records excluded duplicates
CINAHL (n=0)
PubMed (n =0)

Science Direct (n = 0)
Google Scholar (n = 0)

Reports excluded:
Not in English (n = 0)

Studies included in review
CINAHL complete (n = 13)
PubMed (n=7)

Science Direct (n = 3)

Google Scholar (n = 4)
Reports of included studies
(n=27)
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Appendix G

Study Advertisement Paramedics

Participate in
Cardiac Arrest
Research-

“»..Help advance ultrasound
\ integration in Pulseless Electrical
Activity (PEA) cardiac arrest.

There are three phases to the CAFE research trial. Asa | Are you eligible?
participant, you will be asked to participate in all three | T0 beeligible, you must be:

e Paramedic level or above
phases of the study. N
e Registered
e BHSc orequivalent
e Phase Il: 6-hr hands-on training and assessment e Working frontline
Exclusion criteria:
Previous clinical ultrasound

experience

UNIVERSITY

e Phase | :2-hr online education module

e Phase lll: 1-hr assessment

CARDIAC ARREST FOCUSED ECHO
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Appendix H

Keeping Connected Staff Bulletin Group A

Intensive Care Paramedic Hannah Latta is currently completing a Doctoral of e A
Health Science through Auckland University of Technology (AUT) researching Parhcnpal’e mn

the use of ultrasound in cardiac arrest. COI’diGC Arrest
Hannah would like to extend an invitation for you to participate in her research ROSOGI'C"I?

project: “Integration of paramedic-led echocardiography in pulseless
electrical activity (PEA) at out-of-hospital cardiac arrests: An education

.. Heélp advance ultrasound
integration in PulselesS'Electrical

and simulation study”. \ Activity (PEA) cardiac afrest.
0

The invitation extends to two streams of participants: I~

1) Paramedics to participate in the research learning and performing Cardiac Arrest Focused Echo exam (CAFE exam)

and

2) Volunteers to help with simulation and act as healthy subjects for the participants to practice ultrasound on.

For more information on who is required, what will be involved and how you can apply please read on SharePoint here.
See flyers on healthy volunteers 22 here and one on participants = here. These will be displayed around station.

The closure of invitations is 1 January 2022. However, if there is not enough interest this date may be extended.

Learning and Professional Development

Spinal Management and Car Extrication Training

The clinical education team would like to offer WFA staff the opportunity to
attend traumatic spinal management and car extrication training with WFA and
FENZ. The training can be used for CPD and certificates of attendance will be
issued. We are not able to pay for your attendance and training is located in
Lower Hutt. Please follow this link to sign up via ELMO : ELMO at WFA
(elmotalent.co.nz)

Upcoming dates: 23 April, 7 May, 13 Aug, 8 Oct and 22 Oct.

Ultrasound in Cardiac Arrest Research Trial a Huge Success

GROUP B - Recruiting now open!

We have successfully completed our first round (Group A) of the ultrasound trial. Thank you to everyone
involved. It was a fantastic time and I'm sure Group A will share their experiences. During Phases | and Il, the
participants learnt about the physics of ultrasound, how to use the ultrasound device and perform echo
ultrasound in cardiac arrest. On the training day we had five doctors running ultrasound stations and 10
volunteers as healthy subjects and simulation operators. The doctors were amazed at how quickly the
paramedics picked up ultrasound and the quality of images acquisition was fantastic. | was excited for the
participants. The assessment day was not without hiccups with a sudden change from the Wellington Sim
Lab to a hall in Tawa. However, in true style everyone rose to the occasion and the day went well.

Would you like to learn echo ultrasound or volunteer?

We are holding a second trial (Group B) recruiting in the month of April. Phase | and Il will be in May and
Phase lll in June. The dates are free and clear for red and green shift (sorry brown). More information is
available here_for participants, and here for healthy volunteers. A video with further details can be viewed
here.

Please email CAFE.research@wfa.org.nz for an information sheet. We would love to have you.
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Appendix I

Keeping Connected Staff Bulletin Group B

Ultrasound in Cardiac Arrest Research Trial a Huge Success

GROUP B — Recruiting now open!

We have successfully completed our first round (Group A) of the ultrasound trial. Thank you to
everyone involved it was a fantastic time and I’'m sure Group A will share their experiences. During
phase | and Il, the participants learnt about the physics of ultrasound, how to use the ultrasound
device and perform echo ultrasound in cardiac arrest. On the training day we had five doctors running
ultrasound stations and 10 volunteers as healthy subjects and simulation operators. The doctors
where amazed at how quickly paramedics pick up ultrasound and the quality of images acquisition was
fantastic. | was excited for the participants. The assessment day was not without hiccups with a
sudden change from the Wellington Sim Lab to a hall in Tawa. However, in true style everyone rose to

the occasion and the day went well.

Would you like to learn echo ultrasound or volunteer?
We are holding a second trial (Group B) recruiting in the month of April. Phase | and Il will be in May
and Phase Ill in June. The dates are free and clear for red and green shift (sorry brown). Please send

me an email via CAFE.research@wfa.org.nz and I'll reply with an information sheet. We would love to

have you.

Phase Il Echo Practice

Cardiac Arrest Simulation
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Appendix J

Information Sheet and Consent Form All Participants
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Participant Information Sheet
Date Information Sheet Produced: 27 August 2021

Project Title

Integration of paramedic-led echocardiography in pulseless electrical activity (PEA) at out-of-hospital
cardiac arrests: An education and simulation study.

Project Identifier

The study is called the "Cardiac Arrest Focused Echo™ (CAFE) exam.

An Invitation

My name is Hannah Latta. | am an intensive care flight paramedic and doctoral student at the Auckland
University of Technology. | would like to invite you to participate in my research project. Participants are
being sought from Wellington Free Ambulance (WFA).

What is the purpose of this research?

In a PEA cardiac arrest, the patient has no palpable pulse. The electrical impulse that stimulates the
heartbeat is present, but the heart muscle does not respond. Research reveals that up to 75% of Out-of-
Hospital Cardiac Arrest (OHCA) patients in PEA are found to have a heartbeat when examined with an
ultrasound scan. However, the heartbeat in this pseudo-PEA state is too weak to generate a palpable pulse
and instead of resuscitation being attempted, the patient may be declared dead.

A paramedic-led ultrasound scan of the heart during PEA allows the user to see a real-time image. This
image answers the focused clinical guestions of "Is the heart beating?”, "How well is it beating?" and "Is
there an immediately treatable, reversible cause?". Identifying the reversible causes of PEA can help guide
resuscitation and influence treatment and transport decisions.

The future direction and treatment of PEA recognition prehospital needs to be further investigated. The
study seeks to establish whether it is possible for paramedics to differentiate between true and pseudo-
PEA without interruption to the 10-second pulse check pause. If they can, then paramedics have the
potential to correct a further four reversible causes of PEA cardiac arrest and detect low flow shocked
states. The anticipated benefit is that the survival rate among patients in PEA could increase if pseudo-PEA
cases are recognised and treated appropriately. Results from this study may inform decisions on the use of
ultrasound in PEA cardiac arrest within the ambulance service. In addition, the findings of this research may
be used for academic publications and presentations.
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How was | identified and why am | being invited to participate in this research?

You have been identified as an employee of WFA with an ATP of Paramedic level or above. You are eligible
to be included in the study if you meet the five following criteria:

O Paramedic level or above O Paramedic registration
O Workingin a frontline clinical capacity O Current Annual Practising Certificate

O Bachelor of Health Science in Paramedicine or equivalent qualification

Please note that you cannot participate in the study if you have previous clinical ultrasound experience.

How do | agree to participate in this research?

Your participation in this research is voluntary (it is your choice), and whether or not you choose to
participate will neither advantage nor disadvantage you. You are able to withdraw from the study at any
time. If you choose to withdraw from the study, then you will be offered the choice between having any
data that is identifiable as belonging to you removed or allowing it to continue to be used. However, once
the findings have been produced, removal of your data may not be possible.

If you agree to take part in this study, you will be asked to sign the Consent Forms at the end of this
document. You will be given a copy of both the Participant Information Sheet and the Consent Forms to
keep.

This document is five pages long, including the Consent Forms. Please make sure you have read and
understood all pages.

What will happen in this research?

There are three phases to the CAFE research trial. As a participant, you will be asked to participate in all
three phases of the study. You will be asked to learn the basics of echo ultrasound, safety, cultural
awareness, and cardiac arrest ultrasound integration.

The phases will occur over three months, with each phase occurring every 3-4weeks. Phases |l and Ill are
held at the Wellington Hospital Simulation Suite.

Phase | is a 2-hour online educational component. You will learn the theoretical and practical elements
of focused echocardiography (echo) and how to integrate the CAFE exam into the pulse check pauses
at simulated cardiac arrests. The application of ultrasound during the resuscitation is supernumerary
(extra) and will not interrupt or influence the flow of the cardiac arrest.

Phase Il is a 6-hour didactic hands-on training course. You will have the opportunity to scan healthy
volunteers. This time supports your learning and ultrasound skills. The end of Phase Il will assess your
knowledge and abilities through testing and simulation. Participants are required to achieve at least
90% to pass this assessment and progress to Phase IIl. However, if you do not pass this assessment,
further training will be offered to help you pass.

Phase lll is a 1-hour assessment. The Phase Il assessments are a knowledge test (conducted onsite
and online), a practical echo skills assessment and simulation that integrates the CAFE exam.
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What are the discomforts and risks?

You may feel uncomfortable with simulation and assessments. Our intention is to provide a safe, friendly,
supportive learning environment. You should be able to enjoy a stress-free research experience.

How will these discomforts and risks be alleviated?

To reduce the discomfort of being assessed, we will ensure that all assessments are private using separate
rooms or screens. Your assessment results are aligned with your study identification number and will
remain confidential to the research team.

What are the benefits?

This is an opportunity for you to develop ultrasound knowledge and experience and participate in
paramedic-led research. You may be able to claim up to nine CPD hours from the training module as
professional development to demonstrate continuing education as part of your annual practising certificate
renewal.

What compensation is available for injury or negligence?

In the unlikely event of a physical injury resulting from your participation in this study, rehabilitation, and
compensation for injury by accident may be available from the Accident Compensation Corporation,
providing the incident details satisfy the requirements of the law and the Corporation's regulations.

How will my privacy be protected?

We take privacy and confidentiality seriously. Your identity will be made anonymous after you commence
Phase |. You will be issued a study code that will be matched with your results (data). This is to ensure
anonymity between researcher and participant. Assessments and testing stations will use screens or
separate rooms to maintain confidentiality and uphold research integrity. A pass mark of > 90% is required
to progress from phase Il to lll. If you do not pass phase Il, you will be notified in confidence by an
administrator and asked if you would like further training to help you achieve a pass mark. This will be
commenced at a date that suits both participant and assessor within a period of three weeks following
phase Il. The lead researcher is not involved with this process to remained blinded.

What are the costs of participating in this research?

You will receive $20 koha per phase attended towards travel and parking. Food and drink will be provided
during the Phase Il training day. If you require a special diet, please email the study email provided. The
total amount of your time is 9-hours, not including commute time for phases Il and Ill.

What opportunity do | have to consider this invitation?

This invitation needs to be accepted or declined by 12™ December 2021. During this time, you are most
welcome to discuss with colleagues or contact the lead researcher Hannah Latta for further clarification.
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Will | receive feedback on the results of this research?

At the completion of your assessments your assessor will provide you with immediate feedback. At the
conclusion of the research, you will be provided with a summary of findings.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project
Supervisor, Dr Bronwyn Tunnage, Bronwyn.tunnage@aut.ac.nz, (+649) 921 9999 ext 7088.

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC,
ethics@aut.ac.nz , (+649) 921 9999 ext 6038.

Whom do | contact for further information about this research?

Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also
able to contact the research team as follows:

Conflicts of Interest and Disclosure

The lead researcher (Hannah Latta) is employed by Wellington Free Ambulance as an Intensive Care
Paramedic working as an ambulance officer. Hannah has no conflicts of interest and receives no financial
benefit from representative companies. Specialist equipment for education and simulation is provided by
Laerdal and Sonosim New Zealand for phases Il and Ill of the trial. Ultrasound devices (Lumify) are provided
by Philips for phases Il and Il of the trial.

Researcher Contact Details:

Hannah Latta, Hannah.latta@aut.ac.nz, (+649) 921 9999 ext. 7088.

Project Supervisor Contact Details:

Dr Bronwyn Tunnage, Bronwyn.tunnage@aut.ac.nz, (+649) 921 9999 ext. 7088.

Approved by the Auckland University of Technology Ethics Committee on type the date final ethics approval
was granted, AUTEC Reference number type the reference number.



CARDIAC ARREST FOCUSED ECHO 295

AUT

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Consent Form
Who: Participant

Project title: Integration of paramedic-led echocardiography in pulseless electrical activity (PEA)
and out of hospital cardiac arrest: And education and simulation study.

Project Supervisor: Dr Bronwyn Tunnage
Researcher: Hannah Latta
O | have read and understood the information provided about this research project in the Information Sheet

dated dd mm yyyy.
O | have had an opportunity to ask questions and to have them answered.

O | understand that taking part in this study is voluntary {my choice) and that | may withdraw from the study at
any time without being disadvantaged in any way.

O | understand that if | withdraw from the study then | will be offered the choice between having any data or
tissue that is identifiable as belonging to me removed or allowing it to continue to be used. However, once the
findings have been produced, removal of my data may not be possible.

o I am not suffering from any iliness or injury that impairs my physical performance requirements for your
research.

O | agree to provide my time to undertake this research.

o} | agree to take part in all three phases of this research.

O 1 wish to receive a summary of the research findings {please tick one): YesO  NoO

PartiCiPants SIBNATUIE I oottt e et et et ees re s et st et st e et b s s enn s

PArTICIDARISTNGITIET oromnsonor s s s Ve ans o 4 i e R B P S S S e e s

Participants Contact Details

Date :

Appraved by the Auckland University of Technology Ethics Committee on 30" of November 2021, AUTEC Reference
number 21/327.

April 2018 page lofl This version was last edited in April 2018
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Volunteer Information Sheet

Date Information Sheet Produced: 27 August 2021

Project Title

Integration of paramedic-led echocardiography in pulseless electrical activity (PEA) at out-of-hospital
cardiac arrests: An education and simulation study.

Project Identifier

The study is called the "Cardiac Arrest Focused Echo" (CAFE) exam.

An Invitation

My name is Hannah Latta. | am an intensive care flight paramedic and doctoral student at the Auckland
University of Technology. | would like to invite you to participate in my research project. Volunteers are
being sought from Wellington Free Ambulance (WFA) to act as models for ultrasound education and actors
for cardiac arrest simulation.

What is the purpose of this research?

In a PEA cardiac arrest, the patient has no palpable pulse. The electrical impulse that stimulates the
heartbeat is present, but the heart muscle does not respond. Research reveals that up to 75% of Out-of-
Hospital Cardiac Arrest (OHCA) patients in PEA are found to have a heartbeat when examined with an
ultrasound scan. However, the heartbeat in this pseudo-PEA state is too weak to generate a palpable pulse
and instead of resuscitation being attempted, the patient may be declared dead.

A paramedic-led ultrasound scan of the heart during PEA allows the user to see a real-time image. This
image answers the focused clinical questions of "Is the heart beating?", "How well is it beating?" and "Is
there an immediately treatable, reversible cause?". Identifying the reversible causes of PEA can help guide
resuscitation and influence treatment and transport decisions.

The future direction and treatment of PEA recognition prehospital needs to be further investigated. The
study seeks to establish whether it is possible for paramedics to differentiate between true and pseudo-
PEA without interruption to the 10-second pulse check pause. If they can, then paramedics have the
potential to correct a further four reversible causes of PEA cardiac arrest and detect low flow shocked
states. The anticipated benefit is that the survival rate among patients in PEA could increase if pseudo-PEA
cases are recognised and treated appropriately. Results from this study may inform decisions on the use of
ultrasound in PEA cardiac arrest within the ambulance service. In addition, the findings of this research may
be used for academic publications and presentations.
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How was | identified and why am | being invited to participate in this research?

You have been identified as an employee of WFA. Therefore, you are eligible to be a volunteer if you meet
the following criteria:

O WFA employee
O Hold an EMT qualification or above

You cannot participate if you a) do not want to be scanned or b) part of a simulation team.

How do | agree to participate in this research?

Your participation in this research is voluntary (it is your choice), and whether or not you choose to
participate will neither advantage nor disadvantage you. You are able to withdraw from the study at any
time. If you agree to participate in this study, you will be asked to sign the Consent Forms at the end of this
document. You will be given a copy of both the Volunteer Information Sheet and the Consent Forms to
keep. This document is five pages long, including the Consent Forms. Please make sure you have read and
understood all pages.

What will happen in this research?
There are three Phases. You will be involved in Phases Il and III.

Phase Il training day (live scanning): There are two 60-minute scanning sessions throughout the day,
and paramedics will take turns using the ultrasound machine to look at your heart. You will be lying
face-up on a bed. The two regions they will examine are the left front of the chest (parasternal) and
under your breastbone (subcostal). There will be an instructor at the bedside to ensure your comfort
and teach the paramedics how to perform an ultrasound. At the end of the day, the study participants
will be tested, and we will need you to participate in simulations.

Phase Il and 11l Simulation: We require volunteers to act as ambulance officers for cardiac arrest
simulation stations. Each station requires three officers to perform the simulation whilst the study
participant acts in a 'supernumerary' capacity, performing ultrasound during the pulse check pause
in a non-shockable rhythm.

Privacy: Your privacy will be maintained using screens and appropriately placed sheets and towels.
You will be asked to wear loose and comfortable clothing. Females are to wear a sports bra or crop
top. Men will need to be shirtless. There will be limited contact between the study participants hand
holding the ultrasound probe and the front of the chest and top of the abdomen. However, females,
your breast will always remain covered by the sports bra.

Study location: Wellington Hospital Simulation suite.

What are the discomforts and risks and how will these be alleviated?

Ultrasound is completely safe and free of radiation. However, the constant pressure of an ultrasound probe
on your chest makes you feel a little sore. Let your station doctor know if scanning is too painful. Occasionally,
we find incidental abnormalities during the scan. If this is the case, we will notify you and guide you to the
appropriate follow-up if needed.
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What are the benefits?

This research is an opportunity for you to develop ultrasound knowledge. In addition, you may be able to
claim CPD hours as professional development to demonstrate continuing education.

What compensation is available for injury or negligence?

In the unlikely event of a physical injury resulting from your participation in this study, rehabilitation, and
compensation for injury by accident may be available from the Accident Compensation Corporation,
providing the incident details satisfy the requirements of the law and the Corporation's regulations.

How will my privacy be protected?

We take privacy and confidentiality seriously. As a volunteer, you are covered under the rights of the
volunteer, the Human Rights Act and Privacy Act of 2020 and the Health & Safety at Work Act 2015. At no
stage should you feel uncomfortable or that your privacy is in question.

What are the costs of participating in this research?

You will receive $20 koha per phase attended towards travel and parking. In addition, food and drink will be
provided for you. If you require a special diet, please email the study email provided. The total amount of
your time is nine hours, not including commute time.

Conflicts of Interest and Disclosure

The lead researcher (Hannah Latta) is employed by Wellington Free Ambulance as an Intensive Care
Paramedic working as an ambulance officer. Hannah has no conflicts of interest and receives no financial
benefit from representative companies. Specialist equipment for education and simulation is provided by
Laerdal and Sonosim New Zealand for phases Il and Ill of the trial. Ultrasound devices (Lumify) are provided
by Philips for phases Il and Il of the trial.

What opportunity do | have to consider this invitation?

This invitation needs to be accepted or declined by 12 December 2021. During this time, you are most
welcome to discuss with colleagues or contact the lead researcher Hannah Latta for further clarification.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project
Supervisor, Dr Bronwyn Tunnage, Bronwyn.tunnage@aut.ac.nz, (+649) 921 9999 ext 7088.

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC,
ethics@aut.ac.nz , (+649) 921 9999 ext 6038.

Whom do | contact for further information about this research?
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Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also
able to contact the research team as follows:

Researcher Contact Details: Hannah Latta, Hannah.latta@aut.ac.nz, (+649) 921 9999 ext 7088.

Project Supervisor Contact Details: Dr Bronwyn Tunnage, Bronwyn.tunnage@aut.ac.nz, (+649) 921 9999 ext
7088.

Approved by the Auckland University of Technology Ethics Committee on type the date final ethics approval
was granted, AUTEC Reference number type the reference number.
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Consent Form
Who: Healthy Volunteer

Project title: Integration of paramedic-led echocardiography in pulseless electrical activity (PEA)
and out of hospital cardiac arrest: And education and simulation study.

Project Supervisor: Dr Bronwyn Tunnage
Researcher: Hannah Latta
O | have read and understood the information provided about this research project in the Information Sheet

dated dd mm yyyy.
O | have had an opportunity to ask questions and to have them answered.

O | understand that taking part in this study is voluntary {my choice) and that | may withdraw from the study at
any time without being disadvantaged in any way.

O I understand that if | withdraw from the study then | will be offered the choice between having any data or
tissue that is identifiable as belonging to me removed or allowing it to continue to be used. However, once
the findings have been produced, removal of my data may not be possible.

o 1 am not suffering from any iliness or injury that impairs my physical performance requirements for your
research.

O | agree to being an ultrasound model, for research participants perform echo ultrasound. YesO NoO

AND /OR

O | agree to participate as a role-playing paramedic for cardiac arrest simulations. YesO  NoO

O 1 agree to my ultrasound images (without identifying details) being stored and reviewed as part of this

research project. YesO  NoO

O 1 wish to receive a summary of the research findings (please tick one): YesO  NoO

ParticipANtSSIENAtUPE T  «ovamaas i m s i aa a Ar s ee  is

PArtiCiPANTS NAME I ittt st et et st e bt reaa ettt set s et e st b et st ent s

Participants Contact Details

Date:

Approved by the Auckland University of Technology Ethics Committee on 30" of November 2021, AUTEC Reference
number 21/327.

April 2018 page lofl This version was last edited in April 2018
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Assessors Information Sheet

Date Information Sheet Produced: 27 August 2021

Project Title

Integration of paramedic-led echocardiography in pulseless electrical activity (PEA) at out-of-hospital
cardiac arrests: An education and simulation study.

Project Identifier

The study is called the "Cardiac Arrest Focused Echo" (CAFE) exam.

An Invitation

My name is Hannah Latta. | am an intensive care flight paramedic and doctoral student at the Auckland
University of Technology. | would like to invite you to participate in my research project. Ultrasound
gualified assessors are being sought to assist with practical ultrasound education and assessments.

What is the purpose of this research?

In a PEA cardiac arrest, the patient has no palpable pulse. The electrical impulse that stimulates the
heartbeat is present, but the heart muscle does not respond. Research reveals that up to 75% of Out-of-
Hospital Cardiac Arrest (OHCA) patients in PEA are found to have a heartbeat when examined with an
ultrasound scan. However, the heartbeat in this pseudo-PEA state is too weak to generate a palpable pulse
and instead of resuscitation being attempted, the patient may be declared dead.

A paramedic-led ultrasound scan of the heart during PEA allows the user to see a real-time image. This
image answers the focused clinical questions of "Is the heart beating?", "How well is it beating?" and "Is
there an immediately treatable, reversible cause?”. Identifying the reversible causes of PEA can help guide
resuscitation and influence treatment and transport decisions.

The future direction and treatment of PEA recognition prehospital needs to be further investigated. The
study seeks to establish whether it is possible for paramedics to differentiate between true and pseudo-
PEA without interruption to the 10-second pulse check pause. If they can, then paramedics have the
potential to correct a further four reversible causes of PEA cardiac arrest and detect low flow shocked
states. The anticipated benefit is that the survival rate among patients in PEA could increase if pseudo-PEA
cases are recoghised and treated appropriately. Results from this study may inform decisions on the use of
ultrasound in PEA cardiac arrest within the ambulance service. In addition, the findings of this research may
be used for academic publications and presentations.
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How was | identified and why am | being invited to participate in this research?

You have been identified as a doctor and employee of CCDHB. Therefore, you are eligible to be a volunteer
if you meet the following criteria:

O CCDHB employee O In Wellington February — March 2022
O ASUM CCHPU accredited

How do | agree to participate in this research?

Your participation in this research is voluntary (it is your choice), and whether or not you choose to
participate will neither advantage nor disadvantage you. You are able to withdraw from the study at any
time. If you agree to participate in this study, you will be asked to sign the Consent Forms at the end of this
document. You will be given a copy of both the Assessors Information Sheet and the Consent Forms to
keep. This document is four pages long, including the Consent Forms. Please make sure you have read and
understood all pages.

What will happen in this research?
There are three Phases. You will be involved in Phases Il and III.
Phase | is an online education module there is no requirement of you for this module.

Phase Il is a 6-hour didactic hands-on training course. There are two 60-minute scanning sessions
throughout the day, and paramedics will take turns using the ultrasound machine to perform
echocardiography. This will be the first time the paramedics have used ultrasound. You will be
asked to supervise a scanning station, provide assistance and education with echo image
acquisition and transducer manipulation. Scanning is performed on healthy volunteers who will be
under your direction. At the end of the training day, paramedics will be assessed on these skills
through simulation. Your total time commitment for Phase Ill is 5 hours including lunch and
afternoon tea breaks.

Phase Il is a 1-hour assessment. The Phase Il assessments are a knowledge test (conducted onsite
and online), a practical echo skills assessment and two cardiac arrest simulation that integrates the
CAFE exam.

Simulation: You will be asked to assess paramedics ability to acquire and interpret an ultrasound
scan of the heart. Each paramedic (30 total) will be assessed once per station. During the
simulation, which will be role-played by WFA staff, the study paramedic will act in a
'supernumerary' capacity, performing ultrasound during the pulse check pause in a non-shockable
rhythm. Your total time commitment for Phase Ill is 5 hours including lunch and afternoon tea
breaks.

What are the discomforts and risks and how will these be alleviated?

There is no risk to you however management of fatigue and work-life balance is important, and we would
like to ensure you are rested before your next scheduled work shift.
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What are the benefits?

This research is an opportunity for you share your knowledge and experience to paramedics. In addition,
you may be able to claim CPD hours as professional development.

What compensation is available for injury or negligence?

In the unlikely event of a physical injury resulting from your participation in this study, rehabilitation and
compensation for injury by accident may be available from the Accident Compensation Corporation,
providing the incident details satisfy the requirements of the law and the Corporation's regulations.

How will my privacy be protected?

We take privacy and confidentiality seriously. As a volunteer, you are covered under the rights of the
volunteer, the Human Rights Act and Privacy Act of 2020 and the Health & Safety at Work Act 2015. At no
stage should you feel uncomfortable or that your privacy is in question.

What are the costs of participating in this research?

You will receive koha towards travel and parking. In addition, food and drink will be provided for you. If you
require a special diet, please email the study email provided. The total amount of your time is nine hours,
not including commute time. However, this may be shared between assessors to reduce your time burden.

Conflicts of Interest and Disclosure

The lead researcher (Hannah Latta) is employed by Wellington Free Ambulance as an Intensive Care
Paramedic working as an ambulance officer. Hannah has no conflicts of interest and receives no financial
benefit from representative companies. Specialist equipment for education and simulation is provided by
Laerdal and Sonosim New Zealand for phases Il and Ill of the trial. Ultrasound devices (Lumify) are provided
by Philips for phases Il and Il of the trial.

What opportunity do | have to consider this invitation?

This invitation needs to be accepted or declined by 12 December 2021. During this time, you are most
welcome to discuss with colleagues or contact the lead researcher Hannah Latta for further clarification.

What do | do if | have concerns about this research?

Any concerns regarding the nature of this project should be notified in the first instance to the Project
Supervisor, Dr Bronwyn Tunnage, Bronwyn.tunnage@aut.ac.nz, (+649) 921 9999 ext 7088.

Concerns regarding the conduct of the research should be notified to the Executive Secretary of AUTEC,
ethics@aut.ac.nz , (+649) 921 9999 ext 6038.

Whom do | contact for further information about this research?
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Please keep this Information Sheet and a copy of the Consent Form for your future reference. You are also
able to contact the research team as follows:

Researcher Contact Details: Hannah Latta, Hannah.latta@aut.ac.nz, (+649) 921 9999 ext 7088.

Project Supervisor Contact Details: Dr Bronwyn Tunnage, Bronwyn.tunnage@aut.ac.nz, (+649) 921 9999 ext
7088.

Approved by the Auckland University of Technology Ethics Committee on type the date final ethics approval
was granted, AUTEC Reference number type the reference number.
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Consent Form

Who: Ultrasound Mentor and Assessor

Project title: Integration of paramedic-led echocardiography in pulseless electrical activity (PEA)
and out of hospital cardiac arrest: And education and simulation study.

Project Supervisor: Dr Bronwyn Tunnage

Researcher: Hannah Latta

O | have read and understood the information provided about this research project in the Volunteer Information
Sheet dated dd mm yyyy.

O | have had an opportunity to ask questions and to have them answered.

O | understand that taking part in this study is voluntary {my choice) and that | may withdraw from the study at

any time without being disadvantaged in any way.

O | understand that if | withdraw from the study then | will be offered the choice between having any data or
tissue that is identifiable as belonging to me removed or allowing it to continue to be used. However, once the
findings have been produced, removal of my data may not be possible.

o I am not suffering from any iliness or injury that impairs my physical performance requirements for your
research.

O | agree to assisting in the education and training of research participants. YesO NoO

AND /OR

O | agree to assisting in the assessment of research participants. YesO  NoO

O 1 agree to volunteer my time to take part as a mentor in this research. YesO NoO

AND /OR

O | agree to volunteer my time to take part as an assessor in this research. YesO NoO

o 1 wish to receive a summary of the research findings (please tick one): YesO  NoO

PartiCiPants SIBNATUIME I oottt et e st e et e s e sse s et ekt et ettt sae s e

PartiCipAntSINARTET oo s o o sy e G e e S e e S P I e

Participants Contact Details

Date:

Approved by the Auckland University of Technology Ethics Committee on 30" of November 2021, AUTEC Reference
number 21/327

April 2018 page lofl This version was last edited in April 2018
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Appendix K
Research Budget 2022
Resources and Budget
Iltem Context |Amounthost pp |DHSc Funds |WFA Funds |HF Grant |Seed Funds |Tota|
Phase | Nil 0 S - S -
Study Identificatio Participant name sticker 2 $15.00 $ 30.00 S 30.00
Particpant gift - labelled cup 50 S 856.75 S 856.75
Faculty T-shirt polo 13 S 361.00 $ 143.00 S 504.00
Phase Il (group A) Participant petrol voucher 15 $20.00 $ 300.00 S 300.00
Volunteer petrol voucher 10 $20.00 $ 200.00 $ 200.00
Doctors petrol voucher 5 $20.00 $ 100.00 $ 100.00
Doctors Pay (gift koha - vouchers) 5 $50/hr $1,000.00 S 1,000.00
Research staff 2
Food (Pita Pit) - Lunch 35 $10.00 $ 350.00 S 350.00
Snacks (healthy) 1 S 85.00 S  84.89
Phase Il (group B) Participant petrol voucher 15 $20.00 $ 300.00 S 300.00
Volunteer petrol voucher 10 $20.00 $ 200.00 S 200.00
Doctors petrol voucher 5 $20.00 $ 100.00 $ 100.00
Doctors Pay (gift koha - vouchers) 5 $50/hr $ 1,000.00 S 1,000.00
Research staff 2
Food (Pita Pit) - Lunch 35 $10.00 $ 350.00 S 350.00
Snacks (healthy) 1 S 85.00 S 84.89
Phase Il (group A) Participant petrol voucher 15 $20.00 $ 300.00 $ 300.00
Volunteer petrol voucher 8 $20.00 $ 160.00 $ 160.00
Assessors petrol voucher 4 $20.00 $ 80.00 S 80.00
Doctors Pay (gift koha - vouchers) 4 $50/hr S 800.00 S 800.00
Research staff 2
Food - Lunch 15 $10.00 $ 150.00 $ 150.00
Snacks (healthy) 1 S 30.00 S 30.00
Phase Il (group B) Participant petrol voucher 15 $20.00 $ 300.00 S 300.00
Volunteer petrol voucher 8 $20.00 $ 160.00 $ 160.00
Assessors petrol voucher 4 $20.00 $ 80.00 S 80.00
Doctors Pay (gift koha - vouchers) 4 $50/hr $600 $200 S 800.00
Research staff 2
Food (Pita Pit) - Lunch 15 $10.00 $ 150.00 $ 150.00
Snacks (healthy) 1 S 30.00 S 30.00
Total (Phase Il and Ill) $ 3,001.00 | $ 999.75 | $1,500.00 | $ 3,000.00 | S 8,500.53
Amount funded potentially $ 3,000.00 | $ 1,000.00 $ 3,000.00
Remaining unfunded S 1.00 | $ - S - S - S 1.00

Note. WFA = Wellington Free Ambulance, HF Grant = Heart Foundation Grant.
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Continuing Professional Development Certificate of Completion

@ Fictiuane: A EE RESEARCH TRIAL

THIS CERTIFIES THAT

(INSERT NAME)

Has successfully completed (Insert hours) of learning for the
Cardiac Arrest Focused Echo (CAFE) trial

INSERT DATE 2022

diad

Hannah Latta, Lead Researcher Dr Andy Swain, Doctoral
Supervisor
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Appendix M

CAFE Module One Document

What is Ultrasound?

Ultrasound devices use high frequency sound waves to produce pictures of tissue mediums
within the body. The high frequency ultrasound waves can only travel through a physical

medium. This medium may consist of matter such as human tissue.

Ultrasound gel is an essential coupling agent to broach the air skin barrier boosting the sound

wave. The gel becomes the physical medium broaching the air between probe and skin

interface. It is important to use lots of gel.

Ultrasound vibrates at a frequency that is not audible by the human ear, greater than 20,000
Hertz (Hz). A Hertz is defined as one wave per second. Medical ultrasound typically sends out

2 - 15 million Hz per second. An example of sound range frequency is shown in Figure 2.

Figure 1.Frequency Range — Ultrasound

20 Hz 20 KHz 20 MHz

200 MHz

Source: http://www.msrblog.com/science/medical/ultrasound.html

Piezoelectricity
The Greek word piezein means to squeeze or press and electron means amber, an ancient

source of electric charge. Certain solid materials such as crystals and ceramics when

CAFE Trial Module 1 1 Author Hannah Latta
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mechanically stressed (squeezed, bent or twisted) have the ability to accumulate an electric
charge called piezoelectricity. When placed under stress, the piezoelectric material polarizes
proportional to the stressor. The image in Figure 3 demonstrates that when pressure is
applied to a neutrally charged piezoelectric material (indicated by the green zone), the outer
surfaces (red and grey) create a small voltage potential difference allowing the flow of

current creating a voltage.

Figure 2. Piezoelectricity
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Source: Image copyright to author.

The most commonly used material in ultrasound transducer sensors is Lead Zirconate Titrate
(PbZrxTilxO3: PZT). PZT crystals are an ideal substrate as they are physically strong,
chemically inert and relatively inexpensive to manufacture. However, it is essential to please
take care with ultrasound transducers. A simple drop to the ground could fracture a crystal or

electrical coupling rendering the $3,000-20,000 transducer broken.

When an electrical current is applied to a piezoelectric crystal, it starts to vibrate, generating
sound waves at frequencies between 1.5 and 8 megahertz (MHz) (sometimes higher
frequencies in specialised transducers). Ultrasound devices act both as a sensor and actuator.
An actuator is a component that is responsible for moving and controlling a mechanism or

system. The actuator converts the electrical charge into vibration. The sensor (receiver)

CAFE Trial Module 1 2 Author Hannah Latta

309



CARDIAC ARREST FOCUSED ECHO 310

converts the mechanical vibration into an electric signal. The piezoelectrical effect is

reversable.

Sound Waves

In diagnostic ultrasound, sound waves (acoustic waves) pulse through a tissue (medium),
reflecting off structures in the body. The sound waves then return to the transducer where
they are processed into an image (Edelman, 2007). Whenever the transmitted pulse
encounters a tissue structure, a fraction of its energy is scattered or reflected. This gives rise
to echoes which can be detected by the transducer. The machine uses these echoes to create
the ultrasound image. The mechanism behind this is due to the fact sound travels in a straight
line and can carry energy from one location to another. Wavelength is less than 1 mm for
diagnostic ultrasound frequencies and it decreases as the frequency increases. This is
consistent with the statement above that the best resolution is achieved by using the highest
possible frequency. Sound waves are classified as longitudinal waves, and the relationship

between sound waves and frequency is detailed in Figure 4.

Figure 3. Sound Wave and Frequency Relationship
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Source: Image copyright to author.
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Transducer Technology

The majority of modern transducers contain multiple active elements called an array. An
array is a single piece of PZT cut into separate pieces called elements. Each element is
connected to a wire, which connects to a circuit board within the ultrasound system. The
entire system (element, wire and electronics) is called a channel. This technology allows a
single or group of elements to excite at one time (Edelman, 2007). Figure 6, graphically

represents the basics of transducer technology.

Figure 4. Transducer Basics

Transducer Basics

Anernating Current
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Image Source: https://www.vaultrasound.com/educational-resources/ultrasound-

physics/transducers/

Phased Array Transducer (2-8MHz)

The phased array transducer has a compact footprint making it
the ideal probe for echocardiography, especially when looking
through the intercostal spaces. This low to medium range
frequency transducer allows for higher tissue penetration and
improved frame rate to capture moving structures. This
transducer is used mainly for echocardiography, and has been

nicknamed the “cardiac transducer” . The field of view of this

transducer is narrow, but can be compensated by moving around

the chest to view all elements of the structure being scanned.

CAFE Trial Module 1 4 Author Hannah Latta
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Transducer Movements

The four basic movements of the transducer include rotating, sliding,

rocking and fanning.

Swbml
Sliding

Sliding involves moving the entire probe forwards/backwards and side ,
to side to improve your imaging window. Sliding is best used to locate . /

specific structures.

Fanning (Tilting)
Tilting or fanning the transducer allows the user to view a specific slice of /’_
Vi N
N\ 7
W

the heart.
Tinwé
Rotating (Faraninse}

Rotation of the ultrasound transducer involves twisting in a clock wise or

counter clock wise motion around a central point. Rotation is commonly Pa—
used to switch between long and short axis. This is commonly used when
examining the heart.
b

Rocking

Rocking of the transducer involves rocking from side to side like a sea saw.
Rocking helps to centre your point of interest by changing the angle of
your ultrasound beam.
/’/ =
Aocwme

CAFE Trial Module 1 5 Author Hannah Latta
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Appendix N

CAFE Module Two Document

Transducer Orientation

The orientation marker also called the notch or index marker. This marker corresponds to

the screen orientation marker. Modern transducers typically have a tactile plastic ridge,

divot or colour marking to indicate transducer orientation, shown in figure 1 and 2.

Figure 1. Curvilinear Transducer

Source: www.mmheme.org/knobology

Figure 2 Screen marker orientation echo image

Indicator
(Orientation Marker)

On RIGHT side for
all Cardiac Application

CAFE Trial Module 2 1 Author Hannah Latta
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Ultrasound Device Orientation

Before starting an exam, conmect & transducer to your device. The
presets on the Scan'Create Pationt daplay are transducer
dependent

Connect a transducer 10 your device

° On the Scan'Create Patient display. touch an exam preset o

To create a temporary Quick ID and start scanning immediately,
touch Scan

° To mamally enter patient information before you begin
scanning, touch Create Patient, enter the patient information
and then touch Start Exam

To start or exit review

© To start Review during an exam, touch . and then towch
Review Exam w

© To start review after an wxam s ended, touch . touch
Saved Exams |-, and then select the exam o review

© To exit Review and return to the current wam, touch [l and
then touch Current Exam &

To view or delete images and loops
To scroll through the thumbeads, drag the thumbeads left or
right, or up or down, depending on the LCreen ONMeNtAtON
To view a Null-size image or loop, touch 3 thumbead

31 Yo delete an image or loop, touch and hold the thumbead unel
Done appears in the wpper ek of the daplay Touch

Doktoll

CAFE Trial Module 2 2 Author Hannah Latta
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Focus Depth and Brightness

. To change the distance from the face of the transducer to the
deepest point on the image, use the Depth [f] dal

O adjust image brightness, use the Gain - dal

Zoom

1) To magnify an image, spread two fingers on the image

1) To pan the magnified image, drag with one finger.

1) To decrease the magnification, pinch two fingers together on the
image

NOTE
i you spread or pinch inside a color box, you resize the color
box instead of zooming

Ultrasound Terminology Definitions
Hyperechoic (bright white)
Returning sound waves with increased amplitude appear brighter than the surrounding

tissue.

Hypoechoic (darker grey)
Returning sound waves with decreased amplitude appear darker than the surrounding tissue.

Isoechoic (similar)
Returning sound waves are of similar amplitude and appear equal on the grey scale. For

example, the spleen and kidneys are isoechoic or of similar grey scale.

Echogenic
Echogenic refers to how bright or dark and object appears within the grey-scale image.

Echogenicity is the ability to bounce and echo.

Anechoic (black)
There is a complete absence of returning sound waves resulting in a black appearance.

Examples of fluid that appear anechoic include; un-clotted or fresh blood, urine, transudative

pleural effusions, ascites and simple cysts.

Gain (brightness/darkness)
Receiver gain (also called amplification) alters the strength of the voltages in the ultrasound

receiver after reception by the transducer. The higher the amplification the brighter the

CAFE Trial Module 2 3 Author Hannah Latta
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image and the darker the image the lower the amplification. There is no noise distortion
using this setting as they are both meaningful signals. Gain is something that can be

adjusted, if you do this, be careful to not over or under gain your image.

Depth
Depth of field, like in a photograph is important, no one wants to look at a fuzzy image. As an

example, to create an ultrasound image that is 10 cm deep requires >90 individual ultrasound
pulses in slightly more than 1/100* of a second. In other words that's heaps of photos over a
super short period of time. Impressive! Combined with depth is focal zone. Figure 3 shows
the narrowing of the ultrasound beam at the focal zone. This is the area of most focus
(image sharpness and detail). Best practice is to place your area of interest in the focal zone.
You can do this by adjusting your depth so your focal zone is in the middle of your image.

Images that fall outside of the focal zone are less defined and pathology may be missed.

Figure 3 Focal Zone

High frequency
Focal Zone
/
i Near field Far field
o iy
Low frequency

Focal Zonf/
- Near field Far field

——

Source: https://www.cambridge.org/core/books/abs/ultrasoundguided-regional-
anesthesia/introduction-to-ultrasound/D1B631E50698D6956194B69408075DA6

CAFE Trial Module 2 4 Author Hannah Latta
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Appendix O

Simulation Assessment Form Phase 11

(@

CARDIAC ARREST FOCUSED ECHO

CAFE Competence Assessment From (Phase II)

Simulation 1 — 15mins {10mins sim + 5mins debrief)

Study Participant ID number :

Assessor:

(Assessor to read the following scenario):

You attend a 45-year old male who has suddenly collapsed whilst playing squash. The crew on
scene have called R49. You arrive and perform an ultrasound at the next rhythm check. The
patient is in a PEA rhythm has IV insitu, the ICP has intubated and the arrest is being run well.
The total patient down-time is 12-mins with no-shocks delivered. Please enter the scene and
demonstrate the CAFE exam integration.

C NYC

Transducer {cardiac)

Equipment Echo setting selected

Gel on transducer

Enters student
ID/station details
(for example:
stu123Sim1)

Confirms PEA on
defib monitor

Data Entry

Rhythm

Pre-imaging during
CPR (end of cycle)
CPR officer stops

(Officer hovers hands above
CAFE Exam chest ready to recommence
CPR unless using PLAX view)

Press record when
CPR stops

Actual scan time (in
seconds)

Reviews substitute
scan during CPR
cycle

Image
Review
(**Substitute
scan)

Live Scan
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**Assessor to show the study participant a substitute scan during:
1. Pre-imaging — CPR subcostal scan
2. Image review (during CPR cycle} - substitute pathological scan in place of the live
scan.

Circle: Competent / Not yet competent

Assessor Feedback:

Assessor Signature:
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Simulation Assessment Form Phase 111
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Assessor:

Study Participant ID number :

Simulation 2 — 15mins (10mins sim + 5mins debrief)

CAFE Compeltence Assessment From (Phase III)

(Assessor to read the following scenario):
You attend a 66-year-old European female who has collapsed at home after being discharged
from the hospital two days ago following triple coronary bypass surgery. The crew on scene have
called R49 (cardiac arrest. You arrive and perform an ultrasound at the next rhythm check. The
patient is in a PEA rhythm has IV's insitu, the ICP has intubated and the arrest is being run well.
The total patient down-time is 14-mins with no-shock advised. The fire department are in
attendance performing CPR. Please enter the scene and demonstrate the CAFE exam integration.

NYC

Transducer (cardiac)

Equipment

Echo setting selected

Gel on transducer

Data Entry

Enters student

ID/station details
(for example:
stul23Sim1)

Rhythm

Confirms PEA on
defib monitor

Pre-imaging during
CPR (end of cycle)

CAFE Exam

CPR officer stops

(Officer hovers hands above
chest ready to recommence
CPR unless using PLAX view)

Press record when
CPR stops

Hands off time in sec

Image
Review
(**Substitute
scan)

Live Scan

Reviews substitute
scan during CPR
cycle

CARDIAC ARREST FOCUSED ECHO
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**Assessor to show the study participant the pre-determined cardiac arrest pathological
scan in place of the live scan for image review.

Circle: Competent / Not yet competent

Assessor Feedback:

Assessor Signature:
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Appendix P

Echo Assessment Form

Echo Com[aa&amca Assesswent From (Phase III)
Duration: 5-minutes

Study Participant ID number:

Assessor:

Assess image acquisition of the subcostal, parasternal long axis and apical four chamber views.

Competent

Not yet
competent

Transducer {cardiac)

Equipment Setting (cardiac)

Ultrasound gel

Data entry

Enters student ID/station details
(for example: stu123Echo2)

m Probe orientation marker (L) hip)

Image centre

Correct depth

Identifies Anatomy | Right ventricle

Mitral or tricuspid valve

Pericardium

Probe orientation marker (R)
shoulder)

Image centre

Correct depth (descending aorta
in view)

Identifies Anatomy | Left ventricle

Right ventricle

321



CARDIAC ARREST FOCUSED ECHO 322

Probe orientation marker (L)
axilla)

Image centre

Identifies Anatomy | Left ventricle

Pericardium

Assessor Signature:
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Appendix Q

Photos of Wellington and Tawa Research Days
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Appendix R

Confidentiality Agreement External Reviewers — Template

AU

TE WANANGA ARONUI
0 TAMAKI MAKAU RAU

Confidentiality Agreement

Project title: Integration of paramedic-led echocardiography in pulseless electrical activity (PEA) at
out-of-hospital cardiac arrests: An education and simulation study.

Research Supervisors: Dr Bronwyn Tunnage and Dr Andy Swain
Research External Advisor: Dr Scott Bomann

Lead Researcher: Hannah Latta

O | understand that the contents of the information provided including study participant
ultrasound video images or hard copy material can only be discussed with the researchers
involved with this research.

O | will not keep any copies of the information nor allow third parties access to them.

External Reviewer Signature : ..........coeevevvererenseeennssenensenenne

External Reviewer Name : ........cccocevuvereeeennnnne

External Reviewer Contact Details and Credentials :

Date:

Approved by the Auckland University of Technology Ethics Committee on 30'" November 2021
AUTEC Reference number 21/327

Note: The External Reviewer should retain a copy of this form.

April 2018 page 1of 1 This version was last edited in April 2018
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Appendix S

ASUM Conference Abstract Submission

CERTIFICATE IN PARAMEDIC PERFORMED ULTRASOUND PROPOSAL 2022

Certificate in Paramedic Performed Ultrasound (CPPU)

Purpose

To introduce an ASUM Certificate in Paramedic Performed Ultrasound (CPPU) to
align with paramedic practice requirements. This process involves merging existing modules
from CAHPU and CCPU to form the new CPPU pathways. Modules can be tailored to both

extended care paramedicine and critical care paramedicine.

Introduction

Point-of-care Ultrasound (POCUS) has rapidly evolved and has been adopted by
many medical specialties including paramedicine. There are significant benefits to POCUS
use prehospital in both diagnostic and intervention imaging. Diagnostic imaging is used to
support and contribute to information relating to physical examination and diagnosis.
Intervention imaging is used to guide interventional procedures such as peripheral
intravenous cannulation and fascia iliaca block. The enhanced technology enables
prehospital professionals to answer focused clinical questions, which translates into faster
and more accurate diagnosis and care of patients presenting with time-sensitive pathology.
Better outcomes have been reported with the use of prehospital ultrasound. However,
comprehensive POCUS frameworks are essential to ensure the highest standards of clinical
quality and safety. A CPPU specific to the paramedic scope is needed to progress the safe

implementation and continued practice of ultrasound prehospital.

Benefits of Ultrasound Prehospital

The goal of ultrasound is to improve the diagnostic ability facilitating improved
clinical management, early recognition of surgical emergencies and appropriate destination
decisions for trauma and medical patients. The perceived shortfalls of ultrasound may
include paramedic sonographer experience, interpretation error, distraction, and increased
scene time. Delays should only occur when ultrasound is deemed part of the resuscitative
process, for example: performing a lung ultrasound prior to finger thoracostomy which is
deemed clinically appropriate. To reduce delays scanning can be conducted during other

interventions or transport, and should not delay time to definitive care. These shortfalls can
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CERTIFICATE IN PARAMEDIC PERFORMED ULTRASOUND PROPOSAL 2022

be managed using the five pillars of POCUS; governance, infrastructure, administration,

education and quality.

Auckland University of Technology

| have developed and led the Auckland University of Technology (AUT) paramedic
ultrasound 15-point RADY801 course. This course is designed to provide safe and competent
prehospital ultrasound practitioners. Postgraduate students participate in 12 weeks of
online theoretical learning using a variety of interactive media and a two-day

comprehensive block course. A summary of the course content is shown in Table 1.

Table 1. RADY801 Course Content

Week 1 Ultrasound Physics and safety

Week 2 Ultrasound Transducers and Artifacts of Ultrasound

Week 3 Respiratory Ultrasound

Week 4 Echocardiography 1

Week 5 Echocardiography 2

Week 6 Abdominal Ultrasound 1

Week 7 Abdominal Ultrasound 2

Week 8 Trauma and Undifferentiated Shock

Week 9 Procedural Guided Ultrasound

Week 10 Community Care and Cardiac Arrest Integration

Week 11 Critical Care Paramedic Ultrasound Application Extensions
Week 12 Brining it all together — Consolidation of ultrasound learning

Students are required to submit two essays, 1: Physics of Ultrasound (2000 words)
and 2: A case study analysis pertaining to their clinical practice (3000 words). Students are

also required to attend three online lectures of which there are six in total.

RADY801 Learning Outcomes

Week 1: Physics
1. Understand the principles of ultrasound in the critical care environment.
Define the primary goals of ultrasound prehospital.
Demonstrate knowledge of the piezoelectricity.
Demonstrate a basic knowledge of ultrasound physics.
Know the frequencies of medical ultrasound, image quality and penetration.

oy U Y

The basic components of an ultrasound machine.
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CERTIFICATE IN PARAMEDIC PERFORMED ULTRASOUND PROPOSAL 2022

7.
8.

Knowledge of ultrasound imaging planes and the relationship to ultrasound.
Transducer movements and axis orientation.

Week 2: Transducers and Ultrasound Artifacts

1.

Al o

Understand the rationale for transducer and screen orientation.
Knowledge of ultrasound terminology.

Knowledge of medical ultrasound artifacts.

Basic knowledge of ultrasound device functions and modes.
Describe the ALARA principle.

Week 3: Respiratory Ultrasound

1.

2.
3.
4

o

Clinical roles of lung ultrasound.

Clinical context and limitations of lung ultrasound in the out of hospital setting.
Describe the technique for lung scanning using ultrasound.

Understand transducer choice and how this effects the assessment of the pleural
line.

Knowledge of lung ultrasound terminology and image optimisation.

Describe: the normal surface anatomy and artifacts of lung ultrasound.

Describe: the sonographic findings of common out-of-hospital pathology: pleural
effusions, pneumothorax, pulmonary oedema, pulmonary consolidation.

Week 4: Echocardiography 1

1.

woks W

Develop an understanding of the principles of echo ultrasound.

Describe the indications for the use of ultrasound in assessing the heart prehospital.
Understand transducer choice and how this effects image quality.

Develop a working knowledge of the heart anatomy and cardiac cycle.

Develop a working knowledge of the views used in echo ultrasound and how to
acquire them.

Describe the sonographic anatomy of the heart.

Week 5: Echocardiography 2

1.

Identify and discuss: the IVC ratio, sonographic signs of PE, hypovolemia, regional
wall abnormalities and right heart strain.

The learner will have a theoretical knowledge of how to obtain echocardiography
views and evaluate images using the four E’s of echo.

The learner will develop methods for evaluating left ventricular function

. The learner will begin to recognise echocardiographic views and have knowledge of

how to improve an image quality.

5. The learner will begin to identify sonographic echo pathology.

6. The learner will develop a working knowledge of the limitations of ultrasound within

the clinical context.
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Week 6: Abdominal Ultrasound 1

1.

Develop an understanding of the basic abdominal views and frequently presenting
pathology.

Describe the sonographic signs of abdominal pathology.

Develop theoretical knowledge of how to obtain abdominal views and evaluate
images in both transverse and sagittal views.

Recognise abdominal views and have the knowledge of how to improve image
quality and optimise depth.

Develop a working knowledge of the limitations of abdominal ultrasound within the
clinical context.

Week 7: Abdominal Ultrasound 2

1.

Build on current knowledge of the basic abdominal views and commonly presenting
pathology.

Understands the indications for abdominal ultrasound.

Describe the left upper quadrant and the basics of ultrasound in this area.

Define the three types of abdominal aortic aneurysm and describe these findings on
ultrasound.

Identify the female and male pelvis sonographic anatomy and scanning procedure.
Define the sonographic criteria of an intrauterine pregnancy and 1% trimester
findings.

Understands the limitations of ultrasound in maternal trauma.

Week 8: Trauma and Undifferentiated Shock

1.

Demonstrate an understanding of the basic eFAST and RUSH exam views and
commonly presenting physiology and pathology.

Demonstrate the theoretical application of the eFAST and RUSH exam.
Understand the limitations of ultrasound in trauma and continued evaluation.
Demonstrate the theoretical knowledge of how to obtain abdominal views and
evaluate images using the appropriate views and techniques for interrogating the
presence of free fluid.

The learner will recognise the presence of free fluid and how this may extend into
other peritoneal spaces.

The learner will understand the importance of sonographic landmarks and the mis-
identification of free fluid.

Week 9: Procedural Guided Ultrasound

1.

Have the knowledge to safely perform a facia iliaca/nerve block under ultrasound
guidance.

Have the knowledge to safely perform ultrasound guided peripheral intravenous
cannula placement and understands the concept of inline needle tip management.
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Has knowledge of arterial line placement using ultrasound.

Understands the limitations of ultrasound within cardiac arrest management.

Has the knowledge to integrate ultrasound seamlessly into cardiac arrest for non-
shockable rhythms of PEA cardiac arrest.

Has the knowledge to diagnose cardiac tamponade and the use of ultrasound for a
pericardiocentesis procedure.

Week 10: Community Care Ultrasound

1.

The learner has knowledge of ultrasound applications for low acuity medical and
accidental injuries.

The learner understands the limitations of ultrasound with emphasis on
contraindications for skin infections and open fractures.

Week 11: Critical Care Paramedic Ultrasound Applications and Extensions

1.

The learner will be able to identify sonographic upper airway anatomical landmarks
consistent with those used in surgical cricothyroidotomy.

The learner will have theoretical knowledge of endotracheal intubation sonographic
airway management.

The learner will broaden their knowledge looking at future applications of ultrasound
including transcranial doppler and the limitations of this prehospital.

The learner will have theoretical knowledge and application of ultrasound in Deep
Vein Thrombosis (DVT).

The learner will have theoretical knowledge, applications, limitations and cautions of
ocular ultrasound in the prehospital environment.

Week 12: Bringing it all together — Case Studies

1.

The learner should feel confident reviewing POCUS ultrasound images including;
probe used, ultrasound imaging window, depth of image, focal point, anatomical
region and plane of imaging.

2. The learner interprets POCUS findings using sonographic terminology.
3. The learner professionally documents POCUS ePRF findings.
4. The learner understands the limitations of POCUS and integration into paramedic

practice and therefore has the knowledge to safety-net patients with appropriate
referral and patient follow-up.
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Business Case (Australasia)

This course aims to create a pathway for paramedic ultrasound in Australasia with
the support of ASUM.

This proposal provides two clinical pathways 1) paramedic and 2) extended care
paramedic. Modules within the CPPU pathway would be chosen in accordance with clinical
practice.

The current model of care includes the paramedic attending the patient, providing
clinical assessment and deciding if the patient requires emergent hospital care or
community care. Often these treatment decisions are based on a physical exam and patient
history. Ultrasound provides an enhanced diagnostic ability, filtering differentials such as dry
versus wet lungs and identification of an acute AAA pathway as an example.

As the traditional model of ambulance care is re-evaluated there is more
requirement for Extended Care Paramedics (ECP) to see and treat the patient at home, in a
clinic or in the community without hospitalisation. The ECP scope of practice has grown
since its introduction in 2009. The ECP scope includes low acuity work and some examples
of conditions managed in the community include the management of urinary retention,
urinary catheters, community-acquired pneumonia, cellulitis and renal colic. Many of these
presentations would receive a routine ultrasound in ED. In the community, ultrasound
would help inform decisions and provide a clinical safety net for the patient. One of many
examples where an ECP could use ultrasound is for examination of the kidneys and bladder
volume pre and post void. This provides the ECP with vital information and can assist with
the clinical decision making and treatment for patients.

In New Zealand, there are over 1700 paramedics registered with Kaunihera
Manapou, Paramedic Council. Although Kaunihera Manapou, Paramedic Council authorise
an annual practising certificate, at the time of writing, there is no mention of ultrasound
being included in the paramedic scope or documentation on their website. Specialist skills
such as ultrasound are being considered within this scope.

Currently, the use of ultrasound by paramedics in the prehospital environment is in
its infancy. The most prominent use of ultrasound is by critical care flight paramedics
working in the aeromedical environment. Ultrasound is carried on Auckland Helicopter
Emergency Medical Service (HEMS), Northland Rescue Helicopter and all Search and Rescue

Services Limited (SRSL) helicopters except the helicopter in Wellington. Recently, Garden
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City Helicopters (GCH) has introduced the CAHPU (Certificate in Allied Health Performed
Ultrasound) eFAST module as a standard requirement for their flight paramedics.

In the road ambulance setting, St John Ambulance is intending to conduct an NZ-
wide Extended Care Paramedic ultrasound pilot trial for which all participants have taken
the RADY801 course which | teach and lead. Wellington Free Ambulance is conducting a
pilot trial of ultrasound commencing with critical care flight paramedics in 2023.
Internationally prehospital ultrasound has been widely adopted with a continuously growing
list of diagnostic applications. Ultrasound has been used within Ambulance Victoria since
2014 for eFAST and vascular access (B. Meadley, Personal Communications, July 23, 2022).
Their MICA flight paramedics complete a yearly 1-hour online Mandated Practice Skill Set

(MPSS) to maintain their authority to practise POCUS.

Barriers for Paramedicine

At present, the CAHPU is available for allied clinicians including paramedics. Relevant
modules include eFAST, vascular access and basic early pregnancy. It is clear that
paramedics could benefit from the addition of units previously reserved for the CCPU such
as AAA, basic soft tissue, proximal DVT, renal hydronephrosis and calculi, FELS, lung, pleural
effusion, and rapid cardiac echocardiography (basic). These modules are taught within the
RADY801 course.

Paramedics follow a set of national clinical practice guidelines that allow interagency
planning and cross-region familiarity. During the Wellington Free Ambulance pilot trial,
prehospital ultrasound guidelines would be developed to emulate the ASUM guidelines.
These would be local guidelines initially with the scope to publish nationally.

In order for this to be successful, it is important that logbook requirements are
completed to show competence and experience gained through physical scanning.
However, in New Zealand, there is no provision for paramedics to scan in emergency
departments making the requirements difficult to achieve. The requirement of 25 scans per
unit is achievable, however five positive scans may take years to achieve making the process
less appealing to the paramedic. The next section outlines a proposed pathway to

accommodate log book requirements.
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Proposed CPPU Pathway

This section will describe the proposed CPPU process. Registered paramedics in New
Zealand would apply for the AUT RADY801 12-week ultrasound course. Once accepted
paramedics will be asked to join ASUM as a member. The 12-week ultrasound course
provides adequate knowledge and training to commence logbook entries on completion.
Prior to course completion paramedics are required to attend the two-day block course
where ASUM formative assessments can occur with accredited assessors. As thisis a
proposed pathway a requirement for a third day maybe added for assessment purposes
only. This addition would allow the three-day block course to retain the same hours of
training thus not disadvantaging students. These assessments ensure safe, appropriate and
confident scanning.

After successful formative assessments, the paramedic may use ultrasound in
accordance with their clinical practice guidelines in a non-diagnostic capacity for no less
than six months. This is to allow the paramedic time to consolidate learning and become
comfortable with integration into everyday clinical practice. During this time if there is a life-
threatening diagnosis such as pericardial tamponade the paramedic can consult and seek
advice. During the six-month probationary period, paramedics will complete the ASUM log
book. The paramedics will undergo summative assessments during this time which will allow
clinical and diagnostic use once signed off by ASUM.

Paramedics would be required to maintain their CPD and registration in accordance
with ASUM guidelines which includes paramedics to complete at least 50% of the original
logbook requirements per year, for five years. All entries must be clinically indicated. Record
at least five points of relevant CPD per year for each unit, for five years. The maximum
number of CPD points required per year for each candidate is a total of 15 points. A
refresher ultrasound one-day through AUT University will be proposed on a yearly basis to
maintain clinical knowledge and competence. Below is a summary of the proposed CPPU

pathway:
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Summary CPPU Pathway

Who can apply:
Registered paramedics”
Approved course:
12 week Auckland University of Technology RADY801
Block course (formative assessments) additional day for assessments (3-days total)
Log book:
6 months of non-diagnostic ultrasound scanning in the field
25 scans of each type with three positive scans from each
Image Audit:
Cloud based storage, platform dependant
Review scans, provide feedback and develop other interested clinical leads
Summative Assessment:
Summative assessments during the 6mths of scanning in the field
Remedial scanning and education as required
Credentialling:
ASUM CPPU, refresher course yearly (1-day)

The CAHPU Pathway

A CAHPU Certificate may be awarded to CAHPU candidates who fulfill the following requirements:

1 2 3 a H

© 6 0 06 o6

ASUM CAHPU ASUM CAHPU CAHPU
MEMBERSHIP ENROLMENT PHYSICS UNITS ASSESSMENTS

Become an Enrol in Complete the Complete an Complete all
ASUM ASUM's ASUM's ASUM- practical
member and CAHPU online accredited assessments
maintain the program and Physics and training and submit
membership. submit all the Instrumentatioh course, the logbook

required unit. relevant to relevant to
documents. the the specialist
specialised unit of study.
unit of study.

Proposed CPPU Pathway

AUT
ASUM Membership Y RADYS01
Enrolment o

Pilot Trial

Wellington Free Ambulance are in the process of commencing a pilot ultrasound trial
with four critical care flight paramedics who | work with directly with as a flight paramedic.

This small cohort would be an ideal group to pilot the CPPU concept.

" Paramedic, Critical Care Paramedic and Extended Care Paramedic



CARDIAC ARREST FOCUSED ECHO 334

CERTIFICATE IN PARAMEDIC PERFORMED ULTRASOUND PROPOSAL 2022

Summary

In summary, this paper has presented the concept of a Certificate in Paramedic
Performed Ultrasound (CPPU) designed by paramedics for paramedics. The support of
ASUM is crucial to the continued development of ultrasound and to ensure the safe practice
of ultrasound prehospital. ASUM would benefit financially with increased membership and

awareness within the prehospital community.

10



CARDIAC ARREST FOCUSED ECHO 335

References

Aagaard, R., Lefgren, B., Grofte, T., Sloth, E., Nielsen, R., Frederiksen, C., Granfeldt, A., &
Batker, M. (2018). Timing of focused cardiac ultrasound during advanced life support
— A prospective clinical study [Article]. Resuscitation, 124, 126-131.
https://doi.org/10.1016/].resuscitation.2017.12.012

Aichinger, G., Zechner, P., Prause, G., Sacherer, F., Wildner, G., Anderson, C., Pocivalnik,
M., Wiesspeiner, U., & Fox, J. (2012, Apr-Jun). Cardiac movement identified on
prehospital echocardiography predicts outcome in cardiac arrest patients. Prehospital

Emergency Care, 16(2), 251-255. https://doi.org/10.3109/10903127.2011.640414

Alerhand, S., & Carter, J. (2019, Feb). What echocardiographic findings suggest a pericardial
effusion is causing tamponade? Am J Emerg Med, 37(2), 321-326.
https://doi.org/10.1016/j.ajem.2018.11.004

Aly, L, Rizvi, A., Roberts, W., Khalid, S., Kassem, M., Salandy, S., du Plessis, M., Tubbs,
R., & Loukas, M. (2021). Cardiac ultrasound: An Anatomical and Clinical Review.
Translational Research in Anatomy, 22. https://doi.org/10.1016/.tria.2020.100083

American College of Emergency Physicians. (2016). Ultrasound Guidelines: Emergency,
Point-of-care and Clinical Ultrasound Guidelines in Medicine. American College of

Emergency Physicians.

Aminiahidashti, H., Shafiee, S., Zamani Kiasari, A., & Sazgar, M. (2018). Applications of
End-Tidal Carbon Dioxide (ETCO2) Monitoring in Emergency Department; a

Narrative Review. . Emergency (Tehran, Iran), 6(1), 5.


https://doi.org/10.1016/j.resuscitation.2017.12.012
https://doi.org/10.3109/10903127.2011.640414
https://doi.org/10.1016/j.ajem.2018.11.004
https://doi.org/10.1016/j.tria.2020.100083

CARDIAC ARREST FOCUSED ECHO 336

Atkinson, P., Beckett, N., French, J., Banerjee, A., Fraser, J., & Lewis, D. (2019, Apr 13).
Does Point-of-care Ultrasound Use Impact Resuscitation Length, Rates of
Intervention, and Clinical Outcomes During Cardiac Arrest? A Study from the
Sonography in Hypotension and Cardiac Arrest in the Emergency Department

(SHoC-ED) Investigators. Cureus, 11(4), e4456. https://doi.org/10.7759/cureus.4456

Atkinson, P., Bowra, J., Milne, J., Lewis, D., Lambert, M., Jarman, B., Noble, V. E.,
Lamprecht, H., Harris, T., Connolly, J., and members of the International Federation
of Emergency Medicine Sonography in, H., Cardiac Arrest working group: Romolo
Gaspari, M. D. P., Ross Kessler, M. D., Christopher Raio, M. D., Paul Sierzenski, M.
D., Beatrice Hoffmann, M. D., Chau Pham, M. D., Michael Woo, M. D., Paul
Olszynski, M. D., Ryan Henneberry, M. D., Oron Frenkel, M. D., Jordan Chenkin, M.
D., Greg Hall, M. D., Louise Rang, M. D., Maxime Valois, M. D., Chuck Wurster, M.
D., Mark Tutschka, M. D., Rob Arntfield, M. D., Jason Fischer, M. D., Mark Tessaro,
M. D., J. Scott Bomann, D. O., Adrian Goudie, M. B., Gaby Blecher, M. B., Andree
Salter, M. B., Michael Rose, M. B., Adam Bystrzycki, M. B., Shailesh Dass, M. B.,
Owen Doran, M. B., Ruth Large, M. B., Hugo Poncia, M. B., Alistair Murray, M. B.,
Jan Sadewasser, M. D., Raoul Breitkreutz, M. D., Hong Chuen Toh, M. B., Arif Alper
Cevik, M. D., Ang Shiang Hu, M. B., & Larry Melniker, M. M. (2017, Nov).
International Federation for Emergency Medicine Consensus Statement: Sonography
in hypotension and cardiac arrest (SHoC): An international consensus on the use of
point of care ultrasound for undifferentiated hypotension and during cardiac arrest.

Cjem, 19(6), 459-470. https://doi.org/10.1017/cem.2016.394

Ault, M., Tanabe, R., & Rosen, B. (2015). Peripheral Intravenous Access Using Ultrasound
Guidance: Defining the Learning Curve. Journal of the Association for Vascular

Access, 20(1), 32-36. https://doi.org/10.1016/j.java.2014.10.012



https://doi.org/10.7759/cureus.4456
https://doi.org/10.1017/cem.2016.394
https://doi.org/10.1016/j.java.2014.10.012

CARDIAC ARREST FOCUSED ECHO 337

Australasian Society for Ultrasound in Medicine. (2021a). Basic Echocardiography in Life
Support (BELS).

Australasian Society for Ultrasound in Medicine. (2021b). Certificate in Clinican Performed

Ultrasound (CCPU) Syllabus. https://www.asum.com.au/education/ccpu-course/

Australian Resuscitation Council, & New Zealand Resuscitation Council. (2016). ANZCOR
Guideline 11.1 - Introduction to Adult Advanced LIfe Support

https://www.nzrc.org.nz/guidelines/#Section%2011%20Guidelines

Backlund, B., Bonnett, C., Faragher, J., Haukoos, J., & Kendall, J. (2010). Pilot Study to
Determine the Feasibility of Training Army National Guard Medics to Perform
Focused Cardiac Ultrasonography. /4(1), 118-123.
https://doi.org/10.3109/10903120903349770

Badra, K., Coutin, A., Simard, R., Pinto, R., Lee, J., & Chenkin, J. (2019). The POCUS pulse
check: A randomized controlled crossover study comparing pulse detection by
palpation versus by point-of-care ultrasound. Resuscitation, 139, 17-23.

https://doi.org/10.1016/j.resuscitation.2019.03.009

Barton, B., & Peat, J. (2014). Medical Statistics A guide to SPSS, Data Analysis and Critical
Appraisal (second ed.). BMJ Books.

Beck, B., Bray, J., Cameron, P., Smith, K., Walker, T., Grantham, H., Hein, C.,
Thorrowgood, M., Smith, A., Inoue, M., Smith, T., Dicker, B., Swain, A., Bosley, E.,
Pemberton, K., McKay, M., Johnston-Leek, M., Perkins, G., Nichol, G., Finn, J., &
Aus, R. O. C. S. C. (2018, May). Regional variation in the characteristics, incidence


https://www.asum.com.au/education/ccpu-course/
https://www.nzrc.org.nz/guidelines/#Section%2011%20Guidelines
https://doi.org/10.3109/10903120903349770
https://doi.org/10.1016/j.resuscitation.2019.03.009

CARDIAC ARREST FOCUSED ECHO 338

and outcomes of out-of-hospital cardiac arrest in Australia and New Zealand: Results
from the Aus-ROC Epistry. Resuscitation, 126, 49-57.
https://doi.org/10.1016/].resuscitation.2018.02.029

Bergum, D., Skjeflo, G., Nordseth, T., Mjelstad, O., Haugen, B., Skogvoll, E., &
Loennechen, J. (2016, Jul). ECG patterns in early pulseless electrical activity-
Associations with aetiology and survival of in-hospital cardiac arrest. Resuscitation,

104, 34-39. https://doi.org/10.1016/j.resuscitation.2016.03.029

Bhat, S., Johnson, D., Pierog, J., Zaia, B., Williams, S., & Gharahbaghian, L. (2015, Jul).
Prehospital Evaluation of Effusion, Pneumothorax, and Standstill (PEEPS): Point-of -

c-re Ultr-sound in Emergency Medic-1 Services. Western Journal of Emergency

Medicine, 16(4), 503-509. https://doi.org/10.5811/westjem.2015.5.25414

Blanco, P., Figueroa, L., Menendez, M., & Berrueta, B. (2022, Feb 14). Pericardiocentesis:
ultrasound guidance is essential. Ultrasound J, 14(1), 9.

https://doi.org/10.1186/s13089-022-00259-5

Blanco, P., & Martinez Buendia, C. (2017, Sep). Point-of-care ultrasound in cardiopulmonary
resuscitation: a concise review. J Ultrasound, 20(3), 193-198.

https://doi.org/10.1007/s40477-017-0256-3

Blehar, D., Barton, B., & Gaspari, R. (2015). Learning Curves in Emergency Ultrasound
Education. Academic Emergency Medicine, 22(5), 574-582.
https://doi.org/10.1111/acem.12653



https://doi.org/10.1016/j.resuscitation.2018.02.029
https://doi.org/10.1016/j.resuscitation.2016.03.029
https://doi.org/10.5811/westjem.2015.5.25414
https://doi.org/10.1186/s13089-022-00259-5
https://doi.org/10.1007/s40477-017-0256-3
https://doi.org/10.1111/acem.12653

CARDIAC ARREST FOCUSED ECHO 339

Blyth, C., Dalziel, R., William, O., Moran, W., Sinclair, K., & Vowles, J. (2024). New

Zealand. Encyclopedia Britannica. https://www.britannica.com/place/New-Zealand

Booth, K., Reed, M., Brady, S., Cranfield, K., Kishen, R., Letham, K., McAlpine, G.,
Murray, D., Wilson, E., Wilson, M., Short, S., & Clegg, G. (2015, Dec). Training
paramedics in focussed echo in life support. European Journal of Emergency

Medicine, 22(6), 430-435. https://doi.org/10.1097/mej.0000000000000246

Bowman, A., Reid, D., Bobby Harreveld, R., & Lawson, C. (2021, May). Evaluation of
students' clinical performance post-simulation training. Radiography (Lond), 27(2),

404-413. https://doi.org/10.1016/.radi.2020.10.002

Bowra, J. (n.d). Normal Apical 4 Chamber View [Ultrasound Image]. [Echocardiography
Apical 4 Chamber View]. The POCUS Atlas. https://www.thepocusatlas.com/normal-

cardiac-anatomy/sgz53ib6vai913wzgyn9gkhqobioe?

Breitkreutz, R., Price, S., Steiger, H., Seeger, F., Ilper, H., Ackermann, H., Rudolph, M.,
Uddin, S., Weigand, M., Miiller, E., & Walcher, F. (2010). Focused
echocardiographic evaluation in life support and peri-resuscitation of emergency
patients: a prospective trial. Resuscitation, 81(11), 1527-1533.
https://doi.org/10.1016/].resuscitation.2010.07.013

Breitkreutz, R., Walcher, F., Ilper, H., Seeger, F., Price, S., Via, G., & Steiger, H. (2009).
Focused echocardiography in life support: The subcostal window. European Journal
of Trauma and Emergency Surgery, 35(4), 347-356. https://doi.org/10.1007/s00068-
009-9093-1



https://www.britannica.com/place/New-Zealand
https://doi.org/10.1097/mej.0000000000000246
https://doi.org/10.1016/j.radi.2020.10.002
https://www.thepocusatlas.com/normal-cardiac-anatomy/sgz53ib6vai913wzgyn9qkhqo6ioe7
https://www.thepocusatlas.com/normal-cardiac-anatomy/sgz53ib6vai913wzgyn9qkhqo6ioe7
https://doi.org/10.1016/j.resuscitation.2010.07.013
https://doi.org/10.1007/s00068-009-9093-1
https://doi.org/10.1007/s00068-009-9093-1

CARDIAC ARREST FOCUSED ECHO 340

Breitkreutz, R., Walcher, F., & Seeger, F. (2007). Focused echocardiographic evaluation in
resuscitation management: Concept of an advanced life support-conformed algorithm.
Critical Care Medicine, 35(5), S150-S161.
https://doi.org/10.1097/01.CCM.0000260626.23848.FC

Bromley, L. (2000). The Objective Structured Clinical Exam - practical aspects. Current

Opinion in Anesthesiology, 13(6), 675-678. https://journals.lww.com/co-
anesthesiology/Fulltext/2000/12000/The_Objective_Structured Clinical Exam __ pra

ctical.11.aspx

Brooke, M., Walton, J., Scutt, D., Connolly, J., & Jarman, B. (2012). Acquisition and
interpretation of focused diagnostic ultrasound images by ultrasound-naive advanced

paramedics: Trialling a PHUS education programme. Emergency Medicine Journal,

29(4), 322-326. https://doi.org/10.1136/emj.2010.106484

Bryne, C. (2020). Paramedic Council (Scope of Practice and Prescribed Qualificatoins)
Notice 23 November 2020. (General Section ). https://gazette.govt.nz/notice/id/2020-

gs5307

Busch, M. (2006). Portable ultrasound in pre-hospital emergencies: a feasibility study. Acta
Anaesthesiologica Scandinavica, 50(6), 754-758. https://doi.org/10.1111/1.1399-
6576.2006.01030.x

Carey, J., & Rossler, K. (2021). The How When Why of High Fidelity Simulation StatPearls
Publishing.


https://doi.org/10.1097/01.CCM.0000260626.23848.FC
https://journals.lww.com/co-anesthesiology/Fulltext/2000/12000/The_Objective_Structured_Clinical_Exam___practical.11.aspx
https://journals.lww.com/co-anesthesiology/Fulltext/2000/12000/The_Objective_Structured_Clinical_Exam___practical.11.aspx
https://journals.lww.com/co-anesthesiology/Fulltext/2000/12000/The_Objective_Structured_Clinical_Exam___practical.11.aspx
https://doi.org/10.1136/emj.2010.106484
https://gazette.govt.nz/notice/id/2020-gs5307
https://gazette.govt.nz/notice/id/2020-gs5307
https://doi.org/10.1111/j.1399-6576.2006.01030.x
https://doi.org/10.1111/j.1399-6576.2006.01030.x

CARDIAC ARREST FOCUSED ECHO 341

Chardoli, M., Heidari, F., Rabiee, H., Sharif-Alhoseini, M., Shokoohi, H., & Rahimi-
Movaghar, V. (2012). Echocardiography integrated ACLS protocol versus
conventional cardiopulmonary resuscitation in patients with pulseless electrical

activity cardiac arrest. Chin J Traumatol, 15(5), 284-287.

Cheng, A., Kessler, D., Mackinnon, R., Chang, T., Nadkarni, V., Hunt, E. A., Duval-
Arnould, J., Lin, Y., Cook, D., Pusic, M., Hui, J., Moher, D., Egger, M., Auerbach,
M., International Network for Simulation-based Pediatric Innovation, R., & Education
Reporting Guidelines, I. (2016, Aug). Reporting Guidelines for Health Care
Simulation Research: Extensions to the CONSORT and STROBE Statements. Simul
Healthe, 11(4), 238-248. https://doi.org/10.1097/STH.0000000000000150

Chenkin, J., Lee, S., Huynh, T., & Bandiera, G. (2008, Oct). Procedures can be learned on the
Web: a randomized study of ultrasound-guided vascular access training. Acad Emerg

Med, 15(10), 949-954. https://doi.org/10.1111/1.1553-2712.2008.0023 1.x

Chin, E., Chan, C., Mortazavi, R., Anderson, C., Kahn, C., Summers, S., & Fox, J. (2013). A
Pilot Study Examining the Viability of a Prehospital Assessment with UltraSound for
Emergencies (PAUSE) Protocol. The Journal of Emergency Medicine, 44(1), 142-
149. https://doi.org/10.1016/j.jemermed.2012.02.032

Clattenburg, E., Wroe, P., Brown, S., Gardner, K., Losonczy, L., Singh, A., & Nagdev, A.
(2018, Jan). Point-of-care ultrasound use in patients with cardiac arrest is associated
prolonged cardiopulmonary resuscitation pauses: A prospective cohort study.

Resuscitation, 122, 65-68. https://doi.org/10.1016/j.resuscitation.2017.11.056

Clattenburg, E., Wroe, P., Gardner, K., Schultz, C., Gelber, J., Singh, A., & Nagdev, A.
(2018, Oct). Implementation of the Cardiac Arrest Sonographic Assessment (CASA)


https://doi.org/10.1097/SIH.0000000000000150
https://doi.org/10.1111/j.1553-2712.2008.00231.x
https://doi.org/10.1016/j.jemermed.2012.02.032
https://doi.org/10.1016/j.resuscitation.2017.11.056

CARDIAC ARREST FOCUSED ECHO 342

protocol for patients with cardiac arrest is associated with shorter CPR pulse checks.

Resuscitation, 131, 69-73. https://doi.org/10.1016/j.resuscitation.2018.07.030

Cohen, A., Li, T., Becker, L., Owens, C., Singh, N., Gold, A., Nelson, M., Jafari, D., Haddad,
G., Nello, A., Rolston, D., & Northwell Health Biostatistics, U. (2022, Apr). Femoral
artery Doppler ultrasound is more accurate than manual palpation for pulse detection

in cardiac arrest. Resuscitation, 173, 156-165.

https://doi.org/10.1016/j.resuscitation.2022.01.030

Crickmer, M., Drennan, 1., Turner, L., & Cheskes, S. (2021, Oct). The association between
end-tidal CO2 and return of spontaneous circulation after out-of-hospital cardiac

arrest with pulseless electrical activity. Resuscitation, 167, 76-81.

https://doi.org/10.1016/j.resuscitation.2021.08.014

Curtis, E., & Drennan, J. (2013). EBOOK: Quantitative Health Research: Issues and
Methods. McGraw-Hill Education.
http://ebookcentral.proguest.com/lib/aut/detail.action?docID=1336598

D’Alessandro, C., Drennan, 1., Newbigging, J., & Johri, A. (2018). Paramedic POCUS,
Turning Our Heads to the Prehospital Side of the Fence: A Narrative Review of
Education, Training and Future Direction. POCUS Journal, 3(1), 6-12.

Daya, M., Schmicker, R., Zive, D., Rea, T., Nichol, G., Buick, J., Brooks, S., Christenson, J.,
MacPhee, R., Craig, A., Rittenberger, J., Davis, D., May, S., Wigginton, J., Wang, H.,
& Resuscitation Outcomes Consortium, I. (2015, Jun). Out-of-hospital cardiac arrest
survival improving over time: Results from the Resuscitation Outcomes Consortium
(ROC). Resuscitation, 91, 108-115.
https://doi.org/10.1016/j.resuscitation.2015.02.003



https://doi.org/10.1016/j.resuscitation.2018.07.030
https://doi.org/10.1016/j.resuscitation.2022.01.030
https://doi.org/10.1016/j.resuscitation.2021.08.014
http://ebookcentral.proquest.com/lib/aut/detail.action?docID=1336598
https://doi.org/10.1016/j.resuscitation.2015.02.003

CARDIAC ARREST FOCUSED ECHO 343

De Vasconcelos Papa, F., & Guilherme Villares Da Costa, L. (2021). Development of a
Cardiac Point-of-Care Ultrasound Curriculum for Anesthesia Residents in Brazil: It is
Time to Act. POCUS Journal, 6(2), 117-120.
https://doi.org/10.24908/pocus.v6i2.14780

Diaz-Gomez, J., Mayo, P., & Koenig, S. (2021, Oct 21). Point-of-Care Ultrasonography. N
Engl J Med, 385(17), 1593-1602. https://doi.org/10.1056/NEJMral916062

Dick, W., Eberle, B., Wisser, G., & Schneider, T. (2000). The carotid pulse check revisited:
What if there is no pulse? Critical Care Medicine, 28(11), N183-N185.
https://journals.lww.com/ccmjournal/Fulltext/2000/11001/The _carotid _pulse check r

evisited What if there.2.aspx

Dicker, B., Swain, A., Ranjan, A., Todd, V., Howie, G., Wilkinson, N., Stewart, G.,
Whitefield, D., L’ucre, J., & Coulthard, S. (2021). Out-of-Hospital Cardiac Arrest
Registry Summary Report 2019/20.

Dicker, B., Todd, V., Howie, G., Wilkinson, N., Stewart, G., Swain, A., & Ranjan, A. (2021).
Out-of-Hospital Cardiac Arrest Registry Aotearoa New Zealand, National Report
2019/20.

Eberle, B., Dick, W., Schneider, T., Wisser, S., Doetsch, S., & Tzanova, I. (1996). Checking
the carotid pulse check: diagnostic accuracy of first responders in patients with and

without a pulse. Resuscitation, 33, 107-116.


https://doi.org/10.24908/pocus.v6i2.14780
https://doi.org/10.1056/NEJMra1916062
https://journals.lww.com/ccmjournal/Fulltext/2000/11001/The_carotid_pulse_check_revisited__What_if_there.2.aspx
https://journals.lww.com/ccmjournal/Fulltext/2000/11001/The_carotid_pulse_check_revisited__What_if_there.2.aspx

CARDIAC ARREST FOCUSED ECHO 344

Edelman, S. (2007). Understanding Ultrasound Physics (3rd ed.). Vertex Communications

El Sayed, M., & Zaghrini, E. (2013). Prehospital emergency ultrasound: a review of current
clinical applications, challenges, and future implications. Emerg Med Int, 2013.

https://doi.org/10.1155/2013/531674

Field, J., Hazinski, M., Sayre, M., Chameides, L., Schexnayder, S., Hemphill, R., Samson, R.,
Kattwinkel, J., Berg, R., Bhanji, F., Cave, D., Jauch, E., Kudenchuk, P., Neumar, R.,
Peberdy, M., Perlman, J., Sinz, E., Travers, A., Berg, M., Billi, J., Eigel, B., Hickey,
R., Kleinman, M., Link, M., Morrison, L., O'Connor, R., Shuster, M., Callaway, C.,
Cucchiara, B., Ferguson, J., Rea, T., & Vanden Hoek, T. (2010, Nov 2). Part 1:
executive summary: 2010 American Heart Association Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation,
122(18 Suppl 3), S640-656.
https://doi.org/10.1161/CIRCULATIONAHA.110.970889

Fitzgibbon, J., Lovallo, E., Escajeda, J., Radomski, M., & Martin-Gill, C. (2018). Feasibility
of out-of-hospital cardiac arrest ultrasound by EMS physicians. Prehospital

Emergency Care.

Flato, U., Paiva, E., Carballo, M., Buehler, A., Marco, R., & Timerman, A. (2015).
Echocardiography for prognostication during the resuscitation of intensive care unit
patients with non-shockable rhythm cardiac arrest. Resuscitation, 92, 1-6.

https://doi.org/10.1016/j.resuscitation.2015.03.024

Gardner, K., Clattenburg, E., Wroe, P., Singh, A., Mantuani, D., & Nagdev, A. (2018). The
Cardiac Arrest Sonographic Assessment (CASA) exam — A standardized approach to


https://doi.org/10.1155/2013/531674
https://doi.org/10.1161/CIRCULATIONAHA.110.970889
https://doi.org/10.1016/j.resuscitation.2015.03.024

CARDIAC ARREST FOCUSED ECHO 345

the use of ultrasound in PEA. American Journal of Emergency Medicine, 36(4), 729-
731. https://doi.org/doi:10.1016/j.ajem.2017.08.052

Gaspari, R., Harvey, J., DiCroce, C., Nalbandian, A., Hill, M., Lindsay, R., Nordberg, A.,
Graham, P., Kamilaris, A., & Gleeson, T. (2021). Echocardiographic pre-pause
imaging and identifying the acoustic window during CPR reduces CPR pause time
during ACLS — A prospective Cohort Study. Resuscitation Plus, 6.
https://doi.org/10.1016/j.resplu.2021.100094

Gaspari, R., Weekes, A., Adhikari, S., Noble, V., Nomura, J. T., Theodoro, D., Woo, M.,
Atkinson, P., Blehar, D., Brown, S., Caffery, T., Douglass, E., Fraser, J., Haines, C.,
Lam, S., Lanspa, M., Lewis, M., Liebmann, O., Limkakeng, A., Lopez, F., Platz, E.,
Mendoza, M., Minnigan, H., Moore, C., Novik, J., Rang, L., Scruggs, W., & Raio, C.
(2017). A retrospective study of pulseless electrical activity, bedside ultrasound
identifies interventions during resuscitation associated with improved survival to
hospital admission. A REASON Study. Resuscitation, 120, 103-107.
https://doi.org/10.1016/].resuscitation.2017.09.008

Gaspari, R., Weekes, A., Adhikari, S., Noble, V. E., Nomura, J. T., Theodoro, D., Woo, M.,
Atkinson, P., Blehar, D., Brown, S. M., Caffery, T., Douglass, E., Fraser, J., Haines,
C., Lam, S., Lanspa, M., Lewis, M., Liebmann, O., Limkakeng, A., Lopez, F., Platz,
E., Mendoza, M., Minnigan, H., Moore, C., Novik, J., Rang, L., Scruggs, W., & Raio,
C. (2016). Emergency department point-of-care ultrasound in out-of-hospital and in-
ED cardiac arrest. Resuscitation, 109, 33-39.
https://doi.org/10.1016/j.resuscitation.2016.09.018

Gradl-Dietsch, G., Menon, A. K., Giirsel, A., Gotzenich, A., Hatam, N., Aljalloud, A.,
Schrading, S., Holzl, F., & Knobe, M. (2018). Basic echocardiography for

undergraduate students: a comparison of different peer-teaching approaches.


https://doi.org/doi:10.1016/j.ajem.2017.08.052
https://doi.org/10.1016/j.resplu.2021.100094
https://doi.org/10.1016/j.resuscitation.2017.09.008
https://doi.org/10.1016/j.resuscitation.2016.09.018

CARDIAC ARREST FOCUSED ECHO 346

European Journal of Trauma & Emergency Surgery, 44(1), 143-152.
https://doi.org/10.1007/s00068-017-0819-1

Grant, M. J., & Booth, A. (2009, Jun). A typology of reviews: an analysis of 14 review types
and associated methodologies. Health Info Libr J, 26(2), 91-108.
https://doi.org/10.1111/§.1471-1842.2009.00848.x

Griffiths, P., & Mooney, G. (2012). The Paramedic’s Guide to Research McGraw-Hill

Education

Gutierrez, J., Sandoval, C., Leturiondo, M., Russell, J., Redondo, K., Daya, M., & Ruiz de
Gauna, S. (2022, Oct). Contribution of chest compressions to end-tidal carbon dioxide

levels generated during out-of-hospital cardiopulmonary resuscitation. Resuscitation,

179, 225-232. https://doi.org/10.1016/].resuscitation.2022.07.009

Guy, A., Bryson, A., Wheeler, S., McLean, N., & Kanji, H. (2019). A Blended Prehospital
Ultrasound Curriculum for Critical Care Paramedics. Air Medical Journal, 38(6),

426-430. https://www.airmedicaljournal.com/article/S1067-991X(19)30180-4/fulltext

Harden, R., Stevenson, M., Downie, W., & Wilson, G. (1975). Assessment of Clinical
Competence using Objective Structure Examination. British Medical Journal 1, 447-

451.

Hayhurst, C., Lebus, C., Atkinson, P., Kendall, R., Madan, R., Talbot, J., Ross, P., & Lewis,
D. (2011). An evaluation of echo in life support (ELS): Is it feasible? What does it
add? Emergency Medicine Journal, 28(2), 119-121.
https://doi.org/10.1136/emj.2009.084202



https://doi.org/10.1007/s00068-017-0819-1
https://doi.org/10.1111/j.1471-1842.2009.00848.x
https://doi.org/10.1016/j.resuscitation.2022.07.009
https://www.airmedicaljournal.com/article/S1067-991X(19)30180-4/fulltext
https://doi.org/10.1136/emj.2009.084202

CARDIAC ARREST FOCUSED ECHO 347

Heegaard, W., Hildebrandt, D., Spear, D., Chason, K., Nelson, B., & Ho, J. (2010).
Prehospital ultrasound by paramedics: results of field trial. Academic Emergency

Medicine, 17(6), 624-630. https://doi.org/10.1111/].1553-2712.2010.00755.x

Hon, S., Fan, M., Leung, L., Mok, K., & Kwok, K. (2019). A short report on the acquisition
of point-of-care ultrasound skills and knowledge by the ambulance personnel in Hong

Kong. Hong Kong Journal of Emergency Medicine, 26(2), 80-83.

Huis in ’t Veld, M., Allison, M., Bostick, D., Fisher, K., Goloubeva, O., Witting, M., &
Winters, M. (2017). Ultrasound use during cardiopulmonary resuscitation is

associated with delays in chest compressions. Resuscitation, 119, 95-98.

https://doi.org/10.1016/j.resuscitation.2017.07.021

Jaramillo, G., Aldana, N., & Ortiz, R. (2020). Rhythms and prognosis of patients with cardiac
arrest, emphasis on pseudo-pulseless electrical activity: another reason to use

ultrasound in emergency rooms in Colombia. International Journal of Emergency

Medicine, 13(1). https://doi.org/10.1186/s12245-020-00319-4

Johri, A., Durbin, J., Newbigging, J., Tanzola, R., Chow, R., De, S., & Tam, J. (2018, Jul).
Cardiac Point-of-Care Ultrasound: State-of-the-Art in Medical School Education. J
Am Soc Echocardiogr, 31(7), 749-760. https://doi.org/10.1016/j.echo0.2018.01.014

Kaunihera Manapou Paramedic Council of New Zealand. Documents needed for registration.
https://www.paramediccouncil.org.nz/PCNZ/PCNZ/4.Resources/Policies-and-
guidelines-.aspx?hkey=2e38a198-5863-4126-a075-56¢95eca95a3



https://doi.org/10.1111/j.1553-2712.2010.00755.x
https://doi.org/10.1016/j.resuscitation.2017.07.021
https://doi.org/10.1186/s12245-020-00319-4
https://doi.org/10.1016/j.echo.2018.01.014
https://www.paramediccouncil.org.nz/PCNZ/PCNZ/4.Resources/Policies-and-guidelines-.aspx?hkey=2e38a198-5863-4f26-a075-56c95eca95a3
https://www.paramediccouncil.org.nz/PCNZ/PCNZ/4.Resources/Policies-and-guidelines-.aspx?hkey=2e38a198-5863-4f26-a075-56c95eca95a3

CARDIAC ARREST FOCUSED ECHO 348

Kaunihera Manapou Paramedic Council of New Zealand. Nga mahi whakawhanake ngaio
Professional development.
https://paramediccouncil.org.nz/PCNZ/PCNZ/4.Resources/Professional-development-
.aspx ?hkey=5{6¢2148-db68-4cf1-b1a8-6132247361ba

Kaunihera Manapou Paramedic Council of New Zealand. (2023a). Korerorero tahi nga
ritenga matatiki o te matanga manapou. Consultation specialist paramedic practice

document.

Kaunihera Manapou Paramedic Council of New Zealand. (2023b). Panui - Hurae Newsletter.

3.

Kaushik, V., & Walsh, C. (2019). Pragmatism as a Research Paradigm and Its Implications
for Social Work Research. Social Sciences, 8(9).
https://doi.org/10.3390/so0csci8090255

Ketelaars, R., Beekers, C., Van Geffen, G., Scheffer, G., & Hoogerwerf, N. (2018).
Prehospital Echocardiography During Resuscitation Impacts Treatment in a
Physician-Staffed Helicopter Emergency Medical Service: an Observational Study.
Prehospital Emergency Care, 22(4), 406-413.
https://doi.org/10.1080/10903127.2017.1416208

Knudson, M., & Sisley, A. (2000). Training Residents Using Simulation Technology:
Experience with Ultrasound for Trauma. The Journal of Trauma: Injury, Infection,
and Critical Care, 48(4), 659-665. https://doi.org/10.1097/00005373-200004000-
00013



https://paramediccouncil.org.nz/PCNZ/PCNZ/4.Resources/Professional-development-.aspx?hkey=5f6e2148-db68-4cf1-b1a8-6132247361ba
https://paramediccouncil.org.nz/PCNZ/PCNZ/4.Resources/Professional-development-.aspx?hkey=5f6e2148-db68-4cf1-b1a8-6132247361ba
https://doi.org/10.3390/socsci8090255
https://doi.org/10.1080/10903127.2017.1416208
https://doi.org/10.1097/00005373-200004000-00013
https://doi.org/10.1097/00005373-200004000-00013

CARDIAC ARREST FOCUSED ECHO 349

Koh, J. (2019). Four Pedagogical Dimensions for Understanding Flipped Classroom Practices
in Higher Education: A Systematic Review. Educational Sciences: Theory &

Practice, 19(4), 14-33. https://doi.org/10.12738/estp.2019.4.002

Kreiser, M., Hill, B., Karki, D., Wood, E., Shelton, R., Peterson, J., Riccio, J., Zapata, I.,
Khalil, P., Gubler, D., LaPorta, A., Roosevelt, G., & Toney, A. (2022, Jan 7). Point-
of-Care Ultrasound Use by EMS Providers in Out-of-Hospital Cardiac Arrest.
Prehosp Disaster Med, 1-6. https://doi.org/10.1017/S1049023X21001357

Krzic, M., & Brown, S. (2022). Question banks for effective online assessments in
introductory science courses. Natural Sciences Education, 51(2).

https://doi.org/10.1002/nse2.20091

Labovitz, A., Noble, V., Bierig, M., Goldstein, S., Jones, R., Kort, S., Porter, T., Spencer, K.,
Tayal, V., & Wei, K. (2010). Focused Cardiac Ultrasound in the Emergent Setting: A
Consensus Statement of the American Society of Echocardiography and American

College of Emergency Physicians. Journal of the American Society of
Echocardiography, 23(12), 1225-1230. https://doi.org/10.1016/j.ech0.2010.10.005

Landry, A., Eicken, J., Dwyer, K., Hoyler, J., Henwood, T., Frasure, S., Kimberly, H., &
Stone, M. (2017, Apr 2). Ten Strategies for Optimizing Ultrasound Instruction for
Group Learning. Cureus, 9(4), e1129. https://doi.org/10.7759/cureus.1129

Lane, N., Lahham, S., Joseph, L., Bahner, D., & Fox, J. (2015). Ultrasound in medical
education: listening to the echoes of the past to shape a vision for the future.
European Journal of Trauma & Emergency Surgery, 41(5), 461-467.
https://doi.org/10.1007/s00068-015-0535-7



https://doi.org/10.12738/estp.2019.4.002
https://doi.org/10.1017/S1049023X21001357
https://doi.org/10.1002/nse2.20091
https://doi.org/10.1016/j.echo.2010.10.005
https://doi.org/10.7759/cureus.1129
https://doi.org/10.1007/s00068-015-0535-7

CARDIAC ARREST FOCUSED ECHO 350

Le, M. T., Voigt, L., Nathanson, R., Maw, A. M., Johnson, G., Dancel, R., Mathews, B.,
Moreira, A., Sauthoff, H., Gelabert, C., Kurian, L. M., Dumovich, J., Proud, K. C.,
Solis-McCarthy, J., Candotti, C., Dayton, C., Arena, A., Boesch, B., Flores, S., Foster,
M. T., Villalobos, N., Wong, T., Ortiz-Jaimes, G., Mader, M., Sisson, C., & Soni, N.
J. (2022, Jul 7). Comparison of four handheld point-of-care ultrasound devices by
expert users. Ultrasound J, 14(1), 27. https://doi.org/10.1186/s13089-022-00274-6

Lewiss, R., Hoffmann, B., Beaulieu, Y., & Phelan, M. (2014, Jan). Point-of-care ultrasound
education: the increasing role of simulation and multimedia resources. J Ultrasound

Med, 33(1), 27-32. https://doi.org/10.7863/ultra.33.1.27

Lien, W., Hsu, S., Chong, K., Sim, S., Wu, M., Chang, W., Fang, C., Ma, M., Chen, S., &
Chen, W. (2018). US-CAB protocol for ultrasonographic evaluation during
cardiopulmonary resuscitation: Validation and potential impact [Article].

Resuscitation, 127, 125-131. https://doi.org/10.1016/j.resuscitation.2018.01.051

Lilley, R., De Graaf, B., Kool, B., Davie, G., Reid, P., Dicker, B., Civil, 1., Ameratunga, S.,
& Branas, C. (2019). Geographical and population disparities in timely access to
prehospital and advanced level emergency care in New Zealand: a cross-sectional

study. BMJ Open, 9(7), €026026. https://doi.org/10.1136/bmjopen-2018-026026

Loza-Gomez, A., Johnson, M., Newby, M., LeGassick, T., & Larmon, B. (2022, Mar). Chest
Compression Fraction Alone Does Not Adequately Measure Cardiopulmonary
Resuscitation Quality in Out-of-Hospital Cardiac Arrest. J Emerg Med, 62(3), e35-
e43. https://doi.org/10.1016/j.jemermed.2021.10.030



https://doi.org/10.1186/s13089-022-00274-6
https://doi.org/10.7863/ultra.33.1.27
https://doi.org/10.1016/j.resuscitation.2018.01.051
https://doi.org/10.1136/bmjopen-2018-026026
https://doi.org/10.1016/j.jemermed.2021.10.030

CARDIAC ARREST FOCUSED ECHO 351

Makrides, T., Ross, L., Gosling, C., Acker, J., & O'Meara, P. (2022, Sep). Defining two novel
sub models of the Anglo-American paramedic system: A Delphi study. Australas

Emerg Care, 25(3), 229-234. https://doi.org/10.1016/j.auec.2021.11.001

Makrides, T., Ross, L., Gosling, C., & O'Meara, P. (2020). The structure and characteristics
of Anglo-American paramedic systems in developed countries: A scoping review
protocol. Australasian Journal of Paramedicine, 17.

https://doi.org/10.33151/ajp.17.787

Marill, K., Menegazzi, J., Koller, A., Sundermann, M., & Salcido, D. (2020, Sep-Oct).
Synchronized Chest Compressions for Pseudo-PEA: Proof of Concept and a Synching
Algorithm. Prehosp Emerg Care, 24(5), 721-729.
https://doi.org/10.1080/10903127.2019.1690605

Mason, R., Latimer, A., Vrablik, M., & Utarnachitt, R. (2019, May-Jun). Teaching Flight
Nurses Ultrasonographic Evaluation of Esophageal Intubation and Pneumothorax. Air

Med J, 38(3), 195-197. https://doi.org/10.1016/j.amj.2018.11.007

Masoumi, B., Azizkhani, R., Heydari, F., Zamani, M., & Nasr Isfahani, M. (2021). The Role
of Cardiac Arrest Sonographic Exam (CASE) in Predicting the Outcome of

Cardiopulmonary Resuscitation; a Cross-sectional Study. Arch Acad Emerg Med,
9(1), e48. https://doi.org/10.22037/aaem.v9il.1272

Mathew, D., Krishnan, S., Abraham, S., Varghese, S., Thomas, M., & Palatty, B. (2022, Jan-
Mar). Chest Compression Fraction and Factors influencing it. J Emerg Trauma Shock,

15(1), 41-46. https://doi.org/10.4103/JETS.JETS 36 21



https://doi.org/10.1016/j.auec.2021.11.001
https://doi.org/10.33151/ajp.17.787
https://doi.org/10.1080/10903127.2019.1690605
https://doi.org/10.1016/j.amj.2018.11.007
https://doi.org/10.22037/aaem.v9i1.1272
https://doi.org/10.4103/JETS.JETS_36_21

CARDIAC ARREST FOCUSED ECHO 352

Meadley, B., Olaussen, A., Delorenzo, A., Roder, N., Martin, C., St. Clair, T., Burns, A.,
Stam, E., & Williams, B. (2017). Educational standards for training paramedics in
ultrasound: a scoping review. BMC Emergency Medicine, 17, 1-14.
https://doi.org/10.1186/s12873-017-0131-8

Meaney, P., Bobrow, B., Mancini, M., Christenson, J., de Caen, A., Bhanji, F., Abella, B.,
Kleinman, M., Edelson, D., Berg, R., Aufderheide, T., Menon, V., Leary, M., Cpr
Quality Summit Investigators, t. A. H. A. E. C. C. C., the Council on
Cardiopulmonary, C. C. P., & Resuscitation. (2013, Jul 23). Cardiopulmonary
resuscitation quality: [corrected] improving cardiac resuscitation outcomes both inside
and outside the hospital: a consensus statement from the American Heart Association.

Circulation, 128(4), 417-435. https://doi.org/10.1161/CIR.0b013e¢31829d8654

Ministry of Health. (2017). Ethnicity Data Protocols. HISO 10001.

https://www.tewhatuora.govt.nz/our-health-system/digital-health/health-information-

standards/approved-standards/identity-standards/

Mond, H., & Crozier, I. (2019, Apr). The Australian and New Zealand Cardiac Implantable
Electronic Device Survey: Calendar Year 2017. Heart Lung Circ, 28(4), 560-566.
https://doi.org/10.1016/j.h1c.2018.11.018

Moore, C. (2013). An Emergency Department Nurse-Driven Ultrasound-Guided Peripheral
Intravenous Line Program. Journal of the Association for Vascular Access, 18(1), 45-

51. https://doi.org/10.1016/j.java.2012.12.001

Morrison, T., & Tunnage, B. (2014). Reporting Maori Participation in Paramedic Education
and the EMS Workforce in New Zealand. Australasian Journal of Paramedicine,

11(5). https://doi.org/10.33151/ajp.11.5.58



https://doi.org/10.1186/s12873-017-0131-8
https://doi.org/10.1161/CIR.0b013e31829d8654
https://www.tewhatuora.govt.nz/our-health-system/digital-health/health-information-standards/approved-standards/identity-standards/
https://www.tewhatuora.govt.nz/our-health-system/digital-health/health-information-standards/approved-standards/identity-standards/
https://doi.org/10.1016/j.hlc.2018.11.018
https://doi.org/10.1016/j.java.2012.12.001
https://doi.org/10.33151/ajp.11.5.58

CARDIAC ARREST FOCUSED ECHO 353

Myerburg, R., Halperin, H., Egan, D., Boineau, R., Chugh, S., Gillis, A., Goldhaber, J.,
Lathrop, D., Liu, P., Niemann, J., Ornato, J., Sopko, G., Van Eyk, J., Walcott, G.,
Weisfeldt, M., Wright, J., & Zipes, D. (2013, Dec 3). Pulseless electric activity:
definition, causes, mechanisms, management, and research priorities for the next
decade: report from a National Heart, Lung, and Blood Institute workshop.
Circulation, 128(23), 2532-2541.
https://doi.org/10.1161/CIRCULATIONAHA.113.004490

Myriam, C., & Matthias, E. (2014). STROBE (STrengthening the Reporting of Observational
studies in Epidemiology). In Guidelines for Reporting Health Research: A User’s
Manual (First Edition ed.).

National Ambulance Sector Clinical Working Group. (2019). Wellington Free Ambulance
Clinical Procedures and Guidelines. https://doi.org/10.1016/B978-141604485-
7.50013-5

National Ambulance Sector Office. (2009). The New Zealand Service Strategy, The first line

of mobile emergency intervention in the continuum of health care. www.naso.govt.nz

Nelson, B., & Sanghvi, A. (2016). Out of hospital point of care ultrasound: current use
models and future directions. European Journal of Trauma & Emergency Surgery,

42(2), 139-150. https://doi.org/10.1007/s00068-015-0494-z

New Zealand Ambulance Sector Office. (2009). New Zealand Ambulance Service Strategy

Map. https://www.health.govt.nz/new-zealand-health-system/key-health-sector-

organisations-and-people/national-ambulance-sector-office-naso/naso-strategy



https://doi.org/10.1161/CIRCULATIONAHA.113.004490
https://doi.org/10.1016/B978-141604485-7.50013-5
https://doi.org/10.1016/B978-141604485-7.50013-5
www.naso.govt.nz
https://doi.org/10.1007/s00068-015-0494-z
https://www.health.govt.nz/new-zealand-health-system/key-health-sector-organisations-and-people/national-ambulance-sector-office-naso/naso-strategy
https://www.health.govt.nz/new-zealand-health-system/key-health-sector-organisations-and-people/national-ambulance-sector-office-naso/naso-strategy

CARDIAC ARREST FOCUSED ECHO 354

Niendorff, D. F., Rassias, A. J., Palac, R., Beach, M. L., Costa, S., & Greenberg, M. (2005).
Rapid cardiac ultrasound of inpatients suffering PEA arrest performed by nonexpert

sonographers. Resuscitation, 67(1), 81-87.
https://doi.org/10.1016/j.resuscitation.2005.04.007

NZ Transport Agency. (2017). Work time and logbooks factsheet.

Oliveira, L., & Lawrence, M. (2016). Ultrasound-Guided Peripheral Intravenous Access
Program for Emergency Physicians, Nurses, and Corpsmen (Technicians) at a
Military Hospital. Military Medicine, 181(3), 272-276.
https://doi.org/10.7205/MILMED-D-15-00056

Oliver, T., Sadiq, U., & Grossman, S. (2020). Pulseless Electrical Activity. In StatPearls.
StatPearls Publishing LLC.

Paddock, M., Bailitz, J., Horowitz, R., Khishfe, B., Cosby, K., & Sergel, M. (2015). Disaster
Response Team FAST Skills Training with a Portable Ultrasound Simulator
Compared to Traditional Training: Pilot Study. Western Journal of Emergency
Medicine: Integrating Emergency Care with Population Health, 16(2), 325-330.
https://doi.org/10.5811/westjem.2015.1.23720

Paiva, E., Paxton, J., & O'Neil, B. (2018, Feb). The use of end-tidal carbon dioxide (ETCO2)
measurement to guide management of cardiac arrest: A systematic review.

Resuscitation, 123, 1-7. https://doi.org/10.1016/j.resuscitation.2017.12.003



https://doi.org/10.1016/j.resuscitation.2005.04.007
https://doi.org/10.7205/MILMED-D-15-00056
https://doi.org/10.5811/westjem.2015.1.23720
https://doi.org/10.1016/j.resuscitation.2017.12.003

CARDIAC ARREST FOCUSED ECHO 355

Pallant, J. (2020). SPSS Survival Manual: A step by step guide to data analysis using IBM
SPSS (7th ed.). Routledge Taylor; Francis Group

Panchal, A., Bartos, J., Cabanas, J., Donnino, M., Drennan, 1., Hirsch, K., Kudenchuk, P.,
Kurz, M., Lavonas, E., Morley, P., O'Neil, B., Peberdy, M., Rittenberger, J.,
Rodriguez, A., Sawyer, K., Berg, K., Adult, B., & Advanced Life Support Writing, G.
(2020). Part 3: Adult Basic and Advanced Life Support: 2020 American Heart
Association Guidelines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care. Circulation, 142(16_suppl_2), S366-S468.
https://doi.org/10.1161/CIR.0000000000000916

Paradis, N. (1990). Coronary Perfusion Pressure and the Return of Spontaneous Circulation
in Human Cardiopulmonary Resuscitation. 263(8), 1106.
https://doi.org/10.1001/jama.1990.03440080084029

Paradis, N., Halperin, H., Zviman, M., Barash, D., Quan, W., & Freeman, G. (2012, Oct).
Coronary perfusion pressure during external chest compression in pseudo-EMD,
comparison of systolic versus diastolic synchronization. Resuscitation, 83(10), 1287-

1291. https://doi.org/10.1016/j.resuscitation.2012.02.016

Parish, D., C., D., & Dane, F. (2003). Success changes the problem: Why ventricular
fibrillation is declining, why pulseless electrical activity is emerging, and what to do

about it. Resuscitation, 58(1), 31-35. https://doi.org/10.1016/s0300-9572(03)00104-7

Platz, E., Liteplo, A., Hurwitz, S., & Hwang, J. (2011). Are Live Instructors Replaceable?
Computer vs. Classroom Lectures for EFAST Training. The Journal of Emergency

Medicine, 40(5), 534-538. https://doi.org/10.1016/j.jemermed.2009.08.030



https://doi.org/10.1161/CIR.0000000000000916
https://doi.org/10.1001/jama.1990.03440080084029
https://doi.org/10.1016/j.resuscitation.2012.02.016
https://doi.org/10.1016/s0300-9572(03)00104-7
https://doi.org/10.1016/j.jemermed.2009.08.030

CARDIAC ARREST FOCUSED ECHO 356

Press, G., Miller, S., Hassan, 1., Blankenship, R., Junco, D., Camp, E., Holcomb, J., & del
Junco, D. (2013). Evaluation of a training curriculum for prehospital trauma
ultrasound. Journal of Emergency Medicine (0736-4679), 45(6), 856-864.
https://doi.org/10.1016/j.jemermed.2013.05.001

Price, S., Ilper, H., Uddin, S., Steiger, H., Seeger, F., Schellhaas, S., Heringer, F., Ruesseler,
M., Ackermann, H., Via, G., Walcher, F., & Breitkreutz, R. (2010). Peri-resuscitation
echocardiography: Training the novice practitioner. §/(11), 1534-1539.
https://doi.org/10.1016/j.resuscitation.2010.07.001

Price, S., Uddin, S., & Quinn, T. (2010). Echocardiography in cardiac arrest. Current
Opinion in Critical Care, 16(3), 211-215.
https://doi.org/10.1097/mcc.0b013e3283399d4c

Prosen, G., Krizmari¢, M., Zavrinik, J., & Grmec, S. (2010, Jul-Aug). Impact of modified
treatment in echocardiographically confirmed pseudo-pulseless electrical activity in
out-of-hospital cardiac arrest patients with constant end-tidal carbon dioxide pressure
during compression pauses. J Int Med Res, 38(4), 1458-1467.
https://doi.org/10.1177/147323001003800428

Raio, C., Modayil, V., Cassara, M., Dubon, M., Patel, J., Shah, T., Chun, P., Nelson, M.,
Chiricolo, G., Sama, A., & Liu, Y. (2009). Can emergency medical services personnel

identify pneumothorax on focused ultrasound examinations? Critical Ultrasound

Journal, 1(2), 65-68. https://doi.org/10.1007/s13089-009-0016-5



https://doi.org/10.1016/j.jemermed.2013.05.001
https://doi.org/10.1016/j.resuscitation.2010.07.001
https://doi.org/10.1097/mcc.0b013e3283399d4c
https://doi.org/10.1177/147323001003800428
https://doi.org/10.1007/s13089-009-0016-5

CARDIAC ARREST FOCUSED ECHO 357

Reed, M., Gibson, L., Dewar, A., Short, S., Black, P., & Clegg, G. (2017). Introduction of
paramedic led Echo in Life Support into the pre-hospital environment: The PUCA
study. Resuscitation, 65-69. https://doi.org/10.1016/].resuscitation.2016.09.003

Roline, C., Heegaard, W., Moore, J., Joing, S., Hildebrandt, D., Biros, M., Caroon, L.,
Plummer, D., & Reardon, R. (2013, May-Jun). Feasibility of bedside thoracic
ultrasound in the helicopter emergency medical services setting. Air Med J, 32(3),

153-157. https://doi.org/10.1016/j.amj.2012.10.013

Rooney, K., Lahham, S., Lahham, S., Anderson, C., Bledsoe, B., Sloane, B., Joseph, L.,
Osborn, M., & Fox, J. (2016). Pre-hospital assessment with ultrasound in
emergencies: implementation in the field. World Journal of Emergency Medicine,

7(2), 117-123. https://doi.org/10.5847/wjem.j.1920-8642.2016.02.006

Rosen, M., Salas, E., Silvestri, S., Wu, T., & Lazzara, E. (2008, Fall). A measurement tool for
simulation-based training in emergency medicine: the simulation module for

assessment of resident targeted event responses (SMARTER) approach. Simul
Healthe, 3(3), 170-179. https://doi.org/10.1097/SIH.0b013e318173038d

Salen, P., Melniker, L., Chooljian, C., Rose, S., Alteveer, J., Reed, J., & Heller, M. (2005).
Does the presence or absence of sonographically identified cardiac activity predict
resuscitation outcomes of cardiac arrest patients? , 23(4), 459-462.

https://doi.org/10.1016/j.ajem.2004.11.007

Scharonow, M., & Weilbach, C. (2018). Prehospital point-of-care emergency ultrasound: A
cohort study. Scandinavian Journal of Trauma, Resuscitation and Emergency

Medicine, 26(1). https://doi.org/10.1186/s13049-018-0519-9



https://doi.org/10.1016/j.resuscitation.2016.09.003
https://doi.org/10.1016/j.amj.2012.10.013
https://doi.org/10.5847/wjem.j.1920-8642.2016.02.006
https://doi.org/10.1097/SIH.0b013e318173038d
https://doi.org/10.1016/j.ajem.2004.11.007
https://doi.org/10.1186/s13049-018-0519-9

CARDIAC ARREST FOCUSED ECHO 358

Sidhu, H., Olubaniyi, B., Bhatnagar, G., Shuen, V., & Dubbins, P. (2012). Role of
Simulation-Based Education in Ultrasound Practice Training. Journal of Ultrasound

in Medicine, 31(5), 785-791. https://doi.org/10.7863/jum.2012.31.5.785

Skjeflo, G., Nordseth, T., Loennechen, J., Bergum, D., & Skogvoll, E. (2018, Jun). ECG
changes during resuscitation of patients with initial pulseless electrical activity are
associated with return of spontaneous circulation. Resuscitation, 127, 31-36.

https://doi.org/10.1016/j.resuscitation.2018.03.039

Smith, C., Lall, R., Fothergill, R., Spaight, R., & Perkins, G. (2022, Jan 12). The effect of the
GoodSAM volunteer first-responder app on survival to hospital discharge following
out-of-hospital cardiac arrest. Eur Heart J Acute Cardiovasc Care, 11(1),20-31.
https://doi.org/10.1093/ehjacc/zuab103

Soni, N., Arntfield, R., & Kory, P. (2020). Point-of-Care Ultrasound (2nd ed.). Elsevier.

Statistics New Zealand. (2020). Estimated resident population.

https://www.stats.govt.nz/topics/population

Te Kaunihera Manapou Paramedic Council. (2021). Te Kaunihera Manapou Annual Report

Te Whatu Ora Health New Zealand. (2024). The Ambulance Team.

https://www.tewhatuora.govt.nz/corporate-information/about-us/expert-groups/naso/



https://doi.org/10.7863/jum.2012.31.5.785
https://doi.org/10.1016/j.resuscitation.2018.03.039
https://doi.org/10.1093/ehjacc/zuab103
https://www.stats.govt.nz/topics/population
https://www.tewhatuora.govt.nz/corporate-information/about-us/expert-groups/naso/

CARDIAC ARREST FOCUSED ECHO 359

Testa, A., Cibinel, G., Portale, G., Forte, P., Giannuzzi, R., Pignataro, G., & Gentiloni Silveri,
N. (2010). The proposal of an integrated ultrasonographic approach into the ALS
algorithm for cardiac arrest: The PEA protocol. European Review for Medical and
Pharmacological Sciences, 14(2), 77-88.
https://www.scopus.com/inward/record.uri?eid=2-s2.0-

77949495642 &partner]D=40&md5=31046ceb6e84ec7bd46c8b6166e4c0d69

Todsen, T., Tolsgaard, M., Olsen, B., Henriksen, B., Hillingso, J., Konge, L., Jensen, M., &
Ringsted, C. (2015, Feb). Reliable and valid assessment of point-of-care
ultrasonography. Ann Surg, 261(2), 309-315.
https://doi.org/10.1097/SLA.0000000000000552

Tolsgaard, M., Todsen, T., Sorensen, J., Ringsted, C., Lorentzen, T., Ottesen, B., & Tabor, A.
(2013). International multispecialty consensus on how to evaluate ultrasound
competence: a Delphi consensus survey. PLoS ONE, 8(2), e57687.
https://doi.org/10.1371/journal.pone.0057687

Tunnage, B., Swain, A., & Waters, D. (2015). Regulating our emergency care paramedics.

New Zealand Medical Association, 128(1421). www.nzma.org.nz/journal

Vaillancourt, C., Petersen, A., Meier, E., Christenson, J., Menegazzi, J., Aufderheide, T.,
Nichol, G., Berg, R., Callaway, C., Idris, A., Davis, D., Fowler, R., Egan, D.,
Andrusiek, D., Buick, J., Bishop, T., Colella, M., Sahni, R., Stiell, I., & Cheskes, S.
(2020, 2020). The impact of increased chest compression fraction on survival for out-
of-hospital cardiac arrest patients with a non-shockable initial rhythm. Resuscitation,

154, 93-100. https://doi.org/doi:10.1016/].resuscitation.2020.06.016



https://www.scopus.com/inward/record.uri?eid=2-s2.0-77949495642&partnerID=40&md5=31046ce6e84ec7bd46c8b6f66e4c0d69
https://www.scopus.com/inward/record.uri?eid=2-s2.0-77949495642&partnerID=40&md5=31046ce6e84ec7bd46c8b6f66e4c0d69
https://doi.org/10.1097/SLA.0000000000000552
https://doi.org/10.1371/journal.pone.0057687
www.nzma.org.nz/journal
https://doi.org/doi:10.1016/j.resuscitation.2020.06.016

CARDIAC ARREST FOCUSED ECHO 360

Van den Bempt, S., Wauters, L., & Dewolf, P. (2020, Nov 30). Pulseless Electrical Activity:
Detection of Underlying Causes in a Prehospital Setting. Med Princ Pract.
https://doi.org/10.1159/000513431

Walker, E. (2017). Ultrasound: A potential new approach for cardiac arrest management.
Journal of Paramedic Practice, 9(3), 103-107.
https://doi.org/10.12968/jpar.2017.9.3.103

Wellington Free Ambulance. (2022). Our Work. Retrieved 29 July 2022 from

https://www.wfa.org.nz/about-us/our-work/

Williams, B., Beovich, B., & Olaussen, A. (2021). The Definition of Paramedicine: An
International Delphi Study. Journal of Multidisciplinary Healthcare, Volume 14,
3561-3570. https://doi.org/10.2147/jmdh.S347811

Wyckoff, M., Greif, R., Morley, P., Ng, K., Olasveengen, T., Singletary, E., Soar, J., Cheng,
A., Drennan, 1., Liley, H., Scholefield, B., Smyth, M., Welsford, M., Zideman, D.,
Acworth, J., Aickin, R., Andersen, L., Atkins, D., Berry, D., Bhanji, F., Bierens, J.,
Borra, V., Bottiger, B., Bradley, R., Bray, J., Breckwoldt, J., Callaway, C., Carlson, J.,
Cassan, P., Castren, M., Chang, W., Charlton, N., Chung, S., Considine, J., Costa-
Nobre, D., Couper, K., Couto, T., Dainty, K., Davis, P., de Almeida, M., de Caen, A.,
Deakin, C., Djarv, T., Donnino, M., Douma, M., Duff, J., Dunne, C., Eastwood, K.,
El-Naggar, W., Fabres, J., Fawke, J., Finn, J., Foglia, E., Folke, F., Gilfoyle, E.,
Goolsby, C., Granfeldt, A., Guerguerian, A., Guinsburg, R., Hirsch, K., Holmberg,
M., Hosono, S., Hsieh, M., Hsu, C., Ikeyama, T., Isayama, T., Johnson, N., Kapadia,
V., Kawakami, M., Kim, H., Kleinman, M., Kloeck, D., Kudenchuk, P., Lagina, A.,
Lauridsen, K., Lavonas, E., Lee, H., Lin, Y., Lockey, A., Maconochie, 1., Madar, R.,
Malta Hansen, C., Masterson, S., Matsuyama, T., McKinlay, C., Meyran, D., Morgan,
P., Morrison, L., Nadkarni, V., Nakwa, F., Nation, K., Nehme, Z., Nemeth, M.,


https://doi.org/10.1159/000513431
https://doi.org/10.12968/jpar.2017.9.3.103
https://www.wfa.org.nz/about-us/our-work/
https://doi.org/10.2147/jmdh.S347811

CARDIAC ARREST FOCUSED ECHO 361

Neumar, R., Nicholson, T., Nikolaou, N., Nishiyama, C., Norii, T., Nuthall, G.,
O'Neill, B., Ong, Y., Orkin, A., Paiva, E., Parr, M., Patocka, C., Pellegrino, J.,
Perkins, G., Perlman, J., Rabi, Y., Reis, A., Reynolds, J., Ristagno, G., Rodriguez-
Nunez, A., Roehr, C., Rudiger, M., Sakamoto, T., Sandroni, C., Sawyer, T.,
Schexnayder, S., Schmolzer, G., Schnaubelt, S., Semeraro, F., Skrifvars, M., Smith,
C., Sugiura, T., Tijssen, J., Trevisanuto, D., Van de Voorde, P., Wang, T., Weiner, G.,
Wyllie, J., Yang, C., Yeung, J., Nolan, J., Berg, K., & Collaborators. (2022, Dec 20).
2022 International Consensus on Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care Science With Treatment Recommendations: Summary From the
Basic Life Support; Advanced Life Support; Pediatric Life Support; Neonatal Life
Support; Education, Implementation, and Teams; and First Aid Task Forces.

Circulation, 146(25), e483-¢557. https://doi.org/10.1161/CIR.0000000000001095

Younger, P., Richards, S., & Jarman, R. (2016). Can paramedics perform and evaluate a
focused echocardiogram during a simulated 10-second pulse check, after a one-day
training course? British Paramedic Journal, 1(3), 3-8.

https://doi.org/10.29045/14784726.2016.1.3.3

Zander, D., Huske, S., Hoffmann, B., Cui, X., Dong, Y., Lim, A., Jenssen, C., Lowe, A.,
Koch, J., & Dietrich, C. (2020, Jun). Ultrasound Image Optimization ("Knobology"):
B-Mode. Ultrasound Int Open, 6(1), E14-E24. https://doi.org/10.1055/a-1223-1134

Zengin, S., Giimiisboga, H., Sabak, M., Eren, S., Altunbas, G., & Al, B. (2018). Comparison
of manual pulse palpation, cardiac ultrasonography and Doppler ultrasonography to
check the pulse in cardiopulmonary arrest patients. Resuscitation, 133, 59-64.

https://doi.org/10.1016/j.resuscitation.2018.09.018

Zengin, S., Yavuz, E., Al, B, Cindoruk, S., Altunbas, G., Glimiisboga, H., & Yildirim, C.
(2016). Benefits of cardiac sonography performed by a non-expert sonographer in


https://doi.org/10.1161/CIR.0000000000001095
https://doi.org/10.29045/14784726.2016.1.3.3
https://doi.org/10.1055/a-1223-1134
https://doi.org/10.1016/j.resuscitation.2018.09.018

CARDIAC ARREST FOCUSED ECHO 362

patients with non-traumatic cardiopulmonary arrest. Resuscitation, 102, 105-109.

https://doi.org/10.1016/j.resuscitation.2016.02.025

Zukauskas, P., Vveinhardt, J., & Andriukaitiené, R. (2018). Philosophy and Paradigm of
Scientific Research. In Management Culture and Corporate Social Responsibility.

https://doi.org/10.5772/intechopen.70628



https://doi.org/10.1016/j.resuscitation.2016.02.025
https://doi.org/10.5772/intechopen.70628

