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Abstract
Objective: Traumatic brain injury (TBI) due to transport accidents is a serious cause of death and disability. In every case, however, 
quick response and a proper health care are required.

Materials and methods: We collected 10-year data retrospectively from the laboratory of forensic science and toxicology in Mon-
tana, Bulgaria with the intention to show the importance of neurosurgical care in the traumatology and its connection to mortality rate.

Results: 124 cadavers were included with significant male predominance. The data analysis shows that the mortality rate at the hospi-
tals without neurosurgical facilities and the mortality at the scene of the accident is the same for traffic brain injuries. Furthermore, we 
found that the age has no correlation with the mortality rate.

Conclusion: Road injuries are the most common type of brain injury. We believe that the outcome of these TBIs depends on the avail-
ability of a neurosurgical unit.
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INTRODUCTION

Traumatic brain injury (TBI) is a serious condition and one 
of the top ten causes of death.1 It is divided into categories 
based on many characteristics, e.g. open and closed trau-
mas, single or multiple injuries, based on its location on the 
skull, and type of fracture. In terms of the classification of 
severity, TBI can be classified as mild, moderate or severe. 
Whatever the classification, however, no one could deny 
the importance of rapid and adequate management of the 
TBIs.

And because of the above mentioned, the authors aimed 
to support the fact that a neurosurgical facility is of para-
mount importance for the successful management of TBIs 
by studying the tenth-leading cause of all deaths globally 
(road injury) in cadavers.

MATERIALS AND METHODS

According to the recent guidelines the most proper man-
agement of these kinds of brain trauma is provided by level 
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one trauma centres. These centres consist of a neurosurgi-
cal department, intensive care unit and a computer tomog-
raphy unit, at least, but such centres are not always easily 
accessible. In order to support the importance of neurosur-
gical care, the authors investigated retrospectively the data-
base of the Laboratory of Forensic Science and Toxicology 
in Stamen Iliev Hospital in Montana, Bulgaria, comparing 
the mortality rates at the hospital with the mortality rates at 
the scene of accident. The laboratory investigates cadavers 
and cases from a few regions - Montana, Vidin and Lom, 
but cadavers are always examined by one and the same doc-
tor. These hospitals are regional, but they do not have a neu-
rosurgical department (Fig. 1).

For this reason, the authors searched the 2007-to-2016 
archives of cadavers for brain traumas due to road traffic 
accidents and divided them into groups by characteristics. 
The main category, however, is the one providing informa-
tion about whether individuals have received medical care 
and where they died. We did not investigate the rest of TBIs 
and the detailed medical reports since the latter are proper-
ty of other departments and are located in different hospi-
tals, all the more so that the study’s aim was not to show the 
clinical reports of these cadavers while they were alive, but 
the importance of the neurosurgical department. However, 
we did investigate the observational and autopsy findings 
from the reports of the laboratory. 

Afterwards, we filtered the data and analyzed only TBIs 
from transport accidents using JASP 0.8.0.5. statistical pro-
gram, performing a t-paired test, correlation and linear re-
gression analysis. The t-paired or student t-test is one of the 
simplest and more accurate analyses to assess whether the 
mean of two samples is zero. In the current analysis we used 
it to compare whether the mortality rate at the hospital and 
the mortality rate at the scene of accident are identical. 

We used the correlation analysis to show the strength of 
a relationship between two variables, while the linear re-
gression analysis shows the variable response. In the cur-
rent study we used these analyses to determine whether the 
age of the subjects had any correlation with the mortality 
rate.

RESULTS

The total number of autopsies between 2007 and 2016 in 
the hospital was 1227. Of these, 232 were traumatic brain 
injuries 124 of which (53.45%) (26 women and 98 men) 
were TBIs resulting from road transport accidents. The ra-
tio of male to female was 3.8 to 1. The mean age of the males 
for the entire study was 48.13 years, while the mean age of 
the females was 59.77. We found that the mean age of the 
men in the study tended to decrease, while the mean age of 
the women tended to increase (Fig. 2).

The mean age of men admitted to the Hospital of Mon-
tana was 45.12 years, while that of women - 55.65 years. The 

mean age of men that have died at the scene of accident was 
45.09 years, and that of women - 25.98 years.

In Vidin, there were two males who died at the scene of 
accident (mean age 25.6 years); the mean age of the males 
that have died in the hospital was 19.8 years. There was no 
female sample from Vidin.

And finally, only one female of 83 years of age died in the 
hospital of Lom, while the mean age of the males was 32.8 
years. And no one of these died at scene of the accident.

We found no mild brain traumas after evaluation of the 
protocols of the Laboratory of Forensic Science and Tox-
icology. The greater part of the sample, more often males, 
had been tested positive for alcohol consumption. Six-
ty-seven out of 124 subjects had open (penetrating) injury, 
while the other 57 – closed (blunt) TBIs. The majority had 
fractures of the facial bones, skull base, frontal and occipital 
bones (Table 1).

The incidence of the TBIs, of the transport accidents in-
juries and the total number of autopsies per year are pre-
sented in Fig. 3. And as is seen, in the last few years the 
transport accidents have been the majority of the TBIs, 
while the total number of TBIs is steadily decreasing. On 
the other hand, the general prevalence of autopsies has a 
convex shape over the last ten years with decreasing curve 
which will be available for observation in future studies.

And finally, according to our findings on mortality rate, 
7 (out of 12 patients) died in the hospital of Vidin, 8 (out 
of 8) died in the hospital of Lom, and 38 (out of 104) died 
in the hospital of Montana. The rest of the cadavers died 
at the scene of accident. We performed a t-test to find the 
difference of mortality rate between the groups of patients 
dying ‘at hospital’ and those dying ‘at the scene of accident’ 
for each city (in general 6 groups). The results (Table 2) 
showed that the mortality rate at a hospital without neu-
rosurgical facility and that at the scene of accident for TBI 
from transport accidents is identical.

A major part of the subjects who died in the hospitals 
had polytraumatism, all of them had brain edema and all 
had brain hematoma, for which they would have required 
neurosurgical care (Table 3). Moreover, the majority of 
those individuals received intensive and/or surgical care for 
their injuries, suggesting only that for neurotrauma there 
should be a neurosurgical facility available.

Furthermore, we found that age did not play any role in 
the mortality at hospitals nor for the mortality at the scene 
of accident (Fig. 4), which is in support of what we said 
above.

DISCUSSION

Severe traumatic brain injury is one of the most common 
causes of death worldwide.1-3 It has been estimated that 
TBI affects about 200 people per 100.000 or about 10 mil-
lion worldwide.3,4 On the other hand, road accidents are 
one of the most frequent sources of severe neurotrauma 
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Figure 1. Neurosurgical centres in Bulgaria.

Figure 2. Mean age (years) of the participants. 

and deaths and account for two thirds of all TBIs.3,5 The 
incidence of the road neurotrauma is believed to be higher 
among young males, as it is believed to be the incidence of 
the general TBI.5-7 Reports from USA8 and China9 show 
males to females ratio of 1.5:1 and 2.5:1, respectively for 
the brain injuries, which is consistent with the finding that 
males are affected more often. Our findings studying the 
cadavers retrospectively showed that twice as many men as 
women sustain TBIs, which is in support of the finding that 
males get affected more frequently and constitute the ma-
jority of deaths from these injuries.

Two major factors can account for traffic accidents: 
the road environment factors and the ‘human’ factors. In 

the latter category are included high speed, mobile phone 
use, drug and alcohol consumption.10 Alcohol overdose 
is linked to increased rates of traffic accidents, as well as 
higher mortality rate among the injured subjects.11 In the 
current study a great part of the subjects had used alcohol, 
not only increasing their risk ratio for injury, but also for 
fatality.

Adeleye et al.12 reports that the most commonly injured 
regions are the maxillofacial region, followed by different 
bone fractures and chest injuries. Markogiannakis et al.13 

showed that the most frequently involved extracranial in-
juries in traffic car accidents are chest injuries, extremities 
fractures and spine injuries. Our findings after the autopsy 
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Figure 3. Incidence of the road traumatic brain injuries.

Figure 4. Correlation between age and mortality.

revealed the same types of extracranial injuries, suggesting 
that car traffic incidents are often the cause of polytrauma-
tism.

The management of the neurotrauma is very complex. 
Recent guidelines14 suggest the adherence of multiple 
methods to its management, with one key factor - neuro-
surgical care. And despite the fact that the TBI mortality 
rate is dependable on many factors such as age, condition 
(mild, moderate, severe), transportation, co-morbidities 
and clinical center15-18, the final outcome is strongly con-

nected to the guidelines’ treatment. Prabhakaran et al.17 re-
port that the mortality rate of TBIs decreases if patients are 
directly transferred to level one trauma centres. Moreover, 
the healthcare adjustment of the TBIs to the world guide-
lines lead to decreased mortality15, as well as the monitor-
ing of the intracranial pressure in intensive care unit (ICU), 
when there are neurosurgical care unit16,19.

Accurate management of the injury is highly required in 
order to prevent further damage. And in this respect, the 
trauma center at which the patient is treated has a major 
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Table 1. Skull trauma – location

Location
Males 

(n)
Females 

(n)
Total number 

of patients
Frontal bone 28 11 39

Parieto-temporal 6 2 8

Occipital bone 27 8 35
Parietal bone 10 1 11
Temporal bone 14 6 20

Skull base 49 9 58

Calvaria 22 3 25
Facial bones 53 19 72
Temporo-occipital 10 1 11
Sphenoid bone 5 2 7
Fronto-parietal 8 0 8
Temporo-parieto-
occipital

2 0 2

Parieto-occipital 2 1 3
Mastoid process 1 1 2
Fronto-temporal 14 10 24
Fronto-temporo-
occipital

0 1 1

n: number of patients

Table 3. Clinical findings in subjects who died in hospital

Type of injury
Males 

(n)
Females 

(n)
Brain hematoma 41 11

Brain edema 41 11

Brain ventrical hemorrhage 6 2
Hemothorax / hydrothorax / pneu-
mothorax

25 8

Extremity fractures 15 4

Hepatic rupture 11 4

Pelvic fractures 6 3
Brain herniation 1 1
Spine fractures 10 1
Aortic rupture 1 0
Spleen rupture 1 0
Diaphragm rupture 1 0
Sternum fractures 1 0
Clavicle fractures 1 1
Chest wall fractures 28 8

n: number of patients

Table 2. Paired t-test on the mortality

Paired Sample t-test
t df p

Vidin hospital At the scene of 
accident

1.000 1 0.500

Lom hospital At the scene of 
accident

1.000 1 0.500

Montana hospital At the scene of 
accident

-1.000 1 0.500

Significant results when p < 0.05

role to play for the outcome. Current guidelines for man-
agement of neurotraumas suggest that the patients should 
be transferred as fast as possible to a level one trauma cen-
tre14, meaning that the center offers at least the three basic 
services: intensive care unit, neurosurgical unit and com-
puter tomography20-22. Basic purposes of these centres are 
reduction of delays, of inadequate health care and prevent-
able fatal outcomes.23 The mortality rate of level I trauma 
centres is believed to be twice lower than the others.20,24,25 
In this regard, Young et al.26 compared the outcome of sub-
jects with TBI directed to Level I trauma Centre and non- 
Level I Centre. The patients directed to Level I Trauma 
Centre had shorter stay at ICU. Moreover, in the non-lev-
el I trauma centre there were observed more unexpected 
fatal outcomes in the first 24 hours or increased 24-hour 
mortality. Similar outcomes were observed by Sampalis et 
al.27 in a comparative study, where the group transferred 
to non-level I Trauma Centre had an increased stay in the 
ICU. The subjects among the ‘transferred’ group with se-
vere brain injury were also more prone to die compared to 
those directed into Level I trauma Centre.

Furthermore, Sharma et al.6 investigated the access of 
the injured to trauma and non-trauma centres. According 
to his study, there is a significant difference among the pa-
tients reaching both centres, mainly in their demographic 
data. The demand of neurosurgical care, however, remains 
the same. In his study, comparing the two sites, the quality 
of care of the non-trauma centres is more prone to be in-
sufficient than the trauma centre’s care. This is supported 
by DuBose et al.28, where the patients admitted to trauma 
center level I had better outcome, and Brown et al.29, where 
the patients transferred to such center had better functional 
independence and independent expression. Furthermore, 
the delay of the neurosurgical care has also an impact on 
the mortality of the traumatic brain injuries.7,20,30

In order to improve the health care of TBIs in Bulgaria, 
and worldwide, there should be more fully equipped level 
I trauma centres with experienced personnel in neurotrau-
ma management. The latter, however, according to Okey-
ere-Dede31 is insufficient. In Africa, there is one neuro-
surgeon per 10000000 population, while in Europe there 
are on average 102 neurosurgeons providing services to 
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10000000 people. Dewan et al.32 suggests that about 22626 
neurosurgeons should be trained in order to meet the re-
quired needs of neurosurgical care. In our study, we have 
pointed to 14 out of 28 regions that provide neurosurgical 
services. The data of the study showed that except for one, 
the mortality rate there is as high as the mortality on the 
road, suggesting that such centres and neurosurgeons are of 
utmost importance for the successful management of TBIs 
and that prioritizing, rapid management, prognostic scales 
etc. are irrelevant when the basic requirements are not met. 

CONCLUSION

Traumatic brain injury is a deadly condition requiring 
more than rapid management. Its therapy, however, should 
be provided in centres with proper settings, otherwise it 
is inadequate. In this study, we investigated cadavers who 
suffered traumatic brain injury from road accident and we 
found that the mortality rate at centres without neurosurgi-
cal facilities is identical with the mortality rate on the road. 
The cost of trauma centres is very high, so until they are 
equally distributed, “prevention should be the best thera-
py”.

REFERENCES
1.	 World Health Organization. World Health Report 2003. Shaping the 

Future, World Health Organization, Geneva, 2003
2.	 Gururaj G. An epidemiological approach to prevention – prehospital 

care and rehabilitation in neurotrauma, Neurology India 1995; 43(3): 
95-105.

3.	 Basavaraju SV, Coronado VG, Faul MD, et al. Surveillance for trau-
matic brain injury-related deaths. MMWR Surveill Summ 2011; 60: 
1-32.

4.	 Bryan-Hancock C, Harrison J. The global burden of traumatic brain 
injury: preliminary results from the Global Burden of Disease Project. 
Inj Prev 2010; 16: A17.

5.	 Brazinova A, Janciak I, Majdan M, et al. Traumatic brain injuries 
caused by traffic accidents in five European countries: outcome and 
public health consequences. Eur J Public Health 2013; 23(4): 682-7.

6.	 Sharma S, Gomez D, de Mestral C, et al. Emergency access to neuro-
surgical care for patients with traumatic brain injury. J Am Col Surg 
2014; 218(1): 51-7.

7.	 Vaca SD, Kuo BJ, Nickenig Vissoci JR, et al. Temporal delays along 
the neurosurgical care continuum for traumatic brain injury patients 
at a tertiary care hospital in Kampala, Uganda. Neurosurgery 2019; 
84(1): 95-103.

8.	 Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and 
impact of traumatic brain injury: a brief overview, J Head Trauma 
Rehabil 2006; 21(5): 375-8.

9.	 Wang W, Zhao YD. Neurosurgical trauma in People’s Republic of 
China. World J Surg 2001; 25(9): 1202-4.

10.	 10.	 Gicquel L, Ordonneau P, Blot E, et al. Description of various 
factors contributing to traffic accidents in youth and measures pro-
posed to alleviate recurrence. Front Psychiatry 2017; 8: 94.

11.	 Espada JP, Griffin KW, Gonzalvez MT, et al. Predicting alcohol-im-
paired driving among Spanish youth with the theory of reasoned ac-
tion. Span J Psychol (2015) 13(43): 1-8.

12.	 Adeleye AO, Ogun MI. Clinical epidemiology of head injury from 
road-traffic trauma in a developing country in the current era. Front 
Neurol 2017; 8: 695.

13.	 Markogiannakis H, Sanidas E, Messaris E, et al. Motor vehicle trau-
ma: analysis of injury profiles by road-user category. Emerg Med J 
2006; 23(1): 27-31.

14.	 Carney N, Totten AM, O’Reilly C, et al. Guidelines for the manage-
ment of severe traumatic brain injury, fourth edition. Neurosurgery 
2017; 80(1): 6-15.

15.	 Gerber LM, Chiu YL, Carney N, et al. Marked reduction in mortal-
ity in patients with severe traumatic brain injury. J Neurosurg 2013; 
119(6): 1583-90.

16.	 Shen Lg, Wang Z, Su Z, et al. Effects of intracranial pressure moni-
toring on mortality in patients with severe traumatic brain injury: a 
meta-analysis. PLoS ONE 2016; 11(12): e0168901.

17.	 Lombardo G, Marini C, Petrone P, et al. Mortality rates of severe trau-
matic brain injury patients: impact of direct versus non-direct trans-
fers. J Surg Res 2017; 219: 66-71.

18.	 Ho CH, Liang FW, Wang JJ, et al. Impact of grouping complications 
on mortality in traumatic brain injury: A nationwide population-
based study. PLoS ONE 2018; 13(1): e0190683.

19.	 Bratton SL, Chestnut RM, Ghajar J, et al. Guidelines for the manage-
ment of severe traumatic brain injury. VIII. Intracranial pressure 
thresholds. J Neurotrauma 2007; 24 Suppl 1: S55-8.

20.	 Faul M, Sasser SM, Xu L. Hospitalized traumatic brain injury: low 
trauma center utilization and high interfacility transfers among older 
adults. Prehosp Emerg Care 2016; 20(5): 594-600.

21.	 Badjatia N, Carney N, Crocco TJ, et al. Guidelines for prehospital 
management of traumatic brain injury, 2nd edition. Prehosp Emerg 
Care 2008; 12(Suppl 1): S1-52.

22.	 Pigula FA, Wald SL, Shackford SR, et al. VIII. Intracranial pressure 
thresholds. J Pediatr Surg 1993; 28: 310-4.

23.	 Shackford SR, Hollingworth-Fridlund P, Cooper GF, et al. The effect 
of regionalization upon the quality of trauma care as assessed by con-
current audit before and after institution of a trauma system: a pre-
liminary report. J Trauma 1986; 26(9): 812-20.

24.	 Gerber LM, Ghajar J, Hartl R, et al. Direct transport within an orga-
nized state trauma system reduces mortality in patients with severe 
traumatic brain injury. J Trauma 2006; 60: 1250-6.

25.	 Brown R, Denis R, Fleiszer D, et al. Direct transport to tertiary trau-
ma centers versus transfer from lower level facilities: impact on mor-
tality and morbidity among patients with major trauma. J Trauma-Inj 
Infect Crit Care 1997; 43(2): 288-96.

26.	 Young JS, Bassam D, Cephas GA, et al. Interhospital versus direct 
scene transfer of major trauma patients in a rural trauma system. Am 
Surg 1998; 64: 88-92.

27.	 Sampalis JS, Denis R, Frechette P, et al. Direct transport to tertiary 
trauma centers versus transfer from lower level facilities: impact on 
mortality and morbidity among patients with major trauma. J Trau-
ma 1997; 43: 288-95.



TBI-Neurosurgical care

111Folia Medica I 2020 I Vol. 62 I No. 1

28.	 Browder T, Chan LS, Demetriades D, et al. Effect of trauma center 
designation on outcome in patients with severe traumatic brain in-
jury. Arch Surg 2008; 143(12): 1213-7.

29.	 Bankey PE, Brown JB, Cheng JD, et al. Trauma center designation 
correlates with functional independence after severe but not moder-
ate traumatic brain injury. J Trauma 2010; 69(2): 263-9.

30.	 Albrecht RM, Cowan LD, Garwe T, et al.  Directness of transport of 
major trauma patients to a level I trauma center: a propensity-adjust-

ed survival analysis of the impact on short-term mortality. J Trauma 
Acute Care Surg 2011; 70(5): 1118-27.

31.	 Okyere-Dede EK, Nkalakata MC, Nkomo T, et al. Pediatric head in-
juries in the KwaZulu-Natal Province in South Africa: A developing 
country prospective. Trop Doct 2013; 43(1): 1-4.

32.	 Dewan MC, Rattani A, Fieggen G, et al. Global neurosurgery: the cur-
rent capacity and deficit in the provision of essential neurosurgical care. 
Executive Summary of the Global Neurosurgery Initiative at the Pro-
gram in Global Surgery and Social Change. J Neurosurg 2018: 1-10.

Черепно-мозговая травма и значение 
нейрохирургической помощи: 10-летнее 
ретроспективное исследование трупов
Александрина Никова1,2, Ивайло Димитров3, Теодосиос Бирбилис1, Лора Захариева4

1 Кафедра  нейрохирургии, Фракийский университет им. Демокрита, Александруполис, Греция
2 Отделение хирургической онкологии, Онкологическая больница „Метакса”, Пиреус, Греция 
3 Кафедра судебной медицины, Больница „Стамен Илиев”, Монтана, Болгария
4 Отделение эндоваскулярной и сосудистой хирургии, клиника Кассель, Кассель, Германия

Адрес для корреспонденции: Александрина Никова, Кафедра  нейрохирургии, Фракийский университет им. Демокрита, Драгана 68100, 
Александруполис, Греция E-mail: nikovaalex@gmail.com; Тел: 00306909561166

Дата получения: 16 апреля 2019 ♦ Дата приемки: 10 июля 2019 ♦ Дата публикации: 31 марта 2020

Образец цитирования: Nikova A, Dimitrov I, Birbilis T, Zaharieva L. Traumatic brain injury and the importance of the neurosur-
gical care: 10-year retrospective study on cadavers. Folia Med (Plovdiv) 2020;62(1):105-11. doi: 10.3897/folmed.62.e47765.

Абстракт
Цель: Черепно-мозговая травма (ЧМТ) в результате транспортных происшествий является серьёзной причиной смерти и 
инвалидности. Однако быстрое реагирование и соответствующее медицинское обслуживание требуются в любом случае.

Материалы и методы: Мы ретроспективно собрали данные за 10 лет из лаборатории судебно-медицинской экспертизы и 
токсикологии в Монтане, Болгария, чтобы продемонстрировать важность нейрохирургической помощи в травматологии и её 
связь с показателями смертности.

Результаты: Были включены 124 трупа, среди которых преобладали  мужские. Анализ данных показывает, что в процентном 
отношении смертность в больницах без нейрохирургической помощи и смертность на месте происшествия одинаков для 
травм головного мозга в результате дорожно-транспортных происшествий. Кроме того, мы обнаружили, что отсутствует 
корреляция между возрастом и смертностью.

Выводы: Травмы в результате дорожно-транспортных происшествий являются наиболее распространённым видом травмы 
головного мозга. Мы считаем, что исход этих ЧМТ зависит от наличия отделения нейрохирургии.

Ключевые слова 
Черепно-мозговые травмы, нейрохирургия, здравоохранение, травмы, трупы


