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ABSTRACT

Objective: The active use of ultrasound has become widespread in the pre-hospital setting for the last two
decades. Because of its convenience, portability, and lack of radiation, ultrasound is extremely useful in the
diagnosis of life-threatening conditions in trauma patients in the prehospital setting. For trauma patients, an
ultrasound protocol, called Prehospital Focused Abdominal Sonography for Trauma, has been developed.
The effective use of this protocol by paramedics has become the center of various studies in the literature.
The purpose of this study is to determine whether paramedics can use an ultrasound device to successfully
acquire the images of the Prehospital Focused Abdominal Sonography for Trauma protocol on a live model.

Material and Methods: The initial application of theoretical and practical training on the Prehospital Fo-
cused Abdominal Sonography for Trauma protocol for paramedics was followed by a practical examination
performed on live models. Thirty-eight paramedics working in land ambulances of 112 Emergency Health
Services in Sivas were given 16 hours of theoretical and practical training on the P-FAST protocol. In practical
training, images of the P-FAST protocol were acquired by a portable ultrasonic device with convex and linear
probes on healthy live models. At the end of the training, the paramedics were given a practical exam on the
live model with a portable ultrasound device.

Results: All participants (38) were able to acquire all five images, but some were not at the desired angles or
at the appropriate gain and depth. The number of paramedics who achieved complete success in the study
was 26 (68.4%).

Conclusion: Following the two-day training, 68.4 % of the participants correctly acquired and assessed the
images.
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Hastane Oncesi Alanda Calisan Paramediklerin Ultrasonografi Uygulayabilme

Becerilerinin Degerlendirilmesi

Girig: Ultrasonun aktif kullanimi son yirmi yildir hastane 6ncesi alanda yayginlasmistir. Ultrason, hastane 6n-
cesi alanda kullanim kolayligi, tasinabilirligi ve radyasyon icermemesi nedeniyle travma hastalarinin hayati
tehdit eden durumlarinin tanisinda oldukca pratiktir. Travma hastalari icin Hastane Oncesi Travma Odakli Ba-
tin Sonografisi adi verilen bir ultrason protokoli gelistirilmistir. Bu protokoliin paramedikler tarafindan etkin
kullanimi literatuirde cesitli calismalarin merkezi haline gelmistir. Bu ¢alisma, paramediklerin ultrason cihazini
kullanip kullanamayacaklarini ve Hastane Oncesi Travma icin Batin Sonografisi protokoliniin gériintilerini
canli bir model tizerinde basaril bir sekilde elde edip edemediklerini arastirmay amaglamaktadir.

Gereg ve Yontemler: Paramedikleri hedef alan Hastane Oncesi Travma Odakli Batin Sonografisi protokoliine
iliskin teorik ve pratik egitimini, canli modeller Gizerinde uygulamali bir inceleme izleyecektir. Sivas'ta 112 Acil
Saglik Hizmetleri'nde kara ambulanslarinda gérev yapan 38 paramedige Hastane Oncesi Travma Odakli Batin
Sonografisi protokolii icin 16 saat teorik ve uygulamali egitim verildi. Pratik egitimde, Hastane Oncesi Travma
Odakli Batin Sonografisi protokoltintin gérintuleri, saglikl canl modeller Gzerinde konveks ve lineer problara
sahip tasinabilir ultrasonik cihaz ile elde edildi. Egitim sonunda saglik gorevlilerine tasinabilir ultrason cihazi
ile canli model tizerinde uygulamali bir sinav yapildi.

Bulgular: Tim katilimcilar (38) bes goriintiintin timiini elde edebildi, ancak bazilar istenen agilarda veya
uygun kazang ve derinlikte degildi. Calismada tam basari elde eden saglik goérevlisi sayisi 26 (%68.4) idi.

Sonug: ki giinliik egitimin ardindan, katiimcilarin %68.4'G gériintileri dogru bir sekilde elde etti ve deger-
lendirdi.

Anahtar Kelimeler: Hastane 6ncesi, travma, ultrasonografi
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INTRODUCTION

Ultrasonographic imaging is widely used in emergency
departments, especially in the diagnosis and follow-up of
trauma patients (1). With the development of ultrasound
devices in parallel with ever-developing technology, ultra-
sound has been commonly used in the pre-hospital setting
for the last 20 years in the US and some European coun-
tries (2). There are many studies in the literature that have
demonstrated the feasibility and usefulness of ultrasonog-
raphy in the pre-hospital setting (2,3). Ultrasound, as an
imaging method, aids in the detection and management of
life-threatening conditions in pre-hospital trauma patients
who require quick decision-making thanks to its ease of use,
lack of radiation, and portability (4). There are studies in the
literature showing that paramedics, and emergency medical
service (EMS) providers, can successfully use ultrasound in
the pre-hospital setting (4-7). After blunt and penetrating
traumas, the pre-hospital focused abdominal sonography
for trauma (P-FAST) protocol can detect life-threatening
pathologies such as hemopericardium, hemoperitoneum,
hemothorax, and/or pneumothorax early and help transfer
patients to the appropriate treatment center. Furthermore,
the addition of ultrasound imaging to disaster circulation in
events such as natural disasters or mass accidents improves
triage accuracy (8). This saves time for critical situations in
the pre-hospital setting and results in better patient survival
3).

MATERIALS and METHODS

In this prospective, educational, single-centered study,
the ability of paramedics working in land ambulances in 112
emergency health services in Sivas province with no previ-
ous ultrasound experience to perform P-FAST was investi-
gated after the module training consisting of eight hours of
theoretical and eight hours of practical lessons.

The inclusion criteria for the study are as follows:

1. Working in the pre-hospital setting (112 Emergency
Health Services) and being a volunteer.

2. Having at least 1 year of professional experience.

3. Completion of the training modules of the Ministry
of Health (basic life support, advanced cardiac life
support, pediatric advanced life support, and trau-
ma life support).

4. Having no formal previous ultrasound experience
and knowledge (no prior ultrasonography experi-
ence, no formal education, no informal training).

A total of 38 paramedics were included in the study. Vol-
unteering participants were given eight hours of ultrasound

training per day, four hours of theory, and four hours of prac-
tice, in total, 16 hours in two days. The training was given
by two emergency medicine specialists and one radiology
specialist, who are ultrasound instructors. Module training
was carried out in line with the learning objectives present-
edinTable 1. In theoretical training, the basic anatomy of the
abdomen, heart, and lungs, ultrasonography physics and
working principles of an ultrasound device, probe selection,
and probe placement, basic image acquisition techniques,
basic image interpretation, and P-FAST protocol (Figure 1),
which is specifically used in the ultrasonographic evaluation
of trauma patients, were explained. Along with the normal
FAST images, pathological (pericardial effusion, hemoperi-
cardium, hemoperitoneum, and pneumothorax) images
were also shown in video presentations. Theoretical lectures
were given collectively to all participants in a classroom en-
vironment.

In practical training (hands-on training), it was demon-
strated how to acquire images of the P-FAST protocol by
Philips LumifyTM portable ultrasonic device with convex and
linear probes on healthy live models. Before the practical
session, the ultrasound device, its technical features, and
frequently used functions (gain, depth, freeze, calculation,
doppler, etc.) were shown. Probe orientation and methods
of acquiring quality images were explained. After the images
of the P-FAST protocol (Hepatorenal, Subxiphoid, Splenore-
nal, Suprapubic, and Lungs) were acquired by the trainers
with optimum quality, each trainee practiced the acquisition
of these images (Figure 2). In practical training, paramedics
were divided into eight groups of five and four (six groups
of five, two groups of four). The instructor/student ratio was
1/5 and 1/4.

Assessment and Evaluation

At the end of the module training, the participants were
given a test in accordance with the psychomotor learning
objectives under the supervision of an instructor. For this
test, a live model and a portable USG device were used. The
participants were asked to choose the right probe, position
it in the right place, acquire the optimum image, use the ap-
propriate gain and depth settings, scan in both planes in the
acquired images, and define the existing anatomical organs
and neighboring structures in the images they obtained.
Each image was scored separately in three categories:

1. The image was not acquired.
2. Theimage was acquired but not sufficient.

3. The image was acquired appropriately and the
neighboring anatomy was described.
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Table 1. Learning objectives of module training

Cognitive domain

Working principles of ultrasound device
Features of probes

Basic probe areas, positions and movements

Basic anatomy

Affective domain

Raising awareness about field (disaster)

triage with portable ultrasound device

Raising awareness about the transfer of
patients to the appropriate hospital with a

portable ultrasound device

Raising awareness on the possibility of

early treatment with a portable ultrasound

Psychomotor (skill) domain
Ability to select the appropriate probe
Developing probe orientation
Ability to make basic ultrasound settings
(appropriate gain and depth settings)

Being able to acquire an ideal image on
the live model with the appropriate probe

1.  Abdomen
2.  Heart
3. Lungs

Images of normal anatomical structures on

ultrasound image. P-FAST protocol

1. Hepatorenal area normal image

2. Normal pericardial image of subxiphoid
area

3. Normalimage of the splenorenal area

4. Normal image of the suprapubic area

5. Thorax normal pleural sliding motion

Images of pathological conditions in the ultra-

sound image. P-FAST protocol, (pericardial ef-

fusion, hemopericardium, hemoperitoneum

and pneumothorax)

1. Pathological fluid image in the hepato-
renal area

2. Pericardial pathological fluid image in
subxiphoid screening

3. Pathological fluid image in the splenore-
nal area

4.  Pathological fluid image in the suprapu-
bic area

5. Pneumothorax image in the thorax

device

location and angle

Being able to tell normal anatomical struc-
tures in the acquired image

Participants who were able to acquire the correct and
appropriate image in all areas and interpret the neighboring
structures were deemed successful (assessment and evalua-
tion category 3).

For this study, approval (number 2020-01/08) was ob-
tained from the Ethics Committee of Sivas Cumhuriyet Uni-
versity.

RESULTS

Each participant was asked to acquire the correct images
of the five regions described in the P-FAST protocol. All par-
ticipants (38) were able to acquire all five images, but some
were not at the desired angle or the appropriate gain and
depth. Participants who acquired and interpreted the opti-
mum images in all five body areas correctly by scanning at

appropriate angles received full points and were deemed to
have achieved complete success (measurement and evalua-
tion category 3). The number of paramedics who achieved
complete success in the study was 26 (68.4%). The rates
of successful acquisition of the Hepatorenal, Splenorenal,
and Suprapubic images by the participants were the same
(89.5%). The subxiphoid image was the one acquired with
the lowest success rate (71.1%) (Table 2).

DISCUSSION

This study revealed that after a two-day module train-
ing program of eight hours of theoretical and eight hours of
practical training, paramedics could use the ultrasound de-
vice and successfully acquire images of the P-FAST protocol
on a live model, despite their lack of ultrasound experience in
their educational and professional backgrounds.
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Hepatorenal (Morrison) === Choose convex probe

Hold the indicator
longitudinally, pointing to
the patient's head

place probe right mid-
axiller line, at intercostal
space 8-11

then place the probe

Splenorenal =) Choose convex probe

Hold the indicator
longitudinally, pointing

place probe posterior
axiller line, at intercostal
space 6-9

to the patient's head

then place the probe

transversely in the same

transversely in the same
Yes

Yes
area
Probably intrabdominal
bleeding
Identify hepatorenal line, Is there free fluid
liver and right kidney (anechoic space) ? No

can not exclude
intraabdominal bleeding

area
Probably intrabdominal
bleeding
Identify splenorenal line, Is there free fluid
spleen and left kidney (anechoic space) ? o

can not exclude
intraabdominal bleeding

Subxiphoid = Chose convex probe

point the probe slightly
towards the left
shoulder, pointing to the
heart

Place probe inferior to
Xiphoid process with
indicator to patient's

right

imaging in the

transverse plane only

Yes
Is there cardiac motion ?

Identify the heart with Pericardial effusion

the four chambers and
pericardial line

Is there free fluid between
the heart and the
pericardial line ?

No

No pericardial effusion

Suprapubic == Chose convex probe

hold the probe
transversely with the
indicator pointing to the
patient's right. Then hold
the probe longitudinally

with the indicator

Place probe suprapubic
p PEap) pointing to the patient's

area

head

point the probe direction
down and inward to

point to the bladder Yes
Probably intrabdominal
bleeding
. Is there free fluid
Identify the bladder perivezicale (Douglas)?
No

can not exclude
intraabdominal bleeding

Lung (Pleural Line) e  Choose lineer probe

screen multiple intercostal

Place probe with indicator spaces on both hemithorax
towards head at second
intercostal space a mid-

claviculer line (longitudinal)

do not try to get images in
the transverse plane

Yes

Identify two ribs shadows No pneumothorax

and pleural line between | Is there lung sliding or

these ribs comet tail artifact ?

No

Pneumothorax

Figure 1. Body regions and anatomical structures imaged in the P-FAST protocol. Probe selection and probe position suitable for the imaging
areas.

There are several studies on the use of ultrasound equip-
ment by non-physician healthcare professionals. Many aca-
demic investigations on the use of pre-hospital ultrasonog-
raphy have found that ambulance workers may readily and
successfully utilize this equipment following a brief training
period. A study of 50 team leaders at the Siena Ambulance
Service in Italy found that even a brief training of eight hours
of academic and practical training yielded positive outcomes

(82%) (9). In a study conducted in the United States, it was
determined that 20 paramedics working in integrated emer-
gency departments who had not previously received any
ultrasound training were able to recognize pneumothorax,
pericardial effusion, and cardiac arrest after completing the
pre-hospital assessment with ultrasound for emergencies
(PAUSE) protocol training (two hours). Furthermore, it has
been reported that the PAUSE procedure may be effective in
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Figure 2. Photographs and ultrasound images of the body regions imaged for P-FAST on the live model.

identifying some life-threatening conditions in the pre-hos-
pital setting (10).

In a multicenter study conducted in the United States, 93
advanced life support (ALS) providers received six hours of
training on the FAST examination and evaluation of the ab-
dominal aorta via an ultrasound training curriculum, which
included theoretical lectures, hands-on scanning experience,
and observed structured clinical encounter (OSCE) scenarios.

It has been shown that providers’image recognition abilities
increased considerably following the training procedure (11).

The focused assessment with sonography for trauma
(FAST) technique has been demonstrated to be a useful
method for detecting hemoperitoneum in the emergency
room (5). Pre-hospital imaging techniques aid in the evalua-
tion and management of time-sensitive emergencies. Ultra-
sound is the primary modality used by EMS professionals in
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Table 2. Successful acquisition rates of P-FAST images

Number of People Succesfully Acquired

P-FAST Images
Hepatorenal
Splenorenal
Suprapubic
Subxiphoid
Lung

Fast Full

The Images n=38

34
34
34
27
32
26

Percentage (%)
89.5
89.5
89.5
71.1
84.2
68.4

the field. The use of emergency ultrasonography has been
linked to improved results (3).

In a study by Unliier et al. in Tiirkiye, it was shown that
paramedics working in the hospital emergency departments
can perform FAST with high diagnostic accuracy (sensitivity
84.62%, specificity 97.37%) in the first examination of trauma
patients upon admission to the emergency service. In a study
of the accuracy of pre-hospital focused assessment with so-
nography for trauma (P-FAST) performed by paramedics on
trauma patients admitted to the ED, it was discovered that
paramedics working in hospital EDs perform FAST with high
accuracy (12).

CONCLUSION

Our study showed that paramedics working in ambulanc-
es were able to acquire the ultrasound images of the P-FAST
protocol on a live model with a 68.4% success rate (mea-
surement and evaluation category 3) and could identify the
neighboring anatomy after a two-day module of pre-hospi-
tal training.

Technological developments that transform ultrasound
into user-friendly handheld devices and the decrease in device
costs have increased the number of ultrasound applications in
trauma management in out-of-hospital settings (13). The use
of portable ultrasound in the pre-hospital setting is becoming
widespread, with the use of physicians and non-physicians
performing diagnostic and therapeutic procedures in various
EMS systems in Europe and the United States (14-16).

In EMS systems with local trauma care and pre-hospital
triage guidelines, the earliest possible detection of intra-ab-
dominal free fluid, tamponade, or pneumothorax in patients
having penetrating thoracic injury, pericardial effusion, or
blunt trauma can greatly assist providers’ transport method
and enable appropriate center selection (17).

The results obtained in this study suggest that after pro-
viding the necessary technical infrastructure for the use of
pre-hospital ultrasound in Turkiye, paramedics can perform

pre-hospital ultrasound following pre-service and in-service
training programs targeting EMS providers.

Limitations of the Study

Our study is not a diagnostic study as it was not conduct-
ed on real patients but rather on healthy individuals as live
models. In the present study, the practices were performed
using bedside USG devices. To more realistically reveal the
impact of ultrasound use in the pre-hospital setting on pa-
tient care, an ultrasound device that can be used in the field
and the ambulance is required.

Ethics Committee Approval: This study was approved by the Sivas
Republic University Non-Invasive Clinical Research Ethics Committee
(Decision Number: 2020-01/08, Date: 15.01.2020)

Author Contributions: Concept/Design: BG; Analysis/Interpretation:
BG, EG; Data Acquisition: BG, EG, SC; Writing: BG; Critical Revision: EG, $SG;
Final Approval: BG.

Conflict of Interest: There are no conflicts of interest in connection with
this paper, and the material described is not under publication or con-
sideration for publication elsewhere. This research received no specific
grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Financial Disclosure: The authors declared that this study has received
no financial support.

REFERENCES

1. Fowler JR. A history of point-of-care ultrasound in emergency
medicine. Tirkiye Klin Emerg Med-Spec Top 2018:1-4.

2. Heegaard W, Walcher F, Brenner F, dell'Orto M, Kirschning T, Marzi
|, et al. Ultrasound in prehospital and austere environments. In: Ma
O, Mateer J, Reardon R, Joing SA, eds. Ma and Mateer’s Emergency
Ultrasound. 3rd ed. New York: McGraw-Hill Education; 2014:47-
60.

3. Ketelaars R, Reiinders G, van Geffen GJ, Scheffer GJ, Hoogerwerf
N. ABCDE of prehospital ultrasonography: A narrative review. Crit
Ultrasound J 2018;10:17. https.//doi.org/10.1186/513089-018-0099-y

| 56 |


https://doi.org/10.1186/s13089-018-0099-y

Gulunay B, et al.

Jorgensen H, Jensen CH, Dirks J. Does prehospital ultrasound
improve treatment of the trauma patient? A systematic review.
Eur J Emerg Med 2010;17:249-53. https.//doi.org/10.1097/
MEJ.0b013e328336adce

Walcher f, Weinlich M, Conrad G, Schweigkofler U, Breitkreutz
R, Kirschning T, et al. Prehospital ultrasound imaging improves
management of abdominal trauma. Br J Surg 2006,93:238-42.
https.//doi.org/10.1002/bjs.5213

Press GM, Miller SK, Hassan IA, Blankenship R, del Junco D, Camp E,
et al. Evaluation of a training curriculum for prehospital trauma
ultrasound. J Emerg Med 2013;45:856-64. https.//doi.org/10.1016/].
Jjemermed.2013.05.001

Rooney KR Lahham S, Lahham S, Anderson CL, Bledsoe B, Sloane
B, et al. Pre-hospital assessment with ultrasound in emergencies:
Implementation in the field. World J Emerg Med 2016,7:117. https.//
doi.org/10.5847/wjem.).1920-8642.2016.02.006

Stawicki SR Howard JM, Pryor JR, Bahner DR, Whitmill ML, Dean AJ.
Portable ultrasonography in mass casualty incidents: The CAVEAT
examination. World J Orthop 2010;1:10-9. https.//doi.org/10.5312/
wjov1.il.10

Mura D, Montomoli M, Masellis D, Delogu P Implementation
of prehospital emergency ultrasound: The Sassari Prehospital
Emergency Ultrasound Project. Crit Ultrasound J 2014,6:A4. https.//
doi.org/10.1186/2036-7902-6-S2-A4

Chin EJ, Chan CH, Mortazavi R, Anderson CL, Kahn CA, Summers S, et
al. A pilot study examining the viability of a prehospital assessment
with ultrasound for emergencies (PAUSE) protocol. J Emerg Med
2013;44:142-9. https.//doi.org/10.1016/jjemermed.2012.02.032

Price D, Wilson S, Murphy T. Trauma ultrasound feasibility during
helicopter transport. Air Med J 2000;19:144-6. https.//doi.org/10.1016/
S1067-991X(00)90008-7

Unlier EE, Yavasi O, Kara PH, Kilig TY, Vandenberk N, Kayayurt K,
Kiyancicek S, et al. Paramedic-performed focused assessment with
sonography in trauma (FAST) in the emergency department. Turkish
J Trauma Emerg Surg 2011;17:113-6. https//doi.org/10.5505/
tjtes.2011.88557

Nelson BP. Sanghvi A. Out of hospital point of care ultrasound:
Current use models and future directions. Eur J Trauma Emerg Surg
2016,42:139-50. https.//doi.org/10.1007/500068-015-0494-z

Byhahn C, Bingold TM, Zwissler B, Maier M, Walcher F. Prehospital
ultrasound detects pericardial tamponade in a pregnant victim
of stabbing assault. Resuscitation 2008;76:146-8. https.//doi.
org/10.1016/j.resuscitation.2007.07.020

Noble VE, Lamhaut L, Capp R, Bosson N, Liteplo A, Marx JS, et al.
Evaluation of a thoracic ultrasound training module for the detection
of pneumothorax and pulmonary edema by prehospital physician
care providers. BMC Med Educ 2009;9:3. https.//doi.org/10.1186/1472-
6920-9-3

Nelson BR Chason K. Use of ultrasound by emergency medical services:
A review. Int J Emerg Med 2008;1:253-9. https.//doi.org/10.1007/
$12245-008-0075-6

Sasser SM, Hunt RC, Faul M, Sugerman D, Pearson WS, Dulski T, et al.
Guidelines for field triage of injured patients: Recommendations of
the National Expert Panel on field triage. Pediatrics 2009;123:1252.
https.//doi.org/10.1542/peds.2009-0257


https://doi.org/10.1097/MEJ.0b013e328336adce
https://doi.org/10.1097/MEJ.0b013e328336adce
https://doi.org/10.1002/bjs.5213
https://doi.org/10.1016/j.jemermed.2013.05.001
https://doi.org/10.1016/j.jemermed.2013.05.001
https://doi.org/10.5847/wjem.j.1920-8642.2016.02.006
https://doi.org/10.5847/wjem.j.1920-8642.2016.02.006
https://doi.org/10.5312/wjo.v1.i1.10
https://doi.org/10.5312/wjo.v1.i1.10
https://doi.org/10.1186/2036-7902-6-S2-A4
https://doi.org/10.1186/2036-7902-6-S2-A4
https://doi.org/10.1016/j.jemermed.2012.02.032
https://doi.org/10.1016/S1067-991X(00)90008-7
https://doi.org/10.1016/S1067-991X(00)90008-7
https://doi.org/10.5505/tjtes.2011.88557
https://doi.org/10.5505/tjtes.2011.88557
https://doi.org/10.1007/s00068-015-0494-z
https://doi.org/10.1016/j.resuscitation.2007.07.020
https://doi.org/10.1016/j.resuscitation.2007.07.020
https://doi.org/10.1186/1472-6920-9-3
https://doi.org/10.1186/1472-6920-9-3
https://doi.org/10.1007/s12245-008-0075-6
https://doi.org/10.1007/s12245-008-0075-6
https://doi.org/10.1542/peds.2009-0257

