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Introduction

Clinician-performed ultrasound at the bedside of a patient 
has become increasingly common over the past two dec-
ades.1,2 As the evidence base has grown supporting its use 
across a wide spectrum of medical and traumatic disease 
patterns in a variety of settings, novel applications and 
rapid assessment protocols have emerged.3,4 Improvements 
in mortality, diagnostic accuracy, patient care metrics, and 
patient satisfaction have all been associated with bedside 
ultrasound use.5–8 Interest in ultrasound outside of tradi-
tional practice settings such as hospitals or physician 
offices has also increased. Prehospital medicine in many 
ways is often considered an austere environment, as 
patients are frequently critically ill and require immediate 
care based on limited history and very limited advanced 
diagnostic tools.9 Therefore, the use of ultrasound in pre-
hospital emergency care to improve diagnostic accuracy 
and facilitate rapid treatment decisions has attracted sig-
nificant interest in recent years.10

Methods

For this topical review, the team of authors included a criti-
cal care paramedic with training in point-of-care ultrasound 
(POCUS), an emergency medical technician-basic with 

formal training in literature analysis and a prehospital phy-
sician medical director with training and certification in 
emergency medicine, critical care medicine, emergency 
medical services (EMS), and clinical ultrasonography. We 
first conducted two sessions akin to focus group meetings 
to define the scope of prehospital ultrasound, during which 
we agreed on the following five aspects of prehospital 
ultrasound: technology, clinician training, prehospital oper-
ations, patient needs and outcomes, and medical oversight. 
We then conducted an extensive search in the PubMed 
database combining the search terms “ultrasound”, “pre-
hospital” and “emergency medical services”. We selected 
relevant manuscripts via group consensus based on the five 
pre-established categories. In addition, we reviewed related 
articles and their list of references from the authors’ per-
sonal literature libraries.
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Review

History of ultrasound

The first clinical ultrasound imaging machines were devel-
oped in the 1950s. It would take another 20 years for these 
machines to be refined enough for widespread clinical 
use.11 By the 1980s, technological improvements led to 
widespread adoption across hospitals.12 In the last two 
decades, ultrasound performed and interpreted by physi-
cians at the bedside has seen widespread adoption, includ-
ing in the United States.13 These exams are often performed 
on critically ill patients in whom diagnostic decisions  
and the response to therapies provided can be assessed rap-
idly by ultrasound. This type of ultrasound is referred to  
as POCUS.14

Initial routine use of portable ultrasound devices in the 
prehospital setting dates back to the late 2000s, mostly in 
European physician-based EMS systems.15 Since then, a 
new generation of portable ultrasound devices have emerged 
that are small and lightweight enough to qualify as “hand-
held” devices which can be easily used in the prehospital 
emergency care field.16 As these ultrasound devices have 
also become more affordable, adoption in the prehospital 
setting has further increased.

Although there is much potential for PHUS performed by 
EMS personnel, to date, there are no universally acknowl-
edged guidelines for prehospital ultrasound (PHUS) use, 
indications, educational and credentialing requirements, and 
quality assurance.

Training requirements

Prehospital physicians are more likely to have had formal 
ultrasound training during their medical education, while 
nursing and paramedic schools traditionally have not pro-
vided ultrasound training.17 Nonetheless, nurses and para-
medics can learn POCUS and perform select exams 
competently with relatively short training periods.18–21 
Prehospital POCUS programs vary widely, with training 
ranging from minutes to several days. In general, training 
programs included didactic and practical training, with 
some successfully implementing blended online and in-per-
son curricula.22 There is a paucity of literature regarding the 
education practicing prehospital clinicians have obtained 
outside of feasibility studies or pre-implementation surveys. 
However, in two studies, paramedics with advanced training 
or significant experience demonstrated higher degrees of 
accuracy in lung ultrasound.19,23 Beyond formal training, 
additional ultrasound education is likely being obtained 
from unit-level in-services, courses, and conferences, as 
well as free open-access medical education, especially in 
the non-physician clinician base where formal ultrasound 
education may be harder to obtain because of availability 
and/or cost. Guy et al. describe a comprehensive prehospital 
POCUS curriculum for Canadian critical care paramedics 

spanning cardiac, thoracic, abdominal, and vascular scans. 
This curriculum utilized web-based, didactic, and hands-on 
learning sessions. Online pre-reading was followed by a 2-day 
in-person course. Free open-access medical education was 
utilized to allow for easy flow of information to potential 
future adopting departments. Scans performed included the 
extended Focused Assessment with Sonography for Trauma 
(eFAST), cardiac views (parasternal long axis and subxi-
phoid), pleural assessment, inferior vena cava (IVC) meas-
urement, and vascular structure identification. All students 
passed the practical examination, and >75% of the students 
passed a post-course written examination.21

In most studies of prehospital ultrasound programs, 
assessment involves pre- and post-implementation knowl-
edge checks followed by either simulation or volunteer prac-
tice and finally proctoring or expert review of exams in the 
clinical setting. Sensitivity, specificity, and succesful image 
acquisition were commonly used primary study outcome 
measures. EMS clinicians generally perform favorably and 
significantly improve on post-implementation knowledge 
assessment. A 2015 systematic review of paramedic ultra-
sound curricula found that most studies centered on para-
medic-performed Focused Assessment with Sonography for 
Trauma (FAST) exams.24

While academic knowledge assists in the application and 
understanding of ultrasound, competency is a key factor in 
successful clinical application. Competency may be meas-
ured by a standardized minimum competency level, and the 
number of scans performed to achieve this minimum level is 
a frequently-used educational matric.24 There is no current 
evidence for a minimum number of scans to be considered 
competent in paramedic-performed prehospital ultrasound. 
The American College of Emergency Physicians (ACEP) 
recommends 25 to 50 scans per assessment type as indicative 
of competency for emergency physicians.25 Logically, these 
suggestions may seem generally extrapolatable to paramedi-
cal clinicians; however, over the international spectrum, para-
medical clinicians vary widely in knowledge and skill sets.26

Recent work has begun to lay the framework for both 
initial training guidelines and minimum competency levels 
for prehospital ultrasound. The Air Medical Physician 
Association recommends the following minimum compe-
tency outcomes for initial training: (1) Identify the func-
tion of basic controls of the ultrasound machine, (2) discuss 
the basic physics principles of ultrasound, (3) demonstrate 
how to optimize ultrasound images, (4) describe normal 
ultrasound anatomy, (5) describe common pathological 
ultrasound anatomy, (6) discuss basic ultrasound artifacts 
and their use, and (7) describe expectations of ultrasound 
imaging during patient care encounter. In addition, they 
also include recommendations for simulation-based proce-
dural skills prior to live human attempts and image acqui-
sition on live humans where both normal and abnormal 
anatomy can be found.17 Micheller et al. developed a the-
ory-driven prehospital POCUS curriculum outlining basic 
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critical competencies for prehospital services to utilize to 
suit their needs. A total of five modalities (cardiac, tho-
racic, FAST, aorta, and procedural) were defined, with 32 
measured competencies and 72 subcompetencies. This 
consensus was developed by a multi-institutional expert 
panel utilizing the Delphi technique to develop and refine 
the competency list.27 It is important to note that this cur-
riculum is yet to be validated in actual prehospital clinical 
practice.

Workforce

Prehospital personnel combinations vary significantly, 
both internationally and between ground and air trans-
port systems. Teams may be made up of different levels of 
emer gency medical technicians, nurses, respiratory thera-
pists, physicians, or any combination thereof. The educa-
tional background of each individual clinician may range 
from no experience to significant POCUS exposure, in 
addition to general physics knowledge relevant to ultra-
sound theory. Clinician comfort and perceptions on topics 
such as scene time, effect on medical decision making, 
and clinical outcomes may also be important areas to 
focus on in initial education. Identification of the most 
prominent barriers and negative clinician perceptions to 
address in initial training may help to recruit a larger cli-
nician base. There is minimal literature regarding clini-
cian perceptions and barriers on general prehospital 
ultrasound use. In feasibility studies where feedback is 
elicited, there is a positive trend toward ease of use, inter-
est in field application, and clinical utility.28,29 A survey of 
Scottish paramedics and consultant physicians’ perspec-
tives on remotely supported prehospital ultrasound found 
that paramedics were enthusiastic and saw ultrasound as a 
logical, helpful progression in the care they provide. 
Physician perspectives were generally more reserved with 
concerns for limited clinical utility, inadequate training, 
misinterpretation, and deskilling. Both parties recognized 
the need for good interprofessional communication and 
potential transmission difficulties. Finally, both parties 
questioned the likelihood of measurable clinical benefit.30 
These studies are usually small, specific to the local sys-
tem studied, and designed for feasibility, reducing their 
generalizability.

Beyond the end-user level, medical director endorsement 
is the foundation for any prehospital ultrasound program. In 
2014, a survey of North American medical directors found 
the highest barriers to implementation were equipment, train-
ing costs, challenges in training, transport time, concerns 
about delaying time to definitive care, and concerns that 
ultrasound is beyond the current scope of EMS clinicians. 
Implementation was also felt to require further research in 
mortality/morbidity, clinical utility, time management, and 
indications for use, as well as position statements and practice 
guidelines from stakeholders.31

Prehospital ultrasound technology

While in theory almost any type of ultrasound machine could 
be mounted into an ambulance, portability, as defined by size 
and weight, is key to its use from a practical perspective. 
Current handheld devices that are widely available interna-
tionally can be dichotomized into those requiring a separate 
output device, such as a tablet device or smartphone, and 
those that have a screen included.32 While the majority of 
devices on the market continues to use piezoelectric crystals, 
a device introduced in the market in 2018 uses capacitive 
micromachined ultrasound transducer technology, allowing 
for exams across all frequencies to be performed using a 
single probe, as opposed to the traditional crystal-based 
technology requiring multiple probes.33

Clinical applications and outcomes

While PHUS encompasses the full bandwidth of applica-
tions used in in-hospital settings, certain applications stand 
out as particularly meaningful. Trauma patients were an 
early focus of PHUS efforts, especially the FAST exam to 
evaluate for intraperitoneal free fluid and pericardial effu-
sion, and its extension, the eFAST exam, which adds a lung 
assessment component to evaluate for pneumothorax.34–36 
Echocardiography is another common application of PHUS, 
as it allows to assess for cardiac standstill during cardiac 
arrest resuscitation and can help identify pericardial and 
myocardial disease, such as tamponade, decreased left ven-
tricular ejection fraction, or right ventricular dysfunc-
tion.37–39 Ultrasound can be utilized for procedural guidance, 
for example, peripheral or central vascular access or confir-
mation of endotracheal tube placement.40 Rapid assessment 
protocols that combine different ultrasound exams to rap-
idly rule in or out life-threatening causes of hypotension or 
respiratory distress, such as the Rapid Ultrasound in SHock 
(RUSH) and Bilateral Lung Ultrasound in Emergency 
(BLUE) protocols and their modifications, are of particular 
interest for prehospital use.1,3,4 They are especially appeal-
ing for use in this environment, as current diagnostic meth-
ods are mostly limited to physical exam, pulse oximetry, 
and electrocardiogram. Therefore, prehospital care often 
leans toward a one-size-fits-all approach of combining 
treatments for multiple disease processes at once (e.g. acute 
exacerbations of congestive heart failure and chronic 
obstructive pulmonary disease), and these rapid assessment 
protocols may help tailor treatment toward the most likely 
disease process. However, a sustained effect on prehospital 
patient outcomes has not been shown yet. Applications such 
as fracture diagnosis, joint dislocations, and procedural 
guidance for joint reductions or ocular ultrasound are of 
limited practical value in the majority of urban EMS sys-
tems or those with short transport times, but they can play 
an additional role in EMS systems that face long transport 
times, in remote and austere environments, or where a “treat 
and release” approach is commonly practiced, for example, 
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to facilitate triage to a referral hospital or urgency of follow-
up.41–45 Many other applications have been described which 
can be of use in certain care environments or on a case-by-
case basis.10

Table 1 provides an overview of common PHUS exam 
types, indications, and clinical use examples.

Medical oversight and quality assurance

Skill retention is vital for successful application of prehospi-
tal ultrasound. Therefore, continuing education and quality 
assurance/improvement (QA/QI) play a critical role. There is 
no known literature focusing on skill retention in prehospital 
ultrasound, and skill retention in general is poorly reported 
in the literature as an outcome for feasibility. Individual stud-
ies show a trend toward adequate skill retention; however, 
methodology and robustness of data are limited.22,46–48

A common theme in prehospital emergency care is diffi-
culty to maintain proficiency with low-volume, high-risk 
procedures (e.g. endotracheal intubation, cricothyrotomy, 
and thoracostomy). While the risks of ultrasound are negligi-
ble compared to the abovementioned procedures, quality of 
initial education, frequency of use, continuing education, 
and a robust QA/QI program are key. The continuum between 
initial education and QA/QI is most prone to lapses in profi-
ciency, and thus continuing education must be provided as a 
preventive measure. Universal recommendations regarding 
continuing education requirements for prehospital ultra-
sound do not currently exist. ACEP recommends 10 hours of 

continuing medical education every 2 years for emergency 
physicians.25 However, this may not generalizable to the 
prehospital arena, most notably in the non-physician clini-
cian base, because of differences in initial education, extent 
of ultrasound knowledge base, and frequency of use. The 
Air Medical Physician Association’s position statement sug-
gests utilizing ACEP’s Ultrasound Imaging Criteria Com-
pendium to guide QA/QI program development.49 Clinicians 
should be able to obtain and capture images for review with 
appropriate documentation of relevant findings. Images 
should be reviewed by appropriately qualified experts, and 
feedback should be provided in a timely manner. Secure 
storage of QA/QI proceedings for later review and processes 
for communication with interested parties when missed or 
incidental findings are identified should be considered cru-
cial components.17,50

Feasibility and implementation concerns

Despite the excitement for and potential of prehospital 
ultrasound, some concerns exist. These include a lack of 
standardized educational requirements, the implementation 
of sustainable quality assurance systems (and the associ-
ated cost), and the impact of physician medical oversight.10. 
Several technological issues can limit feasibility and image 
acquisition, such as glare from the screen when used out-
side, battery life, or limited one-handed operation.1,51,52 
Finally, no systematic data exist on the impact that poten-
tial incorrect ultrasound diagnoses could have on patient 

Table 1. Ultrasound applications commonly used in prehospital emergency care.

Exam type Indications Examples of clinical use

Extended Focused Assessment with Sonography 
for Trauma (eFAST)

Multi-system trauma Evaluation for free intraperitoneal fluid or 
pneumothorax after blunt trauma with advanced 
notification of the receiving trauma center

Transthoracic echocardiography Respiratory distress, chest 
pain, and cardiac arrest

Termination of resuscitation in a patient with 
cardiac arrest and no cardiac motion identified 
after 20 mins of resuscitative efforts

Lung ultrasound / Bilateral Lung Ultrasound in 
Emergency (BLUE) protocol4

Respiratory distress Differentiation between pulmonary edema, 
suspected pulmonary infection, or pneumothorax 
in a patient with undifferentiated shortness of 
breath and a history of congestive heart failure 
and chronic obstructive pulmonary disease

Rapid Ultrasound in SHock (RUSH) protocol: 
evaluation of pericardium, left ventricular 
function, right ventricular size, inferior vena 
cava, lung ultrasound, evaluation of pleural and 
abdominal cavity, abdominal aorta ultrasound, 
proximal deep veins of the lower extremities2

Non-traumatic shock Ruling in pulmonary embolism in a patient 
with hypotension who is found to have right 
ventricular enlargement and a deep venous 
thrombosis

Airway Endotracheal intubation Confirmation of endotracheal tube placement 
after prehospital rapid sequence intubation

Vascular access Difficult vascular access 
with non-emergent need 
for intravenous fluids

Placement of an ultrasound-guided peripheral 
intravenous catheter

Musculoskeletal Suspected fracture or 
dislocation

Diagnosis of radius fracture in a wilderness 
medical environment
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outcomes and downstream care. Therefore, it is critically 
important that administrators, medical directors, and front-
line clinicians consider any potential unintended negative 
effects of PHUS use, such as distracting from the basic 
steps of resuscitation, other important prehospital interven-
tions, or avoidable prolongations of on-scene times in 
unstable patients.

Limitations of this review

As prehospital ultrasound is an emerging technology, the 
recommendations made in this article should be considered 
preliminary and must be applied within the appropriate local 
context. It is important to note that this topical review is not 
a systematic review either. In addition, EMS systems vary 
across different countries, legislatures, and medical care sys-
tems, and what works well for one EMS system and the 
patients that it serves may not be appropriate for a different 
EMS system.

Conclusion

PHUS has evolved from a niche technology to impending 
widespread adoption across EMS systems internationally. 
Recent technological advances and a growing evidence base 
support this trend; however, concerns regarding feasibility, 
education, and quality assurance must be addressed proac-
tively. Additional research is needed examining the impact 
on patient care of widespread prehospital ultrasound use out-
side of focused research projects. We recommend that EMS 
administrators and medical directors evaluate the available 
evidence within the context of their local EMS infrastructure 
and capabilities. Adoption of this technology requires a 
robust assessment of the investments needed in terms of 
finances, training, and quality assurance, along with consid-
eration of the local patient population, transport times, and 
the needs of receiving hospitals.

Author contributions

C.B.A. and D.C.R. contributed equally to this manuscript.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

 1. Becker TK, Martin-Gill C, Callaway CW, et al. Feasibility of 
paramedic performed prehospital lung ultrasound in medical 
patients with respiratory distress. Prehosp Emerg Care 2018; 
22(2): 175–179.

 2. Smallwood N and Dachsel M. Point-of-care ultrasound 
(POCUS): unnecessary gadgetry or evidence-based medicine? 
Clin Med (Lond) 2018; 18: 219–224.

 3. Perera P, Mailhot T, Riley D, et al. The RUSH exam: rapid 
ultrasound in SHock in the evaluation of the critically lll. 
Emerg Med Clin North Am 2010; 28(1): 29–56, vii.

 4. Lichtenstein DA and Mezière GA. Relevance of lung ultra-
sound in the diagnosis of acute respiratory failure: the BLUE 
protocol. Chest 2008; 134(1): 117–125.

 5. Feng M, McSparron JI, Kien DT, et al. Transthoracic echocar-
diography and mortality in sepsis: analysis of the MIMIC-III 
database. Intensive Care Med 2018; 44(6): 884–892.

 6. Becker TK, Tafoya CA, Osei-Ampofo M, et al. 
Cardiopulmonary ultrasound for critically ill adults improves 
diagnostic accuracy in a resource-limited setting: the AFRICA 
trial. Trop Med Int Health 2017; 22(12): 1599–1608

 7. Pontet J, Yic C, Diaz-Gomez JL, et al. Impact of an ultra-
sound-driven diagnostic protocol at early intensive-care stay: 
a randomized-controlled trial. Ultrasound J 2019; 11: 24.

 8. Mathews BK, Miller PE and Olson APJ. Point-of-care 
ultrasound improves shared diagnostic understand-
ing between patients and providers. South Med J 2018; 
111(7): 395–400.

 9. Christensen EF, Larsen TM, Jensen FB, et al. Diagnosis and 
mortality in prehospital emergency patients transported to 
hospital: a population-based and registry-based cohort study. 
BMJ Open 2016; 6: e011558.

 10. Ketelaars R, Reijnders G, van Geffen GJ, et al. ABCDE of pre-
hospital ultrasonography: a narrative review. Crit Ultrasound 
J 2018; 10: 17.

 11. Kendall JL, Hoffenberg SR and Smith RS. History of emer-
gency and critical care ultrasound: the evolution of a new 
imaging paradigm. Crit Care Med 2007; 35(5 Suppl.): 
S126–S130.

 12. Cohen HL and Moore WH. History of emergency ultrasound. 
J Ultrasound Med 2004; 23: 451–458.

 13. Michalke JA. An overview of emergency ultrasound in the 
United States. World J Emerg Med 2012; 3(2): 85–90.

 14. Buerger AM and Clark KR. Point-of-care ultrasound: a trend 
in health care. Radiol Technol 2017; 89(2): 127–138.

 15. Nelson BP and Chason K. Use of ultrasound by emergency 
medical services: a review. Int J Emerg Med 2008; 1(4): 253–
259.

 16. Becker DM, Tafoya CA, Becker SL, et al. The use of portable 
ultrasound devices in low- and middle-income countries: a 
systematic review of the literature. Trop Med Int Health 2016; 
21(3): 294–311.

 17. Air Medical Physician Association. Ultrasound in the air med-
ical environment. Air Med J 2018; 37(6): 351.

 18. Brooke M, Walton J and Scutt D. Paramedic application of 
ultrasound in the management of patients in the prehospital 
setting: a review of the literature. Emerg Med J 2010; 27(9): 
702–707.

 19. Lyon M, Walton P, Bhalla V, et al. Ultrasound detection of the 
sliding lung sign by prehospital critical care providers. Am J 
Emerg Med 2012; 30(3): 485–488.

 20. O’Dochartaigh D, Douma M and MacKenzie M. Five-year ret-
rospective review of physician and non-physician performed 
ultrasound in a Canadian critical care helicopter emergency 
medical service. Prehosp Emerg Care 2017; 21(1): 24–31.



6 SAGE Open Medicine

 21. Guy A, Bryson A, Wheeler S, et al. A blended prehospital 
ultrasound curriculum for critical care paramedics. Air Med J 
2019; 38(6): 426–430.

 22. Meadley B, Olaussen A, Delorenzo A, et al. Educational 
standards for training paramedics in ultrasound: a scoping 
review. BMC Emerg Med 2017; 17: 18.

 23. Quick JA, Uhlich RM, Ahmad S, et al. In-flight ultrasound 
identification of pneumothorax. Emerg Radiol 2016; 23(1): 
3–7.

 24. McCallum J, Vu E, Sweet D, et al. Assessment of paramedic 
ultrasound curricula: a systematic review. Air Med J 2015; 
34(6): 360–368.

 25. American College of Emergency Physicians. Ultrasound 
guidelines: emergency, point-of-care, and clinical ultrasound 
guidelines in medicine, https://www.acep.org/globalassets/
new-pdfs/policy-statements/ultrasound-guidelines—emer-
gency-point-of-care-and-clinical-ultrasound-guidelines-in-
medicine.pdf (2016, accessed December 30 2019).

 26. Knox S. International and unifying standards of pre-hospital 
care. Irish J Paramed 2016; 1: 1–4.

 27. Micheller D, Peterson WJ, Cover M, et al. Defining a theory-
driven ultrasound curriculum for prehospital providers. Air 
Med J 2019; 38(4): 285–288.

 28. Hanlin ER, Zelenak J, Barakat M, et al. Airway ultrasound for 
the confirmation of endotracheal tube placement in cadavers 
by military flight medic trainees—a pilot study. Am J Emerg 
Med 2018; 36(9): 1711–1714.

 29. Houzé-Cerfon CH, Bounes V, Guemon J, et al. Quality and 
feasibility of sonographic measurement of the optic nerve 
sheath diameter to estimate the risk of raised intracranial pres-
sure after traumatic brain injury in prehospital setting. Prehosp 
Emerg Care 2019; 23(2): 277–283.

 30. Marsh-Feiley G, Eadie L and Wilson P. Paramedic and phy-
sician perspectives on the potential use of remotely supported 
prehospital ultrasound. Rural Remote Health 2018; 18(3): 4574.

 31. Taylor J, McLaughlin K, McRae A, et al. Use of prehospital 
ultrasound in North America: a survey of emergency medical 
services medical directors. BMC Emerg Med 2014; 14: 6.

 32. Cardim N, Dalen H, Voigt JU, et al. The use of handheld 
ultrasound devices: a position statement of the European 
Association of Cardiovascular Imaging (2018 update). Eur 
Heart J Cardiovasc Imaging 2019; 20: 245–252.

 33. Liu J, Xu J, Forsberg F, et al. CMUT/CMOS-based Butterfly 
iQ—a portable personal sonoscope. Adv Ultrasound Diagn 
Ther 2019; 3: 115–118.

 34. Paydar S, Rouhezamin MR, Mousavi M, et al. On-scene echo-
cardiography and focused assessment with sonography for 
trauma (FAST), screening modalities to limit early prehospital 
thoracotomy, means to reduce the expenditure of resources. J 
Trauma 2011; 71(4): 1096.

 35. Savatmongkorngul S, Wongwaisayawan S and Kaewlai R. 
Focused assessment with sonography for trauma: current per-
spectives. Open Access Emerg Med 2017; 9: 57–62.

 36. El Zahran T and El Sayed MJ. Prehospital ultrasound in 
trauma: a review of current and potential future clinical appli-
cations. J Emerg Trauma Shock 2018; 11(1): 4–9.

 37. Scharonow M and Weilbach C. Prehospital point-of-care 
emergency ultrasound: a cohort study. Scand J Trauma Resusc 
Emerg Med 2018; 26: 49.

 38. Ketelaars R, Beekers C, Van Geffen GJ, et al. Prehospital 
echocardiography during resuscitation impacts treatment in 
a physician-staffed helicopter emergency medical service: 
an observational study. Prehosp Emerg Care 2018; 22(4): 
406–413.

 39. Rooney KP, Lahham S, Lahham S, et al. Pre-hospital assess-
ment with ultrasound in emergencies: implementation in the 
field. World J Emerg Med 2016; 7(2): 117–123.

 40. Osman A and Sum KM. Role of upper airway ultrasound in 
airway management. J Intensive Care 2016; 4: 52.

 41. Heiner JD and McArthur TJ. The ultrasound identification 
of simulated long bone fractures by prehospital providers. 
Wilderness Environ Med 2010; 21(2): 137–140.

 42. Betcher J, Becker TK, Stoyanoff P, et al. Military trainees can 
accurately measure optic nerve sheath diameter after a brief 
training session. Mil Med Res 2018; 5: 42.

 43. Costantino TG, Parikh AK, Satz WA, et al. Ultrasonography-
guided peripheral intravenous access versus traditional 
approaches in patients with difficult intravenous access. Ann 
Emerg Med 2005; 46(5): 456–461.

 44. Mazur SM, Pearce A, Alfred S, et al. Use of point-of-care 
ultrasound by a critical care retrieval team. Emerg Med 
Australas 2007; 19: 547–552.

 45. Gottlieb M, Holladay D and Peksa GD. Point-of-care ultra-
sound for the diagnosis of shoulder dislocation: a systematic 
review and meta-analysis. Am J Emerg Med 2019; 37(4): 
757–761.

 46. Tafoya CA, Tafoya MJ, Osei-Ampofo M, et al. Sustainable 
resuscitation ultrasound education in a low-resource envi-
ronment: the Kumasi experience. J Emerg Med 2017; 52(5): 
723–730.

 47. Steinmetz P, Oleskevich S and Lewis J. Acquisition and long-
term retention of bedside ultrasound skills in first-year medi-
cal students. J Ultrasound Med 2016; 35(9): 1967–1975.

 48. Nourkami-Tutdibi N, Tutdibi E, Schmidt S, et al. Long-term 
knowledge retention after peer-assisted abdominal ultrasound 
teaching: is PAL a successful model for achieving knowledge 
retention? Ultraschall Med 2019; 41(1): 36–43.

 49. American College of Emergency Physicians. Emergency 
ultrasound imaging criteria compendium. American 
College of Emergency Physicians. Ann Emerg Med 2006; 
48: 487–510.

 50. Tayal VS, Blaivas M and Foster TR. Ultrasound program 
management: a comprehensive resource for administrating 
point-of-care, emergency, and clinical ultrasound. Cham: 
Springer, 2018.

 51. Hoyer HX, Vogl S, Schiemann U, et al. Prehospital ultrasound 
in emergency medicine: incidence, feasibility, indications and 
diagnoses. Eur J Emerg Med 2010; 17(5): 254–259.

 52. Charron C, Templier F, Goddet NS, et al. Difficulties encoun-
tered by physicians in interpreting focused echocardiography 
using a pocket ultrasound machine in prehospital emergencies. 
Eur J Emerg Med 2015; 22(1): 17–22.

https://www.acep.org/globalassets/new-pdfs/policy-statements/ultrasound-guidelines�emergency-point-of-care-and-clinical-ultrasound-guidelines-in-medicine.pdf
https://www.acep.org/globalassets/new-pdfs/policy-statements/ultrasound-guidelines�emergency-point-of-care-and-clinical-ultrasound-guidelines-in-medicine.pdf
https://www.acep.org/globalassets/new-pdfs/policy-statements/ultrasound-guidelines�emergency-point-of-care-and-clinical-ultrasound-guidelines-in-medicine.pdf
https://www.acep.org/globalassets/new-pdfs/policy-statements/ultrasound-guidelines�emergency-point-of-care-and-clinical-ultrasound-guidelines-in-medicine.pdf



