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Background/Significance: Much of the literature on head injury (HI) prevalence comes from high-income countries (HICs), despite the disproportionate burden of injuries in low to middle-income countries (LMICs). This study evaluated the HI prevalence in the Kintampo Injury Registry, a collaborative effort between Kintampo Health Research Centre (KHRC) in Ghana and the sidHARTe Program at Columbia University Mailman School of Public Health. In our first aim, we characterize the HI prevalence in the registry. In aim 2, we examine if there are any sex (male/female) differences in head injury outcomes in these populations for points of potential intervention.

Methods: Secondary analysis of data from the Kintampo Injury Registry which had 7,148 registered patients collected during January 2013 to January 2015. The definition of a case was adopted to ensure consistency with the International Statistical Classification of Diseases and Related Health Problems, revision 10 (ICD-10). A 3-page questionnaire was used to collect data from injured patients to include in the registry. The questions were designed to be consistent with the World Health Organization (WHO) guidelines on injury surveillance and were adapted from the questionnaire used in a pilot, multi-country injury study undertaken in other parts of Africa. The questionnaire collected information on the anatomic site of injury (e.g., head), mechanism of injury (e.g., road traffic injuries, interpersonal injuries (including domestic violence), falls, drowning, etc.), severity and circumstances of the injury, as well as precipitating factors, such as alcohol and drug use. The questionnaire consisted mainly of close-ended questions and was designed for efficient data entry. For the secondary data analyses for this manuscript, we only included those with “1st visit following injury” and excluded all transfers and follow-up visits (n = 834). We then dichotomized the remaining 6,314 patients to head injured and non-head injured patients based on responses to the variable “Nature of injury =Head Injury”. We used chi-square and Fisher's exact tests with p < 0.05 as cut-off for statistical significance. Logistic regression estimates were used for effect estimates.

Results: Of the 6,314 patients, there were 208 (3.3%) head-injured patients and 6,106 (96.7%) patients without head injury. Head-injured patients tended to be older (Mean age: 28.9 +/-13.7; vs. 26.1 +/- 15.8; p = 0.004). Seven in 10 head injured patients sustained their injuries via transport/road traffic accidents, and head-injured patients had 13 times the odds of mortality compared with those without head injuries (OR: 13.3; 95% CI: 8.05, 22.0; p < 0.0001) even though over half of them had mild or moderate injury severity scores (p < 0.001). Evaluation of sex differences amongst the head-injured showed that in age-adjusted logistic regression models, males had 1.4 times greater odds of being head injured (OR: 1.4; 95% CI: 1.04, 2.00; p = 0.03) and over twice the risk of mortality (OR: 2.7; 95% CI: 0.74, 10.00; p = 0.13) compared to females.

Conclusion: In these analyses, HI was associated with a higher risk of mortality, particularly amongst injured males; most of whom were injured in transport/road-traffic-related accidents. This study provides an impetus for shaping policy around head injury prevention in LMICs like Ghana.
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INTRODUCTION

Head injuries (HI) represent more than 50% of all injuries and are one of the leading causes of death and disability globally (1, 2). They not only result in many years of productive life lost, but also impose immense economic costs for individuals, families, and societies (3). Commonly referred to as brain injury or traumatic brain injury (TBI) (4), head injuries can be presented as mild i.e., a bump, bruise (contusion), cut on the head, or moderate to severe. According to the most recent reports from the Global Burden of Diseases Study, from 1990 to 2016, the age-standardized incidence and prevalence of TBI increased by 3.6 and 8.4%, respectively, and there were 27.08 million new cases of traumatic HI in 2016 alone (3); making the injury more common than breast cancer, spinal cord injury, HIV/AIDS, and multiple sclerosis (MS) combined. Epidemiological studies estimate that 57 million people worldwide live with the neurological sequelae of HI, of which 10 million require hospital-based care (5). However, much of these estimates are based on data from predominantly global north populations with little to no representation of low and middle-income countries (LMICs), particularly those in the African region (1, 6–8). To move the public health needle forward and further inform clinical care, scientific publications should be more inclusive of diverse racial, ethnic, cultural and social groups globally. More research from the African region is needed to better understand the global variations in head injury prevalence and develop comprehensive and inclusive policies to address global disparities in head injury morbidity and mortality.

Investigators across parts of the African region have been taking steps in recent years to develop hospital-based trauma registries in several sub-Saharan African (SSA) countries to increase the generalizability and representation of African countries in epidemiologic reports (9–14). Few, however, have provided assessments of the head injury prevalence across these populations. Injuries have long been recognized as an important cause of morbidity and mortality in the West African country of Ghana (15–17). However, little exists in the literature on the demographic and injury-related attributes of those who sustain head injuries.

Heeding the call to “Advance the Representation of Minoritized Groups and Social Determinants of Health in Brain Injury Research,” we determine the head injury prevalence in a population of injured patients presenting for care in two Emergency Department facilities located in the middle-belt region of Ghana. We describe the demographic and injury-related attributes of the head-injured and secondly examine if there are any sex (male/female) differences in head injury outcomes in the population for points of intervention. To the best of our knowledge, this is the first epidemiological assessment of the burden of head injuries in the middle-belt region of the country, an area of the country that is often underrepresented in the literature. The overall goal of this endeavor is to advance the diversification of the scientific investigation of the global burden of head injuries by providing data from an underrepresented part of the world.



METHODS


Setting

Ghana is a West African nation with a population of 30.8 million (18). Over the last three decades, Ghana's urban population has more than tripled, rising from 4 million to nearly 14 million people, and outpacing rural population growth (19). Ghana's per capita income as at 2017 was 1,641.49 USD, and the country is now classified among lower-middle-income countries (19).



The Kintampo Injury Registry

Data on injuries in Ghana are currently collected within the routine health management information system of various health facilities. This is done across all health facilities in the country, but in a non-standardized form. Therefore, the depth of inquiry into cases of injuries varies from one facility to another, making it nearly impossible to collate and analyze data across different facilities. It is against this background that the Kintampo Health Research Centre (KHRC), in collaboration with the sidHARTe–Strengthening Emergency Systems Program at Columbia University Mailman School of Public Health, initiated a pilot, facility-based injury registry in two hospitals in the Brong Ahafo Region of Ghana during the period from January 2013 to January 2015. The two facilities included in this initiative were the Brong Ahafo Regional Hospital in Sunyani (which serves a predominant urban patient population) and the Kintampo Municipal Hospital in Kintampo (which serves a predominantly sub-urban and rural patient population) (See map, Figure 1). The objective of this initiative was to gain experience in the establishment and maintenance of an injury registry in Ghana, analyze the data and make recommendations to inform the implementation of a national injury registry that would be more homogenous and accessible than the fragmented systems in place. The pilot project was initially intended to run for 12 months but was extended for an additional 12 months to be able to capture seasonal variations in injury trends over the data collection period.
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FIGURE 1. Map of Ghana showing the two study sites, Sunyani and Kintampo.




Case Definition

A case was classified as an injury and eligible to be entered into the registry when there was physical damage to a person resulting from sudden exposure to intolerable levels of energy. The injury could be in the form of bodily lesions or due to impairment of function resulting from a lack of one or more vital elements (i.e., air, water, heat), as in strangulation, drowning or freezing. The energy causing the injury could be mechanical (e.g., impact with a moving or stationary object, such as a surface, knife, or vehicle), radiant (e.g., a blinding light or a shock wave from an explosion), thermal (e.g., air or water that is too hot or too cold), electrical or chemical (e.g., a poison or an intoxicating or mind-altering substance such as alcohol or drugs). This definition was adopted to ensure consistency with definitions in Chapters XIX and XX of the International Statistical Classification of Diseases and Related Health Problems, revision 10 (ICD-10) (20). We included injuries of all severities, including head injury.

Informed consent was obtained from each injured person before inclusion in the registry. For children (<18 years), and adult patients (≤ 18 years) who arrived in an unconscious or severe state, consent was obtained from adult relatives. Ethical and administrative approval for the project was obtained from the Institutional Ethics Committee of KHRC, the Institutional Review Board at Columbia University and authorities of the participating health facilities.



Instrument and Data Collection

A 3-page questionnaire was used to collect data from injured patients. The questions were designed to be consistent with the WHO guidelines on injury surveillance (20) and were adapted from the questionnaire used in a pilot, multi-country injury study undertaken in five African countries in 2006 (21). The questionnaire collected information on the anatomic site of injury (e.g., head), mechanism of injury [e.g., road traffic injuries, interpersonal injuries (including domestic violence), falls, drowning, etc.], severity and circumstances of the injury, as well as precipitating factors, such as alcohol and drug use. The questionnaire consisted mainly of closed-ended questions and was designed for efficient data entry.

The questionnaire was administered by trained personnel with a minimum qualification of an undergraduate degree (site coordinators) and trained regular health service staff of the two hospitals. These personnel were selected as site coordinators instead of health workers in order to reduce the cost of maintaining the registry. Staff was on hand 24 h a day, seven days a week, for recruitment and questionnaire administration. To ensure 24-h coverage for the capture and entry of cases, staff whose work related directly to the management of injuries were also trained to administer the questionnaire. Although the questionnaire was created in English, it was administered in the local language, mostly Twi.

While interviewers were encouraged to register cases as soon as patients arrived at the facility, detailed questionnaire administration was delayed until the patient had been stabilized. When an injured person was not in a position to be interviewed, a relative or another proxy who was present when the injury occurred was interviewed. After the patient had been stabilized and was able to interact, the information provided by the proxy was confirmed with the patient. When an injured person was admitted to the hospital, the registry was updated daily. Proxy interviews were conducted for those who had died at the time of the interview. No direct identifiers (e.g., names) were used on the data collection forms. Hospital identification numbers were used to follow up with patients. Each site was provided with a locked cabinet where completed forms were stored until the project coordinator collected them for data entry. The data obtained was kept strictly confidential and made available only to persons connected with the study.



Analyses

For this paper, we conducted a retrospective, secondary data analyses of the 7,148 patients recruited and enrolled in the Kintampo Injury Registry over the 24 month recruitment period to identify and analyze the head injury data. We only included those with “1st visit following injury” and excluded all transfers and follow-up visits (n=834), leaving 6,314 patients to analyze. “Head injury” was classified as a “Yes” if “Nature of injury =Head Injury” was selected. We dichotomized the remaining study sample of 6,314 patients into head injured and non-head injured patients and compared the groups using chi-square and Fisher's exact tests, with p < 0.05 as the statistical cut-off for significance. Logistic regression estimates were used to determine crude and age-adjusted effect estimates comparing various outcomes within the head-injured subgroup.




RESULTS

Of the 6,314 patients, there were 208 (3.3%) head-injured patients and 6,106 (96.7%) patients without head injury (Table 1). Head injured patients tended to be older (Mean age: 28.9 +/-13.7; vs. 26.1 +/- 15.8; p = 0.004), with over half between the ages of 20 and 39. The proportion of injured male patients outnumbered that of females, and 3 in 4 head-injured patients (75.6%) were male (p = 0.0138) and had not attained any tertiary education (p = 0.0095).


Table 1. Demographic characteristics of head injury patients in the Kintampo Registry (n = 6,314).

[image: Table 1]

There were several statistically significant differences in injury attributes between the head-injured patients and those without head injuries (Table 2). Although most patients arrived via taxi or commercial vehicle, head injured patients were more likely to be transported via ambulance than non-head injured patients (8.7 vs. 3.8%; p < 0.001). A greater proportion was either dead on arrival or unconscious (p < 0.001) even though over half had mild or moderate injury severity scores (p < 0.001) based on the Kampala Trauma Score (KTS II), which has been deemed as effective as other scoring systems for predicting patient mortality in LMIC settings (22). Although 93% of head-injured patients (vs. 75% of those without head injuries) were discharged without consequence, a significantly greater proportion was either referred to higher-level facilities or succumbed to their injuries and died (p < 0.001). Head injured patients had 13 times the odds of mortality compared to those without head injuries (OR: 13.3; 95% CI: 8.05, 22.0; p < 0.0001) (data not shown).


Table 2. Injury characteristics of patients in the Kintampo Registry, stratified by head injury status (n = 6,314).

[image: Table 2]

To better understand the head-injured patients' outcomes (and possibly the care), we cross-tabulated the level of consciousness and injury severity with the patients' discharge dispositions in Table 3. Of the 177 majority who arrived conscious, 150 (84.8%) were discharged alive and well. However, the greatest morbidity and mortality burden was observed in the 26 patients who arrived unconscious at the hospital facilities. Eight (30.8%) were referred to a more equipped facility for higher-level care, 11 (42.3%) died, and only 6 of the 26 (23.1%) were discharged without event. Using the Kampala Trauma Score (KTS II) (22) to evaluate the association between injury severity at arrival and discharge status revealed that the majority of patients had mild to moderate KTS II scores. However, over a third of those with severe injuries (34.6%) were referred to more equipped facilities and over a quarter (26.9%) died.


Table 3. Level of consciousness at arrival, Kampala Trauma Score (KTS II) and discharge dispositions amongst patients with head injuries.
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To fulfill the study's 2nd objective, we examined sex differences in head injury outcomes for points of intervention. Figure 2 shows that regardless of sex, 70% of patients sustained their injuries in transport-related events. For males, the 2nd most common mechanism was falls from height (8.9%), and for females, it was domestic violence (7.8%). When evaluating if sex predicts the odds of head injury (Table 4), age-adjusted models showed that males had 1.4 times the odds of head injuries compared to females (p = 0.03) and 2.7 times the odds of mortality from head injuries (p = 0.13); though the latter lacked statistical significance.


[image: Figure 2]
FIGURE 2. Mechanism of injury amongst head-injured patients, stratified by sex (%).



Table 4. Sex-predicted outcomes for patients in the Kintampo Registry.
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DISCUSSION

According to the World Health Organization (WHO), approximately 85% of the world's population resides in low and middle-income countries (LMIC), where 90% of injuries occur (2, 8, 23). Yet injuries in these resource-limited health contexts are under-represented across the literature. The global incidence rate of HI is estimated at 200 per 100 000 people per year. However, as discussed earlier, this rate is grossly under-estimated due to the under-representation of cases in several LMICs. Despite this methodological limitation, it cannot be denied that many years of productive life are lost to HI each year and survivors are faced with years of disability and subsequent impairments in their quality of life. The economic ramifications of the injury on individuals, families, and society at large also cannot be overstated, particularly since the injury tends to affect people in the “prime” years of their lives. Understanding the HI prevalence in resource-limited settings such as Ghana presents opportunities for the creation of policies and interventions that have the potential to reduce the injury's impact on the individual and across all levels of community and society.

This study evaluated the HI prevalence in the Kintampo Injury Registry, a collaborative effort between Kintampo Health Research Centre (KHRC) in Ghana and the sidHARTe Program at Columbia University Mailman School of Public Health. The HI prevalence was 3.3% in our study population, which translates to a population burden of 3,294 head injuries per 100,000, a substantial increase above the global average. However, to most global HI researchers, this estimate may not be a surprise, as it is on par with other countries in the region, such as South Africa, which has an annual TBI rate that is 1.5 to 3.5 times that of the global estimate (8). LMICs carry not only the world's greatest burden of all injuries but also bear the global burden of head injuries. In assessing HI patients' utilizing of an academic neurosurgery unit in Nigeria, Adeleye et al. (24) found that 78% of their patients were managed non-operatively, 11.6% received operative care, and many other surgical candidates died before surgery or had no funding for this undertaking. In reviewing our findings, some critical questions come to mind: how were the patients triaged? What clinical interventions did they receive in-hospital? What was the financial impact of the injury, and who assumed those financial liabilities? The clinical interventions required by these head-injured patients, and their associated costs, are critical factors for stakeholders, policymakers and funders to consider as they strategize and prioritize the needs of patients in LMIC settings. As shown by Brouillette et al. (25), even if the annual case volume of Ghanaian and US trauma centers are equivalent, Ghanaian institutions tend to be under-resourced, under-staffed, and over-burdened with a disproportionately larger number of trauma cases, severe fractures, and infections compared to the more-resourced American facility. Equitable distribution of training resources and interventions should be on the agenda for stakeholders and funders as we move forward in the agenda to address TBI-related health disparities globally.

Our study's findings echo that of research teams in South Africa (8), Ethiopia (14), Rwanda (11), and Nigeria (13, 21, 24, 26), which show an increased and increasing burden of head injuries across the African continent and expose the vulnerability of Africa's growing populations to transport/road traffic-related head injuries. Rapid global expansion, infrastructure development, and increasing motorization across the African continent have collided with extensive deterioration of national road infrastructures, which has resulted in a daily deluge of road-traffic-related cases of HI in most clinical facilities (24, 26, 27). Ironically, after their injuries, most patients in our study were transported across the same, suboptimal road infrastructures to the hospital facilities via taxis/commercial vehicles rather than ambulances, threatening their chances for survival. Mode of arrival may not impact those with “mild” or moderate head injuries (who were often discharged without consequence). However, for those with more severe head injuries, ambulance transport could improve their chances for survival by reducing the “golden hour” (27, 28). In our study, a more significant proportion of head-injured patients arrived at the hospital dead or unconscious, and head-injured patients had 13 times the odds of mortality compared to those without head injuries (OR: 13.3; 95% CI: 8.05, 22.0; p < 0.0001) yet ambulance use was greater in the head-injured than the non-head injured group. Are ambulances well equipped to traverse the poor road infrastructures? What was the average time to hospital arrival? What interventions were administered to patients in the ambulances? Were head-injured patients dead on ambulance arrival? The answers to these questions require extensive mixed-methods assessments that will aid health disparities researchers and implementation scientists to better understand and improve HI outcomes for populations in LMICs.

Recently, the literature on “gender as a social determinant of health” has gained immense momentum, partly due to the COVID-19 pandemic, which shed light on the detrimental impact of gender norms on health equity and well-being (29). Our second aim sought to identify potential intervention points by looking at sex differences in HI outcomes. Our results showed that although there were no statistically significant differences in injury mechanism, males were more likely to sustain a head injury than females and males were more likely to die from their head injuries than their female peers. Why is there such a difference between the sexes? Why are men more likely to succumb to their injuries than women when their mechanisms of injury are mostly due to road traffic/transport-related accidents? In a highly gendered society like Ghana (30), where norms often dictate status, we must better understand the direct and indirect cultural, economic, and societal ramifications of these injuries on the victims. What happens to women and children when the male breadwinner dies or is disabled from an injury? Do survivors suffer any post-traumatic effects? How are their functional outcomes after injury? Longitudinal assessments are needed to better understand the long-term, out-of hospital consequences of HI in LMIC settings as being “discharged alive and well” may not correlate with quality of life outcomes (31). Research is also needed to better understand the role of domestic violence/disputes on women's long-term outcomes after HI, since Sub-Saharan Africa (SSA) has one of the highest rates of intimate partner violence (32).



STRENGTHS AND LIMITATIONS

Our study's strengths lie in the large sample size of over 6,000 patients, which accommodated various statistical evaluations in these secondary data analyses. Our comprehensive approach to data collection also limited the frequency of missing data and reduced the need for imputations. Thus, the results reflect the actual responses of the study participants. The study, however, is limited in its generalizability to facilities across the entire country of Ghana, as the data was collected only the middle-belt region of the country.



CONCLUSION

Head Injury is one of the leading causes of morbidity and mortality globally, and Ghanaians are no exception. Our results showed that HI was a significant risk for mortality; particularly amongst males. Data on the in-hospital procedures performed on the patients and longitudinal assessments of their long-term outcomes will better contextualize future research endeavors. This study provides the impetus for shaping prevention and treatment policy around HI prevention in LMIC's like Ghana.
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