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Prehospital emergency medical technicians
can perform ultrasonography and blood
analysis in prehospital evaluation of
patients with chronic obstructive
pulmonary disease: a feasibility study
Giti Nadim1, Christian B. Laursen2,3 , Pia I. Pietersen2,3 , Daniel Wittrock4, Michael K. Sørensen5, Lars B. Nielsen5,
Claus-Henrik Rasmussen1,5, Helle Marie Christensen2,3 , Simon Helmerik4, Gitte Jørgensen6, Ingrid L. Titlestad2,3 ,
Annmarie T. Lassen1 and Søren Mikkelsen7,8*

Abstract
Introduction: Crowding of the emergency departments is an increasing problem. Many patients with an
exacerbation of chronic obstructive pulmonary disease (COPD) are often treated in the emergency departments for
a very short period before discharged to their homes. It is possible that this treatment could take place in the
patients’ homes with sufficient diagnostics supporting the treatment.
In an effort to keep the diagnostics and treatment of some of these patients in their homes and thus to reduce the
patient load at the emergency departments, we implemented a prehospital treat-and-release strategy based on
ultrasonography and blood testing performed by emergency medical technicians (EMT) or paramedics (PM) in
patients with acute exacerbation of COPD.
Method: EMTs and PMs were enrolled in a six-hour educational program covering ultrasonography of the lungs
and point of care blood tests. During the seasonal peak of COPD exacerbations (October 2018 – May 2019) all
patients who were treated by the ambulance crews for respiratory insufficiency were screened in the ambulances. If
the patient had uncomplicated COPD not requiring immediate transport to the hospital, ultrasonographic
examination of the lungs, measurements of C-reactive protein and venous blood gases analyses were performed.
The response to the initial treatment and the results obtained were discussed via telemedical consultation with a
prehospital anaesthesiologist who then decided to either release the patient at the scene or to have the patient
transported to the hospital. The primary outcome was strategy feasibility.
(Continued on next page)
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Results: We included 100 EMTs and PMs in the study. During the study period, 771 patients with respiratory
insufficiency were screened. Uncomplicated COPD was rare as only 41patients were treated according to the treatand-release strategy. Twenty of these patients (49%) were released at the scene. In further ten patients, technical
problems were encountered hindering release at the scene.
Conclusion: In a few selected patients with suspected acute exacerbations of COPD, it was technically and
organisationally feasible for EMTs and PMs to perform prehospital POCT-ultrasound and laboratory testing and
release the patients following treatment. None of the patients released at the scene requested a secondary
ambulance within the first 48 h following the intervention.
Keywords: Emergency medical technicians, Point of care; ultrasound, Chronic pulmonary obstructive disease

Background
The emergency medical system (EMS) is a critical first
link in the chain of survival and has the capacity for the
early management of acutely ill patients [1–3].
The usual approach: “To transport the patient to the
hospital”, where all acutely ill patients are consistently
transported to hospital for further care is challenged by
increasing costs because of an ageing population, the increased incidence of chronic diseases, the socioeconomic disparity associated with most chronic diseases and the ensuing crowding of the emergency departments [4, 5].
Patients with acute exacerbations in chronic obstructive pulmonary disease (AE-COPD) are frequently transported to the emergency room of the hospital. In many
cases, these patients are discharged shortly after admission following a brief treatment consisting of broncholytics and in some cases corticosteroids and antibiotics [6,
7]. The transport of these patients for very short stays at
the hospital have both implications for health service
costs as well as for the patients’ well-being. Among prehospital providers, there is a notion that many of these
patients are not really interested in the short stays at the
hospital, but would rather stay home if this decision
could be supported medically. Could these short term
stay be reduced, the total health care costs may be reduced. As some of the patients with AE-COPD can be
efficiently treated with bronchodilation, steroids and in
some cases antibiotics there is a potential room for prehospital evaluation and treatment in the homes of these
patients without the a need for transportation to a hospital [8, 9].
A treat and release strategy, however, requires that
life-threatening differential diagnoses, such as pneumothorax, pleural effusion or cardiogenic pulmonary
oedema, have been ruled out before deciding not to
transport the patient to the hospital and instead initiate
goal-directed AE-COPD treatment in the patients home.
Point of care ultrasound (POCUS) of the lungs have
previously been demonstrated to have a high diagnostic
accuracy regarding pulmonary interstitial syndrome as

well as pneumothorax [10]. Both of these diagnoses are
important differential diagnosis in evaluation of patients
with suspected AE-COPD and are easy for nonexperienced POCUS operators to learn to identify [10].
We designed a study to investigate whether a treatand-release strategy in COPD patients was feasible if
carried out by the emergency medical technicians
(EMT) and paramedics (PM). The strategy was based on
clinical assessment and standard broncholytic therapy
supported by the use of POCUS of the lungs, measurements of venous blood gases, and blood tests to evaluate
the inflammation level. All of these investigations were
performed by the EMT or the PM at the scene. Following the clinical and paraclinical investigations, telemedicine counselling between the EMTs or PMs and a
prehospital anaestesiologist clarified whether the patient
was in a condition that allowed for the patient to be released at the prehospital scene. If indicated, the EMT or
PM could initiate oral treatment with steroids and/or
antibiotics and refer the patient to the general practitioner the following day.
The aim of the study was to test the technical setup,
the clinical training of the personnel, and the implementation and feasibility of the treat-and-release strategy.

Material and methods
This is a descriptive study of the technical setup and the
clinical training of the personnel, and the implementation and feasibility of the strategy.
System setting

In Denmark, five regional emergency medical dispatch
centres handle all healthcare related calls and dispatches
the relevant prehospital response units based on the perceived urgency of the health-related problem [11]. The
EMS in the Region of Southern Denmark is a three
tiered system consisting of approximately 70 ambulances, three paramedic-manned rapid response vehicles,
and six ground-based anaesthesiologist-manned mobile
emergency care units (MECU) [12, 13].
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The regional EMS and the private ambulance entrepreneur employ approximately 600 EMTs and PMs. The
basic education for an EMT has a duration of 1 year and
is carried out within the public health educational system. However, at least one of the two mandatory EMTs
manning an ambulance must have received supplemental education consisting of an additional 18 months of
internship in an ambulance service and a further 5 weeks
of education. An EMT may continue the education and
may become a PM after 3 years of practice as an EMT
and having undergone a further 5 weeks of theoretical
and practical education [14]. Furthermore, paramedics
are obligated to participate in at least 1 week of supplemental training / continuous education per year. All ambulance personnel work by delegation from a physician,
and handle medications independently. In the Region of
Southern Denmark, the EMTs and PMs are usually designated to one ambulance station only. The EMTs work
in two different shifts: One shift consisting of 12-h rotas
and one shift consisting of 24-h rotas. Interhospital
transports of patients are usually carried out by the ambulance personnel working in the 12-h rotas while
personnel working in the 24 h rotas to a larger extent
handle the emergency calls. Personnel working in 24-h
rotas thus in principle have more contacts with the
acutely ill patients. As there are also differences in the
workload between the urban ambulance stations and the
rural ambulance stations, the number of emergency missions carried out by each individual EMT or PM differs
considerably.
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Inclusion criteria
 Dyspnea as sole complaint in a patient that could










inform the EMT or PM that he/she had previously
been diagnosed with COPD.
Based on clinical judgment, the patient did not
require immediate transport to the hospital (e.g. a
“scoop and run strategy” was not indicated).
According to the EMTs or PMs “clinical judgment”,
the patient was assessed as having a potential for
being released at the scene following treatment.
Based on the patient’s history, clinical examination,
the vital parameters, and the ECG, there was no
reason for the EMT or PM not to assume that the
condition was caused by COPD.
The patient was able to fully comprehend the nature
of the investigations and the extent of the treatment.
The patient being able to self-administer any steroid
or antibiotic treatment initiated by the EMT or PM
at the scene.

Exclusion criteria
 EMT or PM not educated in the use of the

equipment.
 Patients in which COPD was not the main

complaint (e.g. chest pain, thoracic trauma).
 Patients that were unable to understand the

intervention (e.g. language barriers, dementia).
Basic examinations

Study participants

The task of training all the EMTs and PMs (i.e. 600
people) in the RSD was considered unfeasible. Furthermore, the number of patient contacts in a given observation period depends on both the rotas and the particular
ambulance station that each EMT or PM was attached
to. We thus restricted the study participants to the ambulance personnel operating the 24-h rotas in the five
ambulance stations in the region with the highest number of patient contacts. This decision was considered the
optimal number of EMTs and PMs in relation to the
possibility of encountering acutely ill COPD patients in
the study period. The strategy resulted in a total of 100
EMTs or PMs participating in the educational program.
Eligible patients

The study was conducted from October 1st 2018 – May
31st 2019, the months of peak seasonal occurrence of
exacerbations in chronic obstructive pulmonary disease.
During the study period, the EMTs or PMs were
instructed to screen all patients calling for an ambulance
because of dyspnea. Patients were enrolled if all of the
conditions listed below were present.

The EMTs or PMs performed an intial screening examination of the patients including vital parameters, ECG,
and pulmonary auscultation before considering inclusion
of the patient into the protocol.
The equipment
Portable smartphone ultrasound

Lumify (Lumify C5–2, Philips Eindhoven, The
Netherlands) is a portable ultrasound device applicable
to a smartphone and other handheld devices. See Fig. 1.
The device consists of three different transducers (high frequency linear tranducer, curved low frequency abdominal
transducer, low frequency cardiac transducer) and cables, a
smartphone (Galaxy G960 S9, Samsung, Seoul, South
Korea) with an installed Lumify-app and a power cord. The
system is powered by React’s collaborative platform (ReactSecure-app, Innovative Imaging Technologies Inc., Philips,
Eindhoven, The Netherlands) which provides secure instant
messaging/file transfer, interactive video conferencing, and
real-time integrated tele-ultrasound (i.e. these functions require that the mobile phone receiving the call has an installed React-Secure-app). For a real-time tele-ultrasound
or tele-medical video supervision, the supervising units and
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measures of c-reactive protein (CRP) in whole blood and
plasma. The system consists of a photometer, which is
designed and calibrated for both photometric and turbidimetric measurements and a ready-to-use reagent kit.
CRP is an acute-phase protein synthesized by the liver
within 6–8 h of inflammation. CRP is a valuable biomarker in differentiating between viral and bacterial infection. Furthermore, CRP performs better in predicting
bacterial infections than traditional biomarkers, such as
white blood cell count and absolute neutrophil count
[16]. While standard laboratory CRP results are available
within 60–90 min of sampling, CRP test results with
QuikRead Go are available within 2 min of sampling,
with values ranging from 5 to 200 mg/L (values lower
than 5 are shown as < 5 mg/L and values greater than
200 as > 200 mg/L). The apparatus cannot function in
temperatures lower than 15 °C.
These assets makes the use of point-of-care CRP at
the emergency departments (ED) or prehospital settings
relevant [17].
Fig. 1 Lumify portable ultrasound device

the MECU physicians used an Apple iPhone 8, 64GB
(Apple, Cupertino, California, USA) equipped with a ReactSecure app.
POCUS protocol and diagnostic criteria We applied a
specific prehospital POCUS protocol in which only the
anterior and lateral scanning zones on each hemithorax
are examined. This protocol is a simplified version of a
protocol adapted for in-hospital use and the protocol
has previously been used and validated prehospitally in
patients with respiratory failure [10].
The protocol was used in a focused manner addressing
the following dichotomous yes/no questions:
–
–
–
–
–

Pneumothorax present?
Pleural effusion present?
Interstitial syndrome present?
Lung consolidation present?
Other obvious abnormal finding present?

The diagnostic criteria used for pneumothorax, pleural
effusion, and lung consolidation was in accordance with
criteria recommended in international consensus statements [15]. The diagnostic criteria used for interstitial
syndrome were in accordance with criteria previously
validated in a prehospital setting [10].
QuikRead GO

The QuikRead Go (QuikRead go CRP instrument, Medic
Denmark, Brøndby, Denmark) analyses the quantitative

I-STAT

The i-STAT (i-STAT Alinity, Abbott, Illinois, USA) is a
point-of-care (POC) analyser that measures blood gases
and electrolytes with ion-selective electrode potentiometry. The handheld device operates with single-use test
cartridges (i-STAT Alinity Base station, Abbott), requires the application of two to three drops of blood in
the cartridge, and can deliver results within minutes
[18]. The system requires a temperature above 15 °C to
operate [19].
Education and training of the EMTs and PMs

The eligible EMTs and PMs each completed one study
session held within small groups. The lessons were constructed as didactic lectures covering basic ultrasound
scanning technics, normal ultrasound anatomy, imaging
interpretation of both normal and pathologic lung (i.e.
sonographic signs, including ‘lung sliding’, ‘B-lines’, ‘the
lung point sign, pleura effusion, and consolidation) [15,
20]. Following the didactic lectures, practical physiciansupervised ultrasound sessions were held in which the
participants scanned each other. By the end and to ensure competence, the participants demonstrated their
knowledge and skills to the supervisor by receiving a
case history, performing an examination, and interpreted
ultrasound clips (normal and pathological) presented on
a laptop.
The aim of the lessons were to enable the participants
to scan the four anterolateral zones of the lungs (corresponding to zone 1 and 3 in the focused lung ultrasound
(FLUS) protocol) using a curved low frequency abdominal transducer [21]. Following the course, the participants should be able to recognise basic pulmonary
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pathology signs, and to save the ultrasound loop-images
for later assessment and evaluation.
In total, the EMTs and PMs received 6 h of didactic
lectures and supervised hands-on training. Furthermore,
the participants received two lessons concerning the use
of POC equipment intended for blood testing. In order
to ensure standardised use of the POC-equipment and
to avoid procedure errors, a detailed protocol containing
how-to-use manuals for the devices and described whento-use indications could be accessed by the participants
in the internal educational internet-based system. As a
quality assurance measure, the stored ultrasound clips
were continuously checked during the study by two of
the investigators (CBL, PIP).

Intervention

The EMTs and PMs in the interventional ambulances
were equipped with 1) a QuikRead GO apparatus for
measuring c-reactive protein, 2) an i-Stat device for
measuring venous blood gases (including electrolytes),
and 3) a portable ultrasound-scanning device (Lumify,
Phillips) for the examination of the lungs.
When dispatched to COPD-patients with respiratory
insufficiency, in addition to the standard treatment, the
interventional-ambulances would 1) collect blood analysis for c-reactive protein and blood gases from an antecubital vein, and 2) perform a focused ultrasound-scan
of the lungs according to the standardized protocol. In
all cases, the intervention crew could transmit the ultrasound loop-images in real time to the anesthesiologist
manning a nearby MECU.
If the stabilising treatment applied on-site significantly
improved the condition of the patient, the clinical findings were discussed over the telephone with the nearest
available MECU physician. The telemedical conference
between the interventional EMT/PM and the MECUphysician would clarify whether the clinical condition of
the patient after initiated treatment and the obtained
point-of-care test results would permit the release of the
patient at home. This decision was made without prior
establishing of guidelines or rules. Patients released at
home were instructed to contact their primary care
physician the next weekday. Should the diagnostic findings indicate a need for treatment with corticoids and/or
empirical antibiotics, the patient was given a three-day
course of methylprednisolone and/or amoxicillin combined with clavulanic acid according to current guidelines. Furthermore, the patient was urged to contact the
emergency medical dispatch centres in case of worsening
of the symptoms. Finally, the patient was handed a written report, including the clinical and laboratory findings,
and the treatment given onsite. This report was intended
for the patient’s general practitioner.
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All investigations pertaining to the patient inclusive
the ultrasonographic findings were documented in the
prehospital electronic journal registry.
See Fig. 2 (Study overview) for study procedures.
Data management and statistical analyses

Data were retrieved from the national Danish Prehospital Medical Records Database [12].
Demographic data are presented as median and quartiles or range (where appropriate). All data were analysed using non-parametric statistics (Kruskal-Wallis
test). Differences were considered significant when p <
0.05. All data and tables were categorised and prepared
using Microsoft Office Excel 2016 (Microsoft Corporation, Redmond, Washington, USA). All statistical calculations were performed using STATA 16.1 (StataCorp,
College Station,Texas, USA).
Research ethics

The study was conducted in compliance with all national
regulations governing the protection and privacy of human subjects and the Helsinki Declaration. Informed
consent was obtained from the participants when they
were included in the study. Scientific ethical approval for
this study was waived by the Regional Scientific Ethics
Committee of Southern Denmark as the committee considered the study a quality assurance study (project-ID:
S-20182000 − 130). According to the Danish legislative
requirements, the study was subsequently approved as a
quality assurance study by the Prehospital Director of
the Region of Southern Denmark (project-ID: 19/14433)
and approved by the Danish Data Protection Agency
(project-ID: 20/24845). Before initiating the study an
agreement was made regarding ownership of data and
interpretation of data. The agreement stated that the
academic collaborators who had no commercial or other
interest in either of the participating organisations (authors GN, CBL, PIP, HMC, ILT, ATL, and SM), were responsible for analyses, interpretation of data, and for
drafting the first version of the manuscript. Furthermore,
these authors had the full authority to decide if and
where to seek to publish the results.

Results
The education and training of the 100 EMTs and PMs
in the use of the point-of-care blood analysis apparatuses
and performing POCUS of the lungs was carried out in
the 3 months preceding the peak seasonal occurrence of
COPD.
During the 8 months of the study period, from October 1st 2018 to May 31st 2019, an ambulance from the
five ambulance stations in question was dispatched to
771 patients in respiratory distress. The medical records
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Fig. 2 Overview of study procedures

of all these patients were audited post hoc by one author
(SM).
For various caused (COPD not singular reason for calling an ambulance; emergency transportation with lights
and sirens required; substitute EMT operating the ambulance), only 81 patients were considered eligible to
enter the study.
Inclusion of patients and outcome of the intervention

Of the 81 potentially eligible patients, 41 were included
in the study. Of these 41 patients, 20 patients (49%) were
released at the scene following treatment. In ten of the
41 cases, technical failure of the equipment (primarily
related to blood tests) led to a patient’s exclusion from
the study. Eleven patients were transported to hospital
following on-scene treatment. Of these, five patients
were admitted to hospital by a MECU following telemedical consultation, four were admitted at the discretion
of the EMT/PM, and two were admitted due to patient’s
request following the intervention.
For details, see Fig. 3 (flowchart)

The overall median age of all the included patients was
70 years (quartiles 65–77 years) and 53.7% were females.
Twenty patients were released at the scene following
treatment; three of these despite the examination program not being fully completed. The patients released at
the scene had a median age of 70 years (61, 73 years)
while patients admitted to hospital for all reasons had a
median age of 73 (66, 81 years). This difference was not
significant (p = 0.136). For demographic overview and

results obtained through POC-testing, see Table 1. Of
the 20 patients that were released at the scene, nine patients were prescribed corticosteroids following consultations between the EMT or PM and the physician. A
further three patients received corticosteroids prior to
the incident. Six of the 20 patients that were released
were given antibiotics by the EMTs/PMs prior to release.
A further two patients already received antibiotics when
they called the ambulance.
None of the patients released at the scene requested a
renewed ambulance within the first 48 h following the
intervention.
On-scene time

The on-scene time (time from arrival at the address
and until the ambulance left the address) spent by
the ambulances differed when treating patients that
although assessed as potentially eligible, for some
reason were not included into the study, and patients that were included in the study. When tending
to potentially eligible patients that were not included
in the study, the ambulance spent 18 min (quartiles
8–22 min) at the scene, while they stayed at the
scene for 70 min (quartiles 44–89.5 min) when including patients in the study. This difference was
significant p < 0.0001.

Discussion
In this study, we have found that in selected cases of
acute exacerbations of COPD, a treat-and-release strategy can be feasible when driven by EMTs and PMs with
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Fig. 3 Flow diagram of the total population of patients. Study intervention was considered complete when pulmonary sonography was
recorded, venous blood gases and C-reactive protein was assessed
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Table 1 Overview of the demographics and point-of-care blood tests for the patients included in the study
Outcome

Age Sex pH

Patient released at the scene

69

F

65
88

Technical failure – patient admitted to
hospital

Patient admitted to hospital by EMT

Patient admitted to hospital by physician

pCO2
(kPa)

pO2
(kPa)

HCO3
(mmol/l)

Base
Excess

Glucose
(mmol/l)

C-reactive
protein

7.37 8.3

6.9

35.7

10

7.3

12

F

7.39 5.5

5.2

25.0

0

4.8

3,1

F

7.37 8.0

n/a

n/a

n/a

n/a

1,2

72

M

7.38 5.4

5.9

24.1

−1

10.0

17

54

F

7.40 6.6

4.2

30.3

5

9.5

9,4

70

M

7.27 9.0

3.4

31.3

4

6.3

0,8

64

M

7.37 6.6

3.1

28.6

3

10.2

64

61

M

7.33 6.0

3.1

23.9

-2

6.0

6,3

76

M

7.37 5.6

4.2

23.9

-1

5.4

8,7

72

M

7.36 7.0

4.4

29.7

4

6.2

7,6

73

F

7.36 11.8

7.7

49.7

24

11.1

5,7

69

F

7.30 8.7

5.7

32.4

6

6.4

1,5

58

F

7.43 5.7

2.8

28.1

4

5.9

1,1

74

M

7.33 9.0

3.3

35.4

9

7.1

6,4

77

F

7.42 4.6

4.6

22.7

-2

5.0

52

71

F

7.43 4.6

4.7

22.9

-1

7.1

43

71

M

7.36 6.3

2.4

26.8

1

6.3

161

66

M

7.40 7.3

4.0

33.6

9

7.7

n/a

46

M

7.28 13.6

2.9

48.5

22

6.4

n/a

50

F

n/a

n/a

n/a

n/a

n/a

n/a

31

84

M

n/a

n/a

n/a

n/a

n/a

n/a

17

66

F

n/a

n/a

n/a

n/a

n/a

n/a

n/a

70

M

n/a

n/a

n/a

n/a

n/a

n/a

141

48

M

n/a

n/a

n/a

n/a

n/a

n/a

n/a

52

F

n/a

n/a

n/a

n/a

n/a

n/a

n/a

77

F

n/a

n/a

n/a

n/a

n/a

n/a

n/a

81

F

n/a

n/a

n/a

n/a

n/a

n/a

n/a

76

M

7.28 5.8

4.5

20.7

−6

5.6

54

70

F

7.32 6.7

2.3

26.1

0

8.8

n/a

79

F

7.36 5.7

9.0

24.3

−1

11.6

20

66

F

7.27 10.9

3.7

37.6

11

6.0

41

82

M

7.29 8.5

3.5

30.6

4

n/a

3,8

52

F

7.43 6.3

6.5

31.4

7

8.3

66

87

F

7.37 6.4

4.5

27.9

3

7.5

33

85

M

7.31 9.0

n/a

n/a

n/a

n/a

18

79

M

7.29 9.5

3.3

34.6

8

4.9

n/a

77

M

n/a

n/a

n/a

n/a

n/a

n/a

33

66

M

n/a

n/a

n/a

n/a

n/a

n/a

n/a

57

F

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Admitted to hospital on patient’s request 66

F

7.35 7.3

9.9

30.2

5

6.5

4,9

81

F

7.38 7.6

4.5

34.0

9

5.6

17
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access to telemedical consultation with prehospital
anaesthesiologists.
General home care of patients with COPD is already
an established possibility in some countries [22]. It has
further been reported that the majority of acute COPD
patients receiving care in the EDs are discharged within
24 h of the admission [6, 7]. A logical notion thus could
be that patients with acute exacerbations of COPD also
to some extent could be treated in their homes. In
Denmark, home care of patients with COPD usually involves nurses and the patients’general practitioner. However, at present, there are no firm recommendations
available about which patients with an exacerbation are
most suitable for Hospital-at-Home or early discharge
[22].
Acute respiratory insufficiency in a patient with known
COPD is usually caused by an exacerbation of the
underlying illness. In clinical practice, however, other aetiologies present with the same symptoms as acute exacerbation of COPD, and upfront diagnostics are
essential to establish the diagnosis and start the correct
treatment [23, 24]. A prerequisite for treating and releasing the patient out of hospital is thus an assurance that
what the care giver perceives as an exacerbation of
COPD is not, in essence, a concurring bout of a potentially life threatening condition. To that end, the exclusion of pneumothorax and cardiogenic pulmonary
oedema which in most instances requires admission to
hospital, is paramount.
Although the use of POCUS and blood gas analyses
are routine examinations in most EDs and emergency
care units today, the systematic use of this technology in
the prehospital field is limited.
Other studies have reported the use of POCUS in various healthcare settings, including use by prehospital
physicians, EMTs, flight nurses, and emergency physicians in military combat and on both ground and air
ambulances [25–27]. Furthermore, other researchers
have found that an accurate interpretation of POCUS
images by prehospital physicians and non-physicians
may lead to specific interventions or may facilitate the
hospital preparations before the arrival of the patient
[28–31]. Even though POCUS have been demonstrated
to have a high diagnostic accuracy for diagnosing pleural
effusion, pneumothorax, and interstitial syndrome (e.g.
cardiogenic pulmonary oedema), it still have some limitations [20]. In COPD patients with suspected pneumonia, an important differential diagnosis is community
acquired pneumonia. The ability of POCUS to visualise
lung consolidation as part of a pneumonia is limited as
pathological findings in lung parenchymal that does not
lie directly in contact with the visceral pleura cannot be
visualised by ultrasonography. Despite this limitation,
studies have indicated that the diagnostic accuracy of
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POCUS is acceptable and not inferior to chest X-ray
[32]. POCUS findings should, however, always be critically appraised and integrated with the findings and results of the entire diagnostic process. Our combination
of POCUS and blood analyses thus allowed for an improved on scene diagnostic process regarding the possible aetiology of the acute exacerbation of COPD. The
CRP measurements and the blood gas analyses assisted
the telemedical advisor in deciding whether the EMTs
or PMs at the scene should initiate antibiotic therapy.
Furthermore, the POCUS assisted in the decision making process as the ultrasound examination relayed to the
physician, together with the verbal description of the
POCUS findings assisted in ruling out other potentially
life threatening causes of respiratory insufficiency.
The treat-and-release strategy reduced the time from
the occurrence of symptoms to first treatment. The
strategy also helped to distinguish between patients requiring admission to hospital and patients with mild
symptoms who could be treated at home.
The median time needed to complete the intervention
on the scene was 70 min. Thus, the ambulances spent
longer time at the scene than ambulances simply loading
the patients and heading for hospital. In some prehospital cases, reducing the time spent at the scene is important. This is, for example the case for trauma patients,
where longer on scene time is associated with adverse
prognosis [33, 34]. However, it is important to underline,
that scene time was prolonged for only the stable COPD
patients who were included in the intervention while unstable patients were transported to hospital immediately.
It should be noted, however, that prolonged on-scene
time may reduce the general availability of ambulances
potentially influencing “the next patient”.
The adequate quality of ultrasound images obtained in
our study suggests that the EMTs and PMs had sufficient POCUS abilities to perform and obtain the predefined views in the used protocol. In our study, the
ambulance crews received 6 h of training. This constituted a more elaborated training course than in other
studies. Teaching lessons of down to 1 h has been reported to enable EMTs to interpret POCUS images for
specific life-threatening pathologies and to retain this
capability over time [35]. In that study, however, the
study subjects were volunteers, which may have increased the students’ willingness and abilities to learn
the POCUS basics.
Prerequisites for implementing a treat-and-release
strategy

The i-STAT alinity operates only if the internal
temperature is within 16 to 30 °C [19]. We observed
technical failures due to low operating temperature during the cold winter months of study. This forced us to
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develop simple warming systems in the ambulances.
There were no reported technical or operational problems with QuickReady Go and LUMIFY during the project period.
The objective of this study was not to assign the EMTs
and PMs the overall competences to investigate the patients and on their own to make the decision to release
the patient at the scene or to admit the patient. Thus, to
establish similar concepts like ours, where medical decisions were made using telemedicine (i.e. telecounselling, or real-time tele-ultrasound), it is imperative
that the internet connection is sufficient in all of the
catchment area.
The inclusion of patients in the study was dependent
on EMTs or PMs in the field, and we acknowledge that
prehospital personnel sometimes work under timedependent conditions which might have played a factor
for missed inclusion of patients fulfilling the inclusion
criteria.
A total of 28 patients did not fulfil the protocol as they
expressed their wish to be admitted to hospital either
before, during or after inclusion into the project. A
major factor may be that patients feel safer when treated
in a hospital or having physical contact with a physician.
Future studies are warranted in this respect.
The present outpatient treatment strategy for AECOPD patients was applicable due to POCT. POCT,
when used in appropriate scenarios, could be a useful
tool to minimize the time-to-treatment initiation by providing immediate information to healthcare professionals
about the condition of the patient and improve patient
outcomes [36]. Numerous reports highlight decreases in
turnaround times for test results with POCT in an emergency setting [37, 38]. Also, the use of POCUS by emergency physicians has increased in the past decades, and
it is now an essential diagnostic tool routinely used in
EDs.
Even though POC-devices are portable and can be carried to the patient, the devices do not necessarily come
with the same expertise as a laboratory physician would
provide. Furthermore, the quality of the measurements
may pose a problem. Although newer of POCequipment have inbuilt quality control, it is vital to
maintain internal and external controls of the devices.
We thus suggest that future POC-systems are implemented with the assistance of the departments of laboratory medicine.
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and specific competences in acquiring new knowledge
but tested the concept in a large scale.
In the Danish prehospital setting a certified EMT have
almost 2½ to 4 years of education [14]. It is possible that
other prehospital personnel with a different educational
background will affect the outcome in other prehospital
systems.

Limitations of the study

Despite 771 patients were screened as requiring an ambulance because of respiratory complaints, only 81 were
potential candidates for the study. Although previously
diagnosed with COPD, a large proportion of the patients
initially screened had called the emergency medical services for complaints that could not solely be attributed
to an exacerbation of COPD. Previously, we have shown
that the prehospital clinical characteristics of COPD patients does not allow for prognostication as patients with
COPD constitute a very disperse group [7]. As our study
clearly shows, there are thus limitations to the level of
ambitions regarding treat-and-release of patients solely
suffering from COPD.
Another important limitation in this study is that only
half of the patients that were assessed as potential candidates for the treat-and-release strategy were included in
the study. Fifteen of the patients that were offered participation in the study declined participation before the
investigations were carried out, while 20 of the potentially eligible patients were not included without any
documented reason for the EMTs or PMs not to include
them. This may be caused by the pragmatic principle of
the study. It is possible that some of the EMTs or PMs
were not comfortable with the increased level of competences and thus omitted to implement their newly
assigned competences.

Conclusion
It is feasible for prehospital EMTs or PMs to perform
prehospital point of care ultrasound and laboratory testing among patients with acute exacerbations of COPD.
This may enable a treat-and-release strategy in selected
COPD patients, thus reducing the number of emergency
department visits and short hospital admissions. The
concept of adding advanced competences to the curriculum of EMTs and PMs, however, may show promise in
other patient categories where point-of-care technology
may add valuable knowledge to the patients’ condition.

Strengths of the study

In our study, the assignment of the POCUS and blood
test competences were pragmatically based on the rotas
of the participating EMTs and PMs. Thus, we did not
only include prehospital personnel with specific interests

Acknowledgements
The EMTs and PMs are acknowledged for their acceptance of the study and
their eagerness in implementing the study elements. The physicians
manning the mobile emergency care units in the region are thanked for
their participation in the study.

Nadim et al. BMC Health Services Research

(2021) 21:290

Authors’ contributions
The authors have made the following contributions to the work: (1) The
conception and design of the study: All authors. (2) Acquisition of data:
Authors DW, MKS, LBN, SH, GJ, SM. (3) Analysis and interpretation of data:
GN, CBL, PIP, ILT, ATL, SM. (4) Accept of the interpretation of data: All
authors. (4) Drafting the article GN, ATL, SM. (5) Revising the manuscript
critically for important intellectual content: All authors. (6) Final approval of
the version to be submitted: All authors.
Funding
The project was in part funded by contributions from the regional
ambulance company, Ambulance Syd (represented in this publication by
authors DW, SH), and the privately owned ambulance company, Response,
and their owner, Falck (represented by authors MKS, LBN, C-HR).
Availability of data and materials
Anonymised data are available on reasonable request. Author SM should be
contacted: Soeren.mikkelsen@rsyd.dk.

Page 11 of 12

3.

4.

5.

6.

7.

Declarations
8.
Ethics approval and consent to participate
Scientific ethical approval for this study was waived by the Regional
Scientific Ethics Committee of Southern Denmark as the committee
considered the study a quality assurance study (project-ID: S − 20182000 −
130). According to the Danish legislative requirements, the study was
subsequently approved as a quality assurance study by the Prehospital
Director of the Region of Southern Denmark (project-ID: 19/14433) and
approved by the Danish Data Protection Agency (project-ID: 20/24845).
Informed consent was obtained from the participants when they were
included in the study.
Consent for publication
All authors have read and approved the final manuscript and consent to
publication. No person-identifiable information about the participating patients are provided in this manuscript. Thus, Patients’ consent for publication
is “Not Applicable”.
Competing interests
The regional ambulance company, AmbulanceSyd (represented in this
publication by authors DW, SH), sponsored the study and has a potential
interest in the study. The privately owned ambulance company, Response,
and their owner, Falck, (represented by authors MKS, LBN, C-HR) all had a
commercial interest in the concept. However, apart from contributing to the
design of the study, the ambulance companies had no role in the analyses
or interpretation of data or in the decision to publish the results. Authors
GN, CBL, PIP, HMC, GJ, ILT. ATL, and SM had no competing interests in the
study.

9.
10.

11.

12.

13.

14.
15.

16.
Author details
1
Emergency Medicine Research Unit, Odense University Hospital, Odense,
Denmark. 2Department of Clinical Research, Odense Respiratory Research
Unit (ODIN), University of Southern Denmark, Odense, Denmark.
3
Department of Respiratory Medicine, Odense University Hospital, Odense,
Denmark. 4Ambulance Syd, Odense, Denmark. 5Responce & Falck Denmark,
Kolding, Denmark. 6Department of Health Planning, Prehospital Services,
Region of Southern Denmark, Vejle, Denmark. 7The Prehospital Research Unit,
Region of Southern Denmark, Odense University Hospital, Odense, Denmark.
8
Department of Aneaesthesiology and Intensive Care Medicine, Mobile
Emergency Care Unit, Odense University Hospital, Odense, Denmark.

17.

18.

19.
Received: 18 January 2021 Accepted: 22 March 2021
20.
References
1. Bøtker MT, Jacobsen L, Rudolph SS, Knudsen L. The role of point of care
ultrasound in prehospital critical care: a systematic review. Scand J Trauma
Resusc Emerg Med. 2018;26(1):51. https://doi.org/10.1186/s13049-018-0518x.
2. Fischer M, Kamp J, Riesgo LG-C, IR-S OJ, Ziemann A, Krafft T, et al.
Comparing emergency medical service systems—a project of the European

21.

22.

emergency data (EED) project. Resuscitation. 2011;82(3):285–93. https://doi.
org/10.1016/j.resuscitation.2010.11.001.
McConnel CE, Wilson RW. The demand for prehospital emergency services
in an aging society. Soc Sci Med. 1998;46(8):1027–31. https://doi.org/10.101
6/S0277-9536(97)10029-6.
De Freitas L, Goodacre S, O’Hara R, Thokala P, Hariharan S. Interventions to
improve patient flow in emergency departments: an umbrella review.
Emerg Med J. 2018;35(10):626–37. https://doi.org/10.1136/emermed-2017-2
07263.
Boyle A, Beniuk K, Higginson I, Atkinson P. Emergency department
crowding: time for interventions and policy evaluations. Emerg Med Int.
2012;2012:838610–8. https://doi.org/10.1155/2012/838610.
Steinmetz J, Rasmussen LS, Nielsen SL. Long-term prognosis for patients
with COPD treated in the prehospital setting: is it influenced by hospital
admission? Chest. 2006;130(3):676–80. https://doi.org/10.1378/chest.130.3.
676.
Lindvig KP, Brøchner AC, Lassen AT, Mikkelsen S. Prehospital prognosis is
difficult in patients with acute exacerbation of chronic obstructive
pulmonary disease. Scand J Trauma Resusc Emerg Med. 2017;25(1):106.
https://doi.org/10.1186/s13049-017-0451-4.
Wilkinson TM, Donaldson GC, Hurst JR, Seemungal TAR, Wedzicha JA. Early
therapy improves outcomes of exacerbations of chronic obstructive
pulmonary disease. Am J Respir Crit Care Med. 2004;169(12):1298–303.
https://doi.org/10.1164/rccm.200310-1443OC.
Wedzicha JA, Singh R, Mackay AJ. Acute COPC exacerbations. Clin Chest
Med. 2014;35(1):157–63. https://doi.org/10.1016/j.ccm.2013.11.001.
Laursen CB, Hänselmann A, Posth S, Mikkelsen S, Videbæk L, Berg H.
Prehospital lung ultrasound for the diagnosis of cardiogenic pulmonary
oedema: a pilot study. Scand J Trauma Resusc Emerg Med. 2016;24(1):96.
https://doi.org/10.1186/s13049-016-0288-2.
Andersen M, Johnsen SP, Sørensen JN, Jepsen SB, Hansen JB, Christensen
EF. Implementing a nation-wide criteria-based emergency medical dispatch
system: a register-based follow-up study. Scand J Trauma Resusc Emerg
Med. 2013;21(1):53. https://doi.org/10.1186/1757-7241-21-53.
Lindskou TA, Mikkelsen S, Christensen EF, Hansen PA, Jørgensen G,
Hendriksen OM, et al. The Danish prehospital emergency healthcare system
and research possibilities. Scand J Trauma Resusc Emerg Med. 2019;27(1):
100. https://doi.org/10.1186/s13049-019-0676-5.
Mikkelsen S, Lossius HM, Toft P, Lassen AT. Characteristics and prognoses of
patients treated by an anaesthesiologist-manned prehospital emergency
care unit. A retrospective cohort study. BMJ Open. 2017;7(2):e014383.
https://doi.org/10.1136/bmjopen-2016-014383.
Mikkelsen S, Lassen AT. The Danish prehospital system. Eur J Emerg Med.
2020;27(6):394–5. https://doi.org/10.1097/MEJ.0000000000000774.
Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick
AW, et al. International evidence-based recommendations for point-of-care
lung ultrasound. Intensive Care Med. 2012;38(4):577–91. https://doi.org/10.1
007/s00134-012-2513-4. Epub 2012 Mar 6.
Nijman RG, Moll HA, Smit FJ, Gervaix A, Weerkamp F, Vergouwe Y, et al. Creactive protein, procalcitonin and the lab-score for detecting serious
bacterial infections in febrile children at the emergency department: a
prospective observational study. Pediatr Infect Dis J. 2014;33(11):e273–9.
https://doi.org/10.1097/INF.0000000000000466.
Hernández-Bou S, Trenchs V, Vanegas MI, Valls AF, Luaces C. Evaluation of
the bedside Quikread go® CRP test in the management of febrile infants at
the emergency department. Eur J Clin Microbiol Infect Dis. 2017;36(7):1205–
11. https://doi.org/10.1007/s10096-017-2910-2.
Indrasari ND, Wonohutomo JP, Sukartini N. Comparison of point-of-care and
central laboratory analyzers for blood gas and lactate measurements. J Clin
Lab Anal. 2019;33(5):e22885. https://doi.org/10.1002/jcla.22885.
Abbott. i-STAT Alinity system. 2019. https://www.pointofcare.abbott/int/en/
offerings/istat-alinity. Accessed 19 Dec 2020
Laursen CB, Clive A, Hallifax R, Pietersen PI, Asciak R, Davidsen JR, et al.
European Respiratory Society statement on thoracic ultrasound. Eur Respir J.
2021;57(3):2001519. https://doi.org/10.1183/13993003.01519-2020.
Laursen CB, Sloth E, Lassen AT, Christensen RD, Lambrechtsen J, Madsen PH,
et al. Point-of-care ultrasonography in patients admitted with respiratory
symptoms: a single-blind, randomised controlled trial. Lancet Respir Med.
2014;2(8):638–46. https://doi.org/10.1016/S2213-2600(14)70135-3.
British Thoracic Society Guideline Development Group. Intermediate care-hospital-at-home in chronic obstructive pulmonary disease: British Thoracic

Nadim et al. BMC Health Services Research

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

(2021) 21:290

Society guideline. Thorax. 2007;62(3):200–10. https://doi.org/10.1136/thx.2
006.064931.
Beghé B, Verduri A, Roca M, Fabbri LM. Exacerbation of respiratory
symptoms in COPD patients may not be exacerbations of COPD. Eur Respir
J. 2013;41(4):993–5. https://doi.org/10.1183/09031936.00180812.
Vestbo J, Hurd SS, Agustí AG, Jones PW, Vogelmeier C, Anzueto A, et al.
Global strategy for the diagnosis, management, and prevention of chronic
obstructive pulmonary disease: GOLD executive summary. Am J Respir Crit
Care Med. 2013;187(4):347–65. https://doi.org/10.1164/rccm.201204-0596PP.
Roberts J, McManus J, Harrison B. Use of ultrasonography to avoid an
unnecessary procedure in the pre-hospital combat environment: a case
report. Prehosp Emerg Care. 2006;10:502–6.
Zwisler ST, Zincuk Y, Bering CB, Zincuk A, Nybo M, Mikkelsen S. Diagnostic
value of prehospital arterial blood gas measurements–a randomised
controlled trial. Scand J Trauma Resusc Emerg Med. 2019;27(1):32. https://
doi.org/10.1186/s13049-019-0612-8.
Nelson BP, Chason K. Use of ultrasound by emergency medical services: a
review. Int J Emerg Med. 2008;1(4):253–9. https://doi.org/10.1007/s12245008-0075-6.
Brooke M, Walton J, Scutt D, Connolly J, Jarman B. Acquisition and
interpretation of focused diagnostic ultrasound images by ultrasound-naive
advanced paramedics: trialling a PHUS education programme. Emerg Med J.
2012;29(4):322–6. https://doi.org/10.1136/emj.2010.106484.
Kim CH, Shin SD, Song KY, Park CB. Diagnostic accuracy of focused
assessment with sonography for trau-ma (FAST) examinations performed by
emergency medical technicians. Prehosp Emerg Care. 2012;16(3):400–6.
https://doi.org/10.3109/10903127.2012.664242.
Noble VE, Lamhaut L, Capp R, Bosson N, Liteplo A, Marx J-S, 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(1):3. https://doi.org/10.1186/1472-69209-3.
Snaith B, Hardy M, Walker A. Emergency ultrasound in the prehospital
setting: the impact of environment on examination outcomes. Emerg Med
J. 2011;28(12):1063–5. https://doi.org/10.1136/emj.2010.096966.
Alzahrani SA, Al-Salamah MA, Al-Madani WH, Elbarbary MA. Systematic
review and meta-analysis for the use of ultrasound versus radiology in
diagnosing of pneumonia. Crit Ultrasound J. 2017;9(1):6. https://doi.org/1
0.1186/s13089-017-0059-y.
Brown JB, Rosengart MR, Forsythe RM, Reynolds BR, Gestring ML, Hallinan
WM, et al. Not all prehospital time is equal: influence of scene time on
mortality. J Trauma Acute Care Surg. 2016;81(1):93–100. https://doi.org/10.1
097/TA.0000000000000999.
Smith RM, Conn AKT. Prehospital care − scoop and run or stay and play?
Injury. 2009;40(Suppl 4):S23–6. https://doi.org/10.1016/j.injury.2009.10.033.
Bhat SR, Johnson DA, Pierog JE, Zaia BE, Williams SR, Gharahbaghian L.
Prehospital evaluation of effusion, pneumothorax, & standstill (PEEPS): pointof-care ultrasound in emergency medical services. West J Emerg Med. 2015;
16(4):503–9. https://doi.org/10.5811/westjem.2015.5.25414.
Kost GJ, Ehrmeyer SS, Chernow B, Winkelman JW, Zaloga GP, Dellinger RP,
et al. The laboratory-clinical interface: point-of-care testing. Chest. 1999;
115(4):1140–54. https://doi.org/10.1378/chest.115.4.1140.
Storrow AB, Zhou C, Gaddis G, Han JH, Miller K, Klubert D, et al. Decreasing
lab turnaround time improves emergency department throughput and
decreases emergency medical services diversion: a simulation model. Acad
Emerg Med. 2008;15(11):1130–5. https://doi.org/10.1111/j.1553-2712.2008.
00181.x.
Zydron CT, Woodworth A, Storrow AB. The future of point-of-care testing in
emergency departments. Expert Opin Med Diagn. 2011;5(3):175–81. https://
doi.org/10.1517/17530059.2011.567263. Epub 2011 Apr 15.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

