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Repeated ambulance use is associated with
chronic diseases - a population-based
historic cohort study of patients’ symptoms
and diagnoses
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Abstract

Background: There is a growing demand for emergency medical services (EMS) and patients are repeatedly
transported by ambulance services. For many patients, especially those with chronic disease, there may be better
ways of delivering care. We examined the symptom at time of emergency call and the hospital diagnosis for those
ambulance users who repeatedly received an ambulance.

Methods: Population-based historic cohort study of patients receiving an ambulance after an emergency call
between 2011 and 2014: one-time users (i.e. one ambulance run in any 12 month period) were compared to two-
time users (two runs in any 12 month period) and frequent users (>two runs). The presenting symptom according
to the Danish Index for Emergency Care from the EMS calls and the hospital ICD-10 discharge diagnoses were
obtained from patient records.

Results: We included 52 533 patients (65 932 emergency ambulance runs). Repeated users constituted 16% of the
patients (two-time users 11% and frequent users 5%) and one third of all ambulance runs. The symptoms showing
the largest increase in frequency with increasing ambulance use were breathing difficulty (N = 3 905–15% were
frequent users); seizure (N = 2 437–10% were frequent users), chest pain (N = 7 616–17% were frequent users), and
alcohol intoxication (N = 1 998–5% were frequent users). The hospital diagnoses with a corresponding increase
were respiratory diseases (N = 4 381) - 13% were frequent users), mental disorders (predominately abuse of alcohol)
(N = 3 087–10% were frequent users) and neurological diseases (predominately epilepsy) (N = 2 207–6% were
frequent users). 5% of one-time users, 12% of two-time users and 16% of frequent users had a Charlson
Comorbidity Index > = 3.

Conclusion: Repeated use of ambulance services was common and associated with chronic health problems such
as chronic respiratory diseases, epilepsy, mental disorders with alcohol abuse and comorbidity. Alternative methods
of caring for many of these patients should be considered.

Trial registration: None.
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Introduction
Emergency Medical Services (EMS) experience a grow-
ing demand for their services [1, 2]. The reasons are not
quite clear, but might be explained by demographics and
disease patterns, with more elderly people [3] with more
chronic diseases and consequently more comorbidity [4,
5]. On the other hand, health care system-factors such
as less easy access to primary care [6], fewer hospital
beds, shorter admissions and repeated use of emergency
medical services [7] may play a role. A recent Danish
study reported a 67% increase in the number of emer-
gency ambulance runs to hospital from 2007 to 2014,
and 25% of the patients had more than one ambulance
run [8]. These growing numbers of hospital admissions
have prompted the need to identify those patients that
might be better managed in a different setting [9].
A systematic review from 2014 investigating fre-

quent use of EMS [10] found that between 0.2 and
23% of ambulance users were repeated users, al-
though this term was defined very differently across
studies. The review also found that repeated users
were more likely to suffer from medical conditions
than trauma. However, 10 of the 18 included studies
were emergency department-based and the review
therefore suggested further research on repeated EMS
users only. Like all other services in health care, the
EMS has limited resources, and whenever ambulances
are dispatched to one incident, they become unavail-
able to another. In order to explain the repeated use
of ambulances, detailed knowledge is needed of those
patients who repeatedly receive emergency ambulance
runs to hospital.
Facilitated by the Danish patients’ unique civil registra-

tion number, which can link EMS data to health care
registries containing the patients’ hospital diagnoses, this
study compared the presenting symptoms at the emer-
gency call to the EMS, hospital discharge diagnoses and
comorbidity for repeated ambulance users with one-time
users.

Methods
Study design
A population-based historic cohort study of patients
to whom an ambulance was dispatched after a call to
the Danish national emergency number 1–1-2 in the
North Denmark Region. Symptoms at the time of the
1–1-2 call were retrieved and presented according to
the criteria of the Danish Index for Emergency Care
(Danish Index) [11]. Hospital discharge diagnoses
according to the International Statistical Classification
of Diseases and Related Health Problems, 10th Revi-
sion (ICD-10) [12] and patient demographics were
retrieved from the regional Patient Administrative
System (PAS) [13].

Study setting
The North Denmark Region (580 000 inhabitants) as
reported by Christensen et al. [2, 8]. In Denmark, EMS
and ambulance services are tax-supported and equally
accessible to all citizens. In every region when an Emer-
gency Medical Coordination Centre receives a 1–1-2
medical emergency call a health care professional then
assesses its urgency and severity. This is done according
to the Danish Index [11], which contains 37 criteria cor-
responding to clinical signs, symptoms or incidents. The
health care professional can also decide to end call by
giving advice or referring the caller to a general practi-
tioner. If needed, technical personnel then dispatch
ambulances, helicopters and/or physician-staffed mobile
units. An electronic pre-hospital medical record
(amPHI™) has been used in all pre-hospital units in the
region since April 2006. Logistic data on the ambulance
runs i.e. “time stamps”, locations etc. are stored in separ-
ate logistics data bases.

Study population and exclusions
Patients to whom an ambulance was dispatched after a
1–1-2 emergency call in the North Denmark Region
during the period 1.1.2011–31.12.2014 were included in
the study. All Danish citizens have a unique ten-digit
civil registration number (CVR) that can be used to link
to all data in any of the Danish national registries [14]:
as this number is crucial to this study, patients who were
not Danish citizens had to be excluded. Ambulance
emergency runs where information on ambulance use in
the previous 12 months was outside our study period
were excluded (i.e. transfers before 1.1.2012).

Patient classifications and outcomes
One-time users were defined as those patients with only
one emergency ambulance run in any 12-month period,
two-time users as those with two emergency runs in any
12-month period, and frequent users as those with more
than two emergency runs in any 12-month period
(Fig. 1). When referring to repeated users, this covers
both two-time and frequent users.
The patient’s presenting symptom for each emergency

ambulance run was defined by the Danish Index criteria,
and the principal discharge diagnosis according to
ICD-10 [12] was obtained from PAS for patients with
ambulance runs to hospital. If the diagnosis was among
the non-specific diagnoses (ICD-10 chapters Z and R)
i.e. not related to a specific organ system or specific eti-
ology (such as infection, cancer, injury, poisoning), we
looked for a more specific diagnosis during the same
hospital stay, and if found, this was used instead. Supple-
mentary to the ICD-10 diagnoses at the chapter level,
we investigated the most frequently used diagnoses at
subcategory level, where particularly frequent diagnoses
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were reported separately. In addition, we investigated
whether repeated users received the same diagnosis (at
subcategory and chapter level) more than once. Not all
ambulance runs received a symptom and/or a hospital
diagnosis.
Comorbidity was assessed by the Charlson Comor-

bidity Index (CCI) [15, 16], based on diagnoses from
the past five years retrieved from PAS. Patients were
divided into four groups according to their CCI score:
0,1,2,> = 3.

Statistical analysis
Data were anonymized for statistical analysis. We per-
formed descriptive analysis reporting the distribution
of one-time users and repeated users in numbers and
frequencies among both patients and ambulance runs.
Baseline characteristics (age, sex, comorbidity) were
reported alongside. A logistic regression was used to
check for significant differences in between one-time
and repeated users. Similarly, we performed a logistic
regression with random effects (since comorbidity can
change between runs) to investigate differences of
statistical significance in comorbidity.
Within in each of the user groups, we displayed the

distribution of symptoms when calling EMS (i.e. Da-
nish Index criteria) and the hospital diagnoses accord-
ing to ICD-10 chapters as frequencies, thus,
comparing one-time and repeated users. Analyses
were performed on available symptoms and/or diag-
nosis. Logistic regressions with random effects were
performed to calculate crude odds ratio (OR) for the
symptoms showing the largest differences in propor-
tions between one-time and repeated users, testing
each symptom against all other symptom. Adjusting
for comorbidity was not possible, as this group of pa-
tients included patients treated and left on scene
without hospital contact i.e. without a current

diagnosis, thus comorbidity is not available for this
group. In addition, the distribution of age within each
of the symptom groups differed too much to compare
groups in terms of age (Additional file 1). Adjusting
for age was possible by matching randomized age
groups prior to the logistic regression. This would
result in a comparison between matching age groups
with many patients and almost no patients. Conse-
quently, we would underestimate the significance of
age for symptom groups with deviating age distribu-
tions. Therefore, we did not adjust for age in the ana-
lyses. Logistic regression analyses with random effects
were performed for the hospital diagnoses showing
the largest differences in proportions between
one-time and repeated users, testing each diagnosis
against all others. Both crude analyses and analyses
adjusted for age, sex and comorbidity were per-
formed. Subsequently, results were gathered in OR
plots. We included all the patients´ ambulance runs
in the analyses.
Statistical analyses were performed with Stata V.15.1

(Stata Corporation, College Station, Texas, USA).

Results
Out of 105 821 dispatched ambulances in the North
Denmark Region during the study period 39 889
(37.7%) were excluded. The reasons for exclusion are
shown in Fig. 2, and the final study population was
65 932 emergency ambulance runs corresponding to
52 533 patients.
In 53 370 (81%) of the ambulance runs, the patients

received a symptom according to the criteria in Da-
nish Index. The ambulance runs resulted in hospital
contacts in 60 459 (92%) of all runs.
Tables 1 and 2 shows the baseline characteristics of

the study population and the distribution of ambulance
runs.

Fig. 1 Definition of user groups. The three groups of users based on the identified ambulance runs in the study period
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The final study population had a median age of 57
years, 47% were female, and repeated users were older
than one-time users (Table 1). Males were significantly
more likely to be repeated users..
In addition, the patients with any degree of comorbid-

ity had higher odds of repeated ambulance use.; crude
OR (95%CI) 2.25 (2.13–2.37) for two-time users and
3.10 (2.87–3.34) for frequent users compared to
one-time users.

Symptoms when calling EMS
The symptoms that became more common with
increased ambulance use were breathing difficulties, sei-
zures, chest pain, and alcohol intoxication. Injuries, on
the other hand, were more common among one-time
users (Fig. 3).
Patients with difficulty breathing, seizures and chest

pain at the time of the EMS call had significantly larger
odds ratios for repeated ambulance use (Fig. 4) com-
pared to all other symptoms. This was also the case for
alcohol intoxication, which showed a significantly larger
odds ratio for frequent ambulance use only.
On the other hand, injuries (including minor injuries,

traffic accidents and other accidents) reduced the odds
for repeated use significantly.

Hospital diagnoses
Table 3 shows the top-10 distribution of diagnoses
(ICD-10 chapters) for patients brought to hospital.
The ICD-10-chapters respiratory diseases, mental dis-

orders and neurological diseases appeared in larger pro-
portions among repeated users. Moreover, each of the
chapters were dominated by one subcategory diagnosis;
other chronic obstructive pulmonary disease (J44) 23%
(one-time), 36% (two-time), 57% (frequent), mental and
behavioural disorders due to abuse of alcohol (F10) 65,
63, 67%, epilepsy (G40) 35, 56, 75%.
Injuries/poisoning were more frequent among

one-time users than repeated users and no single
diagnosis dominated this chapter. Two-time users re-
ceived the exact same subcategory diagnosis in 8% of
the ambulance runs and a diagnosis within the same
ICD-10 chapter in 19% of the runs. Ambulance runs
with frequent user resulted in the same subcategory
diagnosis twice in 14% of the runs and in 23% of the
runs, they received a diagnosis within the same
ICD-10 chapter twice.
As illustrated in Fig. 5, for patients with a diagnosis

of respiratory diseases, mental disorders and/or
neurological diseases there was an increased likeli-
hood of repeated ambulance use. The opposite was
found for patients with a diagnosis of injuries/poison-
ing, who all had a decreasing odds ratio of repeated
ambulance use.

Fig. 2 Flowchart of study inclusion process. Flowchart displaying the
inclusion of the study population and exclusion criteria

Table 1 Population baseline characteristics

All patients One-time users Two-time users Frequent users

Patients, n(%) 52 533 (100%) 44 099 (84%) 5 971 (11%) 2 463 (5%)

Male, n(%) 28 087 (53%) 23 378 (53%)1 3 300 (55%) 1 409 (57%)

Age, median (95% CI) 57 (56–58) 55 (54–56) 63 (62–64) 60 (59–61)

1–1-2 ambulance runs, n(%) 65 932 (100%) 44 099 (67%) 11 942 (18%) 9 891 (15%)

Baseline characteristics of the included patients for each user group
1Significantly different from repeated users: crude OR (95%CI) 1.10 (1.04–1.16) for two-time users and 1.18 (1.09–1.29) for frequent users
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Discussion
This population-based historic cohort study found that
one in three emergency ambulance runs were with
repeated users. Furthermore, repeated ambulance users
in the North Denmark Region constituted 16% of all
pre-hospital patients. In addition, only 5% of patients
had frequent ambulance use, but were responsible for
15% of all ambulance runs. Male patients, older patients,
or patients with comorbidity were more likely to use
ambulances repeatedly, as were patients with symptoms
related to breathing difficulties, seizures and chest pain.
Patients with the symptom alcohol intoxication at the
time of the EMS call were also likely to be frequent
users of emergency ambulances, and repeated ambu-
lance users were more likely to have a discharge diagno-
sis of respiratory diseases, mental disorders (the majority
due to alcohol abuse) and neurological diseases (pre-
dominately epilepsy).

Other studies
A systematic review by Scott et al. [10] with 18 studies
concluded that there is very little research on the char-
acteristics of repeated EMS users, albeit they are more
likely to suffer from medical conditions than trauma, as
found in this study. The extent of repeated use differed a

lot in the included studies – most likely because differ-
ent definitions of repeated use were used.
Other studies have also found repeated calls to the

EMS for help to be associated with chronic illness or
behavioral health problems [6] including alcohol or sub-
stance abuse [17, 18]. Knowlton et al. (USA) [19] found
that frequent users (six or more ambulance runs during
their 23 months study) constituted 1.5% of the popula-
tion and were more often male, African-American, older
than 35 years, but with fewer frequent users in the age
group above 75 years. They also found that at
incident-level respiratory problems, seizures, and behav-
ioral health problems were significantly more common
among frequent users. Similar findings are also seen in a
study by Chi et al. (Taiwan) [20], which investigated rea-
sons for the ambulance runs for repeat users (two-three
runs) and frequent users (more than three runs) and
compared them to one-time users. The extent of
repeated/frequent use was 7.3% and for this group, they
found shortness of breath, dizziness/syncope/headache
and seizure to occur at higher proportions than for
one-time users.
Despite differences in study data quality and method-

ology, some of the characteristics of repeated ambulance
users are clear: they often have behavioral or

Table 2 Comorbidity

All patients One-time users Two-time users Frequent users

Charlson Comorbidity Indexa

0 40 184 (61%) 29 987 (68%) 6 002 (50%) 4 195 (43%)

1 9 421 (14%) 5 173 (12%) 2 184 (18%) 2 064 (21%)

2 5 555 (9%) 3 033 (7%) 1 300 (11%) 1 222 (12%)

3+ 5 299 (8%) 2 301 (5%) 1 414 (12%) 1 584 (16%)

Not brought to hospital 5 473 (8%) 3 605 (8%) 1 042 (9%) 826 (8%)

Ambulance runs for each of the user groups and comorbidity (a based on ambulance runs with hospital contacts)

Fig. 3 Distribution of symptoms when calling EMS among user groups. Distribution of symptoms assigned when calling EMS (N = 53 370 runs).
‘Injury’ is a collapsed category covering the three symptoms ‘wounds’, ‘accidents’ and ‘traffic accidents’
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alcohol-related health problems, respiratory symptoms
and/or illnesses, or seizures/epilepsy. These conditions
are often chronic in nature and therefore these patients
can be expected to experience acute exacerbations lead-
ing to health care contacts and repeated ambulance use.
The results of the current study are expected to be ap-
plicable to countries with similar prehospital setups and
populations such as other Scandinavian and certain
European countries.

Strengths and limitations
The unique CVR number for each patient is a major
strength in our study as it allows us to perform ex-
tensive registry-linkage including symptoms and hos-
pital diagnoses. In addition, the CVR number also
allows us to determine repeated use with very high
certainty.

Another major strength is the population-based de-
sign. Consequently, all contacts to EMS in the region
are included, minimizing cohort selection bias and
resulting in a large cohort.
We chose to describe the patients’ symptoms at the

EMS call and the hospital diagnoses using ICD-10
chapters, which is s a major strength as it provides
an overview of the entire care pathway from call to
hospital.
Missing data is a limitation. We excluded ambulance

runs without valid CVR number. Information on symp-
tom was not available for all patients, and for patients
not brought to hospital we had no diagnosis. This im-
plies a risk of selection bias, but we cannot tell in which
direction. However, due to the large number of included
patients, the possible impact on the results would be
minor.

Fig. 4 Association between user groups and symptoms. Crude odds ratio plot of the association between selected symptoms when calling EMS
and ambulance use. The figure consists of several logistic regressions testing each symptom against all other symptoms. The dots represent the
OR and the whiskers are the 95%CIs

Table 3 Distribution of diagnosis at ICD-10 chapter level

One-time users Two-time users Frequent users Total

Injuries and poisoning 13 510 (33%) 2 376 (22%) 1 382 (15%) 17 268 (29%)

Other factors 6 608 (16%) 1 670 (15%) 1 462 (16%) 9 740 (16%)

Symptoms and signs 5 386 (13%) 1 528 (14%) 1 257 (14%) 8 171 (14%)

Circulatory diseases 4 470 (11%) 1 509 (14%) 1 109 (12%) 7 088 (12%)

Respiratory diseasesa 2 194 (5%) 987 (9%) 1 200 (13%) 4 381 (7%)

Mental disordersa 1 584 (4%) 611 (6%) 892 (10%) 3 087 (5%)

Digestive diseases 1 590 (4%) 515 (5%) 385 (4%) 2 490 (4%)

Neurological diseasesa 1 110 (3%) 508 (5%) 589 (6%) 2 207 (4%)

Endocrine diseases 730 (2%) 324 (3%) 291 (3%) 1 345 (2%)

Genitourinary diseases 762 (2%) 234 (2%) 135 (1%) 1 131 (2%)

All remaining diagnoses 2 550 (6%) 638 (6%) 363 (4%) 3 551 (6%)

Total 40 494 (100%) 10 900 (100%) 9 065 (100%) 60 459 (100%)

Top-10 ICD-10 diagnoses at chapter level received at hospital and their distribution within the user groups
aChapters with the largest difference in proportions of diagnoses between user groups
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Comorbidity was reported using Charlson Comorbid-
ity Index score. However, we do not know to what
extent patient contacts to EMS were due to the same
preexisting chronic disease.
The data used in the current study is from 2011 to

2014, which limits the applicability to some extent, as
recent changes in the pattern of repeated ambulance use
will not be reflected in the study.

Conclusions
In this population-based historic cohort study, we found
that patients calling for an ambulance more than once
in a 12-months period were frequent.
Furthermore, patients with symptoms such as breath-

ing difficulties, seizures, chest pain and alcohol intoxica-
tion were more likely to be repeated users. There was
good correspondence between the majority of these
symptoms and the hospital diagnoses patients received,
indicating that hospital contacts due to chronic diseases
such as chronic obstructive pulmonary disease, epilepsy/
seizures and alcohol abuse are associated with frequent
and repeated use of ambulances.
In future studies, it would be important to investigate

to which extent the patients are acutely and severely ill,
and to which extent ambulance use is due to existing
disease by comparing known patient comorbidity diag-
noses and discharge diagnoses.
This study contributes with information on repeated

ambulance users’ characteristics, which could interest
health care planners and policy makers in the develop-
ment of alternative, perhaps preventive, interventions for
this group of patients.

Additional file

Additional file 1: Age distribution among symptom groups. Histograms
showing the distribution of age as percentage among the included
symptom groups. (TIF 1025 kb)

Abbreviations
CCI: Charlson Comorbidity Index; CI: Confidence interval; CVR: Danish civil
registration system; Danish Index: Danish Index for Emergency Care;
EMS: Emergency medical services; ICD-10: International Statistical
Classification of Diseases and Related Health Problems 10th Revision;
OR: Odds ratio; PAS: Patient Administrative System

Acknowledgements
The authors would like to thank data managers Thomas Mulvad Larsen and
Flemming Bøgh Jensen and statistician Mette Dahl Bendtsen for their initial
involvement in the study.

Funding
EFC holds a professorship supported by a grant given by the philanthropic
fund TrygFonden to Aalborg University. The grant does not restrict any
scientific research.

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 from the Danish Data Protection Agency and the
Danish Patient Safety Authority for the current study, and so are not publicly
available.

Authors’ contributions
MBS and EFC co-conceived the research. TK and MBS performed the analysis.
MBS, EFC and TK wrote the first draft. MBS, EFC, TK and PAH all contributed
to the drafting of the final manuscript as well as the interpretation of the re-
sults. All authors approve of the publication of this paper and agree to be
held accountable for all aspects of the work.

Ethics approval and consent to participate
The study was approved by the Danish Data Protection Agency (North
Denmark Region record number 2008-58-0028) and project identification

Fig. 5 Association between user groups and hospital diagnoses. Odds ratio plot of the association between selected hospital diagnoses and
ambulance use. Adjusted for age, gender and comorbidity. The figure consists of several logistic regressions testing each hospital diagnosis
against all other diagnoses. The dots represent the OR and the whiskers are the 95%CIs

Søvsø et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2019) 27:46 Page 7 of 8

https://doi.org/10.1186/s13049-019-0624-4


number 2016–80 and by the Danish Patient Safety Authority (record number
3–3013-1675/1/).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

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

Author details
1Centre for Prehospital and Emergency Research, Department of Clinical
Medicine, Aalborg University, Søndre Skovvej 15, 9000 Aalborg, Denmark.
2Emergency Medical Services, Aalborg, North Denmark Region, Denmark.

Received: 13 December 2018 Accepted: 28 March 2019

References
1. Lowthian JA, Cameron PA, Stoelwinder JU, Curtis A, Currell A, Cooke MW, et

al. Increasing utilisation of emergency ambulances. Aust Health Rev. 2011;
35(1):63–9.

2. Christensen EF, Bendtsen MD, Larsen TM, Jensen FB, Lindskou TA,
Holdgaard HO, et al. Trends in diagnostic patterns and mortality in
emergency ambulance service patients in 2007−2014: a population-based
cohort study from the North Denmark region. BMJ Open. 2017;7(8):e014508.

3. Wofford JL, Moran WP, Heuser MD, Schwartz E, Velez R, Mittelmark MB, et al.
Emergency medical transport of the elderly: A population-based study. Am
J Emerg Med. 1995;13(3):297–300.

4. Jones CMC, Wasserman EB, Li T, Amidon A, Abbott M, Shah MN. The effect
of older age on EMS use for transportation to an emergency department.
Prehosp Disaster Med. 2017;32(3):261–8.

5. Vest-Hansen B, Riis AH, Sørensen HT, Christiansen CF. Acute admissions to
medical departments in Denmark: diagnoses and patient characteristics. Eur
J Intern Med. 2014;25(7):639–45.

6. Tangherlini N, Villar J, Brown J, Rodriguez RM, Yeh C, Friedman BT, et al. The
HOME team: evaluating the effect of an EMS-based outreach team to
decrease the frequency of 911 use among high utilizers of EMS. Prehosp
Disaster Med. 2016;31(06):603–7.

7. S. Sanko. Increasing prevalence of senior citizen frequent users of
emergency medical services in large, Urban area. Ann Emerg Med 2015;66(4
SUPPL. 1):S63.

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

9. Torjesen I. Almost 1.5m emergency hospital admissions could have been
avoided last year. Bmj. 2018;2542(June):k2542.

10. Scott J, Strickland AP, Warner K, et al. Frequent callers to and users of
emergency medical systems: a systematic review. Emerg Med J. 2014;
31(8):684–91.

11. Regioner D. Dansk Indeks for Akuthjælp; 2014.
12. World Health Organization. International statistical classification of diseases

and related health problems 10th revision [internet]. 2016 [cited 2016 Feb
5]. Available from: http://apps.who.int/classifications/icd10/browse/2016/en.

13. Toft Sørensen H, Christensen T, Schlosser HK, Pedersen L. Use of medical
databases in clinical epidemiology. Toft Sørensen H, Christensen T, Schlosser
HK, Pedersen L, editors. Department of Clinical Epidemiology, Aarhus
University Hospital; 2009. http://kea.au.dk/fileadmin/KEA/filer/Link_
documents/Use_of_medical_databases_in_clinical_epidemiology.pdf

14. Pedersen CB. The Danish civil registration system. Scand J Public Health.
2011;39(7 suppl):22–5.

15. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation.
J Chronic Dis. 1987;40(5):373–83.

16. Thygesen SK, Christiansen CF, Christensen S, Lash TL, Sørensen HT. The
predictive value of ICD-10 diagnostic coding used to assess Charlson

comorbidity index conditions in the population-based Danish National
Registry of patients. BMC Med Res Methodol. 2011;11(1):83.

17. Sanko S.G, et al. Characteristics of the Most Frequent “Super-Users” of
Emergency Medical Services. Ann Emerg Med. 2013;62(4):S145.

18. Hall MK, Raven MC, Hall J, Yeh C, Allen E, Rodriguez RM, et al. EMS-STARS:
emergency medical services ‘Superuser’ transport associations: an adult
retrospective study. Prehosp Emerg Care. 2015;19(1):61–7.

19. Knowlton A, Weir BW, Hughes BS, Southerland RJH, Schultz CW, Sarpatwari
R, et al. Patient demographic and health factors associated with frequent
use of emergency medical services in a midsized city. Acad Emerg Med.
2013;20(11):1101–11.

20. Chi CH, Lee HL, Wang SM, Tsai LM, et al. characteristics of repeated
ambulance use in an urban emergency medical service system. J Formos
Med Assoc. 2001;100(1):14–9.

Søvsø et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine           (2019) 27:46 Page 8 of 8

http://apps.who.int/classifications/icd10/browse/2016/en
http://kea.au.dk/fileadmin/KEA/filer/Link_documents/Use_of_medical_databases_in_clinical_epidemiology.pdf
http://kea.au.dk/fileadmin/KEA/filer/Link_documents/Use_of_medical_databases_in_clinical_epidemiology.pdf

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Introduction
	Methods
	Study design
	Study setting
	Study population and exclusions
	Patient classifications and outcomes
	Statistical analysis

	Results
	Symptoms when calling EMS
	Hospital diagnoses

	Discussion
	Other studies
	Strengths and limitations

	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

