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ABSTRACT
Objectives  To examine the severity and progression of 
acute illness or injury in children using vital signs obtained 
during ambulance transport and categorised according to 
a paediatric triage model.
Design  A population-based historical cohort study using 
data from prehospital patient medical records linked to a 
national civil registration database.
Setting  Emergency medical services providing ground-
level transport in a mixed urban–rural region with three 
hospitals in Denmark.
Participants  25 039 events with patients aged <18 years 
attended by emergency medical services dispatched after 
a 1-1-2 emergency call during the years 2006–2018.
Primary and secondary outcome measures  Distribution 
of the first observed vital signs according to a paediatric 
triage model: heart rate, Glasgow Coma Score, respiratory 
rate, oxygen saturation and oxygen treatment, and 
proportion of patients progressing to a triage score with a 
lower level of urgency during ambulance transport.
Results  The proportion of patients with the first observed 
vital signs outside the normal age-specific range was as 
follows: 33.6% for heart rate, 15.3% for Glasgow Coma 
Score, 17.4% for respiratory rate and 37.4% for oxygen 
saturation regardless of oxygen treatment. The proportion 
of patients progressing to a triage score with a lower level 
of urgency during transport varied with age: 146/354 
(41.2%) for age 0–2 months, 440/986 (44.6%) for age 
3–11 months, 1278/3212 (39.8%) for age 1–2 years, 
967/2814 (34.4%) for age 3–7 years and 4029/13 864 
(29.1%) for age 8–17 years (p<0.001). One-day mortality 
was 3.05 deaths per 1000 patient-days (95% CI 2.43 to 
3.83).
Conclusions  One third of the patients’ condition 
progressed to a triage score with a lower level of urgency 
during ambulance transport. Vital sign documentation 
in paediatric patients was incomplete, and educational 
initiatives should be taken to increase documentation of 
vital signs, especially in patients aged ≤2 years.

INTRODUCTION
The clinical assessment of a child with symp-
toms of acute illness or injury can be diffi-
cult for emergency medical service (EMS) 
professionals because the majority of those 

in our EMS systems are adult and elderly 
patients.1 2 Especially infants and toddlers 
are frequent patient groups, and they can be 
difficult to assess due to a variety of factors: 
different normal ranges for vital signs, inter-
action with both patient and caregivers, and 
the fact that clinical deterioration can occur 
more abruptly in children than in adults due 
to prolonged physiological compensation for 
an acute illness or injury.2–4 Caring for paedi-
atric patients may be stressful for EMS profes-
sionals due to inadequate training related to 
clinical judgement and treatment of children 
with acute illness or injury.5–8 A low frequency 
of life-threatening events among paediatric 
patients highlights the challenge of identi-
fying patients at risk of clinical deterioration 
among the many other children with minor 
or non-urgent illnesses or injuries in acute 
care settings.9–11

The concept of paediatric early warning 
scores (PEWS) and triage models was devel-
oped for early recognition and treatment 
of critical illness to avoid adverse outcomes, 
based on the fact that abnormal values often 
precede an adverse event such as inten-
sive care admission or death.10 12–14 A single 
deviating vital sign may be predictive of an 

Strengths and limitations of this study

►► A large and consecutive study population, who have 
had free and equal access to emergency medical 
services, limits the risk of selection bias.

►► Use of personal identification numbers ensures min-
imal loss to follow-up.

►► Children with no or invalid personal identification 
number were excluded since an exact age could not 
be calculated.

►► Missing data were unevenly distributed across age 
groups with less thorough documentation in the 
younger age groups.
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adverse outcome in children with acute illness or injury, 
and a wide variety of PEWS and triage models are used 
internationally.14–20 A recent randomised controlled trial 
of more than 144 000 hospital discharges of paediatric 
patients reported a significant decrease in the occur-
rence of predefined clinical deterioration events at hospi-
tals using PEWS compared with hospitals with usual care, 
suggesting a clinical benefit from the use of early warning 
scores.11 In context of the serious outcomes admission to 
an intensive care unit (ICU) or death being rare events 
among paediatric patients, and deviating vital signs 
preceding clinical deterioration events, we suggest using 
progression of vital signs during ambulance transport as 
an outcome measure of clinical improvement for future 
prehospital prospective studies. The first step is to illus-
trate the extent of vital sign documentation, the propor-
tion of patients with deviating vital signs and progression 
of those. Accordingly, the study objectives are to (1) 
classify patients’ first observed vital signs according to a 
paediatric triage model and (2) examine the progression 
of patients’ vital signs during ambulance transport cate-
gorised according to this model.

METHODS
Study design
This study is a population-based historical cohort study 
based on data from prehospital patient medical records. 
All patients were attended by ground-level EMS following 
a 1-1-2 emergency call (the national emergency tele-
phone number).

Setting
The study was conducted in North Denmark in a regional 
EMS covering mixed urban–rural areas (7933 km2) with 
119 506 inhabitants below 18 years of age (2020Q2).21 The 
Danish healthcare system is tax-supported with free access 
to acute care including ambulance services. 1-1-2 emer-
gency calls related to health emergencies are forwarded 
from the police to a regional emergency medical coor-
dination centre that assesses the level of urgency and 
coordinates response by ambulances, lay-person first 
responders, rapid response cars staffed by paramedics, 
mobile emergency care units and national helicopter 
EMS, with the latter two staffed by paramedics and 
anaesthesiologists. Paramedics are trained in providing 
advanced life support along with competencies to admin-
ister several pharmacological treatments on scene either 
independently or delegated at the discretion of a prehos-
pital physician consulted by telephone or present on 
scene. The ambulance service in the North Denmark 
Region is run by a private operator (Falck) in contract 
with regional health services.2 All ground-level prehos-
pital units have the same electronic medical records 
system (amPHI) in which EMS professionals can type in 
medical history, vital signs and administered treatments. 
Data are integrated into the region’s hospitals’ elec-
tronic medical records system and are visible to receiving 

emergency department personnel. Time stamps and loca-
tions of dispatched units exist in a separate logistic system 
(before 2016, in EVA 2000 and thereafter in Logis CAD) 
(Logis Solutions, Naerum, Denmark).2 Data originated 
from both the logistic system and the prehospital elec-
tronic patient medical records from 4 April 2006 to 31 
December 2018 plus 2 days of follow-up.

Participants
All paediatric patients attended by EMS personnel 
following a 1-1-2 emergency call were included in the 
study, including unique patients with more than one 
event during the study period—in total, 25 039 events. 
Patients without a valid CPR number (a national unique 
civil registration number) could not be included as we 
could not be certain that the patient was below 18 years 
of age and because outcomes were to be assessed using 
a paediatric triage model with specific age group limits.

Patient and public involvement
Patients were not involved in the design or conduct of 
this study.

Variables and outcomes
One event was defined as one ambulance that attended 
a patient, regardless of whether the patient was brought 
to a hospital. In Danish EMS systems, the triage system is 
named the Paediatric Triage Model. The variables heart 
rate, Glasgow Coma Score, respiratory rate and oxygen 
saturation (SpO2) were defined as being in or outside 
the normal age-specific range according to the paediatric 
triage model, and limits are outlined in online supple-
mental file 1 and grouped accordingly in the ‘Results’ 
section. For the variables heart rate and respiratory rate, 
green represents normal ranges, and any value above or 
below the normal range is referred to as ‘tachycardia’ or 
‘tachypnoea’ or ‘bradycardia’ or ‘bradypnoea’ for that 
age group, respectively. The variable oxygen treatment 
was binary with options ‘atmospheric air’ and ‘oxygen’ 
regardless of the flow by nasal catheter, reservoir mask, 
Hudson mask, nebuliser, continuous positive airway 
pressure or tracheal intubation. As oxygen is a medical 
treatment, EMS professionals are legally obligated to 
enter oxygen treatment in the patient’s medical record, 
and based on this assumption no entry is equal to no 
oxygen treatment.22 Age groups and ranges of vital signs 
were chosen to match the paediatric triage model used 
in ground EMS services nationally (online supplemental 
file 1). Age groups are hereafter designated as ‘newborns’ 
(0–2 months), ‘infants’ (3–11 months), ‘toddlers’ (1–2 
years), ‘preschool and school children’ (3–7 years) and 
‘adolescents’ (8–17 years).

For a triage score (triage colour), the patient must have 
at least one vital sign documented. Red denotes ‘life-
threatening’ events; orange, ‘urgent’ events; yellow, ‘less 
urgent’ events; and green, ‘not urgent’ events. Triage 
scores were based on the first documentation of each vital 
sign. If a vital sign had only one value documented during 
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the entire transport, this value was only included in the 
first triage score. The last triage score was deemed missing 
if the first single vital sign was yellow, orange or red and 
the last same vital sign was a missing value. If oxygen treat-
ment was documented in the time frame from arrival at 
scene to 15 min past the first documented SpO2 (real-time 
documentation), it was included in both the first and last 
triage scores. If oxygen treatment was documented later, 
then it was only included in the last triage score.

Data sources, access and linkage
The source of data for vital signs was the prehospital 
patient medical records. Respiratory rate and Glasgow 
Coma Score were entered by the treating EMS profes-
sionals. Measures of SpO2 and heart rate were transmitted 
to the medical record directly from a monitor (LIFEPAK 
12/15-Monitor; Physio-Control, Redmond, Washington, 
USA). The authors had full access to the database from 
which the study population was included. The unique 
CPR numbers ensured nearly complete follow-up as time 
of death was collected from the Danish Civil Registration 
System.23 For definitions of time stamps and variables 
linking each ambulance run to a specific patient and 
medical record, we refer to previous work.24 25 Data from 
the year 2015 were excluded due to system updates in the 
electronic patient medical records system and consequent 
possible incomplete registrations. Data from prehospital 
patient medical records were linked on patient level by 
CPR number and time stamps to a national civil registra-
tion system to retrieve vital status. As CPR numbers are 
unique to the patient, linkage is considered to be of high 
quality. In case the patient lived in another country or in 
another Danish region than North or Central Denmark, 
vital status could not be retrieved.

Missing data
Missing data were unevenly distributed across age groups 
with less thorough documentation at younger ages (≤2 
years). If time from arrival at scene to arrival at hospital 
is judged to be short by the attending EMS professionals, 
they might find it unnecessary to document vital signs 
more than one time. To check the extent of this poten-
tial source of bias, we identified only approximately 10% 
of events as having less than 15 min from arrival at scene 
to arrival at hospital. A hypothesis regarding systematic 
bias in missing data led us to investigate whether missing 
values were missing at random or whether EMS profes-
sionals tended to document fewer vital signs if they 
regarded the patient’s condition as being ‘not urgent’. We 
compared vital sign documentation done in ambulances 
with vital sign documentation done on arrival at emer-
gency department performed by the attending nurse in a 
random sample of 275 patients for a 2-month period, both 
summer and winter seasons. Data for this investigation 
were collected from in-hospital patient medical records 
and managed using REDCap (Research Electronic Data 
Capture) tools hosted at the North Denmark Region.26

Statistical methods
Data were pseudoanonymised before analysis. Quanti-
tative variables are presented as frequencies (propor-
tions) and tested by χ2 tests with a significance level set 
at 0.05. The proportions of patients having at least one 
abnormal vital sign at first observation were estimated 
for age categories in a univariate binomial regression. 
The proportions were compared with the age category 
‘newborns’ (0–2 months) by relative risks. We performed 
a Poisson regression with robust variance estimation for 
1-day mortality defined as death on the same date as the 
1-1-2 emergency call or the following date. If a patient 
had more than one event on the same date, only the last 
event was included. Data management was run using SAS 
Enterprise Guide V.8.2 (SAS Institute, Cary, North Caro-
lina, USA), and statistical analyses were performed with 
Stata/MP V.15.1 (Stata, College Station, Texas, USA).

RESULTS
Participants
During the study period, 300 528 calls were made to the 
1-1-2 emergency number regarding patients at all ages 
potentially eligible for our study. In total, 25 493 events 
were related to patients below 18 years of age who had 
been attended by EMS professionals. Patients without a 
valid CPR number were excluded (454 events), equalling 
25 039 events to be included and analysed. One patient 
could have been attended more than one time during 
the study period, and 16 342 patients had only one event, 
whereas 2053 patients had two events and 1004 patients 
had three or more events during the entire study period. 
Follow-up was nearly complete, with only 2.7% missing 
vital status and excluded from mortality analysis.

Descriptive data
The children included in the study population had 
an equal gender distribution; 12 860/25 039 patients 
(51.4%) were of male gender. The total number of events 
per year increased over time, and more events occurred 
in the older age groups: 556 events among newborns 
(0–2 months), 1446 events among infants (3–11 months), 
4362 events among toddlers (1–2 years), 3424 events 
among preschool and school children (3–7 years) and 
15 251 events among adolescents (8–17 years). Time from 
arrival at scene to arrival at hospital was a median of 35 
min (IQR 23–49 min), with missing data on transport 
time in 2433 events (9.7%). In the majority of events, the 
patient was brought to a hospital within the region (21 
106/25 039 (84.3%)). In 11 400/25 039 events (45.5%), 
the patient was admitted to hospital after arrival at emer-
gency department; however, 75.9% of these patients had 
a hospital stay of 1 day or less. Transferral to an ICU at any 
time point during the hospital stay occurred in 2590/25 
039 events (10.3%). In all, 329 deaths occurred, with a 
1-day mortality rate of 3.05 (95% CI 2.43 to 3.83) deaths 
per 1000 patient-days (n=24 285).
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Outcome data
Tables 1–4 display vital signs according to the paediatric 
triage model limits and age groups. More than half of the 
patients (66.4%) had a heart rate that was categorised as 
normal (green), though among toddlers (1–2 years) it 
was only 34.0%, whereas more patients had tachycardia 
(table  1). The proportion of patients with an altered 

level of consciousness was fairly even across age groups, 
with 10.1%–16.4% having a Glasgow Coma Score of less 
than 15 (table 2). Tachypnoea was frequently present in 
toddlers (1–2 years) and in preschool and school chil-
dren (3–7 years), but among adolescents (8–17 years) 
considerably fewer had a respiratory rate outside the 
age-specific normal range (table  3). Among newborns 

Table 1  First heart rate documented by emergency medical service professionals categorised by a paediatric triage model

First heart 
rate, min−1

1 2 3 4 3 2 1

0–2 months
Non-missing/N=340/556

 � Range
 � n (%)

<50
<5 (<1.5)

50–69
9 (2.6)

70–89
18 (5.3)

90–180
283 (83.2)

181–205
15 (4.4)

206–239
<5 (<1.5)

>230
<5 (<1.5)

3–11 months
Non-missing/N=848/1446

 � Range
 � n (%)

<40
7 (0.8)

40–59
26 (3.1)

60–79
72 (8.5)

80–160
513 (60.5)

161–190
188 (22.2)

191–230
37 (4.4)

>230
<5 (<1.0)

1–2 years
Non-missing/N=2712/4362

 � Range
 � n (%)

<40
11 (0.4)

40–58
70 (2.6)

59–74
150 (5.5)

75–130
921 (34.0)

131–165
1047 (38.6)

166–200
478 (17.6)

>200
35 (1.3)

3–7 years
Non-missing/N=2540/3424

 � Range
 � n (%)

<40
10 (0.4)

40–54
34 (1.3)

55–69
80 (3.1)

70–110
1154 (45.4)

111–125
470 (18.5)

126–165
714 (28.1)

>165
78 (3.1)

8–17 years
Non-missing/N=13 611/15 251

 � Range
 � n (%)

<40
20 (0.1)

40–44
15 (0.1)

45–49
26 (0.2)

50–110
10 443 (76.7)

111–120
1548 (11.4)

121–140
1210 (8.9)

>140
349 (2.6)

All ages
Non-missing/N=20 051/25 039

 � % 0.3 0.8 1.7 66.4 16.3 12.2 2.4

Green represents the normal range for the particular age group.
1 (red): Life-threatening; 2 (orange): Urgent; 3 (yellow): Less urgent; 4 (green): Not urgent.

Table 2  First Glasgow Coma Score (GCS) documented by emergency medical service professionals categorised by a 
paediatric triage model

First GCS
1
GCS ≤8

2
GCS 9–13

3
GCS 14

4
GCS 15

0–2 months
Non-missing/N=191/556

n (%) 9 (4.7) 16 (8.4) 6 (3.1) 160 (83.8)

3–11 months
Non-missing/N=761/1446

n (%) 28 (3.7) 33 (4.3) 16 (2.1) 684 (89.9)

1–2 years
Non-missing/N=2647/4362

n (%) 145 (5.5) 201 (7.6) 89 (3.4) 2212 (83.6)

3–7 years
Non-missing/N=2737/3424

n (%) 143 (5.2) 222 (8.1) 75 (2.7) 2297 (83.9)

8–17 years
Non-missing/N=13 252/15 251

n (%) 407 (3.1) 813 (6.1) 803 (6.1) 11 229 (84.7)

All ages
Non-missing/N=19 588/25 039

% 3.7 6.6 5.0 84.7

1 (red): Life-threatening; 2 (orange): Urgent; 3 (yellow): Less urgent; 4 (green): Not urgent.
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(0–2 months) and infants (3–11 months), a respira-
tory rate below the normal range limit (30 breaths per 
minute) was more frequent compared with the other age 
groups. Hypoxia was more common in newborns (0–2 
months), infants (3–11 months) and toddlers (1–2 years) 
compared with the two older age groups, although more 
patients aged ≤7 years had received oxygen treatment as 
part of their prehospital care compared with the patients 
aged 8–17 years (table 4). For all vital signs, the propor-
tion of missing data decreases with increasing age group 
(tables 1–4).

The proportion of events with patients who had at least 
one abnormal vital sign at first observation varied with 
age and was 53.7% in newborns (reference), 62.6% in 
infants (relative risk 1.17, 95% CI 1.06 to 1.29), 66.4% in 
toddlers (relative risk 1.24, 95% CI 1.13 to 1.36), 64.6% 
in preschool and school children (relative risk 1.20, 
95% CI 1.10 to 1.32) and 49.5% in adolescents (relative 
risk 0.92, 95% CI 0.84 to 1.01) (missing data in 1673/25 
039 events).

Main results
As a patient needs at least one vital sign documented to 
receive a triage score (colour), among all events, 23 366 
(93.3%) had data for a first triage score and 21 230 
(84.8%) had data for both first and last triage scores as 
an indicator of development. The four vital signs for the 
first triage score were all documented within a median 
time interval of 6 min (IQR 2–13 min), and the four vital 
signs for the last triage score were all documented within 
a median time interval of 4 min (IQR 0–13 min). Figure 1 
illustrates the changes in distribution of colours of the 
first and last triage scores according to age group, calcu-
lated using data from tables 1–4 and categorised as ‘not 
urgent’ (green), ‘less urgent’ (yellow), ‘urgent’ (orange) 
or ‘life-threatening’ (red) levels. The proportion of events 
with patients whose score progressed to a less urgent 
level during ambulance transport was 146/354 (41.2%) 
for newborns (missing data in 202 patients), 440/986 
(44.6%) for infants (missing data in 460 patients), 
1278/3212 (39.8%) for toddlers (missing data in 1150 
patients), 967/2814 (34.4%) for preschool and school 
children (missing data in 610 patients) and 4029/13 864 
(29.1%) for adolescents (missing data in 1387 patients) 
(χ2 (4, n=21 230) = 235.8, p<0.001). For progression of 
each of the four vital signs during ambulance transport, 
refer to online supplemental file 2.

Other analyses
A comparison of vital sign documentation in the ambu-
lance with the first set of vital signs documented on 
arrival at hospital in a random sample of 275 patients was 
performed to challenge the hypothesis of EMS profes-
sionals documenting fewer than all four vital signs only 
in patients triaged as ‘not urgent’ on hospital arrival. The 
comparison revealed no systematic pattern of missing 
values; the proportion of patients with green (‘not 
urgent’) triage scores was similar among patients who did Ta
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not have all four vital signs documented in the ambulance 
and patients who had had all four vital signs documented 
in the ambulance (green triage score in 41% vs 46%) (χ2 
(3, n=239) = 5.1, p=0.166).

DISCUSSION
Principal findings
Fifty-five per cent of the events had patients with at least 
one abnormal vital sign at first observation. The vital 
signs most often observed outside the age-specific normal 
ranges were oxygen saturation and heart rate, with a third 
of the patients experiencing either bradycardia or tachy-
cardia, which was most frequent among toddlers (1–2 

years). Regarding respiratory rate, tachypnoea was most 
frequently present in patients aged 1–7 years, whereas 
a respiratory rate below the age-specific normal range 
limits was more frequent among newborns and infants 
(<1 year). Among patients aged ≤2 years, hypoxia was 
more common than in the older age groups, although 
proportionally the younger age groups had more often 
received supplemental oxygen as part of their prehos-
pital treatment. Across all age groups, the proportion of 
patients with an altered level of consciousness was low. 
With no regard to the specific age groups, the extent of 
missing data for each of the vital signs was acceptable, 
except for respiratory rate which had missing values in 
a third of all events. This challenge is well in line with 
previous studies.10 17 19 Triage score progression to a lower 
level of urgency during ambulance transport differed by 
age group, with the outcome being present in every third 
patient overall.

Limitations
The study is strengthened by a large, consecutive study 
population combined with access to free-of-charge 
EMS limiting the risk of selection bias due to patients’ 
social or economic resources. Yet 454 events with no or 
invalid personal identification number were excluded 
because a valid age could not be determined. This 
exclusion could have biased the selection of patients, 
possibly in a way that patients, with whom EMS profes-
sionals could not communicate well and get a valid CPR 
number, have been excluded. From previous work, we 
have learnt that the data quality of vital signs is high with 
few implausible outliers.27 The proportion of missing 
data was uneven across age groups and particularly high 
among patients aged ≤2 years, which might reduce the 

Table 4  First peripheral oxygen saturation (SpO2) documented by emergency medical service professionals categorised by a 
paediatric triage model

First SpO2 and O2 treatment 1 2 3 4

0–2 months
Non-missing/N=336/556

n (%) 51 (15.2) 39 (11.6) 72 (21.4) 174 (51.8)

3–11 months
Non-missing/N=834/1446

n (%) 115 (13.8) 139 (16.7) 167 (20.0) 413 (49.5)

1–2 years
Non-missing/N=2706/4362

n (%) 342 (12.6) 404 (14.9) 817 (30.2) 1143 (42.2)

3–7 years
Non-missing/N=2491/3424

n (%) 201 (8.1) 273 (11.0) 607 (24.4) 1410 (56.6)

8–17 years
Non-missing/N=13 261/15 251

n (%) 507 (3.8) 884 (6.7) 2730 (20.6) 9140 (68.9)

All ages
Non-missing/N=19 628/25 039

% 6.2 8.9 22.4 62.6

1 (red): SpO2 <85% without O2 or SpO2 <90% with O2.
2 (orange): SpO2 85%–92% without O2 or SpO2 90%–96% with O2.
3 (yellow): SpO2 93%–94% without O2 or SpO2 ≥97% with O2.
4 (green): SpO2 ≥95% without O2.
1 (red): Life-threatening; 2 (orange): Urgent; 3 (yellow): Less urgent; 4 (green): Not urgent.
O2, oxygen.

Figure 1  Distribution of first and last triage score colour 
categories according to age groups. Non-missing/
N=21 230/25 039.
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representativeness of the sample. Missing data could be a 
matter of confounding by indication; EMS professionals 
may tend to observe and document vital signs only in chil-
dren whom they assess as having a poor general condi-
tion. However, 55% of patients had at least one abnormal 
vital sign at first observation and our finding of no differ-
ence in the proportions of patients with a green triage 
score in the sample comparing prehospital vital signs with 
those documented by the receiving hospital staff does not 
support this hypothesis.

When a prehospital physician is present on scene, 
additional treatment options are available, which might 
increase the chance of progression to a triage score with 
a lower level of urgency. However, with a prehospital 
physician involved in only 11% of events, we consider this 
confounder to have had a minor impact on study results. 
The exact time stamps of each documented vital sign were 
not used to define which vital sign values to include in a 
triage score, and this is a potential confounder when the 
four vital signs could have actually been observed several 
minutes apart. However, the short IQRs for the time inter-
vals in which the four vital signs were documented, for 
both the first and last triage scores, lead us to judge this 
confounder to have had little impact on the results.

Relation to other studies
In our study population, considerably more patients 
experienced tachycardia compared with similar studies, 
whereas the proportion of patients with an altered level 
of consciousness was comparable.1 28 The differences may 
be due to the fact that the age-specific limits defining 
tachycardia were generally lower in our study, especially 
in younger age groups below 8 years. The pattern of respi-
ratory rate among newborns and infants (<12 months) 
with tachypnoea being infrequent, and a respiratory rate 
below the age-specific normal range limit (30 breaths per 
minute) in 23.9% and 42.2%, respectively, is different 
from the findings of Drayna et al, who reported tachy-
pnoea among 19.1% and bradypnoea among 9.3% of 
patients in the same age group, however using a lower 
normal range limit of 24 breaths per minute.28 A recent 
registry-based study of 253 169 ambulance runs revealed a 
normal distribution of respiratory rates manually counted 
and a narrow IQR similar to the IQR of automatic respi-
ratory rate measurements by capnography,27 indicating 
that the manual respiratory rate measurements by EMS 
professionals in our regional service are of proper quality, 
even though they may be less accurate in the very young 
children. Our finding that 55% of all patients had at least 
one abnormal vital sign at first observation is consistent 
with the aforementioned study on patients with trauma,28 
where 61.5% had any abnormal initial vital sign and 
considerable differences among age groups equivalent 
to the findings in our study. In a recent national valida-
tion study of PEWS (Scotland), about half of the popula-
tion had a first score of ≤2 (mean score value of 2.95 and 
median of 2).10 This corresponds to our finding of 41.9% 
of patients having a green (‘not urgent’) first triage score. 

PEWS (Scotland) scores comprising prehospital vital 
sign measurements were independent predictors of the 
combined outcome ICU admission within 48 hours or 
30-day mortality.10 Comparison is not directly possible as 
the two scoring systems in Scotland and Denmark differ 
in both age group limits and normal range limits, and 
that measures of temperature, systolic blood pressure 
and capillary return are included in PEWS (Scotland). 
We trust that generalisability of the results on deviating 
vital signs to other paediatric EMS populations in areas 
with similar acute healthcare services can be regarded as 
fair. Use of this paediatric triage model to investigate the 
progression of vital signs is only generalisable within the 
country of Denmark, where all health regions’ EMS use 
this particular triage model.

Implications and future research
According to tables  1–4, documentation of all vital 
signs increases with increasing age group and was less 
thorough among patients aged ≤2 years compared with 
patients aged ≥3 years. Clinical assessment of newborns 
and infants is difficult for a non-paediatrician healthcare 
professional, and educational initiatives and training 
improve vital sign documentation in the prehospital 
setting.11 29 Such initiatives should be started and eventu-
ally evaluated for the purpose of improving observation 
and documentation of vital signs in children with acute 
illness or injury. One third of the patients’ condition 
progressed to a triage score with a lower level of urgency 
during ambulance transport and concurrent care. Thus, 
improvement in vital signs categorised by triage scores 
during the course of prehospital treatment and care is 
a possible outcome measure in future studies of paedi-
atric care in EMS settings, although linkage to prognostic 
outcomes is required in future investigations.
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4
Not urgent

3
Less urgent

1
Life-threatening

2
Urgent

Triage
level

A
Airway obstruction Partial airway obstruction Partial airway obstruction 

only at physical activity
No airway obstruction

B SpO2 < 85% with no O2

SpO2 < 90% with O2

Respiratory rate red

SpO2 85-92% with no O2

SpO2 90-96% with O2

Respiratory rate orange

SpO2 93-94% with no O2

SpO2 ≥ 97% with O2

Respiratory rate yellow

SpO2 ≥ 95% with no O2

Respiratory rate green

C
Heart rate red Heart rate orange Heart rate yellow Heart rate green

D
Unconscious

GCS ≤ 8

Altered level of consciousness
or irritability

GCS 9-13

Awake or can be awakened
but fussy

GCS 14

Awake or can be awakened
and alert

GCS 15

1 12 23 34

1 12 23 34

Child age

0-2 mo. <10 10-19 20-29 30-60 61-80 81-90 >90

3-11 mo. <10 10-19 20-29 30-60 61-70 71-80 >80

1-2 years <10 10-14 15-19 20-30 31-40 41-50 >50

3-7 years <10 10-12 13-15 16-24 25-30 31-35 >35

≥ 8 years <8 8-9 10-11 12-25 26-30 31-35 >35

Child age

0-2 mo. <50 50-69 70-89 90-180 181-205 206-230 >230

3-11 mo. <40 40-59 60-79 80-160 161-190 191-230 >230

1-2 years <40 40-58 59-74 75-130 131-165 166-200 >200

3-7 years <40 40-54 55-69 70-110 111-125 126-165 >165

≥ 8 years <40 40-44 45-49 50-110 111-120 121-140 >140

Supplementary File 1. The Paediatric Triage Model used in Danish emergency medical services 

(Danish Regions, 2012).

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2020-042401:e042401. 10 2020;BMJ Open, et al. Nielsen VML



Supplementary File 2. Vital sign progression. 

Supplementary File 2. 

Vital sign progression, n (%)

N = 25,039

Heart rate Glasgow 

Coma Score

Respiratory 

rate

SpO2

± oxygen*

First and last values are both within

the normal age-specific range

11,554

(46.1%)

14,388

(57.5%)

9,407

(37.6%)

14,186

(56.7%)

First and last values are both outside

the normal age-specific range

3,874

(15.5%)

1,581

(6.3%)

1,200

(4.8%)

760

(3.0%)

First value is outside and last value is 

within the normal age-specific range

2,365

(9.4%)

1,033

(4.1%)

966

(3.9%)

2,052

(8.2%)

First value is within and last value is 

outside the normal age-specific range

993 

(4.0%)

174 

(0.7%)

260

(1.0%)

1,275

(5.1%)

Less than 2 observations of that

particular vital sign

6,253 

(25.0%)

7,863

(31.4%)

13,206

(52.7%)

6,766

(27.0%)

Vital sign progression during ambulance transport showing events with patients of all age groups. 

*Change in SpO2 from either ≥95% or below 95% regardless of oxygen treatment.
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