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Time of Injury and Relation to Alcohol Intoxication in Moderate-to-Severe Traumatic
Brain Injury: A Decade-Long Prospective Study
Vera Vik Bjarkø1, Toril Skandsen2,4, Kent Gøran Moen2,7, Sasha Gulati2,5, Eirik Helseth1,8, Tom I.L. Nilsen3,6, Anne Vik2,5
-BACKGROUND: Knowledge about the causes and time
of injury for traumatic brain injury (TBI) is important for the
development of efficient prevention policies. We aimed to
study time of injury and relation to alcohol intoxication for
moderate-to-severe TBI in a level 1 trauma center in
Norway.

-METHODS: From October 2004 to September 2014, 493
consecutive patients (‡16 years) with moderate (Glasgow
Coma Scale [GCS] score 9e13) and severe TBI (GCS score
3e8) were prospectively included in the Trondheim TBI
Study (222 patients with moderate and 270 patients with
severe TBI).

-RESULTS: Mean age was 47 years (standard deviation 21
years). Positive blood alcohol concentration (BAC) was
found in 29%, and median BAC was 41.5 mmol/L (inter-
quartile range 28.7e54.3), equal to 1.91&. Admissions were
more frequent on Saturdays (relative risk [RR] 2.67, 95%
confidence interval [CI] 1.87e3.80) and Sundays (RR 2.10,
95% CI 1.45e3.03) compared with Mondays, and positive
BAC was more common on weekends than weekdays (43%
vs. 16%). Furthermore, admissions were more frequent in
June (RR 2.26, 95% CI 1.44e3.55), July (RR 2.07, 95% CI
1.31e3.28), and December (RR 2.07, 95% CI 1.31e3.28)
compared with January. The number of patients with pos-
itive BAC was greatest in December (RR 5.75, 95% CI 1.99e
16.63), and 70% of these were caused by falls.
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CT: Computed tomography
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-CONCLUSIONS: Our findings demonstrate that
moderate-to-severe TBI admissions display a clear weekly
and seasonal variation and that alcohol is an important
modifiable risk factor for moderate-to-severe TBI.
INTRODUCTION
raumatic brain injury (TBI) is a major cause of mortality
and disability across all age groups and comes at a great
Tsocioeconomic cost to society and individuals.1,2 In low-

and middle-income countries, the incidence of moderate-to-severe
TBI has been rising due to increasing motor vehicle use, whereas
such accidents have been decreasing in high-income countries.3-5

In contrast, an increase in elderly patients experiencing TBI due to
falls has been observed in high-income countries.6-9 Knowledge
about when moderate-to-severe TBIs occur would be of value for
the planning of appropriate prevention strategies for these
injuries.
A recent study from Australia found that most general trauma

admissions occur in the afternoons and more on weekends than
on weekdays.10 Alcohol intoxication is a known risk factor for
injuries, and alcohol consumption on weekends may be a
contributing cause for such weekly variation.11 However,
research is scarce. To our knowledge, no previous study has
examined the time of injury patterns of moderate-to-severe TBI
and whether alcohol may contribute to such a pattern. Hence, the
aim of this study was to investigate time of injury, including
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possible seasonal variations, and relation to alcohol intoxication in
moderate-to-severe TBI in a level 1 trauma center in Norway.

METHODS

Study Region and Population
The study was conducted as a part of the Trondheim TBI studies.12

During a 10-year period (October 1, 2004, to September 30, 2014),
all patients 16 years or older with moderate-to-severe TBI admitted
to St. Olavs Hospital, Trondheim University Hospital, Norway,
were registered prospectively (n ¼ 493). The hospital is 1 of 5 level
1 trauma centers in Norway and the only university hospital in the
Central Norway region. The hospital covers 3 counties, with a total
of approximately 670,000 inhabitants in 2004 and 700,000 in 2014.
For 1 of these counties (306,000 inhabitants in 2014), all patients
with moderate-to-severe TBI are admitted to the university hos-
pital. In the 2 other counties, all patients with severe TBI (except
for some of the oldest with poor prognosis) and most patients
with moderate TBI are transferred to the university hospital,
depending on their need of neurosurgical treatment, severity of
computed tomography (CT) findings, or major extra-cranial
injuries.

Inclusion Procedure
Residents in neurosurgery and neurology registered the patients
prospectively and collected data for each patient. The data were
subsequently quality checked by a research nurse. To ensure no
missing patients, the trauma register of the university hospital’s
emergency department was regularly scanned for patients with TBI
eligible for inclusion, and less than 3% were included in this
manner. Only 4 (0.6%) patients did not consent to extensive study
inclusion, and these were anonymously registered with age, sex,
date of injury, and injury severity.

Injury Severity Classification of the TBI and Cause of Injury
Brain injury severity was assessed with the Glasgow Coma Scale
(GCS). GCS scores 9e13 were defined as moderate TBI and GCS
scores 3e8 as severe TBI.2 Injury severity category was determined
based on GCS score at arrival to the university hospital (n ¼ 168).
However, in patients with deterioration after admission, the worst
category was used (n ¼ 31). If the patient had been intubated
before arrival at the university hospital, the unsedated GCS score
closest in time to their arrival was used, (n ¼ 273), either the
GCS score at the scene or at the primary hospital. Because
alcohol intoxication is known to influence the GCS score,12 the
severity was changed to the appropriate severity category in
some patients, i.e., from severe to moderate (n ¼ 17), when the
GCS score was obviously too low due to intoxication during the
first hours. Similarly, some intoxicated patients with initial GCS
�13 were excluded as they were considered to have a mild TBI.
This decision was based on a quick increase in GCS score and
normal or modest CT findings. In 4 additional patients, exact
GCS score was missing. In 1 of these patients, injury severity
category also was missing. The causes of injury were classified
as traffic accident (inside car, on moped/motorcycle/snow
scooter or other motor vehicle, bike or pedestrian) fall, violent
assault, gunshots, others, and unknown.
WORLD NEUROSURGERY 122: e684-e689, FEBRUARY 2019
Blood Alcohol Concentration (BAC)
BAC was examined in 73% of patients (n ¼ 362). Although BAC
was included in the routine blood sampling, this was not always
performed, especially in the older patients. Hence, BAC was
examined in 82% of patients aged 16e50 years, 68% of patients
51e75 years, and 46% of patients >75 years. When calculating the
percentage of patients with positive BAC, the total number of
patients was used as the denominator, assuming that most pa-
tients not examined for BAC were sober. Clinical suspicion of
alcohol intoxication was assessed by residents as a yes/no variable,
based on information from the patient or other sources, such as
smell. This variable was registered in 98% of patients.

Time and Seasonal Variables
The date and time of injury was registered. If the exact time of
injury was unknown, it was estimated to the closest half-hour. In
88 patients (18%), the date of injury was known, whereas the exact
time of injury was unknown and impossible to estimate. These
patients were excluded in analyses regarding time of the day for
injuries.
Night was defined as 00:00e6:00, morning as 6:00e12:00,

afternoon as 12:00e18:00, and evening as 18:00e24:00. Monday
night through Friday afternoon was defined as weekdays, and
Friday evening through Sunday evening as the weekend.

Statistical Analysis
Patient and injury characteristics are presented as numbers with
percentages; median with interquartile range; and mean with
standard deviation (SD). The Pearson c2 test was used when
comparing the proportion of BAC-positive patients between
groups. The Student t test was used to compare mean age between
the sexes. We used Poisson regression to calculate relative risks
(RRs) with 95% confidence interval (CI) of injures between day of
the week and calendar months, using Monday and January as
reference, respectively. All analyses of calendar months were
normalized to 30 days. The statistical significance level was set to
P < 0.05 (2-sided). Statistical analyses were performed in SPSS
22.0 (IBM Corp., Armonk, New York, USA) and Stata 12 for
Windows (StataCorp LT, College Station, Texas, USA).

Ethics Approval and Consent to Participate
The study was approved by the Regional Ethical Committee.
Informed consent to study inclusion was given by the patients
themselves or their next of kin. Use of data from deceased patients
or patients not able to consent due to social circumstances was
approved by the Norwegian Directorate of Health (before 2009)
and the Regional Ethical Committee (since 2009).

RESULTS

Demographics and Cause of Injury
During the 10-year study period, 493 patients with TBI were
admitted. Patient and injury characteristics, CT findings, and
management are summarized in Table 1. The 10-year age group
with the greatest number of patients were young adults from 16 to
25 years (25% of total). The mean age was significantly greater in
women (53 years, SD 23) than in men (45 years, SD 20)
(P ¼ 0.001). The major causes of injury were falls (47%) and traffic
www.journals.elsevier.com/world-neurosurgery e685
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Table 1. Patient and Injury Characteristics, CT Findings, and
Management of All Patients in the Moderate-to-Severe TBI
Cohort

Variable Patients (n [ 493)

Age, years, mean (SD) 46.9 (21.3)

Age group, n (%)

16e25 years 121 (25)

26e35 years 65 (13)

36e45 years 64 (13)

46e55 years 68 (14)

56e65 years 65 (13)

66e75 years 53 (11)

76e85 years 41 (8)

>85 years 16 (3)

Sex, male/female, n (%) 365/128 (74/26)

Injury mechanism, n (%)

Fall 229 (47)

Traffic accident 209 (42)

Violent assault 18 (3.7)

Gunshots 6 (1.2)

Other 21 (4.2)

Unknown 7 (1.4)

If traffic accident, n (%)

Car 115 (55)

Motorcycle/moped 30 (14)

Bicycle 31 (15)

Pedestrian 27 (13)

Other 4 (1.9)

Unknown 2 (1.0)

Injury severity category, n (%)*

Severe TBI 270 (55)

Moderate TBI 222 (45)

GCS score, median (IQR)y 8 (4e12)

CT findings, n (%)z
Subdural hematoma 272 (55)

Epidural hematoma 70 (14)

Cortical contusion(s) 281 (57)

Subarachnoid/intraventricular hemorrhage 304 (62)

General edema 146 (30)

Fracture 279 (57)

Management, n (%)x
ICP monitoring n (%)

Continues

Table 1. Continued

Variable Patients (n [ 493)

Moderate 41 (20)

Severe 165 (79)

Evacuation of mass lesion n (%)

Moderate 34 (16)

Severe 77 (37)

CT, computed tomography; TBI, traumatic brain injury; SD, standard deviation; GCS,
Glasgow Coma Scale; IQR, interquartile range; ICP, intracranial pressure.

*One missing.
yTwenty-two missing.
zNine missing.
xExcluding patients who did not receive active treatment because they were considered

unsalvageable (n ¼ 35), patients not receiving active treatment due to age and/or
comorbidity (n ¼ 9), and patients who died within 24 hours due to extracranial injuries
(n ¼ 8). Four missing.

e686 www.SCIENCEDIRECT.com WORLD NE

ORIGINAL ARTICLE

VERA VIK BJARKØ ET AL. TIME OF INJURY AND RELATION TO ALCOHOL IN TBI
accidents (42%). Traffic accidents were the cause of injury in 64%
of patients aged 16e25 years. Falls were the cause of injury in 67%
of patients aged 51e75 years, and in 75% of patients >75 years.

Blood Alcohol Concentration
BAC was positive in 29% (n ¼ 143). Another 3.3% (n ¼ 17) were
clinically suspected to be under the influence of alcohol but were
not examined for BAC. Sixteen percent (n ¼ 20) of women had
positive BAC, compared with 34% (n ¼ 123) of men (P < 0.001). In
patients >75 years, 9% (n ¼ 5) had positive BAC, and in patients
aged 16e25 years, 43% (n ¼ 52) had a positive BAC. Thirty-three
percent of patients injured by falls had positive BAC compared
with 26% of patients injured in traffic accidents (P ¼ 0.11). In
BAC-positive patients, median BAC was 41.5 mmol/L (interquartile
range 28.7e54.3), equal to 1.91&, and 90% had a BAC >17.4
mmol/L (0.8&).

Time of Injury Patterns and Relation To BAC
Moderate-to-severe TBIs were more frequently sustained on Sat-
urdays (RR 2.67, 95% CI 1.87e3.80; P < 0.001) and Sundays (RR
2.10, 95% CI 1.45e3.03; P < 0.001) compared with Mondays
(Table 2 and Figure 1). Of all nighttime accidents, 70% were on
Saturdays and Sundays (Figure 2). The proportion of patients
with positive BAC was greater on weekends than weekdays (43%
vs. 16%, P < 0.001). In the subgroup of patients with negative
BAC (71%), there was no significant difference between the days
of the week (P ¼ 0.75).
Injuries were more common in June (RR 2.33, 95% CI 1.48e

3.67; P < 0.001), July (RR 2.07, 95% CI 1.31e3.28; P ¼ 0.002), and
December (RR 2.07, 95% CI 1.31e3.28; P ¼ 0.002), compared with
January (Figure 3). Of all traffic-related TBI, 31% (n ¼ 65) occurred
in June and July. Of all bicycle, moped, and motorcycle accidents,
48% (n ¼ 29) occurred in June and July. The number of patients
with positive BAC varied throughout the year and was greatest in
December (RR 5.75, CI 1.99e16.63, P ¼ 0.001) compared with
January (Table 2). In BAC-positive TBIs in December, 70% were
caused by falls.
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.10.122
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Table 2. Relative Risk of Overall and Alcohol-Related
Moderate-to-Severe TBI According to Day of the Week and
Month

Time Period

Overall TBI BAC-Positive TBI

RR 95% CI RR 95% CI

Day of the week

Monday 1.00 Reference 1.00 Reference

Tuesday 1.36 0.91e2.02 1.20 0.37e3.93

Wednesday 1.50 1.02e2.22 1.60 0.52e4.89

Thursday 1.45 0.98e2.13 2.60 0.93e7.29

Friday 1.64 1.12e2.41 5.00 1.91e13.06

Saturday 2.67 1.87e3.80 11.20 4.49e27.96

Sunday 2.10 1.45e3.02 6.00 2.33e15.46

Month

January 1.00 Reference 1.00 Reference

February 1.44 0.87e2.37 1.94 0.57e6.62

March 0.96 0.56e1.65 1.25 0.34e4.65

April 1.22 0.73e2.04 2.07 0.62e6.86

May 1.00 0.59e1.70 2.25 0.69e7.31

June 2.33 1.48e3.67 4.91 1.67e14.43

July 2.07 1.31e3.28 4.00 1.34e11.96

August 1.70 1.06e2.74 3.00 0.97e9.30

September 1.84 1.15e2.94 4.39 1.48e13.05

October 1.48 0.91e2.41 3.25 1.06e9.97

November 1.45 0.89e2.38 2.58 0.81e8.24

December 2.07 1.31e3.28 5.75 1.99e16.63

TBI, traumatic brain injury; BAC, blood alcohol concentration; RR, relative risk; CI, con-
fidence interval.

Figure 1. Moderate-to-severe traumatic brain injury (TBI) by day of the
week and alcohol status. BAC, blood alcohol content.
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DISCUSSION

In this 10-year prospective study of a complete cohort of patients
with moderate-to-severe TBI admitted to a level 1 trauma center in
a combined urban and rural region of Norway, we found a weekly
and a seasonal pattern for moderate-to-severe TBI. Furthermore,
high numbers of patients with elevated BAC coincided with the
high numbers of accidents leading to such TBI on weekends.
Finally, there seemed to be a relationship between alcohol intox-
ication and the observed seasonal variations.
Alcohol Intoxication
We found 29% of patients to have positive BAC and another 3% to
have clinical suspicion of alcohol intoxication, without having
measured their BAC. In BAC positive patients, 90% had a BAC
greater than 0.8&. Although Norway ranks at the lower levels of
statistics on alcohol consumption in Western countries,13 this
finding shows that despite a low yearly consumption per capita,
WORLD NEUROSURGERY 122: e684-e689, FEBRUARY 2019
alcohol intoxication is an important modifiable risk factor for
TBI.14,15 Alcohol intoxication has been reported to be present in
25%e39% of patients in recent European studies on
moderate-to-severe TBI; however, these did not report whether
values were based on BAC or clinical suspicion.7,16 One Finish
retrospective study on moderate-to-severe TBI had information on
BAC from 58% of included patients, whereof 56% were positive,
and the median BAC was similar to the one observed in this
study.11 In our study as many as three quarters of the patients were
examined for blood alcohol, and almost all were screened for
clinical suspicion of alcohol. To our knowledge, no other
studies have measured BAC in such a high percentage of
patients with moderate-to-severe TBI.
The mean age and male to female ratio of the patients included

in this study are comparable with the results of recent European
studies.7,16 We found teenagers and young adults aged 16e25
years to be the age group most affected by moderate-to-severe TBI,
and in this group 43% of patients had positive BAC. In female
subjects, there were only 16% of patients who were BAC positive.
The female patients were also significantly older than the male
patients, and BAC was not measured as often in older patients as
in the younger. There was no difference in the percentage of
BAC-positive patients that were injured by falls or traffic accidents.
Time of Week Variation
We observed a weekly pattern in the distribution of moderate-to-
severe TBI, with more accidents on weekends. Interestingly,
among sober patients there was no significant difference between
TBI admissions on weekends and weekdays, whereas the differ-
ence was highly significant in the BAC-positive subgroup.
Furthermore, we found that on weekends, accidents were more
www.journals.elsevier.com/world-neurosurgery e687
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Figure 3. Moderate-to-severe traumatic brain injury (TBI) by month and
alcohol status. BAC, blood alcohol content.

Figure 2. Injury time of moderate-to-severe traumatic brain injury (TBI) by
day of the week and time of the day.
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likely to occur in the evening and night time. We were not able to
find any previous study that has examined the time of injury
patterns of moderate-to-severe TBI. However, a Finnish study
found similar results on the weekly distribution of alcohol-related
head injuries, when also including mild and minimal TBI.17 The
weekly variation of alcohol-related TBI suggests that many of
these injuries occur as a consequence of acute alcohol intoxication
at times when alcohol consumption is considered to be socially
appropriate, such as weekend evenings, suggesting that these
injuries are not necessarily related to alcoholism. Thus, the weekly
variation observed in our study will probably be representative for
other countries where binge drinking on weekends is a typical
drinking pattern in young individuals, such as in Europe and
North America.11,18,19

Time of Year Variation
We found a clear seasonal variation in moderate-to-severe TBI.
Whereas accident numbers were low in the first 5 months of the
year, they were greater in the months of June, July, and in
December. The high numbers of TBI caused by traffic accidents in
June and July were particularly evident. Previous studies on the
seasonal variation of road traffic accidents from other geograph-
ical regions have suggested that these increase during holidays
and vacation months due to increased travel.17,20 Furthermore,
almost one half of all moped, motorcycle and bicycle accidents
occurred in the months of June and July. These vehicles are likely
more in use in the summer climate, suggesting that weather
conditions also may play a role in this seasonal variation.
In December, there was a high number of patients with positive

BAC, and most of these patients were injured by falls. Due to
Christmas celebrations, December is a festive month with
increased leisure activity, travel, and alcohol intake. A large cohort
e688 www.SCIENCEDIRECT.com WORLD NE
study on alcohol habits conducted in Central-Norway found
December to be the month in which most persons reported that
they had been drinking alcohol, which coincides with high na-
tional sales of alcohol in December.21 This finding may be
applicable to other countries in which Christmas celebrations
are associated with increased alcohol intake, as well as to
countries in which other holidays are associated with increased
alcohol intake.
The seasonal pattern for moderate-to-severe TBI is an important

and novel finding with clinical implications. The low numbers of
moderate and severe TBI in certain months of the year demon-
strate that many of the accidents causing these severe injuries,
often resulting in long-lasting disabilities or even death, are
avoidable. Furthermore, knowing at what time of the year acci-
dents peak may be helpful for further prevention of injuries, and
for the management of staff in emergency rooms, neurosurgery,
and rehabilitation departments. A reduction in clinical activity
during summer months is common. Seeing that moderate-to-
severe TBIs often occur during the summer, one would have to
question this practice.
Strengths and Limitations
This complete cohort of 493 patients with moderate-to-severe TBI
was registered prospectively, and consecutive patients admitted to
the university hospital were included in the study, minimizing the
chances for selection bias. Although a very large percentage of
patients were screened for BAC, ideally all patents should have
been tested. However, only 17 patients not tested for BAC were
clinically suspected of alcohol intoxication. Thus, it is unlikely that
UROSURGERY, https://doi.org/10.1016/j.wneu.2018.10.122
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many cases of alcohol intoxication were missed. Intoxication with
other recreational drugs was not investigated.
We performed a careful consideration of patients who could

have had a falsely low GCS score because of alcohol intoxication
during the first hours after injury by excluding patients who
obviously had a mild TBI. Furthermore, some patients were
reclassified from severe to moderate TBI. However, we cannot
exclude that still some patients were not correctly classified
because of alcohol intoxication, which is always a challenge in TBI
research.22 This is also shown in a recent study based on part of
the same cohort as in the present study, demonstrating that
influence of alcohol significantly reduced the GCS score in a
dose dependent manner in moderate and severe TBI patients
with Rotterdam CT scores of 1e3 (i.e., mostly modest CT
findings).12

CONCLUSIONS

This study shows that moderate-to-severe TBI admissions display
a weekly and a seasonal pattern of distribution. Because the time
of injury pattern investigated is likely to be tied to culture,
WORLD NEUROSURGERY 122: e684-e689, FEBRUARY 2019
weather, and timing of vacations and holidays, our results may not
be directly applicable to all countries. However, our results show
that TBI admissions are more frequent during vacation months
and holidays, and this is likely to be relevant also for countries in
which vacation time is set to different months. These findings may
have implications not only for prevention strategies but also for
the management of hospital departments that deal with these
patients. Furthermore, we found that high numbers of TBI ad-
missions on weekends and in vacation months coincided with
high numbers of patients with elevated blood alcohol levels at the
same times. These findings indicate that acute alcohol intoxica-
tion is an important modifiable risk factor for moderate-to-severe
TBI.
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