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Abstract

Background: Trauma causes significant economic and societal burdens, and the
trauma patient population and their prognosis change over time. This study aims to
analyze 10-year trends of trauma patients at a major trauma center in Central
Denmark Region.

Methods: Five thousand three hundred and sixty-six patients aged 216 years with
Injury Severity Score (ISS) > O admitted by trauma team activation at a major trauma
center between January 1, 2010, and December 31, 2019, were included. An annual
percent change with a 95% confidence interval was used to estimate trends in the
mechanism of injuries. Multiple logistic regression with mortality as the outcome was
adjusted for age, sex, and ISS. Admission year was used as continuous variable in
logistic regressions.

Results: The median age increased from 37 in 2010 to 49 in 2019, and the propor-
tion of patients aged 265 doubled. The annual incidence of minor injuries (ISS 1-15)
decreased from 181.3/10 inhabitants in 2010 to 112.7/10° in 2019. Severe injuries
(ISS > 15) increased from 10.1/10° inhabitants in 2010 to 13.6/10° in 2019. The pro-
portion of patients with ISS > 15 increased from 18.1% in 2010 to 31.1% in 2019.
Multivariable logistic regression indicates lower 30-day mortality for all trauma
patients over the study period when adjusting for age, sex, and ISS (odds ratio: 0.94,
95% Cl: 0.90-0.99). The 30-day mortality for severely injured patients with ISS > 15
seems to decrease during the study period when adjusting for age, sex, and ISS
(Odds ratio: 0.92, 95% Cl: 0.87-0.97). Fall injuries increased by 4.1% annually (95%
Cl: 2.3%-6.1%).

Conclusions: Ten-year trends of trauma patients at a major trauma center show an
increasing median age, injury severity, and number of fall injuries. The 30-day mortal-
ity of trauma patients decreased slightly for both minor injuries and severe injuries

when adjusting for age, sex, and injury severity.
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Editorial Comment
A trauma center in Denmark reports an increase in age and injury severity of admitted patients
over the last 10 years. A higher proportion of cases had falling as the injury mechanism, and
there appears to have been a decrease in mortality when adjusting for patients characteristics.
1 | INTRODUCTION

Injuries and trauma account for 8% of global mortality and signifi-
cantly reduce quality of life.x™* Trauma is the leading cause of death
among young people and creates a substantial economic and societal
burden from subsequent disabilities and loss of potential life years.>®
Injuries in Scandinavia are predominantly traffic-related, falls, and
blunt trauma, with lower rates of gunshot wounds and penetrating
injuries than other countries.®® In 2018, trauma patients accounted
for 2405 admissions to major Danish trauma centers, of whom 6.8%
died within 30 days.> Common causes of death in Denmark among
trauma patients have been identified as damage to the central ner-
vous system, exsanguination and multiple organ failure.®>? Character-
izing and analyzing trauma patients regarding epidemiology, patient
demographics, interventions, and outcomes may lead to improved
trauma care, identify preventable injuries and describe tendencies
over time.® To date, several studies have investigated long-term
trauma trends in the USA, Japan, and UK.1°~12 Previous studies have
highlighted the changes in the mechanism of injury, mortality and
demographics; particularly, a rise in fall injuries and increasing age
were among the compelling findings.**'? Moreover, trauma mortality
is changing due to demographic alterations and the increasing propor-
tion of elderly trauma patients with higher mortality.>?® In recent
years, the impact of long-term changes in the Danish trauma popula-
tion has not been explored. Trauma registries can facilitate analysis,
injury prevention, comparison and benchmarking across regions and
countries.® Hence, this study's aim is to analyze 10-year trends of
trauma patients admitted to the major trauma center in Central
Denmark Region focusing on annual incidence, severity, mortality, and
the mechanism of injury (MOI). We will further investigate the sub-
group of patients with severe injuries (Injury Severity Score
[ISS] > 15).

2 | METHODS
This is a 10-year (2010-2019) retrospective cohort study conducted
at a major trauma center in Denmark. The study followed the STROBE

guidelines.**

21 | Setting and data collection

Our Trauma Registry (TR) is the trauma registry of Aarhus University
Hospital Trauma Center (AUH-TC). AUH-TC is a tertiary trauma

center with highly specialized surgery and critical care. The catchment
area for minor injuries covers the municipality (population 350,000)
and major trauma patients from the region (population 1.3 million).
The population count, mean age, life expectancy in Central Denmark
region was collected retrospectively at Statistics Denmark.* The
annual number of trauma team activations (TTA) at AUH-TC is
approximately 600, and over 150 of these patients are severely
injured (ISS > 15).3 AUH-TC is the referral trauma center for four
regional acute-care hospitals in Central Denmark Region. Minor inju-
ries without TTA treated in the Emergency Department (ED) and at
acute-care hospitals are excluded from TR. The pre-hospital emer-
gency medical service in Central Denmark Region consists of 69 ambu-
lances (staffed by paramedics or emergency medical technicians) and
10 rapid response vehicles (staffed by a paramedic and an anesthesiol-
ogist). No formal change in the catchment occurred, but the national
helicopter emergency medical service (HEMS) was implemented in
2014 and comprises four helicopters staffed with paramedics and an
anesthesiologist. The pre-hospital unit requests TTA following prede-
fined criteria (Table S1). TTA involves a minimum of 10 professionals,
including an anesthesiologist, orthopedic surgeon, emergency physi-
cian, nurse anesthetist, trauma nurse, medical laboratory technologist,
radiographer, medical secretary, supporting staff, and physicians or
surgeons from relevant medical specialties. TR data is collected by
hospital administrative staff during the patient's treatment. Data in TR
include patient demographics, injury description, timeline, ISS, and
MOI. MOl is categorized by road traffic collision, scooter, motorcycle,
bicycle, fall, horse, pedestrian, violence, stabbing, self-harm, gunshot,
and other mechanisms, such as animal-related injuries, crushing,
struck by objects, machinery accidents, sports injuries or other miscel-
laneous injuries. Fall injuries include falls from all heights.

22 | Outcome

Danish trauma centers use the Abbreviated Injury Scale (AIS) to score
each injury sustained by trauma patients.’>® The ISS is calculated
based on the assigned AIS scores done by AlS-certified physicians and
medical students. To avoid interpersonal discrepancies between AlS
scores assigned, the coding team regularly discussed cases and
reviewed the process of assigning codes to assure consistency. Severe
injuries were defined as ISS > 15. Data for 30-day mortality were
retrieved from patients' medical records using the Danish Civil Regis-
tration number (CRS). The Danish Civil Registration System contains a
vital status for all Danish citizens and non-citizens who reside in

Denmark.'”
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> 15 per 100,000 inhabitants from 2010 to 2019. Cl, confidence
interval
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shown in black from 2010 to 2019. Cl, confidence interval
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3 | RESULTS

During the study, 5366 adult trauma patients aged 216 with ISS >0
between January 1, 2010 and December 31, 2019 were included
(Figure 1). Table 1 shows the patient characteristics and outcome. The
median age increased significantly from 37 years in 2010 to 49 years in
2019 (Table 1). The proportion of patients aged 265 increased significantly
from 11.7% (n = 65) in 2010 to 23.5% (n = 111) in 2019 (Table 1). The
annual incidence of minor injuries (ISS 1-15) with TTA decreased from
181.3/10° inhabitants (95% Cl: 165.1-198.7) in 2010 to 112.7/10°
(95% ClI: 100.8-125.6) in 2019 (Table S3). The annual incidence of severe
injuries (ISS > 15) increased from 10.1/10° (95% Cl: 8.2-12.3) in 2010 to
13.6/10° (95% Cl: 11.5-16.0) in 2019 (Figure 2, Table S3). The severity of
the trauma patient population at AUH-TC changed, as the proportion of
patients with 1SS > 15 increased significantly from 18.1% in 2010 to
31.1% in 2019 (Table 1, Figure 3, Figure S1).

3.1 | Mortality

The 30-day mortality of all patients were 3.6% in 2010 and 7.4% in
2019 (Table 1, Figure 3). The 30-day mortality of patients with ISS > 15
were 15.8% in 2010 and 19.6% in 2019 (Table 1, Figure 3). In multivari-
ate regression analyses (Table 2, Table S4, Figure 4A,B), the 30-day mor-
tality for all patients decreased from 2010 to 2019 when adjusting for
age, sex, and ISS (odds ratio: 0.94, 95% Cl: 0.90-0.99). Additionally, the
30-day mortality for patients with ISS > 15 decreased from 2010 to
2019 when adjusting for age, sex, and ISS (odds ratio: 0.92, 95% ClI:
0.87-0.97). The odds ratio for 30-day mortality was 5.93 for patients
aged 265 (95% Cl: 4.66-7.54) compared to patients aged 16-64.

3.2 | Mechanism of injury

Proportions of MOI changed during the 10-year study period. The 95%
Cl indicates significant increases in the annual percent change (APC) in
fall injuries of 4.1% (95% Cl: 2.3%-6.1%). Contrary, we found significant

TABLE 2 Multivariable logistic regression analysis for 30-day mortality of trauma patients
All patients, n = 5253 Patients with ISS 1-15, n = 3941 Patients with ISS > 15, n = 1312
OR (95% Cl) pvalue OR(95% Cl) p value OR (95% ClI) p value
Age 1.05 (1.04 to 1.06) <.01 1.06 (1.05 to 1.08) <.01 1.03 (1.03 to 1.04) <01
16-64 Reference Reference Reference
265 5.93 (4.66 to 7.54) <01 8.35(4.82 to 14.46) <.01 3.33(2.49 to 4.44) <.01
Sex, male 1.05 (0.82 to 1.36) .683 1.03 (0.58 to 1.82) .930 0.78 (0.58 to 1.05) .106
ISS 1.11(1.10to 1.12) <01 1.11(1.05 to 1.18) <01 1.07 (1.06 to 1.09) <01
Year (2010-2019) 1.02 (0.98 to 1.07) 267 1.08 (0.98 to 1.18) 129 0.95 (0.91 to 1.00) .059
Year adjusted for age, sex and ISS ~ 0.94 (0.90 to 0.99) .012 1.01 (0.92 to 1.12) 778 0.92 (0.87 to 0.97) .002

Note: Odds ratios are calculated for all patients, patients with ISS 1-15 and patients with ISS > 15 separately. Admission year was used as a continuous
variable. Missing Civil Registration number in 2010 (n = 4), 2011 (n = 16), 2012 (n = 19), 2013 (n = 4), 2014 (n = 11), 2015 (n = 12), 2016 (n = 6), 2017

(n=12), 2018 (n = 18), 2019 (n = 11).

Abbreviations: ClI, confidence interval; ISS, Injury Severity Score; OR, odds ratio.
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FIGURE 4 (A) Odds ratio (OR) for 30-day mortality of all trauma

patients with 95% confidence interval (Cl) from 2011 to 2019. Year
2010 was used as reference and year was used as a continuous
variable. The adjusted OR shown in black was adjusted for age, sex,
and Injury Severity Score. (B) Odds ratio (OR) for 30-day mortality of
severely injured trauma patients (Injury Severity Score [ISS] > 15) with
95% confidence interval (Cl) from 2011 to 2019. Year 2010 was used
as reference and year was used as a continuous variable. The adjusted
OR shown in black was adjusted for age, sex, and ISS

APC decreases in pedestrian injuries by —4.7% (95% Cl: —8.6% to
—0.7%) and violence —14.0 (95% Cl: —18.7% to —8.9%) (Table S2).

3.3 | Transport

Transport and admission data were available from 2015 to 2019. The
proportion of trauma patients transferred from other hospitals
decreased numerically from 53 (11.3%) in 2015 to 36 (7.6%) in 2019
(Table S5). The proportion of patients admitted directly from sur-
rounding municipalities increased numerically from 165 (43.4%) in
2015 to 233 (51.2%) in 2019. The proportion of patients with
ISS > 15 admitted directly from surrounding municipalities was
70 (65.4%) in 2015 and increased numerically to 110 (78.0%) in 2019.
The proportion of patients admitted by HEMS increased numerically
from 48 (10.3%) in 2015 to 63 (13.4%) in 2019.

4 | DISCUSSION

In this study, we investigated 10-year trends in demographics, injury
severity, 30-day mortality, and MOI among trauma patients admitted
to AUH-TC. We found an increase in the median age, and the propor-
tion of patients aged 265 doubled. The annual incidence and propor-
tion of severely injured patients (ISS > 15) increased throughout the
study period. The crude 30-day mortality of all patients including
those severely injured did not change despite an increased injury
severity but did, however, decrease marginally when adjusting for age,
sex, and ISS. Long-term trends in the mechanism of injuries displayed

a significant increase in fall injuries.

4.1 | Changing demographics

We found that the median age of adult trauma patients at AUH-TC
peaked at 49 years in 2019. Furthermore, we found an increase in the
proportion of patients aged 265. In a previous study from AUH-TC,
the median age of all trauma patients increased from 29 to
32 between 2000 and 2008.%8 The mean age and the life expectancy
increased from 39.5 to 41.4 and 80.2 to 82.1 in Central Denmark
Region during the 10-year study period, respectively.* These results
reveal accelerated aging of the trauma patient population at AUH-TC.
The aging of the trauma patient population parallels with many previ-
ous trauma studies worldwide.'°"? Kehoe et al.}? studied major
trauma from 1990 to 2013 in the UK and described how the mean
age of major trauma patients increased from 36.1 to 53.8, and the
proportion of patients aged 275 increased from 8.1% to 26.9%. Pre-
existing medical conditions such as diabetes mellitus, obesity, heart
disease and hypertension are more frequent and contribute to mor-
bidity in elderly trauma patients.*” In Norway, Cuecas-@strem et al.
studied geriatric trauma patients nationwide from 2015 to 2018.2°
They included adult trauma patients with a New Injury Severity Score
(NISS) = 9 and older than 16 years and compared them to patients
aged 265. Geriatric trauma patients in that study had a 30-day mortal-
ity of 13.6% compared to 2.6% of patients aged from 16 to 64 years.
Another study from Germany found increased mortality independent
of ISS from age 2 56 in severely injured elderly trauma patients.?* A
nationwide study of death causes in Sweden reported a decline in
injury-related mortality among working-age but an increase among
elderly patients.® Several studies highlighted the frailty and excess
mortality of elderly trauma patients and the need for increased focus
on this age group.'®?2 The aging population and possibly more active

elders results in a changing trauma patient population.

4.2 | Injury severity

We found an increasing injury severity, and the proportion of severely
injured patients with ISS > 15 climbed from 18.1% in 2010 to a maxi-
mum of 31.1% in 2019. The median ISS of severely injured patients
(ISS > 15) was 24 in 2019 at AUH-TC. The proportion of patients with
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ISS > 15 was 33.9% at a major trauma center in Norway and 21.1% at
a major trauma center in Sweden from 2009 to 2011.2° When com-
pared with other major trauma centers, the median ISS of trauma
patients with ISS > 15 were 17 in Spain, 24 in Hong Kong, and
between 22 and 25 in TraumaRegister DGU® (TR-DGU).242>

43 | Mortality

In 2019, we observed a 7.4% crude 30-day mortality of patients aged
216 years with ISS > 0. We identified a survival benefit between
2010 and 2019 when adjusting for age, sex, and ISS. We calculated an
odds ratio for 30-day mortality of 5.93 among patients aged 265 com-
pared to patients aged 16-64. When focusing on Central Denmark
Region, Mikkelsen et al. studied trauma patients admitted to AUH-TC
from 2000 to 2011 and found a 4.4% mortality and no improved sur-
vival during the study period.?® However, they did not specify 1SS
inclusion or exclusion criteria for patients with missing CRS.% In a
Scandinavian study of trauma patients with ISS > 0 and older than
15 years they observed 30-day mortality of 5.6% in Norway and 3.2%
in Sweden.?® Also, a Swedish study from 2013 to 2017 found a 4.6%
30-day mortality among trauma patients with ISS > O of all ages trea-
ted at major trauma centers.?’ In a Japanese nationwide trauma regis-
try study from 2004 to 2013 the adjusted in-hospital mortality of
adult trauma patients with ISS >3 decreased annually during the study
period.!? For severe injuries, we found a 19.6% crude 30-day mortal-
ity of patients aged 216 years with ISS > 15. Several European stud-
ies”2428 and a study from Hong Kong?’ revealed a 30-day mortality
of trauma patients with ISS > 15 varying between 14.9% and 22.4%.
In Japan, the in-hospital mortality of adult trauma patients with
ISS > 16 decreased from 28.5% in 2004 to 15.7% in 2013.' The
30-day mortality for patients with ISS > 15 varies between major
trauma centers but seems comparable to the results in the present

study.

44 | Mechanism of injury

We found a significant APC increase in fall injuries of 4.1%. We found
a decreasing APC in pedestrian injuries of —4.7% and scooter injuries
of —6.0%. Many studies have also reported increasing numbers of
falls, especially in patients aged 265.1971220 | the UK, the proportion
of fall injuries <2 m among severely injured patients increased from
4.7% in 1990 to 39.1% in 2013.1? Ten-year trends from 2005 to 2014
in a statewide trauma registry in Oklahoma, USA, found the APC of
fall injuries to increase by 4.0% (95% Cl: 3.1%-4.9%), and the number
of fall injuries among patients 265 more than doubled. Furthermore,
the APC of pedestrian injuries decreased by —1.5% during the
10-year study period in that trauma patient population.’® We found
APC increases in stabbings of 6.8% and gunshots of 15.0% but
decreases in violence of —14.0%. Twenty-year trends of trauma
patients in the UK found the proportion of both gunshot and stabbing
to increase from 0.2% in 1990 to 1.9% in 2013.12

4.5 | Centralization of trauma care

In this study, a greater number of severely injured patients were
admitted directly from surrounding municipalities and fewer patients
were transferred from 2015 to 2019. Together with less transferred
patients the increasing injury severity and proportion of patients with
ISS > 15 during the study suggests that more severely injured trauma
patients are admitted directly to AUH-TC from other parts of Central
Denmark Region. The growth in proportions of severe injuries at
AUH-TC could be explained by more focus on centralized trauma
care, with severely injured patients transported directly to the highest
level of expertise at the major trauma center. Furthermore, the num-
ber of rapid response vehicles staffed with anesthesiologists and para-
medics increased during the observed period and the national HEMS
was introduced in 2014 and both contributing to the change in refer-
ral pattern. Prior to our results, Brink et al. in 2008 found that the per-
centage of patients transferred to AUH-TC increased from 3.9% to
13.4%.%® In a systematic review and meta-analysis from 2018, Sewalt
et al. found a modest association between high volume centers and
improved survival in severely injured trauma patients.?’ A Japanese
study found reduced in-hospital mortality of severe trauma patients in
high volume trauma centers (2100 annual patients with ISS >15) com-
pared to low volume trauma centers (1-49 annual patients with ISS
>15).2° However, in a recent risk-adjusted mortality analysis study in
Sweden by Strommer et al., the survival benefit of major trauma cen-
ters diminished in severely injured (NISS > 15) adult trauma patients
and the only difference in mortality were due to traumatic brain inju-
ries.3! The centralization of trauma care may improve survival but the

effect of centralization remains unclear.

4.6 | Strengths and limitations

We included long-term trends in mortality. The percentage of missing
patients is low, and most major trauma patients in Central Denmark
Region (22% of the Danish population) are admitted to AUH-TC.3?
Our study, however, has potential limitations that affect the interpre-
tation. We found significant changes in MOI, but the number of
patients in each category of MOI was limited and we did not include
minor injuries treated in the ED, thus complicating the identification
of long-term trends in MOI. The level of undertriage in our region is
unknown. Studies have shown inter-rater discrepancies in AlS scores;
however, these discrepancies rarely affect the 1SS.3% Although the
TTA criteria remained the same, the emergency physician's threshold
to activate the trauma team could have changed during the study
period. The implementation of national HEMS in 2014 and centraliza-
tion of trauma care may have changed the referral pattern. In 2018,
Weile et al.>* found a heterogeneous composition of the trauma team
and TTA criteria and poor registration practice at regional trauma
facilities in Denmark and some unknown number of major trauma
patients may still be treated at acute-care hospitals in Central
Denmark Region. Therefore, a national benchmark study including the

entire Danish trauma patient population is warranted.
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5 | CONCLUSION

In this single-center 10-year retrospective cohort study, we observed
increasing injury severity and proportion of elderly but unchanged crude
30-day mortality. The annual incidence of minor injuries with TTA
decreased contrary to the rise in the annual incidence of severe injuries.
Age, sex, and injury severity-adjusted survival improved modestly from
2010 to 2019. Fall injuries are significantly increasing, and trauma team
activations with patients aged 265 doubled from 2010 to 2019.
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