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ABSTRACT 

Background and Significance 

Close monitoring and timely intervention improve survival and functional outcomes in severe 

traumatic brain injury (TBI), but their availability depends on institutional and national resources. 

Barrow Neurological Institute at Phoenix Children’s Hospital, USA (BPCH) and the University 

Hospital in Neiva, Colombia (NUH) compared the management and outcomes of pediatric 

patients with severe TBI over a 5-year period. 

Methods 

Retrospective chart review identified children aged 0 to 17 years with severe TBI admitted to 

BPCH and NUH. Data collected included demographics, Glasgow Coma Scores (GCS), pre- and 

post-admission management, mortality, and Glasgow Outcome Scores (GOS). Comparisons 

employed the Pearson Chi-square, Fisher exact, T-test or Wilcoxon-rank sum test, as appropriate. 

Results 

A total of 101 subjects met inclusion criteria (66 BPCH and 35 NUH). Study populations were 

similar in age, gender, and admission GCS (µ 5 SD + 2).  Cause and mechanism of injury varied 

between centers (p=0.000 and p=0.004), as did time from injury to arrival at the treating hospital 

(p=0.025).  BPCH had a higher incidence of intracranial hemorrhages, whereas NUH had a higher 

incidence of diffuse axonal injury. NUH employed invasive monitoring less frequently than BPCH 

(5/35 v. 45/66; p=0.000).  The use of surgical decompression and subdural evacuation was higher 

at BPCH (p=0.031 and p=0.003). Overall mortality rates were similar between institutions (15 % 

BPCH, 17% NUH) as were functional outcomes with low-to-moderate disability (52% BPCH, 54% 

NUH), and days of hospital (µ 33 BPCH, 28 NUH) and ICU utilization (12 BPCH, 13 NUH). 

Conclusions  

Despite variation in resource availability, monitoring capacity/utilization, and therapeutic 

approaches, there were no significant differences in survival and overall functional outcomes 

between study populations. 
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INTRODUCTION AND SIGNIFICANCE 

Traumatic Brain Injury (TBI) is an etiologically heterogeneous condition that represents a 

global public health issue with major socioeconomic impact [1]. Murray and Lopez found that, 

from the current global population, 57 million people have been hospitalized due to TBI at some 

point in their lives, and at least 10 million of those events have been severe enough to result in 

death or require hospitalization [2]. In the United States, pediatric TBI alone is estimated to have 

caused approximately 1,484 deaths, 17,930 hospitalizations and 641,935 emergency department 

visits in 2013 [3]. While epidemiological data on pediatric TBI in Latin America is limited, it is 

known that TBI-associated death rates are in excess of 75 per 100,000 in Latin America, and 

ascend to 125 per 100,000 in Colombia [4]. In Medellin, a major city in Colombia, TBI is the main 

cause of death in children [5].    

Evidence-based guidelines exist for the treatment of severe pediatric TBI. The Guidelines 

for the Acute Medical Management of Severe Traumatic Brain Injury in Infants, Children, and 

Adolescents were initially published in 2003 and most recently revised in 2012 by the Brain 

Trauma Foundation [6-7]. However, there are several elements that may impact the 

effectiveness of the proposed treatment strategies [8-10]. As resource limitations in developing 

countries are a major constraint to evidence-based care and effective decision making, the 

influence of these elements may vary from the developed to the developing world. There is a 

need to conduct research to identify these differences and their impact on care. With adequate 

research support, policies and guidelines can be adapted for use in resource-limited settings, 

optimizing benefits in low- and middle-income countries (LMICs) [11]. 

In this study, we performed a retrospective review of pediatric patients with severe TBI 

in two tertiary, pediatric hospitals in the United States and Colombia, comparing characteristics, 

management and outcomes. 

  



 2 

MATERIALS AND METHODS 

 Our team performed a retrospective chart review of patients’ ages 0 to 17 years, who 

presented to Phoenix Children’s Hospital (PCH), US and the Hospital Universitario de Neiva, 

Colombia with a diagnosis of severe TBI during the five-year period between July 1, 2010 and July 

31, 2015. 

 We defined severe TBI as a reported or evidenced mechanical insult to the brain where 

the patient presented with an admission GCS of 8 or less.16 The study enrollment criteria 

included: age 0 to <18, diagnosis of TBI, GCS of 8 or less at admission and the absence of 

preexisting conditions affecting neurological function. 

 In PCH, subjects were identified by querying the electronic medical records system for 

diagnostic codes corresponding to TBI. Subject selection and data collection were performed 

concomitantly; data collection involved the extraction of information from several different 

medical record systems. The PCH Institutional Review Board approved this study under expedited 

review. 

 The NUH research team identified subjects by searching the electronic medical record of 

the hospital pediatric intensive care unit (ICU) for diagnostic codes corresponding to TBI.  Subjects 

were then screened for inclusion using the above criteria. Researchers used a data collection 

form to extract patient information from the medical record. This data was deidentified, 

compiled in a research record, and shared with PCH for analysis. This research was approved by 

the university hospital ethical review board. 

At both institutions, extracted data included patient identifiers, demographics, 

information about the TBI event, hospital admission and management, imaging assessment, and 

outcomes data. The PCH team analyzed deidentified data from both institutions using SPSS 

(Chicago, IL). Comparisons employed the Pearson Chi-square, Fisher exact, Kruskal-Wallis, t-test 

or Wilcoxon-rank sum test, as appropriate. 
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RESULTS 

Demographics 

In total, sixty-six patients (34 male, 32 female) from PCH and 35 patients (24 male, 11 female) 

from NUH met criteria for inclusion in the study. The mean ages at PCH and Neiva were 7.77 and 

6.59, respectively (Table 1). Mean incoming GCS was similar between the two groups (5.42 at 

PCH and 5.46 at Neiva). The primary cause of injury at Neiva was motor vehicle accidents (65.7%), 

while accidental falls (31.8%) and motor vehicle accidents (MVA, 21.2%) were the main causes of 

injury at PCH. At PCH, most patients (62.1%) were transferred directly to the study hospital from 

the scene of injury. In contrast, just 17.1% of patients were transferred directly from the scene 

of injury in Colombia, while 80% of patients were transferred from another hospital. Time from 

injury to arrival at the treating hospital was significantly longer in Neiva (p=0.035). Cause and 

mechanism of injury varied between institutions (p 0.000 and 0.004).  As seen in Table 1, the 

most common trauma-associated injuries at PCH were external (39.4%), lower extremity (22.7%), 

and upper extremity (19.7%) in nature. At Neiva, the most common trauma-associated injuries 

were facial (35.8%), upper, and lower extremity (20.1% each).  

Patients with severe TBIs were subject to an initial head computer tomography (CT) scan on 

admission to assess potential internal damage. As seen in Table 1, common findings on CT at PCH 

were skull fracture (65.2%), subdural hematomas (54.5%), and contusions (51.5%). At Neiva, the 

common findings included skull fracture (74.3%), diffuse axonal injury (45.7%), and a midline shift 

(28.6%). The identification of radiological abnormalities significantly differed between 

institutions. Notable differences include a higher incidence of subdural hematomas (54.5% v. 

11.4%, p=0.001) in the PCH cohort and a higher rate of diffuse axonal injuries (45.7% vs. 15.2%, 

p=0.002) in the Neiva cohort (Table 1). 

Management 

Hyperosmolar therapy was used in many of the patients at both study hospitals. PCH used 

hypertonic saline on 48.5% of studies patients and mannitol on 40.9% of patients, while Neiva 

used hypertonic saline on 80% of studied patients, and mannitol on 51.5%. 
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Table 1: Demographic and clinical characteristics of patients at PCH and Neiva trauma centers.  

Characteristic 
Location 

P-value PCH 
N=66 

Neiva 
N=35 

Age (years) 
     Mean (SD) 
     Median (Q1, Q3)  

 
7.77 (5.36) 

6.80 (3.25, 12.78) 

 
6.60 (4.05) 

6.42 (3.74, 8.40) 
0.42* 

Sex, N (%) 
     Female 
     Male  

 
32 (48) 
34 (52) 

 
11 (31) 
24 (69) 

0.14ǂ 

Glasgow Coma Scale 
     Mean (SD) 5.42 (2.16) 5.46 (2.24) 0.37ǂ 

Associated injuries, N (%) 
     Face 
     Neck 
     Abdomen 
     External 
     Lower Extremities 
     Upper Extremities 
     Spine 
     Thorax 
     None 

 
10 (15) 

6 (9) 
10 (15) 
26 (39) 
15 (23) 
13 (20) 

4 (6) 
12 (18) 
21 (32) 

 
12 (34) 

0 (0) 
3 (9) 
2 (6) 

6 (17) 
7 (20) 
3 (9) 

6 (17) 
2 (6) 

 
0.04ǂ 
0.09ǂ 
0.53ǂ 

0.0003ǂ 
0.61ǂ 
1.00ǂ 
0.69ǂ 
1.00ǂ 

0.002ǂ 
Number of Associated injuries 
     None 
     1 
     2 
     3 
Missing N= 8 

 
21 (32) 
14 (21) 
11 (17) 
20 (30) 

 
2 (7) 

15 (56) 
6 (22) 
4 (15) 

0.002ǂ 

Cisterns and Midbrain, N (%) 
     Collapsed 
     Open 
     Partially Open 

 
7 (11) 

39 (59) 
20 (30) 

 
1 (3) 

28 (88) 
3 (9) 

 
0.01ǂ 

Midline Shift, N (%) 20 (30) 10 (29) 1.00ǂ 
Skull Fracture, N (%) 43 (65) 26 (74) 0.38ǂ 
Subdural Hematoma, N (%) 36 (55) 4 (11) <0.0001ǂ 
Subarachnoid Hemorrhage, N 
(%) 

28 (42) 7 (20) 0.03ǂ 

Intraparenchymal Hematoma, N 
(%) 

 
22 (33) 

 
5 (14) 

 
0.06ǂ 

Intraventricular Hemorrhage, N 
(%) 

13 (20) 0 (0) 0.004ǂ 

Diffuse Axonal injury, N(%) 10 (15) 16 (46) 0.002ǂ 
*P-value from Kruskal-Wallis test, ǂP-value from Fisher-exact test 
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Seizure incidence in the immediate (less than 24 hours post-injury), early (days 2-7 post-injury), 

and late (greater than 7 days post-injury) were similar in both cohorts. PCH saw an incidence of 

immediate seizures in 28.8% of patients, early seizures in 28.8%, and late seizures in 6.1%. Neiva 

saw a rate of 28.6%, 25.7%, and 5.7%, respectively. Seizure prophylaxis differed dramatically 

between the two institutions. At PCH, the most common seizure prophylaxis administered was 

fosphenytoin and levetiracetam (30.3% and 34.8%, respectively). Neiva administered phenytoin 

as prophylaxis for 85.7% of patients. Consequently, seizure management differed as well, with 

levetiracetam being used most frequently at PCH vs. valproic acid at Neiva.  

As seen in table 2¸ PCH was more aggressive with interventions. 56.1% of patients at PCH had an 

external ventricular drain (EVD) placed, compared to 0% of patients at Neiva. Neiva also did not 

monitor intraparenchymal temperature or tissue oxygen pressure. Surgical management 

between the two institutions differed as well (Table 2). PCH was more invasive, with 25.8% of 

patients receiving a unilateral decompressive craniectomy (vs. 5.7% in Neiva) and 21.2% of 

patients receiving a subdural evacuation (vs. 0% in Neiva). 

Outcomes 

Outcomes between the two cohorts were similar, as seen in Table 2. The majority of patient 

courses at both PCH and Neiva resulted in low disability (51.5% and 54.3%, respectively, p = 0.56) 

with similar rates of death (15.1% and 17.1%, respectively, p = 0.56). Length of stay (LOS) in the 

ICU were similar as well.  
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Table 2: Treatments and outcomes for patients at PCH and Neiva trauma centers.  

Treatments 
Location 

P-value PCH 
N=66 

Neiva 
N=35 

Decompressive Craniectomy, 
N (%) 
     Bifrontal 
     Unilateral 
     None 

 
4 (6) 

17 (26) 
45 (68) 

 
1 (3) 
2 (6) 

32 (91) 
0.02ǂ 

Subdural evacuation, N (%) 14 (21) 0 (0) 0.002ǂ 
Epidural evacuation, N (%) 5 (8) 2 (6) 1.00ǂ 
Intraparenchymal evacuation 5 (8) 2 (6) 1.00ǂ 

Outcomes 

Glasgow Outcome Scale 
     1. Death 
     2. Persistent Vegetative 
State 
     3. Severe Disability 
     4. Moderate Disability 
     5. Low Disability 
Missing N=4 

 
10 (15) 

3 (5) 
 

18 (28) 
16 (25) 
18 (28) 

 
6 (19) 
0 (0) 

 
7 (22) 
4 (12) 

15 (47) 

0.26ǂ 

Outcome Categories 
     Dead 
     Severe Disability 
     Low Disability 
Missing N=4 

 
10 (16) 
21 (32) 
34 (52) 

 
6 (19) 
7 (22) 

19 (59) 
0.56ǂ 

Hospital Length of Stay (days) 
Mean (SD) 
Median (Q1, Q3) 

 
33 (44) 

20 (8,43) 

 
27 (34) 

17 (8, 32) 

 
0.32* 

ICU Length of stay 
Mean (SD) 
Median (Q1, Q3) 

 
12 (13) 
8 (4,14) 

 
13 (25) 

5 (3, 11) 

 
0.09* 

*P-value from Kruskal-Wallis test 
ǂP-value from Fisher-exact test 
  



 7 

DISCUSSION 

This data demonstrates several dissimilarities in the epidemiology and management of 

traumatic brain injury between PCH in Phoenix, Arizona, USA and the Hospital Universitario de 

Neiva, Colombia, including patient demographics, mechanism of injury, and type of injury on CT 

imaging.  Mean age of injury and Glasgow Coma Scale (GCS) at intake were similar in both groups, 

although patients at Neiva were more likely to be male.  Glasgow Coma Scale and mortality are 

similar to that seen in other published studies of pediatric TBI globally.  The high preponderance 

of diffuse axonal injury on CT and higher prevalence of facial fractures seen on CT in patients in 

Colombia may be due to the frequency of road traffic collisions as the mechanism of injury. 

The most striking differences between the two cohorts related to management of 

patients with TBI. The majority of pediatric patients at PCH were transported directly to the 

hospital from the site of injury. In contrast, only a small proportion of patients seen at Neiva were 

brought directly to the hospital; most were transferred from another institution.   Rates of 

operative management differed between groups as well, with patients at PCH being more likely 

to receive intracranial pressure monitoring and to undergo operative management.  Outcomes, 

including death and disability, were similar between the two groups, although mean 

hospitalization days were greater in Neiva and the proportion of patients with severe disability 

at discharge was higher at PCH.   

Despite these differences in injury mechanism, time to treatment, radiologic findings and 

surgical management, we found no significant differences in death and functional outcome 

between patients treated for severe TBI at Phoenix Children’s Hospital (PCH), US and the Hospital 

Universitario de Neiva, Colombia.  Mortality rates were similar between institutions (15 % BPCH, 

17% NUH) as were functional outcomes with low to moderate disability (52% BPCH, 54% NUH).  

Hospital and ICU length-of-stay were also similar between locations (µ 33 BPCH, 28 NUH and 12 

BPCH, 13 NUH) (Table 2). 
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As discussed earlier, pediatric TBI guidelines were published by the Brain Trauma 

Foundation, and most recently revised in 2012. The original guidelines, published in 2003, were 

associated with improved outcomes once a standardized care plan based on the above guidelines 

was established, as demonstrated by Pineda et al [12]. Outcomes were defined using Glasgow 

Outcome Scale, as used in this study. Similarly, after the revision in 2012, a study by O’Lynnger 

et al demonstrated that, following standardization and adoption of a protocol based on the 2012 

guidelines, outcomes in similar pediatric patients improved [13]. Similar studies have replicated 

these findings in the adult TBI literature [14]. While few in number, the studies suggest that 

adoption of a protocol-driven management plan in the ICU setting improves outcomes in 

pediatric patients with TBIs. 

This study uses developed and developing countries as comparators partially as a 

surrogate for the consideration of resource availability and utilization. Costs were not directly 

measured in this study. However, hospital length of stay has been used and validated as a 

surrogate for resource utilization [15]. Notably, there were no statistically significant differences 

in both hospital and ICU LOS between PCH and Neiva. However, as discussed earlier, invasive 

management in the form of ICP monitoring and operative interventions were significantly more 

common at PCH relative to Neiva. This trend is suggestive of increased resource utilization by 

PCH when compared to Neiva independent of LOS, which resulted in statistically similar 

outcomes at time of discharge.  

  



 9 

FUTURE DIRECTIONS 

Future studies can be directed at broadening the diversity of clinical sites beyond PCH and 

Neiva, to see if the findings here are reproducible in similar peer institutions or are an isolated 

finding. Other avenues of research include analysis directed specifically at whether or not 

adherence to all components of pediatric TBI guidelines improves mortality in these differing, 

global patient populations, and whether or not certain guidelines are more impactful than others 

in these different patient subgroups.  
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CONCLUSIONS 

In sum, several important differences exist in the management and epidemiology of 

severe traumatic brain injury at two institutions in the developed and developing world.  

Additional studies are necessary to see how widespread these differences are and whether there 

are regional differences in acute management of pediatric TBI.  However, this study highlights 

the importance of adherence to evidence-based practice. Although this is observational, it is the 

first evaluation of acute management of severe TBI in pediatric patients in Latin America and a 

robust comparison of actual practice in the developed and developing world.  
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