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Clinical assessment 
Study I: Severity of illness or injuries

Study II: Prehospital monitoring

Diagnoses 

The Danish Clinical Quality 
Program – National Clinical Registries

Study III: Outcomes after emergency calls

Study IV: Outcomes after 
dispatch of HEMS

Injury, poisoning and certain other 
consequences of external causes Diseases of the respiratory system Diseases of the 
nervous system  Symptoms, signs and abnormal clinical and laboratory 
findings, not elsewhere classified

Symptoms and signs
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Klinisk vurdering 
Studie I: Sværhedsgrad af sygdom eller skader

Studie II: Præhospital 
monitorering

Diagnoser 

Regionernes Kliniske 
Kvalitetsudviklingsprogram (RKKP)

Studie III: Opfølgning efter 112-opkald

Skader, forgiftninger og visse andre følger af ydre 
påvirkninger Sygdomme i åndedrætsorganer Sygdomme i nervesystemet
Symptomer og abnorme fund ikke klassificeret andetsteds

Symptom

Studie IV: Opfølgning efter afsendelse af en akutlægehelikopter
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ABBREVIATIONS AND DEFINITIONS 

95% CI
ABCDE 
ALS 
BLS  
COVID-19 
CRS  
DNPR  
EMS
EPALS 
ePMR 
GCS 
GDPR
HEMS 
HR 
ICD-10 International Statistical Classification of Diseases and Related Health 
Problems, Tenth Revision
ICU 
IQR 
MECU 
PEWS
PIN
POHCA
RKKP The Danish Clinical 
Quality Program – National Clinical Registries
SpO2   
WHO 

112:

Complete vital sign registration: 

EMS professionals: 

Paediatric:
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1.1 PAEDIATRIC READINESS IN EMERGENCY CARE SETTINGS 

1.2 PAEDIATRIC EARLY WARNING SCORES 



 

23 



PAEDIATRIC EMERGENCIES IN DENMARK 

24 

 



 

25 

Figure 1.1. The Danish Regions’ Paediatric Triage Model is used in all Danish EMS (Danish 
Regions, 2012) Reprint from supplemental material to Paper I (Appendix A).  
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1.3 RATIONALE AND CONCEPTUALISATION OF THE STUDIES 

How do EMS professionals identify children at risk of clinical 
deterioration among the many other children with non-

urgent illnesses or minor injuries in our EMS? 

Study I: 
Severity of illness or injuries

Study II: Prehospital monitoring
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Study II
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Studies III-IV

Studies III-IV
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Study IV: Outcomes after dispatch of HEMS

Study IV 
all
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2 OBJECTIVES 

Studies I II

Studies III IV

Framework Programme for Research and 
Innovation in Europe

2.1 STUDY I: SEVERITY OF ILLNESS OR INJURIES 

 

 

2.2 STUDY II: PREHOSPITAL MONITORING 

 

 

2.3 STUDY III: OUTCOMES AFTER EMERGENCY CALLS 
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2.4 STUDY IV: OUTCOMES AFTER DISPATCH OF HEMS 
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3 METHODS 

3.1 SETTING 

Studies I: Severity of illness or injuries II: Prehospital monitoring

3.1.1 DISPATCH CENTRES 
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Danish Index for 
Emergency Care

3.1.2 GROUND EMERGENCY MEDICAL SERVICES 

3.1.3 HELICOPTER EMERGENCY MEDICAL SERVICES 

Hemsfile
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Figure 1.2. The four HEMS bases are strategically located to ensure access to emergency 
care all over Denmark.  
 

3.2 STUDY OUTLINE 

Studies I: Severity of illness or injuries, II: Prehospital monitoring
IV: Outcomes after dispatch of HEMS

Study III: Outcomes after emergency calls 

Studies I II
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STUDY DESIGN POPULATION N 

I 

II 

III 

IV 

 

Table 3.1. Study designs and populations. In all of the studies, a unique patient could have 
had more than one event during the study period.  

*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 
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care options’; interfacility transfers; duration of the mission was less than 30 seconds; 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.   

3.3 ETHICS AND AUTHORISATIONS 

Danish Act on Research Ethics Review of 
Health Research Projects 1

 
Study II: Prehospital monitoring 

Study II

Study II

 

3.4 DATA SOURCES AND DATA MANAGEMENT 

 
1 These legal restrictions apply to the availability of all data, which means that none of the 
data sets have been made publicly available.
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amPHITM Judex A/S

EMS Patientforløb

EVA 2000 Logis CAD Logis Solutions

3.4.1 PREHOSPITAL ELECTRONIC PATIENT MEDICAL RECORDS 

Physio-Control, Inc.
ZOLL Medical Corporation

Studies I: Severity of illness or injuries II: Prehospital monitoring

Study III: Outcomes after emergency calls
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3.4.2 THE DANISH CLINICAL QUALITY PROGRAM – NATIONAL 
CLINICAL REGISTRIES  

The 
Danish Clinical Quality Program – National Clinical Registries

3.4.3 HEALTH REGISTRIES UNDER THE DANISH HEALTH DATA 
AUTHORITY 

International 
Statistical Classification of Diseases and Related Health Problems, Tenth Revision

3.4.4 HEMSFILE 

Hemsfile
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3.5 STUDY SIZES 

Studies I, III IV
Study II: Prehospital monitoring

3.6 STUDY-SPECIFIC VARIABLES 

3.6.1 STUDY I: SEVERITY OF ILLNESS OR INJURIES 

3.6.2 STUDY II: PREHOSPITAL MONITORING 

Study I

3.6.3 STUDY III: OUTCOMES AFTER EMERGENCY CALLS 

Danish Index for Emergency Care
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3.6.4 STUDY IV: OUTCOMES AFTER DISPATCH OF HEMS 

Hemsfile
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3.7 STUDY-SPECIFIC OUTCOMES 

3.7.1 STUDY I: SEVERITY OF ILLNESS OR INJURIES 

one

and

3.7.2 STUDY II: PREHOSPITAL MONITORING 

Study I: Severity of illness or injuries 

Educational initiatives 

Primary outcome measure 
two
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Secondary outcome measures 

Study I

3.7.3 STUDY III: OUTCOMES AFTER EMERGENCY CALLS 

Symptoms, signs and abnormal clinical and laboratory findings, 
not elsewhere classified Factors influencing health status and contact with 
health services

3.7.4 STUDY IV: OUTCOMES AFTER DISPATCH OF HEMS 

Study III
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3.8 STATISTICAL ANALYSES 

StataCorp LLC

US Centers for Disease Control and Prevention
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3.8.1 STUDY I: SEVERITY OF ILLNESS OR INJURIES 

and

3.8.2 STUDY II: PREHOSPITAL MONITORING 

Sensitivity analyses 
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3.8.3 STUDY III: OUTCOMES AFTER EMERGENCY CALLS 

Sensitivity analyses 

with without

3.8.4 STUDY IV: OUTCOMES AFTER DISPATCH OF HEMS 

Sensitivity analyses 

Hemsfile
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4 RESULTS 

4.1 STUDY I: SEVERITY OF ILLNESS OR INJURIES 

Deviating vital signs   

Missing data 

n p

Progression of triage score to a lower level of urgency 

p
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Figure 4.1. Distribution of first and last triage scores according to age group. Red: life-
threatening; orange: urgent; yellow: less urgent; green: not urgent.  
Non-missing: 21,230/25,039  Reprint from Paper I (Appendix A).  
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Post hoc analyses on vital sign registration and outcome 

one

Summary 

4.2 STUDY II: PREHOSPITAL MONITORING 

Changes over time 

and
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Figure 4.2. Complete vital sign registration 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=7,335  Reprint from Paper II (Appendix B).
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Changes per age group in each region 

without

Sensitivity analyses 

n

Progression of triage score to a lower level of urgency 

Factors associated with complete vital sign registration 

no 

did

Summary 
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4.3 HOSPITAL DIAGNOSES AFTER EMERGENCY CALLS 
(STUDIES III AND IV) 

XIX: Injury, poisoning and certain other consequences of external causes

Symptoms and signs R56.0;Febrile convulsions
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Figure 4.3. The six most frequent chapters of primary hospital diagnoses, listed according 
to the use of lights and sirens and stratified by age group (panel A-C). Letters refer to ICD-
10 chapters  A complete outline of all chapters is visible in the Supplement.  
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Injury

 

Figure 4.4. Hospital diagnoses for the subgroup of children attended by HEMS, N=525.
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4.4 MORTALITY AFTER EMERGENCY CALLS (STUDY III) 

Short-term mortality 

p

before 

Injury, poisoning and certain other consequences of external causes
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ORIGINAL DATA SET  

 

 

1-
da

y 
7-

da
y 

30
-d

ay
 

Table 4.1. Mortality estimates from Poisson regression on individual patient level versus 
mission level. Reprint from Paper III (Appendix C).  

Data retrieved from prehospital ePMRs contained both patients  and  valid 
personal identification numbers. From these records we identified prehospital deaths 
(comparable to 1-day mortality) by the following definition: either ‘declared dead on scene’ 
or a Glasgow Coma Score of 3  any cardiopulmonary resuscitation, cf. the Danish 
Cardiac Arrest Registry.  
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P value  

 
ICD-10 Chapter 
 

I46.1

I46.0/9

R99

 

Table 4.2. Last ICD-10 diagnosis assigned by a physician in patients who died within 7 days 
of the emergency call, n=255. Reprint from supplemental material to Paper III (Appendix 
C).  

 

Mortality in relation to age 
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Mortality in relation to comorbidity 

N

I00-I99 I27.8A;Eisenmenger 
syndrome I42.5;Other restrictive cardiomyopathy I46.1;Sudden cardiac death
I49.1-4;Extrasystoles

Q2
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Figure 4.5. Reasons for calling the national emergency number, 112, in Denmark, 
stratified by comorbidity subgroup: ‘None’ (n=47,563), ‘Comorbidity’ (n=27,778) and 
‘Severe chronic comorbidity’ (n=1,615). Survivors and non-survivors refer to death within 7 
days of the last emergency call  Reprint from Paper III (Appendix C). Frequency data can 
also be found in table format there.  
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Figure 4.6. Hazard ratios for 7-day mortality according to reasons for emergency call. 
‘Medical symptoms’ does not include calls regarding paediatric out-of-hospital cardiac 
arrest. Crude HRs (black) and adjusted for age and sex (grey). Reprint from Paper III 
(Appendix C).

Summary 

4.5 STUDY IV: OUTCOMES AFTER DISPATCH OF HEMS 
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Intensive observation and/or care 

Injury

Mortality 

Hemsfile

Hemsfile
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Figure 4.7. Time to intensive observation and/or care (black curve, n=95/525 patients). 
The population is grouped by NACA score assessed at the scene by a HEMS physician. The 
red curve represents patients with critical emergencies (scores 4-7) (n=73/150 patients) 
and the blue curve represents patients with noncritical emergencies (scores 0-3) 
(n=24/375 patients). Cumulative risk estimates for both groups are added below the plot  
Reprint from Paper IV (Appendix D).

Summary 
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5 DISCUSSION 

5.1 PRINCIPAL FINDINGS 

Study I: Severity of illness or injuries

Study II: Prehospital monitoring

Study III: Outcomes after emergency calls 

Injury, poisoning 
and certain other consequences of external causes

Injury, poisoning and certain other consequences of external 
causes
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did
Study III 

without

5.2 INTERPRETATION  

5.2.1 CAUSE OF EMERGENCY CALL 

Study III
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Dispatch of HEMS for island missions 

Study 
IV: Outcomes after dispatch of HEMS

5.2.2 PREHOSPITAL MONITORING IN CHILDREN 

Normal ranges for vital signs 
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Study II: Prehospital monitoring

Comparison to other emergency medical services 
Study II: Prehospital monitoring 

Appropriate target level 

Study II
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Study I: Severity of illness or injuries
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A one-year wonder? 

Study 
II: Prehospital monitoring

5.2.3 OUTCOMES AFTER EMERGENCY CALL 

Mortality rates 
Studies III: Outcomes after emergency calls IV: 

Outcomes after dispatch of HEMS

Danish Index for Emergency Care

Study III: Outcomes after emergency calls

Injury, poisoning and other external causes

Injury
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Study III

Study III: Outcomes after emergency 
calls

I46

Study IV: Outcomes after dispatch of HEMS
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Variations with comorbidity 

Study III: Outcomes after emergency calls
all

Study III all

and
plus

Variations with age  

Study III: Outcomes after emergency calls
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Death before arrival of the EMS 

Study III: Outcomes after emergency calls

5.2.4 HOW THE STUDIES RELATE TO PAEDIATRIC READINESS 
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Febrile convulsions 
Symptoms and signs

Injury, poisoning and other external causes

Out-of-hospital cardiac arrest 

Non-accidental injuries 
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Derived effects of the educational initiatives 
Study II: Prehospital monitoring

5.3 METHODOLOGICAL CONSIDERATIONS 

Study II: Prehospital monitoring 
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5.3.1 PRECISION AND CONFOUNDING 

Study III: Outcomes after emergency calls

Study II: Prehospital monitoring

Study II 

5.3.2 INTERNAL VALIDITY 



 

75 

Study III: Outcomes after emergency calls 

Studies III-IV Study 
III: Outcomes after emergency calls

with without

Study IV: Outcomes after dispatch of HEMS

Hemsfile

The Danish National Patient Register 
and

any
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Study III: Outcomes after emergency calls

Study III

 

Axx.x
Injury

Danish Act on Research 
Ethics Review of Health Research Projects

Study III: 
Outcomes after emergency calls.

The outcome of triage score progression  
Study I: 

Severity of illness or injuries 
Study II: Prehospital monitoring Study I
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Study II
Study I

Study II
Study II

Study II
Study I

Study II

5.3.3 EXTERNAL VALIDITY 

Studies I-II

Studies II: Prehospital monitoring III: Outcomes after emergency calls





 

79 

6 CONCLUSIONS AND PERSPECTIVES 

Studies I-II

Study I: Severity of illness or injuries

Study II: Prehospital monitoring

Studies III-IV

 Injury, poisoning and certain other 
consequences of external causes

Study III: Outcomes after emergency calls
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Study IV: Outcomes after dispatch of HEMS
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Table S.1. 
N
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Table S.1. 
N
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Urgency level 

 No
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