
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

 Methods in Neuroepidemiology 

 Neuroepidemiology 2012;38:259–267
  DOI: 10.1159/000338032 

 Incidence of Hospital-Admitted Severe Traumatic 
Brain Injury and In-Hospital Fatality in Norway: 
A National Cohort Study

  N. Andelic    a     A. Anke    b, c     T. Skandsen    d, e     S. Sigurdardottir    f     M. Sandhaug    g     

T. Ader    h     C. Roe    a, i  
   a  

  Department of Physical Medicine and Rehabilitation, Oslo University Hospital, Ulleval,  Oslo ,  b  
  Division of 

Rehabilitation, University Hospital of North Norway, and  c  
  Faculty of Health Sciences, Institute of Clinical Medicine, 

University of Tromsø,  Tromsø ,  d  
  Department of Physical Medicine and Rehabilitation, St. Olavs University 

Hospital, and  e  
  Department of Neuroscience, Norwegian University of Science and Technology,  Trondheim , 

 f    Sunnaas Rehabilitation Hospital, Department of Research,  Nesoddtangen ,  g  
  Department of Physical Medicine 

and Rehabilitation, Research Unit, Sørlandet Hospital,  Kristiansand ,  h  
  Department of Physical Medicine and 

Rehabilitation, Haukeland University Hospital,  Bergen , and  i    Faculty of Medicine, University of Oslo,  Oslo , Norway
  

 

groups. The most common causes of injury were falls and 
transport accidents. The highest in-hospital case-fatality 
rate was found among the oldest patients. There were con-
sistent epidemiological characteristics of severe TBI from 
both rural and urban regions.  Conclusions:  The incidence of 
hospital-admitted patients with severe TBI in this national 
study supports the declining incidence of TBI reported inter-
nationally. No major differences were found in epidemiolog-
ical characteristics between the urban and rural parts of Nor-
way.   Copyright © 2012 S. Karger AG, Basel

  Introduction

  Traumatic brain injury (TBI), defined as brain injury 
caused by external trauma, is a worldwide public-health 
problem, with high mortality rates and a long-term loss 
of function accompanying the severest injuries  [1] . Pre-
vention policies cannot be properly targeted without reli-
able data on the incidence, demography and external 
causes of injuries that aid in identifying the high-risk 
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  Abstract

   Aims:  The aims of this study were to assess the incidence of 
hospital-admitted severe traumatic brain injury (TBI) in the 
adult population in Norway, and to determine whether there 
were differences in the epidemiological characteristics of se-
vere TBI between rural and urban regions.  Methods:  A pro-
spective population-based study on adults with severe TBI 
admitted to the Norwegian Trauma Referral Centres during 
the 2-year period (2009–2010). The electronic patient regis-
ter was searched weekly for ICD-10 diagnoses of intracranial 
injuries (S06.0–S06.9) to identify patients. Severe TBI was de-
fined as lowest unsedated Glasgow Coma Scale Score  ̂  8 
during the first 24 h after injury.  Results:  The annual age-
adjusted incidence was estimated at 5.2/100,000 in 2009 and 
4.1/100,000 in 2010. The highest frequency of hospitalized 
patients was found among the youngest and the oldest age 
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groups  [2] . International epidemiological studies have re-
ported changes during the last decades, with decreasing 
rate trends associated with TBI, incidence, hospitaliza-
tions and mortality  [3, 4] . The creation of regional trauma 
referral systems (level I trauma centres) and the introduc-
tion of standardized clinical procedures, such as guide-
lines that recommend transfer of severe TBI cases to 
neurosurgical centres irrespective of the need for neuro-
surgery, has resulted in significant reductions in TBI-as-
sociated mortality and morbidity  [5] . A major drop in the 
mortality rate in the USA in trauma patients with severe 
TBI occurred between 1986 and 1995  [6] . The mortality 
rates from head injuries in Nordic countries (Denmark, 
Sweden and Norway) also declined from 1987 to 2000  [7] , 
which is consistent with the trends in the USA  [6] . How-
ever, a recent review by Stein et al.  [8]  argued that TBI-
related mortality has been stable over the last decade. 
Among possible factors that contribute to the stable mor-
tality rates are the changes in epidemiological patterns, 
such as an increasing number of older patients with se-
vere TBI  [3, 9] . The high fatality rate in this patient popu-
lation may outweigh the effects of the overall improve-
ment in TBI management  [10] .

  Epidemiological factors and the incidence of TBI in 
Europe over the last 20 years have been reviewed by 
Tagliaferri et al.  [11] . Only a few studies have included the 
incidence rate of severe TBI, and there were large varia-
tions in the reported rates even among those studies (7.1–
20.0/100,000)  [12–15] . However, these studies were not 
conducted on a national level. Thus, the incidence of se-
vere TBI in Europe is not well known, and more data are 
needed.

  We do not have any reliable estimates of the incidence 
of hospital-admitted patients with severe TBI in Norway. 
Approximately 70% of the population in Norway lives in 
southern regions while the remaining population is wide-
ly dispersed in the central and northern regions of Nor-
way [source: Statistics Norway 2009]. Recently published 
studies from urban regions in the eastern  [16]  and west-
ern regions of Norway  [17]  reported inconsistent inci-
dence rates. This inconsistency is likely related to the use 
of different case definitions (TBI vs. head injury, i.e. ex-
ternal injury to the face, scalp and calvarium, which may 
or may not be associated with brain injury) but nonethe-
less limits generalizability  [16, 17] . However, the trends 
toward a high incidence in the elderly and falls as the 
main cause of injury were consistent in both studies. A 
previous study from rural regions of northern Norway 
was conducted 20 years ago  [18]  and studies are needed 
to provide current information on the trends in the inci-

dence of severe TBI. The trauma mechanism and subse-
quent type of injuries along with their severity, as well as 
the pre-hospital distances, may vary among these re-
gions, with different accompanying demands on the 
health care system. Thus, accurate documentation of the 
incidence, risk groups and complications of TBI is im-
perative for the development of prevention policies and 
the management of severe TBI.

  During 2009 and 2010, the Norwegian Trauma Refer-
ral Centres conducted a national multicenter study on se-
vere TBI. Due to the centralization policy reflected in the 
guidelines  [19] , this study had a potential to cover the 
whole population of Norway. The study is of internation-
al interest because there are very few previous studies that 
cover a whole country, and Norway has well-organized 
public trauma system with a highly developed infrastruc-
ture and transportation systems enabling most TBI pa-
tients to be transported to a neurosurgical department 
for definitive treatment  [19] .

  The aims of this part of the study were to assess the 
incidence of hospital admission for severe TBI in the 
adult population in Norway and to determine whether 
there were differences between rural and urban regions 
in the frequency of severe TBI, age and gender distribu-
tion, external causes of injury, substance consumption 
(drug and alcohol use), injury severity and fatality rates.

  Materials and Methods

  Study Region
  In Norway, patients with severe TBI are treated in neuro-in-

tensive care units/neurosurgical departments in the acute phase 
in accordance with the Nordic adaptation of the Brain Trauma 
Foundation guidelines  [19] . There are four health regions in Nor-
way, each with one defined Trauma Referral Centre: University 
Hospital of North Norway in the northern region, St. Olavs Hos-
pital in the central region, Haukeland University Hospital in the 
western region and Oslo University Hospital in the south-eastern 
region of Norway. All four hospitals have neurosurgical depart-
ments. In the western region, there is an additional neurosurgical 
department at Stavanger University Hospital  [19] .

  The population of adults (age  6 16 years) is 2,143,661 in the 
southeast region of Norway; 780,649 in the western region; 
530,008 in the central region and 369,809 in the northern region 
[source: Statistics Norway 2009]. For the purpose of this study, we 
considered the northern and central regions of Norway as more 
rural due to long distances between population centres with an 
adult population density of 3.5 and 9.9 inhabitants/km 2  land area, 
respectively. The western and southern regions are considered as 
more urban due to shorter distances between population centres 
with an adult population density of 19 and 26 inhabitants/km 2  
land area, respectively [source: Statistics Norway 2009]. The pre-
hospital emergency medical services are, however, well organized 
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in Norway. Severely injured patients are transported directly from 
the site of injury to the neurosurgical department or stabilized at 
the local hospitals and transferred thereafter. The transportation 
system for these patients is based on helicopters and fixed-wing 
air ambulances  [19] .

  The study is a part of larger prospective population-based 
multicentre study on adults with severe TBI admitted to neuro-
surgical departments during the 2-year period from January 2009 
to December 2010, where incidence data are collected for all pa-
tients and in-depth analysis for the patients filling the criteria for 
follow-up.

  Inclusion Procedure
  The inclusion of patients and the collection of data in the acute 

phase were performed at the previously mentioned four univer-
sity hospitals. In each hospital, a regional research coordinator 
was in charge of the study. The electronic patient register was 
searched weekly to identify all patients with severe TBI who had 
been admitted to the Trauma Referral Centres with an acute in-
jury. In addition, a retrospective search through the patient reg-
ister was performed at the Neurosurgical Department at Stavan-
ger University Hospital for patient admissions in 2009 and the 
first half of 2010. The data for the second part of 2010 were not 
available and were therefore estimated from available data.

  The patients were evaluated for inclusion if they were  6 16 
years old and had ICD-10 diagnosis codes corresponding to intra-
cranial injuries (S06.0–S06.9). Patients residing in Norway, ad-
mitted within 72 h after injury were included if they met the def-
inition of severe TBI. TBI severity was classified according to 
Glasgow Coma Score (GCS) scores as suggested by Barker-Collo 
and Feigin  [20] . Severe TBI was defined as unsedated (GCS) score 
 ̂  8 during the first 24 h after injury. The GCS scores were re-
corded in all patients. The ICD-10 diagnoses of intracranial inju-
ries were mainly based on computed tomography (CT) findings. 
CT scans were performed in all patients.

  As we applied predefined exclusion criteria for the follow-up 
study, patients were excluded if they were injured abroad (n = 5), 
if they had progressive neurological diseases/injuries (n = 19), if 
they had severe psychiatric diseases (n = 11) or severe alcohol and/
or narcotics abuse (n = 16), if they were homeless (n = 2) or if they 
did not consent (n = 10). However, the excluded patients were ac-
counted for in the incidence rate estimates.

  Data Registrations
  Each regional coordinator, in collaboration with the project 

manager (C.R., last author), was responsible for data collection in 
the acute phase. Regional coordinators participated in a number 
of videoconference meetings before the start of the study to find 
a common platform for data collection and to diminish variabil-
ity of procedures across study regions.

  Data registrations were based on medical records and other 
available clinical information from the stay in the neuro-intensive 
care units/neurosurgical departments. The registration data 
comprised the demographic data, external cause of injury (trans-
port accidents, falls, assaults, others/sport injuries), substance 
consumption at the time of injury (clinical and/or laboratory eval-
uation) and severity of injury (level of consciousness as assessed 
by the lowest GCS within the first 24 h after injury, ICD-10 diag-
noses of intracranial injury, accompanying extracranial injuries 
and death).

  Data Analyses and Statistics
  The incidence of hospital-treated adults with severe TBI per 

100,000 persons per year was calculated on the basis of the follow-
ing information:

  (a) The number of new hospital-treated adults with severe TBI 
residing in Norway was used as the numerator. 

  (b) Demographic data detailing the Norwegian adult popula-
tion (aged 16 years or older) from Statistics Norway 2009 
(3,824,127) and 2010 (3,876,857) were used as the denominator.

  The remaining data are presented as the mean value with 
standard deviation (SD) and the median value with interquartile 
range (IQR) or proportions. When comparing genders, a Mann-
Whitney U test was used for continuous variables. The  �  2  test for 
contingency tables was used to detect associations between cat-
egorical independent variables. The in-hospital fatality rates 
were calculated using the following formula: fatal injury/(fatal 
injury + non-fatal injury)  !  100. A significance level of 5% was 
used. All statistical analyses were performed with SPSS 16.0 
(SPSS Inc., Chicago, Ill., USA). SigmaPlot 11.00 software was 
used for figures.

  Results

  We chose to report incidence over 2 years to illustrate 
the fluctuation in severe TBI and also to accrue an ade-
quate number for the analysis of urban/rural and age-
related effects.

  Annual Incidence Rate of Severe TBI
  Over the 2-year study period, 359 patients residing in 

Norway with acute severe TBI were recorded, including 
199 patients injured in 2009 and 160 patients injured in 
2010. The overall incidence rate of severe TBI age-adjust-
ed to the Norwegian adult population in 2009 and 2010 
was estimated at 5.2/100,000 and 4.1/100,000, respective-
ly. For the years 2009 and 2010, the age-adjusted annual 
incidence for males was 8.4/100,000 and 5.6/100,000, and 
for females 2.0/100,000 for each year. Furthermore, the 
annual incidence rates in the north/central regions (ru-
ral) were 5.9/100,000 and 4.3/100,000, respectively, and 
in the west/southeast regions (urban) 5.0/100,000 and 
4.1/100,000.

  Epidemiological data collected on patients included in 
the follow-up part of the study (n = 278) were selected for 
further analysis. The age and gender distribution of se-
vere TBI is shown in  figure 1 . The mean age for the whole 
population was 46.7 years (SD 21.6), 44.8 years (SD 20.1) 
for males and 53.2 years (SD 25.5) for females (p = 0.02). 
The highest frequency of injury was noted in the oldest 
patients (aged 75 years or older), followed by the youngest 
patients (aged 16–19 years). Severe TBI occurred at a 
higher rate in males than females in all age groups.
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  The distribution of injuries in the total sample, north/
central (rural) and west/southeast (urban) regions of 
Norway is presented in  table 1 .

  External Causes of Injury
  Falls were the leading cause of severe TBI and oc-

curred with half of all patients, followed by transport ac-
cidents (40%), assaults (5.5%) and other injuries (5%). 
There was no statistically significant difference in injury 

causes with respect to gender. External causes of injury 
varied with age ( fig. 2 ). TBI hospitalizations associated 
with falls presented an age peak in the oldest patients and 
a mean age of 56.8 years (SD 20.2). The highest rate of 
transport accidents was among the 16- to 19-year age 
group, and the median age of patients injured by these 
accidents was 29 years (IQR 31). Among transport acci-
dents, car accidents were the most frequent (52%) and the 
median age of patients injured by car accident was 26 
years (IQR 18). Motorcycle accidents accounted for 22% 
and median patient age in these accidents was 29 years 
(IQR 25). Pedestrians injured in transport accidents were 
significantly older, with a median age of 56 years (IQR 
48). The assault rate was highest among patients in the 
25- to 29-year age group, and the median age in this pop-
ulation was 35 years (IQR 20). There were no differences 
concerning the causes of injuries between patients from 
the north/central (rural) and west/southeast (urban) re-
gions of Norway ( table 1 ).

  Substance Consumption
  Evidence of substance use at the time of injury was 

found in 32% of the patients. Alcohol was the most fre-
quent substance used (90%), followed by cannabis and  
 amphetamines. Gender or age differences among pa-
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  Fig. 1.  Percentage of severe TBI by gender in different age groups 
in Norway 2009–2010.
 

  Table 1.   Comparison of data from the  north/central (rural) and 
west/southeast (urban) regions in Norway 2009–2010

North/
central region
(n = 82)

West/south-
east region
(n = 196)

p
value

Total
sample
(n = 278)

 Age, mean 8 SD  47.7822.0  46.2821.5  0.52  46.7821.6 

 Gender 
 Male
  Female 

 64 (78)
  18 (22) 

 150 (77)
    46 (23) 

 0.78  214 (77)
64 (23) 

 Cause of injury 
 Transport accidents
  Falls
  Assaults
  Others 

 35 (43)
  37 (45)

2 (2)
8 (10) 

76 (39)
  101 (52)

13 (6)
6 (3) 

 0.06
  
  
 

 111 (40)
  138 (50)

15 (5)
14 (5) 

 Severity of injury 
 GCS, mean 8 SD
  Multiple ICD-10

  diagnosis (S06)
  Isolated TBI
  Died 

 5.482.0
  
  60 (73)
  40 (48)
  25 (31) 

 5.282.1
  
  149 (76)
  115 (59)

55 (28) 

 0.35
  
  0.89
  0.15
  0.38 

 5.382.0
  
  209 (75)
  155 (56)

80 (29) 

 Figures in parentheses are percentages. 
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  Fig. 2.  Percentage of severe TBI by external cause of injury in dif-
ferent age groups in Norway 2009–2010.
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tients with and without reported substance use were not 
found (p = 0.60 and p = 0.50, respectively). Substance 
consumption was more frequently identified in the ur-
ban, west/southeast region of Norway (36 vs. 23%), but a 
significant statistical difference was not found (p = 0.13). 
Most commonly, substance consumption was associated 
with patients injured by assaults (60%). Forty-one per 
cent of those injured by falls were under the influence of 
alcohol or drugs at the time of injury including 28% of 
patients in the age group  6 60 years. Twenty-one per cent 
of those injured in transport accidents were also influ-
enced; 57% of these patients were younger than 30 years. 
No substance consumption was found among patients in 
the age group  6 60 years injured in transport accidents.

  Severity of Injury
  The mean value of the lowest GCS score within 24 h 

after injury was 5.2 (SD 2.0) with a range of 3–8. Forty-
five per cent of the patients were in the lowest GCS group 
 [3–4]  ( table 2 ). Half of the patients in the oldest popula-
tion had a GCS of 3–4, and 20% of the patients had a GCS 
of 5–6. There were no gender differences regarding in-
jury severity as assessed by the GCS (p = 0.47). There were 
no differences between patients from the north/central 
(rural) and west/southeast (urban) regions regarding in-
jury severity (p = 0.36).

  Seventy-five per cent of the patients suffered from at 
least two intracranial injuries as assessed by ICD-10 di-
agnoses ( table 2 ). There were no statistically significant 
differences in number of the ICD-10 diagnoses with re-
spect to gender (p = 0.29), age groups (p = 0.68) and re-
gional distribution (p = 0.54). 

  Isolated severe TBI (ICD-10 diagnoses S06.0-S06.9) oc-
curred in 56% of the patients. The remaining patients had 
severe TBI with at least one accompanying injury. There 
were no statistically significant gender or regional differ-
ences between these two groups (p = 0.19 and p = 0.11, 
respectively). Ten per cent of patients were presented with 
isolated subdural haemorrhage, and the majority of those 
patients were 50 years old or older (90%). Multiple injuries 
(TBI and accompanying injuries) occurred more often in 
younger patients (50% of patients aged 16–39 years, p = 
0.01) and patients injured in transport accidents (71%, p = 
0.001). Of those injured by falls, 26.5% suffered from ac-
companying injuries.

  In-Hospital Fatality Rate
  Eighty patients (29%) died after hospital admission, 

giving an average in-hospital fatality rate of 29 per 100 
hospitalized patients included in the study. A majority of 
patients died within 48 h after admission (73%), and 15% 
died 3–7 days after admission (the median length of stay 
in acute hospital was 12 days, IQR 14). The percentage of 
fatal outcomes was highest in the oldest patients ( fig. 3 ). 
Sixty per cent of patients aged  6 75 years as compared 
with 16% of patients aged 16–29 years died after hospital 
admission. There were no statistically significant gender 
(p = 0.87) or regional differences in fatality rates (p = 
0.38). Of the patients injured by falls, 34% died, as com-
pared with 24% of those injured in transport accidents. 
Of 124 patients with the lowest GCS of 3–4, 51% died. In 
addition, 12% in GCS group of 5–6 and 10% in GCS 
group 7–8 died.

  Table 2.   Overview of injury severity as measured by GCS groups and by ICD-10 diagnoses

 Severity category  I CD-10 diagnoses of intracranial injuries (S06.0–S06.9)  Total
  GCS
  sample  S0 6.0  S06.1  S06.2  S06.3  S06.4  S06.5  S06.6  S06.7  S06.8  multiple

  S06.0–S06.9
  diagnoses 

 GCS 3–4  3  2  4  1  2  14 2  0  0 96  124 (45) 
 GCS 5–6  2  0  1  1  1 5 7  0  1 36 54 (20) 
 GCS 7–8  1  1  2  3  2 8 2  1  1 77 98 (35) 

 Total ICD-10 sample  6 (2)  3 (1)  7 (3)  5 (2)  5 (2)  27 (10)  11 (4)  1 (0.3)  2 (0.7)  209 (75)  276 (100) 

 Fig ures in parentheses are percentages.
  ICD-10 diagnoses = S06.0 concussion; S06.1 = traumatic cerebral oedema; S06.2 = diffuse brain injury; S06.3 = focal brain injury; 

S06.4 = epidural haemorrhage; S06.5 = subdural haemorrhage; S06.6 = traumatic subarachnoid haemorrhage; S06.7 = intracranial 
injury with prolonged coma; S06.8 = other intracranial injuries; S06.9 = intracranial injury, unspecified. 
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  Discussion

  Annual Incidence Rate of Severe TBI
  The incidence rates estimated in this study were lower 

than in other international studies on severe TBI. In the 
literature, the annual incidence rate for hospital-treated 
severe TBI is between 7 and 20/100,000 persons  [12–15] . 
A Danish study assessed patients admitted to emergency 
departments and intensive care units in 1988 and esti-
mated an incidence rate of 22.6/100,000 persons for se-
vere TBI defined as post-traumatic amnesia 24 h to 7 
days, and 7.1/100,000 for those with post-traumatic am-
nesia  1 7 days  [13] . A Swiss study assessed severe TBI pa-
tients treated with neurosurgery for brain injuries in 1987 
and estimated an incidence rate of 20/100,000  [12] . A 
study by Masson et al.  [15]  examined patients admitted to 
the hospital with prolonged coma (GCS  ̂   8 before seda-
tion) in 1996 and found an incidence rate of 8.5/100,000. 
A German study assessed severe TBI in an urban area of 
1,000,000 inhabitants over 10 years (from 1990 to 1999) 
and found an estimated annual incidence of 7.3/100,000 
 [21] .

  The differences in incidence rates between the present 
and previous studies  [2, 5, 6, 22]  can probably be ex-
plained by the general decrease in the incidence of TBI 
during preceding decades and discrepancies between 
studies due to the TBI case identification and definitions, 
as mentioned in the introduction. Furthermore, the pres-
ent study population comprises only adults hospitalized 

with severe TBI as assessed by GCS  ̂   8. However, our 
rates are comparable with recent Norwegian incidence 
rate estimates for hospital-treated severe TBI from Os - 
lo (5/100,000)  [16]  and the central region of Norway 
(4/100,000)  [23] . The rates are also comparable with data 
from the Norwegian Patient Registry when only ICD-10 
diagnoses defining severe TBI (brain swelling, contu-
sions and haemorrhages in patients hospitalized  1 1
week) are included.

  The male/female ratio and mean age in this study are 
in accordance with other previous European studies  [14]  
along with more recently published Austrian  [24]  and 
Dutch studies  [10]  that included adult patients. Recent 
studies have emphasized the increasing number of elder-
ly individuals with severe TBI, and the results of this 
study support those findings  [25] .

  External Causes of Injury
  Falls were the most common external cause of injury 

in this study and are the most frequent causes of severe 
TBI in older patients. This result is consistent with previ-
ous Norwegian studies, studies from North Europe  [25, 
26]  and reports from the USA  [27] . Fall-related severe TBI 
cases have steadily increased since the 1990s, especially 
among older adults  [15, 27]  because of the increase in age 
in the overall population of developed countries. Predis-
posing factors for falls in elderly individuals include co-
morbidities, impaired balance, effects of alcohol con-
sumption, and the use of multiple medications that may 
cause dizziness  [27] . The use of oral anticoagulants at the 
time of injury and advanced age are associated with more 
severe injuries  [28] . Low-energy falls, such as falling from 
a standing height, are reported to lead to a high propor-
tion of severe TBI among these patients  [25] . As in other 
countries in Western Europe, the proportion of older 
adults increases in the Norwegian population. The num-
ber of people older than 67 years in Norway is expected 
to increase from 0.6 million in 2009 to 1.5 million in 2060 
[source: Statistics Norway]. Unless more effective fall-re-
lated prevention strategies are implemented, severe TBI 
caused by falls in older people will become an even larger 
health problem in the future.

  Transport accidents are the second-leading external 
cause of injury, and the rates were highest among the 
youngest patients in this study. A high frequency of car 
and motorcycle accidents was found among young pa-
tients as well as, frequently, consumption of drugs or al-
cohol. These results are in accordance with international 
studies  [27] . Transport accident-related severe TBI cases 
have decreased since the 1990s both in Europe  [11, 18]  
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  Fig. 3.  Percentage of severe TBI-related hospital deaths and survi-
vors by age groups 2009–2010. 
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and the USA  [29] . These findings may reflect the effec-
tiveness of preventive efforts that have been introduced 
during that period. However, the fact that the median age 
in the study population injured in these accidents is 28.5 
years indicates that preventive efforts should be rein-
forced in order to reduce this substantial public health 
problem among young adults.

  Assaults were more frequent in the southern region of 
Norway. It is well known that these injuries are more fre-
quent in highly populated regions and areas with high 
rates of substance consumption, particularly drug and al-
cohol consumption  [30] . Substance use among patients 
injured by assaults was found only in male patients in this 
study. Drug and alcohol consumption are frequent among 
assaulted males  [11] .

  Substance Consumption
  The substance consumption rate found in this study 

was within the range of those reported in previous stud-
ies  [11, 18] . This study also confirms that alcohol is the 
most common substance used in the TBI population  [11, 
31] . Frequent substance consumption was also found in 
older patients injured by falls, confirming that drug and 
alcohol influence is a predisposing factor for fall-related 
TBI in geriatric populations  [27] . The current drinking 
patterns among the elderly suggest that the use of alcohol 
gradually declines with age after 60 although regular al-
cohol consumption is rather common also in this group. 
A trend towards increasing alcohol consumption in the 
general Norwegian population was observed during the 
last decades as a result of an increased number of regular 
drinkers  [32] . Norway is, however, in the lower range of 
international statistics on alcohol consumption as com-
pared to other Western countries  [33] . This could be ex-
plained by limitation in the availability of alcohol, as well 
as the high taxations on alcoholic beverages in Norway 
 [31] .

  Severity of Injury
  The GCS is the most commonly used indicator of ini-

tial TBI severity in clinical trials and is often used in epi-
demiological studies to determine TBI severity  [34] . 
However, there are a few updated epidemiological studies 
with study populations including only severe TBI cases 
(GCS  ̂  8). The mean of the lowest GCS within 24 h after 
injury of 5.3 confirmed that patients in this study suf-
fered from severe TBI. In the previously mentioned Aus-
trian and Dutch studies, which described hospital-based 
epidemiology of severe TBI, a similar GCS mean value is 
reported  [10, 24] .

  The number of ICD-10 diagnoses confirmed the se-
verity and extension of intracranial injuries in this popu-
lation. Roughly half of the patients had accompanying 
injuries, and these results are in accordance with other 
studies  [21] . As expected, these injuries were more often 
observed in high-energy events such as transport acci-
dents  [10] .

  In-Hospital Fatality Rate
  Severe-TBI fatality rates after admission to hospital are 

25–40%  [21, 22] . In the present study, a fatal outcome was 
found in 29% of the patients. There were no statistically 
significant regional differences despite the longer trans-
portation distances in the north/central regions of Nor-
way when compared with the southern region. The lack 
of differences probably reflects the implementation of 
guidelines for pre-hospital management of severe TBI 
adapted to the infrastructure of the Nordic countries 
with the overall goal of quickly bringing circulatory and 
respiratory stable patients to regional neurosurgical de-
partments where they can receive definitive treatment 
 [19] .

  In-hospital fatality rates reflect the severity of TBI as-
sessed in this study. A low GCS (score of 3) correlates with 
a high fatality rate and this result is consistent with previ-
ous studies  [35] . The high proportion of early mortality 
(within 48 h after admission) was in accordance with oth-
er studies  [35] . The highest fatality rate was found in the 
oldest patient group, and these results are in accordance 
with previous studies  [3, 16, 17, 27] . There is a general 
consensus that the probability of poor TBI outcome in-
creases with age  [36]  even though patients of advanced 
age tend to have less severe TBI and overall injuries  [37] . 
The presence of a comorbid cardiac condition and coagu-
lopathy significantly increases overall mortality in older 
adults  [38] . According to Brazinova et al.  [39] , such evi-
dence could lead to a policy not to treat older patients 
with severe TBI as aggressively as younger patients, which 
may have occurred in this study as well.

  Strengths and Limitation of the Study
  This national study provides greatly generalizable de-

mographics and injury severity to adults suffering severe 
TBI in Norway. This study is one of the few studies to in-
clude prospectively obtained national data on severe TBI. 
Children were omitted from the study because their 
health care system in Norway differs from that for the 
adult population and because of the difficulties in clas-
sifying and evaluating clinical documentation in this 
population in connection with early management of TBI 

D
ow

nloaded from
 http://w

w
w

.karger.com
/ned/article-pdf/38/4/259/3154361/000338032.pdf by guest on 24 April 2024



 Andelic   /Anke   /Skandsen   /Sigurdardottir   /
Sandhaug   /Ader   /Roe    

Neuroepidemiology 2012;38:259–267266

 [40] . Including children would probably have added 0.3 
to the total annual incidence of severe TBI if we used the 
2005 incidence estimates from the Oslo population  [16] . 
Furthermore, we did not search for patients who had not 
been transferred from a local hospital, which typically 
may be the case for older patients with a poor prognosis. 
Hence, a slight underestimation of the overall hospital 
admission rate is assumed. The study does not account 
for patients who died at the accident site or during trans-
portation to hospital because the study was designed to 
assess the incidence of hospital-admitted TBI and inpa-
tient mortality. On the other hand, due to the prospective 
design and congruent inclusion criteria, the characteris-
tics of the surviving patients with severe TBI are precise-
ly documented. However, data collection from the Stavan-
ger University Hospital was retrospective, which may 
have influenced the accuracy of the inclusion procedure. 
Additionally, the data for the second part of 2010 were not 
available and were estimated. The estimates were con-
trolled in relation to the data from the Norwegian Patient 
Registry and the estimates were found to be comparable 
with the number of hospital-treated patients with ICD-10 
diagnoses indicated severe TBI (brain swelling, contu-
sions and haemorrhages, hospitalized  1  1 week) at Stavan-
ger University Hospital. Another important limitation of 
the study is the definition of rural and urban regions 
which cover the population size and density, and distanc-
es between population centres, but not land use, employ-
ment opportunities and socio-cultural characteristics.

  In this study, the diagnoses of severe TBI were based 
on GCS. Thus the severity categories are probably biased 
as GCS scores may be influenced by drug and alcohol use 
at the time of injury, as well as the use of sedatives  [10, 30] . 
However, the intracranial pathology as assessed by ICD-
10 diagnoses still was indicative of severe brain damage 
in this patient population. The diagnoses of crushing and 
unspecified injuries to the head (S07–S09) also indicated 
intracranial injuries, but they were not used in this study 
as these diagnoses are seldom used in Norway. Although 
this study was performed before standards for a popula-
tion-based TBI incidence studies suggested by Barker-
Collo and Feigin  [20]  were available, it appears to be in 
line with the majority of their ‘core’ criteria.
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