
Møller et al. 
Scand J Trauma Resusc Emerg Med           (2024) 32:87  
https://doi.org/10.1186/s13049-024-01265-3

ORIGINAL RESEARCH Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Scandinavian Journal of Trauma,
Resuscitation and Emergency Medicine

Survival of the fastest? A descriptive analysis 
of severely injured trauma patients primarily 
admitted or secondarily transferred to major 
trauma centers in a Danish inclusive trauma 
system
Thea Palsgaard Møller1,2,3*   , Josefine Tangen Jensen1, Roar Borregaard Medici2, Søren Steemann Rudolph4, 
Lars Bredevang Andersen1, Jakob Roed1,5, Stig Nikolaj Fasmer Blomberg1,3, Helle Collatz Christensen1,3 and 
Mark Edwards6 

Abstract 

Background  Trauma systems are crucial for enhancing survival and quality of life for trauma patients. Understanding 
trauma triage and patient outcomes is essential for optimizing resource allocation and trauma care.

Aims  The aim was to explore prehospital trauma triage in Region Zealand, Denmark. Specifically, characteristics 
for patients who were either primarily admitted or secondarily transferred to major trauma centers were described.

Methods  A retrospective descriptive study of severely injured trauma patients was conducted from January 2017 
to December 2021.

Results  The study comprised 744 patients including 55.6% primary and 44.4% secondary patients. Overall, men 
accounted for 70.2% of patients, and 66.1% were aged 18–65 years. The secondary patients included more women—
34.2% versus 26.3% and a higher proportion of Injury Severity Score of ≥ 15—59.6% versus 47.8%, compared to pri-
mary patients. 30-day survival was higher for secondary patients—92.7% versus 87%. Medical dispatchers assessed 
urgency as Emergency level A for 98.1% of primary patients and 86.3% for secondary patients. Physician-staffed 
prehospital units attended primary patients first more frequently—17.1% versus 3.5%. Response times were simi-
lar, but time at scene was longer for primary patients whereas time from injury to arrival at a major trauma center 
was longer for secondary patients.

Conclusions  Secondary trauma patients had higher Injury Severity Scores and better survival rates. They were con-
sidered less urgent by medical dispatchers and less frequently assessed by physician-staffed units. Prospective quality 
data are needed for further investigation of optimal triage and continuous quality improvement in trauma care.
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Background
Trauma is the leading cause of death in the Western 
world among people under 45 years of age and a major 
public health concern [1, 2]. Trauma systems, which 
are comprehensive infrastructures aiming at providing 
optimal care, have been shown to decrease injury mor-
tality and morbidity for trauma patients in general and 
are important in terms of securing high quality in the 
regional, multidisciplinary response to injury[3].

Within trauma systems, prehospital triage to the most 
appropriate facility is a main concern. Accurate triage 
is crucial to balancing the delivery of cost-effective and 
appropriate level of care. European Guidelines highlight 
the importance of bringing severely injured patients 
directly to a major trauma center (MTC) and minimiz-
ing the elapse between injury and bleeding control [4]. 
Ideally, trauma patients are transported to a hospital 
capable of addressing their exact injuries without risk-
ing long transport times, or secondary transfer, while 
avoiding unnecessary activation of costly trauma teams 
[3]. Undertriage is associated with increased mortal-
ity [5, 6], while overtriage leads to significant resource 
overuse [7–9]. The American College of Surgeons Com-
mittee of Trauma suggests targets of 5% for undertri-
age and 35% for overtriage in their 2021 guidelines [10]. 
A 2018 trauma study of severely injured adults with an 
Injury Severity Score (ISS) of 16 or greater found 30.6% 
overtriage and 21.6% undertriage rates, indicating a large 
proportion of patients prone to preventable adverse out-
comes [11]. Other studies show that undertriage is par-
ticularly frequent in older patients [12] and children [13].

Despite major improvements in trauma systems during 
the past decades, prehospital trauma triage remains chal-
lenging. Limited research exists on the optimal triage of 
trauma patients, but improving our understanding would 
enhance our foundation for optimizing resource alloca-
tion and care within the system. Notably, a 2009 Dan-
ish study revealed that severely injured trauma patients 
with ISS more than 15 had higher mortality rates when 
treated at local hospitals compared to those secondarily 
transferred to and treated at a major trauma center [14]. 
Additionally, a recent Danish study found that trauma 
patients transferred from trauma units to MTCs had 
a median time of 255  min from injury to MTC arrival 
[15]. While this delay might appear significant within the 
Danish context, its impact on patient outcomes remains 
uncertain. Further investigation is needed to understand 
potential differences in outcomes between patients pri-
marily admitted to MTCs versus those transferred sec-
ondarily, including analyzing the distinct characteristics 
of these two patient groups.

The overall objective of the current study was to 
explore prehospital trauma triage in the inclusive trauma 

system in Region Zealand, Denmark. This was done with 
an exploratory and hypothesis-generating purpose. The 
primary aim was to describe patient characteristics and 
prehospital characteristics for severely injured trauma 
patients who were either primarily admitted (“pri-
mary patients”) or secondarily transferred (“secondary 
patients”) to an MTC in adjacent regions (Copenhagen or 
Odense).

Methods
We performed a retrospective descriptive study of 
severely injured trauma patients from Region Zealand 
who were either primarily admitted or secondarily trans-
ferred to the MTC in adjacent regions (Copenhagen or 
Odense) in a 5-year study period from 1 January 2017 to 
31 December 2021. A 5-year period was chosen to ensure 
a representative sample of the trauma population and at 
the same time to consider any effect of COVID-19, which 
may have affected the flow of trauma patients during the 
period. The results are presented in accordance with the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines [16].

Study site and setting
In Denmark, all citizens have tax-funded and open access 
to health care via a single emergency phone number. 
Medical calls are directed to one of five regional emer-
gency medical dispatch centres. Medical dispatchers 
(specially trained nurses and paramedics) at each cen-
tre use a criteria-based dispatch tool [17] to prioritise 
the incoming calls and, if required, provide pre-arrival 
instructions to callers until arrival of emergency services. 
The dispatch tool contains a mandatory assessment and 
registration of the contact cause and degree of urgency 
for the emergency call. Based on this assessment, the sys-
tem suggests a response type and accompanying compe-
tence to be dispatched to the individual incident [18]. At 
the dispatch centre, a physician on-call provides backup 
for the medical dispatchers and the ambulance personnel 
in the region whenever needed. All five Danish regions 
have a two-tiered response system with physician- and 
paramedic-staffed mobile critical care units (MCCU) 
in addition to ambulances staffed with paramedics 
and emergency medical technicians. However, the dis-
patch criteria of the MCCU’s varies between regions. In 
Region Zealand, an administrative region of 7273  km2, 
two MCCU’s are available for interhospital transport of 
severely ill or injured patients and call-outs for primary 
missions. A national Helicopter emergency medical ser-
vice (HEMS) supports the trauma system.

Region Zealand is the only region of the five Dan-
ish regions that does not have an MTC with multidisci-
plinary advanced trauma care including competencies 
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within neurosurgery, cardio-thoracic surgery, and pae-
diatric surgery. In the region there are four hospitals 
with trauma units capable of managing minor trauma 
or, in case of major trauma, resuscitating and stabiliz-
ing patients prior to transport to an MTC. In case of 
trauma, the ambulance personnel will triage the patients 
according to predefined triage criteria (see Appendix for 
prehospital trauma triage in Region Zealand to Trauma 
Units and/or MTC) either to a local trauma unit or to an 
MTC located outside the region (see Fig. 2 for a map of 
Region Zealand and neighbouring regions). The choice 
of which MTC to drive to depends on the location of the 
trauma and the distance to the MTC. Severely injured 
patients admitted primarily to a trauma unit may need 
secondary transfer to an MTC after initial assessment 
and stabilization [19].

Data collection and management
Severely injured patients were identified in the Danish 
Trauma Registry (DTR) from which data were obtained 
[20]. This registry was only recently established (2014) 
and at this point only contains data from MTCs. A future 
extension is planned to comprise data from all Danish 
trauma units. The registry aims to monitor and improve 
the quality of trauma treatment in Danish hospitals to 
increase survival and minimize lasting consequences 
for trauma patients. Variables such as patient age, gen-
der, injury mechanism, Injury Severity Score (ISS) [21], 
Charlson Comorbidity Index [22], and mortality were 
obtained from DTR.

Prehospital data were obtained from the adminis-
trative database of the emergency medical services in 
Region Zealand [23]. The personal identification num-
ber which is unique for all Danish citizens [24] and the 
date and time of the trauma call at the MTC were used to 
link data from the trauma dataset with prehospital data. 
Trauma patients from Region Zealand were included if 
they were transported by a pre-hospital resource from 
the region within 2 days before arriving at the MTC. Data 
was stored in a legal and secure research database, from 
where data management and statistical analysis were 
performed.

Inclusion criteria
The study encompassed trauma patients across all age 
groups who sustained injuries within the Zealand Region 
regardless of their residency. This included individuals 
who were either initially transported and admitted or 
subsequently transferred to an MTC outside the region. 
Secondary patients, in this context, were exclusively 
those transferred from one of the four university hos-
pitals in the Zealand Region, where primary admission 

occurred. The study period was 5  years from January 
2017 to December 2021.

Exclusion criteria
Patients admitted to the MTC in Copenhagen or Odense 
from other regions than Region Zealand or from other 
countries. Patients admitted to one of the two other 
MTCs in Denmark.

Data analyses
Descriptive analyses were performed by use of numbers 
and percentages. Trauma patients were described by 
gender, age group, comorbidity, ISS-score, head trauma, 
penetrating trauma, and 30-day survival. The prehospital 
characteristics for each trauma patient were described 
by the dispatch code and emergency level assessed and 
registered by the emergency medical dispatcher during 
the emergency call, and the type of EMS unit and accom-
panying competence dispatched. The response time was 
calculated as the time from dispatch of the EMS unit to 
the arrival of the first EMS unit at the scene. The time 
spent at the scene was calculated from the arrival of the 
first EMS unit to the departure of the EMS unit trans-
porting the patient. The time from the emergency call to 
arrival at the MTC was also calculated. The descriptive 
analysis was performed overall and stratified by primary 
admission or secondary transfer to an MTC. For a geo-
graphical overview, descriptive maps of the injuries or 
traumas were constructed, overall and for primary and 
secondary patients, respectively.

All data management and statistical analyses were per-
formed in R studio v. 4.3.2.

Ethical considerations
No formal ethical approval is needed for register-based 
studies, according to the regional scientific ethical com-
mittee in Region Zealand. Approval for performance 
of the study and storage of data was given by the 
Regional Research Directory in December 2023 (No. 
REG-115-2022).

Results
Of 12,638 patients registered in the Danish Trauma 
Register in the study period, 744 trauma patients were 
encountered by the Region Zealand EMS and included 
in the descriptive analysis. Of these 414 (55.6%) patients 
were primarily admitted to an MTC, while 330 (44.4%) 
patients were transferred to an MTC after initial assess-
ment at the local trauma unit (Fig. 1).

Patient characteristics
The characteristics of “primary” and “secondary” patients 
are outlined in Table  1. Overall, there were more men 
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(70.2%) than women (29.8%) among all trauma patients. 
Among secondary patients, there was a relatively higher 
proportion of women compared to primary patients 

(34.2% vs. 26.3%). The age distribution was similar for 
both groups, with approximately two-thirds of patients 
falling within the age range of 18–65  years. Notably, a 
higher percentage of secondary patients had an ISS score 
of ≥ 15 (59.6%) compared to primary patients (47.8%). 
The distribution of comorbidity scores was similar in 
both groups, with 13.9% and 12.6% of primary and sec-
ondary patients having mild comorbidity, and 7.3% and 
9.1% of primary and secondary patients having severe 
comorbidity, respectively. Due to a high degree of miss-
ing data, trends for the number of penetrating trauma 
and head trauma were difficult to ascertain.

Finally, we found a slightly lower proportion of patients 
alive after 30 days among primary patients (87.0%) com-
pared to secondary patients (92.7%).

Prehospital characteristics
The EMS characteristics are presented in Table  2. The 
most frequent dispatch codes registered for trauma 
patients were “Road traffic accidents” and “Accidents” in 
both groups, accounting for 79.4% of registered codes in 
total. In the group of primarily admitted patients “Psy-
chiatry/suicide,” and “Violence/abuse” accounted for 
7.2% and 4.7% of dispatch codes, respectively, whereas 
“Unclear problem” was registered for the secondarily 
admitted patient group in 6.0% of the cases vs 1.9% of 
the primary patients. In terms of medical dispatchers’ 

Trauma pa�ents registered in the Danish Trauma Register
2017-2021
n = 12,638

Pa�ents transferred by Region Zealand EMS to a major trauma 
center
n = 744

Pa�ents not 
transferred by 

Region Zealand EMS
n = 11,894

Secondarily transferred 
pa�ents 

n = 330 (44.4%)

Primary admi�ed
pa�ents

n = 414 (55.6%)

Fig. 1  Data flowchart

Table 1  Patient characteristics of patients primarily admitted or secondarily transferred to a major trauma center

MTC major trauma center, ISS injury severity score

Variable Level Primary admission to MTC 
n = 414

Secondary transfer to MTC 
n = 330

Total n = 744

Sex, n(%) Female 109 (26.3) 113 (34.2) 222 (29.8)

Male 305 (73.7) 217 (65.8) 522 (70.2)

Agegroup, n(%) 0–2 3 (0.7) 7 (2.1) 10 (1.3)

3–12 23 (5.6) 22 (6.7) 45 (6.0)

13–17 13 (3.1) 21 (6.4) 34 (4.6)

18–30 90 (21.7) 48 (14.5) 138 (18.5)

31–65 198 (47.8) 156 (47.3) 354 (47.6)

66–75 44 (10.6) 44 (13.3) 88 (11.8)

76 +  43 (10.4) 32 (9.7) 75 (10.1)

ISS, n (%)  < 15 128 (52.2) 78 (40.4) 206 (47.0)

 ≥ 15 117 (47.8) (missing, n = 169) 115 (59.6) (missing, n = 137) 232 (53.0) (missing, n = 306)

Charlsons comorbidity score, 
n (%)

0 (no comorbidity) 201 (77.6) 144 (72.7) 345 (75.5)

1 (mild comorbidity) 36 (13.9) 29 (12.6) 65 (14.2)

 ≥ 2 (severe comorbidity) 22 (8.5) (missing, n = 155) 25 (14.6) (missing, n = 132) 47 (10.3) (missing, n = 287)

Head trauma, n(%) Yes 37 (23.9) 22 (16.7) 59 (20.6)

No 118 (76.1) (missing, n = 259) 110 (83.3) (missing, n = 198) 228 (79.4) (missing, n = 457)

Penetrating trauma, n (%) Yes 8 (3.1) 5 (2.5) 13 (2.9)

No 249 (96.9) (missing, n = 157) 194 (97.5) (missing, n = 131) 443 (97.1) (missing, n = 288)

30 day survival, n (%) Yes 360 (87.0) 306 (92.7) 666 (89.5)

No 54 (13.0) 24 (7.3) 78 (10.5)
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perception of degree of urgency, “Emergency level A” 
(potentially life-threatening situation) was registered in 
98.1% in the group of primary patients, whereas this was 
the case in 86.3% of cases in the secondary patient group.

In analyzing the competencies dispatched to trauma 
scenes from the medical dispatch center, we found that 
17.1% of primary patients were initially attended by a 
physician-staffed unit, (10.5% by MCCU and 6.6% by 
HEMS), in contrast to only 3.5% of secondary patient 
cases. For the highest level of competence present at the 
scene at any given time, physician-staffed units were pre-
sent in 79.2% of cases involving primary patients, com-
pared to 61.7% of cases involving secondary patients.

The median response time for the first unit at the 
scene was 9  m:22  s for primary patients [Q1,Q3: 

6  m:27  s, 13  m:03  s] versus 8  m:36  s for secondary 
patients [Q1,Q3: 6  m:00  s, 14  m:00  s]. The prehospi-
tal personnel spent more time at scene with the pri-
mary patients compared to the secondary patients 
with a median of 47  m:09  s [Q1,Q3: 28  m:46  s, 
1  h:2  m:10  s] versus 22  m:56  s [Q1,Q3: 15  m:25  s, 
31  m:14  s]). Finally, we found that the median time 
from injury to arrival at MTC was 1  h:35  m:18  s 
[Q1,Q3: 1  h:17  m:03  s,1  h:53  m:46  s] for primary 
admitted patients, compared to 4 h:50 m:29  s [Q1,Q3: 
4  h:03  m:11  s–6  h:41  m:31  s] for secondary patients. 
The geographical distribution of the trauma patients, 
overall and subdivided according to primary or second-
ary admission to the MTC are illustrated in Fig. 2.

Table 2  Prehospital characteristics of patients primarily admitted or secondarily transferred to a major trauma center

MTC major trauma center, HEMS helicopter emergency medical services, MCCU​ mobile critical care unit, APM advanced paramedic. PM Paramedic

Variable Level Primary admission to MTC 
(n = 414)

Secondary transfer to MTC 
(n = 330)

Total (n = 744)

Emergency level as assessed 
by medical dispatchers, n (%) (miss-
ing, n = 133) 

Emergency level 
A (potentially life 
threatening)

356 (98.1) 214 (86.3) 570 (93.3)

Emergency 
level B (urgent 
but not life threat-
ening)

7 (1.9) 34 (13.7) 41 (6.7)

Danish Index Category, n (%) (miss-
ing, n = 133)

Traffic accident 154 (42.4) 91 (36.7) 245 (40.1)

Accidents 137 (37.7) 108 (43.5) 245 (40.1)

Psychiatry/Suicide 26 (7.2) 4 (1.6) 30 (4.9)

Violence/Abuse 17 (4.7) 7 (2.8) 24 (3.9)

Unclear problem 7 (1.9) 15 (6.0) 22 (3.6)

Other categories 22 (6.1) 23 (9.4) 45 (7.4)

First competence at scene, n (%) 
(missing, n = 49)

MCCU​ 43 (10.5) 8 (2.8) 51 (7.3)

HEMS 27 (6.6) 2 (0.7) 29 (4.2)

APM 45 (11.0) 31 (10.9) 76 (10.9)

PM 201 (49.0) 142 (49.8) 343 (49.4)

Other 94 (22.9) 102 (35.8) 196 (28.2)

Highest competence at scene (miss-
ing, n = 45)

MCCU​ 42 (10.1) 142 (49.8) 184 (26.3)

HEMS 286 (69.1) 34 (11.9) 320 (45.8)

APM 13 (3.1) 51 (17.9) 64 (9.2)

PM 41 (9.9) 49 (17.2) 90 (12.9)

Other 32 (7.7) 9 (3.2) 41 (5.9)

Response time, first unit at scene, 
mm:ss, median, [Q1,Q3] (missing, 
n = 161)

09:22 [06:27, 13:03] (n = 339) (miss-
ing, n = 75)

08:36 [06:00, 14:00] (n = 244) (miss-
ing, n = 86)

Time at scene, hh:mm:ss, median, 
[Q1,Q3] (missing, n = 147)

00:47:09 [00:28:46, 01:20:10] (n = 315) 
(missing, n = 99)

00:22:56 [00:15:25, 00:31:14] (n = 282) 
(missing, n = 48)

Time from injury to arrival at MTC, 
hh:mm:ss, median [Q1,Q3] (missing, 
n = 45)

01:35:18 [01:17:03, 01:53:46] (n = 414) 
(missing, n = 0)

04:50:29 [04:03:11, 06:41:31] (n = 285) 
(missing, n = 45)

Time at trauma unit, hh:mm:ss, 
median, [Q1,Q3]

02:52:32 [02:04:33, 04:10:50]
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Discussion
This study aimed at describing severely injured patients 
from Region Zealand in Denmark who were either pri-
marily admitted or secondarily transferred to an MTC. 
The main findings were that secondary trauma patients 
had a higher proportion of women, more patients with 
high ISS scores, and higher survival rates. Furthermore, 
at the time of call these cases were considered less urgent 
and provided with a physician-staffed EMS unit to a 
lesser extent compared to primary patients. Finally, sec-
ondary trauma patients had a longer time interval from 
the injury occurred to arrival at an MTC.

The finding of a higher ISS score among secondary 
trauma patients is noteworthy, given the fact that these 
patients were considered of lower urgency by medical 
dispatchers and thus provided with a lower propor-
tion of the highest level of EMS response. However, 
the ISS score is a retrospective measure and perhaps 
the results reflect the fact that the severity of a trauma 
is both multifactorial and a continuum over time. The 
numbers are comparable with data from a recent Dutch 
study in which the proportion of patients with ISS > 15 
was 50.5% and 33.0% for secondary and primary 
patients, respectively [25]. In line with our results, 
this study also found a higher survival rate for second-
ary trauma patients. The findings might emphasize the 
challenge in assessing a trauma patient for medical dis-
patchers through the emergency call and at the scene 
by EMS personnel without the opportunity to per-
form paraclinical assessment except from ultrasound 
and vital signs. The fact that minor injuries can cause 
great damage to frail elderly may be part of this chal-
lenge. Likewise, critically injured children may be dif-
ficult to recognize due to their ability to sustain major 
injuries without physiological decompensation. In 
addition, the lower frequency of pediatric trauma may 
play a role in the healthcare professionals’ experience 
in identifying and treating this patient group. Another 
explanation could be that the ISS score was a result 
of damage to several body regions whose injuries by 
themselves do not require immediate specialized treat-
ment, but that together they constitute a polytrauma, 
which in time requires transfer to an MTC. In this case, 
the pre-hospital triage to a trauma unit might not affect 
patient outcome but may be a reasonable choice in 
terms of transport times, rapid pain relief and stabili-
zation of fractures or other temporary treatments. On 
the other hand, the fact that nearly half of the patients 
are potentially multi-traumatized suggests some degree 
of undertriage, regardless of this being during emer-
gency calls or during EMS assessment. Both studies 
emphasize the need for more detailed investigation of 
these aspects of trauma care. The underlying factors 

Fig. 2  Geographical distribution of a all trauma b Primary admitted 
trauma patients c Secondarily transferred trauma patients
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contributing to undertriage can only be hypothesized. 
Suboptimal guidelines and algorithms may play a role, 
but the human factor may also be important, as shown 
in an older mixed methods study regarding pre-hospi-
tal decision-making, where it was found that provider 
cognitive reasoning for field trauma triage was driven 
primarily by provider judgment, rather than specific 
triage criteria [26]. At the dispatch center, improv-
ing the assessment of urgency and trauma triage could 
potentially be achieved by enhancing the collaboration 
between medical dispatchers and the on-call physician 
leading to better decision making. The same would 
apply to the corporation between ambulance personnel 
and the on-call physician.

Our analysis of prehospital time showed expectable 
results. The time at the scene was shorter for second-
ary patients than for primary patients, which might be 
explained by a decision to get the patient to the nearest 
hospital quickly with few prehospital interventions per-
formed, while primary patients might be perceived to 
be more severely injured at scene and therefore treat-
ment is more complex and time-consuming. The fact 
that more than 4 h passed from injury to arrival at the 
MTC for secondary patients has also been found in 
previous studies [16] and perhaps underlines a poten-
tial for improvement if time is associated with out-
come, which is currently discussed in the medical 
literature. For instance a large study of torso trauma 
with non-compressible haemorrhage found that longer 
prehospital times were independently associated with 
higher mortality [27]. A systematic review from 2015 
suggested that longer prehospital times were associ-
ated with higher mortality for patients with penetrating 
trauma or traumatic brain injury, whereas results were 
conflicting for patients with undifferentiated diagnoses, 
depending on which exact prehospital time measure 
was investigated [28].

The reason for transport to the nearest hospital with 
a trauma patient can be driven by many factors, but the 
long distance to an MTC may be part of the explanation. 
As seen in the geographical distribution of the trauma 
cases, they occur widely throughout the region, whereas 
the MTC can easily be over 100  km away for some of 
the trauma patients. For non-physician staffed vehicles, 
quick access to skills or resources that the paramed-
ics do not have—e.g. airway management, anesthesia, 
advanced pain management, and access to blood may be 
a reason. Another reason why HEMS frequently trans-
ports patients to the MTC could be the faster and more 
convenient access offered by helicopters to the trauma 
center. Consequently, they might also contribute to some 
degree of overtriage. On the other hand, non-physician-
staffed vehicles may contribute to undertriage.

Future perspectives
To optimize trauma care in Denmark, knowledge about 
the entire course for trauma patients is essential, as 
described in the “trauma chain of survival” [29, 30]—
from when the emergency medical services are alarmed, 
to when the patient is picked up by an ambulance, admit-
ted and treated in a hospital, to when they are discharged 
for further rehabilitation. A trauma system contains all 
these elements, and to create an optimal trauma system 
for the benefit of the patient, all elements must be inves-
tigated and optimized [3, 31]. To identify the inadequa-
cies in the system, data is required.

Knowledge about Danish trauma patients is sparse. 
We have information about the trauma patients who are 
admitted to the major trauma centers, as these patients 
are registered in the Danish Trauma Register. The data in 
the register is used to calculate predefined quality indi-
cators for the four major trauma centers in Denmark. 
Unfortunately, exact data regarding trauma patients who 
are not admitted to an MTC are unavailable, as the regis-
tration of these is currently inadequate. By doing a broad 
search in prehospital data, it is possible to identify all 
trauma patients. However, such a search would include 
all cases, from broken limbs or minor wounds, to the 
major traumas caused by traffic accidents, and thereby 
the data would overestimate trauma. If searching in-hos-
pital data for trauma patients, the number of identified 
patients will depend on the registration of trauma codes 
for each triggered trauma call by the personnel involved 
in trauma. Despite increasing focus on this registration, 
this is not yet done adequately.

To ensure high quality in trauma data, we need a con-
sistent and thorough data registration of traumas, like 
seen in registers in Holland [32] and England [33]. Expe-
rience from other mature clinical registers in Denmark, 
such as the Danish Cardiac Arrest Register could be uti-
lized [34]. Here, a thorough data validation is consistently 
carried out, the register is continuously modified, so that 
the registered variables are clinically relevant and well-
defined. However, to maintain a register of good quality it 
is required to have financial support, leadership, collabo-
ration between centers, commitment, and accountability, 
which might be challenging, especially for small trauma 
units with low patient volume and no funding.

Limitations
This study has several limitations. First, the retrospec-
tive design implies that we cannot examine associations 
between variables, but only carry out descriptive analysis. 
Importantly, we had a lot of missing information on some 
variables such as the Injury Severity Score, which must 
also be considered in the interpretation of the results. In 
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addition, we had to make some rough decisions in our 
data management, such as defining a severely injured 
patient as an individual who is ultimately admitted to a 
trauma center. We lack data regarding patients who die 
prior to hospital arrival, hindering survival analyses due 
to confounding by indication. We also lack data regard-
ing severely injured trauma patients that are admitted to 
a trauma unit and never proceed to trauma center admis-
sion. Therefore, it’s imperative to account for immor-
tal time bias when interpreting the results, even in the 
absence of investigation of causal relationships.

Immortal time bias can lead to overestimation of the 
outcome event rate in the unexposed group, underesti-
mation of the event rate in the exposed group, or both 
due to a period during which an individual cannot expe-
rience the event of interest, such as death [35]. Finally, 
incorporating stratified analyses based on injury type 
(hemorrhage, head injury, blunt or penetrating trauma) 
would have added more depth to the discussion.

Conclusion
Secondary trauma patients had higher ISS scores and 
higher survival rates when compared to primary trauma 
patients. Furthermore, secondary trauma patients 
were considered less urgent and provided with a lower 
response type by medical dispatchers and less frequently 
assessed by physician-staffed units. To further investigate 
survival in adjusted analyses and optimal triage, prospec-
tive quality data is needed for the entire treatment course 
enabling continuous monitoring and optimization of 
quality in treatment for trauma patients.

Appendix: Prehospital trauma triage in Region 
Zealand

Trauma team activation at Trauma Unit (prehospital triage, 
updated 2007)*

Points 0 1 2

Trauma mecha-
nism

Low energy 
trauma

High energy 
trauma# 

Consciousness Awake Unclear Unresponsive 

Breathing Normal Insufficient Apnea

Circulation Systolic blood 
pressure > 90 
mmHg

Systolic blood 
pressure < 90 
mmHg

Neck/cervical 
spine

Not sore Pain Paralyses/lack 
of sense of touch

Thorax Not sore Pain Open lesion

Abdomen Not sore Pain Open lesion 

Extremities 
and pelvis

Not sore Pain Multiple fractures 

Trauma team activation at Trauma Unit (prehospital triage, 
updated 2007)*

Points 0 1 2

Point, sum

* The trauma team is activated by a sum of point of 2 or more.
# Definition of high energy trauma: 
Fall > 4 meter
Dead person in the crashed vehicle
Pedestrian or cyclist hit by a car or motorcycle 
Entrapped patient
Patient ejected from car or motorcycle
Car rolled over
Frontal collision against solid object
Other 
Hourse accidents
Gunshot or knive accidents
Explotion accidents 
Increased risk (age < 6, age > 75 and comorbidity)

Primary or secondary receival at major trauma center, 
Copenhagen

Primary admission Secondary 
transfer

Physiological criteria
Child < 2 years or
Clinical condition: Resp. frequency < 10 or > 29, or Sys-
tolic BT < 90, or GCS 3–13
Anatomical criteria
Unconsciousness after relevant head trauma
Cranial fractures (open or impressions)
All penetrating (stab/shot) injuries to the head, neck, 
chest, abdomen and arms/legs above the elbow/
knee
Flail chest
Burns (as a general rule, children > 10% 
and adults > 15% of BSA
Suspected carbon monoxide poisoning and/or inha-
lation injury)
Major fractures of two or more long bones
Pelvic fracture (suspected)
Paralysis in arms/legs after trauma
Injury mechanism criteria
Traffic accidents
Person in high-speed accidents with significant 
damage to the vehicle (> 65 km/h or/and > 0.5 m 
deformation)
Entrapped patient
Persons ejected from the vehicle during the accident
Patients in a vehicle where a driver or passenger 
has died
Cyclist or pedestrian hit by lorry/bus/train/other 
vehicle
Motorcycle accidents (collision or at speed > 50 km/h)
Fall from height
2nd floor corresponding to ≥ 4 m
In children: fall from ≥ three times the child’s height
Acts of violence
Gunshot/stab wounds/explosion injuries (see 
also anatomical criteria)
Drowning and/or hypothermia (≤ 32 °C)
Increased attention to:
Age (> 65 or < 15 years)
Severe comorbidity
Anticoagulant therapy
Pregnancy (> 20 weeks)
Concomitant intoxication (alcohol or euphoric drugs)

The major 
trauma center 
accepts patients 
referred 
from other 
hospitals based 
on the following 
criteria:
Patients who 
meet the pri-
mary visitation 
criteria, e.g. 
clearly undertri-
aged patients 
or self-referrals 
with serious 
injuries who 
are transferred 
before CT scan-
ning/surgery
Multi-
traumatised 
patients who, 
after a CT scan 
at the Trauma 
Unit, are 
diagnosed 
with either major 
lesions 
in at least two 
body regions 
or with major 
lesions 
in combination 
with burns
Patients 
with diag-
nosed lesions, 
that require 
highly special-
ized care 
or observation
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