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Abstract

Objectives: With the advent of portable devices, prehospital ultrasound is

increasingly available and has the potential to provide clinical and procedural

decision support. This scoping review seeks to examine current literature on

prehospital ultrasound, including study indications, the level of the health care

professionals performing prehospital ultrasound, and reported research

outcomes.

Methods: We searched PubMed, Embase, Web of Science, CINAHL, and

Cochrane databases for research articles and conference abstracts focused on

prehospital ultrasound with scans performed in the field. After title/abstract

screening by 2 independent reviewers, a full-text review was performed. We

excluded reviews, case reports, letters to the editor, and research published in

nonEnglish language. Descriptive statistics were reported.

Results: We identified 9718 unique articles, and 109 were included after title/

abstract review (Kappa 0.68) and full-text analysis. Annual publications

increased yearly (P < .01). Nineteen countries were represented, with the

United States having the highest number of publications (n = 34, 31.2%). Most

studies were prospective (n = 74, 67.9%) with few randomized control trials (n =

6, 5.5%). Feasibility studies comprised 45.9% (n = 50) of the included publica-

tions, while clinical outcomes were the primary interest in 18 studies (16.5%).

Physicians (n = 58, 53.2%) and paramedics (n = 38, 34.9%) were the most

studied prehospital clinicians. The most common indication was trauma (n = 49,

45%) followed by dyspnea (n = 13, 11.9%) and cardiac emergencies (n = 10,

9.2%).

Conclusion: There is a growing, heterogeneous body of literature describing

the use of prehospital ultrasound. Published literature was primarily
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Abstract (continued)

prospective and described feasibility trials. Identified gaps include a lack of

studies in pediatric patients and research identifying clinical outcomes.

Keywords: ultrasound, POCUS, emergency medical services, prehospital care
1 INTRODUCTION

1.1 Background

Point-of-care ultrasound (POCUS) has become routinely used
in emergency departments worldwide to improve clinical
management and expedite diagnosis. The American College of
Emergency Physicians has identified core indications for
emergency ultrasound (US) to improve clinical efforts by
physicians.1 These same guidelines have suggested the benefits
of US use in the prehospital environment. With increasingly
portable US technology and the advent of handheld devices,
access and storage for prehospital ultrasound (PHUS) has
become increasingly available. The evaluation of PHUS was
identified in 2011 as a research priority for prehospital care in
Europe.2
1.2 Importance

PHUS may have the ability to expedite care, provide
decision support for procedures, and alter transport des-
tinations.3–7 Previous reviews have determined the feasi-
bility of PHUS for isolated indications such as trauma,3–5

dyspnea,8 and critical care.9 Although a narrative analysis
was recently published that commented on the use and
training of PHUS, this study included research in
educational and controlled settings.10 Our study seeks to
expand this understanding by evaluating the extent to
which PHUS is utilized exclusively in the prehospital
setting.
1.3 Goals of This Investigation

Previous research has not identified the extent to which
research has been conducted in each domain of PHUS and
which medical professionals are most studied. The objective of
this scoping review was to map the current evidence on PHUS,
define the extent of research in each category, and identify
future research needs.
2 METHODS

2.1 Study Design

We performed a systematic search of 5 databases including
MEDLINE, Embase, Web of Science, CINAHL, and
Cochrane according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews guidelines.11
2.2 Search Strategy

The search was conducted in December 2022 and was
designed to identify articles focused on PHUS. Search terms
included “prehospital,” “emergency medical services,” “ultra-
sound,” “sonography,” and “POCUS.” The search included all
articles from the inception of each database to the date of the
search. See Supplementary Appendix 1 for full search
strategies.

2.3 Selection of Studies

After elimination of duplicates, 2 independent reviewers (JW
and OT) screened titles and abstracts based on predefined
inclusion criteria. We included any published literature up to
the search date that focused on the use of PHUS, specifying
that a US scan must have been performed and scans were
conducted within the prehospital arena. For military studies,
we defined the prehospital arena as up to and including Role 1
(military first responders such as medics, corpsmen, etc). No
exclusion was placed on study methodology or frameworks.
Exclusion criteria included nonEnglish studies and systematic
reviews and meta-analyses. We excluded studies that were
performed solely within classroom/laboratory environments or
within the hospital regardless of whether prehospital clinicians
were the focus of the study. Title and abstract screening was
performed using the Rayyan AI platform (Rayyan Systems
Inc). Disagreements between independent reviewers were
arbitrated by a third reviewer (JT) as needed.

After initial title and abstract review, the writing group
decided to exclude case reports and letters to the editor based
on the understanding that these small and isolated reports may
skew the observed trends in our results and are subject to se-
lection bias. Two independent reviewers (JW, OT) then
reviewed all full-text publications with the same criteria. Dis-
agreements were resolved through discussion, and reasons for
exclusion were documented.

2.4 Data Extraction and Synthesis

Included studies were stored in citation manager software
Zotero (Version 6.0.31; Corporation for Digital Scholarship),
and the 2 reviewers (JW and OT) abstracted data using a
standardized Google Sheets spreadsheet (Google). Abstracted
data included author name, publication year, study design,
country of study, prehospital clinician studied, patient popu-
lation, emergency medical services (EMS) transport setting,
US indication, and study performed. We determined the focus
of each study from the purpose and methods identified in full-
WARREN ET AL.



text analysis and categorized them into feasibility/pilot, sensi-
tivity/specificity evaluation, clinical outcomes, descriptive,
telecommunications, and training/education. Studies that used a
simulated patient population but remained in a prehospital space
were documented as simulation. We defined telecommunica-
tions as studies investigating the transmission of images from
prehospital location to a hospital. We grouped studies in which
the primary outcome sought to identify clinical outcomes
regardless of what the clinical outcome was. Studies were then
grouped based on US scans being performed in the study. Some
descriptive studies and retrospective studies either did not specify
the scanning protocol or used multiple different protocols or
indications. We documented these studies as “Multiple In-
dications.” Finally, EMS setting was defined based on self-report
within the article and categorized as ground-based, helicopter
emergency medical services (HEMS), air medical, or other
(military, fixed event location, etc). HEMS included systems that
utilized helicopters for on-scene deployment and stabilization.
Air Medical was defined as those systems utilizing both heli-
copters and fixed-wing aircraft for deployment and transport.
2.5 Data Analysis

Descriptive statistics were calculated including frequencies and
percentages for categoric variables. Cohen’s Kappa was calcu-
lated to assess interrater reliability after title and abstract
FIGURE 1. PRISMA flow diagram. POCUS, point of-care-ultraso
and meta-analyses.
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review. The Mann-Kendall Test was used to determine if there
was a significant trend in articles published by year.
3 RESULTS

A total of 9718 unique publications were identified. After title
and abstract review (Kappa 0.68), a total of 294 studies pro-
ceeded to full-text review. After full-text review, 109 studies
were included in the final analysis (Fig 1).

The number of published studies included in our final
analysis of 109 studies noted a significant increase annually
since the inception of the databases, with the largest number of
studies published in 2022 (n = 16, 14.7%; P < .01). The years
2002, 2005, and 2007 had the fewest number of studies (n = 0
for each) (Fig 2). Nineteen countries were represented in the
dataset, with the United States (n = 34, 31.2%), Germany
(n = 14, 12.8%), and France (n = 11, 10.1%) comprising over
half of all studies.12 One study by Taylor et al12 was conducted
jointly in Canada and the United States. An additional study
did not specify location as it was conducted across military
medical care areas of the British Armed Forces.13

Full descriptive statistics of the studies included in full-text
review are shown in Table 1. The majority of studies were
prospective in nature (n = 74, 67.9%), with 18 retrospective
studies (16.5%) and 6 randomized control trials (5.5%).14–19

Of these, the most frequent indication for the research was
und. PRISMA, preferred reporting items for systematic reviews
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FIGURE 2. (A) Number of published studies by year—Study publication numbers of included studies from 2000 to 2023. Given
the date of search completion, 2023 (colored in gray) shows partial data. (B) Country of research—number of included studies
published in the country where research was conducted and data was collected.
development of a pilot study or evaluation of the feasibility of
PHUS (n = 50, 45.9%). Other study indications included
identifying changes to clinical outcomes (n = 18, 16.5%),
evaluating sensitivity/specificity of PHUS (n = 16, 14.7%),
evaluating the use of telecommunications (n = 13, 11.9%),
and describing system-specific US use (n = 10, 9.2%).
4 of 9
Over half of the studies in our full-text review included
prehospital scans performed by physicians (n = 58, 53.2%);
paramedics were the second most studied group (n = 38,
34.9%). Nurses and EMTs performed the scans in 14 (12.8%)
and 6 (5.5%) of the studies, respectively. The remaining
studies (<3%) included scans performed by neurologists,
WARREN ET AL.



TABLE 1. Descriptive statistics (n = 109).

Characteristic Frequency Percentage

Study design

Prospective 74 67.9%

Retrospective 23 21.1%

Randomized control trial 6 5.5%

Study protocol 6 5.5%

Study focus

Feasibility/pilot 50 45.9%

Clinical outcomes 18 16.5%

Evaluation of sensitivity/
specificity

16 14.7%

Telecommunications 13 11.9%

Descriptive 10 9.2%

Training/education 2 1.8%

EMS setting

Ground 42 38.5%

Ground and HEMS 7 6.4%

Ground and air medical 3 2.8%

HEMS 14 12.8%

Air medical 14 12.8%

All settings 3 2.8%

Not specified 21 19.3%

Other 5 4.6%

Study population

Adults only 49 45.0%

Pediatric only 0 0.0%

All-comers 16 14.7%

Not specified 31 28.4%

Simulation 13 11.9%

Ultrasound operator studied

Physician 58 53.2%

Paramedic 38 34.9%

Nurse 14 12.8%

EMT 6 5.5%

Not specified 4 3.7%

Neurologist 3 2.8%

Sonographer 2 1.8%

Air medical crew 2 1.8%

Other 4 3.7%

EMS, emergency medical services; EMT, emergency medical

technician; HEMS, helicopter emergency medical services.

TABLE 2. Clinical indications (n = 109).

Clinical indication Frequency Percentage

Trauma 49 45.0%

FAST 36 33.0%

Pneumothorax 9 8.3%

Fracture 1 0.9%

Traumatic brain injury 2 1.8%

Not specified 1 0.9%

Dyspnea 13 11.9%

Pulmonary edema 7 6.4%

Not specified 1 0.9%

Multiple etiologies 5 4.6%

Cardiac arrest 10 9.2%

Cardiac motion 7 6.4%

Guiding compressions 1 0.9%

Not specified 2 1.8%

Chest pain 3 2.8%

Wall motion abnormality 2 1.8%

Not specified 1 0.9%

Stroke (transcranial Doppler) 4 3.7%

Shock 1 0.9%

Multiple indications 17 15.6%

Procedures 9 8.3%

USGPIV placement 2 1.8%

Nerve block 3 2.8%

Intubation 1 0.9%

G-tube placement 2 1.8%

REBOA 1 0.9%

Other 3 2.8%

FAST, focused assessment with sonography for trauma; REBOA,

resuscitative endovascular balloon occlusion of the aorta; USGPIV,

ultrasound-guided peripheral intravenous.
prehospital sonographers, physician assistants, anesthetists,
military medics, and/or firefighters.

Ground-based transport was the most frequent setting
(n = 55, 50.5%) for PHUS use. HEMS and air medical
transport were both prominently featured in the included
WARREN ET AL.
studies (n = 24, 22% and n = 20, 18.4%, respectively). The
EMS setting was not specified in 21 studies (19.3%), and 5
studies (4.6%) were performed either in a simulated combat
setting or music festival. Adults were the most frequently
studied population (n = 49, 45%). There were no identified
studies focusing specifically on a pediatric population. Undif-
ferentiated presenting patients were the target population in 16
studies (14.7%), and 31 studies (28.4%) did not specify the
patient population.

Clinical indications for PHUS are shown in Table 2.
Trauma was the most frequently studied indication for PHUS
(n = 49, 45%) with the Focused Assessment with Sonography
in Trauma (FAST) examination specifically comprising 73%
(n = 36) of these studies. Dyspnea was the next most common
indication (n = 13, 11.9%) followed by studies describing
multiple indications (n = 17, 15.6%). Procedural competency
comprised 8.3% (n = 9) of the literature, focusing primarily on
5 of 9



obtaining peripheral vascular access and controlling prehospital
pain with nerve blocks.

4 LIMITATIONS

Our review has limitations that should be considered. We
excluded studies that did not provide English language
translations and gray literature, which theoretically may
have narrowed the scope of this review. Additionally, not
including studies that were performed in other areas such
as simulation laboratories or hospitals with prehospital
clinicians may similarly limit the indications for PHUS.
With the current breadth of PHUS literature in this study,
we do not suspect that this significantly influenced the
identified POCUS techniques in our review. Additionally,
physicians were included in the majority of studies
(53.2%), and this may not be generalizable to the majority
of US-based EMS systems. As a scoping review, our study
does not provide commentary on the sensitivity, specificity,
or accuracy of prehospital professionals in conducting these
US techniques or quality of studies included within.
However, given the current limited depth of PHUS
research, the scoping review was appropriate to map the
current breadth of literature regarding PHUS.

5 DISCUSSION

In this scoping review of PHUS, we identified a large
heterogeneous population of studies with a yearly upward
trend in the number of included publications. The ma-
jority of included studies were prospective pilots and
focused primarily on trauma and dyspnea. Although many
studies addressed feasibility, there were few studies that
addressed clinical outcomes as their primary endpoint. We
did not find any studies that specifically addressed a pe-
diatric population. Notably, our review differs from others
within the field, which have more often focused on indi-
vidual indications such as trauma, dyspnea, or critical
care.3–5,8,9 Our review sought to provide additional in-
formation regarding the study design, clinical indications,
and noticeable gaps in study and population. Prior reviews
have attempted to describe the breadth of the current
literature and focused on the historical growth of the
field20 or provided a narrative review of key clinical in-
dications and practice environments.10

In this review, PHUS was found to be utilized mostly
by physicians. This was a notable finding given that most
studies were carried out in the United States, which pri-
marily staffs paramedic-based systems. This may be because
use of physicians does not require the development of new
quality assessment and ongoing medical education systems,
which are often expensive and have been previously iden-
tified as barriers to establishing PHUS.12 Second, in
studies using the Anglo-American models of EMS (such as
the United States), physicians were often included in
studies alongside paramedics, whereas studies from Franco-
German models of EMS seemed to include physicians
6 of 9
only. This may highlight a difference in how US is used in
the prehospital field between health care professionals in
different regions. Physicians who may primarily staff
Franco-German models of EMS systems may adopt a ‘stay-
and-play’ philosophy in which US is used to guide resus-
citation, aid in procedural intervention, and assess for
occult injuries. Alternatively, paramedics who may pri-
marily practice in Anglo-American models of EMS may
adopt a ‘scoop-and-run’ philosophy in which US is utilized
to answer triage and destination decisions. Future research
with randomized trials should explore these medical pro-
fessional differences between each model of EMS and ef-
ficacy of PHUS for these differing indications.

In our review, we further noted that majority of the cur-
rent research comprised descriptive accounts of PHUS or
studies examining the feasibility of performing PHUS for
various indications. Only 18 (16.5%) included studies that
sought to identify clinical outcomes as their primary objective.
The outcomes were heterogeneous and varied among all 18
studies. The most common clinical outcomes studied were
changes to the final EMS destination (ie, trauma center vs
medical receiving center), decision-making assistance in per-
forming field procedures, or decision support for administering
specific medications.21–26 Four studies sought to identify the
effect of PHUS on time to definitive intervention (ie, blood
products, surgery, or admission to hospital).15,27–29 Other
identified clinical outcomes included triage (preventing under
triage, changing surgical priority in mass casualty incidents,
and predicting hospital resource utilization),30–32 procedural
support,16,18 and pain control.19 Finally, there were 2 study
designs pending recruitment and publication that are seeking
to identify patient satisfaction33 and use of US in hypotensive
patients.34

Although our review found the FAST examination to be
the most significantly studied US technique, comprising one-
third of all studies, only 2 of these studies focused on clinical
outcomes. This aligned with the findings of a 2021 review on
the use of PHUS in trauma, which noted zero studies
addressing clinical outcomes.3 One included study of clinical
outcomes, by Lyon et al,22 found that needle thoracostomies
were performed less frequently with the utilization of PHUS.
This suggests that PHUS may not only guide medical pro-
fessionals to perform life-saving interventions and guide di-
rection to appropriate transport destinations but that observed
clinical outcomes may be prevention of unnecessary proced-
ures and risk of complications. Until further research is con-
ducted, it is unclear what the clinical benefit of prehospital
FAST truly is.

In our review, we found that dyspnea and, more specif-
ically, congestive heart failure may be another clinically
important scan that may ultimately demonstrate greater clin-
ical outcomes. Notably, it has been documented that para-
medics have difficulty differentiating congestive heart failure
and obstructive lung disease based on physical examination
alone.35 One study by Zanatta et al25 suggests that identifi-
cation of B-lines may help guide prehospital diuretic
WARREN ET AL.



administration, prevent albuterol use in heart failure, and
reduce time of emergency department stay. An additional
study demonstrated that PHUS evaluating B-lines may
decrease time to treatment of congestive heart failure by hours
despite only having transport times of approximately 15
minutes.36

Finally, several studies suggest that paramedics may be
able to correctly identify cardiac motion during pulse
checks and further suggest that compressions during
resuscitation of cardiac arrest patients can be guided by US
to optimize left ventricular compression.37,38 It is reason-
able to suspect that PHUS transthoracic echo may provide
similar benefits. Indeed, one study has already seen that
based on end-tidal CO2 measurements, US-guided resus-
citation led to a significant improvement in compres-
sions.39 However, additional clinical outcomes such as
return of spontaneous circulation and neurologically intact
survival have not yet been researched. Future studies would
benefit from investigating and determining not only the
clinical benefit of these additional clinical indications but
also ensure that the use of PHUS is not affecting
compression ratios or impeding high-quality cardiopulmo-
nary resuscitation.

Beyond identifying clinical indications well poised for
research, our review also identified noticeable gaps in the
current literature. Notably, 20% of studies did not specify the
setting of PHUS, which limits the ability to identify the ideal
geographic setting when comparing ground transport to air
medical or HEMS transport. Moreover, there were no studies
specifically conducted within a pediatric population, and they
represented the minority of patients in those who included all
presenting patients. Additional studies in this field may benefit
from standardization in reporting of the prehospital transport
setting and further inclusion of pediatric patients to delineate
which population and setting may best benefit from this
intervention.

Future research would be best poised to address the
lack of standardization and lack of clinical outcomes
research that are currently present among these included
articles. The authors suggest that identifying and pursuing
clinical outcomes for various indications should be the
highest priority for future research to ensure the cost of
establishing PHUS is met with an equivalent improvement
in patient outcomes. Examples of this may include iden-
tifying mortality and morbidity differences in patients who
receive PHUS for evaluation of respiratory distress and
pulmonary edema or those who have US-guided com-
pressions or pulse checks in cardiac arrest. Additionally, it
should be identified that there are no significant safety
concerns when PHUS is utilized, such as unnecessarily
long scene times, expansion of compression ratio in cardiac
arrest, or incorrect needle thoracostomy placements as
these are not significantly described in the literature.

Our scoping review identified a large and growing
heterogenous body of literature that describes PHUS by
both physicians and nonphysicians. Most of the studies
WARREN ET AL.
were feasibility or pilot studies. The FAST examination for
trauma was the most studied intervention but was limited
in providing clinical outcomes. Given the current heter-
ogenous body of literature identifying the feasibility of
PHUS, it would be pertinent for future research to focus
on investigating clinical and patient-focused outcomes
before investing in the cost of implementing a PHUS
system. Future research may benefit from directing efforts
to identify these outcomes and expanding research
regarding dyspnea and cardiac arrest.
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