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Abstract

Background: The COVID-19 pandemic demanded changes in societal behavior and
health care worldwide. Previous studies have compared trauma patient admissions
in COVID-19-related lockdowns to prior years. This study describes the COVID-19
impact on trauma patient admissions during entire 2020 at a major trauma center in
Denmark.

Methods: We retrospectively analyzed trauma patients received by a trauma team
and admitted at Aarhus University Hospital in 2020 compared with 2018-2019. The
incidence of injuries, mechanism of injury, 30-day mortality, and Injury Severity Score
(ISS) were investigated.

Results: The incidence of minor injuries (ISS 1-15) increased by 24% in 2020 com-
pared with 2018-2019 (incidence rate ratio 1.24 [95% Cl: 1.11-1.39]). The incidence
of severe injuries (ISS >15) in 2020 did not change compared with 2018-2019 (inci-
dence rate ratio 0.97 [95% Cl: 0.80-1.17]). The 30-day mortality was similar in 2020
compared with 2018-2019. Comparing 2020 with 2018-2019, the risk ratio of traffic
injuries decreased (0.90 [95% ClI: 0.82-0.99]), risk ratio for fall injuries was 1.13 (95%
Cl: 0.97-1.30), for violence 1.13 (95% Cl: 0.51-2.50), and for self-harm 1.94 (95% ClI:
0.95-3.94). During the first lockdown of 2020, trauma team activations declined from
49.5 to 42 and the risk ratio for traffic injuries was 0.74 (95% Cl: 0.50-1.10) compared
with the same period in 2018-2019.

Conclusion: The incidence of minor injuries increased, but the incidence of severe in-
juries was similar in 2020 compared with 2018-2019. Societal restrictions might alter
the mechanism of injuries. The first lockdown indicated an association with reduced

traffic injuries.
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Editorial Comment

COVID-19 including lockdown may have had an effect on the incidence and type of trauma refer-

rals in the same time period, according to the analysis of this cohort from a single Danish center.

1 | INTRODUCTION

Since the outbreak of the disease caused by the new coronavirus
SARS-CoV-2 (COVID-19) in Wuhan, China, COVID-19 has caused a
pandemic and demanded changes in societal behavior and health care
worldwide.>? The Danish government instituted a full lockdown from
March 13 to April 13, 2020, and a gradual lockdown in the fall of 2020.
The first lockdown introduced a series of restrictions. For example,
people working in noncritical jobs were sent home and encouraged to
work from home for the remainder of 2020. Elderly and vulnerable per-
sons were recommended to self-isolate. Daycare centers, schools, uni-
versities, bars, restaurants, and entertainment industries were closed.’
Construction and industrial production continued, but borders were
closed. During the summer of 2020, gathering prohibitions and attend-
ance restrictions were eased although a considerable proportion of the
population worked from home. A gradual lockdown was imposed from
18 September 2020 and further restrictions on gatherings, attendance
at work and educational facilities, bars and restaurants, social activities,
etc. The second full lockdown was instituted on 16 December 2020.
A timeline of COVID-19-related events and restrictions in Denmark is
available in Table S1.* Previous studies have compared trauma patient
admissions in COVID-19-related lockdowns to a control period in prior
years.s’8 One of the first COVID-19 studies on trauma patients, by
Christey et al., reported data from New Zealand. They found a 43% de-
crease in trauma admissions during lockdown compared with the same
period in 2019.¢ Waseem et al. published a scoping review in November
2020 and found a global reduction in trauma admissions and a change
in trauma mechanisms that differed by county.9 Olding et al. reported
a 35% decrease in trauma admissions and a significant increase in self-
harm cases in the United Kingdom.8 Additionally, Ishii et al., in a study
from Japan, found a 45% decrease in trauma-related surgical proce-
dures with the exception of an increase in hip fracture surgery.” A re-
cent study in Finland by Riuttanen et al. found no significant difference
in the incidence of severe injuries during the lockdown.*® Although
there have been several studies describing the effect on the trauma
of the first COVID-19 wave, reports describing the effect of reopen-
ing the society and the second wave are scarce, as are studies from
Scandinavian countries. The aim of the present study is to describe
trauma patients during 2020 at a major trauma center in Denmark and
to compare it with 2018-2019. We will further investigate patients ad-
mitted in the first lockdown in a subgroup analysis and compare them
with an equivalent period in 2018-2019.

2 | METHODS

This was a retrospective cohort study at a major trauma center com-
paring the incidence of injuries, severity, mechanism of injury, and

30-day mortality during the COVID-19 pandemic in the year 2020
with the years 2018-2019. The STROBE guidelines were followed.*

2.1 | Setting

Aarhus University Hospital Trauma Center (AUH-TC) is one of the
four major trauma centers in Denmark and admits approximately
600 patients annually through trauma team activations, more than
150 of which have an Injury Severity Score (ISS) >15. AUH-TC is a
tertiary trauma unit and receives all trauma patients from Aarhus
Municipality (population 350,000) along with major trauma, neuro-
trauma, thorax trauma, jaw surgery, and vascular injuries from the
central region of Denmark (1.3 million inhabitants). The regional
trauma system consists of four acute-care referral hospitals in addi-
tion to AUH-TC. Emergency medical services in the central region of
Denmark comprise 69 ambulances (staffed by paramedics and emer-
gency medical technicians) and 10 rapid response vehicles (staffed
by anesthesiologists and paramedics). In addition, the region is cov-
ered by the national helicopter emergency service consisting of four

helicopters (staffed with anesthesiologists, paramedics, and a pilot).

2.2 | Patients

Patients of all ages admitted by trauma team activation (TTA) to
AUH-TC with ISS >0 were included. TTA is requested by the pre-
hospital unit according to predefined criteria (Appendix, Table S2).
No changes of the TTA criteria or the organization of AUH-TC were
made during the study period 2018-2020. TTA involves a minimum
of 10-12 professionals, including an emergency physician, ortho-
pedic surgeon, anesthesiologist, nurse anesthetist, trauma nurse,
medical laboratory technologist, radiographer, medical secretary,
support staff, and physicians from relevant medical specialties.
Minor injuries without TTA in the emergency department (ED) and
trauma patients treated at acute-care referral hospitals were not
included. Patients with major trauma initially admitted to an acute-
care referral hospital with a secondly transfer to AUH-TC within 24 h
were included.

Inclusion criteria

e Patients of all ages admitted by TTA to AUH-TC.
e Injury Severity Score >0.
e Patients with major trauma transferred to AUH-TC within 24 h.

Exclusion criteria
e 42 noncitizens with missing or incomplete Civil Registration
System numbers were excluded from mortality analysis.
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2.3 | Data

Data collection was completed using a regional trauma registry
(AUH-TR). Data in AUH-TR are recorded by hospital administrative
staff in real time as the patient is treated in the resuscitation room
and follows the Utstein Trauma Template.!? Data include age, sex,
timeline, and mechanism of injury. Mechanism of injury is subcat-
egorized into road traffic collision, motorcycle, scooter, bicycle, fall,
horse, pedestrian, violence, stabbing, gunshot, self-harm, and other
cause. The category of fall injuries includes falls from all heights. The
category of other causes includes crushing between objects, work
injuries, and sports injuries. Patients included in this study were di-

vided into two cohorts according to timeframe:

1. Cohort 2020: these include the first lockdown and reopening
in 2020 (1 January to 31 December 2020).

2. Cohort 2018-2019: equivalent control periods in 2018 and 2019
(1 January 2018 to 31 December 2019).

Subgroup analysis of lockdown cohorts to assess the impact of

the first lockdown:

3. First lockdown (13 March to 13 April 2020).
4. Reference periods in 2018 (13 March to 13 April 2018) and 2019
(13 March to 13 April 2019).

A COVID-19 timeline for 2020 in Denmark is available in
Table 51.* The second COVID-19-related lockdown reintroduced
societal restrictions gradually from September 2020 to December
2020 (Table S1). As the number, demography, and mechanism of
injuries vary through time, we selected the reference incidence of

injuries based on a 2-year average (2018-2019).

2.4 | Outcome

After the management and treatment of the patient, a trauma
score is calculated. Danish trauma centers use the ISS which is
based on the Abbreviated Injury Scale (AIS) for each anatomi-
cal region.'®* |SS scores are coded by AlS-trained physicians or
medical students. ISS scores are validated by sample checking of
consistency. Thirty-day mortality data were extracted from the
patient's medical record using the Danish Civil Registration num-
ber. The Danish Civil Registration System contains a vital status
for all Danish citizens and noncitizens who take up residence in

Denmark.*>

2.5 | Statistics

Ordinal data are reported as numbers and percentages. Continuous
data are reported as mean and standard deviation for normally dis-
tributed data and median and quartiles for non-normal distributed

data. Comparison of the incidence of injuries between time periods
was calculated using the incidence rate ratio. Patients living in the
catchment area according to Danish Statistics contributed with one
person-year and were used as denominator in incidence rate calcu-
lations.'® Risk ratios were calculated to compare the mechanism of
injury between 2020 and 2018-2019. Missing values were noted as
percentages in the footnotes accompanying tables. STATA version
STATA/IC 16.1 (StataCorp. 2019. Texas, USA) was used for all statis-
tical analyses. A two-sided p value of <.05 was considered statisti-

cally significant.

2.6 | Ethics and approvals

This study was a registry study. Trial registration or approval from
Ethics Committee was not required according to Danish law by the
retrospective and anonymized form of data. The study was approved
by the hospital board of directors.

3 | RESULTS

3.1 | 2018-2019 vs. 2020

Patient characteristics and outcomes are seen in Table 1. In 2020,
684 trauma patients were admitted by TTA at AUH-TC compared
with 616 and 543 in 2018 and 2019, respectively (Table 1). The in-
cidence of minor injuries (ISS 1-15) per 100,000 inhabitants during
2020 was 148.3 (95% Cl: 135.8-161.6) compared with 119.6 (95%
Cl: 111.5-128.0) in 2018-2019 (Table 2, Figure 1). The incidence of
minor injuries increased by 24% (incidence rate ratio 1.24 [95% Cl:
1.11-1.39]). The incidence of severe injuries (ISS >15) per 100,000
inhabitants during 2020 was 12.4 (95% Cl: 10.6-14.5) compared
with 12.9 (95% Cl: 11.5-14.3) in 2018-2019 (Table 2, Figure 2).
The incidence of severe injuries did not change in 2020 compared
with 2018-2019 (incidence rate ratio 0.97 [95% Cl: 0.80-1.17]).

The second COVID-19 wave and accompanying gradual lockdown

TABLE 1 Patient characteristics

2018-2019, average
n total = 1,159 2020

average n = 579.5 n=684
Gender, Male n (%) 405.5 (70.0) 467 (68.3)
Age, Mean (SD) 42.7 (23.0) 43.6 (23.1)
1SS >15, n (%) 169.5 (29.2) 165 (24.1)
ISS, Median (Q1-Q3) 9 (2-17) 6 (1-14)
30-day mortality, 36 (6.4) 40 (5.9)7

n (%)

Abbreviations: ISS, Injury Severity Score; Q1, 25th quartile; Q3, 75th
quartile; SD, Standard deviation.

220, 15, and 7 patients were lost to follow up in 2018, 2019, and 2020,
respectively.
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TABLE 2 Incidence of trauma patients with minor injuries (ISS 1-15) per 100,000 inhabitants in Aarhus Municipality and severe injuries
(ISS >15) per 100,000 inhabitants in the central region of Denmark

2018-2019 2020
Incidence rate

n Mean population Incidence (95% Cl) n Mean population Incidence (95% Cl) ratio (95% Cl)
ISS 1-15 410 342,877° 119.6 (111.5-128.0) 519 349,983° 148.3 (135.8-161.6) 1.24 (1.11-1.39)
FL 36 10.5 (8.2-13.2) 32 9.1 (6.3-12.9) 0.87 (0.56-1.34)
ISS 1-15
ISS >15 169.5 1,317,137b 12.9(11.5-14.3) 165 1,326,340b 12.4 (10.6-14.5) 0.97 (0.80-1.17)
FL 13.5 1.0 (0.7-1.5) 10 0.8 (0.4-1.4) 0.74 (0.32-1.57)
ISS >15

Abbreviations: Cl, confidence interval; FL, first lockdown; ISS, injury severity score.

The catchment area for minor injuries is Aarhus Municipality. The catchment area for severe injuries is the central region of Denmark.
2Population in Aarhus Municipality.

bPopulation in the central region of Denmark.
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in the autumn of 2020 did not reduce the incidence of trauma pa-
tients considering that the monthly incidence of trauma patients re-
mained elevated throughout 2020 after the first lockdown (Table S1,
Figures 1 and 3).

Median ISS of all trauma patients is seen in Figure 4. The 30-day
mortality was 5.9% in 2020 compared with 6.4% in 2018-2019 (Table 1).

The risk ratio of traffic injuries combined decreased in 2020
(0.90 [95% CI: 0.82-0.99]) compared with 2018-2019 (Table 3 and
Figure 5) and was mainly driven by a reduction in risk ratio for mo-
torcycle injuries (0.50 [95% Cl: 0.30-0.83]) and pedestrian injuries
(0.49 [95% Cl: 0.27-0.89]). The risk ratio of fall injuries, violence,
and self-harm can be seen in Table 3 and Figure 5. The number
of trauma patients with ISS >0 transferred to AUH-TC within
24 hours was 50, 42, and 76 in 2018, 2019, and 2020, respectively.

3.2 | Thefirst lockdown in 2020 (13 March to 13
April 2020)

The total number of trauma patients decreased to 42 patients in the
first lockdown of 2020 from 49.5 patients in the equivalent period in
2018-2019 (Table 4). However, we did not detect statistically signifi-
cant changes in incidence rate ratios in the first lockdown compared
with reference periods (Table 2). The risk ratio of traffic injuries com-
bined was 0.74 (95% Cl: 0.50-1.10) in the first lockdown in 2020
compared with reference periods in 2018-2019.

4 | DISCUSSION

This study elaborates on the impact of societal restrictions and
changes in behavior on trauma patient admissions during the
COVID-19 pandemic in the central region of Denmark. The incidence

of minor injuries increased and the mechanism of injured changed in

QACLA Scanainevien™

2020 compared with 2018-2019. Conversely, the incidence of se-
vere injuries with 1SS >15 and 30-day mortality did not change in
2020 compared with 2018-2019. There was a reduced risk of traffic
injuries during the first lockdown in 2020 compared with the same
period in 2018-2019, but the confidence intervals were wide and
included 1.00. In addition, other differences cannot be excluded.
The risk ratio for all traffic injuries combined decreased sig-
nificantly in 2020 compared with 2018-2019 (0.90 [95% CI: 0.82-
0.99]). This finding is consistent with the trend in a preliminary
report from Danish Road Directorate showing a 22.1% decrease in
traffic deaths and a 10.3% decrease in traffic injuries in 2020 com-
pared with 2019.7 The 30-day mortality in our study was 5.9% in
2020 compared with 6.4% in 2018-2019. However, our data include
deaths from all injuries and deaths at the scene are not included
in our registry. Additionally, we compared 2020 to data from both
2018 and 2019. The number of patients who sustained pedes-
trian injuries decreased significantly in 2020 which could explain
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2018-2019, average

n (%) 2020, n (%)
Total 579.5 684
Traffic injuries combined?® 322 (55.6) 343 (50.2)
Road traffic collision 165.5 (28.6) 206 (30.1)
Motorcycle 32 (5.5) 19 (2.8)
Scooter 15 (2.6) 20(2.9)
Bicycle 85.5(14.8) 84 (12.3)
Fall 159.5 (27.5) 212 (31.0)
Horse 18 (3.1) 18 (2.6)
Pedestrian 24 (4.1) 14 (2.1)
Violence 7.5 (1.3) 10 (1.5)
Stabbing 23 (4.0) 23 (3.4)
Gunshot 5(0.9) 6(0.9)
Self-harm 7(1.2) 16 (2.3)
Other cause® 37.5(6.5) 56(8.2)

Abbreviation: Cl, confidence interval.

TABLE 3 Mechanism of injury in 2020

Risk ratio (95% CI) compared with 2018-2019

0.90 (0.82-0.99)
1.05(0.91-1.22)
0.50(0.30-0.83)
1.13(0.65-1.97)
0.83(0.65-1.06)
1.13(0.97-1.30)
0.85(0.48-1.48)
0.49 (0.27-0.89)
1.13(0.51-2.50)
0.85(0.52-1.39)
1.02 (0.37-2.78)
1.94 (0.95-3.94)
1.27 (0.91-1.77)

The risk ratio with a 95% confidence interval (Cl) was calculated between 2020 and 2018-2019.
*Traffic injuries combined include road traffic collisions, motorcycle, scooter, bicycle, and

pedestrian injuries.

POther causes include crushing between objects, work injuries, and sports injuries.

RTC |-
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Bicycle
Fall |-
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Pedestrian |-
Violence |--#
Stabbing |-
Gunshot |-
Self-harm |--®

Other cause
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Number of trauma patients
© 2018-2019 & 2020

FIGURE 5 Mechanism of injuries in 2020 compared with 2018-
2019. RTC, road traffic collision

some of the reduction in traffic deaths registered by the Danish
Road Directorate. Similar decreases in traffic injuries during the
first lockdown were observed in Spain, Australia, and the United
Kingdom.>1&%?

Fall injuries increased numerically but not statistically in 2020
compared with the average of 2018-2019 (risk ratio: 1.13 [95% Cl:
0.97-1.30]). Yearly increases in fall injuries follow a long-term trend
of changes in demographics and increases in low falls.?® At a major
trauma centerin London, falls <1.5 mincreased from 49% to 58% and
falls >1.5 m increased from 5% to 10% during the first lockdown.?*
Increases in fall from heights in lockdown were also reported in
other studies.>° Staunton et al. reported an increase in falls at home
from 33% to 59% and an increase in falls from a ladder at home from

4% to 7% in lockdown in Ireland.?? Lockdown-related increases in

incidents at home were found by numerous studies.>?22% Do it your-
self, repair, or garden work may also have contributed to the increase
in trauma patients in 2020.

In 2020, the risk ratio for violence against others was 1.13 (95%
Cl: 0.51-2.50) and for self-harm 1.94 (95% Cl: 0.94-3.94) compared
with 2018-2019 but the numbers were low, and the confidence in-
tervals were wide and included 1.00. Rohde et al. found steep in-
creases in COVID-19 and pandemic-related psychopathology in the
central region of Denmark during the first lockdown, suggesting that
social isolation can worsen psychiatric symptoms‘24 Self-harming pa-
tients are routinely admitted to the ED without TTA, hence the true
increase in suicide attempts and self-harm might be underestimated
in this study. Similar studies have found increased self-harm and vi-
olence during COVID-related lockdowns in France, Ireland, Korea,
and the United Kingdom.®?22%2 Long-term consequences of socie-
tal restrictions and isolation may be prevalent.

When focusing on trauma admissions in the first lockdown,
Waseem et al. published a scoping review including 57 studies on
trauma patients during national COVID-19-related lockdowns com-
pared with previous years and found a global reduction in trauma
admissions ranging from 20.3% to 84.6%. In their review, the mech-
anism of injury analysis showed a lower proportion of traffic injuries
and increases in assault and incidents at home during the lockdown. A
nationwide study from Norway compared all injuries from a national
registry of emergencies in the 3 weeks of lockdown to three prior
weeks in 2020 and found a 43.4% reduction in overall admissions.
Our numerical but not statistically significant reduction in trauma ad-
missions in the first month of lockdown was smaller than at other major
trauma centers. The absolute decrease of trauma patients (7.5 patients)
and traffic injuries combined (10.5 patients) were limited and therefore
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TABLE 4 Mechanism of injury in
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- 2018 and 2019,

\t/\};i(tehf I:Z:el:’;:S:::ré?ﬁ?nc;gﬁi:g 19 Mechanism of injury average n (%) 2020, n (%) Risk ratio (95% Cl)

(13 March to 13 April) Total 49.5 42
Traffic injuries combined?® 28.5 (57.6) 18 (42.9) 0.74 (0.50-1.10)
Fall 13.5(27.3) 14 (33.3) 1.22(0.72-2.09)
Horse 2 (4.0) 4 (9.5) 2.36 (0.62-8.98)
Violence 0.5(1.0) 0(0.0) No cases in FL
Stabbing 1.5(3.0) 2(4.8) 1.57 (0.27-9.06)
Gunshot 1(2.0) 0(0.0) No cases in FL
Self-harm 0(0.0) 0(0.0) No cases in FL
Other cause” 2.5(5.1) 4(9.5) 1.89(0.53-6.68)

Abbreviations: Cl, confidence interval; FL, first lockdown.
The risk ratio with a 95% confidence interval (Cl) was calculated between 2020 and 2018-2019.
*Traffic injuries combined include road traffic collisions, motorcycle, scooter, bicycle, and

pedestrian injuries.

POther causes include crushing between objects, work injuries, and sports injuries.

hampers interpretation. A possible explanation for this could be that
fewer restrictions were imposed in Denmark compared with other
countries.””?” Comparable with our results, the incidence of severe

d'© and major injuries (ISS >12) in Australia'’

injuries (ISS >15) in Finlan
were the same during lockdown compared with earlier years.

The overall increase in trauma patients is predominantly attrib-
utable to a significant increase in minor injuries with ISS 1-15. A
possible cause for the seasonal increase in the incidence of minor in-
juries during the summer of 2020 could be the imposition of travel
restrictions and more people staying in Denmark instead of vaca-
tioning abroad. On the other hand, there was a decrease in tourists
from abroad.?® In Denmark, the incidence of severe injuries appears
to have been unaffected by the COVID-19 pandemic despite societal
restrictions, in contrast to the increase in minor injuries. Mechanism of
injuries in 2020 changed compared with 2018-2019, however, further
research is needed to study alterations in demographics and trauma
epidemiology over time in a nationwide study. Societal restrictions
might have been the explanation for the difference in mechanism of

injuries. Future studies of traffic and fall prevention are needed.

4.1 | Strengths and limitations

Strengths of this study are that the percentage of patients lost to
follow up is low and most major trauma patients in the central re-
gion of Denmark (22% of the Danish population) are admitted to
our trauma center. Furthermore, this study examined the entire
2020 compared with previous studies with shorter study periods.
Two years (2018-2019) were chosen as controls to minimize short-
term yearly fluctuations in trauma admissions. Additional years
were not included to avoid influence from long-term changes in
the incidence of injuries and demographics over time. At the or-
ganizational level, AUH-TC and the regional trauma hospitals pro-
vided full trauma service during the pandemic with no scarcity of
resources as feared. COVID-19 suspected trauma patients were

treated as all other trauma patients and only minor delays due to
personal protection equipment were reported. Even though the
TTA criteria (Table S2) and organization of trauma care did not
change in the study period (2018-2020), we cannot rule out that
emergency physicians could alter the threshold of TTA resulting
in an increase in minor injuries in 2020. The best-fitting AIS was
chosen by consensus when patients sustained injuries with am-
biguous interpretations. We do not expect any misclassification
of ISS scores to affect the results. A limitation is that fewer non-
citizens lacking a Civil Registration System number were lost to
follow up in the 2020 group (seven patients, four with 1SS >15)
compared with the 2018-2019 group (mean 17.5 patients, mean
6.5 patients with ISS >15); thus 30-day mortality might be un-
derestimated in the 2018-2019 control group. This was a single-
center study and the incidence of trauma patients with ISS >15
was limited. The percentage of patients older than 60 years was
lower at AUH-TC compared with other major Danish trauma cent-
ers.’®2? Nonetheless, the demographics and landscape are similar
to other regions in Denmark and we presume that these results
are generalizable to the Danish population. The assessment of
COVID-19’s effect on trauma admissions may be hampered by
weather conditions, registry completeness, and long-term trends
in the trauma patient population.

5 | CONCLUSION

In the COVID-19 pandemic year 2020, the incidence of minor in-
juries increased, but the incidence of severe injuries was similar
compared with 2018-2019. Societal restrictions might alter the
mechanism of injury. The study indicated that the first COVID-19-

related lockdown was associated with a reduction in traffic injuries.
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