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ABSTRACT

Objectives

This study aimed to describe the short- and long-term mortality of patients treated by prehospital 

critical care teams in Finland.

Design and Setting

We performed a registry-based retrospective study that included all helicopter emergency medical 

service (HEMS) dispatches in Finland from 01 January 2012 to 08 September 2019. Mortality data 

was acquired from the national Population Register Centre to calculate the standardised mortality 

ratio (SMR). 

Participants

All patients encountered by Finnish HEMS crews during the study period were included.

Main Outcomes

Mortalities presented at 0 days to 1 day, 2 to 30 days, 31 days to 1 year, and 1 to 3 years for different 

medical reasons following the prehospital care. Patients were divided into four groups by age and 
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categorised by gender. The SMR at 2 to 30 days, 31 days to 1 year, and 1 to 3 years was calculated 

for the same groups.

Results

Prehospital critical care teams participated in the treatment of 36,715 patients, 34,370 of whom were 

included in the study. The cumulative all-cause mortality at 30 days was 27.5% and at 3 years was 

37%. The SMR in different medical categories and periods ranged from 23.2 to 72.2, 18.1 to 22.4, 7.7 

to 9.2, and 2.1 to 2.6 in the age groups of 0 to 17 years, 18 to 64 years, 65 to 79 years, and ≥ 80 

years, respectively.

Conclusions

We found that the rate of mortality after a HEMS team provides critical care is high and remains 

significantly elevated compared to the normal population for years after the incident. The mortality is 

dependent on the medical reason for care and the age of the patient. The long-term over-mortality 

should be considered when evaluating the benefit of prehospital critical care in different patient 

groups.

Keywords:  emergency medical services, critical care, survival, mortality, standardised mortality ratio
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STRENGTHS AND LIMITATIONS OF THE STUDY

 This is, to our knowledge, the first and largest study describing the short- and long-term 

mortality following HEMS care.

 In addition, our study describes the SMRs for different medical conditions and age groups.

 We combined data from two robust databases: the national HEMS database and the 

Population Registry Centre.

 The participants in the study were unsystematically selected.

 Our study does not describe the short- and long-term quality of life after prehospital critical 

care.
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BACKGROUND

Prehospital critical care, especially when provided as part of helicopter emergency medical services 

(HEMS), is a relatively expensive part of the healthcare system. Only a small proportion of patients 

encountered by an emergency medical service (EMS) are in need of — and may potentially benefit 

from — prehospital critical care.[1–3] Thus, identifying these patients and targeting the service 

optimally is essential for a maximised cost–benefit ratio. However, currently the evaluation of the 

potential benefits of physician-provided prehospital critical care and comparisons between the 

different treatments available are almost solely based on short-term outcomes. Examples of reported 

outcomes that have been used are the rate of survival to hospital admission, survival to hospital 

discharge and 30-day survival.[3–6]

As demonstrated in hospital-based critical care, some short-term survivors may be characterised by a 

noticeable over-mortality rate within one to three years.[7–9] The association between age and long-

term outcome is dependent on the medical reason for the critical care. A survival rate that 

corresponds to that of the general population has been reported in elderly patients surviving to 
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hospital discharge after out-of-hospital cardiac arrest (OHCA), whereas elderly patients with severe 

traumatic brain injury are characterised by over-mortality.[10, 11] 

Outcomes after prehospital critical care may be worse compared to those following in-hospital critical 

care because some patients die before hospital admission. Moreover, in the prehospital setting, the 

information available about the patient’s condition and previous state is limited. Thus, the receiving 

hospital might revoke intensive care if it is considered futile. The different working environments 

makes prognostication tools and comparison of published literature from in-hospital critical care rather 

irrelevant.

In this study, we describe the short-term and long-term mortality in patients treated by HEMS critical 

care teams in Finland for different medical reasons. We also identify key factors associated with 

mortality in different age groups and patient categories in relation to the standardised mortality ratio 

(SMR).
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METHODS

Study Design

We conducted a registry-based retrospective study including all patients treated by HEMS teams in 

Finland from 01 January 2012 to 08 September 2019. Patients were identified from the national 

HEMS quality registry and followed up to three years from the national Population Register Centre.

We requested and were granted study permission from all participant hospital districts (Oulu 

University Hospital 200/2019 [02 July 2019], Helsinki University Hospital HUS/280/2019 [09 July 

2019], Turku University Hospital J30/19 [04 August 2019], the Hospital District of Lapland 32/2019 [22 

August 2019], Kuopio University Hospital RPL 102/2019 [22 August 2019] and Tampere University 

Hospital RTL-R19580 [02 September 2019]). The protocol was approved by the Ethical Board of the 

University of Helsinki (HUS/3115/2019 §194). Permission was requested and granted by the national 

Population Register Centre (VRK/5613/2019-3 [01 November 2019]) to acquire the mortality data of 

all patients. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

statement was followed in the reporting of the study.[12]

Setting
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EMS, including HEMS, is part of the publicly funded healthcare provided in Finland. HEMS units are 

primarily dispatched by the emergency response centres according to predetermined dispatch criteria 

(with minor regional differences). Typical dispatch criteria include OHCA, major trauma and 

unconsciousness of an unknown origin. The paramedic-staffed HEMS unit in Lapland is also 

dispatched to suspected stroke, respiratory failure and cardiovascular accidents, due to the long 

distances and sparse EMS grid in the area.

The HEMS units are usually dispatched by the emergency response centres simultaneously with the 

responding EMS units, or secondarily by the EMS units attending the call. Patients are usually 

transported by the attending EMS unit, with the HEMS physician escorting the patient in the 

ambulance. 

All HEMS bases use the same database, the FinnHEMS database (FHDB), to report their dispatches. 

The variables logged meet—in fact, surpass—the recommended guidelines for benchmarking HEMS 

care.[13–15] Data is logged promptly after the mission by the on-call crew; however, it is not cross-

checked by a third party. The HEMS system and the FHDB have been described in more detail 

recently.[16] Since 2012, all HEMS operations have been nationally organised by FinnHEMS.
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The Population Register Centre collects data regarding citizens residing in Finland. The data 

registered includes age, sex, place of residence, marital status and dates of birth and death. 

Individual patients can be identified and followed based on a personal identification number given at 

birth or at gaining access to healthcare and social welfare services after immigration.

Participants and Outcome Measures

All patients treated by the HEMS teams from 01 January 2012 to 08 September 2019 were included 

in the study. Patient data was collected from the FHDB. The mortality data was acquired from the 

Population Register Centre on 11 November 2019.

Medical problems were identified from the FHDB and categorised as trauma, OHCA, neurological 

(including stroke), intoxication and other causes (dyspnoea, chest pain, obstetrical/gynaecological, 

infection, miscellaneous). Patients were divided into four groups by age (i.e., 0–17 years, 18–64 

years, 65–79 years and ≥ 80 years) and also categorised by gender. The planned subgroup analyses 

and logistic regression confounders included the categorised medical problems, the different age 

categories, gender and whether airway management or vasopressors were required. The last two 

(i.e., the need for airway management or vasopressors) were included as crude descriptors of the 
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intensity of the prehospital critical care. Individual vital parameters and their trends were disregarded, 

as changes and deviations in these differ in different patient groups and are subject to interventions in 

their own right.

The primary outcome measures were mortality at 0 days to 1 day, 2 to 30 days, 31 days to 1 year, 

and 1 to 3 years after the prehospital event. Patients deceased at 0 - 1days, 2 - 30 days, 1 month - 1 

year, 1 year – 3 years were analysed independently. This was achieved by removing the patients 

deceased in the chronologically earlier timespan from the consecutive groups. This allowed us to 

focus on one timespan individually in order to evaluate over-mortality in relation to the normal 

population. Patients were followed until death, emigration, three-year follow-up or 10 November 2019 

(whichever came first).

Statistical Methods

We calculated the mortality for each group and presented it in Kaplan–Meier charts per medical 

problem and age (0-9 yrs., 10-19 yrs., 20-39 yrs., 40-69, yrs., 60-79 yrs., ≥80yrs). The SMR was 

described using the respective reference population: for example, for the patients aged 0 to 17 years 

at the prehospital event, the SMR at 1 to 3 years was compared to the general population aged (1–3) 

Page 11 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on D
ecem

ber 3, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2020-045642 on 23 F
ebruary 2021. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

11

to (18–21)-years. The SMR was excluded in the one-day mortality group to exclude patients who died 

at the scene. This decision was made because patients who die at the scene have an intrinsically 

higher mortality rate than do the age- and gender-matched general population and do not yield any 

further information. Logistic regression analysis models were used to assess factors associated with 

mortality following the prehospital dispatch. All tests are presented as two-tailed, where applicable. 

Data were processed using SPSS Statistics version 25 (IBM Corporation, Armonk, NY, USA). Figures 

were prepared using Prism 8 (GraphPad Prism 8, GraphPad Software, San Diego, CA, USA).

Patient and Public Involvement

No patient involved. Retrospective registry study, the patients or the public were not involved in the 

design, conduct or reporting of our findings. The study was conducted with the benefit of the patients 

in mind.

RESULTS

During the study period, the HEMS teams participated in the care of 36,715 patients. Mortality data 

was acquired for 34,370 (93%) patients (Figure 1). The remaining 2,345 (7%) either had a missing or 

corrupt social security number and were disregarded in the statistical analyses. Patient characteristics 
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are presented in Table 1. Mortality rates by medical condition and by age-group are presented in 

Figure 2.

Table 1. Patient characteristics. Data are presented as medians (interquartile range) and n (%).

Age, years* 57.7 (33.7/72.2)
Age category, years*

0–17 3,303 (9.0)
18–64 19,307 (52.7)
65–79 9,223 (25.2)
≥ 80 4,772 (13.0)

Sex, male* 23,161 (63.9)
Medical problem

Trauma 9,697 (26.4)
OHCA 7,545 (20.6)
Neurological 7,230 (19.7)
Intoxication 3,638 (9.9)
Other 8,605 (23.4)

Prehospital procedure
Rapid-sequence intubation* 10,843 (29.7)
Vasoactive drug administration 9,023 (24.6)

*Note: Data was missing for 0.3–1.3% of cases.

The cumulative all-cause mortality for the 3-year follow-up period was 36%. The all-cause mortality 

rates for the 0 days to 1-day group and 2- to 30-day group were 20.0% and 9.4%, respectively. For 

the 31-day to 1-year group, the all-cause mortality was 6.7%, while in the 1- to 3-year group it was 

7.0%. For children (i.e., those aged 0–17 years), the overall mortality was 6.9% (190 deaths), with a 

vast majority (79.5%, n=151) happening within the first day. After the first day, the mortality declined 

to 1.4% (39 deaths).
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The associations of different medical conditions and patient characteristics with short- and long-term 

mortality are presented in Table 2.
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Table 2. Factors associated with mortality in binary logistic regression models. OR = odds ratio; CI = confidence interval.

1-Day Vital Status 2- to 30-Day Vital Status
N = 34,370  N = 27,466  

Alive Dead OR (95% CI) Alive Dead OR (95% CI)
% (n =) % (n =)  % (n =) % (n =)  

Total 80.0 27,511 20.0 6,859  90.6 24,881 9.4 2,585  

Age category, years     

0–17 94.5 2,810 5.5 162 0.625 0.520 0.751 99.1 2,785 0.9 25 0.207 0.138 0.310

18–64 86.5 15,490 13.5 2,409 1 (reference) 94.6 14,628 5.4 833 1 (reference)

65–79 70.3 6,230 29.7 2,633 1.685 1.552 1.828 83.5 5,192 16.5 1,024 2.459 2.207 2.739

≥ 80 64.1 2,924 35.9 1,639 3.290 2.977 3.637 76.2 2,226 23.8 696 6.121 5.382 6.963

Sex     

Female 82.9 10,237 17.1 2,113 1 (reference) 90.5 9,252 9.5 966 1 (reference)

Male 78.7 17,232 21.3 4,660 0.978 0.906 1.055 90.6 15,591 9.4 1,615 0.948 0.861 1.044

Medical problem     

Trauma 92.1 8,146 7.9 695 1 (reference) 96.2 7,823 3.8 307 1 (reference)

OHCA 32.9 2,433 67.1 4,959 12.702 11.472 14.063 63.1 1,531 36.9 897 3.971 3.388 4.655

Neurological 90.5 6,175 9.5 650 0.844 0.749 0.951 86.7 5,346 13.3 823 2.111 1.822 2.445

Intoxication 99.1 3,248 0.9 29 0.100 0.068 0.147 98.8 3,204 1.2 40 0.270 0.193 0.379

Other 93.5 7,509 6.5 526 0.648 0.571 0.735 93.1 6,977 6.9 518 1.348 1.151 1.578

Prehospital procedures     

Rapid-sequence intubation 59.2 6,180 40.8 4,256 1.987 1.822 2.166 75.2 4,644 24.8 1,532 4.517 4.004 5.096

Vasoactive drug administration 58.9 5,144 41.1 3,593 1.236 1.134 1.347 76.8 3,942 23.2 1,194 1.294 1.156 1.448
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31-Day to 1-Year Vital Status 1-Year to 3-Year Vital Status
N = 24,881  N = 27466  

Alive Dead OR (95% CI) Alive Dead OR (95% CI)
% (n =) % (n =)  % (n =) % (n =)  

Total 93.3 22,595 6.7 1,632  93.0 19,619 7.0 1,469  

Age category, years     

0–17 99.6 2,773 0.4 12 0.116 0.065 0.206 99.7 2,519 0.3 8 0.074 0.037 0.148

18–64 96.4 14,097 3.6 531 1 (reference) 96.0 12,313 4.0 519 1 (reference)

65–79 88.8 4,608 11.2 584 2.682 2.355 3.055 88.0 3,656 12.0 497 2.605 2.272 2.987

≥ 80 77.3 1,721 22.7 505 6.573 5.694 7.586 71.5 1,119 28.5 445 8.005 6.872 9.325

Sex     

Female 93.7 8,671 6.3 581 1 (reference) 93.5 7,414 6.5 513 1 (reference)

Male 93.3 14,540 6.7 1,051 1.353 1.211 1.513 92.7 12,205 7.3 956 1.463 1.298 1.650

Medical problem     

Trauma 97.8 7,653 2.2 170 1 (reference) 97.3 6,742 2.7 186 1 (reference)

OHCA 90.7 1,388 9.3 143 2.137 1.660 2.752 91.2 1,117 8.8 108 1.856 1.414 2.437

Neurology 89.8 4,799 10.2 547 3.301 2.746 3.968 89.0 3,867 11.0 478 3.088 2.569 3.713

Intoxication 96.1 3,079 3.9 125 1.941 1.528 2.466 95.7 2,633 4.3 119 1.801 1.415 2.291

Other 90.7 6,330 9.3 647 2.858 2.383 3.429 90.1 5,260 9.9 578 2.482 2.071 2.975

Prehospital procedures    

Rapid-sequence intubation 91.7 4,257 8.3 387 1.572 1.346 1.837 92.4 3,544 7.6 290 1.225 1.032 1.455
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Vasoactive drug administration 90.7 3,577 9.3 365 0.963 0.830 1.118 90.7 2,912 9.3 300 1.009 .858 1.187
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The SMRs by age groups and medical conditions are shown in Figure 3. All groups had an elevated 

SMR throughout the follow-up period. We observed a nearly logarithmic, inversely proportional 

relationship when observing SMR and the different age groups. The rare deaths in children resulted in 

broad confidence intervals and missing estimates in some subgroups.

DISCUSSION

In our study, we found that short- and long-term mortality of patients encountered by HEMS teams is 

considerably high. The risk of death varied markedly depending on the initial medical reason for the 

prehospital critical care. Our data showed a distinctly increased mortality following HEMS contact 

compared to the age- and gender-matched population. This increase in risk of death persisted 

throughout the three-year follow-up in all patient categories.

The strengths of our study are that all HEMS dispatches are entered in a single national database (i.e. 

the FHBD), ensuring that the data used herein is comprehensive and robust.[17] Additionally, the data 

from the Population Register Centre is nationally organised and, thus, extremely valid.

The limitations of our study include the unsystematic selection of patients encountered by HEMS 

units. Also, local resources and policies may have shifted during the study period, thus affecting the 

bias of the study. The data in the FHDB is not validated by a third party but is entered by the 

physician or paramedic participating in the dispatch, which can cause inter-person variability and 
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fatigue bias.[18,19] In addition, the Population Register Centre only records the time of death, not the 

cause of death. Therefore, a clear correlation between the initial HEMS mission and the cause of 

death cannot be made. Last, the functional outcome and patient quality of life were not addressed in 

our study.

The markedly high long-term mortality reported in our study is, to the best of our knowledge, a new 

finding in an unselected patient population treated by a HEMS team. Atramont et al. reported a similar 

result for patients treated in French intensive care units (ICUs), while Bøtker et al. reported findings in 

line with the current study in an unselected Danish EMS population.[7, 20] The Danish EMS system 

closely resembles the Finnish system, with EMS being available to everybody. However, the results of 

these studies cannot be directly compared to ours. Following hospital admission, a more robust 

patient history, laboratory tests and medical imaging become available. Hospital resources allow for 

more focused patient selection, resulting in a disproportionally high prehospital mortality. Also, HEMS 

teams treat only the most critically ill EMS patients; thus, the results are not directly comparable.

The reasons for the high long-term mortality cannot be unrevealed based on our current study. 

Patients suffering from medical emergencies usually have diagnosed or undiagnosed underlying 
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comorbidities.[21] For instance, it can be argued that OHCA is usually a symptom of coronary artery 

disease. Coronary artery disease is, itself, a risk factor for pre-term death.[22] Moreover, 

cardiovascular risk factors, such as dyslipidaemia, smoking, genetic predisposition and obesity, are 

also contributing factors to neurological emergencies. Alcohol use has also been liked to increased 

mortality in road traffic accidents.[23]

The social and behavioural characteristics of the patient suffering from, for example, intoxication 

might put them at greater risk compared to the general population. Also, living in a lower 

socioeconomic area has been shown to be associated with a higher risk for trauma and subsequent 

EMS dispatch, especially among children.[24] Thus, the socioeconomic background of the HEMS 

patients could be a contributing factor for a higher risk of death when comparing them to the general 

population. 

These factors might partially explain the increased mortality, although not entirely. Some factors, such 

as organisation of rehabilitation, commitment to care and sheer chance in accidents cannot be 

overlooked.
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A majority of our patients were male, but for many groups, the SMR was equal or higher for female 

patients. The finding can be attributed to the longer life expectancy of women. Gender seemed not to 

be a risk factor for death initially, but male patients had an increased risk of death in the long term. 

Paediatric patients in our study seemed to fare quite well after the initial dispatch. For example, there 

were no deaths of paediatric patients treated for OHCA in the long-term. Of the paediatric patients, 

those treated for a neurological reason had the worst long-term prognosis.

Patients of working age deserve special attention. It is interesting to note that, in patients suffering 

from major trauma, the initial mortality was high, and subsequently, it plateaued. However, the SMR 

was still 10-fold even 1 to 3 years after the initial HEMS contact. In contrast, patients treated for 

intoxication had an initially low risk for death but a higher risk than those treated for trauma in the long 

run. This could be due to suicidal behaviour or drug addiction; however, the reason for the intoxication 

(e.g., accidental recreational overdose or suicidal intent) is not stipulated in the FHDB.

Patients of extreme age treated by HEMS had a hopeless prognosis. However, age should not be the 

sole factor considered when treating critical-care patients and deciding the intensity of care to provide. 

The premorbid factor provides a better prognostication tool for selecting patients to admit to ICUs.[25] 
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ICUs are typically the receiving department for patients treated by HEMS. Yet, in the prehospital field, 

the premorbid factor can be difficult to evaluate. This, in turn, can lead to over-triage and an elevated 

mortality rate in the elderly. Thus, for the sake of the sustainable use of healthcare recourses, better 

methods to identify very old patients with a reasonable chance of survival need to be developed.

The results of our study may help clinicians in the HEMS community. The results from the logistic 

regression analysis might help in resource allocation in concurrent missions and in developing the 

dispatch criteria for HEMS teams. The short- and long-term mortality results highlight the importance 

for a functioning chain of care, both in the admitting hospital and in out-patient care. Regarding the 

initial HEMS care, knowledge of the long-term outcome in different patient groups helps in directing 

care to those who benefit from it the most. Nevertheless, mortality as the only consideration may lead 

to suboptimal results and the marked acuity of the patients — 30% required RSI — limit the 

implementation to the whole EMS community. Thus, further studies should evaluate the functional 

outcomes and changes in quality of life after prehospital critical care.

CONCLUSION
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Mortality after HEMS care is high and remains significantly elevated compared to the general 

population for years after the incident. Mortality depends on the medical reason for the prehospital 

care and the age of the patient. The associated long-term over-mortality of HEMS patients should be 

taken into account when evaluating the benefit of providing prehospital critical care in different patient 

groups.
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LIST OF ABBREVIATIONS

CI = Confidence interval

EMS = Emergency medical services

FHDB = FinnHEMS Database

FinnHEMS = Finnish Helicopter Emergency Medical Services

HEMS = Helicopter emergency medical services

ICU = Intensive care unit

OHCA = Out-of-hospital cardiac arrest

OR = Odds ratio

SMR = Standardised mortality ratio

STROBE = Strengthening the Reporting of Observational Studies in Epidemiology
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Figure 1. Flow chart of patient contact with the helicopter emergency medical services (HEMS) during 
the study period.

Figure 2. Kaplan–Meier survival chart per medical problem and age during the three years following 
the helicopter emergency medical services (HEMS) contact. OHCA = Out-of-Hospital cardiac arrest

Figure 3. Standardised mortality ratios for different the medical reasons presented by age and gender. 
Please note the logarithmic scale of the x-axis.
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Figure 1. Flow chart of patient contact with the helicopter emergency medical services (HEMS) during the 
study period. 
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Figure 2. Kaplan–Meier survival chart per medical problem and age during the three years following the 
helicopter emergency medical services (HEMS) contact. OHCA = Out-of-Hospital cardiac arrest 
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Figure 3. Standardised mortality ratios for different the medical reasons presented by age and gender. 
Please note the logarithmic scale of the x-axis. 
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item 
No. Recommendation

Page 
No.

Relevant text from 
manuscript

(a) Indicate the study’s design with a commonly used term in the title or the abstract 1,2Title and abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was 
found

2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 4
Objectives 3 State specific objectives, including any prespecified hypotheses 4

Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, 

follow-up, and data collection
5

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of case 
ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of 
participants

6Participants 6

(b) Cohort study—For matched studies, give matching criteria and number of exposed and 
unexposed
Case-control study—For matched studies, give matching criteria and the number of controls per 
case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. 
Give diagnostic criteria, if applicable

6

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment 
(measurement). Describe comparability of assessment methods if there is more than one group

6

Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at 6
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Quantitative 
variables

11 Explain how quantitative variables were handled in the analyses. If applicable, describe which 
groupings were chosen and why
(a) Describe all statistical methods, including those used to control for confounding 7
(b) Describe any methods used to examine subgroups and interactions 7
(c) Explain how missing data were addressed 7
(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling 
strategy

Statistical 
methods

12

(e) Describe any sensitivity analyses

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined 
for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed

7,8

(b) Give reasons for non-participation at each stage 8

Participants 13*

(c) Consider use of a flow diagram Fig 1
(a) Give characteristics of study participants (eg demographic, clinical, social) and information on 
exposures and potential confounders

8. Table 1

(b) Indicate number of participants with missing data for each variable of interest

Descriptive data 14*

(c) Cohort study—Summarise follow-up time (eg, average and total amount)
Cohort study—Report numbers of outcome events or summary measures over time Table 2
Case-control study—Report numbers in each exposure category, or summary measures of exposure

Outcome data 15*

Cross-sectional study—Report numbers of outcome events or summary measures
(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision 
(eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were 
included

8-11
Table  2

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time 
period
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Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses

Discussion
Key results 18 Summarise key results with reference to study objectives 11
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias
11

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 
analyses, results from similar studies, and other relevant evidence

11-13

Generalisability 21 Discuss the generalisability (external validity) of the study results 12

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the 

original study on which the present article is based
16

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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