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ABSTRACT 

	Aims:  To assess the prevalence and patterns of ocular injuries among traumatic brain injury patients and correlate them to the Glasgow Coma Scale
Study Design: Cross-sectional study.
Place and Duration of Study: University Teaching Hospitals – Adult Hospital, from July 2024 to December 2024.
Methodology: A total of 129 traumatic brain injury patients were recruited into the study by means of consecutive sampling. A data collection tool was used to capture sociodemographic details, the patient’s history, the Glasgow Coma Scale (GCS), and ocular examination findings. Analysis of the data was done using the Statistical Package for Social Sciences (SPSS) software version 28. Multiple logistical regression was used to determine predictor variables.
Results: The prevalence of ocular injuries among study participants with traumatic brain injury was found to be 58.14% (95% CI: [49.13% - 66.76%]). The eyelid was the most affected ocular structure in 67 participants (89.33%), followed by the conjunctiva 49 (65.33%). The occurrence of structural ocular findings and neuro-ophthalmic manifestations were associated with vision impairment (P < .001 and P = .006 respectively), and conjunctival injury and neuro-ophthalmic manifestations were associated with moderate to severe cases of traumatic brain injury (P = .024 and P = .015 respectively). Participants with scalp and/or facial haematoma (AOR = 4.50; 95% CI: [1.11–18.17], P = 0.035) and facial asymmetry (AOR = 12.11; 95% CI: [1.49–98.81], P = .02) were significantly more likely to sustain ocular injuries.
[bookmark: _Hlk222164011]Conclusion: The findings of this study highlight the burden of ocular injuries among traumatic brain injury patients and underscores the need for timely comprehensive ocular examinations in traumatic brain injury patients. This is to identify ocular injuries that have potential to cause disabilities like physical disfigurement or vision impairment.
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1. INTRODUCTION 

Ocular injury is one of the most under-recognised causes of vision loss in the world today. It causes blindness in more than half a million people globally each year and gives rise to partial loss of sight in many more. In resource limited settings, it is often the leading cause of monocular blindness and contributes to disability amounting to 11% of overall global disability years (Sandhya & Saini, 2020; Shivran, 2020). These disabilities include physical disfigurement and/or visual impairment. They take a toll on one’s health and finances due to the high cost of rehabilitation services, and can lead to major lifestyle changes, loss of productivity and loss of career opportunities (Kumar & Chowdary, 2019; Shivran, 2020).

An injury to the head that gives rise to a disturbance in the brain’s normal function is referred to as a traumatic brain injury (TBI) (AANS, 2023). Globally, an estimated 69 million people are diagnosed with a TBI annually (GBD study, 2016). These TBIs may present with ocular injuries that occur independently or as manifestations of the TBI itself due to impact on the visual pathway (Dubey et al., 2018; Kulkarni et al., 2005). In resource limited settings like Zambia, limitations exist in the provision of immediate ophthalmic consultations at initial assessment of a TBI patient, resulting in missed ocular findings and late presentation to a specialist ophthalmic unit (Kulkarni et al, 2005; Malik et al, 2016). These missed untreated ocular injuries may eventually lead to disabilities like physical disfigurement and vision impairment which can give rise to socioeconomic challenges. 

There are many variations in the incidence of ocular injuries among TBI patients across the globe, with figures as high as 68% and as low as 4% being reported (Malik et al., 2016; Masila et al., 2014; Odebode et al., 2005). The incidence of TBIs in Zambia is estimated at 381 per 100,000, higher than the average global incidence of 369 (GBD study, 2016). Despite this, the occurrence of ocular injuries among TBI patients has not been studied locally and therefore, the rate and nature of ocular involvement remains unknown. Additionally, there have been inconsistent findings from the few global studies that have attempted to correlate the frequency and type of ocular injuries in TBI to the Glasgow Coma Scale (GCS) (Dubey et al., 2018; Kulkarni et al., 2005; Masila et al., 2014). 

This study aimed to close this knowledge gap by establishing the frequency and types of ocular injuries occurring among TBI patients and correlating them to the GCS. Knowledge in this area will contribute towards timely diagnosis of ocular injuries among TBI patients and improvement of their ocular outcomes. This will ultimately lead to prevention of complications, and improvement of the patient’s quality of life.


2. material and methods

2.1 Study Site
University Teaching Hospitals (UTHs) – Adult Hospital, Lusaka, Zambia.


2.2 Study Population
TBI patients presenting at UTHs - Adult Hospital from July 2024 to December 2024


2.3 Study Design
The study was a cross-sectional study design. 


2.4 Sample Size and Sampling Methods
A total of 129 patients diagnosed with TBI by neurosurgeons were recruited consecutively to the study.


2.5 Eligibility Criteria

2.5.1 Inclusion Criteria
· TBI patients above the age of 18 years.
· Patients with an acute TBI that occurred within the last 7 days.

2.5.2 Exclusion Criteria
· Patients with past history of TBI.
· Patients with pre-existing ocular injury prior to the TBI.
· Patients with severe extensive neurological deficits that compromised data collection.
· Patients who refused to consent to the study.


2.6 Data Collection

A structured data collection tool was used for collection of information. The tool comprised socio-demographic characteristics, circumstances of the trauma, ocular complaints, ocular history, GCS, neurological diagnosis and ocular clinical examination. The ocular assessment involved visual acuity at bedside using a Snellen’s chart, pupillary light reflex examination with a pen torch, assessment of extraocular motility, anterior segment examination by bright pen torch or indirect ophthalmoscope, and posterior segment examination by indirect ophthalmoscope. Any ocular findings requiring treatment were appropriately treated (medically or surgically) as per the standard for each ocular diagnosis.

The GCS which was used to assess the patient’s neurological status was based on eye movement, verbal command, and muscle movements. It was conducted by neurosurgeons on first contact with the patient to grade the severity of the TBI as either mild (GCS 13-15), moderate (GCS 9-12), or severe (GCS 3-8).

Two research assistants were trained to assist with identification of eligible patients while data collection and entry into the computer was done by the researcher.


2.7 Data Analysis

The collected data was analysed using the statistical package for social sciences software (SPSS version 28). Descriptive statistics were used to describe the demographic, clinical and ocular injury-related characteristics of respondents. Categorial variables were expressed as frequencies and percentages. Normality assumptions of the data were checked using the Shapiro-Wilk test and histograms. Non-normally distributed continuous variables were summarized using medians and interquartile ranges (IQRs). 
Associations between the severity of TBI, the clinical characteristics and the various patterns of ocular injuries was tested using Fisher's exact test because the Chi-square test assumptions were not met. Univariable and multivariable logistic regression analysis was used to identify factors associated with Ocular injuries. All variables with P < .25 in univariate analysis were included in the final multivariable model to control for confounding (Chowdhury & Turin, 2020). To develop a final model, backward elimination was performed to reduce the number of variables in the multiple logistic regression model. Variables that had a P > .20 were dropped. The significance level was set at 5% with a confidence level of 95%. Therefore, a P-value < .05 was considered statistically significant. The Hosmer and Lemeshow goodness of fit test was used to indicate a good fitting model.


3. results

3.1 Demographic and clinical characteristics

A total of 129 participants were recruited in the study. The median age was 31 years (IQR: 24 – 41 years) and the majority were males 104 (80.62%). Over half of the participants were from within Lusaka 73 (56.59%) while the rest were referred from other parts of Zambia. The commonest cause of TBI was road traffic accident (RTA) 63 (48.84%), followed by assault 45 (34.88%), then fall 12 (9.30%), occupational injury 5 (3.88%), sports injury 3 (2.33%) and animal attack 1 (0.75%).
 
Over half of the participants had ocular complaints 68 (52.71%) and only 14 (10.85%) had pre-existing ocular conditions. The majority 105 out of 129 (81.40%) had mild TBI, 15 (11.63%) had moderate while 9 (6.98%) had severe TBI. The most common neurosurgical diagnoses characterizing these injuries was facial and/or scalp laceration (35.77%), brain contusion (30.23%), linear fracture (19.38%), depressed skull fracture 13 (10.08%), subdural haemorrhage 13 (10.08%), and facial and /or scalp haematoma 13 (10.08%). A total of 80 (62.02%) had no vision impairment, while the remainder had vision impairment – moderate 14 (10.85%), severe 2 (1.55%), and blindness 17 (13.18%) respectively. The visual acuity was not assessable in 16 (12.40%) of the 129 participants.


3.2 Prevalence of ocular injuries among adult TBI patients

Figure 1 shows proportion of the 129 TBI patients that had ocular involvement 58.14% (95% CI: 49.13% - 66.76%).





Fig 1: Prevalence of ocular injuries among TBI study participants at the UTHs – Adult Hospital
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3.3 Patterns of ocular injuries in TBI

Out of the total number of 75 participants that had ocular injuries, 67 (89.33%) had eyelid findings while 49 (65.33%) had conjunctival findings, and 13 (17.33%) had neuro-ophthalmic complications, representing the 3 most common categories of ocular findings in the participants (Figure 2).

Fig 2: Frequency and percent distribution of ocular structure involvement among TBI study participants who had ocular injuries (N=75)




Eyelid oedema was recorded as most prevalent finding among the participants with ocular injuries 63 (84.00%) (Table 1).




Table 1: Frequency and percent distribution of ocular findings among TBI study participants who had ocular injuries (N=75) 

	 
	Ocular Finding


	Frequency
(n)

	Percent 
(%)


	Periorbital and orbital region
	Eyelid
	
	

	
	   Ecchymosis
	37
	49.33

	
	   Oedema
	63
	84.00

	
	   Laceration
	14
	18.67

	
	   Abrasions
	26
	34.67

	
	   Crepitus
	5
	6.67

	
	Orbit
	
	

	
	   Orbital fracture
	2
	2.67

	Anterior segment
	Conjunctiva
	
	

	
	   Chemosis
	8
	10.67

	
	   Injection
	19
	25.33

	
	   Sub-conjunctival haemorrhage
	29
	38.67

	
	Cornea
	
	

	
	   Abrasion
	1
	1.33

	
	   Foreign body
	3
	4.00

	
	   Laceration
	4
	5.33

	
	Sclera 
	
	

	
	   Laceration
	8
	10.67

	
	Anterior chamber
	
	

	
	   Hyphaema
	8
	10.67

	
	Iris
	
	

	
	   Iridodialysis
	1
	1.33

	
	Pupil
	
	

	
	   Sphincter tear
	1
	1.33

	
	Lens 
	
	

	
	   Cataract
	6
	8.00

	Retina and vitreous
	Vitreous haemorrhage
	1
	1.33

	
	Berlin’s oedema
	3
	4.00

	
	Macular oedema
	1
	1.33

	
	Retinal detachment
	1
	1.33

	Neuro- ophthalmic findings

	Papilloedema
	1
	1.33

	
	Abnormal pupillary light reflexes
	7
	9.33

	
	Cranial nerve palsies (III, IV, VI)

	3

	4.00


	
	Traumatic optic neuropathy
	6
	8.00




3.4 Association between ocular injuries and visual acuity 

Of the participants whose visual acuity was assessable, it was found that those with ocular findings were more likely to experience vision impairment (47.69%) compared to those without ocular findings (2.13%) (P < .001). 


3.5 Association between ocular injuries and severity of TBI

Table 2 illustrates the relationship between the different patterns of ocular findings and the severity of the TBI. The occurrence of conjunctival injury among participants was significantly associated with the severity of TBI, with 60.00% participants with moderate and 66.67% participants with severe TBI exhibiting this injury, compared to only 32.38% with mild TBI (P = .024). Neuro-ophthalmic manifestations were present in 26.67% of moderate and 22.22% of severe TBI, compared to only 6.67% in mild TBI (P = .015). Other ocular findings could not be computed due to the low figures that were observed.

Table 2: Association between ocular injuries and severity of TBI among study participants with TBI at the UTHs – Adult Hospital 
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	Severity of TBI
	 
	

	
Ocular 
Variable


	Mild
n (%)


	Moderate 
n (%)


	Severe 
n (%)


	Total 
n (%)


	Fisher’s Exact
P-value

	Ocular Injuries
	 
	
	 
	
	

	   Absent
	45 (42.86)
	6 (40.00)
	3 (33.33)
	54 (41.86)
	.889

	   Present
	60 (57.14)
	9 (60.00)
	6 (66.67)
	75 (58.14)
	

	Eyelid
	 
	
	 
	
	

	   Normal
	53 (50.48)
	6 (40.00)
	3 (33.33)
	62 (48.06)
	.527

	   Injured
	52 (49.52)
	9 (60.00)
	6 (66.67)
	67 (51.94)
	

	Conjunctiva
	 
	
	 
	
	

	   Normal
	71 (67.62)
	6 (40.00)
	3 (33.33)
	56 (53.33)
	.024

	   Injured
	34 (32.38)
	9 (60.00)
	6 (66.67)
	49 (46.67)
	

	
Sclera
	 
	
	 
	
	

	   Normal
	99 (94.29)
	14 (93.33)
	8 (88.89)
	121(93.80)
	.593

	   Injured
	6 (5.71)
	1 (6.67)
	1 (11.11)
	8 (6.20)
	

	Cornea
	 
	
	 
	
	

	   Normal
	99 (94.29)
	15 (100.00)
	8 (88.89)
	121(93.80)
	.531

	   Injured
	6 (5.71)
	0 (0.00)
	1 (11.11)
	8 (6.20)
	

	Anterior Chamber
	 
	
	 
	
	

	   Normal
	99 (94.29)
	14 (93.33)
	8 (88.89)
	67 (89.33)
	.593

	   Injured
	6 (10.00)
	1 (6.67)
	1 (11.11)
	8 (6.20)
	

	Neuro-ophthalmic 
Findings
	
	
	
	
	

	   Absent
	98 (93.33)
	11 (73.33)
	7 (77.78)
	116(89.92)
	.023

	   Present
	7 (6.67)
	4 (26.67)
	2 (22.22)
	13 (10.08)
	




3.6 Factors associated with ocular injuries among TBI patients

Univariate and multivariable logistic regression analyses were conducted to identify significant factors associated with ocular injury among individuals with TBI. The results of the univariate analysis showed that linear skull fracture, scalp/facial haematoma, and facial asymmetry were significantly associated with ocular injury (P < .05). After adjusting for other variables in the multivariable logistic regression, fewer factors remained significantly associated with ocular injury: Scalp/facial haematoma was independently associated with increased odds of ocular injury (AOR = 4.50; 95% CI: [1.11–18.17], P = .035). Individuals with facial asymmetry were significantly more likely to have sustained ocular injuries compared to those with normal symmetry (AOR = 12.11; 95% CI: [1.49–98.81], P = .020) (table 3).

Table 3: Factors associated with ocular injuries among TBI study participants at the UTHs – Adult Hospital

	Variables
	Univariate
95% CI
	P
Value
	Adjusted
95% CI
	P value

	Age
	1.0 (0.97 - 1.03)
	0.789
	 
	 

	Sex
	
	
	
	

	   Female
	Reference
	
	
	 

	   Male
	0.91 (0.37 - 2.21)
	0.834
	 
	 

	Residence
	
	
	
	

	   Lusaka
	Reference
	
	Reference
	 

	   Outside Lusaka
	1.79 (0.87 - 3.68)
	0.111
	1.86 (0.83 - 4.20)
	0.135

	Occupation
	
	
	
	

	   Formal employment
	Reference
	
	
	 

	   Self-employed
	2.25 (0.78 - 6.46)
	0.132
	
	 

	   Unemployed
	1.70 (0.56 - 5.17)
	0.351
	
	 

	   Others
	3.44 (0.79 - 15.02)
	0.101
	 
	 

	Cause of Trauma
	
	
	
	

	   Falls
	Reference
	
	
	 

	   Assault
	0.46 (0.11 - 1.91)
	0.283
	
	 

	   Occupational injury
	1.00 (0.13 - 7.89)
	1
	
	 

	   Road Traffic Accident
	0.37 (0.09 - 1.48)
	0.159
	 
	 

	Severity of TBI
	
	
	
	

	   Mild (GCS 13–15)
	Reference
	
	
	 

	   Moderate (GCS 9–12)
	1.13 (0.37 - 3.39)
	0.834
	
	 

	   Severe (GCS <8)
	1.50 (0.36 - 6.32)
	0.581
	 
	 

	Ocular Complaints
	
	
	
	

	   No
	Reference
	
	
	 

	   Yes
	51.45 (16.99 - 155.8)

	<0.001

	
	 

	Pre-existing Ocular Condition
	
	
	

	   No
	Reference
	
	
	 

	   Yes
	0.95 (0.31 - 2.93)
	0.936
	 
	 

	Neurosurgical Diagnosis
	
	
	
	 

	   Brain Contusion 
	0.90 (0.42 - 1.93)
	0.793
	
	 

	   Subdural Haemorrhage
	0.17 (0.36 - 3.80)
	0.794
	
	 

	   Intracerebral     
   Haemorrhage
	2.03 (0.51 - 8.04)
	0.313
	
	 

	   Depressed Skull Fracture
	0.58 (0.19 - 1.85)
	0.36
	
	 

	   Linear Fracture
	2.71 (1.00 - 7.35)
	0.049
	2.30 (0.76 - 6.97)
	0.143

	   Scalp/facial laceration 
	0.79 (0.37 - 1.65)
	0.524
	
	 

	   Scalp/facial haematoma 
	2.88 (0.75 - 11.04)
	0.123
	4.50 (1.11 - 18.17)
	0.035

	Facial Symmetry
	
	
	
	

	   Normal
	Reference
	
	Reference
	 

	   Abnormal
	19.27 (2.50 - 148.74)
	0.005
	12.11 (1.49 - 98.81)
	0.02

	Head posture
	
	
	
	

	   Normal
	Reference
	
	
	 

	   Abnormal
	6.33 (0.77 - 52.19)
	0.087
	 
	 

	COR = Crude Odds Ratio; AOR = Adjusted Odds Ratio; Confidence Interval

Model Statistics: 
Nagelkerke R2 = 0.255, Cox-Snell R2 = 0.190.
Testing Global Null Hypothesis: omnibus of model coefficient χ2 = 25.936, df = 6, P < 0.001. Hosmer and Lemeshow Goodness-of-Fit Test: χ2 = 4.034, df = 4, P = 0.401




4. DISCUSSION

The study revealed a high prevalence of ocular injuries among TBI patients at the UTHs – Adult Hospital in Zambia (58.14%) consistent with studies done in India, Ghana and Kenya that established prevalences of between 50 and 68% (Dubey et al., 2018; Gorleku et al., 2020; Malik et al., 2016; Masila et al., 2014). While higher occurrences of ocular involvement above 75% have been reported in the USA and the UK (Brahm et al., 2009; Kulkarni et al., 2005), occurrences lower than 30% have been reported in Nigeria (Emem & Uwemedimbuk, 2012; Odebode et al., 2005), highlighting the variability in ocular injury rates across different populations and settings. 

The high prevalence in this study indicates significant disease burden and the need for early identification and appropriate ocular examination, including visual assessment in patients who may not conform to standardized visual assessment methods due to the TBI (Tukur et al., 2024). In this study, the visual acuity of 16 (2.4%) participants could not be assessed. Regardless, it was observed that 80 (62.02%) of the TBI patients had no vision impairment, consistent with findings that have reported normal visual acuity in over 2 thirds of patients with TBI (Brahm et al., 2009; Masila et al., 2014). Additionally, the presence of ocular findings showed a statistically significant association with vision impairment (P < .001 and P = .006 respectively), as evidenced by earlier research (Odebode et al., 2005; Pradeep et al., 2022).

RTAs were observed to be the main cause of TBI (48.84%), followed by assault (34.88%) as in previous studies (Gurung et al., 2024; Masila et al., 2014; Pattnaik, Panda & Swain, 2021). A study done in Zambia that assessed the factors associated with outcomes of patients admitted with TBI at the UTHs - Adult Hospital, also established RTA (56.9%) and assault (34.6%) as main causative factors (Mwala, Munthali & Chikoya, 2015). Males of median age 31 (interquartile range: 24 – 41), were the majority patients in our study (80.82%), consistent with earlier research (Brahm et al., 2009; Kulkarni et al., 2005; Masila et al., 2014; Shivran, 2020). This is because they are more likely to be involved in risky activities like alcohol consumption and are the major operators of motor vehicles and motor bikes, making them more susceptible to trauma. 

The anterior segment of the eye was more involved than the posterior segment, as with previous studies because trauma is frequently direct, hence affecting anterior-most structures more (Bhaskar & Gupta, 2024; Pradeep et al., 2022). The eyelid was the most involved structure, with oedema being the predominant finding, aligning with previous research (Pattnaik, Panda and Swain, 2021; Nalukenge et al., 2023). In contrast, a study from India found the conjunctiva as the most affected structure and subconjunctival haemorrhage as the commonest finding. The study also found a relatively low prevalence of neuro-ophthalmic complications like our study that reported 17.33% (Gayatri, Anjani and Madhuri, 2024). This was in contrast to other studies that reported higher rates (Gurung et al., 2024; Pradeep et al., 2022). These disparities could be due to variations in geographical location, study population demographics, circumstances surrounding the injuries, assessment methods and timing of examination.

There was no statistically significant association observed between the severity of TBI and the occurrence of ocular injuries in general. This is contrary to findings in Kenya where a positive correlation was established between severe head injury and occurrence of ocular signs (Masila et al., 2014). Additionally, in Nigeria, a study showed that almost half of the ocular injuries among head injury patients presented in patients with a GCS of 13–15 and those with GCS < 8 manifested with severe ocular injuries (Odebode et al., 2005).

Conjunctival injury and neuro-ophthalmic manifestations had significant statistical association with the severity of TBI and were more present in moderate and severe TBI compared to mild TBI. A hospital-based study in Nepal found a similar association with conjunctival injuries, but in contrast, observed that mild head injury patients exhibited a greater prevalence of neuro-ophthalmic manifestations in moderate or severe head injuries (Garung et al., 2024). This discrepancy brings to light the importance of ocular examination in all TBI patients regardless of severity. 

Out of the multivariable logistic regression analysis that was conducted in our study, facial and/or scalp haematomas and facial asymmetry were found to be independently associated with increased odds of ocular injury. This association suggests that a TBI patient presenting with any of these two findings potentially has ocular injuries and therefore targeted timely ocular examinations and interventions in such patients may potentially lead to improved patient outcomes. The presence of facial asymmetry or haematomas could indicate maxillo-facial injuries which have been linked to ocular injuries (Sahu et al., 2024).


5. Conclusion

This study provides valuable insights into the burden and characteristics of ocular injuries in TBI patients, revealing a high prevalence (58.14%) and increased risk of ocular involvement among those with haematomas of the face or scalp, and facial asymmetry. It also revealed that the eyelid and conjunctiva are the most affected ocular structures and highlighted significant associations between conjunctival involvement and neuro-ophthalmic manifestations with moderate and severe TBI. These findings underscore the need for timely comprehensive ocular examination and treatment for all TBI patients, so that potential ocular disabilities, vision impairment, and subsequent socio-economic challenges, are prevented.


6. RECOMMENDATIONS

· Prompt thorough ophthalmological assessment with adequate follow up, without bias to severity of the TBI is recommended, supported by the provision of basic ocular assessment tools in emergency units.
· Formulation of treatment protocols for ocular injuries which must be widely disseminated to emergency units and taught to first line responders and follow-up care givers.
· Public health campaigns on road safety and alcohol abuse as these are the likely drivers of the 2 commonest causes of TBI (RTA and assault) 
· Future studies on ocular injuries among TBI patients with a prospective cohort study design, larger sample size, and more refined assessment tools is recommended.


7. LIMITATIONS

Some participants could not cooperate fully with some aspects of the ocular examination due to the nature of their TBI and a few had extensive periorbital trauma that hindered complete assessment due to restricted exposure of the eyeball. Additionally, some ocular findings that are not clinically apparent in the first few days of a TBI could have been missed. This also includes those identifiable only by slit lamp biomicroscopy and not by pen torch or indirect ophthalmoscopy. Furthermore, some covariates had very small result proportions and as such could not be included in the analytical models. Therefore, a prospective study with a larger sample size is recommended for future studies.
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