


Prevalence and Risk Factors for Clinically Significant Brain Injury Among Patients with Mild Traumatic Brain Injury in Abuja, Nigeria
Article type: Original Research Article 
ABSTRACT
Background: Mild traumatic brain injury (mTBI) is common, yet a clinically important subset of patients with a Glasgow Coma Scale (GCS) score of 13–15 have intracranial lesions that require admission, close observation, or neurosurgical follow-up. Clinical decision rules exist to guide CT use, but their applicability in settings with constrained CT access and a high prevalence of high-energy mechanisms like road traffic crashes is uncertain.
Objective: To determine the prevalence and describe risk factors of clinically significant brain injury on CT among patients with mTBI presenting to a Nigerian trauma centre.
Methods: We conducted a prospective observational study of 103 consecutive patients aged ≥16 years with mTBI (GCS 13–15) presenting to the National Trauma Centre, National Hospital Abuja (November 2021–July 2022). Demographics, injury mechanism, and clinical features (including loss of consciousness [LOC], post-traumatic amnesia, polytrauma, and GCS) were recorded using a structured proforma. The primary outcome was clinically significant brain injury on non-contrast head CT, defined as any acute intracranial finding warranting admission with neurosurgical follow-up or close neurological observation.
Results: Clinically significant brain injury was present in 45/103 patients (43.7%). Importantly, 88.9% of clinically significant injuries occurred in patients presenting with a GCS of 14 or 15. Key risk factors included male sex, involvement in road traffic crashes (particularly as a pedestrian), and the presence of loss of consciousness.
Conclusion: In similar resource-constrained environments, these features should be used to identify high-risk patients, prompting a low threshold for CT imaging and neurosurgical evaluation.
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INTRODUCTION

Traumatic brain injury (TBI) remains a leading cause of death and disability and contributes substantially to global neurological burden. Recent global syntheses describe progress in prevention and care, but emphasize that the heaviest burden occurs in low- and middle-income countries (LMICs), where prehospital systems, imaging capacity, and specialist neurotrauma services are often limited.1
Within sub-Saharan Africa, TBI disproportionately affects young adult males and is strongly associated with road traffic crashes (RTCs), alongside assaults and falls. A scoping review of the region highlights that transport-related mechanisms dominate and that epidemiology differs from the fall-dominated patterns of many high-income settings.2 These differences matter because high-energy mechanisms can produce clinically significant intracranial injury even when the initial neurological examination appears reassuring.
Mild traumatic brain injury (mTBI) is typically defined by a GCS score of 13–15 after blunt head trauma and may include transient loss of consciousness (LOC), confusion, or post-traumatic amnesia.3 Although categorized as “mild,” mTBI encompasses a wide spectrum—from uncomplicated concussion to intracranial hemorrhage, contusions, depressed skull fractures, and evolving cerebral edema.3 The practical challenge for emergency and trauma clinicians is to identify the minority of patients with clinically significant brain injury who require admission, close neurological observation, or urgent neurosurgical intervention, while minimizing unnecessary CT imaging in low-risk patients.
Various clinical decision rules were developed to support safe, efficient CT use. The Canadian CT Head Rule (CCHR) was derived to identify patients at high risk of neurosurgical intervention and clinically important brain injury among adults with minor head injury.4 The New Orleans Criteria (NOC) was developed to identify patients with a GCS of 15 who have any traumatic intracranial lesion on CT.5 A systematic review and meta-analysis likewise supports the overall diagnostic accuracy of both rules, while highlighting the trade-off between sensitivity and specificity in screening applications.6
Even in settings with adequate CT access, the use of CT for mild head injury is variable and is influenced by clinician risk tolerance, medico-legal environment, and workflow factors. A recent systematic review reported substantial CT overuse in mild head injury across multiple regions, underscoring the need for guideline-concordant imaging to reduce avoidable radiation exposure and costs.7 Conversely, in LMICs the larger problem is often delayed or forgone imaging due to limited scanner availability, equipment downtime, distance to CT facilities, and out-of-pocket payment barriers.8,9 In such contexts, decision rules may still be useful, but they must be implemented in a way that accounts for local epidemiology, observation capacity, and access constraints.
In Nigeria, CT scanners are unevenly distributed and frequently concentrated in large urban centres. The cost of CT is commonly borne by patients and families, and delays can occur due to system congestion, payment processing, or referral pathways.8 Local epidemiology also differs: RTCs (including motorcycle and pedestrian injuries) represent a large fraction of neurotrauma presentations.10 These realities increase the importance of identifying local, high-yield clinical predictors that can support rational triage, early referral, and efficient allocation of CT resources.
Prospective Nigerian data focused specifically on predictors of clinically significant brain injury in mTBI remain limited. This study therefore aimed to determine the prevalence and describe key demographic, mechanistic, and clinical risk factors of clinically significant brain injury on CT among patients with mTBI presenting to a major Nigerian trauma centre in Abuja.
METHODS
Study design and setting: 
This prospective observational study was conducted at the National Trauma Centre, National Hospital Abuja (NHA), a tertiary referral facility providing emergency trauma and neurosurgical services for the Federal Capital Territory and surrounding states.
Ethical considerations: Ethical approval was obtained from the institutional ethics committee of the NHA. Consent procedures were implemented in accordance with institutional policy.
Participants: 
Consecutive patients aged 16 years and above who presented between November 2021 and July 2022 with mTBI were eligible for inclusion. Mild TBI was defined as blunt head injury with GCS 13–15 at presentation and at least one of: (i) LOC lasting less than 30 minutes, (ii) post-traumatic amnesia lasting less than 24 hours, or (iii) transient disorientation/confusion after injury.
Exclusion criteria: 
Patients with penetrating head injuries, known coagulopathy or therapeutic anticoagulation, prior neurosurgical intervention, or presentation more than 24 hours after injury were excluded. Patients presenting more than 24 hours after injury were excluded to reduce heterogeneity due to evolving symptoms and delayed complications that could complicate interpretation of initial clinical predictors.
Data collection and variable definitions: 
Data were collected prospectively using a structured proforma by the attending trauma/surgical team. Demographic variables included age, sex, occupation, and educational level. Mechanism of injury was categorized as RTC (with subtypes recorded as pedestrian collision, motorcycle/biker crash, passenger injury, driver injury, or other), falls (simple fall or fall from height), assault, and other/undocumented. Clinical variables captured included GCS score at presentation, report of LOC, report of post-traumatic amnesia, and presence of polytrauma (defined clinically as significant injury in at least one non-cranial body region requiring concurrent evaluation or treatment).
CT imaging and outcome definition: 
All participants underwent non-contrast head CT as part of institutional evaluation for head injury. CT images were reported by consultant radiologists and reviewed by neurosurgical staff. The primary outcome was clinically significant brain injury on CT, defined as any acute intracranial finding warranting hospital admission with neurosurgical follow-up or close neurological observation3 (e.g., extra-axial hemorrhage, intraparenchymal hemorrhage/contusion, traumatic subarachnoid hemorrhage, depressed skull fracture, or other acute lesions with potential for deterioration). This definition aligns with the pragmatic purpose of decision rules, which is to identify injuries that change management beyond reassurance and discharge.
Data analysis: 
The cohort was stratified into patients with and without clinically significant brain injury. Descriptive statistics are presented as frequencies and percentages. This manuscript focuses on the prevalence and clinical profile of patients with clinically significant injury to support practical triage in resource-constrained settings; multivariable regression was not performed.
RESULTS
Study population and prevalence: 
A total of 103 patients with mTBI were enrolled. Clinically significant brain injury was identified in 45 patients, yielding a prevalence of 43.7%.
Mechanism of injury:
 RTCs were the predominant mechanism associated with clinically significant injury, accounting for 24 cases (53.3%). Pedestrian collisions constituted the most common RTC subtype (8 cases; 17.8% of all clinically significant injuries), followed by motorcycle-related crashes and passenger injuries. Falls were the second most frequent mechanism (10 cases; 22.2%), particularly falls from height. Assault accounted for 7 cases (15.6%). No sports or recreational injuries resulted in clinically significant brain injury in this cohort (Table 1).
Demographic and clinical characteristics:
 The mean age of the patients was 32.48±12.27 years with age range of 16 to 76 years. Interestingly, 58% of them fall between the age bracket of 20 and 40 years. The clinically significant injury group was overwhelmingly male (43/45; 95.6%). Artisans (24.4%) formed the largest occupational subgroup, followed by public/civil servants (20.0%) and students (15.6%). Educational attainment was predominantly secondary (22.2%) or tertiary (42.2%).
Loss of consciousness was reported in 37 patients (82.2%) with clinically significant injury. Post-traumatic amnesia was present in 12 patients (26.7%). Polytrauma occurred in 18 patients (40.0%), reflecting the high-energy nature of many RTC mechanisms. Notably, 40 patients (88.9%) with clinically significant injury presented with a GCS of 14 or 15 (Table 2).
Table 1. Prevalence of mechanisms of injury responsible for clinically significant brain injury (n=45).

	Mechanism of injury
	Frequency
	Percentage (%)

	Road traffic crashes (RTC)
	24
	53.3

	– Pedestrian collision
	8
	17.8

	– Motorcycle/biker crash
	6
	13.3

	– Passenger in RTC
	6
	13.3

	– Driver in lone accident
	3
	6.7

	– Other RTC
	1
	2.2

	Falls
	10
	22.2

	– Fall from height
	7
	15.6

	– Simple fall
	3
	6.7

	Assault
	7
	15.6

	Other/Undescribed
	4
	8.9

	Sports/Recreational
	0
	0.0



Table 2. Demographic and clinical characteristics of patients with clinically significant brain injury (n=45).

	Variable
	Frequency
	Percentage (%)

	Sex
	
	

	– Male
	43
	95.6

	– Female
	2
	4.4

	GCS at Presentation
	
	

	– 13
	5
	11.1

	– 14
	20
	44.4

	– 15
	20
	44.4

	Occupation
	
	

	– Artisan
	11
	24.4

	– Public / Civil Servant
	9
	20.0

	– Student
	7
	15.6

	– Trader / Business
	6
	13.3

	– Others
	12
	26.7

	Education Level
	
	

	– Illiterate
	2
	4.4

	– Primary
	7
	15.6

	– Secondary
	10
	22.2

	– Tertiary
	19
	42.2

	– Unclassified
	7
	15.6

	Clinical History
	
	

	– Loss of consciousness
	37
	82.2

	– Post-traumatic amnesia
	12
	26.7

	– Polytrauma
	18
	40.0




DISCUSSION
This prospective cohort study found a high prevalence (43.7%) of clinically significant brain injury among patients presenting with mTBI in Abuja, Nigeria. This yield is higher than that reported in many high-income emergency department cohorts and likely reflects contextual differences in injury mechanisms, referral patterns, and barriers to early presentation and imaging. Global neurotrauma syntheses emphasize that LMICs carry a disproportionate burden of TBI and face persistent gaps in prevention, prehospital care, imaging access, and critical care capacity.1,2
Mechanism of injury and local epidemiology: 
Table 1 showed that RTCs accounted for more than half of clinically significant injuries in our cohort, with pedestrian collisions forming the largest RTC subtype. This pattern aligns with regional evidence that TBI in sub-Saharan Africa predominantly affects young males and is frequently due to transport-related trauma.2 Nigerian data similarly show a high prevalence of motorcycle-related and pedestrian crashes and a close association between these mechanisms and TBI.10 Pedestrians are particularly vulnerable because they have limited physical protection at impact, often experience secondary impacts on the ground, and may have delayed access to organized prehospital transport. Clinically, a pedestrian mechanism should be interpreted as high energy and treated as a danger signal, consistent with how “dangerous mechanism” is defined in the CCHR.4
Loss of consciousness as a high-yield symptom: 
Table 2 identified that LOC occurred in over 80% of patients with clinically significant injury. LOC is incorporated in several mTBI definitions and is a common trigger for imaging in practice. When CT resources are limited, symptoms that indicate transient brain dysfunction (such as LOC) can help prioritize imaging. However, LOC is patient-reported and may be misclassified, particularly when events are unwitnessed, when there is associated alcohol use, or when there are competing injuries. Therefore, clinicians should interpret LOC alongside mechanism, evolving symptoms, and the capacity for reliable observation.
Preserved GCS does not exclude clinically significant injury: 
Perhaps the most important clinical message from this cohort is that 88.9% of patients with clinically significant injury presented with a GCS of 14 or 15. Although the GCS is foundational for trauma assessment, it is an imperfect proxy for intracranial pathology and can remain near-normal in the presence of evolving mass lesions, especially early after injury. Additionally, GCS scoring is susceptible to inter-rater error, and inaccuracies have been documented among emergency providers.11 In practical terms, using GCS alone to triage CT imaging risks missing significant injuries, particularly in patients with high-energy mechanisms, polytrauma, or symptoms such as LOC.
Use of decision rules, validation, and context: 
Some of the most popular clinical decision rules like the CCHR and NOC have shown high sensitivity across multiple studies and a systematic review/meta-analysis, supporting their role as screening tools to safely rule out clinically important injury.4,5 Comparative work found that both rules are highly sensitive, but the CCHR is generally more specific, implying a larger reduction in imaging when applied to eligible populations.3 Validation work in Ethiopia demonstrated 100% sensitivity of both rules for neurosurgical intervention and abnormal CT findings, with modest specificity, suggesting that rule-based pathways can be feasible in African settings with constrained resources.12 An Indian prospective study similarly showed 100% sensitivity of the CCHR with moderate specificity and highlighted differences in imaging decision-making between emergency physicians and neurosurgeons.13
At the same time, rule performance can be influenced by differences in patient selection, mechanism mix, and baseline CT yield. A developing-country cohort study that derived decision rules from a prospective dataset emphasized that extrapolating rules developed in high-income contexts may be problematic when traffic mechanisms dominate and presentation patterns differ.14 Importantly, the present study does not attempt to validate CCHR or NOC; rather, it describes a high-risk profile that should trigger heightened suspicion and early imaging or referral in environments where CT availability is limited and decisions must often be made under uncertainty.
Implementation considerations: 
Even where decision rules exist, translating them into consistent practice can be difficult. A multicomponent implementation study demonstrated that combining clinical leadership endorsement, education, and electronic decision support can reduce CT use while increasing diagnostic yield.15 In Nigeria, where electronic order sets may be less ubiquitous, feasible implementation strategies could include standardized mTBI assessment forms, checklists aligned with high-sensitivity criteria, and protocols that specify observation intervals and referral triggers when CT is delayed. Such approaches may also help reduce unwarranted variation between providers and shift reliance away from GCS alone toward a more comprehensive risk assessment.
Balancing underuse and overuse of CT: 
While CT scarcity drives concern about under-imaging and delayed imaging in LMICs, overuse of CT in mild head injury is increasingly reported in systems with greater access. A recent systematic review and meta-analysis estimated substantial rates of CT overuse in mild head injury across regions and showed that overuse varied by the criteria applied, reinforcing the value of decision-rule adherence.7 The Nigerian context demands a balanced approach: expand timely access to CT for patients at high risk of clinically significant injury, while avoiding indiscriminate scanning when observation and follow-up are safe and feasible. Qualitative work from low-resource settings indicates that CT ordering is shaped by environmental constraints (scanner availability, cost), social influences, and clinicians’ beliefs about consequences, suggesting that both clinical and system-level interventions are needed to optimize imaging.16
Prevention implications: 
The predominance of RTC-related and pedestrian injuries supports prevention strategies such as improved pedestrian infrastructure, speed control, enforcement of helmet and seatbelt laws, and strengthening prehospital trauma care. These approaches are consistent with recommendations from global TBI commissions and regional evidence describing transport-related drivers of neurotrauma.1,2,4
Limitations: 
First, the analysis is descriptive and does not quantify independent predictors using multivariable regression. Second, the single-centre design may limit generalizability to other Nigerian settings. Third, some clinical variables commonly included in decision rules (e.g., repeated vomiting, signs of skull fracture) were not systematically captured in the dataset presented here and therefore could not be analyzed. Despite these limitations, the prospective design and consecutive recruitment provide useful locally derived evidence to support clinical triage and referral decisions.
Future directions: 
Multicentre Nigerian studies with larger sample sizes should evaluate the diagnostic performance of established rules (CCHR, NOC, NICE guidelines and others) against local outcomes and explore the feasibility of context-specific imaging pathways that account for CT availability, cost barriers, and observation capacity. Perhaps, it is time to develop a local content driven decision rule in Nigeria for LMICs with similar challenges. In addition, implementation research is needed to identify scalable strategies—such as standardized documentation, clinical decision support, and training—that can improve adherence to evidence-based imaging criteria and ultimately reduce preventable morbidity from delayed recognition of intracranial injury.
CONCLUSION
Clinically significant brain injury was common among patients presenting with mTBI in Abuja, Nigeria. Young males injured in road traffic crashes—especially pedestrian collisions—and those with a history of loss of consciousness were frequently affected, and most clinically significant injuries occurred despite GCS scores of 14–15. In similar resource-constrained settings, these features should heighten clinical suspicion and support a low threshold for CT imaging and neurosurgical evaluation.
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