BL Turner;!

INNOVATION REPORT

Echocardiography Performed by Combat Medics:
A Feasibility Study

JC van de Voort, MD;>3 BLS Borger van der Burg, MD, PhD;> CM Fransen;*

CMH Obbink;> RP Weenink, MD, PhD;*¢ R Hoencamp, MD, PhD!237

1. Diving Medical Centre, Royal Netherlands
Navy, Den Helder, The Netherlands

2. Department of Surgery, Alrijne Hospital,
Leiderdorp, The Netherlands

3. Trauma Research Unit, Department of
Surgery, Erasmus MC, University Medical
Centre Rotterdam, Rotterdam, The
Netherlands

4. Ministry of Defense, The Netherlands

5. Department of Radiology, Haaglanden
Medisch Centrum, The Hague, The
Netherlands

6. Department of Anesthesiology, Amsterdam
UMC, Location AMC, University of
Amsterdam, Amsterdam, The Netherlands

7. Defense Healthcare Organization, Ministry
of Defense, Utrecht, The Netherlands

Correspondence:
BL Turner
Diving Medical Centre
Royal Netherlands Navy
Den Helder, The Netherlands
E-mail: b.l.turner@student.vu.nl

Conflicts of interest/funding: All authors
declare that they have no conflicts of interest
relevant to the content of this article. No
financial support, commercial sponsorship, or
competing relationships influenced the design,
execution, or reporting of this study.

Keywords: combat medics; diving medicine;
echocardiography; military medicine; point-of-
care ultrasound

Abbreviations:

IVC: inferior vena cava

NATO: North Atlantic Treaty Organization

NSOCM: NATO Special Operations Combat
Medic

OSATS: Objective Structured Assessment of
Technical Skills

PV: popliteal vein

VGE: vascular gas emboli

Received: July 8, 2025
Revised: September 10, 2025
Accepted: October 1, 2025

Abstract

Introduction: Echocardiography is the preferred method for the visual assessment of bubble
load in divers. This study evaluates the feasibility of a microteaching program for training
combat medics to perform ultrasound measurements using echocardiography for self-
monitoring decompression stress on the waterside.

Materials and Method: A microteaching was provided to combat medics of the
Netherlands Armed Forces. Participants used a handheld ultrasound device connected to a
tablet. After two minutes practice time, medics performed and recorded videos on randomly
assigned partners while being assessed by an anesthesiologist. Three outcomes were
measured: (1) observer-assessed performance adapted from Objective Structured
Assessment of Technical Skills (OSATS); (2) self-perceived procedure experience; and
(3) video recording quality on a five-point scale.

Results: All 21 combat medics completed the microteaching program. Three out of 21
video recordings were lost due to technical issues. All participants successfully obtained at
least a partial cardiac view (median time: 61 seconds). Performance scores indicated near-
competence across preparation, time-motion, and procedural flow. Image quality ratings by
two reviewers showed near-perfect intra-rater agreement (k =0.904 and k =0.960) but
substantial inter-rater variability (k = 0.671); the assessor’s median scores were 2.75 and 3.0
out of 5.0, respectively. Most recordings received average scores of 3.0 or higher.
Conclusion: This study demonstrates that combat medics, following a brief microteaching
session, were able to acquire cardiac ultrasound images partially suitable for assessing
vascular gas emboli (VGE). These findings support microteaching as a feasible first step in
echocardiography training for combat medics in austere environments.

Turner BL, van de Voort JC, Borger van der Burg BS, Fransen CM, Obbink CH,
Weenink RP, Hoencamp R. Echocardiography performed by combat medics: a feasibility
study. Prebosp Disaster Med. 2025;40(6):313-318.

Introduction

The strategic and tactical importance of underwater warfare and the need to protect critical
undersea infrastructure has become increasingly apparent in recent years.! Naval divers play a
critical role in this domain, conducting missions such as explosive ordnance disposal,
infrastructure sabotage or repair, reconnaissance, and recovery operations. In parallel, the
civilian sector requires a similar body of expertise, as commercial and industrial diving
operations frequently take place in remote and austere underwater environments. Enabling
on-site, real-time decompression stress monitoring could improve operational efficiency and
enhance dive safety in both a civilian and a military context.

The validation of diving tables relies on assessing decompression stress, determined by
measuring the presence of inert gas bubbles in the venous bloodstream.? Diving tables
specify or recommend maximum dive times at certain depths based on prior determined
decompression stress.>* The gold standard is non-graphical Doppler ultrasound, but it
requires experts and controlled conditions, making it unsuitable for waterside use.*” When
operational military dive teams are able to perform on-site decompression stress monitoring,
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they will be able to assess decompression stress in real time and
make real-time decisions on dive profiles, reducing reliance on
external support. %7

When using graphical analysis as opposed to just Doppler audio,
two-dimensional echocardiography serves as the preferred method
for the assessment of decompression stress.® The initial step in
evaluating the feasibility of self-monitoring decompression stress
by operational dive teams at the waterside entails assessing the
ability of military combat medics to record high-quality echo-
cardiographic recordings. A previous paper by this study group
shows that combat medics of the Netherlands Armed Forces were
able to acquire qualitative recordings of the inferior vena cava (IVC)
and popliteal vein (PV) after a microteaching session. The primary
aim of this study is to assess the feasibility of training combat
medics to perform four-chamber cardiac ultrasound recordings
using a concise microteaching program.

Methods

This study was approved by the institutional review board of the
Alrijne Hospital (Leiderdorp, The Netherlands) under the
approval number ALR/RVB/2024/UI'T44438.

Participants

The group of participants consisted of a convenience sample of 22
combat medics of the Netherlands Armed Forces. A combat medic
is a servicemember who is tasked with providing emergency medical
care in combat. The participant group contained combat medics and

North Atlantic Treaty Organization (NATO; Brussels, Belgium)
Special Operations Combat Medics (NSOCMs).

Microteaching Program

Each participant was provided a microteaching session by a military
anesthesiologist (RW). The course consisted of a ten-minute
theoretical session including the background, basic principles, and
techniques of (cardiac) ultrasonography and anatomy of the heart,
followed by a five-minute demonstration on how to obtain the
cardiac four-chamber view.

Materials

A Lumify (Philips Medical Systems International B.V.; Best, The
Netherlands) S4-1 handheld ultrasound probe was used, connected
to a Panasonic FZ-A2 tablet (Panasonic; Kadoma, Japan) or a
Samsung Galaxy Tab A (Samsung; Suwon, South-Korea).

Procedure
The test station consisted of a stretcher and ultrasound probe,
tablet, and ultrasound gel. The participants entered the test station
in randomly assigned buddy pairs. Participants were allowed to
adjust the grain and depth settings according to their own insight.
The buddy took place on the examination bench in the left
lateral decubitus position. First, the performing participant was
allowed two minutes of practice time with the cardiac ultrasound
probe on their buddy, receiving direct feedback from the instructor
(RW). The participant was then instructed to remove the probe
from the patient and start the official procedure. The performer was
allowed a maximum of three minutes to obtain a four-chamber
cardiac view recording. Once the performer stated that they felt
confident that a sufficiently clear recording was in view, a five-
second video was recorded and saved.

Scoring
Three outcomes were measured in this study: (1) observer
assessment of the performance; (2) self-perceived procedure

experience; and (3) video recording quality. Performers were
assessed by the instructor on preparation of the procedure, time and
motion, the progression of the procedure and forward planning,
ability to adapt to individual anatomical circumstances, and their
overall performance (Table 1). This scoring list was adapted from
the Objective Structured Assessment of Technical Skills
(OSATS).® Participants filled out a scoring sheet regarding their
self-perceived experience, visibility of the heart, and opinion on
performing cardiac ultrasound on the waterside. Scoring options
ranged from one (strongly disagree/very challenging) to five
(strongly agree/very easy); Figure 1. Recording quality was scored
blinded, in a random order, individually by an anesthesiologist
(RW) and radiology resident (CO). Due to the absence of a
standardized scale to assess quality of the four-chamber view, a
Likert scale proposed by Gaspari, et al was adapted (Table 2),
inspired by findings of Papadopoulou, et al.” Each assessor first
completed a practice round by scoring each video once, followed by
scoring each video twice in blinded, randomized order during the
main evaluation phase.

Statistical Analysis

All analyses were performed using R (version 4.4.2; R Foundation
for Statistical Computing; Vienna, Austria) and RStudio (version
2024.12.04+467 on macOSX). Normality testing consisted of
visual inspection and a Shapiro-Wilk test, due to the small sample
size. The median and interquartile ranges were reported for non-
normally distributed data. A weighted kappa was calculated to
determine intra- and inter-observer variability.

Results

All 21 combat medics took part in the microteaching program.
Three recordings were lost due to technical difficulties with the
Samsung Tablet. These recordings were excluded from the image
quality assessment. All participants were included in the
questionnaire and performance assessment.

Performance Assessment

All participants obtained at least a partial cardiac view. Recordings
were completed within three minutes, with a median time of 61
seconds (Q1 =35, Q3 =100). In 18 of 21 cases, the test subject’s
anatomy was rated as minimally difficult by the observing
anesthesiologist. Median scores indicated adequate preparation
(3.0; Q1 =3, Q3 = 3), with time and motion rated at 2.5 (Q1 =2,
Q3 =3), flow and procedure at 2.0 (Q1 =2, Q3 = 3), and overall
performance was close to competent at 2.5 (Q1 =2, Q3 =3).

Questionnaire

Nine participants had no prior ultrasound experience. Six had
attended a microteaching session on vascular echography (vena
puncture or diving medicine). Four had taken the NSOCM course
which includes echo-FAST training. One reported ultrasound use
in an international course (unspecified) and one only reported
“some experience.”

Most participants (n = 13) found the Lumify device and software
easy to prepare; one found it very easy and seven were neutral. When
asked about obtaining a clear cardiac view, responses were mostly
neutral (n=9), followed by easy (n=7) and challenging (n=4).
Thirteen felt confident in using echocardiography at the waterside,
two lacked confidence, and six were neutral. Among the neutral
group, two expressed concerns about time constraints.
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General

Number Participant:

[Total Time Procedure (min:sec):

Difficulty of Case

How technically difficult was this case based on the patient’'s anatomy and disease process?

Moves

Motion, but Some
Unnecessary Moves

0 1 2 3 4 5
Unable to Assess Minimally Difficult Between 1 and 3 Moderately Difficult Between 3 and 5 Very Difficult
Please Rate the Participant's Performance Throughout the Procedure
Preparing for Ultrasound Procedure
0 1 2 3 4 5
Did not perform this Demonstrates little or | Demonstrates Demonstrates all Prepares for the Independently
step no knowledge of knowledge of most elements required to | procedure using own | prepares for the
elements required to | elements required prepare the procedure | judgment with only procedure
prepare the procedure | and/or prepares the and/or prepares the minimal adjustments
procedure following procedure with some | by supervisor
direct instructions direct instruction
Time and Motion
0 1 2 3 4 5
Unable to Assess Many Unnecessary Between 1 and 3 Efficient Time and Between 3 and 5 Economy of

Movement and
Maximum Efficiency

Flow of Procedure and

Forward Planning

0

1

2

3

4

5

Unable to Assess

Frequently Stopped
Imaging and Needed
to Discuss Next Move

Between 1 and 3

Demonstrated Ability
for Forward Planning
with Steady
Progression of
Imaging Procedure

Between 3 and 5

Obviously Planned
Course of Procedure
with Effortless Flow
from One Move to the
Next

Overall Performance

0

1

2

3

4

5

Unable to Assess

Very Poor

Between 1 and 3

Competent

Between 3 and 5

Clearly Superior

Turner © 2025 Prehospital and Disaster Medicine

Table 1. Objective Structured Assessment of Technical Skills (OSATS) Adjusted for Ultrasound Procedure
Note: The OSATS scoring system adjusted for ultrasound procedures, as utilized in this study.

Image Quality

All videos were scored twice by authors RW and CO on a scale of
one to five (Table 3). The weighted kappa for RW and CO was
0.904 and 0.960, indicating almost perfect agreement. The inter-
observer variability was substantial (0.671). The median average
scores were 2.75 (for RW) and 3.0 (for CO). In total, RW and CO
respectively awarded nine and 13 of the videos with an average
score of 3.0 or higher. Figure 2 depicts an overview of
representative recording-stills obtained by the participants for
each awarded score.

Discussion
This study shows that after a microteaching session consisting of
ten minutes of theory and two minutes of individual practice time,
all participants were able to achieve a view of the heart, one-half of
which would at least be partially suitable to determine vascular gas
emboli (VGE) load. The authors’ microteaching is a feasible
initial approach for introducing combat medics to cardiac
echography. However, to ensure effective application of this
technique in real-world scenarios, further training and hands-on
practice is required.

This is the first study of microteaching for echocardiographyin a
military setting; prior studies have been conducted on civilian
participants.’® This study extends the understanding of

microteaching effectiveness for ultrasonographic procedures. In
this study group’s previous research, the effectiveness of a
microteaching program for teaching vascular ultrasonography of
the IVC and PV was demonstrated.!! The current study’s
hypothesis was that echocardiography would be significantly more
challenging to perform for combat medics, which led to a focus on
the predictive value of bubble loads in these veins to assess
decompression stress in the field. This study’s findings demonstrate
that combat medics can quickly learn to perform echocardiography.
Given its extensive prior usage as a predictor of decompression stress,
echocardiography may therefore offer a more reliable tool than IVC
and PV imaging in austere settings. Future research should explore its
trainability and applicability at the waterside in more real-time
scenarios with external, distracting factors.

These findings are promising in the light of enabling operational
dive teams to be more autonomous in determining their
decompression stress during diving operations. No difference in
performance was found between participants with and without
prior ultrasound experience, suggesting that microteaching can
serve as a valuable first step in exposing combat medics to
echocardiography. Several participants expressed a desire for
additional ultrasound training, and the authors agree that
performance improvement is a necessity for reliable real-life
application. Integrating ultrasound with telemedicine could allow
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Participant Performance Questionnaire Score
Cardiac Ultrasound Performance

Participant Number:
1. Do you already have experience with ultrasound? If yes, please specify what and how?
2. Overall, 1 considered preparing the Philips Lumify probe and software for
imaging to be:
a. Very easy
b. Easy
c. Neutral
d. Challenging
e. Very challenging
3. Overall, I considered obtaining a clear view of the heart:
a. Very easy
b. Easy
c. Neutral
d. Challenging
€. Very challenging
4. 1 feel confident using ultrasound to view the heart on the waterside:
a. Strongly disagree
b. Disagree
c. Neutral
d. Agree
e. Strongly agree
5. Would you perform ultrasound of the heart on your dive buddy on the waterside if it

was considered the best tool to determine decompression stress? Why (not)?

Figure 1. Participant Performance Questionnaire Score.

Turner © 2025 Prehospital and Disaster Medicine

Score Original Scale Adaptation
1 Unable to Interpret (Poor) Unable to Interpret (Poor)
2 Sufficient to Detect Only if the Heart is Beating Sufficient to Detect VGE Partially (not all four chambers visible
and/or opening of the tricuspid/mitral valves not visible)
3 Sufficient to Determine the Quality of Cardiac Activity (Organized | Sufficient to Determine Quantity of VGE on Some Images (parts of
vs Disorganized) chambers and/or opening of the tricuspid/mitral valves may not be
visible throughout video)
4 Sufficient to Visualize Internal Details of Heart (Inner Myometrium, | Sufficient to Determine Quantity of VGE throughout Video (all four
Valves, Pathological Findings) chambers visible and movement of tricuspid and mitral valve is
visible, but image quality is not consistent/excellent)
5 Sufficient for Quantitative Analysis (Excellent) Sufficient for Quantitative Analysis (all four chambers visible
consistently throughout video, valve movement is clearly visible,
excellent image quality)

Table 2. Utilized Image Quality Scale Adapted from Gaspari, et al
Abbreviation: VGE, vascular gas emboli.

Turner © 2025 Prehospital and Disaster Medicine
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Performer ID RW1 RW2 CO1 C02
4 3 4 3 3
5 3 3 3 3
6 2 2 3 3
7 4 3 3 3
8 1 1 2 2
9 3 3 3 3
10 3 2 3 3
11 3 3 3 3
12 4 4 4 4
14 1 1 1 1
15 2 2 3 3

21 1 1 1 1
22 1 1 2 2
23 4 4 3 3
24 2 2 2 2
25 3 3 3 3
26 2 2 3 3
27 4 4 4 4

Turner © 2025 Prehospital and Disaster Medicine

Table 3. Image Quality Score per Performer
Note: RW1 = first score awarded by RW; RW2 = second score awarded by RW. CO1 = first score awarded by CO; CO2 = second score awarded by CO.

Turner © 2025 Prehospital and Disaster Medicine
Figure 2. Depiction of Video-Stills Obtained in the Study per Score.
Note: All depicted videos were awarded the respective score by both assessors.
1 = Unable to interpret (poor);
2 = Sufficient to detect vascular gas emboli [VGE] partially (not all four chambers visible and/or opening of the tricuspid/mitral
valves not visible);
3 = Sufficient to determine the quantity of VGE on some images (parts of chambers and/or opening of the tricuspid/mitral valves
may not be visible throughout video);
4 = Sufficient to determine the quantity of VGE throughout video (all four chambers visible and movement of tricuspid and mitral
valve is visible, but image quality is not consistent/excellent);
5 = Sufficient for quantitative analysis (all four chambers visible consistently throughout video, valve movement is clearly visible,
excellent image quality).
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remote physicians to give real-time feedback.!? Another area of
interest is adding artificial intelligence capabilities to on-site
echocardiography, which could possibly provide instantaneous
feedback to operators about bubble loads in the future.!3

The current risk of emerging armed conflicts and ever-present
combat zones world-wide highlight the need for technical
advancements in the field of austere medicine in a military context.
Providing frontline servicemembers with enhanced equipment,
skills, and training enables more effective and timely medical
interventions, ultimately improving morbidity and mortality
outcomes. This research represents an initial step in establishing
the feasibility of echocardiography performed by combat medics at

the waterside.

Limitations
Limitations include the use of an unvalidated adaptation of the
image quality scale from Gaspari, et al. The authors felt it was
essential to construct their own adaptation, since screening for the
presence of VGE on a four-chamber view requires different terms
and considerations than other applications of echocardiography.
A score of one represented a completely inadequate recording.
Recordings scored as two may still have provided usable information
within ordinal scoring frameworks.!* Further real-world applications
will allow the refinement of the image quality assessment. The
internal consistency of the approach in this study is well-supported,
indicated by the near-perfect intra- and inter-observer variability.
Participants practiced briefly on the same test subject on whom
they performed their image acquisition, which may have over-
estimated proficiency. Future studies should separate practice and
test subjects to better assess the operator’s level of skill.
Furthermore, the setting utilized in this microteaching does not
fully translate to the complex environment of the waterside.
Future research should investigate whether images recorded
with handheld ultrasound devices are suitable for more detailed

diagnostic purposes, in addition to basic screening, by determining
how the amount of observed VGE correspond to an increased level
of risk for decompression stress (at the waterside). This should also
include examining potential differences in image quality between
handheld ultrasound devices and standard ultrasound machines, as
this could impact their broader applicability in clinical and field
settings.!>1¢ Further studies should also aim to assess the feasibility
of performing these cardiac ultrasounds in real-world waterside
environments, taking into account operational constraints,
environmental conditions, and the potential impact on image
quality and diagnostic accuracy.

Conclusion

This study demonstrates that a brief microteaching course
represents a feasible first step in training combat medics to acquire
cardiac ultrasound images for the assessment of VGE. While
participants were able to obtain partially diagnostic views,
additional training and practice will be necessary to achieve
proficiency for application in operational settings.
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