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Abstract
Background: Severe traumatic brain injury (TBI) is associated with 
a high mortality and morbidity rate and is one of the leading causes 
of death in the intensive care units. The aim of this study was to 
examine predictors of hospital outcome in adult patients admitted 
to ICU because of severe TBI.
Methods: A retrospective study was carried on patients (n=621) 
with severe head injury, defined as Glasgow Coma Scale (GCS) 
≤ 8 who were admitted to the general ICU over a 15-year period 
(1999-2013). Most important variables that could be correlated with 
outcome (demographics, cause of injury, GCS, clinical variables 
and computed tomography–CT scan) were analysed.
Results: Total mortality rate was 27.38%. Patients older than 75 
years had a mortality rate of 57.14%. 70.05% of the patients were 
male and 61.99% of cases were due to traffic accidents. Coexisting 
injuries, found in 52.98% of the patients aggravated the prognosis. 
Shock developed in 17.23% of the patients and hypoxia in 27.38% 
were especially aggravating factors. Outcome is highly correlated 
with GCS’ values. CT scan findings revealed that patients with 
acute epidural hematomas recorded a mortality rate of 8% while 
those with subdural hematomas 43.75%. The six-month overall 
good outcome, based on Glasgow Outcome Scale (GOS) was 
37.03%.
Conclusions:  Severe TBI has a high mortality and morbidity in 
Greek society as it has a high negative impact on young people, 
especially men. The age of the patient, GCS at admission and the 
CT scanning are significant predictors of outcome (p ≤ 0.05). A 
significant proportion of patients (35.59%) were still dependent for 
care at six-month post-injury assessment
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Introduction
Severe TBI is a common cause of neurological disability and 

death. About 1.5 million people die worldwide due to TBI. It is also 

one of the leading causes of mortality in the intensive care units and in 
the emergency departments of major trauma centers [1]. 

Pre-injury factors -such as age, coexistence of other injuries, a 
history of previous head injury, alcohol abuse and lower socioeconomic 
and educational status- have been linked to increased mortality and 
worse outcome after TBI [2,3]. 

Most of patients with severe TBI are unconscious, intubated, 
anaesthetized and sedated. This makes the use of clinical evaluation 
of severity of intracranial injury like the GCS less reliable [4]. Thus, 
the use of CT scanning -which may correlate with the intracranial 
pressure- may be a useful variable to the clinical evaluation which can 
provide information on prediction and outcome [5]. 

Data reveal that the risk of TBI is highest in the 15- to 24- year old 
age group, decreases in the midlife years and then it increases again 
after 70 years, mostly due to falls. Males are approximately 3 to 4 times 
as likely as females to sustain a TBI, but this ratio narrows in the elderly 
[6]. 50% of all fatal and non-fatal brain injuries are transport related 
(motor vehicles, bicycles, and pedestrian- automobile accidents) 
whereas the second most frequent cause of TBI is falls [7].

An accurate assessment of prognosis after TBI is very important 
in making decisions about the use of specific methods of treatment, 
preventing nosocomial infections, counselling patients and relatives 
and identifying the specific rehabilitation the patient needs [8,9]. 

Thus, the purpose of our study was to evaluate the effect of major 
prognostic factors of hospital outcome in adult patients admitted to 
the general ICU because of severe TBI.

Methods
We retrospectively analyzed the medical files of patients admitted 

with severe head injury to our Intensive Care Unit (ICU) during a 15-
year period (January 1999- December 2013). We describe 621 patients, 
over 18 years of age, who on admission and after resuscitation had a 
GCS ≤ 8. For the prognostic evaluation we took into consideration 
age, gender distribution, mechanism of injury, alcohol use, GCS 
on admission, pupil reactivity, presence of extra-cranial associated 
injuries, laboratory tests and CT scan results. 

Outcome assessment for survivors was based only on data from 
the medical records of patients during their hospitalization, and that 
obtained within a 6 month-period after discharge. 

Unfavorable outcome (death or severe disability) at six months 
was defined with the GOS. The scale comprises five categories: death, 
vegetative state, severe disability, moderate disability, and good 
recovery. Our results are statistically analyzed and discussed.

Follow up and outcome assessment after 6 months was feasible in 
577 patients (92.91% of cases) and is presented in Table 1.

Results
During the fifteen years’ period, 621 patients over 18-year old 

(435 male and 186 female) were admitted in our hospital due to severe 
TBI. A preponderance of injuries occurred among men (70.05%) and 
among ages 18-30-year old (57.97%). 
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Transportation-related accidents were the leading cause of 
TBI (61.99%), mostly in the younger ages, followed by injurious 
falls (23.99%), more pronounced in the elderly population, which 
represented 24.8% of all patients of our study. Positive alcoholemy was 
found in 8.05% of the patients resulting mainly in injurious falls. Table 
2 shows the distribution of injuries by gender, age and cause as well as 
the mortality rate in the different categories. 

Table 3 presents percentages and mortality rate of patients in 
relation to their GCS score on admission and after resuscitation. 
Patients above 75-year old had worse outcome compared with the 
youngest group of patients (57.14% vs 34.72% mortality rate). GCS 
level is highly correlated with mortality rate. Patients with GCS of 3-4 
had 54.96% mortality, 5-6 at 29.95% and 7-8 with mortality of 11%.

Presence of extracranial injuries is shown in Table 4.  Most 
patients presented injuries in the extremities and the pelvic gridle 
(34.30%), followed by injuries in the chest area (21.74%), head and 
face (20.93%). Only 6.76% of the patients recorded abdominal injuries. 

CT findings at admission and mortality rates in relation to the 
type of injury are highlighted in Table 5. They reveal that the highest 
mortality rate is recorded in the case of patients with subdural 
hematoma (43.75%), followed by patients with brain contusion 
(33.87%) (Figures 1 and 2). Intracerebral hematoma, even though it 
was the most frequent image finding (49.92% of all cases studied), 
mortality rate was 25.16%. 

Coexisting injuries, found in 52.98% of the patients aggravated 
the prognosis. The mortality of patients with unequal or unreactive 
pupils was 53.95%. Hypoxia (pO2<60 mmHg) in the first 6 hours after 
admission was developed in 27.38% of our patients and their mortality 
rate was 48.96%, while 17.23% developed shock (SBP<90 mmHg) and 
the mortality rate of that group was 46.73%. Anemia (Hct<30%) was 
noted in 18.52% of cases with a mortality rate of 35.65%.

The majority of patients (94.04%) were intubated and subjected to 
mechanical ventilation. 19.00% of the patients needed a placement of 
an intracranial pressure monitor. Surgical treatment was necessary in 
32.04% of the patients. 

Outcome according to GOS at six-month post-injury assessment 
is presented in Table 1 and it reveals that death emerged in 27.38% of 
cases while good recovery was seen in 37.03% of the patients.

Discussion
TBI remains a leading cause of death and disability worldwide, 

which can affect the daily life activities and presents high risk of 
readmission to hospital and/or subsequent death. Thus, studies have 
been carried out so as to investigate variables, which could predict 
outcome in TBI (demographics, cause of injury, GCS, clinical variables 
and CT findings) [10-13]. 

Sex does not have statistical significance in predicting outcome, 
although males are more likely to sustain a TBI than females [5,10,11]. 

Percentage (%)
Death 27.38

Vegetative state 5.15
Severe disability 7.73

Moderate disability 22.71
Good recovery 37.03

Table 1: Outcome according to GOS at 6-month post-injury assessment.

Characteristics Percentage (%) Mortality rate (%)
Age, years

18-30 57.97 34.72
30-75 17.23 28.03
>75 24.80 57.14
Sex
Male 70.05 24.83

Female 29.95 34.95
Cause of head injury

Road-traffic crash 61.99 28.31
Falls 23.99 22.15

Workplace accidents 7.08 15.91
Physical aggression 6.94 27.91

Table 2: Characteristics of patients with traumatic brain injury (n = 621) and 
mortality rates.

GCS score Percentage (%) Mortality rate (%)
 3 19.00 58.47
4 19.97 51.61
5 19.00 35.59      
6 15.94 23.23
7 15.14 12.77
8 10.95 8.82

Table 3: Distributions and mortality rate of patients in relation to GCS in admission 
(n= 621).

Percentage (%)
Extermities/Pelvic girdle 34.30

Chest 21.74
Abdomen/Pelvic contents 6.76

Head/Face 20.93
Spinal cord 8.86

Other body regions 7.41

Table 4: Percentage of patients with coexistence of extra-cranial injuries. 

Percentage (%) Mortality rate (%)
Epidural hematoma 8.05 8.00
Subdural hematoma 18.04 43.75

Intracerebral hematoma 49.92 25.16
Brain contusion 9.98 33.87

Petechial haemoraghes 9.98 22.58
Normal scan 4.03 8.00

Table 5: CT findings at admission and mortality rates. 

This has been attributed to more men being drivers and being 
involved in accidents [14]. In our study, the majority of patients were 
male (70.05%) and only 29.95% were female. The commonest cause of 
severe TBI was indeed road traffic accidents (61.99%) and injurious 
falls (23.99%). Other causes (i.e. workplace accidents and physical 
aggression) accounted for 14.02%. The overall mortality rate in the 
study is 27.38%. This rate is lower than the one reported by other 
researchers, usually varying between 32-49% [5,15,16].

The GCS score was described in 1974 by Teasdale and Jennett and 
was introduced to assess the degree of unconsciousness in patients 
with traumatic brain injury [17,18]. Evidence shows that GCS is a 
strong predictor of outcome in TBI [1,11]. It may however be affected 
by sedation, paralysis or intoxication with alcohol and affected by 
presence of facial swelling [5,19]. In our study, classification of head 
injuries according to admission GCS score and pupil reaction showed, 
as expected, that the mortality rate of the patients was higher for GCS 
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Figure 1: CT scan image of 43-year old male after a motor vehicle accident 
showing subdural hematoma, brain contusion and frontal bone fracture.

Figure 2: CT scan image of 82-year old female after injurious fall showing 
subdural hematoma, under anticoagulant therapy.

score lower than 6 and slightly elevated in the patients that were 
admitted with anisocoria or unreactive pupils. 

Beside these important variables, CT scan plays a crucial role in 
early assessment of patients with TBI. Especially in resource poor 
settings, where intracranial pressure monitoring is not readily available, 
CT findings may be used as an important variable in predicting TBI 
outcome [12]. In our case, we report the highest mortality rate in 
patients presenting with findings of subdural hematomas, while the 
most frequent image finding was intracerebral hematomas. 

Conclusion
Severe TBI has a high mortality and morbidity in Greek society. 

It has a high impact on young people, especially men. The age of 
the patient, GCS at admission and the CT scanning are significant 
predictors of outcome (p ≤ 0.05). A significant proportion of patients 
(35.6%) were still dependent for care at six-month post-injury 
assessment.

To conclude, we recommend that: a) For the best management 
and outcome in the case of patients with severe TBI, prediction factors 
should be assessed in combination; b) CT scan findings should be used 
together with the clinical findings (i.e. GCS, pupillary findings) when 
prognosticating patients with severe TBI; c) Repeat CT scans should 
be done in patients who are intubated and are worsening clinically; d) 
Head trauma should highly be prevented in order to reduce incidence 
of TBI related mortality. Thus, traffic rules should be frequently taught 
and responsible drinking advocated; e) Awareness of the impact of 
head trauma should be raised through information campaigns; f) 
Future studies showing impact of longer term outcome of severe TBI 
patients at one year after injury should be conducted.

Informed Consent 
Written informed consent was obtained from the patients/

patients’ families for publication of this research article and any 
accompanying images. 
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