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A prospective observational cohort study of traumatic brain injury in the northern 
region of Sweden
Beatrice M. Magnussona, Emil Isakssona, and Lars-Owe D. Koskinenb

aDepartment of Surgery and Perioperative Sciences, Anesthesiology and Intensive Care Medicine, Umeå University, Sweden; bDepartment of Clinical 
Science, Neurosciences, Umeå University, Sweden

ABSTRACT
Objective: Generally, to map epidemiological and demographic features of patients with traumatic 
brain injury (TBI) in Umeå county, Sweden. Specifically, to evaluate the subjects needing 
a computed tomography (CT) of the head after suffering from TBI and frequencies of 1) intracra
nial lesions detected with CT, 2) need for neurosurgical intervention and 3) admission to hospital.
Methods: Patients with a suspected TBI, undergoing CT within 24 hours of arrival to hospital, were 
included in a database for evaluation.
Results: Out of 302 patients (63% male), 83% were GCS 13–15, 7% were GCS 9–12 and 10% were GCS <9. 
The frequency of abnormal CT findings was 23% in GCS 13–15, 67% in GCS 9–12 and 97% in GCS <9. 
Neurosurgical intervention was needed by 4% of those with GCS 13–15, 52% of those with GCS 9–12 and 
by 76% of those with GCS <9.
Conclusions: Subjects with GCS 13–15  had higher frequencies of abnormal CT findings, need for 
neurosurgical intervention and hospital admission than previously reported. A similar trend was 
observed for patients with GCS 9–12, which can be of serious nature, with a higher frequency of 
need for neurosurgical intervention than previously described.
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Introduction

Traumatic brain injury (TBI) is a common cause of death and 
disability worldwide. In Europe, about 2.5 million people suffer 
from TBI every year, 1 million need hospitalization and 75,000 
people die (1,2). In Sweden, the annual incidence of TBI is 
approximately 300 cases/100,000 citizens with roughly 10 
deaths/100,000 citizens (3). These figures are comparable to 
the European and American averages (4,5).

In the younger population, the most common cause of TBI 
is traffic-related injury, while fall injuries dominate in the elder 
population. TBI occurs twice as often in males as in females, 
but this gender difference declines with age (4,6–12).

The most commonly used classification of TBI is based on 
the Glasgow Coma Scale score (GCS) which is used at clinical 
examination and takes eye opening, verbal response and moto
ric reaction into account. GCS 13–15 corresponds to mild 
injury, 9–12 to moderate injury and < 9 to severe injury (13). 
The risk of mortality increases with lower GCS. Severe TBI 
carries a mortality rate up to 40%, while the rate in mild TBI is 
0.1% (14,15). For the past few decades, the research regarding 
TBI management has focused on severe TBI. However, severe 
TBIs make up only a few percent of all TBIs. A patient in the 
emergency room (ER) will usually have a mild (90%) or mod
erate (5%) TBI (11,16).

There is a dilemma regarding best practices on to per
form a CT scan or hospitalize patients. Most patients will 
not develop any life-threatening consequences, but it is of 
the utmost importance to identify the minority who are at 
risk. There is no consensus globally on how to manage 
this matter (8). Though there has been a positive influx of 
clinical strategies and guidelines in recent years, they are 
all based on an “one size fits all” approach and lack scope 
for personalization (17–22). Furthermore, compliance with 
these guidelines and clinical strategies varies greatly 
between different hospitals and across the globe (8).

For the development of new and current guidelines, the true 
incidence of consequences following mild and moderate TBI 
must be elucidated. The definitions of mild and moderate TBI 
may vary depending on the methods used, e.g., GCS, loss of 
consciousness or posttraumatic amnesia, which may compli
cate the comparison of studies. The overall aim of this study 
was to evaluate epidemiological and demographic features of 
cases with TBI with a CT scan of the head within 24 hours of 
arrival at the ER in a defined population in Umeå county. The 
specific aims of this study were to: 1) evaluate the incidence 
rates of intracranial lesions detected on CT in mild, moderate 
and severe TBI, 2) evaluate the need for neurosurgical inter
vention in mild, moderate and severe TBI, 3) evaluate the 
number of hospital admissions following mild, moderate and 
severe TBI.
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Methods

Design and study population

This study was a longitudinal prospective observational con
secutive cohort study of patients suffering mild to severe TBI. 
Between January 1, 2015 and December 31, 2016, data were 
sourced on patients who came to the ER of Umeå University 
Hospital (NUS) with a suspected TBI examined with CT dur
ing acute management. The catchment area was the city of 
Umeå, with a few exceptions. All patients with suspected TBI 
suffered an event of clear external mechanical force to the head 
within at most 24 hours before arrival. The CT examination 
had to be performed at most 24 hours after arrival.

Clinical and radiological assessment

In all cases, the clinical, demographic and epidemiological data 
were collected prospectively. The initial management of the 
TBI at the ER was based on the Scandinavian Neurotrauma 
Committee (SNC) guidelines on management of TBI in adults 
(22) and children (23). Only patients with a CT scan within 
24 hours of arrival at the ER were included. S-100B was not 
considered as an inclusion criterion. The decision to perform 
a CT scan was made by the ER physician and thus reflected 
everyday clinical practice. Severe TBI was treated in accor
dance with a modified Lund concept (24). Radiological assess
ment was performed by neuroradiologists. CT images were 
reviewed by at least two medical specialists, one being 
a senior doctor. Mortality was assessed at discharge from the 
hospital or ER.

Definition of variables

Mild TBI was defined as GCS 13–15, moderate as 9–12 and 
severe < 9, as evaluated at the ER at admission. As the mild 
group, defined as GCS 13–15, can be negatively influenced by 
the worst affected, GCS 13, we also report the results for the 
GCS 14–15 group and compare these groups with each other. 
CT results were assessed as abnormal if there was any acute 
intracranial injury or evidence thereof: compressed basal cis
terns, 0–4 mm, > 5 mm, > 10 mm midline shifts, epidural 
hematoma (EDH), acute subdural hematoma (ASDH), trau
matic subarachnoid hemorrhage (tSAH) and/or contusion. If 
there was an already known abnormality on the CT scan, the 
result was classified as normal. Hospital admission was defined 
as admission to either a ward or an intensive care unit. Need for 
neurosurgical intervention was defined as need for craniotomy, 
craniectomy, ventricular drainage or insertion of an intrapar
enchymal pressure (ICP) monitoring device. Each patient 
could receive several interventions. This was counted as one 
intervention. Injury mechanism was divided into road traffic 
accident (RTA), fall accident, assault, sport/recreational and 
self-harm. RTA included all types of high-energy violence 
associated with traffic, e.g., car and motorcycle accidents affect
ing driver, occupant, opposing driver, pedestrian or cyclist. 
Snowmobile accidents were also included in this category. 
Fall accidents included falls from both standing and height. 
Injury type was divided into penetrating, blunt/closed and 
crush. Place injury occurred was divided into home, street/ 

traffic, work, public place and sports field/hall. The patients 
were divided into age groups: < 18, 18–29, 30–49, 50–64 and 
65–99 years.

Statistical analysis

Statistical analysis was performed using the software Statistical 
Package for the Social Sciences (IBM SPSS, v. 25). Qualitive 
variables were presented as frequencies or percentages. 
Statistical significance was evaluated using the chi-squared 
test (p<0.001).

Ethical considerations

All data have been anonymized. No future detriment to the 
individuals can be identified. Ethical approval has been granted 
for research of human subjects, by the Regional Ethical Board 
at Umeå University Hospital (dnr 2014/1473-31/4).

Results

General, demographic and epidemiological data

In all, approximately 2,000 patients with TBI seek care at the 
NUS ER annually. Most have mild TBI (GCS 13–15), with few 
clinical symptoms. During the study period (2015–2016), 302 
patients fulfilled the inclusion criteria of having a CT scan of 
the head within 24 hours after arrival to the ER. In Table 1, 
demographic, epidemiological and clinical characteristics are 
presented. In total, 83% (n = 252) suffered from mild injuries, 
7% (n = 21) from moderate injuries and 10% (n = 29) from 
severe injuries. Figure 1 shows the age distribution of the total 
study group.

The most common injury type was blunt/closed, followed 
by crush. Crush injury was more common in younger ages, 
while blunt/closed injuries were more often observed among 
the elderly. The most common injury mechanism was fall 
accidents, followed by RTA. The highest percentages of fall 
accidents occurred in the older age groups and the highest 
percentages of RTA were found in the younger age groups. 
The most common place injuries occurred was at home, fol
lowed by street/traffic. Injury at home was more common in 
older ages.

CT results, neurosurgical intervention and hospital 
admission

Figure 2 shows the frequencies of abnormal CT findings 
grouped by head injury severity. The frequency was 23%, 
67% and 97% in mild, moderate and severe TBI, respectively, 
i.e., the frequency of abnormal CT findings increased with 
lower GCS. The types of neurosurgical intervention needed 
are described in Table 2. Table 3 shows the characteristics of 
the CT results. Twenty-two percent of the total number of 
patients with an abnormal CT had a compressed basal cistern 
and fifty-six percent had a tSAH. Isolated tSAH was only seen 
in 17 patients, all within GCS 13–15. Thirty-five percent had 
a midline shift of > 0 mm. There was almost no difference 
between the GCS 13–15 and 14–15 as shown in Table 3, and 
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definitely no significant difference. Figure 3 shows the propor
tion of subjects who had to undergo a neurosurgical interven
tion. Figure 4a presents the frequency of hospital admissions 
caused by each severity of TBI. Figure 4b shows the same 
outcome but grouped by age and severity of TBI. Admittance 
was nearly 100% for moderate and severe TBI, in all age 
groups. An admission frequency of approximately 65% was 
seen among children and elderly with mild TBI.

Discussion

The study has analyzed all patients suffering from mild, mod
erate and severe TBI, on whom CT was performed at the NUS 
ER within 24 hours after arrival, during a period of two years. 
The total annual number of patients with TBI seeking care at 
the NUS ER was approximately 2,000. A similar selected 
cohort, prospectively and consecutively measured, has not to 

our knowledge previously been reported from our region. 
Overall, we demonstrate that in such a selected cohort the 
incidence of pathological CT-findings of the brain in the 
group of GCS ,13–15 and 9–12 is not negligible. Further, 
acute brain injuries defined at the ER as mild or moderate are 
not always that simple.

Overall aim

Our findings were consistent with those of earlier studies 
performed in Sweden, as well as internationally. 
Demographically, there are more males across all severities of 
TBI, there is a dominance of males in younger age groups and 
the difference in gender distribution of cases with TBI 
decreases with age (4,5,11,12,25). Epidemiologically, road traf
fic accidents are more common in young ages and fall accidents 
are more common among elderly. Males, especially in young 

Table 1. Characteristics of the study cohort.

Category Subcategory

Age group (years)

< 18 18–29 30–49 50–64 65–79 80–99 Total

n % n % n % n % n % n % n %

Gender Male 13 68 40 67 30 73 36 71 38 56 34 54 191 63
Female 6 32 20 33 11 27 15 29 30 44 29 46 111 37

Glasgow Coma Scale score < 9 1 5 9 15 4 10 6 12 9 13 0 0 29 10
9–12 1 5 1 2 5 12 6 12 7 10 1 2 21 7
13–15 17 89 50 83 32 78 39 76 52 76 62 98 252 83

Injury type Crush 15 79 35 58 22 54 16 31 19 28 7 11 114 38
Blunt/closed 4 21 25 42 18 44 32 63 47 69 52 83 178 59
Penetrating 0 0 0 0 1 2 3 6 2 3 4 6 10 3

Injury mechanism Road traffic accident 4 21 36 60 16 39 12 24 12 18 5 8 85 28
Fall accident 9 47 12 20 20 49 35 69 56 82 58 92 190 63
Assault 0 0 5 8 3 7 2 4 0 0 0 0 10 3
Sport/recreational 6 32 5 8 1 2 1 2 0 0 0 0 13 4
Self-harm 0 0 2 3 1 2 1 2 0 0 0 0 4 1

Place injury occurred Street/traffic 5 26 31 52 14 34 10 20 12 18 8 13 80 26
Home 1 5 5 8 7 17 20 39 41 60 46 73 120 40
Public place 6 32 12 20 12 29 16 31 15 22 9 14 70 23
Work 0 0 2 3 5 12 4 8 0 0 0 0 11 4
Sports field/hall 7 37 10 17 3 7 1 2 0 0 0 0 21 7

Mortality Dead 1 5 1 2 1 2 1 2 1 1 3 5 8 3
Alive 18 95 59 98 40 98 50 98 67 99 60 95 294 97

Figure 1. The age (5 year interval) and gender distribution of TBI.
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ages, are more likely to suffer severe head injury (4,5,11,12). As 
regards the distribution of different severities presenting at the 
ER, our findings diverged from those of others. The frequency 
of mild TBI was low, at 83%, and the occurrence rates of 
moderate and severe TBI (7% and 10%, respectively) were 
high (5,11–13,25,26). It cannot be ruled out that more severe 
TBI might be more common in the northern part of Sweden. In 
theory, more vehicle-associated injuries (car and bicycle acci
dents) could occur because of poor local road conditions dur
ing the long winter and more high-energy trauma could result 
from snowmobile accidents (27,28). It is important to note that 
the reported cohort did not include referrals from the entire 
neurosurgical catchment area for the hospital, but only patients 
with TBI who arrived at the ER and fulfilled the inclusion 
criteria.

CT results and neurosurgical intervention
Among patients suffering mild TBI (GCS 13–15), 23% had 
abnormal CT results and 4% needed neurosurgical interven
tion. These results are at the higher end of what has been 
reported previously. Rates of abnormal CT findings have 
been reported in the range 8.5–16% (14,18,29–31). Need for 
neurosurgical intervention has been reported in 0.4–8.8% of 
cases (14,31–33). The differences might be due to the fact 
that we used the most common clinical definition of mild 
TBI, GCS 13–15, used by over 60% of neurotrauma centers 
worldwide (33), while many earlier studies have used GCS 
14–15 or only GCS 15 as the definition of mild TBI 
(14,18,29). As GCS 13 subjects may be clearly worse injured 
compared to the rest in the mild traumatic injury group 
(GCS 13–15), the overall results of the mild group may be 
biased or driven by the GCS 13 subjects (34,35). We found no 
such effect in our study. However, it is worthwhile to recog
nize this in future studies and report these groups separately 
for comparison.

Figure 2. The percentage of patients with abnormal CT-results within each severity of TBI. The difference between each group was statistically significant using chi- 
squared test. CT: Computer tomography. TBI: Traumatic brain injury.

Table 2. Characteristics of the required neurosurgical interventions.

Glasgow Coma Scale score

< 9 
(n = 29)

9–12 
(n = 21)

13–15 
(n = 252)

Total 
(n = 302)

n % n % n % n %

Total neurosurgical interventions 22 76 11 52 10 4 43 14
Type of neurosurgical intervention n % n % n % n %

Craniotomy 10 45 4 36 9 90 23 53
Craniectomy 5 22 2 18 0 0 7 16
Insertion of ICP monitoring 
device1

20 91 8 73 1 10 28 65

External ventricular drainage2 8 36 3 27 0 0 11 26

Total neurosurgical interventions and type of neurosurgical intervention in num
bers and percentage. The percentage of type of neurosurgical intervention is 
the percentage of the numbers under total neurosurgical interventions. ICP: 
intracranial pressure, 1denotes an intraparenchymal device. 2Used for ICP mea
surement and drainage.

Table 3. Characteristics of the CT results.

Glasgow Coma Scale Score

<9 
(n = 29)

9–12 
(n = 21)

13–15 
(n = 252)

14–15 
(n = 241)

n % n % n % n %

Abnormal CT scan 28 97 14 67 59 23 53 22
Type of pathology:
Compressed basal 

cisterns
12 43 5 36 5 8 4 8

Midlineshift – total 13 46 10 71 12 20 10 19
0–4 mm 4 14 6 43 6 10 5 9
> 5 mm 7 25 3 21 6 10 5 9

> 10 mm 2 7 1 7 0 0 0 0
tSAH 19 68 7 50 31 53 27 51
EDH 7 25 1 7 5 8 5 9
ASDH 26 93 6 43 25 42 22 42
Contusions 25 89 8 57 21 36 18 34

Abnormal CT scan and type of pathology in numbers and percentage. The 
percentage of type of pathology is based on the total number of patients 
with abnormal CT scan within each GCS group. Each CT scan may show several 
pathologies. tSAH: traumatic subarachnoid hemorrhage. EDH: epidural hema
toma. ASDH: acute subdural hematoma.
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In moderate TBI, the frequency of abnormal CT findings 
was 67%, with a need for neurosurgical intervention in 52% of 
cases. The observed abnormality rate was consistent with ear
lier studies, where rates of 61–85% have been reported 
(13,29,36,37). However, the need for intervention was signifi
cantly higher than earlier reports of 12–18% (20,37,38). This 
could also be explained by methodological differences. Several 
past studies have used the definition of moderate TBI as GCS 
9–13, which would include some TBI categorized as mild in 
this study, thus presumably giving a better outcome. One 
should also have in mind that we report all neurosurgical 
interventions as a group which may render in higher numbers. 
However, in previously reported results it is not always clear 
how neurosurgical interventions are defined.

Hospital admission and cost

In the study, admission rates to hospital for mild, moderate 
and severe TBI were 60%, 95% and 100%, respectively. The 
high admission rate of more severe and moderate head injury 
is correct management under SNC guidelines (22,23). 
However, the high percentage of admission of mild TBI is 
not. We found no comparable studies reporting the percen
tage of patients needing hospital admission using the SNC 
2013 guidelines. There is a meta-analysis reporting hospital 
admission to be necessary for 8% of patients with mild TBI 
(14). Again, methodological differences must be considered 
when comparing these numbers. The lower admission rate is 
based on mild TBI defined as GCS 15 and does not exclude 
patients on the basis of no CT scan having been performed. 
Thus, the population studied herein was more specific, hav
ing a clinical indication for CT, which would suggest a more 
severe type of TBI and could explain our higher numbers. 
Another possible explanation for the high admission rate is 
that patients admitted to NUS had traveled long distances 
and lived alone. Admission is sometimes justified on 
a practical or moral basis. When these results for mild and 

moderate TBI are taken together, it seems obvious that the 
triage of patients at the ER is focused on correct indicators 
for performing CT of the brain and admission for patient 
care.

Every effort to correctly select patients for radiological eva
luation and hospital admission is important, as the hospital 
cost for this patient group is very high. There is also a need for 
decreasing unnecessary radiological examinations to decrease 
the burden of radiation to the subject. Though the individual 
impact is less in mild TBI than in severe TBI, the group as 
a whole has significant impact on the global burden of disabil
ity and generates high costs for health care and society (1,39). 
When all severities are included, TBI costs the global economy 
up to $US400 billion annually (1). There has been no global 
estimates on the impact of mild TBI alone. However, 
a population-based study from New Zealand reported that, 
for each new case with TBI, the cost over a lifetime was around 
$US5,000 for mild TBI compared with approximately 
$US40,000 for moderate/severe TBI (39). However, as 95% of 
cases were mild TBI, they added up to three times the cost of 
the cases with moderate and severe TBI.

Strengths and limitations

The method used in this study has several strengths. First, 
this patient population has never been explored in 
a prospective manner before, only retrospectively (5,40). 
By using a prospective approach, we eliminated the risk 
of recall bias, which is always present in retrospective 
studies. Second, our inclusion criteria – requiring 
a performed CT examination and a clear mechanism of 
TBI – resulted in an interesting patient population. Third, 
we made no exclusions based on the age of the subjects. 
Therefore, we gathered a large, randomized patient mate
rial, with high generalizability, including representatives 
from all age groups. This study suffers from a few limita
tions. First, we need to review our inclusion criteria. The 

Figure 3. The percentage of patients required neurosurgical intervention. The difference between each group was statistically significant evaluated using chi-squared 
test.
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patients who lacked clinical indications for a CT examina
tion were excluded. This may have disqualified the mildest 
forms of TBI, creating a selection bias toward more severe 
types of mild TBI and moderate TBI. This would explain 
our higher frequencies of interventions and hospital admis
sions. However, this indicates correct triage of patients. 
Second, medication with anticoagulants and other risk fac
tors was not considered. This could influence the outcome. 
Future studies need to be conducted to explore these inter
esting aspects further.

Conclusion

In a defined population in Umeå county, we have strength
ened several international findings on epidemiological and 
demographic features of TBI. The specific findings of this 
study suggest that mild TBI might not be as mild as pre
viously reported. Rather, mild TBI might sometimes be of 
a more severe nature, resulting in a greater need for CT 
scans, neurosurgical intervention and hospital admission. 
Further, moderate TBI may require neurosurgical interven
tion more frequently than has been described previously. 

Figure 4. a. The percentage of patients admitted to hospital. b. Hospital admission for each severity of TBI divided by age-groups.
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These findings should be considered in future development 
of guidelines for the management of TBI.
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