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Abstract

Children constitute 6-10% of all patients attending the emergency department (ED) by emergency medical services (EMS).
However, discordant EMS use in children occurs in 37-61% with fever as an important risk factor. We aimed to describe
EMS utilisation among febrile children attending European EDs. This study is part of an observational multicentre study
assessing management and outcome in febrile children up to 18 years (MOFICHE) attending twelve EDs in eight Euro-
pean countries. Discordant EMS use was defined as the absence of markers of urgency including intermediate/high triage
urgency, advanced diagnostics, treatment, and admission in children transferred by EMS. Multivariable logistic regression
analyses were performed for the association between (1) EMS use and markers of urgency, and (2) patient characteristics
and discordant EMS use after adjusting all analyses for the covariates age, gender, visiting hours, presenting symptoms,
and ED setting. A total of 5464 (15%, range 0.1-42%) children attended the ED by EMS. Markers of urgency were more
frequently present in the EMS group compared with the non-EMS group. Discordant EMS use occurred in 1601 children
(29%, range 1-59%). Age and gender were not associated with discordant EMS use, whereas neurological symptoms were
associated with less discordant EMS use (aOR 0.2, 95%CI 0.1-0.2), and attendance out of office hours was associated with
more discordant EMS use (aOR 1.6, 95%CI 1.4—1.9). Settings with higher percentage of self-referrals to the ED had more
discordant EMS use (p <0.05).

Conclusion: There is large practice variation in EMS use in febrile children attending European EDs. Markers of urgency
were more frequently present in children in the EMS group. However, discordant EMS use occurred in 29%. Further research
is needed on non-medical factors influencing discordant EMS use in febrile children across Europe, so that pre-emptive
strategies can be implemented.

What is Known:

o Children constitute around 6—10% of all patients attending the emergency department by emergency medical services.

eDiscordant EMS use occurs in 37-61% of all children, with fever as most common presenting symptom for discordant EMS use in children.
What is New:

oThere is large practice variation in EMS use among febrile children across Europe with discordance EMS use occurring in 29% (range
1-59%), which was associated with attendance during out of office hours and with settings with higher percentage of self-referrals to the ED.

o Future research is needed focusing on non-medical factors (socioeconomic status, parental preferences and past experience, healthcare sys-
tems, referral pathways, out of hours services provision) that influence discordant EMS use in febrile children across Europe.
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MOFICHE Management and Outcome of Fever in chil-
dren in Europe
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PERFORM Personalized Risk assessment in Febrile
illness to Optimize Real-life Management
across the European Union

PICU Paediatric intensive care unit

WBC White blood cell

UK United Kingdom

Introduction

Emergency medical services (EMS) provide urgent out-of-
hospital treatment and stabilisation for serious illness and
injury, and transport patients to the emergency department
(ED) for definitive care [1]. It was primarily developed to
provide immediate care to adults with traumatic injury or
cardiac arrest for whom fast intervention or transport is life-
saving [2, 3]. However, in the 1980s children were acknowl-
edged as a representative group of paramedic calls and con-
stituted 6-10% of all patients transported to the ED by EMS
[2-5]. The majority of children are in the trauma category,
but unlike adults, fever and reassurance are common reasons
for EMS use [5, 6]. Fever in children accounts for 20% of
all paediatric emergency visits with the majority having a
self-limiting viral respiratory illness [7, 8].

Currently, there is a high pressure on EMS and EDs are
overcrowded [9, 10]. Therefore, it is important that EMS is
only used by patients who truly need this [11]. In literature
there is no universal definition for discordant EMS use and
most often discordance is assigned retrospectively by clini-
cians or based on resource utilisation [6, 12]. The estimated
prevalence of discordant EMS use in children is 37-61%
[13, 14]. Risk factors for discordant EMS use in children
are lack of private transport, being first-time parents, low
level of parental education, and parental anxiety [6]. Fever
is reported as the most common presenting symptom for dis-
cordant EMS use in children [15]. This might imply that it
is difficult for parents and healthcare professionals to assess
disease severity in febrile children. Furthermore, discordant
EMS use can also be influenced by non-medical factors such
as the healthcare system in place [16].

Discordant EMS use leads to high medical costs, shortage of
EMS, and high work pressure for EMS and ED staff [17]. Data
from a large international cohort on febrile children attending
EDs by EMS is lacking, and discordant EMS use might occur
[15]. Therefore, the aim of this study is to describe EMS utilisa-
tion in febrile children attending EDs across Europe.
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Methods
Study design and setting

This is a secondary analysis of the MOFICHE study (Man-
agement and Outcome of Fever in children in Europe), which
is part of the PERFORM project (Personalized Risk assess-
ment in Febrile illness to Optimize Real-life Management
across the European Union) [18, 19]. The MOFICHE study
is an observational multicentre study evaluating manage-
ment and outcome of febrile children in twelve EDs across
eight European countries (Austria, Germany, Greece, Latvia,
the Netherlands n =3, Slovenia, Spain, UK n=3). The hos-
pital characteristics are described in a previous study [20]
(Appendix A). Approval by the ethics committees of the
participating hospitals was obtained. The need for informed
consent was waived and in the UK settings an additional
opt-out mechanism was in place.

Study population

Children < 18 years with fever (>38 “C) at the ED or with
a history of fever (within 3 days before ED visit) were
included in MOFICHE. For this secondary analysis, febrile
children with a known way of transportation defined as EMS
versus non-EMS were included. Children with missing data
on triage urgency and admission were excluded.

Data collection

Data of 38,480 febrile children attending the ED were col-
lected as part of routine clinical care and extracted from
electronic health records by the local research team (Jan-
uary 2017-April 2018). Data collected included patient
characteristics (age, gender, presenting symptoms, comor-
bidity (chronic condition expected to last at least 1 year
[21])), referral status, visiting hours, markers of disease
severity (triage urgency, vital signs, ill appearance), diag-
nostics (laboratory tests, imaging), treatment (immediate
life-saving interventions (ILSI), oxygen therapy), and
disposition (admission to ward or paediatric intensive
care unit (PICU)). Focus of infection and cause of infec-
tion were retrospectively assigned by the research team.
Focus of infection was categorised into respiratory tract,
gastrointestinal tract, urinary tract, sepsis/meningitis,
and other (e.g. skin/soft tissue infection, undifferentiated
fever, inflammatory illness). Cause of infection was cat-
egorised into presumed bacterial, unknown bacterial/viral,
presumed, viral and other according to a previously pub-
lished phenotyping flowchart [19] (Appendix B). Present-
ing symptoms were categorised into neurological, respira-
tory, gastrointestinal, and other symptoms. Neurological
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symptoms included meningeal signs, focal neurological
signs, or seizures. Respiratory symptoms included cough-
ing or other signs of respiratory tract infection, such as
runny nose, sore throat, and sneezing. Gastrointestinal
symptoms included vomiting or diarrhoea. Children with
more than one presenting symptom were classified accord-
ing to a priority system with neurological symptoms hav-
ing priority. If children had both respiratory and gastroin-
testinal symptoms, they were categorised based on focus
of infection, meaning that respiratory tract infections were
allocated to the respiratory group and children with a gas-
trointestinal focus of infection were allocated to the gas-
trointestinal group. If children had another focus of infec-
tion, none of these three symptom groups, or missing data
on these three symptom groups, they were categorised as
other. Out of office hours (OOH) was defined as between
5 PM and 8AM on weekdays or the weekends. Referral
status was categorised into EMS, referral by a medical
specialist or general practitioner (GP), other (e.g. referral
by other hospital), and self-referral. Triage urgency was
divided into low and intermediate/high triage urgencies.
Abnormal vital signs, including tachypnoea, tachycar-
dia, and hypoxia, were based on age-dependent cut-off
values according to the Advanced Pediatric Life Support
guideline of 2017 [22]. Diagnostic tests were categorised
into simple and advanced diagnostics. Simple diagnos-
tics included C-reactive protein (CRP), white blood cell
(WBC) count, urinalysis, urine culture, and respiratory
test or culture. Advanced diagnostics included any kind of
imaging, blood culture, and lumbar puncture. ILSI consist
of five categories [23] (Appendix C).

For this substudy, a questionnaire on background infor-
mation on EMS was sent out to the principal investigator
per country. This questionnaire contributed to additional
qualitative information next to the clinical information in
MOFICHE. It consisted of one open question and four
multiple choice questions concerning how the whole EMS
process looks like, who can call the emergency number,
what happens when EMS arrive at the patient, where the
EMS can transport the patient to, and what the practical
reasons for EMS use are (Appendix D).

Outcome measures

We defined way of transportation as transport by EMS
versus non-EMS, which we created based on registered
referral status. The non-EMS group contained the other
categories of referral status. The definition of discord-
ant EMS use was based on previous literature and expert
opinions of the local research team including paediatri-
cians [6]. Discordant EMS use was defined as the absence
of markers of urgency including intermediate/high triage

urgency, advanced diagnostics, oxygen therapy, ILSI, and
admission. If none of these five criteria was met, EMS use
was defined as discordant.

Data analysis

Descriptive statistics were used for patient characteristics
and management stratified by EMS use. We performed
Mann—Whitney U and chi-squared testing for continuous
and categorical data assuming not normally distributed data.
Multivariable logistic regression analysis was performed for
the association between EMS use and markers of urgency
with adjustment for the confounders age, gender, visiting
hours, presenting symptoms, and ED setting. Additionally,
multivariable logistic regression analysis was performed for
the association between patient characteristics (age, gender,
presenting symptoms, and visiting hours) and discordant
EMS use. We created four age categories: <1, 1 <5,5<12,
12 < 18 years. Results are shown as adjusted odds ratios
(aOR) with a 95% confidence interval (CI). We explored the
association between discordant EMS use and (1) markers of
urgency and (2) proportion self-referrals as we hypothesised
these as important predictors of discordant EMS use. A heat
map was created on discordant EMS use and markers of
urgency per ED setting, and chi-squared testing was used
for the hospital characteristic self-referral rate and discord-
ant EMS use. ED settings were dichotomised in high versus
low self-referral ED settings based on the prevalence of 57%
self-referrals in the MOFICHE population. A sensitivity
analysis was performed to simulate the situation where 20%
of EMS transports are initiated by other healthcare profes-
sionals, e.g. the GP [24]. The percentage of discordant EMS
use was then calculated in a random 80% children per ED
setting. Statistical analyses were performed using SPSS soft-
ware version 25 with a p-value below 0.05 considered statis-
tically significant. Qualitative data are reported descriptively
to interpret the findings of the quantitative analyses.

Results
Patient characteristics

A total of 37,315 children were included, and 36,156 chil-
dren were used for analyses after exclusion of children
with missing data on triage urgency (3%) and hospital
admission (0.1%). Fifteen percent (N =5464) of the chil-
dren were transported by EMS (range 0.1-42%) (Appendix
F). Children in the EMS group more often attended the ED
during OOH (76% vs 65%), were more frequently triaged
as intermediate/high urgent (56% vs 32%), described as
ill appearing (29% vs 13%) and had more abnormal vital
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signs compared to children in the non-EMS group. Neuro-
logical symptoms were more common in the EMS group,
whereas respiratory symptoms were more common in the
non-EMS group. The EMS group received more extensive
management in terms of diagnostic tests, treatment, and
admission. Focus and cause of infection were comparable
in the two groups (Table 1).

Four markers of urgency including intermediate/high
triage urgency, oxygen therapy, ILSI, and admission were
significantly more frequently present in the EMS group
compared to the non-EMS group. Advanced diagnostics
was comparable in the EMS group and the non-EMS group
(Fig. 1, Appendix G).

Discordant EMS use

Of the 5464 children who were transported by EMS, 1601
children (29%) had discordant EMS use ranging from 1 to
59% across the EDs (Fig. 2, Appendix F). Since the most
important markers of urgency are intermediate/high tri-
age urgency and admission, we first evaluated the propor-
tion of discordant EMS use by defining discordant EMS
use as the absence of these two main markers of urgency
separately. This resulted in 2427 children (44%) and 3509
children (64%), respectively, having discordant EMS use.
When combining the absence of these two markers of
urgency for the definition of discordant EMS use, 1865
children (34%) had discordant EMS use. Lastly, when the
other three markers of urgency (advanced diagnostics,
oxygen therapy, ILSI) were added, the proportion discord-
ant EMS use was 29% (range 1-59%).

In EDs with more markers of urgency present, the pro-
portion of discordant EMS use was low, whereas EDs with
less markers of urgency present having more discordant
EMS (Table 2). ED settings with high self-referral rates
to the ED (> 57%) were having more discordant EMS use
(p<0.05) (Appendix A). A sensitivity analysis using a
random 80% children per ED setting did not show any dif-
ferences in discordant EMS use (Appendix H).

Children in the younger age groups tended to have more
discordant EMS use compared with children 12 < 18 years
old. Gender was not associated with EMS use (aOR 1.1,
95% CI 1.0-1.3). The neurological group had less discordant
EMS use with an aOR of 0.2 (95% CI 0.1-0.2). ED attend-
ance during OOH was associated with more discordant EMS
use (aOR 1.6, 95% CI 1.4-1.9) (Table 3).

EMS process per country
The EMS process in all participating countries is rather com-

parable: calling the emergency number by anyone is possi-
ble, triage and assessment by phone to decide whether EMS
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Table 1 Patient characteristics and management stratified by EMS
use (N=36,156)

EMS Non-EMS
N=5464 (15) N=230,692 (85)

Missing

Age (years)™* 2.4 (1.3-49) 2.8(1.3-5.7) /
Gender (male) 3012 (55) 16,845 (55) 1(0)
Comorbidity* 745 (14) 5167 (17) 343 (0.9)
Visiting hours (out of 4152 (76) 19,912 (65) /
office)*
Triage urgency* /
Low 2427 (44) 20,890 (68)
Intermediate/high 3037 (56) 9802 (32)
11l appearance™ 1591 (29) 4050 (13) 1507 (4)
Abnormal vital signs
Tachycardia* 1594 (29) 7568 (25) 3134 (9)
Tachypnoea* 1095 (20) 4407 (14) 7664 (21)
Hypoxia 113 (2) 683 (2) 4436 (12)
Presenting symptoms™* /
Neurological 740 (14) 772 (3)
Respiratory 2580 (47) 17,975 (59)
Gastrointestinal 829 (15) 4727 (15)
Other 1315 (24) 7218 (24)
Diagnostics* 4000 (73) 18,259 (60) /
Simple* 3861 (71) 17,252 (56)
CRP 3301 (60) 12,444 (41)
WBC count 3290 (60) 12,370 (40)
Urine analysis 1851 (34) 7113 (23)
Urine culture 268 (5) 2446 (8)
Respiratory test 919 (17) 5329 (17)
Advanced* 1431 (26) 7012 (23)
Imaging 1279 (23) 5326 (17)
Chest X-ray 1008 (18) 4158 (14)
Other X-ray 111 (2) 327 (1)
Ultrasound 229 (4) 1170 (4)
CcT 54.(1) 141 (0.5)
MRI 10 (0.2) 71(0.2)
Blood culture 340 (6) 3016 (10)
Lumbar puncture 53 (1) 351 (1)
Treatment /
Oxygen therapy* 209 (4) 752 (3)
ILSI” 204 (4) 386 (1)
Hospital admission* 1955 (36) 7310 (24)
To ward 1911 (35) 7212 (24)
To PICU 44 (0.8) 98 (0.3)
Focus of infection* 500
Sepsis/meningitis 31(0.6) 231 (0.8)
Respiratory tract 3816 (70) 20,492 (67)
Gastrointestinal tract 629 (12) 3163 (10)
Urinary tract 197 (4) 1042 (3)
Other 775 (14) 5760 (19)
Cause of infection* 247 (0.7)
Presumed bacterial 1360 (25) 6580 (21)
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Table 1 (continued)

EMS Non-EMS
N=5464 (15) N=30,692 (85)

Missing

Unknown bacterial/ 699 (13) 4764 (16)
viral

Presumed viral 3159 (58) 17,143 (56)

Other 234 (4) 1970 (6)

Absolute numbers and percentages (%) are shown

ILSI immediate life-saving interventions on arrival at the ED, PICU
paediatric intensive care unit

*Significantly differed between the EMS and non-EMS group
(p-value <0.05)

*Median and interquartile range 25-75 are shown

transport is needed, assessment by EMS staff and decision on
transport to the ED or stay at home, or advice GP consultation.
In Spain, patients can be transported to the GP OOH by EMS
as well, and in Greece any child will be transferred to the ED
if parents are patient enough to wait. The reasons for EMS use
are not only transport for critically ill patients but also lack of
private transport and an emergency call during OOH. The full
answers on the questionnaire are shown in Appendix D and
a diagram of healthcare pathways initiating EMS transport to
the ED is shown in Appendix E.

Discussion
Main findings

There is large practice variation in EMS use in febrile chil-
dren across the participating EDs, ranging from 0.1 to 42%.
Children arriving by EMS are more often triaged as high
urgent and received more extensive management. On one

Fig.1 Association between
EMS use and markers of
urgency as five separate models
with the non-EMS group as
reference group. Adjusted for
age, gender, visiting hours,
presenting symptoms, and ED
setting

Markers of urgency

Intermediate/high
urgent

Advanced diagnostics

Oxygen therapy

Immediate life-saving
interventions

Admission

0,5

hand, this could be explained by the fact the children arriv-
ing by EMS are more severely ill and therefore receive more
diagnostics tests and get admitted more often. On the other
hand, physicians may be steered towards a more aggressive
workup by the transportation by EMS itself. A previous
study on diagnostic variation in febrile children attending
European EDs showed that having a high triage urgency
level leads to more diagnostic testing and hospitalisation
after adjusting for patient and hospital characteristics [25].
In our febrile paediatric population, discordant EMS use
occurred in 29% ranging from 1 to 59% assuming differ-
ences in patient mix, prehospital pathways, and healthcare
systems. We found no clear association between age and
gender and discordant EMS use. However, children present-
ing with neurological symptoms were associated with less
discordant EMS use (aOR 0.2, 95% CI 0.1-0.2), which was
also reported in a previous study with seizures or altered
mental status accounting for the lowest percentage of dis-
cordant EMS use, while fever accounted for the highest
percentage [15]. By contrast, EMS transport during OOH
hours was associated with more discordant EMS use (aOR
1.6, 95% CI 1.4-1.9), possibly reflecting differences in pre-
hospital healthcare systems (e.g. availability of GP OOH)
and social factors as socioeconomic status [20]. Similarly,
settings with high self-referral rates to the ED had more dis-
cordant EMS use, assuming referral pathways as important
predictor for EMS use. Lastly, our questionnaire showed that
the EMS process in the participating countries is quite simi-
lar, and therefore we could not use this information for the
analysis. This implies that there are other factors accounting
for the large range in (discordant) EMS use. However, we
did not have information on non-medical factors, e.g. access
to healthcare, socioeconomic status, distance from hospi-
tal, availability of GP OOH, language barriers, and public
transport [14].

Association between EMS use and markers of urgency

Adjusted ORs (95%
CI)

roH 34(32-3,6)

111 -1

1,6(1,4-19)

43(3,6-52)

o 1,6 (1,5-1,7)

NS}
.
oo

Odds ratio
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EMS use (N=5464)

45% 70%
10,/
40% 60%
35%
50%
30%
25% 40%
.’00 o 3000
15%

29% 20%

Discordant EMS use (N=1601)

Fig.2 Proportion EMS use (15%, N=5464/36,256) and discordant EMS use (29%, N=1601/5464) with corresponding ranges across the EDs

depicted with error bars

Strengths and limitations

This is the first study examining the use of EMS and the pro-
portion discordant EMS use in febrile children across eight
European countries, and it discusses an important current
medical topic. [9, 10] The MOFICHE study involved exten-
sive data collection on patient characteristics, disease sever-
ity, and management. A clear definition of discordant EMS
use was created based on extensive literature search and
input of the research team. The need for a universal defini-
tion for dis/concordant EMS use was already mentioned in a
recent systematic review from Proctor et al. on factors asso-
ciated with ambulance use for non-emergency problems in
children. They stated that “Both policymakers and academ-
ics need to work towards a contextually nuanced and consist-
ent definition of ‘appropriate’ ambulance resource use” [6].
There are several limitations that should be acknowledged
as well. Since the MOFICHE study includes data from large

Table 2 Heat map of discordant EMS use and markers of urgency per ED

European university hospitals, the results may not be gen-
eralisable to smaller general hospitals. We have not taken
into account non-medical factors that could influence the
choice for transport by EMS and the proportion discordant
EMS use, such as long arrival time due to geographical loca-
tion when living in a rural area or socioeconomic status [26,
27]. Lastly, there might have been misclassification of the
EMS group as we had no information on who initiated the
EMS pathway. However, a sensitivity analysis in which we
simulated that 20% of EMS transports was initiated by GPs
showed no change in the proportion discordant EMS use.

Implications for clinical practice and future research

Practice variation in both EMS use and discordant EMS use
across Europe can be attributable to non-medical factors,
such as healthcare system-related (e.g. referral systems,
availability of resources, OOH emergency provision) and

Intermediate/high triage

EMS use Discordant EMS use urgency Advanced diagnostics Oxygen therapy ILSI Admission

(N=5464) % % % % % %
NL1 (N=70) 1 75 40 17 33 17
NL2 (N=171) 2 _ 30 39 33 39
Slovenia (N=288) 72 25 10 1 11
NL3 (N=16) 13 75 25 13 6 13
Austria (N=63) 14 62 16 3 3 3
Greece (N=6) 17 _ 17 0 0 0
UK3 (N=380) 17 23 7 9 7
Spain (N=69) 23 68 30 3 1 3
Latvia (N=3740) 30 53 28 1 2 1
UK1 (N=95) 40 48 25 11 7 11
Germany (N=9) 44 44 22 11 0 11
UK2 (N=557) 59 32 13 6 3 6

Percentages per ED are shown. Red shades depict discordant EMS use. Green shades depict markers of urgency
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Table 3 Association between patient characteristics and discordant
EMS use

OR (95% CI) aOR (95% CI)
Age (years)?
<l 1.4 (1.1-1.8) 1.4 (1.1-1.8)
1<5 1.3 (1.0-1.7) 1.3 (1.0-1.7)
5<12 1.4 (1.1-1.9) 1.5 (1.1-1.9)
12<18 REF REF
Gender
Girls 1.1 (1.0-1.2) 1.1 (1.0-1.3)
Boys REF REF
Presenting symptoms
Neurological 0.2 (0.1-0.3) 0.2 (0.1-0.2)
Respiratory 0.9 (0.8-1.1) 0.9 (0.7-1.0)
Gastrointestinal 0.8 (0.6-0.9) 0.8 (0.6-0.9)
Other REF REF
Visiting hours
OOH 1.6 (1.4-1.9) 1.6 (1.4--0.9)
During office hours REF REF
OOH out of office hours

#Age distribution per setting is shown in Appendix I

societal factors (e.g. availability of transport, socioeconomic
status, parental experiences, distance to hospital). Qualita-
tive research is needed to explore the reasons of parents
to call EMS for their febrile child [28]. An eHealth tool is
being developed for parents to support them assessing their
febrile child’s disease severity based on alarm symptoms
such as lethargy [29]. Further research is needed on non-
medical factors influencing discordant EMS use and refining
healthcare pathways might lead to more efficient EMS use.
It would be valuable to examine the influence of longer GP’s
office hours and the availability of OOH GPs with specific
experience in paediatrics.

Conclusion

There is large practice variation in EMS use in febrile chil-
dren attending European EDs. Markers of urgency were
more frequently present in children attending the ED by
EMS. However, discordant EMS use occurred in 29%, rang-
ing from 1 to 59% across EDs. Age and gender were not
associated with discordant EMS use, whereas neurological
symptoms were associated with less discordant EMS use
and attendance during OOH was associated with more dis-
cordant EMS use. Settings with higher self-referral rates to
the ED had more discordant EMS use. Further research is
needed to understand non-medical factors influencing dis-
cordant EMS use in febrile children across Europe, so that
pre-emptive strategies can be implemented.
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