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Abstract

Background Bedside ultrasound plays an important role in diagnostics and monitoring, especially in emergency
medicine. Modern technology makes ultrasound available in a mobile and portable form, so it can be used even

in prehospital emergency care with several interventional and diagnostic applications. This also raises the question

of what kind of education and training is necessary for EMS (emergency medical services) physicians to be able to use
Point-of-Care Ultrasound (POCUS) in the prehospital setting.

Aims This observational study investigates the use of prehospital POCUS in a rural EMS area. It focuses the question
of what level of competence is needed for EMS physicians to use POCUS adequately in the prehospital emergency
setting for correct application and interpretation of the findings.

Method This was a quality assurance measure designed as a prospective cohort study. We investigated POCUS
examinations performed by EMS physicians in the EMS Service Area of Nuremberg City, Germany between June 2021
and July 2022. Patients transported to three specific hospitals in Nuremberg city after care were followed up and the
prehospital findings were compared with the in-hospital radiological results. The number of correct findings was cor-
related with the level of competence in POCUS examinations of the performing EMS physicians. Various classifications
of competence were used to assess the influence of training and education on the safe application of prehospital
POCUS.

Results Two hundred fifty-eight prehospital POCUS examinations were documented, with 108 followed up, includ-
ing 268 sonographic findings. There was a wide range of indications for POCUS use. In 79.5% of cases the prehospital
findings correspond with those in-hospital. By correlating the correct findings with the participants level of compe-
tence, there was no significant difference between POCUS-experienced and -inexperienced EMS physicians, even
when divided into different categories.

Conclusion POCUS can be used in prehospital emergency care for a wide range of indications safely, with a high

number of correct diagnoses and findings. Our results suggest that emergency POCUS is easy to learn and EMS physi-
cians do not need intensive training to perform POCUS adequately in the prehospital setting.
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— Mobile ultrasound appears to be useful in the prehospital setting
— It can be used by EMS physicians even without extensive prior experience and expertise
- POCUS is able to find important findings for prehospital patient’s care with a high level of certainty
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Introduction

Bedside ultrasound is an integral part of modern patient
care and plays an important role in diagnosing and moni-
toring various diseases and traumatic injuries. In emer-
gency medicine in particular it is essential to respond
quickly to identify the patient’s acute problem for optimal
care. Using bedside targeted ultrasound examinations
(POCUS - Point-of-Care Ultrasound) is a crucial compo-
nent of clinical diagnostics.

The continuous development of technology of mobile
ultrasound devices enables their use in prehospital care
as well. More than 10 years ago, prehospital POCUS
was cited as one of the top five research topics in emer-
gency medicine [1]. Since then, ultrasound diagnostic in
prehospital emergency medicine has been increasingly
mentioned, discussed and a variety of research on differ-
ent aspects of its use has been published. A large num-
ber of publications addressed the implementation and
use of ultrasound in the prehospital setting, not only for
diagnostic purposes but also for assisting interventional
procedures, such as vascular access [2—7]. One particu-
lar focus of interest is the need for education and train-
ing [8—10]. Across this research, participants typically
received intensive training in prehospital POCUS exami-
nations, either at the beginning or repeatedly during data
collection. The question of what is necessary to gain com-
petence in POCUS examination has been analyzed, and
different concepts and training courses have been pub-
lished. One of these, named pPOCUS (prehospital Point-
of-Care Ultrasound), is currently published as a training
concept for EMS physicians in Germany [11].

Despite a series of reported experiences, the organiza-
tion and intensity of training required to enable the use
of emergency ultrasound in patient care remains an open
question. Some publications name a certain number (e.g.
50-100) of examinations to be performed during training
[12]. However, in addition to the question of acquiring
skills, there is also the question of how to maintain these
skills over time. A large part of EMS physicians in Ger-
many do not necessarily perform emergency ultrasound
examinations regularly during their work in-hospital. The
mere availability of mobile ultrasound in the prehospital
setting does not necessarily ensure that sufficient conclu-
sions can be obtained from the investigation.

As the use of POCUS is not yet part of EMS physi-
cians medical training programs and considering the
wide spectrum of physicians working in emergency
medicine in Germany, it seems important to know how
POCUS competence can be achieved and sustained over
time, especially regarding the fact that mobile ultrasound
devices are rolled out extensively.

This prospective observational study investigated the
implementation of POCUS examinations in prehospital
emergency care with regard to the question about what
expertise and training EMS physicians need for appropri-
ate utilization.

Methods

This study was a quality assurance measure designed as
an observational prospective clinical trial. It adhered to
the principles outlined in the Declaration of Helsinki, and
its conduct was reviewed and approved by the institu-
tional review board of PMU - Paracelsus Medical Uni-
versity, Nuremberg, Germany (IRB-2021-036).

In May 2021, the four EMS physician ambulance cars of
the Nuremberg City Ambulance Services were equipped
with mobile ultrasound devices (GE Vscan Extend, GE
Healthcare). Between June 2021 and July 2022, prehospital
POCUS examinations performed by EMS physicians were
recorded on a documentation form (Fig. 1) for prospec-
tive exploratory data collection. All patients who under-
went ultrasound examination and were transported to one
of the three sites of Nuremberg City Hospital—Campus
South (Level III care), Campus North (Level II care) and
Hospital Lauf/Pegnitz (Level I care)—for further treatment
were followed up regarding the radiological and sono-
graphic findings obtained there. If a patient was left on site
after emergency care or transported to another Nurem-
berg hospital, data were not available and not followed up.

Ultrasound diagnostics in prehospital emergency care
The indication for performing POCUS on site was left to
the attending EMS physician. There was no randomization
or blinding. In addition, we asked the indication for POCUS
use on scene and the time spent on the patient’s investiga-
tion (less than 3 min, 3—-5 min or more than 5 min).

Table 1 shows the overview of type and characteristics
of prehospital POCUS findings on the documentation
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Date:
St 00000
Physician ID:
Patient’s age:
Target hosp
Om of Od
Duration of examination: O <3min O3-5min O >5min
POCUS indication: O Trauma O CPR O Dyspnea O Chest pain O Shock O Acute Abdomen
Else:
Heart: O not examined
LV-EF: O normal O slighty O moderate O highly reduced
Right heart strain: O no O moderate O heavy
Wall motion:
Valves:
Pericardial effusion: Oyes Ono hemodynamically relevant: Oyes Ono
Thoracic aorta: O normal O extended (>4cm) O Dissection O not examined
Volume status Vena cava inf: O normal O collapsed O extended (>2cm) O not examined
Else:
Lungs: O not examined Abd O not examined
Unsuspicious ORi OLe Free fluid?
Pn h ORI OL ORI OLe
]
eumothorax i e O Lower belly
B-Lines moderate ORi OLe
Abdominal aorta:
B-Lines multiple ORi OLe
O normal
Pleural effusion ORI OLe O extended (>4cm)
O Dissection

Else:

Fig. 1 Documentation form used for documenting POCUS findings

form, which was created by the research group and dis-
played on each rescue station on paper (Fig. 1).

POCUS competence of participating EMS physicians

To compare the different levels of competence in emer-
gency POCUS examinations, a scoring system was
developed to categorize the participating emergency
physicians. This scoring was based on the consensus of
five independent experts in emergency medicine. None
was involved in data collection or implementation of this
study. The following aspects were included:

1) Frequency of use of ultrasound in daily clinical
practice:

Less than 1/month - 1/month - several times/month -
1/week - several times/week - daily use - several
times/day

II) Proportion of emergency POCUS examinations
(estimated)

0% - 1-25% - 26—50% - 51-75% - 76—100%

III) Number of attended POCUS courses and training
concepts (such as FAST, FATE, FEEL, RUSH...) O -
1/2->2

Based on this categorization, a total of three different
classifications of participants were made according to
their ultrasound competence (Table 2).
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Table 1 The three different categorizations of competence in emergency POCUS examinations
I) Frequency of II) Proportion of III) number of
use emergency POCUS training courses
Two categories: Low - High
Low2 several times/
month or less 0-50% none or 1
High2 at least 1/week >50% at least 2
Three categories: Low - Medium - High
Low 3 1/month or less 1-25% none or 1
Medium 3 1/month - 1/week >25% at least 2
High 3 more than 1/week >25% at least 2
Two categories: No - Use
No no or <1/month no none or 1
Use >1/month at least 25% at least 2
Table 2 Epidemiological data of EMS physicians that took followed up examinations
age (y) <35 35-40 40-50 50-60 >60 not named
n=32 9.4% (n=3) 31.3% (n=10) 31.3% (n=10) 6.2% (n=2) 6.2% (n=2) 15.6% (n=5)
sex male female divers not named
n=32 87.5% (n=28) 12.5% (n=4) 0 -
specialty anesthesiology | internal medicine | general practioner not named

n=32 43.8% (n=14) 34.4% (n=11)

All prehospital ultrasound findings were compared
with regard to the radiological findings obtained in-hos-
pital (ultrasound examination, X-ray or CT scan during
emergency room treatment). It was documented whether
the in-hospital findings corresponded with those from
prehospital assessments and whether these were there-
fore correctly recorded during the prehospital POCUS
examination.

Statistical methods
Data was checked for consistency. Fisher’s Exact test or
Pearson’s Chi-Squared test were used to analyze cross

6.2% (n=2)

15.6% (n=5)

tabulations. All reported tests were two-sided, and
p-values <0.05 were considered statistically significant.
All statistical analyses in this report were performed by
use of STATISTICA 13 (Hill, T. & Lewicki, P. Statistics:
Methods and Applications. StatSoft, Tulsa, OK).

Results

Cohort

A total of 32 EMS physicians participated in data collec-
tion. The physician’s epidemiological data is shown in
Table 2.
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@ Trauma 11% (n=12)

@® Abdominal pain 12% (n=13)
CPR 6% (n=6)

@ Dyspnea 35% (n=38)

@ Chest pain 16% (n=17)

@ Shock 4% (n=4)

® Other 17% (n=18)

Fig. 2 Indications for use of prehospital ultrasound diagnostics (other n=18: iv access n=6, not named n=12)

A total number of 258 prehospital POCUS exami-
nations were documented during the observation
period. In 108 (41.5%) of these, the in-hospital findings
were available and followed up. All other documented
patients (n= 150) were either left at home after treat-
ment or admitted to a hospital where in-hospital data
was not available.

The median age of the examined and followed up
patients (n= 108) was 66.4 years (1;90), 44.9% were
female (n=59).

Ultrasound diagnostics in prehospital emergency care

A total number of 268 POCUS findings were recorded
during the 108 sonographic examinations. The compari-
son with in-hospital radiological examinations showed a
high degree of correct findings in the performed prehospi-
tal ultrasound. In 79.5% of the POCUS examinations (n=
210), the documented prehospital findings corresponded
to those in-hospital.

In 65.7% (n= 71) of all cases, less than 3 min were
required to perform the POCUS examination, in 28.7%
(n=31) it took 3—5 min, none was more than 5 min, 5.6%
(n=6) of cases time was not documented.

The distribution of indications for POCUS use is shown
in Fig. 2 (n=108).

A listing of all prehospital POCUS findings and the
number of identical results in in-hospital diagnostics is
shown in Table 3.

POCUS competence of participating EMS physicians

Data about attended training courses and the usage of
ultrasound was available from 28 EMS physicians. As
shown in Table 1 scoring system, the participants were
rated according to their level of competence in the use of
ultrasound.

When divided into two levels of competence (named
High2 and Low2), we had n=7 (25%) in Low2 and n= 21
(75%) in High2. By dividing into three levels of compe-
tence (Low3, Medium3 and High3), we found n= 4 (14%)
in Low3, n= 12 (43%) in Medium3 and n= 12 (43%) in
High3.

By dividing into two categories (named no use and use),
we found n= 2 (7%) in no use group and n= 26 (93%) in
use categorized.

Number of correct POCUS findings compared with level

of competence

Table 4 shows the results of comparing the number
of correct prehospital POCUS findings and the level
of competence of performing EMS physicians (three
competence levels: Low3—Medium3—High3 and two
competence levels: no use—use). Figure 3 shows these
relations graphically as an Alluvial diagram.

In none of the different categorizations we found
any significant differences in comparison, the same
result was observed when divided into two categories
Low2—High2.

Discussion
In recent years, mobile ultrasound has increasingly
found its way into emergency medicine as a useful and
important tool for detecting serious problems bed-side
respectively on scene. The work presented here examines
POCUS use in prehospital care in Germany and the need
for EMS physician’s education to perform adequately.
Our data shows a wide range of indications for POCUS
examinations in various leading symptoms relevant to
emergency medicine. Already established in trauma
patients [13], ultrasound also appears to be able to pro-
vide findings for prehospital care in many internal
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Table 3 Overview of followed-up POCUS findings and correct prehospital findings

total number of

number of correct findings

findings prehospital  compared to in-hospital
Heart
LV-EF 40 24 (60%)
RHS 33 26 (78.8%)
PE 37 33 (89.2%)
PE hem. relevant? 2 2 (100%)
Main vessel
Thoracic aorta 14 16 (100%)
Abdominal aorta 13 13 (100%)
vCI 18 16 (88.9%)
Lungs
No path. findings 45 37 (82.2%)
Pneumothorax 12 11 (91.7%)
B-lines 19 15 (78.9%)
PLE 12 9 (75%)
Abdomen
Free fluid intraabd. 23 20 (86.9%)

LV-EF Left-ventricular ejection fraction, RHS Right heart strain, PE Pericardial effusion, hem. Hemodynamically, VC/ Vena cava inferior, path. Pathological, PLE Pleural

effusion, intraabd. Intra-abdominal

medical conditions too, especially by examining the heart
and lungs.

Participants used mobile hand-held ultrasound devices
focused on answering certain questions on scene. All
examinations took less than 5 min. This time span was
also demonstrated in other studies, so time on scene was
not significantly extended in operations in which ultra-
sound examinations were performed prehospital [14].
This alleviates concerns about delays in patient care when
using prehospital emergency POCUS. Regarding all this,
our results are comparable to those from recent years [1,
3,5,15-22].

A research group from Switzerland investigated the
distraction caused by ultrasound examinations of criti-
cally ill patients. They found a significant decrease in
oxygen saturation went unnoticed in 75% of cases when
ultrasound was used caused by focusing on POCUS
examination during patient’s care. This result should be
taken into account when considering whether ultrasound
provides an advantage in treatment [23]. Despite the fact
that on scene time is not significantly affected, ultrasound

examination can distract the emergency physician's
focus, especially the inexperienced, from upcoming seri-
ous patient’s problems and immediate treatment.

Looking at the course of the patient, it was found that
in addition to early diagnosis and thus more targeted
therapy, the length of hospital stay of patients who have
undergone prehospital sonography is shorter than that
of patients who have not had an ultrasound examina-
tion which demonstrates a clear advantage of prehospital
ultrasound [23].

From the author’s point of view, these data under-
line the important role POCUS has found in becoming
an integral part of prehospital care, so it should be used
universally.

We also addressed the question of what intensity of
POCUS training is needed for safe use in prehospital
patient care. We found a high agree of agreement when
comparing our cohort’s prehospital POCUS findings
with in-hospital results (79.5% in total). A high level of
safety was observed, particularly in the search for criti-
cal life-threatening pathologies such as pneumothorax
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LV-EF
RHS
I PE Low3
IPE hemo.relevant
Thoracic aorta
Abdominal aorta
>~
Medium3
&
Lung: no path. findings
Pneumothorax
-
B-Lines
PLE High3

Free fluid intraabd.
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LV-EF

RHS

No use
PE hemo.relevant

Thoracic aorta
Abdominal aorta

vCl

Lung: no path. findings

Pneumothorax

B-Lines

Free fluid intraabd.

Fig. 3 Comparison as above graphically shown as Alluvial diagrams. The connecting line widths are sized to be proportional to the number
of correct prehospital sonographic findings. Left side: EMS physicians divided into three levels of competence Low3—Medium3—High3. Right side:
EMS physicians divided into two levels: no use and use POCUS during in-hospital work

(correctly diagnosed in 91.7% of cases), pericardial effu-
sion (correct in 89.2%) or free abdominal fluid after
trauma (86.9%). Even in examining the left ventricular
function of the heart (LV-EF) which requires a higher
level of expertise than e.g. the assessment of B-lines
over the lungs, a high level of agreement between the
findings was observed (correct in 60%).

In the vast majority of other prehospital POCUS
publications, participants have had special training in
POCUS examinations before or further education dur-
ing data collection (2;3;5;6). Most EMS physicians in
Germany are not necessarily well-trained and special-
ized in using ultrasound. We compared the prehospi-
tal ultrasound findings with the results of in-hospital
radiological diagnostics during emergency department
care. Participating EMS physicians were divided into
different levels of competence in emergency ultrasound
examinations using a developed scoring system.

Unfortunately, no statistically significant difference was
found between groups with different levels of expertise.

This raises the question of whether, conversely, practi-
cal experience plays no role in the correct use of emer-
gency ultrasound. The experience gained from the

application and logic say no. What we found is that even
EMS physicians with a low level of expertise in ultra-
sound examinations seem to be able to perform POCUS
correctly at the prehospital scene. It must be taken into
account that the number of examinations carried out by
inexperienced emergency physicians was very low com-
pared to the number of (very) experienced physicians and
only a few examination results were documented for the
respective findings. Findings were correct in a high num-
ber of cases and remain in good correlation with those
obtained in-hospital. Of course, safe use requires train-
ing and regular practice. However, data suggests that one
does not need to be a highly trained specialist in ultra-
sound diagnostics to perform prehospital POCUS savely.
With attended training courses (like pPOCUS—prehos-
pital Point of Care Ultrasound) and consistent use of
ultrasound (e.g. several times/month), reliable findings
for patient’s care can be obtained safely. It is essential to
remember that competence and training in emergency
POCUS are necessary. It is not sufficient to simply roll
out mobile ultrasound devices area wide. Educational
training concepts like pPOCUS, focusing prehospital
ultrasound use are needed.



Engelen et al. Scand J Trauma Resusc Emerg Med (2025) 33:92

Page 8 of 9

Table 4 Comparison of correct prehospital POCUS findings and level of competence of performing EMS. Physicians and p-value.
Three levels of competence Low3 - Medium3 - High3 (left side), and two levels of competence: no regular POCUS use (=no use) —
regular POCUS use regularly (=use) (right side). - means no examinations in this subgroup, so comparison was not possible due to no

comparable data

Low3 Medium3 High3 ’ p-value ‘ ’ no ‘ no use . p-value
Cardiac
 LvEF 100% (1/1) | 61.54% (8/13) | 57.69% (15/26) . 0.69 | 100% (1/1) | 58.97% (23/39) 10
RHS = 87.50% (7/8) | 76.0% (19/25) 079 | . 78.79 (26/33) -
 PE | 100% (1/1) | 81.82% (9/11) | 92.0% (23/25) 062 || 100% (1/1) | 88.89 (32/36) 10
PE hemo. relevant - 100% (1/1) 100% (1/1) ’ 1.0 ‘ - 100% (2/2) ‘ -
Main vessel
Thoracic aorta = 100% (11/11)  100% (3/3) 10 | . 100% (14/14) z
Abdominal aorta | 100% (1/1) | 100% (3/3) 100% (9/9) 1.0 . 100% (13/13) .
vcl . 75% (3/4) 92.86% (13114) | 0.61 z 88.89% (16/18) .
Lungs
No path. fimiings 100% (2/2) | 72.73% (8/11) | 84.38% (27/32) |  0.55 100% (2/2) | 81.4% (35/43) 10
Pneumothorax 100% (1/1) | 100% (4/4) | 85.71% (6/7) " 068 100% (1/1) | 90.91% (10/11) 10
B-Lines - 66.67% (2/3) | 81.25% (13/16) 085 || - | 78.95% (15/19) e
PLE 100% (1/1) 66.67% (2/3) ‘ 75% (6/8) 0.80 ] 100% (1/1) | 72.73% (8/11) 1.0
Abdomen
' Free fluid intraabd. = 100% (1/1) | 80.0% (4/5) ‘ 88.24% (15/17) 082 || - 86.96% (20/23) [ .

Limitations

When considering the results, several limitations must be
taken into account. This study was a prospective obser-
vational trial. For obvious reasons no randomization or
blinding was conducted. There were no guidelines for the
participating EMS physicians regarding whether or which
symptoms POCUS examinations should be performed
prehospital. The decision was left to the respective EMS
physician. The same applied to the documentation of the
examinations. It cannot be ruled out that not all exami-
nations were documented.

Follow up in-hospital data was available in only 108
cases. There was a high number of ,lost cases “ due to
no transport to a hospital or the inability to obtain the
in-hospital findings. The four emergency ambulances in
Nuremberg city complete around 23,000 missions per
year (data from the rescue control center of the City
of Nuremberg). Only a number of 258 POCUS exami-
nations were documented as part of our study. Of the
approximately 100 EMS physicians in the Nuremberg
City ambulance service, only 32 participated in the

study. Regarding this, a possibility of selection bias
must be taken into account. Emergency POCUS was
mostly performed by (very) experienced providers.
There was just a small number of POCUS inexperi-
enced EMS physicians. So we had limited data available
for comparison between EMS physicians with different
levels of competence.

Additionally, from a medical point of view, sonographic
findings may already will change during prehospital treat-
ment. The examination results in the ED may already be
different, even though the ultrasound findings were cor-
rectly recorded prehospital. For example, the extent of
heart failure may improve rapidly as a result of initial
treatment, leading to an increased LV-EF over time, or
no B-lines may be visualized over the lungs as treatment
progresses.

The question of whether the study’s POCUS findings
had an influence on prehospital treatment, therapeuti-
cal or organizational questions during prehospital care is
part of an additional study, results are not discussed in
this manuscript.
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Conclusions

The indications for the use of prehospital ultrasound
extend beyond those for (poly)trauma or cardiopulmonary
resuscitation. There is no significant time delay in patient
care when performing prehospital POCUS on scene.

Education and training are needed, but data suggest
that prehospital POCUS use can be learned quickly, with
a high level of quality in obtaining the findings. Prehos-
pital POCUS does not require a complete sonographic
examination. The decisive factor is the possibility of
focused diagnostics in order to identify life-threatening
pathologies quickly or to rule out with a high degree of
certainty.

Further studies are needed to assess POCUS influence
on outcomes and mortality. In view of the experience
from ultrasound use in anesthesiology, intensive care and
in-hospital emergency care, we support the call for wide-
spread mobile ultrasound for prehospital use.
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