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Abstract

Background: In 2011, the role of Point of Care Ultrasound (POCUS) was defined as one of the top five research
priorities in physician-provided prehospital critical care and future research topics were proposed; the feasibility of
prehospital POCUS, changes in patient management induced by POCUS and education of providers. This systematic
review aimed to assess these three topics by including studies examining all kinds of prehospital patients
undergoing all kinds of prehospital POCUS examinations and studies examining any kind of POCUS education in
prehospital critical care providers.

Methods and results: By a systematic literature search in MEDLINE, EMBASE, and Cochrane databases, we
identified and screened titles and abstracts of 3264 studies published from 2012 to 2017. Of these, 65 studies were
read in full-text for assessment of eligibility and 27 studies were ultimately included and assessed for quality by
SIGN-50 checklists. No studies compared patient outcome with and without prehospital POCUS. Four studies of
acceptable quality demonstrated feasibility and changes in patient management in trauma. Two studies of
acceptable quality demonstrated feasibility and changes in patient management in breathing difficulties. Four
studies of acceptable quality demonstrated feasibility, outcome prediction and changes in patient management in
cardiac arrest, but also that POCUS may prolong pauses in compressions. Two studies of acceptable quality
demonstrated that short (few hours) teaching sessions are sufficient for obtaining simple interpretation skills, but
not image acquisition skills. Three studies of acceptable quality demonstrated that longer one- or two-day courses
including hands-on training are sufficient for learning simple, but not advanced, image acquisition skills. Three
studies of acceptable quality demonstrated that systematic educational programs including supervised
examinations are sufficient for learning advanced image acquisition skills in healthy volunteers, but that more than
50 clinical examinations are required for expertise in a clinical setting.

Conclusion: Prehospital POCUS is feasible and changes patient management in trauma, breathing difficulties and
cardiac arrest, but it is unknown if this improves outcome. Expertise in POCUS requires extensive training by a
combination of theory, hands-on training and a substantial amount of clinical examinations – a large part of these
needs to be supervised.
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Background
Prehospital Point-of-care Ultrasound (POCUS) can po-
tentially improve patient outcome and the role of
POCUS was defined as one the top five research prior-
ities in physician-provided prehospital critical care in
2011 [1]. Three key research questions were identified;
1) which ultrasound examinations can be reliably trans-
ferred to the prehospital setting? 2) how does prehospital
ultrasound affect patient management and the patient
pathway? and 3) how should providers achieve and
maintain specific ultrasound skills.
Although previous reviews have been positive towards

the feasibility of prehospital POCUS, they were unable
to demonstrate improved patient outcomes with POCUS
[2, 3]. This was mainly due to very limited and heteroge-
neous literature of low quality lacking patient centered
outcome measures. Lack of evidence of improved patient
outcomes, equipment costs and training difficulties are
considered significant barriers to widespread use of pre-
hospital ultrasound [4]. Prehospital patient categories
with time-critical conditions as defined by the first hour
quintet may benefit from improved early diagnostics (i.e.
cardiac arrest, chest pain, stroke, respiratory failure, and
severe trauma) [5]. Prehospital POCUS may also alter
the patient pathway for other patient groups, which may
be beneficial to both the patient and the health care
system.
Thus, the aim of this study was to answer the three

previously defined research questions by performing a
systematic review on clinical use of prehospital POCUS
and on prehospital POCUS education.

Methods
This was a commissioned systematic review on the role
of POCUS in prehospital critical care conducted accord-
ing to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines. No
formal registration was performed.

Eligibility criteria
We included studies examining all types of patients
of all ages undergoing a prehospital ultrasound exam-
ination and studies examining all types of ultrasound
education in all types of prehospital critical care
providers. Only interventional studies (randomized
and non-randomized), observational controlled and
un-controlled studies and studies of diagnostic accur-
acy were included. Only studies published in full-text
in English were included.

Outcome measures
The primary outcome for clinical studies was patient
survival within the study period. Secondary outcomes
were changes in patient management, diagnostic

accuracy, feasibility of the examinations and agreement
between providers and experts. The primary outcome
for educational studies was image acquisition skills. Sec-
ondary outcomes were image interpretation skills and
theoretical knowledge.

Information sources
As commissioned by the journal, we included studies
published from January 1st, 2012. We included studies
indexed in MEDLINE, EMBASE, and Cochrane Central
Register of Controlled Studies. In addition, we
hand-searched all included studies for references and
searched the ISI Web of Science: Science Citation Index
for studies citing the included studies.

Search strategy and study selection
The search was conducted on April 24, 2017 according to
the search strings supplied in the Additional file 1. Papers
were imported into ENDNOTE X8 (Clarivate Analytics,
Philadelphia, US) and duplicates were removed. Two re-
viewers (MTB and LK) independently screened papers by
title and abstract and agreed on papers to assess for eligi-
bility by their full-text version. The two reviewers then in-
dependently assessed which papers to include in the
review based on their full-text. Discrepancies were solved
by consensus. In case of doubt, an email was sent to the
corresponding author for clarification.

Data collection
One reviewer (MTB) extracted the following study char-
acteristics information into a standardized spreadsheet;
author last name, publication date, study type, number
of participants (providers and/or patients), aim of the
study, and main results. For clinical studies, type of
POCUS and provider-type (physicians, paramedics,
nurses etc.) was extracted. For educational studies, the
educational program used was extracted.

Assessment of quality of evidence
We used the relevant SIGN 50 checklists to assess the
quality of the included studies and their risk of bias [6].
Two reviewers (SSR, LJ) independently assessed all
points on the SIGN 50 checklist. When the reviewers
agreed on a point, this assessment was considered final.
Disagreements between reviewers were resolved by dis-
cussion using a third reviewer (MTB) as arbiter.

Results
We identified 3264 studies (Fig. 1). Of these, 27 studies
were included in the review [7–33]. See the Additional
file 1 for detailed reasons for exclusion following
full-text assessment. Studies exclusively examining ultra-
sound in one of the first hour quintet patient groups are
presented in Table 1, studies examining mixed
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populations or POCUS for procedural guidance in
Table 2, and studies examining the effect of education in
Table 3. Details on the quality of evidence assessment
can be found in the Additional file 1.
None of the included studies compared patient outcome

or morbidity with and without application of POCUS.

Cardiac arrest
Three studies that were all of acceptable quality exclu-
sively examined ultrasound in cardiac arrest patients and
demonstrated feasibility of 80–100% [7, 27, 29]. One
study demonstrated a high positive predictive value of
cardiac standstill for death at 97.5% when assessed by
physicians [7]. POCUS performed by paramedics during
pulse-checks led to prolonged pauses in compressions in
another study [27]. The last study demonstrated that
paramedics were able to discriminate between cardiac
activity and standstill [29]. Another study of acceptable
quality examined physician-based POCUS in both
trauma and cardiac arrest patients and demonstrated
frequent changes in patient management, among others
a decision to cease resuscitation in 9 of 31 (29%) of car-
diac arrest patients [18].

Chest pain
None of the included studies specifically examined
patients with chest pain.

Stroke
One study examined transcranial ultrasound con-
ducted by expert neurologists and demonstrated a
high specificity for major stroke, but was rejected (see
details of the quality of evidence assessment in the
Additional file 1) [17].

Breathing difficulties
Three studies evaluated POCUS conducted by physi-
cians in patients with breathing difficulties [20, 21,
30]. One study of acceptable quality demonstrated
100% feasibility for simplified lung ultrasound evalu-
ation of B-lines and a high negative predictive value
of 94%, but a lower positive predictive value of 77%
for congestive heart failure [20]. One study of accept-
able quality demonstrated that pleural effusion is a
100% sensitive marker for congestive heart failure and
that POCUS in dyspneic patients causes additional
therapeutic consequences in 25% of patients [21]. The
last study examining the use of B-lines by lung ultra-
sound to monitor the effect of treatment in heart fail-
ure patients was rejected (see details of the quality of
evidence assessment in the Additional file 1) [30].

Trauma
Three studies exclusively examined trauma patients [12,
24, 32]. One study of acceptable quality examined each

Fig. 1 PRISMA flow diagram
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component of the trauma ultrasound examination and
demonstrated a positive predictive value of 90% and a
negative predictive value of 98% for a required interven-
tion due to pneumothorax, a positive predictive value of
50% with a negative predictive value of 96% for a need
for laparotomy due to intraabdominal free fluid, but
had an insufficient amount of pericardial effusions for
reliability on this part [24]. The last two studies exclu-
sively in trauma patients were either rejected or
assessed to be of low quality (see details of the quality
of evidence assessment in the Additional file 1) [12,
32]. Three studies of acceptable quality examined both
trauma and medical patients and demonstrated a high
level of agreement between prehospital examinations
and in-hospital ultrasound assessment by expert sono-
graphers and a change in treatment in 20% of trauma
patients [18, 26, 28]. A study comparing intervention
support in both trauma and medical patients when
ultrasound was used by physicians and non-physicians
was rejected (see details of the quality of evidence
assessment in the Additional file 1) [22].

Education
Eleven studies examined POCUS education in prehospi-
tal critical care providers [8–11, 14, 16, 19, 23, 25, 29,
31]. Three of these were either rejected or assessed to be
of low quality (see details of the quality of evidence as-
sessment in the Additional file 1) [10, 16, 31].
Two studies examining short courses were of accept-

able quality [8, 29]. One demonstrated that a simple
one-hour lecture improves theoretical knowledge among
paramedics [8]. The other demonstrated that 2 h theory
and 1 h hands-on training in paramedics with no prior
ultrasound experience lead to images useful for clinical
interpretation in 89% of cardiac arrest patients and
correct identification of cardiac activity and cardiac
standstill [29].
Three studies examining 1- or 2 day courses were of

acceptable quality [14, 19, 23]. One demonstrated that
theoretical knowledge, image interpretation skills and a
structured observation of ultrasound examination skills
in lung, heart, and abdominal ultrasound, could be
improved by 2 h e-learning and 4 h hands-on course
[19]. One demonstrated that after completing a two-day
course, cardiac image acquisition skills were only moder-
ate and agreement with experts was weak for left ven-
tricular function, right ventricular size, and pericardial
effusion and very weak for inferior vena cava assessment
[14]. The last demonstrated that there was no difference
in neither image acquisition skills nor theoretical know-
ledge scores when comparing traditional trauma ultra-
sound training to simulator-based training or both [23].
Three studies of acceptable quality examined the effect

of longer educational programs [9, 11, 25]. One study

examined a program comprising 1-day course with 2 h
lectures and 4 h hands-on followed by at least four su-
pervised examinations in real-life patients, 60–120 min
e-learning and a number of unsupervised real-life exami-
nations and demonstrated that 27 and 28 of 33 para-
medics were able to pass a structured clinical exam and
a theoretical exam, respectively [25]. Another study exam-
ined the effect of a program comprising 4 h e-learning,
1-day hands-on course, 10 supervised examinations in
real-life patients and a number of unsupervised examina-
tions and demonstrated 98% image acquisition ability after
the program and that 21/21 (100%) physicians used ultra-
sound in the prehospital setting after the program [11].
The last study compared image acquisition skills among
experienced and inexperienced physician providers (de-
fined as more or less than 50 examinations after initial
training) and demonstrated a highly significant difference
for all evaluated items [9].

Procedural guidance
Two studies evaluated the use of ultrasound to confirm
gastric tube placement [13, 15]. One was rejected [13].
The other demonstrated high sensitivity and specificity
of gastric ultrasound [15]. One study evaluating the ef-
fect of lung ultrasound to confirm endotracheal intub-
ation was rejected (see details of the quality of evidence
assessment in the Additional file 1) [33].

Discussion
The main finding of this review is that considerable
amounts of literature on both clinical use of prehospital
POCUS and POCUS education for prehospital providers
has been published since 2011, indicating a growing
interest in prehospital POCUS. The most recent litera-
ture does not provide evidence of outcome improve-
ment, but supports the use of POCUS in trauma and
breathing difficulties, calls for caution in cardiac arrest,
and indicates that extensive training efforts are needed
for providers to obtain the necessary skills.
Previous reviews on prehospital ultrasound have

pointed to a high risk of bias in the published studies
and to the lack of evidence for outcome improvements
[2, 3]. The authors of this review still share this concern,
but consider the quality of studies included in this re-
view as improved. Nevertheless, studies are still very het-
erogeneous and of variable scientific quality and the
literature lacks patient centered outcome measures.

Which ultrasound examinations can be reliably
transferred to the prehospital setting?
Prehospital POCUS of the lungs for the diagnosis of
pneumothorax has a moderate diagnostic accuracy and
shows good agreement with experts [18, 24, 26, 28].
Positive predictive values ranges from 80 to 90% and
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negative predictive values from 69 to 90%. The same
patterns apply to prehospital trauma ultrasound, al-
though positive predictive value is generally lower for
hemoperitoneum (around 50%) than for pneumothorax
[24]. A positive POCUS finding is highly predictive of a
need for intervention and seems useful for prehospital
triage [18, 24]. The negative predictive values are not
sufficiently high to recommend POCUS-based rule-out
of serious injuries.
Prehospital POCUS of the lungs to diagnose congestive

heart failure in patients with breathing difficulties displays
high negative predictive value but lower positive predictive
value and is reliable for rule-out, but not rule-in of con-
gestive heart failure [20]. The addition of POCUS of the
pleura may improve the positive predictive value for the
diagnosis of congestive heart failure [21]. Recent studies
conducted in in-hospital settings suggest that supplement-
ing POCUS of the lungs with POCUS of the heart may
further improve the positive predictive value and reduce
the time to correct diagnosis [34, 35].
Prehospital POCUS of the heart is feasible and reliable

for assessing simple dichotomous questions in cardiac
arrest like “cardiac activity yes/no”, but may cause pro-
longed pauses in compressions during cardiopulmonary
resuscitation [7, 27, 29]. The ability to assess more com-
plex measures like pericardial effusion, left ventricular
function, and right ventricular dilation requires extensive
training and clinical ultrasound experience [9, 14]. There
were no studies examining prehospital ultrasound in
chest pain patients during the study period, but a re-
cently published study demonstrated that ultrasound
may also be used for early diagnosis of non-ST-elevation
myocardial infarction in patients suspected of acute cor-
onary syndrome [36].

How does prehospital ultrasound affect patient
management and the patient pathway?
Prehospital POCUS predicts the need for interventions
and causes changes in patient management in both
trauma, cardiac arrest, and breathing difficulties [18, 21,
24]. But, it is unknown if these changes improve patient
outcomes. Since the inclusion period of this review, a
secondary analysis of an included study was published
[37, 22]. This study demonstrated that interventions
were more likely to be supported with ultrasound in pa-
tients with markers of high acuity than in patients with
presumed low-grade disease [37]. We do however ques-
tion the practice of ceasing resuscitation based on car-
diac standstill used in one study [18]. Early studies on
this were promising [38, 39]. Yet, there are survivors
following cardiac standstill in both recent and previous
studies, indicating that this decision should not be based
on POCUS alone [7, 40, 39].

How should providers achieve and maintain specific
ultrasound skills?
Lectures seem efficient for obtaining the simplest of
image interpretation skills, while image acquisition skills
require hands-on training [8, 19, 29]. The type of train-
ing used (i.e. traditional or simulation training) seems
less important [23]. Systematic educational programs
comprising some sort of theory (e-learning and/or lec-
tures), hands-on training, supervised examinations, and
unsupervised clinical use makes it possible to consist-
ently produce images useful for interpretation in healthy
volunteers [11, 25]. Physician experience seems to affect
especially the interpretability of POCUS images of the
heart after initial hands-on training and 50 examinations
greatly improves image acquisition skills in real-life pa-
tients [9]. This is in accordance with a recent in-hospital
study demonstrating that for most examination types,
between 50 and 75 results in both excellent interpret-
ation and good image quality in actual patients [41].

Future research questions
Future research should address the gap in the literature
demonstrating a beneficial effect of POCUS on patient
centered outcome measures (improved triage, improved
treatment, length-of-stay, and when possible mortality).
But, to translate diagnostic accuracy into clinical utility
we need to take one step back from the protocols.
POCUS protocols have been defined a priori, and there
is a tendency in the literature to promote specific ultra-
sound protocols. This is research in reverse order. When
dealing with a specific patient with a specific medical
history, symptoms and objective findings, some clinical
questions (or differential diagnoses) arise – some of
these may be answered by ultrasound. Thus, more stud-
ies on the diagnostic accuracy on specific components of
a POCUS examination (such as B-lines, pleural effusion,
impaired LV function) in patients with specific symp-
tomatology (like chest pain, dyspnea, cardiac arrest, etc.)
are needed to clarify which findings are key and which
examinations are a waste of valuable time [42]. Only then
can good controlled trials examining decision-making
with and without ultrasound be planned. The Press et al.
study examining sensitivity and specificity for each of the
components in the trauma ultrasound examination in
relation to both the relevant pathology and the associated
intervention is a good example of the types of studies
needed for other patient categories [24].
There is an ethical dilemma in educating prehospital

critical care providers in ultrasound and randomize
patients to either have the examination or not. This may
be overcome by examining outcome in specific patient
groups (such as abdominal aortic aneurism) in
case-control studies where patients triaged directly to a
specialized center by prehospital ultrasound is compared
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to patients admitted to local hospital and secondarily
transferred, although this type of studies carries inherent
risks of bias. Another way of overcoming this could be
to perform cluster-randomized studies in emergency
medical services where ultrasound is not already imple-
mented. In addition, the distance to nearest hospital
(and/or specialized center) may affect the value of pre-
hospital ultrasound. Which examinations can effectively
change patient management depends highly upon the
local setting and organization of both prehospital and
hospital care. Thus, distance and time in the emergency
medical services are relevant issues for future POCUS
research.
There is still a paucity of literature aiming at determin-

ing the number of examinations needed for clinical profi-
ciency. This may be addressed by linking individual level
experience to the quality of images and the correctness of
clinical interpretations when compared to expert
assessment.

Limitations
Publication bias may have led to studies with neutral
findings not being included – this may have been exag-
gerated by the choice to only include studies published
in English. Especially the educational section may suffer
from publication bias and conclusions must be inter-
preted with caution. Although the use of checklists for
study quality assessment is generally recommended, the
studies included in this review were very heterogeneous
and we had difficulties deciding which checklists to use.
Many educational studies were “before-and-after” stud-
ies. The results of this kind of study generally must be
interpreted with caution due to a high risk of confound-
ing and bias in favor of the intervention.

Conclusion
Prehospital POCUS remains unexamined in a wide range
of patient groups. Prehospital POCUS seems feasible and
changes patient management in trauma and breathing dif-
ficulties. POCUS is also feasible in cardiac arrest but may
cause prolonged pauses in compressions. It is unknown
how prehospital POCUS affects patient outcome. The best
available evidence suggests that specific POCUS skills can
be achieved by a combination of theoretical education,
hands-on teaching, and more than 50 clinical examina-
tions of which a large part are supervised.
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