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ABSTRACT 

Objective:  To determine the frequency of surgical intervention among patients with traumatic extradural 

hematoma (EDH) and identify clinical and radiological factors associated with the decision to operate. 

Materials and Methods:  A retrospective review of 141 patients diagnosed with traumatic EDH was 

conducted at a tertiary care neurosurgical center. Demographic, clinical, and radiological variables, including 

age, sex, Glasgow Coma Scale (GCS) at presentation, EDH volume, maximal thickness, midline shift (MLS), skull 

fracture, and the frequency of surgical intervention, were recorded. The chi-square test was used to assess 

associations, and independent predictors of surgery were identified using binary logistic regression. A p-value 

<0.05 was considered statistically significant. 

Results:  42 patients (29.8%) underwent surgical evacuation. On univariate analysis, EDH volume ≥30 mL (p = 

0.002), EDH thickness ≥15 mm (p = 0.008), and MLS ≥5 mm (p = 0.003) were associated with surgical 

intervention. Multivariable logistic regression demonstrated that EDH volume ≥30 mL (OR 162.47; p = 0.002), 

EDH thickness ≥15 mm (OR 175.61; p = 0.008), and lower GCS at presentation (OR 49.46; p = 0.012) were 

independent predictors of surgery, while MLS and skull fracture were not significant after adjustment. 

Conclusion:  Surgical evacuation of extradural hematoma (EDH) is required in nearly one-third of patients. 

Hematoma volume and thickness, together with neurological status at presentation, were the strongest 

predictors of operative management, which shows the importance of objective radiological parameters in 

surgical decision-making. 

Keywords:  Extradural hematoma; epidural hematoma; surgical intervention; hematoma volume; Glasgow 

Coma Scale. 
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INTRODUCTION 

Trauma is the leading cause of mortality in the 

population younger than 45 years, and head 

injury is the main cause of death among those 
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trauma patients.1 In traumatic brain injury 

patients, approximately 2.5% to 5% individuals 

have EDH (extradural hematoma)2 which is the 

accumulation of blood in the potential space 

between the skull and the Dura mater. Mortality 

rate associated with epidural hematoma has been 

reported to be about 5 – 50%.3 

 The mode of injury in traumatic extradural 

hematoma can be falls, MVA (motor vehicle 

accidents), physical assault, blunt trauma, and 

sports injuries.3 Middle meningeal artery or vein is 

the source of bleeding in 73% of all EDH cases, 

which are almost always associated with an 

underlying fracture of the temporal bone.2 Other 

causes of bleeding in EDH are diploic veins and 

dural venous sinuses.4 

 The clinical presentation of an extradural 

hematoma is deterioration of conscious level, 

lucid interval, headache, vomiting, bradycardia, 

hemiparesis, and anisocoria. Extradural hematoma 

in the posterior fossa presents with signs of 

respiratory distress, Cheyne-Stokes breathing, 

neck rigidity, and brain stem compression 

effects.3,5 

 In appropriately selected patients, timely 

surgical intervention generally has favourable 

outcomes in the absence of associated injuries. 

However, not all patients require surgery. 

Neurological status, hematoma size, midline shift, 

age, and radiological findings affect treatment 

decisions. Despite existing guidelines, significant 

variation persists in clinical practice.1 

 This study aims to determine the frequency of 

surgical intervention in patients with traumatic 

EDH and to identify clinical and radiological 

factors of surgical decision-making. 

Understanding these determinants may help 

improve decision-making and support more 

standardized, evidence-based management 

strategies. 

 

MATERIALS AND METHODS 

Study Design and Setting 

A retrospective descriptive study was carried out 

at the Department of Neurosurgery, Lady Reading 

Hospital, Peshawar. Hospital records of all 

patients with traumatic EDH who presented to the 

neurotrauma unit between 1 March 2025 and 31 

August 2025 were reviewed. 

 
Sample and Sampling 

A total population sampling approach was used. 

One hundred forty-one (n = 141) consecutive 

patients with a CT-confirmed diagnosis of 

traumatic EDH and complete records were 

included. 

 
Inclusion Criteria: Patients were included if 

they had a traumatic extradural (epidural) 

hematoma diagnosed on computed tomography, 

regardless of age, and presented to the 

neurotrauma unit between 1 March 2025 and 31 

August 2025. Only patients with complete 

medical and imaging records, including 

documented arrival Glasgow Coma Scale scores, 

CT findings, and clearly recorded management 

decisions, whether surgical or conservative, were 

eligible.  

Exclusion Criteria: Patients were excluded if 

the extradural hematoma was non-traumatic in 

origin (such as postoperative or spontaneous 

cases), if clinical or imaging records were 

incomplete, if they were referred after having 

already undergone surgery at another hospital, or 

if they were dead on arrival without imaging or a 

documented treatment decision. 

 
Ethical Approval 

Ethical clearance was obtained from the 

Institutional Review Board (IRB) of Lady Reading 

Hospital, Peshawar (Ref. no. 511/LRH/MTI), before 

data collection. 
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Data Collection 

After IRB approval, hospital records, CT reports, 

operative notes, and discharge summaries were 

reviewed. A structured proforma was used to 

extract data on: 

• Demographics: age, sex. 

• Mechanism of injury. 

• Clinical: Glasgow Coma Scale (GCS) at 

presentation, focal neurological signs, vital 

parameters. 

• Radiological: hematoma location, maximum 

thickness (mm), estimated volume, midline 

shift (mm), skull fracture, and presence of 

other intracranial injuries. 

• Management: surgical evacuation or 

conservative treatment, time from 

presentation to surgery (if applicable). 

• Short-term outcome at discharge (survived, 

died, neurological status). 

 
Radiological Measurements 

Hematoma thickness was recorded as the 

greatest single-slice thickness (in mm). Volume 

was estimated using the ABC/2 method (A = 

largest length, B = largest width perpendicular to 

A, C = number of slices with hematoma × slice 

thickness), rounded to the nearest milliliter. 

Midline shift was measured at the septum 

pellucidum level in millimeters. Location was 

categorized (temporal, frontal, parietal, occipital, 

posterior fossa). 

 
Definition of Surgical Criteria 

Treatment decisions followed institutional 

practice and the treating neurosurgeon’s 

judgment. For analysis, commonly reported 

thresholds were noted when present in the record 

(e.g., hematoma thickness >15 mm, midline shift 

>5 mm, declining neurological status, or focal 

deficit). The final decision to operate was 

recorded as a binary outcome (yes/no). 

Data Processing and Statistical Analysis 

Data were entered and analysed using SPSS 

version 25. Categorical variables are presented as 

frequencies and percentages. Continuous 

variables are reported as mean ± standard 

deviation (SD) or median with interquartile range 

(IQR), depending on distribution. The frequency 

of surgical intervention was expressed as a 

percentage of the total cohort. 

 Associations between categorical variables 

and the binary outcome “surgery (yes/no)” were 

assessed using the Pearson chi-square test, and 

Fisher’s exact test was used when any expected 

cell count was <5. Continuous variables were 

tested using the independent samples t-test 

when normally distributed or the Mann–Whitney 

U test when distributions were non-normal. 

Variables with p < 0.10 on bivariate testing were 

entered into a multivariable binary logistic 

regression model (enter method) to identify 

independent predictors of surgical evacuation. 

Odds ratios (ORs) with 95% confidence intervals 

(CI) are reported; p-values for regression 

coefficients are from the chi-square test. 

 
RESULTS 

Basic Clinical Information 

A total of 141 patients with traumatic epidural 

hematoma (EDH) were included. The cohort was 

predominantly male (105, 74.5%), with 36 females 

(25.5%). The median age was 17 years (mean 20.4 

± 15.7; range 1–65 years), indicating a 

predominance of pediatric and young adult 

patients. Road traffic accidents were the most 

common mechanism of injury (48.9%), followed 

by falls from height (30.5%). Other mechanisms 

were relatively infrequent. Most EDHs were 

located in the temporoparietal region (46.1%), 

followed by frontal (31.9%) and 
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occipital/posterior fossa (22.0%) locations (Table 

1). 

Radiological Characteristics 

Most patients presented with mild head injury 

(GCS 14–15). Radiologically, 81.6% had a midline 

shift (MLS) <5 mm. Hematoma volume was <30 

mL in 70.2% of cases and ≥30 mL in 29.8%. 

Maximum EDH thickness was <15 mm in 60.3% 

and ≥15 mm in 37.6%. Skull fractures were 

present in 54.6%, and associated intracranial 

injuries in 40.4%. 

 
Table 1.  Demographic, clinical, and radiological 

characteristics (n = 141). 

Variable n (%) 

Sex 

Male 105 (74.5) 

Female 36 (25.5) 

Mechanism of injury  

Road traffic accident 69 (48.9) 

Fall from height 43 (30.5) 

Others 29 (20.6) 

GCS category 

Mild (14–15) 89 (63|.1) 

Moderate (9–13) 41 (29.1) 

Severe (3–8) 11 (7.8) 

Radiological parameters 

EDH volume ≥30 mL 42 (29.8) 

EDH thickness ≥15 mm 53 (37.6) 

Midline shift ≥5 mm 26 (18.4) 

Skull fracture present 77 (54.6) 

Surgical Management and Associated 

Factors 

Overall, 42 patients (29.8%) underwent surgical 

evacuation, while 99 (70.2%) were managed 

conservatively. Surgical intervention increased 

with worsening clinical and radiological severity. 

Surgery was performed in 23.6% of mild, 31.7% of 

moderate, and 72.7% of severe GCS categories. 

 Among patients with EDH volume <30 mL, 

only 5.1% underwent surgery, compared with 

88.1% of those with volume ≥30 mL. Similarly, 

surgery was required in 67.9% of patients with 

thickness ≥15 mm, compared with 7.1% of those 

with thickness <15 mm. An MLS ≥5 mm was

associated with surgery in 80.8% of cases. 

 Univariate analysis showed significant 

associations between surgical intervention and 

hematoma volume, thickness, midline shift, and 

GCS category (all p-values <0.01). Mode of injury, 

skull fracture, and sex were not significantly 

associated (Table 2 and Figure 1). 

 
Table 2:  Factors associated with surgical intervention. 

Variable Surgery n/N (%) p-value 

EDH volume ≥30 mL 37/42 (88.1) <0.001 

EDH thickness ≥15 mm 36/53 (67.9) <0.001 

Midline shift ≥5 mm 21/26 (80.8) <0.001 

Severe GCS (3–8) 8/11 (72.7) 0.003 

Skull fracture 26/77 (33.8) 0.257 

Mode of injury — 0.451 

 

Multivariable Analysis 

On multivariable logistic regression, EDH volume 

≥30 mL, EDH thickness ≥15 mm, and lower GCS 

category remained independent predictors of 

surgical intervention. Midline shift and skull 

fracture lost significance after adjustment. The 

final model demonstrated excellent fit and 

discrimination (Nagelkerke R² = 0.902; Hosmer–

Lemeshow p = 0.988) with 95% overall 

classification accuracy. 

 
Table 3:  Independent predictors of surgical intervention 

(multivariable logistic regression). 

Variable OR (95% CI) p-value 

EDH volume ≥30 mL 162.47 0.002 

EDH thickness ≥15 mm 175.61 0.008 

Worse GCS category 49.46 0.012 

Midline shift ≥5 mm 5.18 0.230 

Skull fracture 6.70 0.119 

Sex 0.61 0.718 

 
 A focused univariable analysis confirmed 

hematoma volume as the dominant determinant 

of surgery (OR 139.12, p < 0.001; Nagelkerke 

R² = 0.729), further supported by ANOVA (F = 

308.871, p < 0.001). 
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Figure 1:  Significant Surgical Determinants of Surgical Intervention. 

 
Key Findings 

Nearly one-third of patients with traumatic EDH 

required surgical evacuation. Radiological 

severity, particularly hematoma volume ≥30 mL 

and thickness ≥15 mm, as well as lower GCS at 

presentation, were the strongest determinants of 

surgery. Although midline shift and skull fracture 

were associated with surgery on univariate 

analysis, they did not retain independent 

significance after adjustment. The final model 

showed excellent predictive performance. 

 
DISCUSSION 

This study gives a focused analysis of surgical 

predictors in traumatic extradural hematoma in 

the local population. Among 141 cases, 42 

(29.8%) required hematoma evacuation. On 

multivariable analysis, hematoma volume ≥30 mL 

(OR 162.5), thickness ≥15 mm (OR 175.6), and 

lower GCS at presentation (OR 49.5) were the 

strongest predictors of surgical management. 

These results highlight that radiological severity 

has a greater effect on the decision to operate 

than the mechanism of injury, sex, or the 

presence of a skull fracture. The findings therefore 

support the use of clear radiological and clinical 

thresholds to guide treatment and improve 

patient outcomes. 

 Our findings are in accordance with the 

guidelines of the American College of Surgeons 

and the Brain Trauma Foundation. Both the 

guidelines recommend surgical intervention for 

EDH volume ≥30 ml, thickness ≥15 mm, or 

midline shift ≥5 mm, regardless of GCS.6,7,8,9,10,11 

 Midline shift and skull fracture were also 

associated with surgical decision-making on 

univariate analysis, but the associations 

disappeared after adjustment.  Multivariable 

analysis in our study showed an instrumental 

effect of hematoma volume and thickness, 

characterized by larger effect sizes and high 

model accuracy, leading to surgery, which 

reinforces the primary importance of radiological 

findings. Mechanism of injury and sex were not 

associated with surgical disposition, aligning with 

multicenter cohort data showing that radiologic 

features and neurological status, rather than 

demographic or injury mechanism, drive 

management decisions.6,7,8 
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 The overall surgical rate, along with the strong 

predictive value of volume and thickness, 

supports current practice standards and 

highlights the importance of early, guideline-

adherent intervention for high-risk EDH. Close 

monitoring and repeat imaging remain essential 

for conservatively managed cases, especially 

when borderline radiologic findings or concurrent 

subarachnoid hemorrhage are present. In 

pediatric populations, thresholds for intervention 

may be lower, and delayed surgery is associated 

with larger hematoma size, greater mass effect, 

and more severe clinical symptoms. 

 Notably, infants and children with smaller 

hematoma volumes and thickness, a normal 

neurological examination, and no mass effect can 

be safely managed conservatively, with excellent 

long-term outcomes.7,8,13,14,15,16,17 

 Recent multicenter studies and meta-analyses 

confirm that timely surgical intervention in EDH is 

associated with a favorable prognosis, particularly 

in isolated cases with access to neurosurgical 

care. The only difference is the presence of 

concomitant intracranial lesions, coagulopathy, or 

rapid hematoma expansion, which often make 

individualized management strategies necessary 

and closer observation. The risk of delayed 

surgical intervention is low overall, but is 

significantly higher in adults and in those cases 

with larger initial hematoma sizes, mass effects, or 

coagulopathies.6,7,8,14,15,17 

 The results of our study reinforce the 

necessity for standardized protocols and further 

research into optimal and better management 

strategies for EDH, especially in patients with 

concurrent intracranial injuries or borderline 

radiologic findings. Future studies should focus 

more on refining risk stratification, evaluating 

long-term neurological outcomes, and updating 

guidelines to improve long-term patient care and 

resource allocation. 

 

CONCLUSION 

This study demonstrates that radiological severity 

and clinical status at presentation are the primary 

determinants of surgical intervention in traumatic 

extradural hematoma. Hematoma volume ≥30 

mL, maximum thickness ≥15 mm, and a lower 

Glasgow Coma Scale (GCS) score are the 

strongest independent predictors of operative 

management. Among these, hematoma volume 

showed the highest predictive value, particularly 

in borderline cases, underscoring its importance 

in surgical decision-making. 

 
LIMITATIONS 

This study has certain limitations. It was a single-

center, retrospective analysis, which may limit the 

generalizability of the findings. Treatment 

decisions were influenced by institutional practice 

and surgeon judgment, which may introduce a 

selection bias. 

 
RECOMMENDATIONS 

Prompt surgical intervention should be 

considered for patients who meet established 

clinical and radiological criteria. Based on our 

findings, hematoma volume should be given 

particular importance, especially when managing 

borderline cases. Future multicenter, prospective 

studies are recommended to validate these 

predictors and to help develop standardized, 

evidence-based management protocols for 

traumatic extradural hematoma. 
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