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Abstract

Background Prehospital vital sign documentation in paediatric patients is incomplete, especially in
patients <2 years. The aim of the study was to increase vital sign registration in paediatric patients through specific
educational initiatives.

Methods Prospective quasi-experimental study with interrupted time-series design in the North Denmark and South
Denmark regions. The study consecutively included all children aged < 18 years attended by the emergency medi-

cal service (EMS) from 1 July 2019 to 31 December 2021. Specific educational initiatives were conducted only in the
North Denmark EMS and included video learning and classroom training based on the European Paediatric Advanced
Life Support principles. The primary outcome was the proportion of patients who had their respiratory rate, peripheral
capillary oxygen saturation, heart rate and level of consciousness recorded at least twice. We used a binomial regres-
sion model stratified by age groups to compare proportions of the primary outcome in the pre- and post-interven-
tion periods in each region.

Results In North Denmark, 7551 patients were included, while 15,585 patients from South Denmark were used as
a reference. Virtually all of the North Denmark EMS providers completed the video learning (98.7%). The total study
population involved patients aged <2 months (5.5%), 3-11 months (7.4%), 1-2 years (18.8%), 3—7 years (16.2%)

and > 8 years (52.1%). In the intervention region, the primary outcome increased from the pre- to the post-interven-
tion period from 35.3% to 40.5% [95% Cl for difference 3.0,7.4]. There were large variations in between age groups
with increases from 18.8% to 27.4% [95% Cl for difference 5.3;12.0] among patients aged < 2 years, from 33.5% to
43.7% [95% Cl for difference 4.9;15.5] among patients aged 3-7 years and an insignificant increase among patients
aged > 8 years (from 46.4% to 47.9% [95% Cl for difference — 1.7;4.7]). In the region without the specific educational
interventions, proportions were steady for all age groups throughout the entire study period.

Conclusions Mandatory educational initiatives for EMS providers were associated with an increase in the extent of
vital sign registration in paediatric patients <7 years. Incomplete vital registration was associated with, but not limited
to non-urgent cases.
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Introduction

Every tenth patient cared for by the Danish emergency
medical services (EMS) is a paediatric patient, most
often teenagers or infants and toddlers aged two years
or younger [1, 2]. Life-threatening events are infrequent
among children [3—6]. Nonetheless, clinical examination of
children with acute illnesses or injuries can be challenging
for health care professionals who do not treat children on a
daily basis and may be stressful in emergency settings [7—
10]. The Children’s Safety Initiative-EMS identified several
educational priorities for EMS providers: paediatric airway
management, responder anxiety when working with chil-
dren and general paediatric skills, among others [11]. There
is an international trend of increasing ‘paediatric readiness’
among non-paediatric health care professionals in emer-
gency settings, as this may reduce mortality from critical ill-
ness [12—-14]. A paediatric triage model is embedded in the
national electronic patient medical records (ePMR) system
used by EMS providers in all of Denmark. Triage models,
track-and-trigger systems and early warning scores are pri-
marily based on vital signs. However, scores are often not
complete in paediatric patients in EMS settings [15-18].
In the North Denmark EMS, nearly half of the children did
not have one full set of vital signs documented in their pre-
hospital ePMR [17]. One full set of vital signs was defined
as all of the contemporaneous respiratory rate, peripheral
capillary oxygen saturation (SpO,), heart rate and level of
consciousness. This project had the overall goal of improv-
ing EMS providers’ abilities to examine and assess chil-
dren via a number of educational interventions, including
teaching a standardised approach to the child with acute
illness and standardised advice for the administration of
commonly used medications. The study objective was to
evaluate if the educational initiatives were associated with
an increase in the proportion of paediatric patients who
had at least two full sets of vital signs obtained by EMS pro-
viders prior to arrival at a hospital. The initiatives focused
primarily on clinical assessment of children aged less than
two years, as vital sign registration is particularly deficient
in this age group [15-17]. A secondary study objective was
to investigate if patient factors or specific situations were
associated with complete vital sign registration.

Methods

Study design and setting

This was a prospective interregional quasi-experi-
mental study with an interrupted time-series design
[19]. We assessed the primary outcome each month

and compared the time periods before and after the
implementation of the educational interventions in the
North Denmark EMS. Any increase in the primary out-
come could have been the result of a temporal trend.
For this reason, we decided to compare the findings to
those of the South Denmark EMS which then served
as a reference within the same country. In the South
Denmark EMS, no specific educational initiatives were
conducted during the study period. The reporting of
the study follows the ‘Strengthening the Reporting
of Observational Studies in Epidemiology’ guidelines
[20]. Patients were included consecutively during the
study period 1 July 2019 to 31 December 2021. We
used monthly aggregated data and split the total study
period into 15 months before the educational initia-
tives commenced, the ‘pre-intervention period; from 1
July 2019 to 30 September 2020; and 15 months after
the educational initiatives commenced, the ‘post-inter-
vention period, from 1 October 2020 to 31 December
2021. The first 14 days of the post-intervention period
were considered a start-up period and not included in
the analyses.

The responsibility of health care in Denmark lies
within the five health regions. Each region is respon-
sible for operating publicly funded health care services
including primary health care, hospitals and EMS.
Accordingly, there are five regional Emergency Medi-
cal Coordination Centres (EMCCs) which command
all prehospital units [21]. The health care profession-
als at the EMCC dispatch EMS resources according
to the level of urgency, A to E, using a criteria-based
decision support tool, the Danish Index for Emer-
gency Care [22, 23]. Emergency calls are forwarded
from the police to the EMCC via the national emer-
gency number, 1-1-2, or from general practitioners
or other health care professionals requiring the EMS.
North Denmark and South Denmark EMS both cover
mixed urban—rural areas. Although the South Denmark
Region is larger than the North Denmark Region both
geographically and in terms of population, the regions
have a similar demographic structure where children
aged < 18 years make up 19,7% (240,577/1,222,967) and
19,1% (112,514/589,837) of the inhabitants, respec-
tively (2020Q3) [24]. The North and South Denmark
Regions have similar EMS systems with ambulances
staffed by two emergency medical technicians (EMTs)
and rendez-vous mobile emergency care units with a
paramedic and a prehospital physician specialised in
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anaesthesia and intensive care [21]. Generally, a physi-
cian-staffed mobile emergency care unit is engaged in
about 20-25% of ambulance dispatches in both regions.
The EMS systems operate within the same legal frame-
work and provide the same standard care. All prehos-
pital ground-level units use the same ePMR system
nationally, and the system is integrated into the hospi-
tals” ePMR systems. In both regions, EMTs have been
trained in paediatric advanced life support (ALS) before
recruitment into the services. On top of their basic
training, the educational efforts that existed before the
study commenced differed for EMTs (350 providers)
and paramedics (40-50 providers) in the intervention
region. Before the interventions, mandatory training of
paediatric ALS and discussion of paediatric case sce-
narios were scheduled for EMTs regularly. Paramedics
have the competencies to administer certain pharmaco-
logical treatments, some independently and some del-
egated at the discretion of a prehospital physician. All
providers were allowed duty-free time for completing
any of the European Resuscitation Council’s courses,
however, this was on his or her own incentive. Likewise
for any re-certification. Hence, the study interventions
would offer a systematic structure for some while being
a mere brush-up for others. It was also compulsory for
newly recruited providers. For prehospital physicians,
e-learning was optional. From now on, the three profes-
sions are collectively designated ‘EMS providers.

Participants

Patients were included if they were aged <18 years on
the date when an ambulance was dispatched from the
EMCQC, either requested via 1-1-2 or by a general prac-
titioner or another health care professional. Exclusion
criteria were calls classified as urgency level D, ‘patient
needed transport in a supine position, no treatment
needs; or level E, ‘other mode of transport, e.g. taxi, or
guidance to other acute care options’; interfacility trans-
fers; duration of mission was less than 30 s; no patient
was found at the scene; helicopter EMS was the first unit
at the scene (as they had a different ePMR system); the
patient was declared dead at the scene according to the
prehospital ePMR or the patient had received basic life
support. All of the above exclusion criteria were selected
based on the assumption that EMS providers would
not perform a formal ABCDE evaluation (including the
recording of vital signs) of the patients in those scenarios.

Intervention

The first initiative launched was an instructional video
demonstrating the ABCDE approach by use of a 1-year-
old manikin based on the European Resuscitation Coun-
cil's Guidelines on paediatric advanced life support
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principles (2015 edition [25] updated by the 2021 edition
[26] with written consent from the council). The video
instructed EMS providers to obtain two sets of vital signs
to detect any changes: one during the primary assess-
ment of the patient and one shortly before arrival at hos-
pital. A full set of vital signs included respiratory rate,
SpO,, heart rate and level of consciousness. The video
was released and distributed as an e-learning session on
21 September 2020, with instructions to have completed
the session by 14 October 2020. The cut-off date divid-
ing the two study periods was 1 October 2020. Halfway
through the post-intervention period, reminder lessons
were held at the annual mandatory educational sessions.
In collaboration with representatives of the EMS provid-
ers, we provided written calculation rules and standard-
ised recommendations for administration of commonly
used medications in paediatric emergency medicine
(electronic and printed versions). The recommendations
were uploaded to the application platform that the EMS
providers are able to consult in their daily practice. The
final version was reviewed and approved by a consultant
in paediatrics (LB), a consultant in paediatric anaesthesi-
ology (SK), the medical director of the North Denmark
EMS (MR-K) and the daily manager of the physician-
staffed mobile emergency care unit (MD). Please refer to
the Acknowledgement section for details.

Data collection and outcomes

Data were included exclusively from databases. Time
stamps and locations of dispatched prehospital units
were collected from the logistic system, Logis CAD (Logis
Solutions, Neerum, Denmark), while patient data were
collected from the prehospital ePMR system. Data collec-
tors were all EMS providers employed in the two regions’
EMS. The Danish Regions’ Paediatric Triage Model (dis-
played in Additional file 1) and the Danish Emergency
Process Triage [27] are integrated into the national ePMR
system. Ranges of vital signs for paediatric patients are
identical in the two triage systems, and the triage score is
represented by colours: green for ‘not urgent, yellow for
‘less urgent, orange for ‘urgent’ and red for ‘life-threat-
ening’ emergencies. The North Denmark EMS replaced
their LIFEPAK® 15 monitors (©Physio-Control, Inc., WA
98052, USA) with ZOLL® X Series® monitors (ZOLL
Medical Corporation, MA 01824, USA) on 1 December
2020. The new monitors automatically transferred values
of SpO, and heart rate into the prehospital ePMR dur-
ing continuous monitoring whereas the former monitor
required manual activation for the transfer of data into
the record. For both monitors, respiratory rate required
manual entry into the ePMR, except for when meas-
ured by capnography. Heart rate could be transferred
into the ePMR either from a rhythm monitor or from a
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pulse oximeter. The primary outcome was registration
of two sets of the following vital signs: respiratory rate,
SpO,, heart rate and level of consciousness, hereafter
designated ‘complete vital sign registration! Level of con-
sciousness was registered using either the Glasgow Coma
Scale or the AVPU scale (Alert—Voice—Pain—Unrespon-
sive) [28]. We incorporated a paediatric Glasgow Coma
Scale into the prehospital ePMR system with separate
verbal responses in children aged 5 years or younger and
children aged 6 or above.

Study size

The sample size was calculated using a formula for com-
paring proportions in two independent study popula-
tions with a dichotomous primary endpoint. Calculations
were based on the following conditions: 1) the incidence
of the primary outcome ‘two full sets of vital signs’ had
previously been 36% (historical data from the prehospi-
tal ePMR database); 2) we aimed for a minimum of 10%
increase relative to the pre-intervention period and 3)
alpha=0.05 and (1 —beta)=0.80. This calculation pro-
vided a sample size of 5652 patients from the interven-
tion region.

Analysis

Data were pseudo-anonymised before analysis. Accidents
were defined using dispatch criteria according to the
Danish Index for Emergency Care [22, 23]. Chapters ‘04:
Large scale accident; ‘32: Traffic accident’ and ‘33: Acci-
dents (not traffic-related)’ were collectively designated
‘Trauma’ while chapter ‘31: Minor wounds—fractures—
injuries’ was designated ‘Minor injuries. The primary
outcome of having two full sets of vital signs registered
is presented graphically as proportions according to
pre- and post-intervention periods and per region. The
graphic illustration is supported by a binomial regres-
sion model with robust variance estimation comparing
the proportion of the primary outcome in the pre- and
post-intervention periods. The model was stratified by
age groups according to the Danish Regions’ Paediatric
Triage Model displayed in Additional file 1 and reported
by relative and absolute differences with 95% confidence
intervals written as [xx;xx]. Sensitivity analyses of the
primary outcome were performed with first-time events
only. We used DAGitty [29] to illustrate directed acyclic
graphs for discussion of possible confounders for the
primary outcome. We agreed to adjust for Coronavirus
disease of 2019 (COVID-19) incidence peaks, as the post-
intervention period contained more months in the win-
ter season than the pre-intervention period. Peaks were
defined as months with a national lockdown of schools
more than 50% of the time due to the risk of COVID-
19 infection. We also adjusted for treat-and-release
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situations as vital signs may not be recorded more than
once in such situations. And the proportion of treat-and-
release situations may have differed between regions. We
investigated if the following factors were associated with
complete vital sign registration: age group, sex, EMS care
time, treat-and-release situations, COVID-19 incidence
peaks, implementation of new monitors, Glasgow Coma
Score, triage score, prehospital physician present at the
scene, accidents and critical interventions. Factor asso-
ciations are presented by relative risks and risk differ-
ences compared to the relevant reference group for each
factor. Data analyses were performed with Stata/MP 17.0
(StataCorp LLC, TX 77845, USA).

Results

Characteristics of study subjects

In the first 10 days following the launch of the initiatives,
81.8% of the service’s EMS providers had completed the
e-learning session. This proportion had increased to
98.7% by the end of the study period. The patient flow
is depicted in Fig. 1. The final study population included
7551 patients from the intervention region (North Den-
mark) and 15,585 patients from the reference region
(South Denmark). The two regions had similar annual
incidences of calls to the EMCC regarding paediatric
patients (per 1000 inhabitants < 18 years) (Table 1). Over-
all, a prehospital physician had been dispatched along
with the ambulance in 38.4% of cases. There was no dif-
ference in demographic variables such as sex and age
groups. A third of the patients were infants and toddlers
aged <2 years and half of the patients were aged 8 years
or above. First triage scores varied between regions with
more patients in the ‘urgent’ categories in the interven-
tion region compared to the reference region (Table 1).

Main results

The vital signs of interest were respiratory rate, SpO,,
heart rate and level of consciousness. The primary
outcome of complete vital sign registration increased
in the intervention region from the pre- to the post-
intervention period and compared to the reference
region (Fig. 2). There were large variations in between
age groups (Table 2). For children of all ages, the pro-
portion of patients with complete vital sign registration
was 40.5% [38.9;42.0] in the intervention region, and
23.7% [22.7;24.6] in the reference region in the post-
intervention period. Sensitivity analyses of the pri-
mary outcome with first-time events only (n = 18,008)
produced similar unadjusted results. Adjustment for
COVID-19 national lockdown periods and treat-and-
release situations did not change our results notably
(Table 2). In the intervention region, more patients
experienced changes in vital signs and more patients
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25,348
records with patients aged <18 years in the
study period July 1, 2019 to Dec 31, 2021
identified in the prehospital ePMR database
759 records of events
with urgency levels |«
DorE 1]
24,589 records
840 records were
interfacility transfers
A/
23,749 records
253 records excluded due to:
Duration of mission <30 sec. (6)
No patient on scene (135) 234
HEMS was first unit on scene (20) 3,496 records
Patient declared dead on scene (16)
Patient with cardiac arrest ..
(received basic life support) (51) > Start-up perlcidao(;:t,st(t)o 14,2020
Patient assessed on 18th birthday (3) excluded (360)
Duplicate records (22)
A
N = 23,136
18,008 1st time events
4,521 >2nd time events
607 events without CPR no.'s with a
patient aged <18 years
Pre-intervention July, 2019 to Sept, 2020: y y Pre-intervention July, 2019 to Sept, 2020:
3841 7,551 from 15,585 from 7,749
Post-intervention Oct, 2020 to Dec, 2021: |- Nortg;?gr:nark SoutgeDgtis;r:nark »| Post-intervention Oct, 2020 to Dec, 2021:
3710 (intervention) (reference) 7,836

Fig. 1 Patient flow diagram. ePMR electronic patient medical record. HEMS helicopter emergency medical services. CPR Civil Personal Registry

improved their vital signs during the prehospital phase
in the post-intervention period compared to the pre-
intervention period (please refer to Additional file 2).
Age was markedly associated with the primary out-
come. The youngest patients were less likely to have
had complete vital sign registration (Table 3). EMS pro-
viders in the intervention region recorded at least one
respiratory rate in 76.5% [74.1;78.8] of cases, heart rate
in 71.5% [68.9;74.0] of cases, SpO, in 68.9% [66.2;71,4]
of cases and level of consciousness in 78.3% [75.8;80.5]
of cases within the subgroup of patients aged <2 years
during the post-intervention period. Treat-and-release
situations were also associated with the primary out-
come. Treat-and-release situations represented 21.4%
[19.7;23.2] of the cases with incomplete registration

in the intervention region and 15.4% [14.5;16.4] in
the reference region. The introduction of new moni-
tors in the intervention region during the study period
was not associated with a change in the proportion of
patients with complete vital sign registration. Having
a ‘non-urgent’ (green) triage score at the time of the
first assessment decreased the probability of complete
vital sign registration compared to the patients with
‘urgent’ scores (Table 3). In the intervention region, the
patients with incomplete vital sign registration were
triaged as'not urgent’ (green) in 25.8% [23.9;27.6] of the
cases and as ‘urgent’ (yellow, orange or red) in 36.8%
[34.7;38.8] of the cases during the post-intervention
period (missing triage score from the prehospital ePMR
in 37.5% [35.5;39.5]).
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Table 1 Baseline characteristics by region
North South
Denmark EMS Denmark EMS
(intervention) (reference)
(n=7551) (n=15,585)

Annual regional incidence of emergency calls regarding children

Calls per 1000 inhabitants < 18 years 30 29

Sex, n (%)

Male 3957 (52.4) 8144  (52.3)
Missing data, n (%) 121 (1.6) 204 (1.3)
Age, n (%)

0-2 months 419 (5.5) 850 (5.5)
3-11 months 583 (7.7) 1138 (7.3)
1-2 years 1463 (19.4) 2882 (18.5)
3-7 years 1278 (16.9) 2459 (15.8)
8-17 years 3808  (504) 8256  (53.0)
Missing data, n (%) 0 (0.0) 0 (0.0)
Response time®

Median (IQR), minutes 11 (7-19) 7 (4-11)
Missing data, n (%) 603 (8.0) 880 (5.6)
Treat-and-release situations, n (%)

Against EMS provider's advice 200 (2.6) 249 (1.6)
EMS provider's initiative 975 (12.9 1811 (11.6)
Missing data, n (%) 0 (0.0) 0 (0.0)
EMS care time®, n (%)

0-15min 277 (4.3) 400 (3.0)
15-30 min 1378 (21.6) 2407 (17.8)
30-45 min 1522 (239 4046 (29.9)
45-60 min 1262 (19.8) 2977 (22.0)
60-120 min 1117 (17.5) 1815 (13.4)
> 120 min 93 (1.5) 272 (2.0)
Missing data, n (%) 727 (11.4) 1608 (11.9)
Accidents, n (%)

Trauma 1527 (20.2) 3416 (21.9)
Minor injuries 345 (4.6) 531 (34)
Missing data, n (%) 299 (4.0) 401 (2.6)
First triage scoreS, n (%)

Life-threatening (red) 415 (5.5) 717 (4.6)
Urgent (orange) 1682 (22.3) 2328 (14.9)
Less urgent (yellow) 1456 (19.3) 2851 (18.3)
Not urgent (green) 2073 (27.5) 6266 (40.2)
Missing data, n (%) 1925 (25.5) 3423 (22.0)

EMS emergency medical services; IQR interquartile range

2Time from dispatch to arrival at scene

b Time from arrival at scene to arrival at hospital for patients that were not
released at the scene (n = 6376 in the intervention region and n = 13,525 in the
reference region)

“Triage score according to the Danish Regions’ Paediatric Triage Model, and if

this field on the prehospital ePMR was empty, then according to the Danish
Emergency Process Triage (DEPT)
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Discussion

Key results

Following the introduction of the educational initiatives,
the proportion of patients with complete vital sign reg-
istration increased compared to the reference region
though the increase clearly differed by age group. For
children of all ages, a marked difference was observed
between regions in the post-intervention period where
40.5% and 23.7% had complete vital sign registration in
the intervention and reference region, respectively.

Limitations
A causal relationship between the educational interven-
tions and the outcome cannot be concluded with a quasi-
experimental study design. We considered a randomised
cluster design within our service using individual ambu-
lance stations. However, this could be impractical as
the EMS providers may have exchanged knowledge and
possibly created a spill-over effect between groups. And
when providers had been educated, it would not be pos-
sible to ‘unlearn’ the material. This suggested choosing
a parallel design over a crossover design. We decided to
divide the study groups both by period and by regional
service level, and our study findings demonstrate
improvements in both comparisons. The results were
not biased by the replacement of monitors during the
post-intervention period in the intervention region. It is
possible that the EMS providers were inclined to change
registration practices as a result of being studied and not
because of the educational initiatives. The increase in
the primary outcome persists all through the post-inter-
vention period which contradicts a strong Hawthorne
effect [30] in our study, as the post-intervention period
lasted for more than a year. All events in our study were
not strictly independent from each other as a unique
patient could have had more than one ambulance dis-
patched during the entire study period. However, we sus-
pected that this would not change the results, as it would
probably not be the same EMS providers that would be
dispatched to a unique patient multiple times. A call to
the EMCC concerning a child, who had already had an
ambulance dispatched during the study period, was
regarded as either a new emergency or a progression of
the situation. The sensitivity analyses support the above-
mentioned presumption.

We defined ‘complete vital sign registration’ as a mini-
mum of two sets of the four vital signs respiratory rate,
SpO,, heart rate and level of consciousness. This was an
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Fig. 2 Primary outcome by time (a) and by age (b). The vertical line represents the cut-off date from the pre- to the post-intervention period. Full

population: N=23,136. Age <2 years: n=7335
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Table 3 Factors associated with complete vital sign registration during EMS care time in the post-intervention period

Intervention region Reference region
(n=3710) (n=7836)
Relative risk Risk difference Relative risk Risk difference
compared to ref. compared to ref. compared to ref. compared to ref.
[95% Cl] [95% ClI] [95% Cl] [95% Cl]
Age group
0-2 months 0.3[0.2,04] —0.35[—-040;—0.30] 0.1[0.0,0.1] —0.32[-034,—-0.29]
3-11 months 0.6[0.5;0.8] —0.18[—-023;—0.12] 0.2[0.2,0.3] —0.26 [—0.29;—0.24]
1-2 years 0.6 [0.6,0.7] —0.18[—0.22;—-0.14] 0.3[0.3;04] —023[-025-0.21]
3-7 years 0.91[0.8;1.0] —0.04 [—0.09; 0.00] 0.6 [0.5;0.6] —0.15[-0.18;—-0.13]
8-17 years (=ref) 1 - 1 -
Missing data, n (%) 0 (0.0%) 0 (0.0%)
Sex
Female 1.0[1.0,1.1] 0.01[—0.02;0.04] 1.101.0,1.1] 0.01[—0.01;0.03]
Male (=ref) 1 - 1 -
Missing data, n (%) 35 (0.9%) 65 (0.8%)
EMS care time®
0-15min 0.6 [0.4,0.8] —021[-029,—-0.13] 0.5[04,0.7] —0.13[—0.18;—0.08]
>15 min (=ref) 1 - 1 -
Missing data, n (%) 370 (11.9%) 751 (11.1%)
Treat-and-release situations
Yes 0.5[0.4,0.5] —0.24[—-0.28;—0.20] 0.6[0.50.7] —0.11[=0.13;-0.08]
No (=ref) 1 - 1
Missing data, n (%) 0 (0.0%) 0 (0.0%)
CoVID-19
Months with school lockdown in place > 50% of the time®  1.0[0.9;1.1] —0.01 [—0.06;0.03] 0.8[0.7,0.9] —0.04 [—-0.07,—0.02]
Months without lockdown (= ref) 1 - 1 -
Missing data, n (%) 0 (0.0%) 0 (0.0%)
Implementation of ZOLL® monitors during the post-intervention period®
2 months following implementation date 1.0[0.8;1.2] 0.01 [—0.06;,0.08] NA NA
2 months before implementation date (=ref) 1 -
Missing data, n (%) 0 (0.0%)
Glasgow Coma Score (first observation)
Green =normal LOC 1.0[0.9;1.2] 0.02 [—0.04; 0.08] 0.7 [0.7;0.8] —0.10[—0.14;—0.05]
Yellow/orange/red =altered LOC (=ref) 1 - 1 -
Missing data, n (%) 571 (15.4%) 1513 (19.3%)
Triage score (first)
Green="Not urgent’ 0.8[0.7,0.9] —0.11[-0.14,—0.07] 0.8[0.7,09] —0.07 [-0.09;—0.05]
Yellow/orange/red ='Less urgent’/'Urgent’/'Life-threaten- 1 - 1 -
ing' (=ref)
Missing data, n (%) 925 (24.9%) 1758 (22.4%)
Prehospital physician at the scene
Yes, HEMS or MECU physician 0.8[0.7,0.9] —0.08[—0.11;—0.04] 0.7[0.7:0.8] —0.08 [—0.10;—0.06]
No (=ref) 1 - 1 -
Missing data, n (%) 0 (0.0%) 0 (0.0%)
Accidents
Trauma 1.21.1,1.3] 0.06 [0.02;0.10] 1.101.0,1.3] 0.03 [0.01;0.06]
Minor injuries 141[1.2;1.6] 0.15[0.07,0.23] 1.6[1.4,19] 0.14[0.08;0.20]
Not accident (=ref) 1 - 1 -
Missing data, n (%) 137 (3.7%) 136 (1.7%)
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Table 3 (continued)
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Intervention region

Reference region

(n=3710) (n=7836)
Relative risk Risk difference Relative risk Risk difference
compared to ref. compared to ref. compared to ref. compared to ref.
[95% ClI] [95% ClI] [95% Cl] [95% ClI]
Critical intervention(s)®
> 1 intervention(s) performed 1.6[1.41.7] 0.22[0.17:0.27] 221[2.0:24] 0.25[0.22:0.28]
None (=ref) 1 - 1 -
Missing data, n (%) 0 (0.0%) 0 (0.0%)

COVID-19 Coronavirus disease of 2019. EMS emergency medical services. HEMS helicopter emergency medical services. LOC level of consciousness. MECU mobile

emergency care unit. NA not applicable

2Time from arrival at scene to arrival at hospital for patients that were not released at the scene (n=3117 in the intervention region and n=6758 in the reference

region)
b Months: January 2021, February 2021, December 2021

The North Denmark EMS replaced their LIFEPAK® monitors with ZOLL® monitors on 1 December 2020 (refer to the ‘Data collection and outcomes’ paragraph)

94 Accidents as defined in Table 1: Trauma defined as accidents within chapters ‘04: Large scale accident’ or ‘32: Traffic accident’ or ‘33: Accidents (not traffic-related)’
Minor injuries defined as accidents within chapter ‘31: Minor wounds—fractures—injuries’

€ Critical interventions include peripheral venous catheter, intraosseous vascular access, intubation or bag-valve-mask ventilation

ambitious outcome compared to the existing literature.
Vital signs were not always registered independently, as
heart rate and SpO, would often have been measured
simultaneously using a pulse oximeter. Those four vital
signs were chosen because of their association with clini-
cal outcomes in paediatric patients in emergency settings
[16, 31, 32] and because of their simplicity and mild dis-
comfort for the child. Hypotension is a specific, yet late
sign of circulatory failure. We did not expect blood pres-
sure to be measured in all paediatric patients, as readings
are dependent on appropriate cuff size and can be falsely
raised in crying or agitated children [33-35]. If a vital
sign was not registered in the prehospital ePMR’s desig-
nated vital sign entry field, we considered it not to have
been measured or assessed. This may have caused us to
underestimate the primary outcome. Integrating com-
pulsory entry fields into the prehospital ePMR may be a
way of increasing vital sign registration. This option had
however been discussed previously by a national board
at the time of implementation of the national prehospital
ePMR. The board considered it would not be feasible to
have the prehospital ePMR ‘locked’ on a previous mission
with unfilled entry fields, should another mission have
priority.

Interpretation and generalisability

The study is strengthened by its population-based design
including both patients transported to a hospital and
treat-and-release patients. The consecutive inclusion
of patients minimised selection bias. The generalisabil-
ity of the results might be influenced by local practices
and work cultures in different EMS though. The North
Denmark EMS aimed to increase complete vital sign

registration in children. But what is an acceptable level?
In the post-intervention period, the primary outcome
of two full sets of vital signs was 41% in our service with
large variation between age groups. In a national cohort
of more than 100,000 paediatric EMS patients in the
United Kingdom, 62% had those same four vital signs
documented in their prehospital ePMR at least once
[16]. The authors advocate for a simpler paediatric early
warning score in the prehospital setting as oxygen deliv-
ery, Glasgow Coma Score, heart rate and SpO, were able
to predict 30-day mortality or intensive care admission
within 48 h as accurately as a full score that included
measures of both respiratory rate, SpO,, oxygen delivery,
temperature, systolic blood pressure, heart rate, time to
capillary reperfusion and level of consciousness [4, 16].
The main findings revealed that the younger the
patient, the lower the probability of complete vital sign
registration, and similar age variations are well docu-
mented [15, 16, 18, 36, 37]. Infants are at the highest risk
of experiencing non-accidental injuries [38] that must
not go unnoticed by the EMS. Our findings reflect that
the educational initiatives for this project were centred
around the clinical examination of infants and small
toddlers. The extent of individual vital sign registration
within our service is acceptable for infants and toddlers
if the results are compared to other prehospital systems
in the Nordic countries [6, 18]: respiratory rate 34—51%
(77% in our service), heart rate 59-66% (72% in our ser-
vice), SpO, 56-69% (69% in our service) and level of con-
sciousness 29—-83% (78% in our service). In United States
EMS, registration rates of respiratory rate (81-89%) and
heart rate (57-91%) appear to be higher [15, 36, 37].
However, these studies all report on registration of single
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vital signs separately, while this study reports on com-
plete vital sign registration as a proxy for a basic ABCD
evaluation and reevaluation of the patient. Patients with
a ‘non-urgent’ triage score had a relative risk of 0.8 for
complete vital sign registration compared to patients
with ‘urgent’ scores. Yet, incomplete vital sign registra-
tion was not restricted to non-urgent cases. This sup-
ports the findings from a previous smaller sample [17].
Although we observed adequate increases within four of
the five age groups, obviously there is still a potential for
increasing vital sign registration in our service. However,
increasing vital sign registration is not equal to improving
outcomes. Choosing appropriate outcomes for clinical
improvement is complicated, as ‘typical’ patient-centred
outcomes in an adult population, such as ICU admittance
or death, are much more infrequent in paediatric popula-
tions. As a surrogate outcome measure for change in clin-
ical condition during the prehospital phase, we compared
the first set of vital signs to the last set. More patients
experienced changes, and more patients improved their
vital signs in the post-intervention period compared to
the pre-intervention period (Additional file 2). The study
is well in accordance with the trend of increasing ‘paedi-
atric readiness’ among non-paediatric health care pro-
fessionals, and the educational initiatives may have had
derivative effects. We provided written standardised rec-
ommendations for commonly used medications in pae-
diatric emergency medicine, ‘which has been shown to
reduce administration errors’ [18]. EMS providers were
encouraged to have a standardised approach to the clini-
cal examination of children, and this may have increased
the caregivers’ confidence in the ambulance team [10].

Conclusions

Our study implies that mandatory educational initiatives
for EMS providers contribute to a more thorough exami-
nation of paediatric patients <7 years by increasing the
extent of vital sign registration. Incomplete vital registra-
tion was associated with, but not limited to non-urgent
cases. The findings indicate that Danish EMS could ben-
efit from regular in-service training in paediatric emer-
gencies in order to advance ‘paediatric readiness.

Abbreviations
ABCDE Airways—Breathing—Circulation-Disability—Exposure
ALS Advanced life support

AVPU Alert-Voice—Pain—-Unresponsive
COVID-19  Coronavirus disease of 2019

EMCC Emergency medical coordination centre
EMS Emergency medical services

EMT Emergency medical technician

ePMR Electronic patient medical records

SpO, Peripheral capillary oxygen saturation

Page 11 of 13

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513049-023-01067-z.

Additional file 1: The Danish Regions’ Paediatric Triage Model.

Additional file 2: Differences between triage scores calculated from the
first and last set of vital signs in the intervention region (North Denmark
Region).

Acknowledgements

The authors would like to express their gratitude to paramedics Lars Borup,
Jacob Kruse and Jacob Thornvig Andersen for their invaluable practical help
and courtesy, as well as insights into the daily work-life and practices in the
North Denmark EMS plus feedback on the educational initiatives. Apprecia-
tion for reviewing and commenting on the specific educational material is
given to Seren Kjaergaard (SK) (consultant in paediatric anaesthesiology),
Martin Rostgaard-Knudsen (MR-K) (consultant in anaesthesiology and chief
medical director of the North Denmark EMS) and Michael Dahl (MD) (consult-
ant in anaesthesiology and daily manager of the physician-staffed mobile
emergency care unit in Aalborg). A special thank you is given to data manager
Flemming Bagh Jensen for aiding data monitoring during the study period.

Authors’ contributions

Conceptualisation of the study was developed by VMLN, MBS, ARC and EFC
in close collaboration with the paramedics named in the Acknowledgements
section. VMLN drafted the study protocol, which was then reviewed and
revised by all authors. VMLN produced and set up training for EMS providers
with support from the colleagues named in the Acknowledgements sec-
tion. TAK performed data management, and VMLN, MBS, TAK, RGS and EFC
had access to the full data set. VMLN and RGS performed data analyses and
interpreted the data in close collaboration with ARC, MBS, SM and EFC. VMLN
drafted the original manuscript and EFC revised the first draft. All authors
made substantial revisions and accepted the manuscript in its final wording.

Authors’ information

Several of the authors are medical doctors: HML, SM and EFC are all special-
ised in anaesthesiology, and SM is the daily manager of the physician-staffed
mobile emergency care unit in Odense, the largest city in the South Denmark
Region. ARC is specialised in emergency medicine and prehospital care, LB

is specialised in paediatrics, MBS is specialised in general practice and VMLN
is not yet in specialist training. TAK and RGS both have a master of science
degree in statistics.

Funding

VMLN has received a research grant from the Danish Air Ambulance Research
Foundation and cofinancing from the Department of Clinical Medicine, Aal-
borg University. EFC is supported by an unrestricted grant to her professorship
(grant ID 20046/aau) from the philanthropic fund of the TrygFoundation to
Aalborg University. The Danish Air Ambulance research committee had the
opportunity to comment on the study protocol. None of the funding bodies
had any influence over neither the collection nor the interpretation of data or
the writing of the manuscript.

Availability of data and materials

The data that support the findings of this study are available from the North
Denmark Region but restrictions apply to the availability of these data, which
were used under license for the current study, and so are not publicly avail-
able. Data are however available from the authors upon reasonable request
and with permission of the North Denmark Region.

Declarations

Ethics approval and consent to participate

There was no collection or analysis of any biological material and no interven-
tions were introduced on patient level. The North Denmark Region Ethics
Committee reviewed the study and granted an exemption from formal ethics


https://doi.org/10.1186/s13049-023-01067-z
https://doi.org/10.1186/s13049-023-01067-z

Nielsen et al. Scand J Trauma Resusc Emerg Med (2023) 31:4

approval (11 March 2020). The patients who were eligible for this study and
their caregivers would likely be in a state of either physical or mental stress at
the time of inclusion. Combined with the potential urgency of the medi-

cal condition, this caused the researchers to apply for a waiver of informed
consent to access their medical records from each individual patient.
Consequently, permission to collect, store and publish outcome data from
patient medical records according to the General Data Protection Regulation
and the Danish Health Care Act was granted by The North Denmark Region
delegated by the Danish National Health Authorities (id nos. 2020-100 and
2020-027132 and supplement 2022-011291).

Consent for publication
Not applicable.

Competing interests

EFC and SM are members of the Danish Air Ambulance research committee
mentioned in the Funding paragraph. However, neither of them were parties
to the decision to support the grant application from VMLN. HML is the Editor-
in-Chief and EFC is an advisory board member of the Scandinavian Journal of
Trauma, Resuscitation and Emergency Medicine, which is the official journal of
the Norwegian Air Ambulance Foundation where HML is also the secretary-
general. The remaining authors declare that they have no competing interests.

Author details

! Centre for Prehospital and Emergency Research, Department of Clinical
Medicine, Aalborg University Hospital, Aalborg University, Aalborg, Denmark.
’Prehospital Emergency Services, Aalborg, North Denmark Region, Denmark.
3Unit of Clinical Biostatistics, Aalborg University Hospital, Aalborg, Denmark.
“National Health Service Greater Glasgow and Clyde, University of Glasgow,
Glasgow, UK. *Paediatric Department, Aalborg University Hospital, Aalborg,
Denmark. °Norwegian Air Ambulance Foundation, University of Stavanger,
Stavanger, Norway. “The Prehospital Research Unit, Odense University Hospi-
tal, Odense, Region of Southern Denmark, Denmark.

Received: 2 September 2022 Accepted: 4 January 2023
Published online: 14 January 2023

References

1. Christensen EF, Larsen TM, Jensen FB, Bendtsen MD, Hansen PA, Johnsen
SP, et al. Diagnosis and mortality in prehospital emergency patients trans-
ported to hospital: a population-based and registry-based cohort study.
BMJ Open. 2016;6(7): e011558.

2. Overgaard MF, Heino A, Andersen SA, Thomas O, Holmén J, Mikkelsen S.
Physician staffed emergency medical service for children: a retrospec-
tive population-based registry cohort study in Odense region, Southern
Denmark. BMJ Open. 2020;10(8): e037567.

3. Kaji AH, Santillanes G, Claudius |, Mittal MK, Hayes K, Lee J, et al. Do infants
less than 12 months of age with an apparent life-threatening event
need transport to a pediatric critical care center? Prehosp Emerg Care.
2013;17(3):304-11.

4. Corfield AR, Silcock D, Clerihew L, Kelly P, Stewart E, Staines H, et al. Paedi-
atric early warning scores are predictors of adverse outcome in the pre-
hospital setting: a national cohort study. Resuscitation. 2018;133:153-9.

5. Parshuram CS, Dryden-Palmer K, Farrell C, Gottesman R, Gray M, Hutch-
ison JS, et al. Effect of a pediatric early warning system on all-cause mor-
tality in hospitalized pediatric patients: the EPOCH randomized clinical
trial. JAMA. 2018;319(10):1002-12.

6. Oulasvirta J, Harve-Rytsald H, Ladperi M, Kuisma M, Salmi H. Why do
infants need out-of-hospital emergency medical services? A retrospec-
tive, population-based study. Scand J Trauma Resusc Emerg Med.
2021;29(1):13.

7. Jeruzal JN, Boland LL, Frazer MS, Kamrud JW, Myers RN, Lick CJ, et al.
Emergency medical services provider perspectives on pediatric calls: a
qualitative study. Prehospital Emerg Care. 2019;23(4):501-9.

8. Guise J-M, Hansen M, O'Brien K, Dickinson C, Meckler G, Engle P, et al.
Emergency medical services responders’ perceptions of the effect of
stress and anxiety on patient safety in the out-of-hospital emergency
care of children: a qualitative study. BMJ Open. 2017,7(2): e014057.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.
31

Page 12 of 13

Rahman A, Curtis S, DeBruyne B, Sookram S, Thomson D, Lutz S, et al.
Emergency medical services provider comfort with prehospital analgesia
administration to children. Prehosp Disaster Med. 2015;30(1):66-71.

. Jepsen K, Rooth K, Lindstrom V. Parents’ experiences of the caring

encounter in the ambulance service—a qualitative study. J Clin Nurs.
2019;28(19-20):3660-8.

. Hansen M, Meckler G, Dickinson C, Dickenson K, Jui J, Lambert W, et al.

Children’s safety initiative: a national assessment of pediatric educational
needs among emergency medical services providers. Prehosp Emerg
Care. 2015;19(2):287-91.

. Jensen LT, Andersen LH, Steinmetz J. Nationwide study found higher

paediatric readiness in emergency departments and trauma centres with
a paediatrician on-site. Acta Paediatr. 2022;111(1):171-3.

. Region Hovedstaden. Barneparat.dk [cited 2022 Jul 4]. Available from:

https://www.regionh.dk/boerneparat.

. Ames SG, Davis BS, Marin JR, Fink EL, Olson LM, Gausche-Hill M, et al.

Emergency department pediatric readiness and mortality in critically ill
children. Pediatrics. 2019;144(3).

. Hewes H, Hunsaker S, Christensen M, Whitney J, Dalrymple T, Taillac P.

Documentation of pediatric vital signs by EMS providers over time. J
Pediatr Surg. 2016;51(2):329-32.

. Corfield A, Clerihew L, Stewart E, Staines H, Tough D, Rooney K. The

discrimination of quick Paediatric Early Warning Scores in the pre-hospital
setting. Anaesthesia. 2020;75(3):353-8.

. Nielsen VML, Kigjgard T, Bruun H, Sevsg MB, Christensen EF. Progression

of vital signs during ambulance transport categorised by a paediatric
triage model: a population-based historical cohort study. BMJ Open.
2020;10(11): e042401.

. Magnusson C, Herlitz J, Karlsson T, Axelsson C. Initial assessment, level of

care and outcome among children who were seen by emergency medi-
cal services: a prospective observational study. Scand J Trauma Resusc
Emerg Med. 2018;26(1):88.

. Harris AD, McGregor JC, Perencevich EN, Furuno JP, Zhu J, Peterson DE,

et al. The use and interpretation of quasi-experimental studies in medical
informatics. J Am Med Inf Assoc. 2006;13(1):16-23.

von Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke
JP, et al. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational
studies. J Clin Epidemiol. 2008;61(4):344-9.

Mikkelsen S, Lassen AT. The Danish prehospital system. Eur J Emerg Med.
2020;27(6):394-5.

Danish Regions. Danish Index for Emergency Care, National Edition, ver-
sion 1.9.2020.

Andersen MS, Johnsen SP, Serensen N, Jepsen SB, Hansen JB, Chris-
tensen EF. Implementing a nationwide criteria-based emergency medical
dispatch system: a register-based follow-up study. Scand J Trauma Resusc
Emerg Med. 2013;21(1):53.

Statistics Denmark. Population Figures 2020Q3 by time, age and area
[cited 2022 Jun 18]. Available from: https://www.statistikbanken.dk/statb
ank5a/defaultasp?w=1920

Maconochie IK, de Caen AR, Aickin R, Atkins DL, Biarent D, Guerguerian
A-M, et al. Part 6: pediatric basic life support and pediatric advanced life
support. Resuscitation. 2015;95:e147-68.

Van de Voorde P, Turner NM, Djakow J, de Lucas N, Martinez-Mejias A,
Biarent D, et al. European Resuscitation Council Guidelines 2021: paediat-
ric life support. Resuscitation. 2021;161:327-87.

The Danish Emergency Process Triage, version 2.0 [in Danish] [cited 2022
Aug 11]. Available from: http://www.deptriage.dk/

Hoffmann F, Schmalhofer M, Lehner M, Zimatschek S, Grote V, Reiter K.
Comparison of the AVPU Scale and the pediatric GCS in prehospital set-
ting. Prehosp Emerg Care. 2016;20(4):493-8.

Textor J, van der Zander B, Gilthorpe MS, Liskiewicz M, Ellison GTH. Robust
causal inference using directed acyclic graphs: the R package “dagitty” Int
J Epidemiol. 2016;45(6):1887-94.

Landsberger H. Hawthorne revisited. Ithaca: Cornell University; 1958.
Stone EL, Davis LL, McCoy TP, Travers D, Van Horn E, Krowchuk HV. A
secondary analysis to inform a clinical decision rule for predicting skull
fracture and intracranial injury in children under age 2. Res Nurs Health.
2020;43(1):28-39.


https://www.regionh.dk/boerneparat
https://www.statistikbanken.dk/statbank5a/default.asp?w=1920
https://www.statistikbanken.dk/statbank5a/default.asp?w=1920
http://www.deptriage.dk/

Nielsen et al. Scand J Trauma Resusc Emerg Med

32.

33

34

35.

36.

37.

38.

(2023) 31:4

Kurosawa H, Shiima Y, Miyakoshi C, Nezu M, Someya M, Yoshida M, et al.
The association between prehospital vital signs of children and their criti-
cal clinical outcomes at hospitals. Sci Rep. 2022;12(1):5199.

Lissauer T, Clayden G. lllustrated Textbook of Paediatrics. 4th ed. Elsevier
Ltd; 2012.

Zhu CS, Braverman M, Goddard S, McGinity AC, Pokorny D, Cotner-
Pouncy T, et al. Prehospital shock index and systolic blood pressure are
highly specific for pediatric massive transfusion. J Trauma Acute Care
Surg. 2021;91(4):579-83.

Bird C, Michie C. Measuring blood pressure in children. BMJ.
2008;336(7657):1321-1321.

Ramgopal S, Elmer J, Escajeda J, Martin-Gill C. Differences in prehos-
pital patient assessments for pediatric versus adult patients. J Pediatr.
2018;199:200-205.€6.

Drayna PC, Browne LR, Guse CE, Brousseau DC, Lerner EB. Prehospital
pediatric care: opportunities for training, treatment, and research. Pre-
hosp Emerg Care. 2015;19(3):441-7.

Davies FC, Coats TJ, Fisher R, Lawrence T, Lecky FE. A profile of suspected
child abuse as a subgroup of major trauma patients. Emerg Med J.
2015;32(12):921-5.

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

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Prehospital vital sign monitoring in paediatric patients: an interregional study of educational interventions
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and setting
	Participants
	Intervention
	Data collection and outcomes
	Study size
	Analysis

	Results
	Characteristics of study subjects
	Main results

	Discussion
	Key results
	Limitations
	Interpretation and generalisability

	Conclusions
	Acknowledgements
	References


