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Abstract

Ultrasound with remote assistance (tele-ultrasound) may have potential to improve
accessibility of ultrasound for prehospital patients. A review of recent literature on this topic
has not been done before, and the feasibility of prehospital tele-ultrasound performed by
non-physician personnel is unclear. In an effort to address this, the literature was
qualitatively analyzed from January 1, 2010 — December 31, 2021 in the MEDLINE,
EMBASE, and Cochrane online databases on prehospital, paramedic-acquired tele-
ultrasound, and ten articles were found. There was considerable heterogeneity in the study
design, technologies used, and the amount of ultrasound training for the paramedics,
preventing cross-comparisons of different studies. Tele-ultrasound has potential to improve
ultrasound accessibility by leveraging skills of a remote ultrasound expert, but there are still
technological barriers to overcome before determinations on feasibility can be made.

Shi R, Rosario J. Paramedic-performed prehospital tele-ultrasound: a powerful
technology or an impractical endeavor? A scoping review. Prehosp Disaster Med.

2023;38(5):645-653.

Introduction
Point-of-care ultrasound (POCUS) has found numerous applications in ambulances,
helicopters, wilderness, and other resource-limited settings and provides valuable insights
into a patient’s disease severity, injury pattern, and underlying health conditions, which
reduces time-to-diagnosis and ultimately affects clinical decision making and patient
outcomes.! In recent years, the technology has become more accessible and increasingly
implemented in the prehospital setting, especially in Europe where it has proven to be
feasible in ground transport, air medical services, and other limited-resource environ-
ments.>* Numerous protocols that incorporate POCUS are now used to rapidly evaluate
time-sensitive, life-threatening conditions (eg, Bedside Lung Ultrasound in Emergency
[BLUE]/Fluid Administration Limited by Lung Sonography [FALLS] for respiratory
distress;* extended Focused Assessment with Sonography for Trauma [FAST]/Rapid
Ultrasound for Shock and Hypotension [RUSH] exams for trauma in the thorax and
abdomen®). In addition to high-acuity and shock conditions that may benefit more from
prehospital ultrasound-supported interventions,® POCUS has uses in ultrasound-guided
vascular access,”® fracture detection,”? esophageal intubations,! endotracheal tube
placement,'? and measurement of optic nerve sheath diameter in cases of traumatic brain
injury. 1314

As a highly user-dependent technology, ultrasound operation and interpretation require
sufficient training and knowledge. Prior to 2010, ultrasound was typically performed by
physicians in the hospital setting or helicopter Emergency Medical Service (EMS) systems.6
More recently, evidence has shown that an acceptable standard of competency of prehospital
ultrasound can be taught relatively quickly to non-physician personnel such as
paramedics.>™'® This is particularly important since most prehospital care teams consist
of one or two non-physician personnel. However, few paramedics have had training in
ultrasound. Training, skill retention, and continuing education can be laborious and involves
a combination of theory, hands-on practice, and numerous clinical examinations, ideally
with supervision.!” Barriers to implementation of paramedic-performed prehospital
ultrasound include costs of training, lack of consensus of a training regimen, and
complexity involved in scaling up training to large prehospital systems.?%!
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One solution to address these obstacles and increase access to
prehospital ultrasound is to harness real-time data transmission
technology,?? which would enable a paramedic to communicate
with a remote provider with ultrasound experience. Utilizing off-
site experts can be useful in environments that are resource-
constrained or restricted due to strict isolation precautions. For
instance, tele-guided ultrasound has been used by non-physician
astronauts on the International Space Station.??* The concept of
tele-ultrasound in the prehospital setting was initially devised in
2008 by Robosoft Inc. (Udupi, India) who developed a portable
robot remotely controlled by physicians in France to conduct
paramedic-assisted prehospital ultrasound examinations on
remote patients in the Mediterranean Sea.® Since then, tele-
ultrasound has been evaluated for the assessment or diagnosis of
numerous clinical indications, including fetal structural abnor-
malities, 20728 cardiac dysfunction,zg‘31 acute trauma,*2>3 corona-
virus disease 2019/COVID-19,3* hepatic and biliary diseases,
thyroid nodules,3® breast abnormalities,3” dermatologic lesions,®
and spinal alterations.> In addition, tele-ultrasound has primarily
been studied in low-income rural communities®*® and resource-
constrained settings,’>3*~* but also in the intensive care unit
(ICU)** and emergency department (ED).31474 Acceptable
standards of ultrasound can be taught successfully via tele-
guidance to ICU nurses and other non-physician personnel,
including ultrasound-naive firefighters and even non-medical
undergraduate students.**=>!

Because of the increasing interest in tele-ultrasound coupled
with a limited understanding of the current evidence on prehospital
tele-ultrasound involving paramedics, the authors sought to
conduct a scoping review to provide an overview of the literature.
This review qualitatively analyzes literature from January 1, 2010 —
December 31, 2021 in the MEDLINE (US National Library of
Medicine, National Institutes of Health; Bethesda, Maryland
USA), EMBASE (Elsevier; Amsterdam, Netherlands), and
Cochrane (Wiley; Hoboken, New Jersey USA) online databases
on prehospital, paramedic-acquired tele-ultrasound. In addition to
assessing image acquisition, image quality, training of tele-
ultrasound, and the quality of scientific evidence available, the
goals of this review are to summarize current evidence and evaluate
the feasibility of paramedic-performed tele-ultrasound in the
prehospital setting. The review is geared toward prehospital
personnel considering the benefits and costs of implementing tele-
ultrasound in their practice and standards of care.

Methods

A systematic article search (Figure 1) was conducted in the
MEDLINE, EMBASE, and Cochrane databases for articles
during the period from January 1, 2010 — December 31, 2021 using
search terms with variations of “ultrasound,” “tele-ultrasound,”
“paramedic,” “emergency,” “sonography,” and “prehospital.” The
complete search string is provided in the Supplementary Material
(available online only). Two reviewers screened articles for
inclusion. Included articles pertained to paramedic-performed
ultrasound in the prehospital setting and had a tele-medicine
component (ie, some form of real-time communication between
the paramedic and a remote provider during the ultrasound
examination). Retrospective, prospective, and randomized trials
and review articles were included because of the lack of randomized
controlled trials in the field. All patient ages were included as were
all medical and trauma patients. Articles published outside of the
range or those with no paramedic on the team were excluded. Case

Records identified through
Embase, Cochrane, and
PubMed (n=4560)

— Duplicates removed (n=3)

v Records excluded by
abstracts, or were not full
texts, or were letters to

the editor (n=4416)

Articles assessed by
abstract (n=4557)

\ 4

Full text articles assessed

for eligibility (=141) — Articles excluded (n=131)

‘ Eligibility | ‘ Screening ‘ \ Identification

A
Articles included (n=10)

‘ Inclusion
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Figure 1. PRISMA Flow Diagram of Article Selection
Process.

reports/series, abstracts only, editorials, and letters to the editor
were excluded. Subsequently, a qualitative synthesis of data was
performed, examining study methodology, image acquisition,
image quality, and amount of training.

Results

There were 10 articles (T'able 1) that met inclusion criteria. Except
for one qualitative survey, the articles could be classified into three
major groupings (Table 2): (1) tele-ultrasound involving a
specialized tele-echography robot; (2) tele-guidance of an ultra-
sound-naive examiner; and (3) remote interpretation of ultrasound
images acquired independently by a paramedic. The tele-
echography robot system enabled paramedics to quickly attach
the robot to the patient so that a FAST exam could be completed by
a physician remotely operating the ultrasound probe.”>** While the
robot-assisted scans would free the paramedic to provide other
forms of medical care, it was the most resource-intensive method
and difficult to replicate.

The tele-guidance system involved ultrasound-naive para-
medics performing FAST examinations under the remote
guidance of experienced emergency physicians.’*>¢ Tele-guidance
would entail less training for the paramedics, but would require
strong communication between the “mentor” and paramedic. In
particular, a good understanding of anatomic relationships and a
“common language” for fanning the probe, switching locations,
and probe adjustments in the different views would be key to more
successful tele-guidance. In addition, the tele-mentoring studies all
utilized healthy volunteers in a stationary setting with reliable
network connection, so there was not the added stressor of
providing time-sensitive care in a moving ambulance, which could
affect communication and internet signal.

Finally, in the approach using remote interpretation, paramedics
independently performed the ultrasound scan while images or
video were transmitted in real time to a remote physician or
ultrasound expert who would interpret the findings.?>*’~° Remote
image interpretation appeared to be the safest method, but required
physicians who were available to interpret, which was not always
possible in busy EDs. This complication could be addressed by
asking paramedics to limit discussion to a brief pre-alert if the ED
is busy.
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Category

Pros

Cons

A paramedic attaches a special tele-
echography robot that is remotely controlled by
a physician who conducts the exam

* Frees paramedic to provide additional medical
care while physician performs scan

* Portable robotic system for tele-ultrasound,
compatible with body motions

« Difficult to replicate in resource-limited settings
* Complexity and cost of equipment
* Time-consuming

* Not as practical for patients with larger body
sizes

* No data on usefulness of method for female
patients

* Remote robot operator not always available
immediately

A paramedic performs the scan and is “tele-
mentored” in real-time by an ultrasound expert
in another location

e Less training required

* Lower cost, uses increasingly more accessible
technology (laptop, camera, internet)

 Potentially more useful in rural and resource-
limited settings

* Time-intensive, relatively unsafe

* Remote image receiver and mentor not alwaysj
available immediately

* Requires strong verbal communication
between medic and remote expert

A paramedic performs the scan which is
transmitted in real-time to a receiving
ultrasound expert for immediate interpretation

» Safest option, might take less time
* Less technological equipment required, more

space available in the ambulance

* Moderate training required

* Remote image receiver and interpreter not
always available immediately

Shi © 2023 Prehospital and Disaster Medicine

Table 2. Comparing Three Approaches to Paramedic Prehospital Tele-Ultrasound

Image Acquisition

All studies reported that images could be obtained successfully by
paramedics. The majority of images could also be transmitted
successfully to remote physicians (the lowest value being 73.5%).%°
The vast majority found that images were clinically useful or could
aid in the diagnosis of the disease of interest. Of the studies that
measured the amount of time to scan, the average time spent for
paramedics to scan was less than five minutes, which was deemed
an adequate amount of time in the prehospital setting.”*

Technology

There was tremendous heterogeneity in technological equipment
used across the studies (Table 3). For instance, methods of
transferring the ultrasound image data included consumer-level
smartphones,”*>~7 Live-U (LiveU Inc.; Hackensack, New Jersey
USA) device,”® MPEG-2 compression technology,’>3 Skype
(Skype Technologies; Luxembourg City, Luxembourg) stream-
ing,” GrandTec (GrandTec USA; Dallas, Texas USA) frame
grabber,”” or the Lumify app (Philips; Amsterdam, The
Netherlands) and React-Secure-app (Meta Platforms, Inc;
Menlo Park, California USA).”

Studies involving tele-guidance through verbal communication
utilized two-way radio,”* Skype, or the React-Secure-app, which
had interactive video conferencing capability. In this way, some of
the ultrasound mentors could view the paramedic’s probe position
in addition to the ultrasound image on the screen while others
could only see the scan. Communication was affected by the
amount of background noise, and scanning -efficiency was
improved when the paramedic had a good understanding of
anatomic relationships and when there was a “common language”
for a pre-determined starting point, fanning the probe, and
switching locations.

Image Quality

The majority of studies found that paramedics minimally trained in
ultrasound could obtain images with adequate quality for
interpretation.’*>>°7=% Morchel, et al specifically compared the
quality of images performed by emergency medical technicians

(EMTs) minimally trained in FAST ultrasound to images
obtained by in-hospital physicians, and the EMT-acquired images
were rated essentially as good as the hospital images. Only one
study noted the majority of images (58.8%) obtained by paramedics
to be uninterpretable.?’

Amount of Training
There were differences in the amount of ultrasound training that
paramedics received based on the tele-ultrasound approach.
Robot-assisted  tele-ultrasound and tele-mentoring  studies
involved paramedics with minimal training (20 minutes or less),
while paramedics who independently scanned had at least two
hours of ultrasound training (range: 2-12 hours of training). An
average could not be calculated because some studies did not report
the number of paramedics who performed scans or the specific
number of hours of ultrasound training the EMTs received.’”
One study found that tele-ultrasound with remote guidance was
a helpful activity in prehospital ultrasound training for paramedics,
which would be applicable for training in any resource-constrained
environment without access to on-site ultrasound instructors.*®

Paramedic Perspectives on Tele-Ultrasound

One qualitative study explored the perspectives of a small sample of
eight paramedics on tele-ultrasound.®® The paramedics were
optimistic about the technology and saw tele-ultrasound as logical
progression from standard POCUS, given advancements in
telemetry of other diagnostic tests, such as electrocardiogram/
ECG telemetry. On the other hand, physicians were concerned
about cost-effectiveness, skill atrophy in rural settings, and
usefulness in urban environments with short transport times.
Opwerall, there was a call toward bridging “research enthusiasts and
clinical pragmatists” as there is a clear research-practice gap in
opinions on tele-ultrasound.

Feasibility
A list of criteria for determining feasibility of tele-ultrasound was
devised by Becker, et al and is shown below:
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Article

US Machine

Recording and Transmission
Technology

Capture, Resolution, and Data
Transfer Rate

Boniface, et al
2011

SonoSite MicroMaxx, M-Turbo (Fuijifilm)

Physician communicating with
paramedic via two-way radio and
viewing cable video feed from US
machine on a monitor

Ito, et al 2011

SonoSite MicroMaxx (Fujifilm) on a
Unique “FASTele” Robot

Video camera, laptop, and WiMAX
mobile broadband network for
transmission; MPEG-2 compression
technology

70 Mbps max

Ito, et al 2012

SonoSite MicroMaxx (Fuijifilm) on a
Unique “FASTele” Robot

Video camera, laptop, and WiMAX
mobile broadband network for
transmission; MPEG-2 compression
technology

10 Mb/s upload, 40Mb/s download;
25-30fps frame rate

McBeth, et al 2013

SonoSite NanoMaxx (Fujifilm)

Headset for two-way voice
communication, video camera mounted
on EMT’s head, 3G T-Mobile rocket stick
for internet; Skype streaming to transmit
video images to receiving Apple iPhone
4 or laptop computer for remote viewing
of US images

1.3-megapixel Web camera

Song, et al 2013

SonoSite Titan (Fuijifilm)

Notebook computer connected to 3G
network through an Apple iPhone 4;
GrandTec frame grabber converted US
images to digital images for computer,
transmitted in JPEG image file format,
reconstructed to AVI video file format

640x480 pixel resolution digital images

Becker, et al 2017

SonoSite iViz (Fuijifilm)

T-Mobile hotspot device transmitted US
images to online archiving system (Trice
Medical Imaging Company) which could
be accessed by remote physicians

Morchel, etal 2018

SonoSite M-Turbo (Fuijifilm)

Live-U device for video compression and
multiplexing over multiple cellular
networks for enhanced reliability

Nadim, et al 2021

Lumify C5-2 (Philips)

Samsung Galaxy G960 smartphone with
Lumify-app and React-Secure app
platform for secure instant file transfer;
Apple iPhone 8 with React-Secure app
for video supervision and conferencing

Leviter, et al 2022

Butterfly 1Q+

Table 3. Additional Prehospital Tele-Ultrasound Study Features
Abbreviations: US, ultrasound; EMT, emergency medical technician.

Shi © 2023 Prehospital and Disaster Medicine

* Paramedics must successfully obtain images in >80% of
attempted cases;

* Expert sonographers must deem images interpretable in
>80% of cases;

* Real-time image transmission must be successful in >80% of

scans;

Scans will be clinically useful (ie, ultrasound images correlate

with ED diagnosis in >80% of patients).

Only three of the ten studies involved patients in the prehospital
setting and could have the criteria applied. One of those studies
used tele-ultrasound solely in the prehospital setting, and the
data successfully met the first three threshold criteria, but the
patients were not seen in the ED and did not have an ED
diagnosis to correlate with the prehospital interpretation.”
There were mixed results with data from Becker, et al meeting
none of the feasibility criteria and reporting many technical
issues that considerably limited patient size. On the other hand,
data from Morchel, et al suggested that ambulatory images
transmitted in real time were essentially as good as the quality of

hospital-acquired images. Overall, there was tremendous
heterogeneity in methods and technology used and the amount
of ultrasound training for paramedics, which limited additional
cross-comparisons.

Discussion

Tele-ultrasound potentially allows for novice prehospital
providers to rapidly triage patients with the assistance of a
remotely located ultrasound expert and make prompt decisions
on patient transport to appropriate facilities. Tele-ultrasound
performed by paramedics shows potential to improve ultra-
sound accessibility and care in the prehospital setting. Research
on prehospital tele-ultrasound by paramedics is nascent, and
additional studies are needed to address technological
challenges and determine feasibility as well as benefit to
patients. This screening only found ten relevant articles, which
may limit the usefulness of the current evidence. Most of the
studies had a high degree of bias and were small-scale studies in
simulated settings. The between-study heterogeneity and the
lack of control groups and randomized controlled trials
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Concern

Possible Solutions

Risk to Patient Safety

Decrease scan time while optimizing scanning and interpretation
accuracy

Insufficient Time

Common language for verbal communication of fanning probe and
switching location; strong understanding of anatomical relationships

Complexity/Cost of Equipment

Adapt existing technology for medical diagnostics (eg, Live-U digital
video stream’)

Absence of Remote Image Receiver or Interpreter at the Time of
Examination

Train emergency department physicians to have more interpreters,
minimize hospital crowding; if no interpreters available, ask paramedics
to limit discussion to brief pre-alert

Uninterpretable Images or Equipment Failure?

Use multiple broadband networks to prevent connection loss; use
technology that controls image bit rate depending on network speed

Table 4. Concerns about Prehospital Tele-Ultrasound

hindered cross-study comparisons and meta-analyses. Overall,
there was considerable heterogeneity of clinical models,
communication methods, and amount of ultrasound experi-
ence in the paramedics. The current lack of sufficient and
quality evidence on paramedic prehospital tele-ultrasound
indicates a pressing need for additional investigation to provide
clarity on its feasibility.

Barriers to real-world implementation are numerous and
include cost of equipment, difficulties in training, the absence of
a remote image receiver and interpreter at the time of examination,
uninterpretable images, possibility of equipment failure, patient
refusal, and patient acuity.” Common concerns about tele-
ultrasound with their respective potential solutions are shown in
Table 4. To work around the issue of equipment complexity
specifically, some studies are adapting existing broadcast technol-
ogy for medical diagnostics and rescue. For instance, the same
Live-U unit for digital video stream in one tele-ultrasonography
study is used in over 60 countries to cover major news and sports
events.®! In addition, commercial transmission equipment (eg,
Live-U) may be better optimized to prevent system overloading
(associated with mass-casualty events) and signal dropouts
compared to consumer-level smartphones and other non-robust
transmission systems.

The real-time image transmission rate and time to complete
the FAST scan in the studies analyzed in this review appear to be
consistent with that of other tele-ultrasound studies.®! Other
studies have reported no difference in image quality between
images transmitted under cellular versus satellite networks.®!
The studies that reported duration of the FAST scan found that
paramedics could complete scans on average under five minutes,
which is similar to the time to complete an examination in ED.%?
It is important to note though that the paramedics scanned
under simulated, idealized conditions with healthy volunteers.

The implementation of prehospital tele-ultrasound in different
organizations/standards of care depends on numerous factors
related to the patient, ultrasound operator, interactions between the
operator and remote mentor, technology available, and environ-
ment (Figure 2). One framework of understanding the complex
integration of novel health care interventions, especially within
telehealth and multidisciplinary fields, is normalization process
theory. The theory considers different aspects of the technology:
coherence (differentiating the technology from existing practices),
internalization (seeing benefit or value in the technology),
communal and individual specification (how individuals make

Shi © 2023 Prehospital and Disaster Medicine

Patient
Cooperation

Severity

Factors of
Prehospital
Tele-ultrasound

Interactional
Trust

Communication

Shi © 2023 Prehospital and Disaster Medicine

Figure 2. The 5 Pillars of Prehospital Tele-Ultrasound.

sense of the technology), cognitive participation (the training and
implementation), and collective action (contextual and relational
integration, effects on workflow, use of resources).?’ The likelihood
of success in implementing prehospital tele-ultrasound is influ-
enced by these interconnected factors.

Limitations

This study is a descriptive analysis without a formal bias
assessment, and meta-analysis could not be conducted due to
study heterogeneity. English-only literature focus and publication
bias in the screening could have failed to capture international or
unpublished studies.

Conclusion

Portable tele-ultrasonography could be a solution to save time by
providing immediate real-time ultrasound that reduces time-to-
diagnosis. With potential applications in resource-limited
settings, global health, disaster situations, and acute trauma,
where reducing time to definite care is of the essence, prehospital
tele-ultrasound may not only reduce time to diagnosis, but also
help with accurate patient treatment or referral. Research on
prehospital tele-ultrasound by paramedics is nascent, and
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additional studies are needed to address technological challenges
and determine feasibility, benefit to patients, and long-term skill
retention.

Supplementary Material
To view supplementary material for this article, please visit https://
doi.org/10.1017/51049023X23006234
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simulated prehospital
setting, USA

novice paramedics to
perform FAST exam
under remote
guidance

paramedics (20-
minute US lecture)

hemoperitoneum only

time to complete
examination

Article Study Design and Objective Number and Number of Patients | US Views Obtained | Outcome Measures | Results
Setting Experience Level of | and Patient
Paramedic Population
Sonographers
Boniface, et al 2011 Feasibility study, Assess ability of 51 US-naive 1 healthy volunteer FAST exam for Adequacy of images, | 100% success rate of

obtaining adequate
views and FAST
images obtained in
less than five minutes

setting, Japan

echography robot
within an emergency
vehicle

FAST exam

Ito, et al 2011 Feasibility study, Evaluate performance | 9 US-naive 3 healthy volunteers | FAST exam ¢ Time to attach robot, | Robot could be
simulated prehospital | of a wearable tele- paramedics image quality attached by
setting, Japan echography robot paramedic in less than
within an emergency five minutes, images
vehicle were of sufficient
quality
Ito, et al 2012 Feasibility study, Evaluate performance | 9 US-naive 3 healthy volunteers | FAST exam ¢ Time to attach robot, | Robot could be
simulated prehospital | of a wearable tele- paramedics time to complete attached by

paramedic in less than
five minutes, FAST
scan completed by
remote physician in
nine minutes, suitable
for FAST and
emergency medical
care

McBeth, et al 2013

Feasibility study,
Canada

Evaluate ability of US-
naive examiners to
identify lung sliding
and intraperitoneal
fluid with remote
mentoring

5 US-naive EMTs

1 healthy volunteer
and a phantom model

Four-quadrant FAST
exam and extended
FAST view of anterior
chest

Image quality (five-
point Likert score),
agreement between
expert reviewers

Experts deemed
images obtained by
EMTs to be adequate
(Likert score above
four in all views) and
clinically useful;
participates viewed
tele-mentoring
positively

ambulance stations,
USA

paramedic performed
prehospital lung US
with remote
interpretation in
patients with
respiratory distress

training

experts, and ED
diagnosis;
interpretability/
transmission success
rate of scans

Song, et al 2013 Feasibility study, Determine whether 1 EMT with ALS and | 2 anatomical FAST exam ¢ Sensitivity, specificity, | High sensitivity (90%)
simulated prehospital | images obtained by FAST experience phantoms and accuracy of and specificity
setting, Korea EMTs with ALS detecting abnormal (85.3%), remote tele-

training and US results ultrasound feasible
transmitted from

ambulance could be

helpful for the

diagnosis of

hemoperitoneum

Becker, et al 2017 Feasibility study, two | Determine the 17 paramedics with 34 patients Bilateral anterior and | Agreement between | Agreement was only
urban tertiary feasibility of two hours of US lateral views of chest | EMS physicians, US | fair; image

transmission
successful in 73.5% of
cases, and 58.8%
scans were deemed
uninterpretable; tele-
ultrasound not
feasible based on
rigorous criteria
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Marsh- Feiley, et al
2018

Qualitative study,
interviews, UK

Survey paramedic
and physician
perspectives on
remotely-supported
prehospital ultrasound

4 paramedics with one
session of US practice

Views on US in
context of emergency
medicine, legitimacy
of remote support in
prehospital setting,
and anticipated pitfalls
and solutions

Paramedics felt
optimistic and
enthusiastic about
prehospital tele-
ultrasound while
physicians were more
skeptical; success
depends on effective
communication and
trust, level of skill, and
contextual issues

study, university
hospital, Denmark

of “treat and release”
strategy for patients
with respiratory
insufficiency

paramedics with six
hours of US training

zones of each
hemithorax

feasibility

Morchel, et al 2018 Feasibility study, Assess usefulness of | EMTs with 12 hours of | 20 patients FAST exam ¢ Image quality by 11 Slightly higher ratings
academic medical extended FAST US training Questionnaire for of hospital images but
center, USA images obtained by User Interaction statistically

EMTs Satisfaction Scales insignificant;
ambulatory images
essentially as good as
quality of hospital
bedside images

Nadim, et al 2021 Descriptive feasibility | Determine feasibility | 100 EMTs/ 81 patients Anterior and lateral On-scene time, Feasible for EMTs/

paramedics to perform
prehospital ultrasound
and blood analyses on
patients with COPD
and release patients
following treatment;
ambulances spent
longer time on scene
(70 minutes) to
complete the
intervention

Leviter, et al 2022

Feasibility study,
tertiary children’s
hospital, USA

Evaluate
effectiveness of a
curriculum involving
teleguidance in
training paramedics to
perform US to confirm
endotracheal tube
placement

4 US-naive
paramedics

No information
provided

Tracheal and bilateral
thoracic views

Pre-test and post-test
scores, ability to
master lung sliding
and tracheal US
evaluation, learner
feedback on remote
curriculum

Paramedic test scores
increased when
completing the
curriculum and were
sustained for three
months; a virtual
curriculum with US
tele-guidance is an
effective tool to train
paramedics in
confirmation of
endotracheal tube
placement

Table 1. (continued). Prehospital Paramedic-Performed Tele-Ultrasound Study Features

Abbreviations: FAST, Focused Assessment with Sonography for Trauma; US, ultrasound; EMT, emergency medical technician; ALS, Advanced Life Support; EMS, Emergency Medical

Services; ED, emergency department; COPD, chronic obstructive pulmonary disease.
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