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Purpose: Traumatic brain injury (TBI) is a leading cause of morbidity and mortality in low- and middle-income countries (LMICs). Hospital care practices of pediatric TBI patients in LMICs are unknown. Our objective was to report on hospital management and outcomes of children with TBI in three centers in LMICs.

Methods: We completed a secondary analysis of a prospective observational study in children (<18 years) over a 4-week period. Outcome was determined by Pediatric Cerebral Performance Category (PCPC) score; an unfavorable score was defined as PCPC > 2 or an increase of two points from baseline. Data were compared using Chi-square and Wilcoxon rank sum tests.

Results: Fifty-six children presented with TBI (age 0–17 y), most commonly due to falls (43%, n = 24). Emergency department Glasgow Coma Scale scores were ≤ 8 in 21% (n = 12). Head computed tomography was performed in 79% (n = 44) of patients. Forty (71%) children were admitted to the hospital, 25 (63%) of whom were treated for suspected intracranial hypertension. Intracranial pressure monitoring was unavailable. Five (9%, n = 5) children died and 10 (28%, n = 36) inpatient survivors had a newly diagnosed unfavorable outcome on discharge.

Conclusion: Inpatient management and monitoring capability of pediatric TBI patients in 3 LMIC-based tertiary hospitals was varied. Results support the need for prospective studies to inform development of evidence-based TBI management guidelines tailored to the unique needs and resources in LMICs.
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Introduction

Despite global progress in reducing deaths in children, injury remains a significant contributor to mortality in children of all ages, with the majority of such events occurring in low- and middle-income countries (LMICs) (1–3). Traumatic brain injury (TBI) in particular is a leading cause of death and disability worldwide across all age groups (4–7). Patients with severe TBI in sub-Saharan Africa have nearly twice the mortality risk compared to those in high-income countries (HICs) (8).

Evidence- and consensus-based guidelines for the care of children with concussion and severe TBI published by HICs presume the availability of emergency transport, devices and technologies, expert medical and surgical personnel, rehabilitation services, and systems resources that are often unavailable in LMICs (9, 10). Recently published public policy recommendations highlight the need for all stakeholders to recognize and invest in expanded access to resources to improve outcomes for patients with head and spine injuries in LMICs; however, evidence to identify unmet needs to help prioritize resources for pediatric TBI care in LMICs is lacking (11).

The parent study for this work, the Prevalence of Acute critical Neurological disease in children: a Global Epidemiological Assessment-Developing Countries (PANGEA-DC), reported the epidemiology and outcomes of children presenting with TBI and infectious encephalopathy in four sub-Saharan African centers (12). This new secondary analysis aimed to provide a detailed description of the clinical management of children with TBI. The objective was to examine current clinical monitoring, testing, and therapeutics practices for children presenting with TBI.



Methods


Location

This was a secondary analysis of a prospective observational study conducted over a 4-week period (PANGEA-DC) (12). Three hospitals contributed data for TBI patients: Tikur Anbessa Hospital of Addis Ababa University (Addis Ababa, Ethiopia), Kenyatta National Hospital (Nairobi, Kenya), and University Teaching Hospital (Kigali, Rwanda). Sites started individual data collection shortly after local IRB approval was completed. Thus, Kenya and Rwanda sites collected data from October-November 2015 and Ethiopia from July-August 2015. The Ghana site from PANGEA-DC did not enroll any TBI patients during the study period and thus was not included in this secondary analysis. The study was approved by the Institutional Review Board of the University of Pittsburgh and at each study site.

All three study centers are public, tertiary referral centers with a university affiliation and locally available emergency medical transport systems. The highest level of training for pre-hospital care providers was basic life support, if any formal training had been completed at all. Availability of transport services varied substantially based on patient location, current traffic and equipment conditions, and ability to pay for services. Each center can provide non-invasive and invasive mechanical ventilation and perform routine laboratory studies and head computed tomography (CT) scans on site (Supplementary Table 1). All centers reported access to neurosurgical consultation but only the Ethiopia site reported 24-h access to a neurosurgeon. No site had existing local guidelines for management of pediatric TBI or a trauma system. No centers have invasive intracranial pressure (ICP) monitoring available for TBI management. Inpatient physical therapy (PT) was available in Rwanda and Kenya, and occupational therapy (OT) was available in Ethiopia and Kenya.



Data collected

Children aged 0–18 years presenting to the emergency department (ED) with TBI were included in the analysis. Inclusion criteria consisted of a complaint of traumatic brain injury of any severity in a patient aged 18 years or younger. Exclusion criteria were history of bleeding disorder and pregnancy. Through manual paper chart review, sites collected patient demographics, injury and pre-hospital care, neurological status [e.g., Glasgow Coma Scale (GCS) score], laboratory and brain imaging studies performed in the first 24 h, highest level of care, organ supports and monitoring, therapeutics for clinically suspected intracranial hypertension (ICH), inpatient rehabilitation, and hospital discharge outcome. Clinicians were queried specifically about the following interventions used to treat presumed ICH: sedatives/analgesics, hyperosmolar therapy (hypertonic saline and/or mannitol), or decompressive craniectomy. Not all therapies were available for each patient. All inpatients treated for ICH had reported availability of sedatives and analgesics (e.g., opiates, barbiturates, etc.), along with the ability to perform decompressive craniectomy and administer mannitol. Hypertonic saline was only available to the patients enrolled from the Kenya site.

These data were entered by a combination of site principal investigators and research coordinators, depending on staff availability, and thus blinding was not consistently completed.

The primary objective was to report monitoring, testing, and therapeutic practices across the care continuum (pre-hospital, hospital, discharge). The primary outcome was patient neurological outcome, ranging from no disability to death, at hospital discharge using the Pediatric Cerebral Performance Category (PCPC) score (13). Favorable outcome was defined as a discharge PCPC score of 1 or 2, reflecting no or mild disability. An unfavorable outcome was defined as a discharge PCPC score of 3–6 or death, reflecting at least moderate disability, or a change of ≥2 from baseline (13).



Study definitions

Physiologic parameter limitations were set based on published pediatric severe TBI guidelines (9). Hypotension was defined as systolic blood pressure <70 mmHg + age in years x2 up to 90 mmHg, hypothermia as temperature <36°C, hyperthermia as temperature >37.5°C, hypoxemia as oxygen saturation of <92%, bradycardia as heart rate <60 beats per minute, and tachycardia >120 beats per minute for children under 12, and >100 beats per minute for those age 12 and older. Severe TBI was defined as a presenting GCS score (obtained on arrival to the site ED) of 3–8, moderate as 9–13, and mild as 14–15. Suspected ICH was determined clinically by the treating team. Polytrauma was defined as patients having one non-neurological system injured and was determined by the treating team.

Descriptive statistics are presented as median with interquartile range (IQR) as data were non-parametric. When data for GCS score and discharge disposition were missing, patients were excluded, resulting in exclusion of two patients total from the initial cohort of 58 patients. In the remaining cases, missing data were not imputed; thus, when the total sample size for a variable was less than the number of enrolled patients (56), denominators are provided. Data were analyzed using Chi-square test and Wilcoxon rank sum test as appropriate. All p-values < 0.05 were considered statistically significant. Stata (College Station, TX, 2019) was used for statistical analysis.




Results


Patients and TBI presentation

Fifty-six children presenting to the ED of one of our participating study centers with TBI were enrolled on admission and followed to hospital discharge. Thirty-seven (66%) patients were enrolled from Ethiopia, 7 (13%) from Kenya, and 12 (21%) from Rwanda. Table 1 contains demographic and injury details grouped by TBI severity. Most (96%, n = 54) patients were previously healthy. Twenty-seven percent (n = 15) were female. The most common causes of injury were falls (n = 24, 43%) followed by motorized vehicle accidents (n = 14, 25%). Twenty-six of 51 (53%) had polytrauma. Seventy-three percent (n = 41) of patients had a reported loss of consciousness at some point following injury. Figure 1 demonstrates patient flow from pre-hospital through hospital admission.


TABLE 1 Patient demographics and injury details by TBI severity.
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FIGURE 1
 Patient flow diagram. This figure demonstrates the flow of our patients from the pre-hospital, emergency department, and in-hospital settings. OR, operating room; PICU, pediatric intensive care unit.




Pre-hospital

Seventy-seven percent (n = 43) of patients were transferred to the study center from another medical facility. Of these patients, two thirds (67%, n = 29) were transported by ground ambulance with the remaining patients brought in by public (23%, n = 10) or private (10%, n = 4) transport. Basic life support trained personnel represented the highest level of care available for medical transportation for all patients. Median distance traveled to the referral center was 60 kilometers (IQR 10–147 km). Median transport time was 80 min (IQR 40–180 min).



Emergency department

Physiological parameters were not consistently measured across patients with 31 patients (55%) having a complete set of vital signs recorded (blood pressure, heart rate, temperature, respiratory rate, and oxygen saturation). Heart rate was measured in 89% (n = 50), axillary temperature in 88% (n = 49), respiratory rate in 86% (n = 48), oxygen saturation in 80% (n = 45), and blood pressure in 60% (n = 33). For those with vital signs recorded, 15% were hypotensive for age (5/33), 8% were hypothermic (4/49), 8% were hyperthermic (4/49), and 13.5% were hypoxemic (6/45) (Table 2).


TABLE 2 Initial emergency department physiologic assessment and management by TBI severity.
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Forty children were admitted to the hospital, 15 children were discharged home, and one child died in the ED. The median ED GCS score of those children admitted to the ward was 15 (12–15, n = 27), to the pediatric intensive care unit (PICU) 6.5 (5–7, n = 6), and of those taken directly to the operating room (OR) 12 (10–15, n = 7). Three of 15 (20%) patients discharged from the ED had a presenting GCS <15, which may be due to the fact that serial GCS measurements were not collected. Two thirds (27/41) of males were admitted compared to 87% (13/15) of females, correlating with proportions of TBI severity in males (63% mild [n = 26], 17% moderate [n = 7], 20% severe [n = 8]) vs. females (53% mild [n = 8], 20% moderate [n = 3], 27% severe [n = 4]).

The majority (34/40, 85%) of patients who were admitted to the hospital had laboratory values analyzed on admission; the most common abnormality was anemia (74%, 25/40). No patients had electrolytes outside of sodium and glucose or markers of end organ function checked (e.g., creatinine, alanine aminotransferase, aspartate aminotransferase). All of the patients who were transferred to the OR directly from the ED had a white blood cell count, hemoglobin, and hematocrit measured. Blood sodium testing was performed in eight patients, five of whom had hyponatremia (sodium <135 mEq/L). Three patients had an arterial blood gas with lactate analyzed in the ED, one of which demonstrated an acidosis with an abnormally elevated lactate (>2 mmol/L). No other labs were obtained in the emergency department.

A head CT was performed in 44 (76%) patients, 82% (36/44) of which had abnormal results, detailed in Figure 2. The most common abnormality was cerebral contusion (15/44, 34%) followed by subdural hematoma (9/44, 20%). Skull fractures and extra-calvarial injuries were not classified, nor was the presence of cerebral edema, midline shift, or herniation. Six patients had multiple abnormalities noted.
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FIGURE 2
 Abnormal computed tomography findings by TBI severity. This figure demonstrates the distribution of abnormal head computed tomography findings in patients between TBI severity groups (mild TBI [GCS score 14–15, black columns], moderate TBI [GCS 9–13, checkerboard columns], severe TBI [GCS 3–8, dotted columns]). The x-axis contains the various abnormal intracranial findings noted on imaging; the “n” at the top of the bar represents total number of patients that had that particular radiographic finding while total group n of patients with imaging in each TBI severity is given in the lower legend (mild TBI, n = 26; moderate TBI, n = 8; severe TBI, n = 11). The y-axis represents the percentage of patients that had those radiographic findings. TBI, traumatic brain injury.


No vasopressors or inotropes were initiated in the ED. One patient required endotracheal intubation in the ED and was admitted to the PICU.



Inpatient

As mentioned previously, 40 children (71%) were admitted to the hospital; 27 to the inpatient ward, 6 to the PICU, and 7 were taken directly to the OR from the ED. In the PICU, continuous pulse oximetry was used in all six patients, while 5/6 were monitored with a continuous cardiovascular monitor. One had a central venous catheter and two had arterial catheters placed. On the ward, continuous pulse oximetry was more common (19/27, 70%) than cardiovascular monitoring (2/27, 7%). Table 3 details monitoring and interventions carried out in patients classified by their initial touchdown location after ED admission.


TABLE 3 Inpatient monitoring and interventions separated by highest level of care.
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No inotropes or vasopressors were used for any hospitalized patient (n = 40). Five patients were mechanically ventilated (4/5 were intubated after admission from ED) (Table 3); all had a presenting GCS ≤ 8. Median duration of mechanical ventilation was 7 days (IQR 5–11). No additional GCS scores were obtained. A standard EEG was performed for one patient admitted to the ward who experienced clinical seizures on day 1 of hospitalization. No patient had continuous EEG, brain ultrasound, or brain magnetic resonance imaging performed.

Over half (n = 25, 63%) of inpatients were treated for presumed ICH; 64% of those treated (16/25) received multiple therapies during their hospitalization. The most common treatment overall were sedatives/analgesics (21/25, 84%). Mannitol was the hyperosmolar therapy of choice and utilized more frequently than hypertonic saline (7/25 [28%] vs. 1/25 [4%]). Figure 3 outlines individual therapies utilized. Decompressive craniectomy for suspected ICH was performed in 40% (10/25) of patients at a median 1.5 days. There was no significant difference between utilization of decompressive craniectomy between mild vs. moderate vs. severe TBI (p = 0.125).
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FIGURE 3
 Intracranial hypertension directed therapy compared by TBI severity. This figure compares the use of various intracranial hypertension (ICH) directed therapies between TBI severity groups (mild TBI [GCS score 14–15, black columns], moderate TBI [GCS 9–13, checkerboard columns], severe TBI [GCS 3–8, dotted columns]). The x-axis contains the various therapies separated by TBI severity; the “n” under the bar represents total number of patients who had that particular ICH therapy available to them during their hospitalization. Of note, the only therapy not available to all 25 patients who were treated for presumed ICH was hypertonic saline, which was available only for those patients with presumed ICH at the Kenya site (n = 5). The y-axis represents the percentage of patients that received ICH directed therapies. Notably, there was no significant difference in utilization of decompressive craniectomy between severity groups. TBI, traumatic brain injury; GCS, Glasgow Coma Scale.


Inpatient physical and occupational therapy had limited availability. Nineteen inpatients had physical therapists available to them, and nine patients (47%) were prescribed PT. Occupational therapists were less available (8/40) and utilized in one patient (Table 3). Of the 10 survivors with a worse PCPC score on discharge, three received PT; none received OT.



Outcomes and disposition

The proportion of children with pre-injury favorable PCPC scores was 95% (38/40); this dropped to 65% (26/40) at hospital discharge (72% in survivors [26/36]) (Table 4). There was no significant difference between proportion of favorable discharge PCPC score between males (17/27) and females (9/13) (p = 0.886). Higher GCS score on arrival to the hospital was associated with a favorable PCPC score on discharge (p < 0.001) (Figure 4).


TABLE 4 Inpatient outcomes separated by highest level of care.
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FIGURE 4
 Presenting Glasgow Coma Scale score compared to discharge PCPC score. This figure is a scatter plot with the x-axis containing the presenting Glasgow Coma Scale score and the y-axis representing the PCPC score on discharge. Higher GCS score on arrival to the hospital was associated with a favorable PCPC score, defined as a score of 1–2, on discharge (p < 0.001). A line of best fit was abstracted. GCS, Glasgow Coma Scale; PCPC, Pediatric Cerebral Performance Score.


Hospital mortality was 9% (5/56) overall; four of these deaths occurred in inpatients after hospital admission (Table 4). The patient who died in the ED had polytrauma including severe TBI and presented in shock. Eighty percent (4/5) of patients who died had severe TBI. The fifth death was in a ward patient with moderate TBI who had an intracranial hemorrhage on admission CT. All patients with craniectomy performed survived to discharge, as did 4 of 5 (80%) children who required mechanical ventilation.




Discussion

This secondary analysis of an observational multicenter study describes clinical practice patterns in pediatric TBI in tertiary care centers in LMICs and reports data that is crucial in laying the foundation for development of guidelines tailored to each region's resources. The main findings of this study include the following: (1) children with TBI were infrequently transported by emergency medical services despite a majority of them requiring transfer to the study site, (2) monitoring and testing tools were not routinely utilized, (3) medical and surgical ICH-directed therapy was frequently used in the absence of ICP monitoring, (4) rehabilitation services are limited, and (5) considerable variability in practice patterns exist that does not appear to be center-specific.

Reports suggest that although most trauma deaths in LMICs occur in the pre-hospital setting, pre-hospital care, when available, remains inefficient and expensive, and thus unaffordable for many (14, 15). Studies from HICs have established the importance of high-quality prehospital care during the “golden hour” of trauma in mitigating secondary brain injury and survival, yet this vital resource frequently remains inaccessible to TBI patients in LMICs (16, 17). Our patients, more than three quarters of whom required interhospital transport, did not have advanced life-support trained personnel available to them during this critical period. This was compounded by the need for interhospital transport over a wide range of distances, a common challenge in LMIC settings (18, 19). These data support the need for investment in expansion of pre-hospital care infrastructure in LMICs.

Evidence from HICs strongly supports maintaining normotension, normoxemia, normothermia, normoglycemia, and normonatremia post-TBI in children to prevent secondary brain injury and negative impact on outcomes (9, 20–22). In our study, a complete set of ED vital signs was obtained in 55% of patients who were admitted. Laboratory values were infrequently monitored in admitted patients. Contributing factors may include lack of evidence-based trauma guidelines and clinical pathways, inadequate staffing, and equipment availability – all postulated reasons that will be explored in future studies. Conversely, head CTs were obtained frequently despite the high proportion of patients with initially normal GCS scores, which may be due to inability to facilitate longer observation periods required when head CT is not obtained. Efforts toward implementing modified adult severe TBI guidelines from HICs that integrate low-cost monitoring and point-of-care testing have led to more efficient care and improved outcomes in single center LMICs, as reported by Kesinger et al. in a trauma center in Neiva, Colombia (23). These data support the importance of standardizing pediatric trauma-focused care in LMICs based on available resources.

Similar to practices in many other LMICs, clinical judgment was used to treat suspected ICH after TBI. The BEST:TRIP (“Benchmark Evidence from South American Trials: Treatment of Intracranial Pressure”) randomized controlled trial, conducted in LMICs prior to PANGEA-DC, reported no difference in outcomes of TBI patients aged 13 years or older with an ICP monitor compared to patients managed using a protocol derived from serial brain CTs and clinical judgement (24). This protocol was recently incorporated into expert consensus-based guidelines for severe TBI in adults (25). In terms of therapies for ICH, hypertonic saline infusion represents a promising therapy for suspected ICH in patients with TBI in LMICs due to its relative affordability, availability of point-of-care testing for blood sodium, and reports of safe peripheral administration and favorable hemodynamic profile compared to mannitol (26–29). Indeed, LMICs have reported increasing availability and safe use of hypertonic saline in children with TBI (30, 31). Of note, in our cohort, mannitol, not hypertonic saline, was the most frequently used hyperosmolar therapy due to lack of availability. Craniectomy was performed in almost half of hospitalized children to treat ICH; this appears to be consistent with practice patterns from LMICs in Asia (32). Data regarding aggregate of medical therapies prior to surgical management were not available in this study. Prospective study is critically needed in LMICs to inform locally-relevant, evidence-based guidelines for invasive and non-invasive assessment and treatment of ICH.

Nearly all patients in our study were previously healthy children, but one in three inpatient survivors had a poor neurological outcome at hospital discharge. Access to rehabilitative services was limited and utilization was infrequent. Literature from HICs suggests early neurorehabilitation improves outcomes in pediatric TBI (33–35). However, it is estimated that 60% of LMICs lack neurorehabilitation services, citing a lack of workforce, training, and equipment needed to provide such services effectively (11). To address this issue, consensus statements suggest conducting workshops for mid-level providers with involvement of patients recovering from TBI and their caregivers, along with utilization of telemedicine and medical partnerships (11).

There are significant limitations to our small study as an exploratory pilot, the first of its kind. These include the small number of centers and patients, asymmetric enrollment numbers (e.g., centers, TBI severity), and short-term outcomes. Data collection was conducted over 4-week periods, a brief period of time that does not address seasonality; although the large cohort of patients enrolled from Ethiopia compared to fewer patients enrolled from the other sites may be due to increased rate of pediatric TBI in the summer months. Details of clinical decision-making or classification are not available. Additionally, we did not collect laboratory or imaging results that were obtained beyond the first 24 h following presentation to the hospital, nor were we able to follow patients as they transitioned between different levels of care. This may have led to, for example, not capturing if patients clinically worsened after initial presentation and GCS score assignment, resulting in initiation of more aggressive ICH-directed therapy. Due to the observational nature of the study, standardization of the definition of clinically determined increased ICP across centers and providers was not possible. Due to small numbers, we are unable to control for variations in patient care strategies and outcome that may have occurred due to injury severity. Finally, as our data represent patient care at more resourced tertiary care centers, findings are less generalizable to district and smaller hospitals and more technologically advanced private hospitals. We may not have captured older pediatric patients cared for in adult hospitals as is more common in LMICs. Further, we may not have captured mild TBI cases that did not require transfer and/or severe cases that resulted in death before transfer.



Conclusions

The use of clinical monitoring, testing, and treatment of pediatric TBI patients in three LMIC tertiary care referral hospitals were highly variable. Overall mortality in our study was 9% and a quarter of survivors had an unfavorable PCPC score on discharge, which is consistent with epidemiological reports of high morbidity and mortality from TBI in Kenya, Ethiopia, and Rwanda (36–38). This mortality and morbidity rate is triple and double, respectively, what is reported in children in the United States, highlighting continued disparities between HICs and LMICs (39, 40). This exploratory study supports the need for multi-center prospective studies in LMICs to support evidence-based guidelines for the care of pediatric TBI patients of various severities across the care continuum.
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