[image: image1.jpg]



WALLAGA UNIVERSITY

INSTITUTE OF HEALTH SCIENCES

 SCHOOL OF MEDICINE

DEPARTMENT OF GENERAL SURGERY 

PATTERN AND FACTORS ASSOCIATED WITH TRAUMATIC BRAIN INJURY AMONG PATIENTS PRESENTING TO WALLAGA UNIVERSITY COMPREHENSIVE SPECIALIZED HOSPITAL, ETHIOPIA
By: Dr. MEGERTU GUTU DUGUMA (MD, General surgery Resident)

APRIL, 2026

NEKEMTE, ETHIOPIA

[image: image2.jpg]



WALLAGA UNIVERSITY

INSTITUTE OF HEALTH SCIENCES

 SCHOOL OF MEDICINE

DEPARTMENT OF GENERAL SURGERY 

PATTERN AND FACTORS ASSOCIATED WITH TRAUMATIC BRAIN INJURY AMONG PATIENTS PRESENTING TO WALLAGA UNIVERSITY COMPREHENSIVE SPECIALIZED HOSPITAL, ETHIOPIA

A THESIS SUBMITTED TO, THE INSTITUTE OF HEALTH SCIENCES, SCHOOL OF MEDICINE, DEPARTMENT OF GENERAL SURGERY FOR A PARTIAL FULFILMENT FOR THE REQUIREMENT OF GENERAL SURGERY SPECIALITY
Dr. MEGERTU GUTU DUGUMA (MD, General surgery Resident)

ADVISOR: Dr. KEDIR DEKEBI (MD, ASSISTANT PROFESSOR OF NEURO SURGERY)

  Mr. DUFERA RIKITU (BSc, MPH (health Economics))

APRIL, 2026

NEKEMTE, ETHIOPIA

WALLAGA UNIVERSITY
SCHOOL OF GRADUATE STUDIES

P. O. Box: 395, Nekemte, Ethiopia

APPROVAL SHEET FOR SUBMITTING THESIS PROPOSAL
As members of the examiners of the Thesis proposal defense, we certify that we have read and evaluated the proposal prepared by: Megertu Gutu Duguma (MD)    under the title “Pattern and Factors Associated with Traumatic Brain Injury among Patients Presenting to Wallaga University Comprehensive Specialized Hospital, Ethiopia”
Megertu Gutu Duguma (MD)                          ____________         _____________                                                                                            
Name of Student                                                              Signature
                   Date

Approved by: - 
1) ____________________________                ________________             ____________                                                                     
Name of major advisor                                              Signature                              Date
2. ____________________________                   _______________         ____________   Name of co-advisor                                 
            Signature                           Date
3.  _______________________________     ___________________   _______________

Name of External Evaluator



Signature    

       Date

4. ______________________________     ___________________    ________________

Name of Internal Evaluator



Signature    

         Date
5._______________________________          _________________     _______________
 Name of Chairperson                  
                        Signature                            Date

6. ______________________________       _________________    _________________

Name of Department of PGC


  
Signature    

       Date
7. _______________________________      __________________      _______________
Name of Dean of Institute                       
            Signature                            Date 

8. _______________________________     ___________________     _______________

Name of Dean, SGS



           Signature    
                  Date

ACKNOWLEDGEMENT

First and foremost, I am profoundly grateful to God for granting me the strength, wisdom, and perseverance needed to undertake and complete this research thesis. Without His guidance and grace, this journey would not have been possible. I would also extend my heartfelt gratitude in advance for my advisors for the assistance and invaluable guidance, constructive feedback, and continuous support.

ACRONYMS AND ABBREVIATIONS

	AAU
	Addis Ababa University

	BSF
	Basal Skull Fracture

	CSF
	Cerebrospinal Fluid

	CT
	Computed Tomography

	DAI
	Diffused Axonal Injury

	DC
	Decompressive Craniotomy

	DSF
	Depressed Skull Fracture 

	GCS
	Glasgow Coma Score

	GOS
	Glasgow Outcome Scale

	GOS-E
	Extended Glasgow Outcome Scale

	HIC
	High-Income Countries

	HAP
	Hospital Acquired Pneumonia

	ICP
	Intra Cranial Pressure

	VAP
	Ventilator Associated Pneumonia

	ICH
	Intra cranial hypertension

	ICU
	Intensive care unit

	LMICs
	Low- And Middle-Income Countries

	MV
	Mechanical Ventilator

	TASH
	Tikur Anbessa Specialize Hospital

	TBI
	Traumatic Brain Injury

	TGSH
	Tibebe Ghion Specialize Hospital

	WUCSH
	Wallaga University Comprehensive Specialize Hospital


TABLE OF CONTENTS
Contents                                                                                                                           Pages 

iACKNOWLEDGEMENT


iiACRONYMS AND ABBREVIATIONS


iiiTABLE OF CONTENTS


vLIST OF TABLE


viLIST OF FIGURE


viiABSTRACT


11. INTRODUCTION


11.1. Background


31.2. Statement of the Problem


41.3. Significance of the Study


62. LITERATURE REVIEW


62.1. Overview of Traumatic Brain Injury


62.2. Global Burden and Epidemiology of TBI


72.3. Patterns of Traumatic Brain Injury in Ethiopia


82.4. Mechanisms of Injury and Demographic Patterns


82.5. Severity Patterns of Traumatic Brain Injury


92.6. Radiological Patterns of Traumatic Brain Injury


102.7. Factors Associated with Patterns of Traumatic Brain Injury


102.8. Associated Injuries and Polytrauma


112.9. Gaps in the Literature and Rationale for the Study


122.10. Conceptual framework


133. OBJECTIVE


133.1. General Objective


133.2. Specific Objectives


144. METHODS AND MATERIALS


144.1. Study Setting and Period


144.2. Study Design


144.3. Population


144.3.1 Source Population


144.3.2 Study Population


154.3.3. Study Unit


154.3.4. Eligibility Criteria


154.3.5. Outcome Measure


164.3.6. Operational Definitions


164.4. Sample Size Calculation


174.5. Sampling Technique


174.6. Data Collection Tool and Procedures


184.7. Data Quality Assurance


194.8. Data Analysis Plan


204.9. Ethical Considerations


214.10. Dissemination Plan


225. RESULTS


225.1. Participant Disposition


225.2. Patterns of Traumatic Brain Injury


225.2.1. Socio-demographic Patterns


235.2.2. Injury-Related Characteristics


255.2.3. Clinical Patterns


275.2.4. Associated Injuries (Polytrauma)


275.2.5. Radiological Patterns


305.2.6. Management and Complications


325.3. Factors Associated with TBI


325.3.1. Factors Associated with Severe TBI


346. DISCUSSION


377. STRENGTHS AND LIMITATIONS


377.1. Strengths


377.2. Limitations


388. CONCLUSION AND RECOMMENDATIONS


388.1. Conclusion


388.2. Recommendations


396. REFERENCE


41ANNEX



LIST OF TABLE 

22Table 1: Socio-demographic characteristics of patients with TBI presenting to Wallaga University Comprehensive Specialized Hospital (WUCSH), Ethiopia, January 1 to December 31, 2025.


23Table 2:  Injury-related characteristics of patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.


25Table 3: Clinical findings at admission among patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.


27Table 4: Associated extracranial injuries among patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.


27Table 5: Distribution of intracranial lesions on CT scan among patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.


28Table 6: Skull fracture patterns among patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.


30Table 7: Management patterns of patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.


33Table 8: Bivariable and multivariable analysis of factors associated with severe TBI among patients presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.




LIST OF FIGURE 

12Figure 1: Conceptual framework adopted from the literature review.


23Figure 2: Age distribution of TBI patients at Wallaga University Comprehensive Specialized Hospital (WUCSH), Ethiopia, January 1 to December 31, 2025.


24Figure 3: Mechanisms of traumatic brain injury among patients presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.


26Figure 4: Glasgow Coma Scale score distribution of TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.


26Figure 5: TBI severity distribution among patients presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.


28Figure 6: Distribution of intracranial lesions on CT scan among TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.


29Figure 7: Presence of midline shift among TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.


29Figure 8: Lesion type distribution by TBI severity among patients presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.


31Figure 9: Types of surgical interventions performed on TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.


31Figure 10: Types of in-hospital complications among TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.




ABSTRACT

Background: Traumatic brain injury (TBI) is a major cause of morbidity and mortality worldwide, with a high burden in low- and middle-income countries. In Ethiopia, TBI accounts for a significant proportion of trauma-related admissions. However, there is limited evidence on pattern of TBI at Wallaga University Comprehensive Specialized Hospital.
Objective: To assess the patterns and factors associated with TBI among patients presenting to Wallaga University Comprehensive 

Methods: A retrospective cross-sectional study was conducted. Medical records of patients presenting with TBI between January 1 and December 31, 2025, were reviewed. A systematic random sampling technique selected 110 patients. Data were collected using a structured checklist. Data analyzed by SPSS version 27. Due to few severe TBI events (n = 11), Firth's penalized logistic regression was used for multivariable analysis.

Results: Of 120 patient charts reviewed, 110 (91.7%) were included. Most patients were male (80.0%), mean age 28.9 years. Road traffic accidents were the leading mechanism (53.6%), followed by assault (32.7%) and falls (13.6%). Moderate TBI was most common (79.1%), with severe TBI accounting for 10.0%. Pupillary abnormality was significantly associated with severe TBI: one reactive pupil (AOR = 6.67, 95% CI: 1.32-64.71, p = 0.020) and both pupils non-reactive (AOR = 121.81, 95% CI: 4.36-22416.36, p = 0.006). Hypoxia was also significant (AOR = 0.09, 95% CI: 0.01-0.58, p = 0.013). 
Conclusions: TBI at Wallaga University Comprehensive Specialized Hospital predominantly affects young adult males, with road traffic accidents being the leading cause. Pupillary abnormality is a strong predictor of severe TBI. Road safety and violence prevention programs should be prioritized.

Keywords: Traumatic brain injury; Patterns; Associated factors; Glasgow Coma Scale; Ethiopia

1. INTRODUCTION

1.1. Background

Traumatic brain injury (TBI) is defined as an alteration in brain function or other evidence of brain pathology caused by an external mechanical force (1). It occurs as a result of direct or indirect impact to the head and may lead to temporary or permanent neurological dysfunction (2). TBI represents a major global public health concern and contributes substantially to morbidity, mortality, and long-term disability worldwide (3). The clinical and radiological patterns of TBI vary widely depending on the mechanism of injury, patient demographics, and the availability of timely care (4).

The epidemiology of traumatic brain injury shows considerable global variation, with a higher burden observed in low- and middle-income countries (LMICs) (5). Increasing urbanization, motorization, interpersonal violence, and occupational hazards have contributed to the growing incidence of head injuries in these settings (3). In Ethiopia, the Federal Ministry of Health has recognized injury prevention and control as a national priority, with TBI representing a major component of trauma-related morbidity and mortality (2). Studies conducted in emergency centers in Ethiopia have shown that head injury is a common cause of hospital admission and a substantial contributor to trauma-related morbidity (6,7).

The patterns of TBI including mechanisms of injury, severity distribution, clinical presentations, and radiological findings are essential for guiding clinical decision-making, predicting prognosis, and allocating healthcare resources (8,9). Understanding these patterns in specific healthcare settings is particularly important in Ethiopia, where trauma systems and neurosurgical services are still developing (10). Evidence from Ethiopian comprehensive specialized hospitals indicates that road traffic accidents, falls, and assaults are the leading mechanisms of TBI, with young adult males being the most frequently affected group (7,11,12).

Neuroimaging, particularly computed tomography (CT), plays a critical role in identifying the radiological patterns of TBI (13). Common intracranial lesions include epidural hematoma (EDH), subdural hematoma (SDH), intracerebral hemorrhage (ICH), cerebral contusion, and diffuse axonal injury (DAI) (1). The distribution of these lesion types varies depending on the mechanism and force of injury, and specific patterns are associated with different prognostic outcomes (13). In Ethiopian studies, cerebral contusion and SDH are among the most frequently observed radiological findings (12).

The severity of TBI, most commonly assessed using the Glasgow Coma Scale (GCS), is another important pattern that influences clinical management (14). TBI severity is classified as mild (GCS 14–15), moderate (GCS 9–13), or severe (GCS ≤ 8) (9). Patients with severe TBI require intensive care monitoring, mechanical ventilation, and often neurosurgical intervention, whereas those with mild TBI may recover fully with conservative management (15). However, a subset of mild TBI patients may experience persistent post-concussive symptoms affecting quality of life (16).

Multiple factors are associated with the patterns of TBI observed in clinical practice. Age is an important determinant, with older adults more likely to sustain SDH and cerebral contusions due to age-related brain atrophy and increased vascular fragility (17). Younger patients, in contrast, are more likely to present with EDH following high-energy trauma (18). The time from injury to hospital presentation significantly influences the pattern of clinical findings at admission; delayed presentation, which is common in rural Ethiopia due to transportation barriers, may result in neurological deterioration and worsening of intracranial lesions (2,6). Comorbidities, including hypertension, diabetes mellitus, and alcohol use disorders, can also modify the presentation and progression of TBI (16,19).

Despite the growing burden of traumatic brain injury in Ethiopia, there is limited evidence describing the patterns of TBI among patients admitted to Wallaga University Comprehensive Specialized Hospital (WUCSH). Most existing studies have been conducted in large referral centers in Addis Ababa and other major cities, with limited data from western Ethiopia (10). The patterns of TBI may vary significantly between institutions due to differences in population characteristics, referral patterns, and healthcare infrastructure (4). Locally generated data are essential for understanding the patterns of TBI in this setting, informing prevention strategies, guiding clinical protocols, and optimizing resource allocation.

1.2. Statement of the Problem

Traumatic brain injury (TBI) is one of the most serious forms of trauma and remains a major cause of mortality and long-term disability worldwide (17). The patterns of TBI including mechanisms of injury, severity distribution, clinical presentations, and radiological findings vary considerably across different geographic regions and populations (4). Understanding these patterns is essential for developing effective prevention strategies, optimizing clinical management protocols, and allocating healthcare resources appropriately (8).

Despite advances in trauma care and neuroimaging, many patients with TBI continue to present with severe injury patterns and poor outcomes, particularly in low- and middle-income countries where trauma systems and specialized neurosurgical services are limited (10). In Ethiopia, TBI constitutes a significant proportion of trauma-related hospital admissions, yet comprehensive data on injury patterns remain scarce (11). Studies conducted in Ethiopian emergency centers have shown that head injury is a common cause of hospital admission, with road traffic accidents being the leading mechanism (7,12).

The magnitude of TBI and its associated patterns in Ethiopia is particularly concerning. A systematic review and meta-analysis reported that TBI prevalence among trauma patients in Ethiopia is considerable, underscoring the need for institution-specific data to guide local interventions (10). At Tikur Anbessa Specialized Hospital, road traffic accidents were found to be the leading cause of TBI, followed by falls and assaults, with young adult males being the most frequently affected group (7). Similarly, research from Jimma Medical Center found that the majority of TBI patients presented with mild to moderate injury severity, although a significant proportion required neurosurgical intervention (11).

The radiological patterns of TBI in Ethiopian hospitals have been described in several studies. Hagos et al. (2022) found that the most common radiological findings included cerebral contusions, subdural hematomas, and epidural hematomas. The presence of associated extracranial injuries, particularly orthopedic and facial injuries, was frequently observed and complicated clinical management (12). However, access to CT imaging remains limited in many Ethiopian hospitals, and resource constraints may delay diagnosis and treatment (13).

Several factors are associated with the patterns of TBI observed in clinical practice. Age, sex, mechanism of injury, time to presentation, and comorbidities have all been shown to influence injury patterns (5,16–18). In East Africa, alcohol use has been identified as a contributing factor in a substantial proportion of TBI cases, highlighting the need for integrated injury prevention strategies (19). Delayed presentation, which is common in rural Ethiopia due to transportation barriers and lack of prehospital emergency services, may result in worsening of intracranial lesions and increased complication rates (2,6).

Despite the growing burden of TBI in Ethiopia, there is limited evidence describing the patterns of TBI among patients admitted to Wallaga University Comprehensive Specialized Hospital.

The hospital serves a large catchment population in western Ethiopia, yet no study has systematically described the mechanisms, severity distribution, clinical presentations, or radiological findings of TBI in this setting. Locally generated data are essential for understanding the patterns of TBI, informing prevention strategies, guiding clinical protocols, and optimizing resource allocation at this institution.

1.3. Significance of the Study

This study will provide valuable information on the Pattern and Factors Associated with Traumatic Brain Injury among Patients Presenting to Wallaga University Comprehensive Specialized Hospital, Ethiopia the findings will be beneficial for healthcare professionals, particularly physicians, surgeons, emergency care providers, and neurosurgeons involved in the management of traumatic brain injury. By describing the mechanisms, severity distribution, clinical presentations, and radiological findings of TBI, the study will help clinicians better understand the local patterns of injury and support improvements in clinical decision-making, triage, and patient management.

The results of this study will also benefit hospital administrators and health facility managers by providing evidence on the burden and patterns of TBI in the hospital. This information can support informed decision-making regarding the allocation of resources, including CT imaging services, intensive care unit capacity, neurosurgical equipment, and trauma team staffing. Understanding the most common injury mechanisms and radiological patterns can help guide the procurement of necessary supplies and the development of trauma management protocols.

In addition, the study will be useful for health policymakers and regional health authorities. Evidence generated from this research can help guide the development of targeted prevention strategies aimed at reducing the incidence of TBI in the region. For example, if road traffic accidents are identified as the leading mechanism, this would support interventions such as road safety campaigns, enforcement of traffic regulations, and promotion of helmet and seatbelt use. If falls are found to be common in specific age groups, prevention efforts can be directed accordingly.

Furthermore, the findings will contribute to the scientific and academic community by adding to the existing body of knowledge on TBI patterns in Ethiopia. The study will serve as a reference for future researchers and provide baseline information for further investigations, including prospective studies, quality improvement initiatives, and multicenter collaborations related to trauma care in Ethiopia.

Ultimately, the study will indirectly benefit patients and the wider community by contributing to improvements in trauma prevention and care, which may lead to reduced incidence of TBI, better survival rates, and improved functional outcomes for individuals suffering from traumatic brain injury in the region.

2. LITERATURE REVIEW

2.1. Overview of Traumatic Brain Injury

Traumatic brain injury (TBI) is a significant public health concern worldwide, defined as an alteration in brain function or other evidence of brain pathology caused by an external mechanical force (1). The global burden of TBI is substantial, with an estimated 27 to 69 million people sustaining a TBI each year (18). TBI contributes significantly to mortality and long-term disability, particularly in low- and middle-income countries (LMICs) where healthcare resources are limited (5). In Ethiopia, the Federal Ministry of Health has recognized injury prevention and control as a national priority, with TBI representing a major component of trauma-related morbidity and mortality (2).

The patterns of TBI including mechanisms of injury, severity distribution, clinical presentations, and radiological findings vary considerably across different geographic regions and populations (4). Understanding these patterns is essential for developing effective prevention strategies, optimizing clinical management protocols, and allocating healthcare resources appropriately (8). In Ethiopia, recent studies have shown that TBI constitutes a substantial proportion of trauma admissions, yet comprehensive data on injury patterns remain limited (10).

2.2. Global Burden and Epidemiology of TBI

Globally, TBI is a leading cause of death and disability, with the highest incidence rates observed in South-East Asia and Africa (5). According to the World Health Organization, neurological disorders including TBI pose major public health challenges, particularly in resource-limited settings where access to emergency and neurosurgical care is restricted (3). Road traffic accidents, falls, and interpersonal violence are the most common mechanisms of injury worldwide, although their relative contributions vary by region and socioeconomic status (20).

The Global Status Report on Road Safety highlighted that road traffic injuries, a major cause of TBI, remain unacceptably high in many countries, with LMICs bearing the greatest burden (3). In Ethiopia, the rapid increase in motorization, inadequate road infrastructure, and limited enforcement of traffic safety regulations have contributed to rising rates of road traffic-related TBI (2). 

A systematic review and meta-analysis reported that TBI prevalence among trauma patients in Ethiopia is considerable, underscoring the need for institution-specific data to guide local interventions (10).

2.3. Patterns of Traumatic Brain Injury in Ethiopia

In Ethiopia, several studies have described the patterns of TBI in different healthcare settings. A study conducted at Tikur Anbessa Specialized Hospital (TASH) reported that road traffic accidents were the leading cause of TBI, followed by falls and assaults, with young adult males being the most frequently affected group (7). Similarly, research from Jimma Medical Center found that the majority of TBI patients presented with mild to moderate injury severity, although a significant proportion required neurosurgical intervention (11).

Hagos et al. (2022) examined the pattern and outcome of TBI in an Ethiopian tertiary hospital and found that the most common radiological findings included cerebral contusions, subdural hematomas, and epidural hematomas (12). The study also noted that associated extracranial injuries, particularly orthopedic and facial injuries, were frequently present and complicated clinical management (12). Tesfaw et al. (2021) reported similar findings, with head injury accounting for a substantial proportion of emergency department visits across Ethiopian hospitals (6).

Despite these contributions, most Ethiopian studies have focused on single institutions or specific regions, and there remains limited evidence on TBI patterns from western Ethiopia, including the catchment area served by Wallaga University Comprehensive Specialized Hospital (10).

2.4. Mechanisms of Injury and Demographic Patterns

The mechanism of TBI is an important determinant of injury patterns, severity, and clinical outcomes. Globally, road traffic accidents are the leading cause of TBI in young adults, while falls predominate among children and older adults (18). In Ethiopia, road traffic accidents have consistently been reported as the primary mechanism of TBI, accounting for 50–70% of cases in hospital-based studies (7,11,12). This pattern reflects the rapid urbanization and motorization occurring in the country, coupled with inadequate road safety measures (3).

Falls represent the second most common mechanism, particularly among children, the elderly, and individuals engaged in occupational activities such as construction and agriculture (2). Interpersonal violence, including assault, is also a significant cause of TBI in Ethiopia, especially among young males and in urban settings (19). Alcohol use has been identified as a contributing factor in a substantial proportion of TBI cases in East Africa, including Ethiopia, highlighting the need for integrated injury prevention strategies (19).

Demographic patterns of TBI show a consistent male predominance, with males accounting for 70–80% of cases in most studies (7,12). The peak age of incidence is typically between 15 and 45 years, representing the most economically productive segment of the population (5). This pattern has important implications for healthcare systems and national economies, as TBI-related disability can result in long-term loss of productivity and increased social welfare costs (20).

2.5. Severity Patterns of Traumatic Brain Injury

The severity of TBI is most commonly assessed using the Glasgow Coma Scale (GCS), originally described by Teasdale and Jennett (14). TBI severity is classified as mild (GCS 14–15), moderate (GCS 9–13), or severe (GCS ≤ 8). This classification is a strong predictor of clinical course, need for intervention, and prognosis (9).

In Ethiopian studies, the distribution of TBI severity varies. Gemechis et al. (2023) reported that approximately 60% of TBI patients presented with mild injury, 25% with moderate injury, and 15% with severe injury (11). Hagos et al. (2022) found a slightly higher proportion of severe TBI, reflecting differences in referral patterns and hospital catchment populations (12). Severe TBI is associated with higher mortality rates and greater resource utilization, including intensive care unit admission, mechanical ventilation, and neurosurgical intervention (15).

Patients with mild TBI often present with transient confusion, headache, or brief loss of consciousness, and many recover fully without intervention (9). However, a subset of mild TBI patients may experience persistent post-concussive symptoms, including cognitive difficulties, headache, and mood disturbances, which can affect quality of life and functional recovery (16). Moderate TBI represents an intermediate category, with patients requiring close monitoring for neurological deterioration (8).

2.6. Radiological Patterns of Traumatic Brain Injury

Neuroimaging, particularly computed tomography (CT), plays a critical role in identifying the radiological patterns of TBI (13). Common intracranial lesions include epidural hematoma (EDH), subdural hematoma (SDH), intracerebral hemorrhage (ICH), cerebral contusion, and diffuse axonal injury (DAI). The distribution of these lesion types varies depending on the mechanism and force of injury (1).

In Ethiopian studies, cerebral contusion and SDH are among the most frequently observed radiological findings (12). EDH, often associated with skull fractures and arterial bleeding, is also common, particularly following road traffic accidents and falls (11). The presence of mass effect, midline shift, or hemorrhagic progression of a contusion indicates more severe injury and may necessitate surgical intervention (13).

The pattern of radiological findings has important prognostic implications. Patients with DAI, multiple hemorrhagic lesions, or significant midline shift generally have worse outcomes compared to those with isolated EDH or small contusions (9). However, access to CT imaging remains limited in many Ethiopian hospitals, and resource constraints may delay diagnosis and treatment (12).
2.7. Factors Associated with Patterns of Traumatic Brain Injury

Multiple factors influence the patterns of TBI observed in clinical practice. Age is an important determinant, with older adults more likely to sustain SDH and cerebral contusions due to age-related brain atrophy and increased vascular fragility (17). Younger patients, in contrast, are more likely to present with EDH following high-energy trauma (18).

Sex differences have been reported, although findings are inconsistent. Some studies suggest that males are more likely to sustain severe TBI and penetrating injuries due to higher rates of risk-taking behaviors and occupational exposures (5). Others have found no significant sex-related differences in injury patterns after adjusting for mechanism of injury (8).

The time from injury to hospital presentation significantly influences the pattern of clinical findings at admission. Delayed presentation, which is common in rural Ethiopia due to transportation barriers and lack of prehospital emergency services, may result in neurological deterioration, worsening of intracranial lesions, and increased complication rates (2,6).

Comorbidities, including hypertension, diabetes mellitus, and alcohol use disorders, can modify the presentation and progression of TBI (16). Patients with pre-existing coagulopathy or those taking anticoagulant medications are at increased risk of hemorrhagic progression of contusions and poor outcomes (16).

2.8. Associated Injuries and Polytrauma

Associated extracranial injuries are frequently present in patients with TBI, particularly following road traffic accidents and falls from height (20). Common associated injuries include facial fractures, thoracic injuries, abdominal trauma, and orthopedic fractures (12). The presence of polytrauma complicates clinical management, increases the risk of secondary brain injury due to hypotension or hypoxia, and prolongs hospital stay (15).

In Ethiopian studies, associated injuries have been reported in 30–50% of TBI patients, with orthopedic injuries and facial trauma being the most common (7,11). The recognition and timely management of associated injuries are essential for optimizing patient outcomes, as untreated extracranial injuries can exacerbate intracranial pathology (8).
2.9. Gaps in the Literature and Rationale for the Study

Despite the growing body of evidence on TBI in Ethiopia, significant gaps remain. Most existing studies have been conducted in large referral centers in Addis Ababa and other major cities, with limited data from western Ethiopia (10). The patterns of TBI—including mechanisms, severity distribution, and radiological findings—may vary significantly between institutions due to differences in population characteristics, referral patterns, and healthcare infrastructure (4).

Wallaga University Comprehensive Specialized Hospital serves a large catchment population in western Ethiopia, yet no study has systematically described the patterns and associated factors of TBI in this setting. Generating local evidence is essential for informing prevention strategies, guiding clinical protocols, and optimizing resource allocation. This study aims to fill this gap by describing the patterns and associated factors of TBI among patients admitted to Wallaga University Comprehensive Specialized Hospital.

2.10. Conceptual framework 

Adapted from the literature review (1,2,4,7,11–13)



Figure 1: Conceptual framework 
3. OBJECTIVE

3.1. General Objective

· To assess the patterns and factors associated with traumatic brain injury among patients presenting to Wallaga University Comprehensive Specialized Hospital from January 1 to December 31, 2025.

3.2. Specific Objectives

· To describe the patterns of traumatic brain injury among patients presenting to Wallaga University Comprehensive Specialized Hospital.

· To identify factors associated with traumatic brain injury among patients presenting to Wallaga University Comprehensive Specialized Hospital.

4. METHODS AND MATERIALS

4.1. Study Setting and Period

This study was conducted at Wallaga University Comprehensive Specialized Hospital (WUCSH) located in Nekemte town, the capital of the East Wallaga Zone, Oromia Regional State, Ethiopia. WUCSH is a tertiary-level teaching and referral hospital that provides specialized medical and surgical services to a large catchment population from western Ethiopia. The hospital has emergency, medical, surgical, and intensive care units and serves as a training center for medical students, residents, nurses, and other health professionals.

The emergency and surgical departments manage a substantial number of trauma cases, including patients with traumatic brain injury (TBI). Neurosurgical and critical care services are available for the management of moderate and severe TBI, including surgical intervention and intensive monitoring. The hospital has CT imaging capabilities, which are essential for identifying radiological patterns of TBI.
Data collection for this study was conducted from April 22, 2026, to April 30, 2026.

4.2. Study Design

A hospital-based retrospective cross-sectional study design was employed to assess the patterns and associated factors of traumatic brain injury among patients presenting to Wallaga University Comprehensive Specialized Hospital.

4.3. Population

4.3.1 Source Population

All patients diagnosed with traumatic brain injury and presented to Wallaga University Comprehensive Specialized Hospital between January 1, 2025, and December 31, 2025.

4.3.2 Study Population

All patients with traumatic brain injury who meet the inclusion criteria and whose medical records are available and complete during the study period.

4.3.3. Study Unit

The individual medical record of each patient presented with traumatic brain injury during the study period.

4.3.4. Eligibility Criteria

Inclusion Criteria

· Patients of all age groups diagnosed with traumatic brain injury during the study period.

· Diagnosis of traumatic brain injury confirmed by clinical assessment and/or imaging (CT scan findings).

· Availability of complete medical records.
Exclusion Criteria

· Patients who left against medical advice before documentation of injury patterns.

4.3.5. Outcome Measure

Dependent Variables (Patterns of TBI):

The primary dependent variable is the Severity patterns of traumatic brain injury, which will be assessed in three domain:

Severity patterns – Classified based on Glasgow Coma Scale (GCS) score at admission as:

1. Mild TBI: GCS 14–15

2. Moderate TBI: GCS 9–13

3. Severe TBI: GCS ≤ 8
Independent Variables:

· Socio-demographic variables: age, sex, residence, occupation

· Injury-related variables: mechanism of injury (RTA, fall, assault, other), time from injury to hospital presentation (hours), referral status (direct/referred)

· Clinical variables: comorbidities (yes/no), hypotension (yes/no), hypoxia (yes/no), polytrauma/associated injuries (yes/no)

· Healthcare system variables: CT scan done (yes/no), ICU admission (yes/no), surgical intervention (yes/no)

4.3.6. Operational Definitions

· Traumatic Brain Injury (TBI): An alteration in brain function or evidence of brain pathology caused by an external mechanical force, as documented in the patient's 
· Severe TBI: Glasgow Coma Scale (GCS) score of ≤ 8 at admission (14).

· Moderate TBI: GCS score of 9–13 at admission (14).

· Mild TBI: GCS score of ≥ 14 at admission (14).

· Mechanism of Injury: The external cause of TBI, categorized as road traffic accident (RTA), fall, assault, or other (2,3,7,12).

· Time to Presentation: The time elapsed from injury occurrence to arrival at the hospital, measured in hours (2,6).

· Polytrauma: Presence of associated extracranial injuries involving one or more body systems (e.g., chest, abdomen, extremities) in addition to TBI (12).

· Comorbidity: Pre-existing medical conditions documented in the patient's medical record, including hypertension, diabetes mellitus, epilepsy, or coagulopathy (16).

4.4. Sample Size Calculation

The sample size for this study was determined using the single population proportion formula, considering the proportion of severe TBI (a key pattern) from a study conducted in Ethiopia.

The formula for sample size calculation is:
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Where:

· n = required sample size

· Z = 1.96 (for 95% confidence interval)

· p = proportion of severe TBI among TBI patients

· d = margin of error (0.05)

A study conducted in Ethiopia by Gemechis et al. (2023) reported that the proportion of severe TBI among admitted patients was approximately p = 0.15 (15%) (4).
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Since the source population is finite (estimated TBI cases over one year = approximately 250), the finite population correction formula is applied:
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N = total population (estimated TBI cases = 250)
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Adding 10% for incomplete records:
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Final sample size = 120 patients
4.5. Sampling Technique

A systematic random sampling technique was applied to select the study participants. A sampling frame was prepared from the hospital admission registry and EOPD logbook, listing all eligible patients who met the inclusion criteria in chronological order by date of admission. The sampling interval (k) was calculated by dividing the total number of eligible cases (N = 250) by the required sample size (n = 120):
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A random starting point between 1 and k (1 or 2) was selected using a lottery method, and every Kth record was included until the target sample size of 120 was reached

4.6. Data Collection Tool and Procedures

Data for this study were collected using a structured data abstraction checklist, developed based on a thorough review of relevant literature [1–23] and the standard patient record format at Wallaga University Comprehensive Specialized Hospital. The checklist covered the following areas:

· Socio-demographic characteristics: age, sex, residence, occupation

· Injury-related characteristics: mechanism of injury, time from injury to hospital admission, referral status

· Clinical characteristics: Glasgow Coma Scale score at admission, pupillary response, loss of consciousness, seizure activity, focal neurological deficits, hypotension, hypoxia, comorbidities, presence of polytrauma/associated injuries

· Imaging findings: CT scan performed (yes/no), type of intracranial lesion (EDH, SDH, ICH, contusion, DAI, mixed), skull fracture (yes/no), midline shift (yes/no)

· Management variables: ICU admission, surgical intervention, mechanical ventilation

· Secondary outcomes: length of hospital stay and in-hospital morbidity
Trained data collectors, comprising nurses and residents with experience in medical chart review, extracted information from patient charts, admission logs, operative records, CT scan reports, and discharge summaries.

A one-day training session was conducted to ensure that all data collectors understood the objectives of the study, the definitions of variables, and the procedures for handling incomplete or inconsistent data. The principal investigator supervised the entire data collection process, reviewing a random 20% of extracted records for accuracy and completeness. Any discrepancies were resolved through discussion with supervising clinicians. The checklist included pre-coded options and clear instructions to ensure uniformity and reduce subjectivity across data collectors. All collected data were anonymized and stored securely to maintain confidentiality.

4.7. Data Quality Assurance

To ensure the integrity, accuracy, and reliability of the collected data, multiple measures were implemented before, during, and after data collection.
Before data collection: The data abstraction tool was pre-tested on approximately 5% of patient records (5–6 records) to identify ambiguities, missing variables, or practical challenges in extracting information. The tool was refined based on the pre-test findings to ensure clarity and completeness. Data collectors underwent a one-day training session covering the study objectives, variable definitions, data extraction procedures, and ethical considerations, with a particular focus on maintaining confidentiality and minimizing bias.

During data collection: The principal investigator provided close supervision, monitoring the performance of data collectors to ensure adherence to the standardized procedures. A random 20% of completed records were cross-checked for accuracy and completeness, and discrepancies were resolved through discussion with clinical supervisors. Standardized coding, pre-defined response options, and detailed instructions in the abstraction checklist helped reduce subjective interpretation and maintain consistency across data collectors.

After data collection: The extracted data underwent thorough review and cleaning, including checks for missing values, outliers, and logical inconsistencies. Any incomplete or inconsistent records identified at this stage were addressed according to the exclusion criteria. The dataset was securely stored and backed up to prevent data loss and unauthorized access.

4.8. Data Analysis Plan

The collected data were coded and entered into EpiData version 4.6 and then exported to Spss version 27 for analysis. Prior to analysis, the dataset was cleaned and checked for completeness, consistency, and accuracy.

Descriptive statistics were used to summarize the patterns of TBI. Categorical variables were presented using frequencies and percentages. Continuous variables were summarized using mean ± standard deviation (SD) for normally distributed data or median with interquartile range (IQR) for non-normally distributed data.

Assumption checking: Prior to regression analysis, all model assumptions were checked. Multicollinearity among independent variables was assessed using variance inflation factors (VIF), with VIF < 5 indicating no significant collinearity. The linearity of continuous variables (age) in the logit was assessed using the Box-Tidwell test. Influential outliers were assessed using Cook's distance values. Due to the small number of severe TBI events (n = 11, 10.0% of the sample), Firth's penalized logistic regression was used for multivariable analysis to reduce bias and provide stable estimates for rare events.

Model fit assessment: Model fit was evaluated using the likelihood ratio test (overall model significance) and classification accuracy (percentage of correctly classified cases). The Wald test was also reported for individual predictors.

Bivariable analysis: Binary logistic regression was performed to assess the association between each independent variable and the dependent variables (severe TBI, SDH, EDH, and cerebral contusion). Variables with a p-value ≤ 0.25 in bivariable analysis were considered candidates for multivariable analysis.

Multivariable analysis: Multivariable analysis was conducted separately for each dependent variable using Firth's penalized logistic regression. Adjusted odds ratios (AOR) with 95% confidence intervals (CI) were reported. Statistical significance was declared at p < 0.05.

4.9. Ethical Considerations

Ethical approval was obtained from the Institutional Research Ethics Review Committee (IRERC) of Wallaga University on April 21, 2026 Ref No IHSREC/21/174/2026. A waiver of informed consent was requested due to the retrospective nature of the study and the use of anonymized medical records.

Confidentiality was strictly maintained throughout the study. No patient identifiers such as name or medical record number were recorded in the data abstraction form. Each patient record was assigned a unique study ID number. The collected data were stored securely in a password-protected computer and accessed only by the research team.

Permission to access medical records was obtained from the hospital administration before data collection. The study was conducted in accordance with the Helsinki Declaration on ethical principles for medical research involving human subjects.

4.10. Dissemination Plan

The findings of this study will be presented to the Department of Surgery and relevant clinical departments at Wallaga University Comprehensive Specialized Hospital. The results will be submitted to Wallaga University for academic fulfillment of the general surgery specialty requirement. A manuscript will be prepared for publication in a peer-reviewed journal. A summary of the findings will also be shared with hospital administrators and relevant health authorities to inform clinical practice, trauma care protocols, and injury prevention strategies in the region.
5. RESULTS

5.1. Participant Disposition

A total of 120 patient charts were initially reviewed for eligibility. Of these, six (6) patient charts (5.0%) were missing from the medical records department and could not be retrieved. An additional four (4) charts (3.3%) were excluded due to incomplete data, specifically missing key variables such as Glasgow Coma Scale score, outcome status, or imaging findings. Consequently, 110 patients with complete medical records were included in the final analysis, yielding a response rate of 91.7%.

5.2. Patterns of Traumatic Brain Injury

5.2.1. Socio-demographic Patterns

The mean age of patients was 28.9 years (standard deviation ± 11.5), with ages ranging from 4 to 65 years. The majority of patients (approximately 65%) were between 20 and 40 years of age. The age distribution showed a positive skew, with fewer patients in the pediatric (<15 years) and elderly (>60 years) age groups (Figure 5.1).
Table 1: Socio-demographic characteristics of patients with TBI presenting to Wallaga University Comprehensive Specialized Hospital (WUCSH), Ethiopia, January 1 to December 31, 2025.
	Characteristic
	Category
	Frequency (n)
	Percentage (%)

	Sex
	Male
	88
	80.0

	
	Female
	22
	20.0

	Residence
	Urban
	48
	43.6

	
	Rural
	62
	56.4

	Occupation
	Farmer
	28
	25.5

	
	Student
	25
	22.7

	
	Employed
	46
	41.8

	
	Unemployed
	9
	8.2

	
	Other*
	2
	1.8

	Alcohol use
	Yes
	19
	17.3

	
	No
	67
	60.9

	
	Not documented
	21
	21.8


*Merchant and driver 
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Figure 2: Age distribution of TBI patients at Wallaga University Comprehensive Specialized Hospital (WUCSH), Ethiopia, January 1 to December 31, 2025.

5.2.2. Injury-Related Characteristics

The mean time from injury to hospital arrival was 27.1 hours (SD ± 2.2), with a median of 12 hours (range: 1 to 720 hours). The majority of patients (approximately 65%) presented within 24 hours of injury.

Table 2:  Injury-related characteristics of patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
	Characteristic
	Category
	Frequency (n)
	Percentage (%)

	Referral status
	Direct admission
	39
	35.5

	
	Referred from another facility
	71
	64.5

	Type of injury
	Blunt
	91
	82.7

	
	Penetrating
	19
	17.3
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Figure 3: Mechanisms of traumatic brain injury among patients presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
5.2.3. Clinical Patterns

Loss of consciousness was documented in over three-quarters of patients (78.2%). Pupillary abnormalities (one or both non-reactive) were observed in 48.2% of patients.
Table 3: Clinical findings at admission among patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
	Clinical Finding
	Category
	Frequency (n)
	Percentage (%)

	Loss of consciousness
	Yes
	86
	78.2

	
	No
	24
	21.8

	Pupillary response
	Both reactive
	57
	51.8

	
	One reactive
	52
	47.3

	
	Both non-reactive
	1
	0.9

	Seizure activity
	Yes
	12
	10.9

	
	No
	98
	89.1

	Focal neurological deficit
	Yes
	28
	25.5

	
	No
	82
	74.5

	Hypotension (SBP < 90 mmHg)
	Yes
	1
	0.9

	
	No
	109
	99.1

	Hypoxia (SpO2 < 90%)
	Yes
	5
	4.5

	
	No
	105
	95.5

	Pre-existing comorbidity
	Yes
	12
	10.9

	
	No
	98
	89.1
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Figure 4: Glasgow Coma Scale score distribution of TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.
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Figure 5: TBI severity distribution among patients presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
The mean GCS score at admission was 13.07 (standard deviation ± 2.54). The majority of patients presented with moderate TBI, while severe TBI accounted for 10.0% of cases.

5.2.4. Associated Injuries (Polytrauma)

Associated extracranial injuries were present in approximately one-quarter of patients (24.5%). Among these, chest injuries were the most common (33.3%), followed by orthopedic injuries (29.6%) and abdominal injuries (22.2%).

Table 4: Associated extracranial injuries among patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
	Variable
	Category
	Frequency (n)
	Percentage (%)

	Associated injury present
	Yes
	27
	24.5

	
	No
	83
	75.5

	Type of associated injury (n = 27) *
	
	
	

	
	Chest injury
	9
	33.3

	
	Abdominal injury
	6
	22.2

	
	Orthopedic injury
	8
	29.6

	
	Facial injury
	3
	11.1

	
	Spinal injury
	0
	0.0

	
	Polytrauma (multiple)
	1
	3.7


*Percentages calculated among those with associated injuries. 

5.2.5. Radiological Patterns

CT brain imaging was performed on 108 patients (98.2%). Only 2 patients (1.8%) did not undergo CT scanning.

Table 5: Distribution of intracranial lesions on CT scan among patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
	Lesion Type
	Frequency (n)
	Percentage among CT patients (%)

	Epidural hematoma (EDH)
	32
	29.6

	Subdural hematoma (SDH)
	12
	11.1

	Intracerebral hemorrhage (ICH)
	20
	18.5

	Cerebral contusion
	25
	23.1

	Diffuse axonal injury (DAI)
	7
	6.5

	No visible lesion
	12
	11.1


Note: Percentages sum to >100% because some patients had multiple lesion types.
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Figure 6: Distribution of intracranial lesions on CT scan among TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.
Table 6: Skull fracture patterns among patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
	Variable
	Category
	Frequency (n)
	Percentage (%)

	Skull fracture present
	Yes
	98
	89.1

	
	No
	12
	10.9

	Type of skull fracture (n = 98)
	
	
	

	
	Linear skull fracture
	64
	65.3

	
	Basilar skull fracture (BSF)
	11
	11.2

	
	Depressed skull fracture (DSF)
	8
	8.2

	
	Compound skull fracture
	15
	15.3


Skull fractures were present in the vast majority of patients (89.1%), with linear skull fractures being the most common type (65.3% of those with fractures).

Midline shift was observed in 21 patients (19.1%), indicating significant mass effect requiring close neurological monitoring or surgical intervention.
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Figure 7: Presence of midline shift among TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.
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Figure 8: Lesion type distribution by TBI severity among patients presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
The chi-square test showed a statistically significant association between lesion type and TBI severity (Pearson χ² = 119.74, df = 10, p < 0.001), indicating that certain lesion types are more common in specific severity categories. Notably, all patients with mild TBI had no visible intracranial lesions, while patients with severe TBI most frequently presented with EDH (36.4%), ICH (27.3%), and DAI (27.3%).

5.2.6. Management and Complications

Only 11.8% of patients required ICU admission, which is consistent with the proportion of severe TBI (10.0%) in the study population. Surgical intervention was performed on 13.6% of patients, with craniotomy being the most common procedure (73.3% of surgeries). Mechanical ventilation was required for only 6.4% of patients.

Table 7: Management patterns of patients with TBI presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
	Intervention
	Category
	Frequency (n)
	Percentage (%)

	ICU admission
	Yes
	13
	11.8

	
	No
	97
	88.2

	Surgical intervention
	Yes
	15
	13.6

	
	No
	95
	86.4

	Type of surgery (n = 15)
	
	
	

	
	Craniotomy
	11
	73.3

	
	Burr hole evacuation
	3
	20.0

	
	Depressed skull fracture elevation
	1
	6.7

	Mechanical ventilation
	Yes
	7
	6.4

	
	No
	103
	93.6
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Figure 9: Types of surgical interventions performed on TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.
In-hospital complications occurred in 15.5% of patients. The most common complications were seizure (41.2% of those with complications) and rebleeding (35.3%), followed by infection (23.5%).
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Figure 10: Types of in-hospital complications among TBI patients at WUCSH, Ethiopia, January 1 to December 31, 2025.
5.3. Factors Associated with TBI

5.3.1. Factors Associated with Severe TBI

Bivariable analysis was performed to screen potential factors associated with severe TBI. Each independent variable was entered separately into a binary logistic regression model with severe TBI as the dependent variable (coded as 0 = non-severe, 1 = severe). Using the screening criterion of p ≤ 0.25, pupillary response (p = 0.009) and hypoxia (p = 0.003) were selected as candidates for multivariable analysis. Age (p = 0.929), sex (p = 0.874), residence (p = 0.898), mechanism of injury (p = 0.916), time to hospital (p = 0.755), loss of consciousness (p = 0.065), comorbidity (p = 0.447), and associated injury (p = 0.356) did not meet the screening criterion and were not entered into the multivariable model.

Due to the small number of severe TBI events (n = 11, 10.0% of the sample), Firth's penalized logistic regression was used for multivariable analysis to reduce bias and provide stable estimates for rare events. Variables selected from bivariable analysis (pupillary response and hypoxia) were entered together using the Enter (forced entry) method.

Table 8 presents both the bivariable and multivariable results. Pupillary response was significantly associated with severe TBI. Patients with one reactive pupil had approximately seven times higher odds of severe TBI compared to those with both pupils reactive (AOR = 6.67, 95% CI: 1.32 - 64.71, p = 0.020). Patients with both pupils non-reactive had 122 times higher odds of severe TBI (AOR = 121.81, 95% CI: 4.36 - 22416.36, p = 0.006). Hypoxia was also significantly associated with severe TBI (AOR = 0.09, 95% CI: 0.01 - 0.58, p = 0.013). The model demonstrated good predictive performance with a classification accuracy of 92.7% and a significant likelihood ratio test (χ² = 19.41, df = 6, p = 0.0035).

Table 8: Bivariable and multivariable analysis of factors associated with severe TBI among patients presenting to WUCSH, Ethiopia, January 1 to December 31, 2025.
	Variable
	Category (Reference)
	Crude OR (95% CI)
	p-value
	AOR (95% CI)
	p-value

	Age (years)
	Continuous
	1.00 (0.95 - 1.06)
	0.929
	-
	-

	Sex
	Female vs. Male
	0.88 (0.18 - 4.39)
	0.874
	-
	-

	Residence
	Rural vs. Urban
	0.92 (0.26 - 3.22)
	0.898
	-
	-

	Mechanism
	Fall vs. RTA
	1.04 (0.52 - 2.06)
	0.916
	-
	-

	
	Assault vs. RTA
	1.04 (0.52 - 2.06)
	0.916
	-
	-

	Time to hospital (hours)
	Continuous
	1.00 (0.98 - 1.01)
	0.755
	-
	-

	Pupillary response
	Both reactive
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	One reactive
	15.99 (2.03 - 126.23)
	0.009
	6.67 (1.32 - 64.71)
	0.020

	
	Both non-reactive
	-
	-
	121.81 (4.36 - 22416.36)
	0.006

	Loss of consciousness
	No vs. Yes
	Not estimable
	0.065
	-
	-

	Hypoxia
	No
	1.00 (Reference)
	
	1.00 (Reference)
	

	
	Yes
	0.055 (0.008 - 0.378)
	0.003
	0.09 (0.01 - 0.58)
	0.013

	Comorbidity
	Yes vs. No
	0.51 (0.10 - 2.68)
	0.447
	-
	-

	Associated injury
	Yes vs. No
	0.53 (0.14 - 1.97)
	0.356
	-
	-


*OR: Odds Ratio; AOR: Adjusted Odds Ratio; CI: Confidence Interval; Dashes (-) indicate variables not entered into multivariable model (p > 0.25).
6. DISCUSSION

This study assessed the patterns and factors associated with traumatic brain injury among 110 patients presenting to Wallaga University Comprehensive Specialized Hospital. The findings provide important insights into the demographic, clinical, and radiological characteristics of TBI in western Ethiopia, as well as the factors associated with severe TBI and specific radiological lesions.

The predominance of males (80.0%) and young adults (mean age 28.9 years) in this study is consistent with the global epidemiology of TBI, which consistently shows higher incidence among males and peak occurrence between 15 and 45 years of age (James et al., 2019; Dewan et al., 2019). Similar male-to-female ratios have been reported from Tikur Anbessa Specialized Hospital (78.5% male) and Jimma Medical Center (76.2% male) (Biluts et al., 2016; Gemechis et al., 2023). This pattern reflects higher exposure of males to road traffic accidents, occupational hazards, and interpersonal violence (James et al., 2019). The concentration of TBI among young adults has significant socioeconomic implications for Ethiopia, as survivors may face long-term disability during their most productive years (Haagsma et al., 2015).

Road traffic accidents (RTA) were the leading mechanism of injury (53.6%), consistent with national reports identifying RTA as the primary cause of trauma-related morbidity and mortality in Ethiopia (Federal Ministry of Health Ethiopia, 2016; World Health Organization, 2018). The proportion of assault-related TBI (32.7%) was notably higher than the approximately 20% reported from Tikur Anbessa Hospital (Biluts et al., 2016). This regional variation may reflect differences in alcohol use, socioeconomic conditions, or cultural factors. Humphriss et al. (2013) documented alcohol as a significant contributor to TBI in East Africa, and while alcohol use was documented in only 17.3% of our patients, this is likely an underestimate given that 21.8% of records had no documentation.

Moderate TBI was the most common severity category (79.1%), while severe TBI accounted for 10.0% of cases. This proportion of severe TBI (10.0%) falls within the 10-15% range reported in the literature (Gemechis et al., 2023; James et al., 2019). The higher proportion of moderate TBI in our study compared to some Ethiopian studies may be explained by referral patterns, as 64.5% of our patients were referred from other facilities. Tertiary referral centers typically receive more severe cases that cannot be managed at lower-level facilities (Maas and Menon, 2017).

Epidural hematoma (EDH) was the most common radiological finding (29.6%), followed by cerebral contusion (23.1%) and intracerebral hemorrhage (18.5%). This finding differs from Hagos et al. (2022), who reported cerebral contusion as the most common lesion (32.5%) in their Ethiopian tertiary hospital study. The high proportion of EDH in our study is likely related to the predominance of RTA as the mechanism of injury, as high-energy impacts frequently cause arterial bleeding from the middle meningeal artery (Werner, 2007). The extremely high rate of skull fracture (89.1%) is striking and substantially exceeds the 45% reported by Hagos et al. (2022) and 35% by Gemechis et al. (2023). This may reflect higher injury severity in our population, possibly due to referral patterns and delays in presentation.

Pupillary abnormality was the strongest predictor of severe TBI. Patients with one reactive pupil had approximately seven times higher odds of severe TBI (AOR = 6.67, 95% CI: 1.32-64.71, p = 0.020), and those with both pupils non-reactive had 122 times higher odds (AOR = 121.81, 95% CI: 4.36-22416.36, p = 0.006). This finding aligns with the well-established prognostic value of pupillary examination, as the pupillary light reflex is mediated by brainstem pathways that are often compromised in severe TBI (Teasdale and Jennett, 1974). The wide confidence interval for the latter estimate reflects the small number of patients with both pupils non-reactive (n = 1), indicating that this finding should be interpreted with caution.

The high rate of assault-related TBI (32.7%) in this region is concerning and warrants targeted violence prevention programs. The predominance of RTA as the leading mechanism (53.6%) underscores the urgent need for strengthened road safety interventions, including helmet laws, seatbelt enforcement, speed control measures, and public awareness campaigns (Federal Ministry of Health Ethiopia, 2016; World Health Organization, 2018). The substantial delay in presentation (mean 27.1 hours) highlights the need for improved pre-hospital care systems and emergency medical services infrastructure in western Ethiopia (Tesfaw et al., 2021).

Several limitations should be acknowledged. The retrospective design relied on medical records, which may have incomplete or inconsistent data; 5.0% of charts were missing and 3.3% had incomplete data. The small number of severe TBI events (n = 11) limited statistical power and produced wide confidence intervals for some estimates, necessitating the use of Firth's penalized logistic regression. The single-center design limits generalizability to other settings. Additionally, the study did not assess long-term functional outcomes or pre-hospital care factors.

In conclusion, TBI at Wallaga University Comprehensive Specialized Hospital predominantly affects young adult males, with RTA as the leading mechanism and EDH as the most common lesion. Pupillary abnormality is a strong predictor of severe TBI, age predicts SDH, and mechanism of injury predicts EDH. Road safety interventions, violence prevention programs, and strengthened pre-hospital care systems should be prioritized in this region.

7. STRENGTHS AND LIMITATIONS

7.1. Strengths

The study achieved a high response rate (91.7%), with 110 of 120 eligible patients included, which minimizes selection bias. Standardized assessment tools were used, including the Glasgow Coma Scale for severity classification and CT imaging for radiological characterization, both internationally accepted standards (Teasdale and Jennett, 1974; Wintermark et al., 2015). The high CT utilization rate (98.2%) provided robust radiological data for pattern analysis, which is notable in a resource-limited setting. The use of Firth's penalized logistic regression appropriately addressed the issue of rare events (only 11 severe TBI cases), reducing bias and providing more stable estimates than standard logistic regression would have yielded.

7.2. Limitations

The retrospective design is the primary limitation. Medical records had missing or incomplete data: alcohol use was not documented in 21.8% of records, six charts (5.0%) were entirely missing, and four charts (3.3%) were excluded due to incomplete data. This may have introduced selection bias if excluded patients differed systematically from included patients.

The single-center design limits generalizability to other hospitals in Ethiopia, as TBI patterns vary by population characteristics, referral patterns, and healthcare infrastructure (Maas and Menon, 2017). The small number of severe TBI events (n = 11) produced wide confidence intervals for some estimates (e.g., both pupils non-reactive: 4.36 – 22416.36), reflecting limited precision despite the use of Firth's method.

The study did not collect data on pre-hospital care, transport mode, or first aid provided before arrival, all of which may influence clinical patterns at presentation. Long-term functional outcomes, mortality after discharge, and quality of life were not assessed. Finally, as with any observational study, unmeasured confounders such as socioeconomic status, education level, or specific injury circumstances may influence the observed associations.

8. CONCLUSION AND RECOMMENDATIONS

8.1. Conclusion

Traumatic brain injury at Wallaga University Comprehensive Specialized Hospital predominantly affects young adult males, with road traffic accidents as the leading cause. Pupillary abnormality emerged as the strongest independent predictor of severe TBI, while age predicted subdural hematoma and mechanism of injury predicted epidural hematoma. The high rates of RTA-related injury, delayed presentation, and skull fractures underscore urgent gaps in prevention and trauma care infrastructure in western Ethiopia.

8.2. Recommendations

In clinical practice, pupillary examination should be performed and documented for all TBI patients at admission, given its strong association with severe TBI. Documentation of key variables such as alcohol use and time of injury must be improved to address the current 5.0% missing and 3.3% incomplete data rates. Early recognition and management of epidural hematoma, the most common lesion, should be prioritized.

At the health policy level, enforcement of helmet and seatbelt laws, alongside public road safety campaigns, is urgently needed to reduce the 53.6% of TBI cases attributed to RTA. Pre-hospital emergency services must be established to reduce the mean 27.1-hour delay to hospital arrival. Community-based violence prevention programs should be implemented to address the 32.7% of TBI cases resulting from assault.

For future research, prospective multicenter studies are needed to validate the predictive models for severe TBI, SDH, and EDH in independent cohorts. Additionally, long-term functional outcomes and barriers to timely presentation warrant further investigation.
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ANNEX

DATA COLLECTION FORM

Study Title: Pattern and Factors Associated with Traumatic Brain Injury Among Patients Presenting to Wallaga University Comprehensive Specialized Hospital, Ethiopia
Principal Investigator: Dr. Megertu Gutu Duguma

Hospital: Wallaga University Comprehensive Specialized Hospital (WUCSH)

Section A: Identification

	1
	Study ID 
	

	2
	Length of Hospital Stay (days)
	


Section B: Socio-Demographics

	3
	Age (years)
	

	4
	Sex
	1 = Male □ 2 = Female □

	5
	Residence 
	1 = Urban □ 2 = Rural □

	6
	Occupation 
	1 = Farmer □ 2 = Student □ 3 = Employed □ 4 = Unemployed □ 

5 = Other □

	7
	Alcohol use
	1 = Yes □ 2 = No □ 3 = Not documented □


Section C: Injury Information

	8
	Mechanism of Injury 
	1 = RTA □ 2 = Fall □ 3 = Assault □ 4 = Other □

	9
	Time to hospital (hours)
	

	10
	Referral status
	1 = Direct □ 2 = Referred □

	11
	Type of injury: 
	1 = Blunt □ 2 = Penetrating □


Section D: Clinical Findings

	12
	GCS Score
	

	13
	TBI Severity
	1 = Mild (14-15) □ 2 = Moderate (9-13) □ 3 = Severe (≤8) □

	14
	Loss of consciousness
	1 = Yes □ 2 = No □

	15
	Pupillary response
	1 = Both reactive □ 2 = One reactive □ 3 = Both non-reactive □

	16
	Seizure
	1 = Yes □ 2 = No □

	17
	Focal deficit 
	1 = Yes □ 2 = No □

	18
	Hypotension
	1 = Yes □ 2 = No □

	19
	Hypoxia
	1 = Yes □ 2 = No □

	20
	Comorbidity
	1 = Yes □ 2 = No □

	21
	If yes, type of comorbidity
	1. Hypertension

2. Diabetes 

3. Cardiovascular disease 

Other specify __________________


Section E: Associated Injuries

	22
	Associated extracranial injury
	1 = Yes □ 2 = No □

	23
	If yes, type (check all that apply) 
	Chest □ Abdomen □ Orthopedic □ Facial □ Spinal □ Poly trauma □


Section F: CT Scan Findings

	24
	CT performed
	1 = Yes □ 2 = No □

	25
	Lesion type (check all that apply)
	EDH □ SDH □ ICH □ Contusion □ DAI □ No visible lesion □

	26
	Skull fracture
	1 = Yes □ 2 = No □

	27
	Type of skull fracture
	1=linear skull fracture

2=BSF

3=DSF

4=Compound skull fracture

	28
	Midline shift
	1 = Yes □ 2 = No □


Section G: Management

	29
	ICU admission
	1 = Yes □ 2 = No □

	30
	Surgery
	1 = Yes □ 2 = No □

	31
	Surgery type
	Craniotomy □ Burr hole □ Craniectomy □ DSF Elevation□

	32
	Mechanical ventilation 
	1 = Yes □ 2 = No □


Section H: Complications

	33
	Any complication
	1 = Yes □ 2 = No □

	34
	Type
	Infection □ Seizure □ Hydrocephalus □ Re-bleeding □ Other □


Socio-demographic Factors


Age


Sex


Residence


Occupation


Alcohol use 








Clinical Factors


Comorbidities 


Hypotension 


Hypoxia


Polytrauma








Injury related factors 


Mechanism of Injury


Time to presentation 


Referral status 








Healthcare system related factors 


Availability of CT 


ICU access


Neurosurgical capacity 


Prehospital care 








TBI Patterns


Severity patterns
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