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ABSTRACT: Traumatic brain injury (TBI) contributes by 30% to the mortality induced by traumatic injuries, also 
being one of the major causes of invalidity worldwide. The clinical classification of the severity of mild, moderate or 
severe TBI is made according to the Glasgow scale, according to the patient’s conscious state, motric changes, 
speech changes and eye opening. In our study, we evaluated the correlation between the Glasgow score at 
admission and the survival period of patients suffering from TBI, using the data recorded in the Forensic Medicine 
Institute of Craiova between 2011-2017 on 1005 cases with the diagnosis of death by TBI. We observed that TBI 
affects persons of all ages, starting from babies up to the elderly aged over 90 years old. Regarding the generation 
mechanism, most deaths were caused by fallings (438 cases, 43.58%), followed by car accidents (333 cases, 
representing 33.13%). The number of patients who presented a post-traumatic survival period was 802 (79.80%), of 
which 779 adults (77.51%) and 23 children (2.29%). Among these, 785 (78.11%-764 adults and 21 children) were 
hospitalized, while in 64.58% of the TBI patients there was recorded the Glasgow score at admission. 75% of the TBI 
patients in whom there was recorded the Glasgow score presented a 1st-4th coma degree, with a Glasgow score 
from 3 to 8 and only 25% had a slightly altered or preserved conscious state, with a Glasgow score=9-15. The 
survival period varied from less than 24 hours to over 15 days. In the hospitalized patients, there were performed 
emergency surgeries in 269 (26.76%) cases, the surgical intervention being temporized in 108 (10.74%) patients. 
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Introduction 
Traumatic brain injury (TBI), defined as 

changes of the function and structure of the 
brain, caused by an external physical force [1], 
represent one of the most frequent causes of 
morbidity and mortality in young adults aged 
under 45 years old, all over the world [2,3]. 

The annual incidence of TBI is estimated to 
50 million cases worldwidely, still varying a lot 
from one country to another, the highest rates of 
morbidity and mortality being recorded in low 
and middle-income countries [4]. 

In UK, TBI represents the most frequent 
cause of death and disability in people under 40 
years of age [5], while in the US, it is estimated 
that 1.7 million people are affected by a 
traumatic brain injury every year [6,7]. 

The major causes of TBI are fallings, car 
accidents, terrorist attacks and sports injuries 
[8]. 

There was estimated that, every year, TBI 
causes losses of global economy of about 
400 billion dollars in the US, which represents 
about 0.5% of the global raw income [6]. 

Only in the US, the total cost of TBI, 
including the direct costs of medical treatments 
and deaths, as well as of a low productivity, was 
estimated at 60.43 billion dollars [8], while in 
the European Union the annual costs for medical 
assistance in TBI exceed 33 billion euros [9]. 

The global incidence of TBI is about 200 in 
100000 inhabitants, with a mortality of about 
20 in 100000 inhabitants [10]. 

It is considered that TBI contributes by 30% 
to the mortality caused by traumatic injuries, 
being one of the major causes of invalidity all 
over the world [11]. 
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The clinical classification of the severity of 
mild, moderate and severe TBI is made 
according to the Glasgow scale (Glasgow Coma 
Scale-GCS) according to the patient’s conscious 
state, motric changes, speech changes and eye 
opening [3,12,13]. 

Used ever since 1974, GCS is an important 
instrument that evaluates the severity of 
neurological deficits, it allows the performance 
of a triage of patients with severe brain injuries 
who require hospitalization in specialized 
intensive care units or neurosurgery units, also 
providing important information on the 
prognosis of TBI patients [14]. 

Severe TBI not only causes permanent 
neurological deficits (in about 20% of adults), 
but it has been shown that up to 14% of the 
patients remain in a vegetative state, while 
20-40% of the patients die as a result of brain 
injuries or secondary complications [3]. 

In the US, fallings are the main cause of TBI, 
with over half a million visits to the emergency 
room and over 60000 hospitalizations every year 
[15]. 

Car accidents are responsible for most deaths 
of TBI in young adults. 

In the European countries, fallings and car 
accidents are the first and the second most 
common cause of TBI [16], while in Asia, car 
accidents exceed the incidence and frequency of 
fallings [17]. 

In our study, we proposed to analyze severe 
TBI followed by death of the injured persons 
and the relation between the Glasgow score and 
the survival period. 

Material and Methods 
The study was performed on a number of 

1005 cases of TBI, which underwent autopsy 
within the Forensic Medicine Institute of 
Craiova between 2011-2017 (for 7 years). 

In order to perform the study, we utilised the 
data from the medical and forensics patient 
transcripts regarding deaths caused by TBI in 
adult persons (over 18 years of age) and in 
children (persons aged between 0 and 18 years 
old), respectively. 

We analyzed the reports of forensic autopsy, 
general clinical transcripts from the hospital, 
with the medical imaging data, laboratory test 
results, the records made in the emergency room 
and the data provided by the authorities. 

Most of the data were tabulated in Excel 
sheets and processed for descriptive analysis, 
including suggestive graphing and charts 
plotting. 

The study was performed after all the 
protocols have been approved by the 
management and Ethics Committee of the 
Institute of Forensic Medicine of Craiova.  

According to the present legislation, the 
measures complied ensured complete protection 
of personal data information. 

Results 
In the Institute of Forensic Medicine of 

Craiova, between January 1st 2011-December 
31st 2017 there were performed a total number 
of 4626 autopsies, of which 1005 deaths 
(representing 21.72%) occurred as a result of a 
TBI; among these, 971 (96.62%) deaths 
occurred in adult persons (aged over 18 years 
old) and 34 (3.38%) in children (aged 0-18 years 
old). 

Our study highlighted that TBI affected 
people of all ages, starting from babies up to 
elderly aged over 90 years old. 

Following the age histogram of the patients 
included in the study group (Figure 1), it can be 
observed that most TBI-caused deaths, namely 
752, representing 74.82% were recorded in the 
age group 40-79 years of age, with an average of 
94 cases/ 5-year interval in this period; also in 
this age group, more precisely in the age group 
60-64 years of age, there was also recorded the 
”peak” of TBI-caused deaths (109 cases, 
representing 10.84%). 

If in children and young adults, in the age 
group 0-39 years of age, the number of  
TBI-caused deaths maintained at a relatively low 
scale, between 5 and 38 cases on a 5-year 
interval, which represents a percentage  
of 0.5-3.78%, the number of cases doubled in 
the age group 40-44 years of age, 77 cases 
representing 7.66%. 

In the age group 45-79 years of age,  
the number of TBI-caused deaths was between 
76 and 109 cases, a percentage representing 
between 7.56% and 10.84% for every age group 
of a 5 years interval. 

In the age group 45-79 years of age there 
were recorded 675 cases, representing 67.16% 
of the TBI-caused deaths; in the age group 80-94 
years of age there were recorded 83 cases 
(8.25% of the total group of TBI-caused deaths). 

Regarding the death of injured persons, the 
forensics reports highlighted that some persons 
deceased immediately after the impact, while 
others survived for a longer period of time. 

The number of patients deceased 
immediately after the impact was of 
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203 (20.20% of the TBI cases), of which  
192 adults (19.10%) and 11 children (1.10%). 

The number of patients presenting a period of 
survival after the injury occurred was of 

802 (79.80%), of which 779 adults (77.51%) and 
23 children (2.29%). 

 

 
Figure 1. Histogram of deceased TBI patients grouped on age groups (in years). 

 

Most of the patients with TBI (785, 
representing 78.11%), who survived the initial 
impact with the vulnerating agent, were 
hospitalized. Among these, 764 were adults and 
21 were children.  

The survival period varied from less than 
24 hours, up to over 15 days. In the first day of 
the injury, there were recorded 177 deceased 
patients (22.07%) of the initially surviving 
patients, of which 169 (21.07%) were adults and 
8 (1.00%) were children; between 1 and 3 days 

survived 150 patients (18.70%), of which 
148 (18.45%) were adults and 2 (0.25%) were 
children; between 4 and 7 days survived 
202 (25.19%) patients, of which 195 (24.32%) 
were adults and 7 (0.87%) were children; 
between 8 and 15 days survived 182 (22.69%) 
patients, of which 177 (22.07%) were adults and 
5 (0.62%) were children; over 15 days survived 
91 (11.35%) patients, of which 90 (11.22%) 
were adults and 1 (0.13%) was a child 
(Figure 2, 3). 

 

 
Figure 2. Distribution of children according to the survival period (WSP=without survival period). 

 
Figure 3. Distribution of adults according to the survival period (WSP=without survival period). 
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Regarding the TBI causes, in our study we 
observed that their greatest number occurred as 
a result of fallings (438 cases, representing 
43.58% of the total of deaths), followed by car 
accidents (333 cases representing 33.13%). 

In the group of children cases, the death 
caused by falling was extremely rare (one case 
in 438 falling deaths), car accidents represent a 
more frequent cause of death in children, being 
recorded 26 deaths in this age group of the 
333 cases of car accident deaths. 

For evaluating the severity of the brain 
injuries in 649 of the patients hospitalized 
(82.67%) we used the Glasgow coma scale 
(GCS) or the Glasgow score, a score that was 
found in the clinical observation sheets of the 
patients. Of the patients evaluated on the 
Glasgow scale, 629 were adults and 20 were 
children, aged under 18 years old. 

The Glasgow scale is an accurate and 
objective neurological method, frequently used 
in the neurotrauma hospitals in Romania, 
providing valuable data regarding the 
consciousness state of a person, the eye, speech 
and motric responses to various stimuli. It is 
used both for an initial evaluation of the TBI 
patient and for subsequent evaluations, in order 

to establish the neurological recovery and the 
efficiency of the applied treatment. 

In our study, the clinical examination at 
admission, using the Glasgow scale, allowed a 
rapid evaluation of the severity of brain lesions 
and the choice of the best treatment methods. 

Thus, 172 patients (133 men and 39 women) 
presented profound coma (GCS=3); other 
171 patients (136 men and 35 women) presented 
3rd degree coma (GCS=4-5), and 85 patients 
(60 men and 25 women) presented 2nd degree 
coma (GCS=6-7). The superficial coma  
(1st degree, GCS=8) was observed in 39 patients 
(31 men and 8 women). 

Other 128 patients (107 men and 21 women) 
presented a slightly altered consciousness 
state (Glasgow score=9-14), while 34 patients 
(30 men and 4 women) preserved their 
consciousness from admission (Glasgow 
score=15) (Figure 4). 

Under these circumstances, we may state that 
of the 629 adult patients admitted to hospital, 
467 (74.24%) presented a 4th to 1st degree coma 
(with a Glasgow score from 3 to 8), while  
162 (25.76%) were admitted with a preserved 
consciousness state. 

 

 
Figure 4. Gender distribution of adults according to the Glasgow score at admission. 

 

Regarding the mortality of the adult patients 
who presented profound coma at admission,  
80 (8.24%) deceased in the first day since the 
injury, 34 (3.5%) survived for 1 to 3 days,  
30 (3.09%) survived between 4 and 7 days,  
22 (2.27%) survived between 8 and 15 days and 
6 (0.62%) patients had a longer survival period 
of 15 days. 

The adult patients who presented a preserved 
or slightly altered consciousness state 
(non-comatose, Glasgow score >8) deceased in a 

number of 16 (1.65%) in the first day,  
25 (2.57%) survived between 1 and 3 days,  
42 (4.33%) patients survived between 4 and  
7 days, 54 patients (5.56%) survived between  
8 and 15 days and 25 patients (2.57%) survived 
more than 15 days. 

In the hospitalized adult patients, emergency 
surgery was performed in 268 (27.60%) cases, 
the surgical intervention being delayed in  
108 (11.12%) patients (Figure 5). 
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Figure 5. Distribution of adult patients according to admission and surgery. 

 

Of the 21 hospitalized children with TBI, in 
20 (58,82% of all the children with TBI) of the 
patients the Glasgow scale in the clinical patient 
transcripts showed as follows: 17 patients (50%) 
presented profound coma at admission (GCS=3 
points), while 3 patients (8.82%) presented 3rd 
degree coma (GCS=4-5).  

In children, there were not diagnosed 2nd or 
1st degree comas or the preservation of 
consciousness state, all the children having a 
deeply altered state of consciousness ever since 
hospital admission. 

Regarding the survival period of children  
in a profound coma (GCS=3 points), 6 children 
(17,64%) deceased in the first day since  
the injury, a child (2.94%) survived for 3 days,  
5 children (14.70%) had a survival period 
between 4 and 7 days and 5 children (14.70%) 
between 8 and 15 days. 

In the case of children in a 3rd degree coma 
(GCS=4-5), a patient (2.94%) deceased after  
3 days since the injury and 2 patients (5.88%) 
between 4 and 7 days after. 

Regarding the surgical interventions in 
children, a single patient underwent emergency 
surgery, being performed the evacuation of the 
acute subdural haematoma over the left brain 
hemisphere.  

Discussion 
TBI lesions, according to their intensity, may 

cause the death of the patient or his survival 
with more or less disabilities, on a longer or 
shorter period of time. 

Most often, TBI may lead to loss of 
consciousness, deterioration of the cognitive and 
motric ability, behavioral and/or emotional 
disorders, neurological deficiencies that may be 
temporary or permanent and may lead to a 
physical and psycho-social handicap [18,19]. 

Multiple clinical and statistical studies 
showed that the incidence, morbidity and 
mortality of TBI are quite varied from one 
geographical area to another and even from one 
country to another, being higher in low and 
moderate-income countries [4,20]. 

According to some studies, the TBI incidence 
increased during the decade 2001-2010; if 
between 2001 and 2005 the rates of TBI 
increased from 521 up to 616 in 100000 persons, 
between 2006 and 2010 they increased up to 
824 in 100000 persons [21-22]. 

Among the patients hospitalized with severe 
TBI, approximately 43% will present a TBI 
secondary disability one year later [23, 24]. 

In our study, performed within the Forensic 
Medicine Institute of Craiova during a period of 
7 years (2011-2017), we found that TBI were 
responsible for 21.72% of violent death cases.  

A high mortality by TBI is recorded all over 
the world. In the US, between 1995 and 2009, 
there were recorded about 50000 deaths every 
year [25,26], while in 2013 there were recorded 
about 56000 deaths [27]. 

A tendency of increase in the mortality by 
TBI is also recorded all over the world as a 
result of the increase of work and car accidents.  

In our study, we observed that severe TBI, 
followed by death, affected all age groups, being 
found from babies to 90-year-old people. 

Our study, similar to other studies [6,28,29], 
observed that most severe TBI were found in 
adult persons and less in children. 

Still, there should be mentioned that, every 
year, in the US only, over 500000 children 
suffer from traumatic brain injuries, of which 
more than 35000 require hospitalization and 
more than 2000 die [6,30]. 

TBI are produced by various mechanisms. 
In our study, in adults, most deaths were 

caused by falling (43.58%), followed by car 
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accidents (33.13%); in contrast, in children most 
TBI ending in death of the child were caused by 
car accidents. 

Our data is in accordance with other studies 
in the UE and US that showed most TBI are 
caused by falling, followed by car accidents 
[27,31,32]. 

TBI distribution as result of car accidents 
was quite varied, still they were more common 
in young people who have a lower driving 
experience, in general, they have a tendency to 
drive more aggressively and do not anticipate 
possible dangers, they drive under the influence 
of drugs or alcohol, etc. [33,34]. 

In our study, the highest number of deaths 
was observed in adults aged over 60 years old, 
namely 495 persons, representing 49.75% of the 
entire study group.  

We consider that this fact is due to the 
presence of comorbidities that reduce the 
capacity of body response to physical external 
aggression. 

The clinical studies performed up to now 
showed that there is a general consensus 
according to which the probability of death 
caused by TBI increases with age, even though 
the elderly are affected by less severe TBI. 

The presence of an associated cardiac 
pathology, atherosclerosis, diabetes or of a 
coagulopathy significantly increases general 
mortality in the older adult population [35-37]. 

During the evaluation of the TBI patient, the 
neurological examination should be finalized as 
quickly as possible, even from the emergency 
room. 

Besides the general clinical examination, the 
neurological examination should use the 
Glasgow scale for estimating the severity of 
brain injury, a method that is based on the TBI 
patient’s response to certain stimuli [38-40]. 

The Glasgow scale is considered an essential 
test in measuring the neurological function and 
the severity of brain injuries in patients with 
TBI; it is a simple, practical method that can be 
performed quite rapidly, it is efficient as far as 
costs are concerned and it helps in establishing 
the clinical diagnosis, of treatment conduct and 
prognosis for every patient. 

In our study, we observed that a high number 
of patients (78.11%) with severe TBI were 
hospitalized, but the neurological evaluation 
with the Glasgow score could be performed only 
in 64.58% of the total number of TBI patients. 

Among these, about 75% presented a 1st-4th 
degree coma, with a Glasgow score from 3 to 
8 and only 25% had a slightly altered or 

preserved consciousness, with a Glasgow 
score=9-15. 

There may be observed that also the patients 
in the latter TBI group deceased, one of the 
possible thanatogenerating mechanisms being 
the post-traumatic development, in a period of 
time varying from case to case, of hemorrhagic 
intracranial collections with a subsequent 
alteration of the consciousness.  

In the last 30 years, the Glasgow scale was 
considered an accurate and specific marker for 
the clinical evaluation of traumatic brain injuries 
and for the choice of the most adequate 
treatment methods (brain surgery, over 24 hours 
intubation, hospitalization, etc.). 

Also, up to now, the studies showed that 
there is a direct relation between the increase of 
mortality after a brain injury and the decrease of 
the GCS from 15 down to 3 [41-43]. 

Practically, the clinical severity of TBI has 
been evaluated by the GCS for a long time, as 
such: mild, with GCS values=14-15; moderate, 
with GCS values=9-13 and severe, with GCS 
values=3-8 [44,45]. 

Severe TBI have a mortality rate of 30-40% 
and may cause physical, psychosocial and social 
disabilities in over 60% of the patients who 
survive [46,47]. 

In our study, most patients who deceased had 
a GCS lower than 8, but about 25% of the TBI 
patients who were hospitalized had a GCS 
higher than 8 and still deceased. 

This aspect makes us consider that mortality 
in TBI patients is influenced not only by the 
GCS but also by age and associated diseases.  

Conclusions 
TBI affects people of all ages, from babies to 

adults aged over 90 years old and they represent 
a major cause of mortality. 

Most deaths by TBI occurred in adults, 
especially in the ones over 60 years old, due to 
present associated diseases in the elderly. 

Most cases of TBI were caused by falling, 
followed by car accidents. 

Of the total no 1005 of TBI-caused deaths, in 
the first 24 hours 380 patients (about 37%) died 
(of which 361 adults and 19 children), thus 
showing the severity if TBI on general mortality. 

About 75% of the hospitalized patients had a 
Glasgow score=8 or lower and only 25% had a 
GCS higher than 8, which shows that brain 
damage may be serious starting from the impact 
with the injuring agent. 

Although some patients had a GCS higher 
than 8, they deceased as a result of some 
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associated diseases or the development over 
time of intracranial blood collections. 

That is why we consider that GCS is not an 
exact prediction factor if there are not taken into 
account the patient’s age and associated 
diseases. 
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