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Health Care Implications of the COVID-19 Pandemic for Patients with Severe Traumatic

Brain Injury—A Nationwide, Observational Cohort Study
Clemens Weber1,4, David Werner1, Kenneth Thorsen2,3,5, Kjetil Søreide3,5
-BACKGROUND: Containment measures during the
coronavirus disease of 2019 (COVID-19) pandemic have
resulted in a substantial reduction in treatment of injury.
The effect of the COVID-19 pandemic on the epidemiology
and mortality of severe traumatic brain injury on a national,
population-based level is unknown.

-METHODS: Data on all patients with severe traumatic
brain injury between 2017 and 2020 were retrieved from
the National Trauma Registry of Norway. The study cohort
was derived from the pandemic period (March 12 to
December 31, 2020) and the control cohort from the pre-
pandemic years 2017 to 2019. The outcome measures were
30-day mortality, in-hospital mortality, and discharge
destination.

-RESULTS: This study included 522 trauma patients with
severe traumatic brain injury, 387 (74.1%) in the prepan-
demic and 135 (25.9%) in the pandemic period. Length of
stay increased significantly during the pandemic period (4
vs. 3 days; P [ 0.014). The 30-day mortality rate was 39%
(n [ 149) in the prepandemic versus 38% (n [ 52)
pandemic period (P[ 0.998). In-hospital mortality was 33%
(n [ 128) in the prepandemic versus 33% (n [ 44) in the
pandemic period (P [ 0.920). There were no statistically
significant differences in discharge destination besides the
number of patients discharged to home in the pandemic
period (P [ 0.003). When adjusted for clinical relevant
factors such as age, gender, and head injury severity, the
mortality outcomes did not change during the pandemic
period.
Key words
- COVID-19
- Lockdown
- Traumatic brain injury

Abbreviations and Acronyms
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COVID-19: Coronavirus disease of 2019
GCS: Glasgow Coma Scale
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ISS: Injury Severity Score
TBI: Traumatic brain injury
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-CONCLUSIONS: The containment and lockdown mea-
sures during the COVID-19 pandemic in Norway did not
affect the number of patients or mortality of patients with
severe traumatic brain injury.
INTRODUCTION
he World Health Organization (WHO) declared a
pandemic due to the coronavirus disease of 2019 (COVID-
T19) on March 11, 2020.1 The COVID-19 pandemic had

enormous consequences on health care systems around the
world.2 To prevent a major outbreak of COVID-19 in their country
and to reduce the risk of overwhelming the Norwegian health care
system, the government of Norway announced several contain-
ment measures on March 12, 2020 with a strict lockdown until the
end of April 2020, leading to a substantial reduction in treatment
of injury in Norway.3 Schools, universities, kindergartens, shops,
and services considered nonessential were shut down. The
guidelines for the general public included hand hygiene,
keeping a distance of at least 2 m in public spaces, working
from home whenever possible, and avoiding public transport.
There were concerns that the lockdown and containment
measures may have caused negative consequences for public
health and mortality of conditions other than COVID-19.4,5

Traumatic brain injury (TBI) can be a severe condition and is
one of the leading causes of trauma-related morbidity and mor-
tality worldwide with considerable economic and social impact for
affected individuals, their families, and society.6 The management
of TBI has been identified as one of the main priority areas
in trauma research.7 Efficient and timely prehospital and
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in-hospital treatment of severe TBI is imperative to reduce
morbidity and mortality of this condition.8 A recent review, based
on smaller, mainly single-center studies, reported a significant
change in the number of people acquiring TBI and mechanisms of
injury during the pandemic.9 The effect of containment and
lockdown measures during the COVID-19 pandemic on the
epidemiology and mortality rates of severe TBI on a national,
population-based level is unknown.
The aim of this study was to evaluate the impact of the COVID-

19 pandemic on admissions, mortality rates, and discharge des-
tinations of trauma patients with severe TBI based on nationwide
data from the National Trauma Registry of Norway.

MATERIAL AND METHODS

Ethics
This research project was approved by the Regional Committee for
Medical and Health Research Ethics of Western Norway (REC-ID
143902) and Scientific Council and the patient representative of
the National Trauma Registry of Norway. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines were adhered to.10

Study Design and Period
The research design is a nationwide, observational cohort study
based on prospectively collected data from the national trauma
registry. The study period includes all patients with severe TBI
included in the National Trauma Registry of Norway between
January 1, 2017 andDecember 31, 2020. The study cohortwas derived
from the pandemic period (March 12 to December 31, 2020) and the
control cohort from the corresponding prepandemic period from
the years 2017 to 2019, for a 3:1 match between cohorts. Further
analysis was performed for the lockdown period, defined as the time
period betweenMarch 12 and April 30, 2020, and compared with the
corresponding period of the years 2017 to 2019.

Data Source
Data for this study were retrieved from the National Trauma
Registry of Norway, which is a comprehensive national database
that aims to monitor the quality of trauma treatment and to
facilitate continuous improvement of the trauma care chain in
Norway. Norway is a country in Northern Europe with a popula-
tion of approximately 5.3 million people in 2020, a median age of
39.8 years, and a life expectancy of 82.9 years. The national trauma
registry covers the entire Norwegian population for a nationwide,
publicly funded, single-payer health care system. All Norwegian
hospitals (n ¼ 38) admitting trauma patients with severe injury or
suspected severe injury are routinely delivering data to the trauma
registry, ensuring nationwide individual coverage of >95% and
about 98% data completeness of key variables.11 The core dataset
of the trauma registry is based on the Utstein template for uniform
reporting of data following major trauma.12

Study Population
All patients with severe TBI during the observation periods were
identified from the National Trauma Registry of Norway. TBI is
usually categorized into minimal, mild, moderate, and severe
according to the Head Injury Severity Scale.13 Severe TBI is usually
e2 www.SCIENCEDIRECT.com WORLD NE
defined as Glasgow Coma Scale (GCS) score between 3 and 8.14 To
include only patients with severe TBI from the database and to
exclude patients with a GCS score �9 due to other causes (i.e.,
intoxication, medical cause, etc.), the patients for this research
study were identified by the following variables: GCS score
between 3 and 8, Abbreviated Injury Scale (AIS) severity score
for head injuries of 3 or more, and Injury Severity Score (ISS) of
13 or more.14-16

Outcome Measures
The outcome measures of this study were 30-day mortality rates,
in-house mortality rates, and discharge destination after acute care
for the pandemic period in 2020 compared with the same time
periods in the 3 years before. The 30-day mortality rate was defined
as mortality rate at 30 days after injury as registered in the registry,
in-hospital mortality rate was defined as mortality rate at definite
care hospital, and discharge destination was registered after
discharge from acute treatment at the definite care hospital
(home; rehabilitation institution; other intensive or intermediate
care ward; other hospital ward; other). Further analysis for 30-day
mortality was performed for the lockdown period in March and
April 2020.

Statistical Analysis
All statistical analyses were performed with SPSS version 26.0
(IBM, Armonk, New York, USA). Medians, percentages, and
interquartile range (IQR) were used to describe the entire patient
cohort, as well as the pandemic and prepandemic cohorts. The
chi-square test was used for categorical variables. The indepen-
dent samples median test was used for continuous variables.
Binary logistic regression analysis was performed to assess the

impact of different variables on the 30-day and in-hospital mor-
tality (dependent variables) of severe TBI. The regression models
contained 4 different variables (age, gender, prepandemic/
pandemic time period, AIS head injury severity). Statistical sig-
nificance was defined as P < 0.050.

RESULTS

A total of 522 trauma patients with severe TBI were identified from
the Norwegian Trauma Registry, 387 of whom (74.1%) were in the
prepandemic time period and 135 (25.9%) in the pandemic time
period. Data completeness for all included patients in this study
was tested (98.7% for patient age; 99.7% for type, mechanism,
and intention of injury; and 100% for gender, as well as 99.7% for
all outcome variables).
Patient and injury characteristics did not differ significantly

between the pandemic and prepandemic cohorts (Table 1).
Median patient age was 53 years, and 73% of the patients were
male. There were no significant differences in injury severity
scores such as ISS, New Injury Severity Score, or distribution of
maximum AIS scores for head injuries (Table 2). Length of stay
increased significantly during the pandemic period (4 days, IQR
2�14 days, vs. 3 days, IQR 1�9 days; P ¼ 0.014).
Outcome data are presented in Table 3. The 30-day mortality rate

was 39% (n ¼ 201) for all included patients, and 149 patients (39%)
died in the prepandemic period versus 52 patients (38%) in the
pandemic period (P ¼ 0.998). Overall in-hospital mortality at
UROSURGERY, https://doi.org/10.1016/j.wneu.2022.06.066
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Table 1. Patient and Injury Characteristics of Severe Traumatic
Brain Injury

Variables All Patients Prepandemic Pandemic P Value

Number of patients 522 387 135

Age in years, median
(IQR)

53 (30e71) 52 (30.5e70.5) 55 (29e71) 0.264

Gender, number (%)

Male 379 (73%) 278 (72%) 101 (75%) 0.504

Female 1143 (27%) 109 (28%) 34 (25%)

Dominating type of
injury, number (%)

Blunt 512 (98%) 377 (98%) 135 (100%) 0.091

Penetrating 8 (2%) 8 (2%) 0

Mechanism of injury,
number (%)

RTA 177 (34%) 125 (33%) 52 (39%) 0.188

Hit by blunt object 41 (8%) 33 (9%) 8 (6%) 0.332

Low-energy fall 116 (22%) 84 (22%) 32 (24%) 0.718

High-energy fall 161 (31%) 125 (33%) 36 (27%) 0.222

Other 25 (5%) 20 (4%) 7 (4%) 0.998

Intention of injury,
number (%)

Unintentional 451 (87%) 332 (86%) 119 (88%) 0.493

Self-inflicted 38 (7%) 31 (8%) 7 (5%) 0.277

Other 28 (6%) 22 (6%) 9 (7%) 0.680

GCS at scene, median
(IQR)

4 (3e6) 4 (3e6) 4 (3e6) 0.643

GCS in ED, median (IQR) 5 (3e8) 5 (3e8) 5 (3e8) 0.190

IQR, interquartile range; RTA, road traffic accident; GCS, Glasgow Coma Scale; ED,
emergency department.

Table 2. Injury Severity and Length of Treatment

Variables All Patients Prepandemic Pandemic P Value

Number of patients 522 387 135

ISS, median (IQR) 26 (24e34) 26 (25e35) 26 (24e33) 0.634

NISS, median (IQR) 43 (29e52) 42 (29e54) 41 (27e51) 0.220

AIS head injury
severity, number (%)

Serious 94 (18%) 68 (18%) 26 (19%) 0.603

Severe 115 (22%) 85 (22%) 30 (22%) 0.887

Critical 308 (59%) 232 (60%) 76 (56%) 0.590

LoS, median (IQR) 3 (1e9) 3 (1e9) 4 (2e13) 0.014

LoVT, median (IQR) 3 (1e10) 3 (1e11) 3 (2e9) 0.903

Italic values describe statistically significant values.
ISS, Injury Severity Score; IQR, interquartile range; NISS, New Injury Severity Score; AIS,

Abbreviated Injury Score; LoS, length-of-hospital stay; LoVT, length of ventilator
treatment.

Table 3. Outcome Variables of Severe Traumatic Brain Injury

Variables All Patients Prepandemic Pandemic P Value

30-Day mortality,
number (%)

201 (39%) 149 (39%) 52 (38%) 0.998

In-hospital mortality,
number (%)

172 (33%) 128 (33%) 44 (33%) 0.920

Discharge destination,
number (%)

Home 54 (10%) 31 (8%) 23 (17%) 0.003

Rehabilitation 105 (20%) 81 (21%) 24 (18%) 0.431

Other ICU 115 (23%) 91 (24%) 24 (18%) 0.165

Another hospital
ward

36 (7%) 28 (7%) 8 (6%) 0.603

Other 40 (8%) 29 (7%) 11 (8%) 0.806

ICU, intensive care unit.
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definite care hospital was 33% (n¼ 172), and 128 patients (33%) died
in the prepandemic period versus 44 (33%) in the pandemic period
(P ¼ 0.920). Admission rates and 30-day mortality for the years
2017�2020 are presented in Figure 1. There were no statistically
significant differences in discharge destination besides the
number of patients discharged to home in the pandemic period
(P ¼ 0.003). During the strict lockdown period in March and April
2020, a total of 20 trauma patients (25%) with severe TBI were
admitted compared with 61 patients (75%) in the corresponding
periods of the 3 years before. The 30-day mortality during the
lockdown periodwas 30% (n¼ 6) comparedwith 33% (n¼ 20) in the
corresponding periods (P ¼ 0.802).
The logistic regression model containing all variables was sta-

tistically significant (P > 0.001). Results are presented in Table 4.
When adjusted for clinical relevant factors such as age, gender,
and head injury severity, the mortality outcomes did not change
during the pandemic period (see Table 4).
WORLD NEUROSURGERY-: e1-e5, - 2022
DISCUSSION

On the basis of prospectively collected, nationwide data from the
National Trauma Registry of Norway, the containment and lock-
down measures during the COVID-19 pandemic affected neither
the number of admitted patients nor the mortality of trauma pa-
tients with severe TBI in Norway. Thus one can assume that the
quality of care for this severe traumatic condition was not signif-
icantly influenced by the COVID-19 pandemic. Despite reports on
the impact of health care restrictions on the treatment of TBI in
other regions and countries, the number of trauma patients
admitted with severe TBI remained unchanged under containment
and lockdown measures in Norway.9,17,18 This is surprising, as one
would have expected a reduction of patients during containment
measures that included social distancing and aimed to reduce
www.journals.elsevier.com/world-neurosurgery e3
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Figure 1. Admissions and 30-day mortality numbers of severe traumatic
brain injury in Norway for the years 2017�2020.
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traffic, sports, and social activities. Even the strict lockdown
period in Norway did not result in fewer patients suffering from
severe TBI, whereas others have reported up to 36% decrease in
patients with TBI attending emergency departments during
lockdown.19 A recent systematic review including 13 studies on
the epidemiology of TBI during the pandemic concluded that
the mortality of TBI had increased in low-to middle-income
countries during the pandemic but remained unchanged in high-
income countries.20 However, the review was based on 12 single-
center studies and 1 multicenter study, whereas our study is the
first one presenting national data.
In this study there were no differences in patient characteristics;

both cohorts had the same median age and gender distribution.
We also found similar median scores for ISS, New Injury Severity
Score, and a similar distribution of maximum AIS scores for head
Table 4. Results from Binary Logistic Regression Analysis with
30-Day Mortality and In-Hospital Mortality as Dependent
Variables

Variables P Value OR 95% CI for OR

30-Day mortality

Age >0.001 1.03 1.02e1.04

Gender 0.028 1.64 1.05e2.55

Prepandemic/pandemic time period 0.859 0.96 0.61e1.52

AIS head injury severity >0.001 3.91 2.54e6.02

In-hospital mortality

Age >0.001 1.03 1.02e1.03

Gender 0.124 1.41 0.91e2.20

Prepandemic/pandemic period 0.755 0.93 0.58e1.48

AIS head injury severity >0.001 4.08 2.60e6.41

OR, odds ratio; CI, confidence Interval; AIS, Abbreviated Injury Score.

e4 www.SCIENCEDIRECT.com WORLD NE
injury severity, meaning that both cohorts were comparable. On
the basis of the study results, there was also no significant change
in injury patterns for patients with severe TBI observed during the
pandemic period compared with earlier years. Surprisingly, the
number of patients suffering severe TBI due to road traffic acci-
dents in Norway remained unchanged despite a reported reduc-
tion of road traffic levels after the advice of staying and working at
home.9 The length of hospital stay for acute care of severe TBI
increased significantly during the pandemic period. A recent
study reported longer hospital stay of COVID-19�positive TBI
patients; this may be the reason for the longer hospital stay in
our cohort.21 Unfortunately, data on the patients’ COVID-19 sta-
tus were not available from the trauma registry. Also, the restricted
access to rehabilitation during the pandemic may have led to
prolonged length of stay in that period.
More important, the restrictions due to the pandemic did not

result in a higher mortality of severe TBI, indicating that the
Norwegian health care system managed to deliver an equal
treatment for this patient group despite the challenges that the
pandemic may have caused for prehospital and in-hospital care of
patients with this severe condition. Restrictions in access to health
care have been reported for patients with other traumatic condi-
tions in Norway.3 There has also been reported restricted access to
intensive care for other severe conditions due to an overload of
COVID-19 patients in need of ventilator or intensive care treat-
ment.22 However, these facts obviously did not influence the
mortality rates of severe TBI during the pandemic in Norway. A
study from Finland, with the similarities in population numbers
and health care system, showed similar results for intensive care
admissions of patients with TBI.23

A change in discharge destination was observed with a larger
number of severe TBI patients discharged directly to home care
during the pandemic period. But on a positive note, this study did
not suggest a decrease in use of rehabilitation care such as others
have reported for patients in need of neurorehabilitation.24,25 The
effect of direct discharge to home care, which was observed during
the pandemic period, possibly leading to poorer long-term func-
tional outcome, should warrant further investigation.

Strengths and Limitations
The study strengths include the use of prospectively collected data
from a nationwide registry and high data completeness repre-
senting a high internal validity of the data. One limitation of this
study is the lack of long-term outcome data, per design of the
trauma registry as many TBI patients may improve over a longer
time period. Many countries had different containment strategies
during the pandemic, and the results of this study based on
Norwegian data cannot be generalized and applied to other
countries.

CONCLUSIONS

The containment and lockdown measures during the COVID-19
pandemic in Norway did not affect the number of admitted pa-
tients or the mortality of trauma patients with severe TBI. A larger
proportion of patients were discharged to home care during the
pandemic, but the number of patients discharged to specialized
rehabilitation remained unchanged.
UROSURGERY, https://doi.org/10.1016/j.wneu.2022.06.066

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2022.06.066


ORIGINAL ARTICLE

CLEMENS WEBER ET AL. SEVERE TBI DURING PANDEMIC IN NORWAY
CRediT AUTHORSHIP CONTRIBUTION STATEMENT

Clemens Weber: Conceptualization, Methodology, Formal anal-
ysis, Writing e original draft, Project administration. David
Werner: Writing e review & editing. Kenneth Thorsen: Writing e
review & editing. Kjetil Søreide: Methodology, Writing e review &
editing, Supervision.
WORLD NEUROSURGERY-: e1-e5, - 2022
ACKNOWLEDGMENTS

We would like to thank Anastasia Ushakova, Department of
Research, Section for Biostatistics, Stavanger University Hospital,
for support with statistical analysis.
REFERENCES

1. Mahase E. COVID-19: WHO declares pandemic
because of "alarming levels" of spread, severity,
and inaction. BMJ. 2020;368:m1036.

2. Soreide K, Hallet J, Matthews JB, et al. Immediate
and long-term impact of the COVID-19 pandemic
on delivery of surgical services. Br J Surg. 2020;107:
1250-1261.

3. Ohm E, Hauge LJ, Madsen C, Groholt EK,
Evensen M, Reneflot A. Impact of the COVID-19
pandemic on the treatment of injuries during
lockdown in Norway. Scand J Public Health. 2021;49:
689-696.

4. Bavli I, Sutton B, Galea S. Harms of public health
interventions against COVID-19 must not be
ignored. BMJ. 2020;371:m4074.

5. Rosenbaum L. The untold toll—the pandemic’s
effects on patients without COVID-19. N Engl J
Med. 2020;382:2368-2371.

6. Injury GBDTB, Spinal Cord Injury C. Global,
regional, and national burden of traumatic brain
injury and spinal cord injury, 1990-2016: a sys-
tematic analysis for the Global Burden of Disease
Study 2016. Lancet Neurol. 2019;18:56-87.

7. Curtis K, Nahidi S, Gabbe B, et al. Identifying the
priority challenges in trauma care delivery for
Australian and New Zealand trauma clinicians.
Injury. 2020;51:2053-2058.

8. Chuck CC, Martin TJ, Kalagara R, Shaaya E,
Kheirbek T, Cielo D. Emergency medical services
protocols for traumatic brain injury in the United
States: a call for standardization. Injury. 2021;52:
1145-1150.

9. Figueroa JM, Boddu J, Kader M, et al. The effects
of lockdown during the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic
on neurotrauma-related hospital admissions.
World Neurosurg. 2021;146:e1-e5.

10. von Elm E, Altman DG, Egger M, et al. The
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies.
Epidemiology. 2007;18:800-804.

11. Dahlhaug M, Røise O. The Annual Report of the
National Trauma Registry of Norway. Oslo, Norway:
Oslo University Hospital; 2021.

12. Ringdal KG, Coats TJ, Lefering R, et al. The
Utstein template for uniform reporting of data
following major trauma: a joint revision by
SCANTEM, TARN, DGU-TR and RITG. Scand J
Trauma Resusc Emerg Med. 2008;16:7.

13. Stein SC, Spettell C. The Head Injury Severity
Scale (HISS): a practical classification of closed-
head injury. Brain Inj. 1995;9:437-444.

14. Teasdale G, Jennett B. Assessment of coma and
impaired consciousness. A practical scale. Lancet.
1974;2:81-84.

15. Baker SP, O’Neill B, Haddon W Jr, Long WB. The
injury severity score: a method for describing pa-
tients with multiple injuries and evaluating
emergency care. J Trauma. 1974;14:187-196.

16. Rating the severity of tissue damage. I. The
abbreviated scale. JAMA. 1971;215:277-280.

17. Pinggera D, Klein B, Thome C, Grassner L. The
influence of the COVID-19 pandemic on traumatic
brain injuries in Tyrol: experiences from a state
under lockdown. Eur J Trauma Emerg Surg. 2021;47:
653-658.

18. Rault F, Terrier L, Leclerc A, et al. Decreased
number of deaths related to severe traumatic brain
injury in intensive care unit during the first lock-
down in Normandy: at least one positive side ef-
fect of the COVID-19 pandemic. Acta Neurochir
(Wien). 2021;163:1829-1836.

19. Santing JAL, van den Brand CL, Jellema K. Trau-
matic brain injury during the SARS-CoV-2
pandemic. Neurotrauma Rep. 2020;1:5-7.

20. Damara FA, Muchamad GR, Anton A,
Ramdhani AN, Channel IC, Faried A. Epidemio-
logical pattern of traumatic brain injury in the
COVID-19 pandemic: a systematic review and
meta-analysis. World Neurosurg. 2022;161:
e698-e709.
www.journals.
21. Reza Bagheri S, Abdi A, Benson J, et al. The sig-
nificant impact of Coronavirus disease 2019
(COVID-19) on in-hospital mortality of elderly
patients with moderate to severe traumatic brain
injury: a retrospective observational study. J Clin
Neurosci. 2021;93:241-246.

22. Tyrrell CSB, Mytton OT, Gentry SV, et al. Man-
aging intensive care admissions when there are
not enough beds during the COVID-19 pandemic:
a systematic review. Thorax. 2021;76:302-312.

23. Luostarinen T, Virta J, Satopaa J, et al. Intensive
care of traumatic brain injury and aneurysmal
subarachnoid hemorrhage in Helsinki during the
COVID-19 pandemic. Acta Neurochir (Wien). 2020;
162:2715-2724.

24. Hakiki B, Grippo A, Scarpino M, et al. Effects of
COVID-19 pandemic on intensive rehabilitation
after severe acquired brain injuries. Neurol Sci.
2022;43:791-798.

25. Leocani L, Diserens K, Moccia M, Caltagirone C,
Neurorehabilitation Scientific Panel of the Euro-
pean Academy of Neurology EAN. Disability
through COVID-19 pandemic: neurorehabilitation
cannot wait. Eur J Neurol. 2020;27:e50-e51.
Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 6 May 2022; accepted 14 June 2022

Citation: World Neurosurg. (2022).
https://doi.org/10.1016/j.wneu.2022.06.066

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/ª 2022 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
elsevier.com/world-neurosurgery e5

http://refhub.elsevier.com/S1878-8750(22)00851-8/sref1
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref1
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref1
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref2
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref2
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref2
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref2
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref3
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref3
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref3
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref3
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref3
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref4
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref4
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref4
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref5
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref5
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref5
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref6
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref6
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref6
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref6
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref6
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref7
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref7
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref7
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref7
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref8
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref8
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref8
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref8
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref8
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref9
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref9
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref9
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref9
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref9
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref10
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref10
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref10
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref10
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref10
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref11
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref11
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref11
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref12
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref12
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref12
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref12
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref12
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref13
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref13
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref13
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref14
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref14
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref14
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref15
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref15
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref15
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref15
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref16
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref16
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref17
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref17
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref17
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref17
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref17
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref18
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref18
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref18
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref18
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref18
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref18
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref19
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref19
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref19
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref20
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref20
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref20
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref20
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref20
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref20
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref21
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref21
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref21
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref21
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref21
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref21
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref22
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref22
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref22
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref22
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref23
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref23
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref23
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref23
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref23
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref24
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref24
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref24
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref24
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref25
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref25
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref25
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref25
http://refhub.elsevier.com/S1878-8750(22)00851-8/sref25
https://doi.org/10.1016/j.wneu.2022.06.066
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
http://creativecommons.org/licenses/by/4.0/
www.journals.elsevier.com/world-neurosurgery

	Health Care Implications of the COVID-19 Pandemic for Patients with Severe Traumatic Brain Injury—A Nationwide, Observation ...
	Introduction
	Material and Methods
	Ethics
	Study Design and Period
	Data Source
	Study Population
	Outcome Measures
	Statistical Analysis

	Results
	Discussion
	Strengths and Limitations

	Conclusions
	flink6
	References


