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1. Introduction 
Traumatic brain injury (TBI) is a common cause of death and 
disability as well as one of the most important health and social 
problems in majority of the country including the United 
States. Every year millions of people in the United States suffer 
from TBI. Approximately 2.87 million TBI-related emergency 
department (ED) visits, hospitalizations and deaths occurred in 
the United States with over 837.000 of these events occurring 
among children (Araujo et al., 2012).  Traumatic head injuries 
affect 2% of population and are a major cause of death among 
young people (Basamh et al., 2016). 

Epidural hematomas (EDHs) occur in 0.2%–0.6% of all 
patients with head traumas (Bricolo and Pasut 1984; Bensard 
et al., 1994; Ceylan et al., 2013). Due to the thin squamous 
bone part and the anatomic localization of the anterior 
meningeal artery, skull fractures, especially those in the 

temporal bone, are more vulnerable to EDH development in 
patients with head traumas (Çırak et al., 1999). EDH develops 
as a rapidly expanding intracranial mass lesion and is, 
therefore, a true surgical emergency that typically requires 
immediate diagnosis and surgery (Çırak et al., 1999).  

Intriguingly, EDHs are four times more common in males than 
in females (Cooper et al., 1994). 

Not many studies have investigated the incidence rate and 
social epidemiology of EDHs in Turkey. Reportedly, the 
majority of cases related to head trauma are a result of 
urbanization and industrialization not only in Turkey but also 
globally; traffic accidents, occupational crashes, falls and 
gunshot wounds are the most common causes of EDH 
(Eisenberg et al., 1990; Gulsen et al., 2015; Doan et al., 2016; 
Gurer et al., 2017). 
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Abstract 
We aimed to evaluate mortality-associated factors among patients with acute epidural hematoma due to head trauma. Demographic characteristics, 
preoperative Glasgow Coma Scale score, epidural hematoma aetiology and radiological findings, accompanying systemic trauma results, 
hospitalisation duration, sequelae, and mortality features of patients experiencing epidural hematoma between 2014 and 2018 were evaluated. 
Overall, 79 patients were examined. The most frequent epidural hematoma aetiology was traffic accidents (51.9%), with temporal region being 
the most common epidural hematoma location (38 [48.2%] patients). Among all, 12 (15.2%) patients died and 67 (84.8%) were discharged. Of 
them, 57 (85.1%) patients were discharged without and 10 (14.9%) with neurological sequelae. Age>65 years (p=0.001) and low Glasgow Coma 
Scale score (p<0.05) were significantly associated with higher mortality. Overall mortality rate was 91.7% (p<0.001) in patients with systemic 
trauma accompanying epidural hematoma, with thoracic (12%) and orthopaedic (9%) trauma being the most common. Cranial injuries included 
linear fracture, 78.5%; pneumocephalus, 48.1%; cerebral contusion, 44.3%; traumatic subarachnoid haemorrhage, 32.9%; acute subdural 
hematoma; 26.6%, and collapse fracture, 15%. All cranial injuries except linear fractures were associated with high mortality (p<0.05).  Epidural 
hematoma is associated with high mortality. Aetiology, Glasgow Coma Scale score, cranial pathology, age, and additional trauma are the major 
predictive mortality-associated factors. 
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In this retrospective study, we examined factors associated 
with the prognosis of EDH. We also performed a review of the 
literature to contribute to the epidemiological database of 
Turkey. 

2. Material and method 
This retrospective cross-sectional study was approved by the 
ethics committee of University of Health Sciences (decision 
no: TUEK 174-2018 GOKAEK/11-82), Samsun Training and 
Research Hospital and was performed in accordance with the 
Declaration of Helsinki. This was a retrospective study of 79 
patients who underwent surgery for acute EDH between 
January 2014 and November 2018 at the Neurosurgery Clinic 
of the Samsun Training & Research Hospital, a primary 
hospital for treatment of trauma cases in the Black Sea region. 
Patients with acute EDH who did not undergo surgery were 
excluded from the study. Clinically stable patients were 
followed up in neurosurgery service and those patients were 
not included in the study. 

Patient data included demographic data (age and sex), 
etiology, preoperative GCS score, radiological characteristics 
of hematoma, accompanying intracranial pathologies, 
additional systematic trauma symptoms, duration of 
hospitalization,  sequelae, mortality and prognosis. The 
patients were divided into the following three clinical groups 
according to the GCS score based on the neurological 
examination conducted in the ED: severe, GCS score of ≤8; 
moderate, GCS score of 9–12 and mild, GCS score of 13–15. 

 Data were collected for computed tomography (CT) 
findings for linear fractures, cerebral contusions, 
pneumocephalus and traumatic subarachnoid hemorrhage. 
Additionally, data were collected to investigate the association 
of multisystem injury with prognosis in patients with epidural 
hematoma length of hospitalization, sequelae and mortality. 

2.1. Statistical analysis 
Data were analyzed using SPSS 20.0 software. Continuous 
data were presented as mean ± standard deviations, and 
quantitative data were expressed as numbers with percentages. 
Shapiro–Wilk test was used to assess the standard distribution 
of key parameters, Student’s t test was used to compare 
parametric data between two groups, and Mann–Whitney U 
test was used for nonparametric comparison between groups. 

3. Results  
A total of 79 patients who underwent surgery for EDH were 
included in the final analysis. The mean patient age of the study 
cohort was 28.8 ± 19.5 years (range, 1–84 years). There were 
28 (35.4%), 47 (59.5%) and 4 (5.1%) patients in the pediatric 
(≤18 years), adult (18–65 years) and elderly (≥65 years) 
groups, respectively. There were 65 (82.3%) males and 14 
(17.7%) females. The seasonal distribution of trauma revealed 
that 56% (n = 45) of the traumas occurred between April and 
September. 

 

The primary cause of EDH was trauma in the entire cohort. 
The two leading causes of trauma were falls (29 [36.7%]) and 
traffic accidents (41 [51.9%]), whereas assault (2 [2.5%]), 
workplace accidents (6 [7.6%]) and gunshot wounds (1 [1.3%]) 
were rare causes of EDH. The patients in traffic accidents were 
further grouped into those inside and outside the vehicle. The 
rates of outside-vehicle and in-vehicle traffic accidents were 
70.7% and 29.3%, respectively. Further comparison of age 
groups revealed that traffic accidents were the most common 
etiology of EDH in all age groups. However, falls (42.9%) 
were the second most common EDH etiology in the pediatric 
age group. Furthermore, the rate of falls was lower in the adult 
age group, and the rates of occupational accidents, assaults and 
gunshot wounds were higher in this age group (Table 1). 

Table 1. Distribution of etiologies of epidural hematoma according 
to age groups 

 ≤18 years 
(n = 28) 

18–65 years 
(n = 47) 

≥65 years 
(n = 4) 

Fall 12 (42.9%) 15 (31.9%) 2 (50.0%) 
Traffic 

Accident 15 (53.6%) 24 (51.1%) 2 (50.0%) 

Assault 1 (3.6%%) 1 (2.1%%) 0 (0.0%%) 
Occupational 

Accident 0 (0.0%) 6 (12.8%) 0 (0.0%) 

Gun 0 (0.0%) 1 (2.1%) 0 (0.0%) 

The GSC scores were minimum 4 and maximum 15, 
respectively. The median GCS score was 12. There were 29 
(36.7%), 28 (35.4%) and 22 (28%) patients in mild, moderate 
and severe clinical status, respectively, according to the GCS 
scores. The localizations of the EDH were parietal, temporal, 
frontal, occipital and temporoparietal in 13 (16.5%), 38 
(48.2%), 6 (%7.6), 7 (8.8%) and 15 (18.9%) patients, 
respectively (Table 2). 

   Table 2. The localizations of the Epidural Hematoma (EDH) 

Localization Number (n) % 

Parietal 13 16.5 

Occipital 7 8.8 

Temporal 38 48.2 

Frontal 6 7.6 

Temporoparietal 15 18.9 

Preoperative CT scans were taken to demonstrate other 
pathologies such as linear fractures, pneumocephalus and 
cerebral contusions in addition to the EDH in 62 (78.5%) and 
38 (48.1%) and 35 (44.3%) patients, respectively. Moreover, 
26 (32.9%) patients had traumatic subarachnoid hemorrhage 
and 12 (15%) had compression fractures. Additionally, acute 
subdural hematomas occurred in 21 (26.6%) of the patients. 
Multisystem trauma was present in 33 (41.8%) patients. 
Among the accompanying pathologies, trauma to the thorax in 
10 (12%) patients and orthopedic trauma in 7 (9%) patients 
were the two most frequent causes following head traumas. 

Regarding outcomes, 12(15.2%) patients died following 
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the surgery, whereas 67 (84.8%) patients were discharged. 
Among those, 57 (85.1%) were without any sequelae, whereas 
10 (14.9%) patients had neurological sequelae. The mean 
hospitalization period was 14.84±20.67 days, and the mean 
time to death was 6.81±7.34 days. Specifically, the average 
length of hospitalization was 16.20±21.89 days for the 
discharged patients. 

 Comparison of the GCS score with mortality revealed 
that the mortality of those with the lowest GCS scores was 
significantly higher than those of the other groups (p<0.05) 
(Table 3). The mortality rates based on specific radiological 
findings are presented in Table 4. Briefly, preoperative 
radiological findings including pneumocephalus, cerebral 
contusions, traumatic subarachnoid hemorrhage and subdural 
hematoma were significantly associated with worse mortality 
after surgery for EDH. In contrast, there was no significant 
relationship between linear fractures and mortality. 

Table 3. Mortality distribution according to Glasgow Coma Scale 
(GCS) scores (p< 0.001) 

GCS score Deceased Alive 
3–8 12 (57.1%) 9 (42.9%) 
9–12 0 (0.0%) 28 (100.0%) 
13–15 0 (0.0%) 29 (100.0%) 

Table 4. Distribution of various concomitant pathologies in patients 
categorized according to outcomes 

 Deceased (n = 12) Alive (n =67) p 

Pneumocephal
us 11 (91.7%) 27 (40.3%) <0.001 

Contusion 12 (100%) 23 (34.3%) <0.001 

Subarachnoid 10 (83.3%) 16 (23.9%) <0.001 

Subdural 10 (83.3%) 11 (16.4%) <0.001 

Linear 
Fracture 10 (83.3%) 52 (77.6%) 0.657 

Other Trauma 11 (91.7%) 22 (32.8%) <0.001 

Mortality was observed in all of the 12 (100%) patients who 
developed cerebral contusions (p < 0.001). In addition, the 
mortality rates were 91.7% (n = 11; p = 0.001), 83.3% (n = 10; 
p = 0.001), 83.3% (n = 10; p = 0.001) and 83.3% (n = 10; p = 
0.657) in those with pneumocephalus, subarachnoid 
hemorrhage, subdural hematoma and linear fractures, 
respectively (Table 4). The mortality rate was 91.7 % (p < 
0.001) in patients with additional multisystem trauma. The 
analysis of mortality rates according to the cause revealed that 
the mortality rate was highest among those who underwent 
surgery for EDH following traffic accidents. On the other hand, 
EDH due to falls and assaults had the highest rate of discharge 
(100%).  

 The mortality rates were 75% (p = 0.001), 17.65% and 
3.6% in the elderly, adult and pediatric age groups, 

respectively. Evaluation of the patients for the duration of 
hospital stays revealed that the length of hospital stay (mean, 
18.76±25.26 days) was significantly longer in the adult age 
group than in the other two age groups (p = 0.009). 

4. Discussion 
Preliminary diagnosis and effective intervention in high-
energy head trauma are critically important for best outcomes 
with regard to mortality and morbidity. Acute EDH is a 
significant complication of head trauma. Those between the 
ages of 16 and 25 years are reportedly the most frequently 
affected by EDH due to head trauma (29.78%) (Pandey et al., 
2017).  In the current study, the majority of patients with EDH 
due to head trauma were between the ages of 18 and 
65 (59.5%). 

Pandey et al. (2017) reported that 88.29% of the 94 patients 
with bilateral traumatic intracranial hematoma were male. 
Similarly, a large study by Araujo et al. (2012) reported that 
89.2% of the 210 patients who developed EDH due to trauma 
were male.  Furthermore, in an extensive study, Sullivan et al. 
(1999) reported that 84% of the 252 epidural hematoma 
patients were male, whereas Tallon et al. (2008) found that 
80% of the patients diagnosed with acute subdural and/or 
epidural hematoma due to head trauma were male. 
Gulsen et al. (2015) reported that 81.9% of the 
226 patients who underwent surgery due to head injuries were 
male. The rate of 82.3% for males in the current study is in 
agreement with the previously published reports. 

Araujo et al. (2012) concluded that the most frequent cause 
of trauma in EDH was falls (48%), whereas in their study on 
childhood traumas, Cooper et al. (1994) reported that the 
causes were traffic accidents, falls, cycling accidents and 
others in 59%, 13%, 12% and 16% of the cases, respectively. 
Conversely, Bensard et al. (1994) evaluated the causes of 
trauma in children aged between 0 and 15 and reported that 
falls, traffic accidents, cycling accidents and others were the 
cause in 23%, 49%, 7% and 19% of the cases. Gürses et al. 
(2002) found that the rates of traffic accidents, falls and bicycle 
accidents as causes of trauma were 46%, 39% and 15%, 
respectively.  Simsek et al. (2005) extensively investigated the 
primary causes of pediatric head traumas and reported that 
traffic accidents, falls from a height, falls, cycling accidents 
and other causes were the etiology in 40.8%, 34.3%, 15.4%, 
5% and 14.5% of the cases, respectively.  Conversely, 
Ceylan et al. (2013) reported that the most frequent cause of 
trauma was falling in 76.1% of the cases, whereas Çırak et al. 
(1999) found that traffic accidents were the primary cause of 
head trauma in 48% of the cases, followed by falls. Isik et al. 
(2011a) reported that the most frequent cause was traffic 
accidents at a rate of 75%. In a study of 226 patients who 
underwent surgery for head trauma, Gulsen et al. (2015) found 
that the most common cause was falling in 51% of the patients, 
with traffic accidents constituting the second most common 
cause. Pandey et al. (2017) reported that the most common 
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cause of head trauma was traffic accidents in 56.38% of their 
cohort. Gurer et al. (2017) recently reported that traffic 
accidents were the most common cause of trauma (56.5%), 
with falling from a height in second place. In the current study, 
51.9% of the patients experienced head trauma due to traffic 
accidents. Furthermore, the frequencies of traffic accidents and 
falls from a height were 53.6% and 42.9%, respectively, in 
those under the age of 18 years.  

In their study of their local ED, Ceylan et al. (2013) 
reported that 79.8% and 22.2% of the patients had mild and 
moderate/severe head trauma, respectively, based on the GCS 
scores. They also noted that none of the patients with moderate 
(GCS score, 10–13) and mild (GCS score, 14–15) head trauma 
died. Araujo et al. (2012) investigating 210 patients with EDH 
due to head trauma reported that 49%, 19% and 32% of the 
patients had mild (GCS score, 13–15), moderate (GCS score, 
9–12) and severe (GCS score, 3–8), respectively (14).  In the 
current study, our surveillance revealed that the rates of 
patients with EDH due to mild, moderate and severe head 
trauma were 26.6%, 35.4% and 36.7%, respectively. 

Kolodziej et al. (1999) reported that patients with GCS 
scores of 14 or above achieved significantly better results with 
conservative treatment. Kiymaz et al. (2001) found that six 
patients with neurologically and clinically good status who did 
not exhibit any focal signs with GCS scores of 14 and above 
recovered completely with conservative treatment. Bricolo 
et al. (1984) reported that the prognosis was better in patients 
with GCS scores between 8 and 15. These findings of previous 
studies are in agreement with the current study, where we 
evaluated the patients according to their GCS scores. Whereas 
the mortality rate of the patients with GCS scores between 3 
and 8 was 57.1%, there was no mortality cases in the groups 
with the GCS scores of 9–12 and 13–15. We also noted that the 
postoperative recovery was better in patients with high GCS 
scores. The evaluation of the patients who underwent surgery 
revealed that the median GCS scores of those who died and 
who survived following surgery were 6 (4-12) and 12 (4-15), 
respectively; the difference was statistically significant (p < 
0.001).  

  Araujo et al. (2012) reported that the primary location 
was the temporoparietal region in 26.5% of the patients. 
Bricolo et al. (1984) noted that the most common concomitant 
pathology in patients with acute EDH was linear fractures in 
the temporoparietal area. Importantly, in the current study, we 
also observed that EDH occurred in the temporal and 
temporoparietal areas in 53% of the patients and that the most 
common concomitant pathology was the temporoparietal 
linear fracture in 78.5% of the patients. 

Our review of the literature did not identify any study 
investigating the correlation between radiological findings 
and mortality rates in patients with EDH due to head 
trauma. However, in the current study, we found that linear 
fractures were not associated with increased mortality but other 

consistent results influenced the death rates. Araujo et al. 
(2012) reported that the mortality rate was 15.5% among 210 
patients with EDH due to trauma, whereas Bricolo et al. (1984) 
found that the mortality rate was 7% in their cohort of EDH 
patients. Similarly, Kiymaz et al. (26) showed that the 
mortality rate was 7% in their study. Gulsen et al. reported that 
the mortality rate was 23% in their cohort of patients who 
underwent surgery after head trauma and that the mortality rate 
of patients with EDH was 4.9% (17). Lee et al. (28) 
commented that the time to reach the clinic and age were 
factors affecting prognosis in patients with acute EDH. In 
contrast, Kiymaz et al. (2001) found that the prognosis was 
dismal in all patients with GCS scores of 7 or less regardless 
of age or post-traumatic transport time. In the current study, 
the overall mortality rate was 15.2%. In addition, the mortality 
rates were 3.6%, 17% and 75% in the pediatric, adult and 
elderly age groups, respectively, suggesting that increasing age 
was an adverse factor associated with higher mortality rate and 
reduced functional recovery. Furthermore, the mortality rate 
was higher at 22% in patients undergoing surgery for EDH due 
to traffic accidents compared to those with EDH due to other 
etiologies.  

In the current study, 85.1% of the patients were discharged 
with full recovery and 14.9% of the patients who survived were 
discharged with sequelae. We did not evaluate the occurrence 
of trauma, arrival time to the hospital, or surgery time in our 
analyses as it was not clear. Isik et al. (2011b) conducted a 
retrospective analysis of 851 pediatric patients with head 
injuries and reported that although all patients included in the 
study experienced head trauma, all the traumas were not EDHs. 
Moreover, they reported that orthopedic and maxillofacial 
traumas were frequently noted. In the present study, thoracic 
and orthopedic trauma were the two most frequent causes of 
trauma not related with the head. Ceylan et al. (2013) reported 
that head trauma occurred most commonly in summer, 
especially in July and August.  Isik et al. (2011b) found that the 
rate of trauma was highest in August and that the rate of 
patients who were hospitalized for head trauma from May to 
September comprised 60% of the study cohort. These findings 
are consistent with our findings.  

Finally, gunshot wound-related trauma occurred only in 
one patient in the current study. The mortality of the series was 
given according to the discharge status of the patients and only 
short-term results are shared. This is the limitation of the study.  
Long term results are planned to be part of another study in the 
future.  

This study aimed to determine the characteristics and 
outcomes of patients who were admitted to the EDH and 
underwent surgery revealed that EDH was associated with 
significant morbidity and mortality. Moreover, GCS at arrival, 
age, additional systemic trauma, certain etiologies and the 
presence of a cranial auxiliary pathology were important 
prognostic factors. The findings of the current study reveal that 
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the majority of the deaths and disabilities caused by EDHs 
were due to preventable sources, highlighting the need for 
implementing appropriate measures to reduce mortality and 
morbidity. 
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