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Purpose: The aim of the study was to analyse patient and injury characteristics and the effects of weekend ad-
missions on mortality rate and outcome after moderate and severe traumatic brain injuries.
Methods: This is an observational cohort study based on data from a prospectively maintained regional trauma
registry in South Western Norway. Patients with moderate and severe traumatic brain injury admitted between
January 1st, 2004 and December 31st, 2019 were included in this study.
Results: During the study period 688 patients were included in the study with similar distribution between
moderate (n ¼ 318) and severe (n ¼ 370) traumatic brain injury. Mortality rate was 46% in severe and 13% in
moderate traumatic brain injury. Two hundred and thirty-one (34%) patients were admitted during weekends.
Patients admitted during weekends were significantly younger (median age (IQR) 32.0 (25.5–67.0) vs 47.0
(20.0–55.0), p < 0.001). Pre-injury ASA 1 was significantly more common in patients admitted during weekends
(n ¼ 146, 64%, p ¼ 0.001) while ASA 3 showed significance during weekdays compared to weekends (n ¼ 101,
22%, p ¼ 0.013). On binominal logistic regression analysis mortality rate was significantly higher with older age
(OR 1.03, 95% CI for OR 1.02–1.04, p < 0.001) and increasing TBI severity (OR 7.08, 95% CI for OR 4.67–10.73,
p < 0.001).
Conclusions: Mortality rate and poor clinical outcome remain high in severe traumatic brain injury. While a higher
number of patients are admitted during the weekend, mortality rate does not differ from weekday admissions.
1. Introduction

Traumatic brain injuries (TBI) are a major global cause of mortality
and morbidity and with increasing numbers these injuries are one of the
major challenges in modern health care (James et al., 2019).

Trauma patients with coexisting TBI have an up to three times higher
mortality rate than those without evidence of TBI (Baum et al., 2016).
Many TBI patients are admitted outside general working hours, are of
older age, and have associated comorbidities, thus making TBI a chal-
lenging condition to treat (Tverdal et al., 2020; Peeters et al., 2017;
Pedersen et al., 2015; Heskestad et al., 2009).
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With an incrementally older population the incidence of TBI in older
patients is increasing, and falls constitutes the main trauma mechanism
(Tverdal et al., 2020; Pedersen et al., 2015; Heskestad et al., 2009;
Roozenbeek et al., 2013). Traffic-related TBI, affecting primarily younger
individuals are declining in high-income countries due to improved road
safety regulations (Roozenbeek et al., 2013; Maas et al., 2008). However,
there is a shift towards predominantly traffic related injuries with severe
TBI, as highlighted in a recent review (Haller and Walder, 2015).

Moderate and severe TBI as well as general trauma admissions peak
during the weekends (Bjarkø et al., 2019; Cantwell et al., 2015). Contrary
to the observed trend in TBI with most patients being older and having
associated comorbidities, weekend admissions are predominated by
younger, healthier patients often admitted with coexisting alcohol
intoxication (Bjarkø et al., 2019; Posti et al., 2021). The hypothesis that
weekend admissions are associated with increased mortality rate is
termed “weekend effect” and it has been demonstrated in various med-
ical conditions for instancemyocardial infarction and stroke (Kostis et al.,
2007; Mekonnen et al., 2020). However, differential mortality was not
seen in a study of a Level 1 trauma center comparing the days of the
week, possibly due to trauma teams being adequately staffed throughout
the week (Carr et al., 2010). There are few studies on TBI-related mor-
tality during the weekend, but a recent Finnish study recognized
increased mortality rate (Posti et al., 2021) while another study solely
focusing on older patients (>65 years) with moderate and severe TBI
reported increased mortality rate during the weekends (Schneider et al.,
2012).

The aim of this study was to evaluate the epidemiology of moderate
and severe TBI based on prospectively collected data from a regional
trauma registry over a time period of 16 years and to evaluate if
admission rate, clinical outcome or mortality rate varied during weekend
compared to weekdays.

2. Methods

2.1. Study design and period

This study is an observational cohort study based on data on trauma
patients with moderate or severe TBI retrieved from a prospectively
maintained regional trauma registry. The study period was from January
1st, 2004 to December 31st, 2019. Ethical approval was granted by the
Regional Committee for Medical and Health Research Ethics of Western
Norway (#143902). The trauma registry has been approved by the
hospitals’ data protection official. The study followed the STROBE
guidelines for observational studies (von Elm et al., 2008).

2.2. Study population

Stavanger University Hospital (SUH) is one of six university hospitals
with a neurosurgical department in Norway. It operates as a regional
trauma centre in South-Western Norway covering about 370.000 in-
habitants in the primary catchment area and receiving trauma patients
from a wider population of about 550.000 (Wiik-Larsen et al., 2020).

2.3. Data collection (Stavanger Trauma Registry)

The SUH trauma registry has been operational since 2004, and
approximately 500 patients are registered annually. An Association for
the Advancement of AutomotiveMedicine (AAAM)-certified Abbreviated
Injury Scale (AIS) coder (registered nurse) maintains the registry on a
daily basis (Rogaland Trauma System Study Collaborating, 2012; Rating
the Severity of Tissue, 1971). Patients assessed by a trauma team at SUH
with an Injury Severity Score (ISS) > 10 were eligible for inclusion for
this study (Baker et al., 1974). Brain injury was graded according to the
Head Injury Severity Scale (HISS), which is based on Glasgow Coma Scale
(GCS) and clinical characteristics and divide traumatic brain injuries into
minimal (GCS 15), mild (GCS 14 or 15 plus amnesia or brief loss of
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consciousness), moderate (GCS 9–13) and severe (GCS 3–8) (Stein and
Spettell, 1995; Teasdale and Jennett, 1974). Patients with moderate or
severe TBI were included. All age groups were eligible for inclusion.
Patients with minimal or mild TBI were not included as they are rarely
admitted as trauma patients unless they have other serious concomitant
injuries and therefore are not registered in the SUH trauma registry.
Furthermore, patients primarily treated and transferred from other
trauma centers were excluded from the study.

2.4. Variables

Patient demographics data and injury characteristics, as well as data
regarding alcohol and narcotics intoxication were recorded from pre-
hospital, in hospital and discharge records.

2.4.1. Injury mechanism
The mechanism of injury was registered as (i) traffic accidents (car,

motorbike, bike and other), (ii) pedestrians hit by vehicle, (iii) falls (<1,
1–5 and >5 m), (iv) work accidents, (v) sports/recreation accidents.
Injury mechanisms were recorded as blunt or penetrating.

2.4.2. Clinical outcome, mortality rate and discharge destination
Clinical outcome was measured with the Glasgow Outcome Scale

(GOS) (Jennett and Bond, 1975). The GOS considers physical, social and
cognitive sequela. It is organized into five outcome categories; death
(GOS 1), persistent vegetative state (GOS 2), severe disability (GOS 3),
moderate disability (GOS 4), good recovery (GOS 5). Good recovery and
moderate disability are considered as favourable outcome and the latter
being adverse or unfavourable outcomes (Oliveira et al., 2012; Collab-
orators et al., 2008). The same dichotomisation was applied in this study.
Post-injury GOS was measured at time of hospital discharge, or death.

Other outcome variables were mortality rate (defined as death within
30 days), mortality rate due to TBI, location of death and discharge
destination: ICU (specialized hospital), ICU (other hospital), other hos-
pital normal ward, other hospital, psychiatry, rehab unit, nursing home,
home or dead.

2.4.3. Injury dates
The injury dates were registered according to the day of the week the

injury occurred. We dichotomized days into weekdays (Monday-Friday)
and weekends (Saturday-Sunday).

2.5. Statistics

All statistical analyses were performed with SPSS version 26.0 (IBM,
USA). The chi square test was used for categorical variables. The inde-
pendent samples median test was used for continuous variables. Logistic
regression analysis was performed to assess the impact of different var-
iables on the 30-mortality rate and GOS (dependent variables) of severe
TBI. The regression models contained 4 different variables (age, gender,
TBI severity, weekend admission). Statistical significance was defined as
p < 0.050 in both uni- and multivariate analyses.

3. Results

The registry included 7202 patients registered in the Stavanger
Trauma Registry between 2004 and 2019 (Fig. 1). Among these, 688
(10%) patients with a GCS between 13 and 3 were identified. There was
an equal distribution between moderate 318 (46%) and severe TBI 370
(54%). Data is presented for all patients as well as for both cohorts with
moderate or severe TBI.

3.1. Patient characteristics

Most patients were male (n ¼ 513, 75%), mean age at time of injury
was 44.5 years (range 0–99). Patients admitted during weekends were



Fig. 1. Flowchart showing patient selection.

Table 1
Patient and injury characteristics.

Variable All patients
(GCS 3–13)

Moderate TBI
(GCS 9–13)

Severe TBI
(GCS 3–8)

p value

Number of
patients

688 (100%) 318 370

Female sex 175 (25%) 84 (26%) 91 (25%) 0,585
Age in years,
median (IQR)

42,0
(23,0–64,0)

42,0
(23,8–64,0)

42,0
(22,0–63,3)

0,957

Traffic accident
Yes 312 (45%) 137 (43%) 175 (47%) 0,2542

Car 172 (25%) 68 (21%) 104 (28%) 0,040
Motorcycle 56 (8%) 23 (7%) 33 (9%) 0,413
Bicycle 63 (9%) 36 (11%) 27 (7%) <0,001
Other 21 (2%) 10 (4%) 11 (3%) 0,888

Pedestrian hit by
vehicle

33 (5%) 14 (4%) 19 (5%) 0,500

Falls
Yes 273 (40%) 136 (37%) 138 (37%) 0,130

0–1 m 81 (12%) 45 (14%) 36 (10%) 0,069
1–5 m 139 (20%) 73 (23%) 66 (18%) 0,089
>5 m 47 (7%) 14 (4%) 33 (9%) 0,019

Work accident 72 (11%) 33 (10%) 39 (11%) 0,944
Sports/recreation
accident

365 (53%) 178 (56%) 187 (50%) 0,154

Injury mechanism
Blunt 664 (97%) 312 (98%) 352 (95%) 0,031
Penetrating 24 (3%) 6 (2%) 18 (5%)

Cardiac arrest 52 (8%) 2 (1%) 50 (14%) <0,001
Respiratory arrest 55 (8%) 3 (1%) 52 (15%) <0,001
Alcohol
intoxication

180 (26%) 82 (26%) 98 (27%) 0,596

Drug intoxication 37 (5%) 15 (5%) 22 (6%) 0,389
ISS, median (IQR) 26 (19–36) 22 (17–29) 30 (15–45) <0,001
NISS, median
(IQR)

38 (27–57) 34 (22–41) 50 (34–66) <0,001

TBI – Traumatic Brain Injury; GCS – Glasgow Coma Score; ASA – American So-
ciety of Anesthesiologists; ISS – Injury Severity Score; NISS – New Injury Severity
Score.
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significantly younger than those admitted during weekends (median age
(IQR) 32.0 (25.5–67.0) vs 47.0 (20.0–55.0), p < 0.001). Patients
admitted during the weekend were more likely to have ASA grade 1 (n ¼
146, 64%, p ¼ 0.001) while patients admitted during weekdays more
commonly had an ASA score of 3 (n ¼ 101, 22%, p ¼ 0.013).

The patient characteristics are presented in Tables 1 and 3.

3.2. Injury characteristics

The primary cause of injury was traffic accidents (n ¼ 312, 45%),
with car accidents predominating (n ¼ 172, 25%), followed by falls
(40%, n ¼ 273). The majority of accidents during weekends resulted
from sports/recreational activities (66%, n¼ 153) and significantly more
patients (n ¼ 104, 46%, p < 0.001) were under the influence of alcohol.

Injury characteristics are presented in Tables 1 and 3

3.3. Clinical outcome

There was a close to equal division between favourable (GOS 4–5)
and poor outcome (GOS 1–3) at discharge from the primary hospital
(Table 2). Namely, 354 (52%) patients had poor outcome, most with
either GOS 1 or GOS 3, only 9 patients ended up in a persistent vegetative
state (GOS 2). The majority of patients with severe TBI had poor outcome
(71%, n ¼ 261) in contrast to 29% (n ¼ 93) of patients with moderate
TBI. Age and TBI severity was associated with poorer outcome as
demonstrated in Table 5.

3.4. Mortality rate

The overall 30-day mortality rate was 31% and comparing weekday
vs weekend mortality rate was 32% and 27%, respectively (Table 4).
Mortality rate in severe TBI was 46% compared to 13% in moderate TBI.

As depicted in Table 5, from binominal logistic regression analysis,
30-mortality rate was significantly higher in older age (OR 1.03, 95% CI
for OR 1.02–1.04, p < 0.001) and with increasing TBI severity (OR 7.08,
95% CI for OR 4.67–10.73, p < 0.001).
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Table 2
Outcome.

Variable All patients
(GCS 3–13)

Moderate TBI
(GCS 9–13)

Severe TBI
(GCS 3–8)

p value

Glasgow Outcome Scale
1 (dead) 211 (31%) 37 (11%) 174 (47%) <0,001
2 (persistent
vegetative)

9 (1%) 0 (0%) 9 (2%) 0,004

3 (severe
disability)

134 (20%) 56 (18%) 78 (21%) 0,245

4 (moderate
disability)

172 (25%) 102 (32%) 70 (19%) <0,001

5 (low/no
disability)

161 (23%) 123 (39%) 38 (10%) <0,001

Mortality, 30 days 211 (31%) 40 (13%) 171 (46%) <0,001
due to TBI 128 (19%) 19 (6%) 109 (29%) <0,001

Location of death
Emergency room 54 (8%) 4 (1%) 50 (7%) <0,001
ICU 107 (16%) 14 (2%) 93 (14%) <0,001
OR 16 (2%) 5 (1%) 11 (2%) 0,311
Normal ward 27 (4%) 13 (2%) 14 (2%) 0,841
Under transport 3 (<1%) 0 (0%) 3 (<1%) 0,253

Discharge destination
Specialized
hospital, ICU

26 (4%) 15 (2%) 11 (2%) 0,222

Other hospital,
ICU

7 (1%) 1 (0%) 6 (1%) 0,132

Other hospital,
normal ward

28 (4%) 10 (2%) 18 (3%) 0,266

Other hospital 48 (7%) 25 (4%) 23 (3%) 0,380
Psychiatry 9 (1%) 6 (1%) 3 (0%) 0,314
Rehab unit 118 (17%) 53 (8%) 65 (8%) 0,791
Nursing home 21 (3%) 11 (2%) 10 (2%) 0,549
Home 227 (33%) 162 (24%) 65 (9%) <0,001

TBI – Traumatic Brain Injury; ICU – Intensive Care Unit; OR – Operating Room

Table 3
Patient and injury characteristics according to weekday/weekend admission.

Variable Weekday Weekend p value

Number of patients 457 (66%) 231 (34%)
Female sex 125 (27%) 50 (22%) 0,105
Age in years, median (IQR) 47,0 (25,25–67,0) 32,0 (20,0–55,0) <0,001
ASA score pre-injury
1 227 (50%) 146 (64%) 0,001
2 110 (24%) 44 (19%) 0,163
3 101 (22%) 32 (14%) 0,013
4 19 (4%) 8 (4%) 0,807

GOS, pre-injury
3 (severe disability) 23 (5%) 7 (3%) 0,310
4 (moderate disability) 83 (18%) 25 (11%) 0,017
5 (low/no disability) 351 (77%) 199 (86%) 0,005

Traffic accident
Yes 216 (47%) 96 (42%) 0,145

Car 120 (26%) 52 (23%) 0,327
Motorcycle 36 (8%) 20 (9%) 0,841
Bicycle 46 (10%) 17 (7%) 0,306
Other 14 (3%) 7 (3%) 0,842

Pedestrian hit by vehicle 30 (14%) 3 (3%) 0,004
Fall from height
Yes 178 (39%) 95 (41%) 0,639

0–1 m 58 (13%) 23 (10%) 0,354
1–5 m 88 (19%) 51 (22%) 0,442
>5 m 29 (6%) 18 (8%) 0,584

Work accident 69 (15%) 3 (1%) <0,001
Sports/recreation accident 212 (46%) 153 (66%) <0,001
Injury mechanism
Blunt 441 (97%) 223 (97%) 0,980
Penetrating 18 (4%) 8 (4%)

Cardiac arrest 37 (8%) 15 (6%) 0,452
Respiratory arrest 39 (9%) 16 (7%) 0.463
Alcohol intoxication 76 (17%) 104 (46%) <0,001
Drug intoxication 19 (4%) 18 (8%) 0,069
ISS, median (IQR) 26,0 (19,25–38,0) 26,0 (19,0–35,0) 0,444
NISS, median (IQR) 36,5 (27,0–57,0) 38,0 (27,0–50,0) 0,771

Table 4
Outcome.

Variable Weekday Weekend p value

Glasgow Outcome Scale
1 (dead) 149 (33%) 62 (27%) 0,144
2 (persistent vegetative) 5 (1%) 4 (2%) 0,729
3 (severe disability) 92 (20%) 42 (18%) 0,610
4 (moderate disability) 112 (25%) 60 (26%) 0,740
5 (low/no disability) 98 (21%) 63 (27%) 0,107

Mortality, 30 days 148 (32%) 63 (27%) 0,199
due to TBI 90 (20%) 38 (17%) 0,354

Location of death
Emergency room 39 (9%) 15 (7%) 0,431
ICU 73 (16%) 34 (15%) 0,752
OR 14 (3%) 2 (1%) 0,124
Normal ward 20 (4%) 7 (3%) 0,517
Under transport 2 (1%) 1 (1%) 0,738

Discharge destination
Specialized hospital, ICU 10 (2%) 16 (7%) 0,004
Other hospital, ICU 7 (2%) 0 0,056
Other hospital, normal ward 17 (4%) 11 (5%) 0,655
Other hospital 33 (7%) 15 (7%) 0,842
Psychiatry 7 (2%) 2 (1%) 0,370
Rehab unit 82 (18%) 36 (16%) 0,502
Nursing home 14 (3%) 7 (3%) 0,842
Home 141 (31%) 86 37%) 0,111
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Death due to TBI is significantly more common in severe TBI (29%)
compared to moderate TBI (6%). Death most frequently occurred in the
ICU (n ¼ 107, 16%). However, 50 patients (7%) with severe TBI died in
the emergency room. These patients were either dead on arrival or died
in the emergency room before they received treatment.

3.5. Time of injury patterns

Two hundred and thirty-one (34%) patients were admitted during
weekends and Saturday was the day with most admissions (18%). There
was no significant increase in mortality rate during weekends compared
to weekdays or when investigating individual days (Saturday vs rest of
the week (p ¼ 0.639), Sunday vs rest of the week (p ¼ 0,196), Fig. 2).
Other characteristics comparing weekday versus weekend admissions are
shown in Tables 3–5

4. Discussion

The results of this study on trauma patients with moderate and severe
TBI over a 16-year period show that severe TBI is associated with high
mortality rate and unfavourable short-term outcome. Young adult males
still represent a large proportion of this patient group. Weekend admis-
sion did not significantly affect the mortality rate of TBI based on this
data.

4.1. Patient characteristics

The overrepresentation of young adult males is demonstrated in
several studies and is possibly explained by higher risk tolerance and is
likely why traffic accidents were the leading cause of injury (Maegele
et al., 2007; Farin et al., 2003). The median age of 44.5 and prepon-
derance of male patients correlates well with the literature (Baum et al.,
4

2016; Peeters et al., 2015; Andriessen et al., 2011; Jacobs et al., 2011).
There was no second peak in elderly as demonstrated in other studies
(Maegele et al., 2007; Andelic et al., 2012; Moppett, 2007), elderly are
more prone to falls which consequently often lead to minor head trauma
compared to road traffic accidents (Peeters et al., 2015).



Table 5
Results from binominal logistic regression analysis for 30-day mortality and
multinominal logistic regression analysis.

Variables p-value OR 95% CI for OR

30-day mortality
Age <0,001 1,03 1,02–1,04
Gender 0,162 1,33 0,89–1,97
TBI severity <0,001 7,08 4,67–10,73
Weekend admission 0,753 1,07 0,72–1,59

GOS 1 (dead)
Age <0,001 1,05 1,04–1,06
Gender 0,339 1,32 0,75–2,33
TBI severity <0,001 23,62 13,38–41,69
Weekend admission 0,214 1,39 0,83–2,34

GOS 2 (persistent vegetative)
Age 0,077 1,03 0,99–1,06
Gender 0,483 0,47 0,05–3,96
TBI severity – – –

Weekend admission 0,973 1,03 0,25–4,22
GOS 3 (severe disability)
Age <0,001 1,03 1,02–1,04
Gender 0,864 0,95 0,53–1,67
TBI severity <0,001 5,84 3,44–9,89
Weekend admission 0,180 1,43 0,85–2,41

GOS 4 (moderate disability)
Age <0,001 1,02 1,01-1,03
Gender 0,966 0,99 0,59–1,66
TBI severity <0,001 2,59 1,59–4,23
Weekend admission 0,455 1,19 0,75–1,89

OR – Odds Ratio; CI – Confidence Interval; TBI – Traumatic brain injury.
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4.2. Mechanism of injury

The main mechanism of injury was road traffic accidents and close to
half of these were caused by other reasons than car accidents (bike,
motorcycle, etc). Many studies, especially Scandinavian studies are
reporting falls as the main etiology, but these are often studies including
mild andminimal TBI (Tverdal et al., 2020; Pedersen et al., 2015; Andelic
et al., 2012; Borg et al., 2011; Walder et al., 2013). Several studies
including moderate-to-severe or solely severe traumatic brain injuries
cite traffic accidents as the leading TBI cause (Haller and Walder, 2015;
Maegele et al., 2007; Peeters et al., 2015; Jacobs et al., 2011; Murray
et al., 1999a). Work accidents represent 15% of injuries during weekdays
and thus need to be acknowledged as an important injury mechanism,
that can be minimized with proper precautions and work-safety
regulations.
Fig. 2. Admissions and 30-day mortal
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4.3. Outcome

There was a slight predominance of patients with unfavourable
outcome (354 patients, 52%). Separating the two cohorts, unfavourable
outcome was observed in 70% of severe TBI and 29% of moderate TBI.

A large study of 650 patients with severe TBI from Germany
measuring GOS at discharge found an equal division between unfav-
ourable and favourable prognosis. However, other studies showed up to
78% unfavourable outcome after severe TBI (Oliveira et al., 2012;
Agrawal et al., 2012).

Outcome after severe TBI is often evaluated at 6 months and unfav-
ourable outcome range from 50 to 60% (Murray et al., 1999a, 1999b;
Steyerberg et al., 2019; Lenartova et al., 2007; Myburgh et al., 2008;
Rosenfeld et al., 2012). In severe TBI, the outcome is typically a U-shaped
curve with patients either dying or recovering to a favourable outcome.
Many patients suffer cognitive and physical problems and improvement
is observed with physical rehabilitation and reintegration into society.
Patients often meet their maximum level of recovery at 6 months (Maas
et al., 2008; Oliveira et al., 2012; Jacobs et al., 2011; Heiden et al., 1983).
With a follow-up at 6 months it's likely that more patient would improve
from an unfavourable to a favourable outcome.

In moderate TBI the numbers are similar when compared to a study
from the Netherlands that found unfavourable outcome in 31% of pa-
tients 6 months after moderate TBI (Jacobs et al., 2011). In moderate TBI
the majority of patients are discharged with favourable outcome. It's
important to bear in mind that these are multitrauma patients and not
isolated head injuries.
4.4. Mortality rate

Mortality rate in severe TBI was significantly higher compared to
moderate TBI and the majority of deaths were due to severe TBI (81%).
Mortality rate increased with age which is in line with current literature
(Tverdal et al., 2020; Andelic et al., 2012; Mushkudiani et al., 2007;
Herou et al., 2015).

Themortality rate of trauma patients with severe TBI in this study was
46% which is in the higher range of comparable literature. However,
studies show heterogenous results on early mortality rate in severe TBI
spanning from 25 to 46% (Haller andWalder, 2015; Maegele et al., 2007;
Andelic et al., 2012; Walder et al., 2013; Murray et al., 1999a). This
heterogeneity can possibly be explained by differences in inclusion
criteria as we included both pre-hospital and emergency department
(ED) deaths and some studies exclude these deaths leading to a lower
ity according to day of the week.
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mortality rate (Walder et al., 2013; Masson et al., 2001). Among patients
with severe TBI, we found a high number of fatalities before any
neurosurgical intervention could be initiated, 3 patients died under
transport and 50 died in the ED.

It is worth mentioning that several studies focus on mortality rate at 6
months and it ranges from 32 to 49%. However, the literature shows that
the majority of patients die within 48 h after injury and only a minority of
patients dies in the follow-up period (Haller and Walder, 2015; Maegele
et al., 2007; Andriessen et al., 2011; Lenartova et al., 2007; Compagnone
et al., 2009).

For the moderate TBI cohort we found a mortality rate of 13%, lower
than that in the reported literature and only 19 patients (6%) died due to
TBI (Andriessen et al., 2011; Jacobs et al., 2011; Compagnone et al.,
2009).

4.5. Daily, weekly and seasonal variations

This study showed a peak in TBI admissions on Saturdays and patients
admitted during weekends were younger, healthier andmore often under
the influence of alcohol. As discussed by Bjarkø et al., weekend-binge
drinking rather than alcoholism is likely the culprit due to the younger
population (Bjarkø et al., 2019).

Our results did not show any significant change in mortality rate
during weekends. Several studies showed conflicting evidence regarding
weekend-effect in trauma patients or patients with TBI (Carr et al., 2010,
2011; Schneider et al., 2012). It has been debated that reduced staffing
during weekends might affect patient outcome, however level 1 trauma
centers are equipped to deliver guaranteed all hour adequate service
preventing a delay in patient care. The weekly trauma team simulation
training and Advanced Trauma Life Support (Søreide, 2008) certification
for all trauma leaders at SUH since 2012 also provides for a standard of
care regardless of time of admission (Weber et al., 2022). Another aspect
lies in patient characteristics and that those admitted during weekends
are both younger and healthier patients leading to a lower overall mor-
tality rate. There might also be a lower threshold to admit patients via
trauma teamwith suspicion of alcohol intoxication and TBI giving them a
standardized level of care. Altered staffing could possibly affect patients
further down the chain of management (at the wards or OR), however it
is worth mentioning that typical work hours can be subject to competi-
tion for personnel and availability of operating room theatre causing
other problems and investigating this is beyond the scope of this study
(Carr et al., 2011).

4.6. Strengths and limitations

A major strength of this cohort study is the long study period of 16
years, which allows for observations regarding time trends. Consecutive
inclusion of patients in a prospective fashionminimized the selection bias
and no age groups were excluded. The registry showed also a very high
completeness of data.

One limitation of the study was that GOS was calculated at discharge
and did not include a follow-up after 6 months. Longer follow-up data
was also not available.

5. Conclusion

Weekend admissions were not associated with a higher mortality rate
or worse outcome in moderate and severe TBI. This demonstrates that
these patients receive proper care at all times when admitted via trauma
teams. Severe TBI is overrepresented in younger patients, especially
during weekends and overall early mortality rate is high. In a time where
more focus is shifted towards older patients with comorbidities it's not to
be overlooked that the most severely injured patients are often young
adult males that are physically active.
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