European Journal of Trauma and Emergency Surgery (2022) 48:2999-3009
https://doi.org/10.1007/500068-022-01891-5

ORIGINAL ARTICLE q

Check for
updates

Impact of the SARS-CoV-2 pandemic on trauma care: a nationwide
observational study

Mitchell L. S. Driessen'® - Jan C. van Ditshuizen? - Job F. Waalwijk® - Gerrita van den Bunt' - Frank F. A. IJpma* .
Inge H. F. Reininga® - Audrey A. Fiddelers? - Karin Habets® - Paulien C. M. Homma’ - Marleen H. van den Berg® -
Frank W. Bloemers® - Inger B. Schipper'® - Luke P. H. Leenen'" - Mariska A. C. de Jongh'?

Received: 11 November 2021/ Accepted: 21 January 2022 / Published online: 8 February 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany 2022

Abstract

Purpose The SARS-CoV-2 pandemic severely disrupted society and the health care system. In addition to epidemiologi-
cal changes, little is known about the pandemic’s effects on the trauma care chain. Therefore, in addition to epidemiology
and aetiology, this study aims to describe the impact of the SARS-CoV-2 pandemic on prehospital times, resource use and
outcome.

Methods A multicentre observational cohort study based on the Dutch Nationwide Trauma Registry was performed. Charac-
teristics, resource usage, and outcomes of trauma patients treated at all trauma-receiving hospitals during the first (W1, March
12 through May 11) and second waves (W2, May 12 through September 23), as well as the interbellum period in between
(INT, September 23 through December 31), were compared with those treated from the same periods in 2018 and 2019.
Results The trauma caseload was reduced by 20% during the W1 period and 11% during the W2 period. The median length
of stay was significantly shortened for hip fracture and major trauma patients (ISS >16). A 33% and 66% increase in the
prevalence of minor self-harm-related injuries was recorded during the W1 and W2 periods, respectively, and a 36% increase
in violence-related injuries was recorded during the INT. Mortality was significantly higher in the W1 (2.9% vs. 2.2%) and
W2 (3.2% vs. 2.7%) periods.

Conclusion The imposed restrictions in response to the SARS-CoV-2 pandemic led to diminished numbers of acute trauma
admissions in the Netherlands. The long-lasting pressing demand for resources, including ICU services, has negatively
affected trauma care. Further caution is warranted regarding the increased incidence of injuries related to violence and
self-harm.

Keywords SARS-CoV-2 - Impact - Trauma - Pandemic - Outcome

Introduction

The first SARS-CoV-2 case in the Netherlands was reported
on February 27, and on March 12, the Dutch government
declared a national lockdown. The Dutch National Coordi-
nation Center for Patient Distribution (LCPS) was quickly
instated to facilitate the transfer of SARS-CoV-2 infected
patients across the Netherlands. With the national dispersion
of SARS-CoV-2 infected patients, the LCPS sought to avoid
a locoregional surge of capacity and minimize the impact
on acute and elective non-COVID-19 care in more severely
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affected regions. Relatively quick virus containment was
realized, and most measures were revoked by the second
week of May; consequently, LCPS scaled down its opera-
tions. However, due to increasing numbers of SARS-CoV-2
infections, reinstatement of (lockdown) restrictions and reac-
tivation of LCPS were required by the end of September,
without signs of relief at the end of the year.

During these 2020 outbreak periods, two main circum-
stances might have impacted the trauma population and
provided care. First, the lockdown policies that were set
to mitigate the propagation of the virus could have shifted
the epidemiological characteristics of hospitalized trauma
patients. Previous studies have shown widespread epidemio-
logical and aetiological changes in trauma care [1], late-
onset presentation of common medical conditions [2, 3],
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and higher surgical morbidity in patients with a concomitant
SARS-CoV-2 infection [4]. Second, SARS-CoV-2 drasti-
cally changed the demand for health care services, resulting
in a redistribution of material and personnel [5, 6]. This also
impacted (clinical) outcomes of patients. Previous research
suggested that due to a shortage of ICU beds, a specific
group of patients was less likely to be admitted to the ICU
for observation, which has impacted outcomes [7].

The currently available international literature mostly
concerns single centre studies with small sample sizes that
cover the first infectious outbreak [8—16]. A comprehensive
national study that evaluates the changes in trauma epidemi-
ology and care for the trauma population in its entirety over
multiple outbreaks is lacking. Such a study can offer valu-
able information on how to manage the continuity of trauma
care during future pandemics or other extreme conditions.

This study aims to better understand how the SARS-
CoV-2 pandemic, with subsequent public health care and
other societal constraints, has epidemiologically impacted
trauma patient characteristics, prehospital times, resource
use, trauma care and outcomes on a national scale.

Methods
Setting

The study was performed according to STROBE guidelines
for observational studies [18]. We performed a nationwide,
multicentre, retrospective observational cohort study. Patient
characteristics, trauma aetiology, ICU resource use and clini-
cal outcomes of trauma patients were compared.

The Netherlands encloses approximately 41,500 km?, has
approximately 17.4 million inhabitants, and approximately
71,623 people were admitted into the hospital as trauma
patients in 2020. All acutely admitted trauma patients regis-
tered between weeks 2 and 52 of 2018, 2019 and 2020 were
included. LCPS was established on March 12 and scaled
down its operations gradually to a surveillance level by May
11. This period marks the first wave of SARS-CoV-2 infec-
tions in the Netherlands and will be referred to as Wave 1
(W1). By September 23, the LCPS was reinstated due to
a second wave of SARS-CoV-2 infections throughout the
Netherlands. This period was marked until December 31
and will be referred to as Wave 2 (W2). The period in which
the LCPS acted on a surveillance level is referred to as the
interbellum (INT).

To account for seasonal influences on trauma patients’
characteristics and aetiology, the reference periods for the
first wave (RW1), the second wave (RW2) and the interbel-
lum (RINT) were established based on the same period in
2018-2019 combined. The main outcomes were measured
as in-hospital mortality and 30-day (30 D) mortality.
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Data collection

Data were extracted from the Dutch National Trauma Reg-
istry (DNTR) [19]. The DNTR prospectively documents all
injured patients who were directly admitted to a hospital
through the emergency department (ED) within 48 h after
trauma, regardless of their age, injury location, and sever-
ity. Patients without vital signs upon arrival at the ED were
excluded. Moreover, patients transferred within 48 h after
the incident are likely to be registered twice. Therefore,
those transferred to another hospital after ED treatment
were excluded.!® The DNTR dataset includes the Utstein
template items for uniform reporting of data following major
trauma and covers 100% of the trauma-receiving hospitals
in the Netherlands [19]. Injuries are coded by trained data
registrars according to the Abbreviated Injury Scale (AIS)
2005 update 2008 [20].

Populations

Subgroup analyses were performed for (1) patients with
minor injuries defined as injuries with an injury severity
score (ISS) [21] of 8 or less, (2) patients who sustained a
hip fracture and had an ISS <15 and (3) major trauma (MT)
patients, which were defined as having an ISS of 16 and
higher.

Transport times

Differences in prehospital trauma care were assessed based
on median prehospital transport times and the number of
actual dispatches of Dutch mobile medical teams (MMTs) to
provide prehospital on-scene medical assistance for severely
injured patients [22]. Ambulance dispatches were catego-
rized in four time intervals: response time (a) was defined
as the time required for emergency medical services (EMS)
to arrive at the scene of an accident; on-scene time (b) was
defined as the time spent on scene by EMS professionals;
transport time (c) was defined as the time from departing
the scene to arrival at the hospital; total prehospital time (d)
was defined as the total time between an emergency call and
arrival at the hospital.

Statistical analysis

Categorical data are described as numbers (percentages) and
were compared using a chi-squared test. Continuous data are
expressed as the mean (standard deviation (SD)) or median
(interquartile range, IQR, 25th—75th percentile) for normally
or non-normally distributed variables, respectively, and were
compared using a t test or a Wilcoxon-Mann—Whitney test,
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as appropriate. A p value of <0.05 was considered signifi-
cant. Valid percentages were used, excluding missing values.
The number of missing values per variable is listed in Sup-

plemental Material Table 1.

The number of patients registered each week in 2020 was
recorded as the observed (O) volume. The average num-
ber of patients registered each week in 2018 and 2019 was

recorded as the expected (E) volume. Thereafter, the O was

Table 1 Patient characteristics of those admitted during the first and second SARS-CoV-2 waves, the interbellum period, and their respective
reference periods from 2018 and 2019

2020 2018/2019
Wave 1 (W1) N (%) Interbellum (INT) Wave 2 (W2) N (%) Reference Wave Reference Inter- Reference
N (%) 1 RWI)N (%) bellum (RINT) Wave 2 (RW2)
N (%) N (%)
Total included, n 12,184 25,506 17,455 30,430 51,196 39,165
Weekly admissions, n 1523 1342 1247 1902 1347 1399
Male gender, n (%) 6097 (50.0) 13,015 (51.0) 8402 (48.1) 15,274 (50.2) 25,753 (50.3) 20,165 (48.5)
Median age (IQR)
Overall 67 (34-81)* 63 (27-80) 69 (35-83) 63 (27-81) 63 (27-80) 67 (33-82)
Minor injury 50 (10-74) 46 (12-73) 51 (13-76)! 47 (12-73) 47 (12-73) 51 (16-76)
Hip fracture 81 (72-87) 80 (72-87)% 81 (73-88) 81 (72-87) 81 (72-87) 81 (72-88)
ISS>16 58 (36-74) 57 (34-74) 61 (37-76) 58 (35-75) 58 (34-74) 59 (36-75)
Median ISS (IQR) 3 (2-6)* 3 (2-7.75)% 32-7f 3(2-8) 3(2-7) 3(2-8)
Blunt trauma, n (%) 10,994 (95.8)* 23,023 (96.1) § 15,593 (96.8) 27,931 (97.0) 46,620 (96.7) 35,679 (97.0)
Minor injuries, n (%) 6140 (50.4)* 13,856 (54.3) 8797 (50.4)* 17,396 (57.2) 28,875 (56.4) 21,384 (54.6)
Hip fracture, n (%) 3183 (26.7)* 5677 (22.6)* 4645 27.1) * 6801 (22.4) 11,116 (21.8) 9380 (24.1)
ISS>16
Number, n (%) 739 (6.1)* 1599 (6.3)* 1037 (5.9)* 1704 (5.6) 3074 (6.0) 2237 (5.7)
ICU admission, n 342 (46.3)* 894 (55.9) 513 (49.5) 918 (53.9) 1706 (55.5) 1189 (53.1)
(%)
Median ICULOS 3 (2-6) 3 (2-1.75) 3 -7 3(2-8) 31-7) 3(2-8)
(IQR)
Respiratory sup- 175 (58.9)* 413 (52.9) 255 (56.4) 342 (43.4) 662 (45.6) 499 (47.4)
port, n (%)
Median hospital LOS
(IQR)
Overall 4 (2-7) 302-7)% 4 (2-8) 3(2-7) 3(2-7) 4 (2-8)
Minor injury 2 (24) 20248 2 (-4 2 (2-4) 2 (24) 2 (2-4)
Hip fracture 6 (5-9)* 6 (5-9)% 7 (5-10)* 7 (5-10) 7 (5-10) 7 (5-10)
ISS>16 6 (4-9)* 7 (3-14) 6 (4-9)* 5(3-9) 7 (3-15) 54-9)
Mortality, n (%)
Overall 357 (2.9)* 582 (2.3) 560 (3.2)F 692 (2.2) 1165 (2.3) 1053 (2.7)
Minor injury 63 (1.0)* 69 (0.5)% 85 (1.0) 119 (0.7) 196 (0.7) 183 (0.8)
Hip fracture 111 (3.5) 151 (2.7) 171 (3.7) 199 (2.9) 304 (2.7) 313 (3.3)
ISS>16 132 (17.9) 282 (17.6) 215 (20.7) 290 (17.0) 488 (15.9) 393 (17.6)
30-Day mortality,
n (%)
Overall 574 (4.7)* 929 (3.6) 908 (5.2)" 1090 (3.6) 1778 (3.5) 1650 (4.2)
Minor injury 116 (1.9)* 164 (1.2) 173 (2.0) 226 (1.3) 344 (1.2) 369 (1.7)
Hip fracture 216 (6.8)* 330 (5.8) 353 (7.6)F 402 (5.9) 639 (5.7) 606 (6.4))
ISS>16 154 (20.8) 309 (19.3) 239 (23.0) * 312 (18.3) 546 (17.8) 428 (19.1)

ISS Injury Severity Score, LOS length of stay

*1st Wave (W1) differs significantly (p value <0.05) from its reference period (RW1) in 2018 and 2019 combined
$Tnterbellum period (INT) differs significantly (p value <0.05) from its reference period (RINT) in 2018 and 2019 combined
*2nd Wave (W2) differs significantly (p value <0.05) from its reference period (RW2) in 2018 and 2019 combined
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divided by the E computing the O/E ratio. An O/E ratio< 1
indicates that the volume in that specific week of 2020 was
lower than expected, and an O/E ratio> 1 indicates a higher
volume than expected. Four-week rolling averages of O/E
ratios were used to prevent 1-week-outlier artefacts. Statisti-
cal analyses were performed using IBM SPSS Statistics for
Windows, Version 24.0. Armonk, NY: IBM Corp [23].

Results
Acute trauma admissions

In W1, a total of 12,184 acute trauma admissions were
recorded in the DNTR (i.e., 1523 admitted trauma patients
per week on average). This result resembles a decrease of
20% compared to the 30,430 acute trauma admissions during
RWI (i.e., 1902 admitted weekly on average). The decreased
number of acute trauma admissions resolved during INT,
with a total of 25,506 acute trauma admissions (i.e., 1342
admissions per week), compared to the 51,196 patients (i.e.,
1347 admissions per week on average) during RINT. In W2,
the number of acute trauma admissions dropped by 10.8%, to
a total of 17,455 patients (i.e., 1247 admissions per week),
compared to the 39,165 patients (i.e., 1399 admissions per
week on average) during RW2 (Table 1).

Patient’s characteristics

During W1 and W2, the median age of trauma patients
tended to be higher, with 67 years (IQR 34-81) and 69 years
(IQR 35-83) compared to 63 years (IQR 27-81) and 67 years
(IQR 33-82) in RW1 and RW2, respectively (Table 1). The
median ISS was significantly lower during W1 and W2, with
3 (IQR 2-6) during W1 and 3 (IQR 2-7) during W2 vs.
3 (IQR 2-8) during both RW1 and RW2 (»p <0.001). Dur-
ing W1 and W2, injuries were less frequently of the blunt
type (n=10,994 (95.8%)) and (n=15,593 (96.8%) versus
(n=27,931 (97.0%)) and (n=35,679 (96.7%)), (p <0.001)
(Table 1). Otherwise, there were no notable differences in
patient characteristics. The weekly observed/expected ratios
for patients with minor injuries, hip fractures and MT are
displayed in Fig. 1.

Injury cause

Among trauma patients with ISSs of 1-15 and 16-24, the
prevalence of sports-related injuries decreased by 45% and
29%, respectively, during the W1 period (Table 2). In con-
trast, the prevalence of sports-related trauma patients with an
ISS > 25 increased by 21% and 22% in W1 and W2, respec-
tively, compared to the reference periods.

@ Springer

During the W1 and W2 we recorded a decrease in the
prevalence of injuries due to road traffic accidents (RTAs)
between 27% and 29%, 3% and 22%, and 11% and 23%
in respectively the ISS 1-15, 16-24 and > 25 categories,
respectively. Compared to RW1, injuries inflicted by vio-
lence decreased during W1 by 30%, 44% and 48% in the
ISS 1-15, ISS 1624 and > 25 categories, respectively. Com-
pared to the reference period, injuries due to interpersonal
violence increased during INT in all injury severity catego-
ries, ranging from a 12% increase in the ISS >25 category
to a 52% increase in the ISS 15-24 category. During W2,
injuries resulting from interpersonal violence graded as an
ISS between 1-15 and ISS equal to or above 25 decreased
by 7% and 32%, respectively, compared to RW2.

The prevalence of injuries due to self-harm increased in
all 2020 periods and for every ISS category, ranging from
5% up to 9%. The prevalence of self-harm related in the
ISS 16-24 category increased by 6% during the W1 and
decreased by 36% and 21% in the INT and W2. In contrast
to those decreases the prevalence of severe self-harm related
injuries (ISS >25) increased by 41% and 26% during the
INT and W2 periods, respectively.

Minor injuries

During W1, a29.4% (6140 vs. 17,396) decrease in the total
number of trauma patients admitted with minor injuries
(ISS <8) was recorded. During INT and W2, decreases of
4% (13,856 vs. 28,875) and 17.7% (8797 vs. 31,284), respec-
tively, compared to the reference periods, were recorded
(Table 1). Compared to the respective reference periods,
the in-hospital mortality of patients with minor injuries sig-
nificantly increased from 0.7% (n=119) in RW1 to 1.0%
(n=63) in W1 (p=0.009) and significantly decreased during
INT 0.5% (n=69) vs. 0.7% (n=196) in RINT (p=0.025).
Compared to RW1, we recorded a significant decrease
(20.8%) in the frequency of patients discharged to nursing
homes. Consequently, the number of patients discharged to
their homes and rehabilitation centres increased by 5.7% and
3.8%, respectively (Table 3).

Hip fractures

The total number of trauma patients admitted with a hip
fracture decreased by 6.4% (3183 vs. 6801) during W1
and 1.0% (4645 vs. 9380) during W2 compared to their
respective reference periods RW1 and RW2 (Table 1). A
2% (5677 vs. 11,116) increase was recorded during INT.
The median length of stay for hip fracture patients was
significantly shortened during all periods in 2020, with
6 days (IQR 5-9) during W1 and INT and 7 days (IQR
5-10) during W2 (p = <0.001) (Table 1). The in-hospi-
tal mortality of patients admitted after sustaining a hip
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fracture was similar during the W1, INT and W2 compared
to the respective reference periods. However, the 30-day
mortality increased significantly during both SARS-CoV-2
periods, namely, 6.8% (n=216) vs. 5.9% (n=402) during
W1 (p=0.009) and 7.6% (n=1353) vs. 6.4% (n=606) dur-
ing W2 (p= <0.001). Compared to the respective refer-
ence periods, hip fracture patients were 11.6%, 12.8% and
6.2% less frequently discharged to nursing homes during
W1, INT and W2 (Table 3). Moreover, the number of hip
fracture patients discharged to their own homes increased
by 26.7% in W1, 4.0% in INT, and 7.1% in W2 compared
to the respective reference periods.
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Major trauma patients

Compared to the reference periods, a 13.3% (739 vs.
1704) and a 7.3% (1037 vs. 2237) decrease in MT patients
was recorded during W1 and W2. In contrast, there was
a 4% (1599 vs. 3074) increase in MT patients who were
admitted throughout INT (Table 1). Hospital length of
stay (LOS) was lengthened during both waves, with a
median duration of 6 days (IQR 4-9) compared to 5 days
(IQR 3-9) and 5 days (IQR 4-9) in the reference peri-
ods. ICU admission decreased for MT patients. During
W1, 46.3% (n=342) of MT patients were admitted to
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Table 2 Trauma causes per injury severity subgroup, for those admitted during the first and second SARS-CoV-2 waves, the interbellum period

and during their respective reference periods from 2018 and 2019

2020 2018/2019
Wave 1 (W1) N (%) Interbellum (INT) N (%) Wave 2 (W2) N (%) Reference Reference Inter-  Reference
Wave 1 (RW1) bellum (RINT) Wave 2 (RW2)
N (%) N (%) N (%)
ISS 1-15
Sports 509 (4.7) 1411 (6.3) 852 (5.6) 1835 (6.8%) 2583 (5.8) 1991 (5.8)
RTA 1990 (20.3) 4942 (22.2) 2481 (16.4) 5614 (21.0) 10,361 (23.2) 6844 (20.2)
Home and leisure 7594 (70.9) 14,620 (65.3) 10,958 (72.5) 17,787 (66.5) 29,140 (65.3) 23,292 (68.3)
Work 352 (3.3) 583 (2.6) 483 (3.2) 814 (3.0) 1359 (3.0) 1085 (3.2)
Violence 181 (1.7) 498 (2.2) 235 (1.6) 519 (1.9) 892 (2.0) 693 (2.0)
Self-harm 86 (0.8) 159 (0.7) 109 (1.0) 164 (0.6) 293 (0.7) 206 (0.6)
ISS 1624
Sports 25 (5.5) 69 (7.6) 32(5.5) 70 (7.1) 114 (6.6) 65 (5.1)
RTA 194 (42.6) 400 (44.3) 211 (36.5) 401 (40.8) 779 (45.6) 542 (42.5)
Home and leisure 178 (39.1) 334 (37.0) 271 (46.9) 381 (38.8) 636 (37.2) 530 (41.5)
Work 30 (6.6) 41 (4.5) 30 (5.2) 62 (6.3) 71 (4.2) 61 (4.8)
Violence 9 (2.0) 41 (4.5) 21 (3.6) 32 (3.3) 54 (3.2) 45 (3.5)
Self-harm 19 (4.2) 18 (2.0) 13 (2.2) 36 (3.7) 56 (3.3) 33 (2.6)
1SS 25-70
Sports 13 (4.7) 28 (4.1) 20 (4.5) 27 (4.1) 46 (3.8) 30 (3.4)
RTA 105 (38.0) 293 (43.7) 152 (34.6) 271 (41.9) 515 (43.1) 343 (39.2)
Home and leisure 121 (43.8) 228 (34.0) 191 (43.5) 252 (38.9) 445 (37.2) 358 (41.0)
Work 10 (3.6) 40 (6.0) 18 (4.1) 30 (4.6) 65 (5.4) 41 (4.7
Violence 6(2.2) 30 (4.5) 15 (3.4) 23 (3.6) 50 (4.2) 34 (3.9)
Self-harm 21 (7.6) 52(7.7) 43 (9.8) 44 (6.8) 74 (6.2) 68 (7.8)

1SS Injury Severity Score, RTA road traffic accident

Table 3 Discharge destination for those who endured minor injuries, hip fractures and major trauma and were admitted during the first and sec-

ond SARS-CoV-2 waves, the interbellum period, and their respective reference periods from 2018 and 2019

2020 201872019
Wave 1 (W1) N (%) Interbellum (INT) Wave 2 (W2) N (%) Reference Wave Reference Inter- Reference
N (%) 1 (RWI)N (%) bellum (RINT) Wave 2 (RW2)
N (%) N (%)
Minor injury
Own home 5047 (83.0) 11,246 (81.6) 6876 (78.9) 13,662 (78.5) 22,894 (79.8) 16,396 (76.7)
Nursing home 237 (3.8) 560 (4.1) 440 (5.0) 833 (4.8) 1241 (4.3) 1051 (4.9)
Rehabilitation 332 (5.5) 891 (6.5) 653 (7.5) 926 (5.3) 1423 (4.9) 1371 (6.5)
centre
Hip fractures
Own home 1339 (45.1) 2152 (38.9) 1749 (39.1) 2423 (35.6) 4041 (37.4) 3310 (36.5)
Nursing home 584 (19.7) 1014 (18.3) 888 (19.8) 1473 (22.3) 2272 (21.0) 1915 (21.1)
Rehabilitation 910 (30.6) 1816 (32.9) 1412 (31.6) 1762 (26.7) 3018 (27.9) 2632 (29.0)
centre
ISS>16
Own home 319 (52.5) 700 (53.1) 433 (52.7) 709 (50.1) 1246 (48.2) 862 (46.7)
Nursing home 25 (4.1) 57 (4.3) 44 (5.4) 82 (5.8) 162 (6.3) 121 (6.6)
Rehabilitation 122 (20.1) 251 (19.1) 156 (19.0) 232 (16.4) 412 (15.9) 333 (18.1)
centre

1SS Injury Severity Score
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the ICU, and 49.5% (n=1513) were admitted during W2,
compared to 53.9% (n=918) and 53.1% (n=1189) in the
respective reference periods. Moreover, ICU length of
stay (ICU LOS) was shortened. Compared to a median
ICU LOS of 3 days (IQR 2-8) in all reference periods,
we recorded a median ICU LOS of 3 days (IQR 2-6) and
3 days (IQR 2-7) during W1 and W2, respectively. Com-
pared to the respective reference periods, the percentage
of ICU-admitted MT patients who received respiratory
support increased by 15.5% during W1, 7.3% during INT,
and 9% during W2. Although MT patient in-hospital mor-
tality was higher for all 2020 periods, a significant dif-
ference was only found during W2. In-hospital mortality
increased 3.1% (p=0.031), and 30D mortality increased
3.9% (p =0.001) compared to RW2 (Table 1). Compared
to the respective reference periods, MT patients were
29.3%, 31.7% and 18.2% less frequently discharged to
nursing homes during W1, INT and W2 (Table 3). Moreo-
ver, the number of patients discharged to their own homes
increased by 4.7% in W1, 10.2% in INT, and 12.8% in W2
compared to the respective reference periods.

Transport times

The majority of patients were transported by ambulance,
and this proportion significantly increased to 78.3% during
both W1 and W2 (Table 4). In comparison to the reference
periods, mobile medical teams (MMTs) were significantly
less frequently dispatched during all 2020 periods. In con-
trast, transport by EMS increased during these periods. The
response time was significantly different during both INT
and W2, with a median of 9 min (IQR 6-13) compared to
9 min (IQR 6—12). Furthermore, the median on-scene time
significantly increased during W1 (20 min (IQR 14-27))
vs. (19 min (IQR 14-26)), INT (20 min (IQR 14-26)) vs.
(19 min (IQR 14-25)) and W2 (21 min (IQR 15-28)) vs.
(20 min (IQR 15-26)). Compared to the historical data, the
transport time was only lengthened during W2 (18 min (IQR
12-25)) vs. (17 min (IQR 1224)). Consequently, the total
prehospital time was significantly longer for all periods in
2020: 54 min (IQR 44-65) during W1, 53 min (IQR 43-64)
during INT, and 54 min (IQR 45-66) during W2. The total
emergency room treatment time was significantly shorter
during W1 (163 min (IQR 115-220)) vs. (171 min (IQR
122-232)) and INT (167 min (IQR 118-225)) vs. (173 min
(IQR 123-234)).

Table 4 Transport measures and median transport times for those admitted during the first and second SARS-CoV-2 waves, the interbellum

period, and their respective reference periods from 2018 and 2019

2020 2018/2019
Wave 1 (W1) N (%) Interbellum (INT) Wave 2 (W2) N (%) Reference Wave Reference Inter- Reference
N (%) 1 (RWI)N (%) bellum (RINT) Wave 2 (RW2)
N (%) N (%)
MMT at the scene 152 (20.8)* 332 (20.9)% 205 (19.9) 416 (25.0) 735 (24.5) 510 (23.3)
for major trauma
patients (%)
Major trauma patients 509 (68.9) 1106 (69.2) 699 (67.4) 1195 (70.0) 2060 (67.0) 1483 (66.3)
directly transported
to MTC
Ambulance transpor- 9011 (78.3)* 18,360 (75.5) 13,147 (78.3) * 21,427 (73.4) 36,607 (74.3) 28,668 (76.2)
tation (%)
Median response time 9 (6-12) 9 (6-13)" 9 (6-13)* 9 (6-12) 9 (6-12) 9 (6-12)
(IQR)
Median transport 18 (12-24) 18 (12-25) 18 (12-25)* 18 (12-25) 18 (12-25) 17 (12-24)
time (IQR)
Median on scene time 20 (14-27)* 20 (14-26)° 21 (15-28)* 19 (14-26) 19 (14-25) 20 (15-26)
(IQR)
Median total pre- 54 (44-65)* 53 (43-64)° 54 (45-66)" 51 (41-63) 51 (41-63) 52 (42-64)

hospital time (IQR)
Median total time of
ER treatment (IQR)

163 (115-220)* 167 (118-225)

174 (125-233)

171 (122-232) 173 (123-234) 174 (124-234)

MMT mobile medical team, MTC major trauma centre, ER emergency room

*Wave 1 (W1) differs significantly (p value <0.05) from its reference period (RW1) in 2018 and 2019 combined
$Tnterbellum period (INT) differs significantly (p value <0.05) from its reference period (RINT) in 2018 and 2019 combined
*Wave 2 (W2) differs significantly (p value <0.05) from its reference period (RW2) in 2018 and 2019 combined
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Discussion

We demonstrated that SARS-CoV-2-induced social
restrictions have impacted the number and epidemiologi-
cal characteristics of the hospitalized trauma population.
Moreover, the pandemic has led to organizational changes
and medical resource shortages that have impacted the
entire acute trauma care chain, potentially affecting
patient outcomes. In this national study, we made the fol-
lowing observations that should be considered in prepara-
tion for future pandemic peaks.

Trauma aetiology

Staying at home is perceived to reduce the risk of becom-
ing injured, as individuals may otherwise be exposed to
potentially unsafe traffic and working situations or run the
risk of interpersonal violence. Not surprisingly, compared
to years prior to the SARS-CoV-2 pandemic, the number
of acute trauma admissions was reduced by approximately
20% during the first and 11% during the second infec-
tious wave in the Netherlands. However, this apparent
reduction in trauma caseload was counterbalanced by a
steady flow of elderly admitted with hip fractures and MT
patients [8, 24-26]. The restrictions reduced the number
of injuries due to sports; however, they did not prevent
people from becoming seriously injured or from falling
at home.

Another development of interest was the increase in
the incidence of penetrating trauma. No specific analysis
was performed in this study; however, penetrating injuries
are most commonly a result of person-to-person violence
outside of their own home or related to self-harm [27].
Multiple SARS-CoV-2-related stressors, such as isolation,
quarantine, fear and uncertainty, economic fallout, social
abuse or violence, might have resulted in increased vul-
nerability to automutilation and suicidal behaviour [28].
Therefore, the 41% and 26% increase frequency of minor
(ISS < 15) self-harm-related injuries during the respective
first and second waves and the 37% increase in violence-
related severe injuries (ISS > 16) during the interbel-
lum are worrisome. Unfortunately, we are not the first
to report this, and increased numbers of injuries result-
ing from self-harm during the periods of lockdown were
found in France [10, 11], the UK [12, 13], Australia [14,
15] and the US [16, 17]. Preparing for indefinite periods
of social restrictions that may lie ahead, policy-makers
might want to take precautionary measures to identify
and protect those that pose the highest risk of self-harm or
domestic abuse and consider additional funding towards
mental health services to meet demand.

@ Springer

Trauma care

The unprecedented strain of the SARS-CoV-2 pandemic
has impacted the health care system in various ways, with a
detrimental impact on trauma care. The number of elderly
patients with hip fractures has remained consistent with the
pre-SARS-CoV-2 era; however, an increase in mortality was
found for the hip fracture population. This increase could
be attributed to multiple factors. First, these patients were
particularly more vulnerable during the SARS-CoV-2 pan-
demic. Both older age and comorbidities are triggers for an
increased risk of infection or mortality caused by SARS-
CoV-2 [29, 30]. The literature reports an in-hospital mortal-
ity rate of approximately 30% for hip fracture patients with
a concomitant SARS-CoV-2 infection [4]. Second, there is
compelling evidence that early surgery, prompt orthogeri-
atric care and early postoperative ambulation improve out-
comes for patients with hip fractures [31, 32]. Our results
illustrate that an accelerated care pathway was adopted to
shorten the length of hospital stay. However, shortening
of hospital length of stay may have led to a suboptimal or
unsafe level of recovery before discharge. Third, nursing
homes and rehabilitation centres were inadequately prepared
to protect their health care workers and patients from infect-
ing each other with SARS-CoV-2. During the first wave,
the latter was the case in the Netherlands, as the scarcity of
appropriate protective equipment allegedly caused several
local outbreaks in nursing homes. The decreased number of
patients discharged to nursing homes suggests a response to
suboptimal conditions. However, further study is needed to
investigate whether these elements have led to unfavourable
outcomes for trauma patients admitted after a sustained hip
fracture.

Similar to patients with a hip fracture, the number of MT
patients has remained substantial, demonstrating the neces-
sity to retain fully functional trauma teams, operating rooms,
and especially the availability of ICU beds when planning
for future epidemics. Severely injured patients highly rely on
the availability of emergency services and immediate access
to specialized care, including ICUs. The pressing demand
on ICU facilities during the first infectious peak has had
a detrimental impact on patients with minor to moderate
traumatic brain injuries [7]. Patients without an obvious ICU
indication (e.g., forced by conditions such as prehospital
intubation or with a low Glasgow Coma Score) were denied
access to the ICU and instead were closely monitored so that
any deterioration could be quickly identified, which might
have led to more favourable outcomes.

Prehospital care

The SARS-CoV-2 pandemic has affected emergency medi-
cal services in different ways. Social distancing and working
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from home resulted in fewer people on the roads, leading
to shortened total EMS prehospital times. However, the
increased demand induced by the SARS-CoV-2 pandemic
and the subsequent mandatory infection prevention meas-
ures could elongate the total EMS prehospital time. A study
from the US did not find differences in total prehospital
time during the SARS-CoV-2 pandemic compared to 2019,
even though transport time was significantly shorter dur-
ing the pandemic [33]. Among the Dutch trauma popula-
tion, the prehospital EMS times were significantly longer
in all 2020 time periods. An increased on-scene time was
the main cause of the elongated total prehospital time. This
increase, in turn, could be a potential cause of the recorded
increased mortality because there is compelling evidence
that a longer on-scene time is associated with increased
mortality [34]. More specifically, an on-scene time greater
than 20 min increases the relative risk of mortality within
24 h by 1.797 (1.406-2.296) compared to those with an on-
scene time of less than 20 min [34]. However, the changes in
transportation times found in this study are not indisputable.
First, the reported association of increased on-scene times
with mortality originates from the trauma population with
an ISS of 9 and higher. Second, in approximately 40% of
the cases included in our study, prehospital transport times
were missing.

Strengths and limitations

National coverage is markedly important when evaluating
trauma care during a pandemic. In contrast to other regional
or single centre studies [10, 12—17], this study included all
trauma patients admitted to a trauma-receiving hospital in
the Netherlands, regardless of the type or severity of the
injury. Another major strength is that this study demon-
strates trends in trauma care and effects on outcome during
multiple phases of the SARS-CoV-2 pandemic and compares
it with historical data prior to the SARS-CoV-2 pandemic.
This study also has limitations. A coinciding SARS-CoV-2
infection is likely to negatively affect outcomes after trauma.
Unfortunately, the cause of death or SARS-CoV-2 infection
status of trauma patients is not documented in the DNTR.
Another limitation is missing data, as shown in the supple-
mental materials.

Conclusion

Imposed restrictions of individuals’ movements and activi-
ties in response to the SARS-CoV-2 pandemic led to fewer
acute trauma admissions in the Netherlands. We observed
that the trauma population was older on average and more
frequently concerned with penetrating injuries, and the dura-
tion of hospital admission was shortened for vulnerable

subgroups. The long-lasting pressing demand for resources,
including ICU services, has negatively affected trauma care.
Further caution is warranted regarding the increased inci-
dence of injuries related to violence and self-harm.
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