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Abstract
Background

Pediatric traumatic brain injury represents a significant cause of morbidity and mortality. Broadly
healthcare disparities exist for ethnic and racial minorities in the United States but it has not previously be
evaluated how these disparities might influence outcomes in pediatric traumatic brain injury.

Methods

We sought all hospital admissions between the years 2006 and 2011 for patients aged 0-17 years admitted
with traumatic brain injuries as identified by the International Classification of Diseases, 9th Revision (ICD-
9) code, from a statewide database of all civilian hospital admissions. Demographic information including
race, ethnicity, insurance status and illness severity as calculated by All Patient Refined-Diagnosis Related
Group (APR-DRG) were analysed versus the disposition at discharge.

Results

14,087 pediatric traumatic brain injury patients were admitted between 2006 and 2011. Pediatric traumatic
brain injury patients of ethnic or racial minority had higher rates of in-hospital mortality as compared to
whites (4.2% versus 3.3%, p = 0.009) and were less likely to be discharged to inpatient rehabilitation (2.9%
versus 4%, p < 0.001). These disparities persisted even when controlling for insurance status and illness
severity.

Conclusion

Ethnic and racial minority children from the U.S. state of Texas suffer worse short-term outcomes following
traumatic brain injury than their white counterparts. Strategies are needed for addressing this disparity.

Categories: Pediatrics, Neurosurgery, Trauma
Keywords: pediatric trauma, traumatic brain injury, pediatric head trauma, racial disparity

Introduction

Disparities in outcomes for the United States ethnic and racial minorities have been demonstrated in a host
of medical conditions including traumatic brain injury. Work has been done on the short- and long-term
outcomes and care received for adult ethnic and racial minorities suffering from traumatic brain injuries.
Adult African-Americans have significantly higher in-hospital mortality and poorer long-term outcomes
than their white counterparts [1]. Adult minorities in the U.S. are less likely to return to work following
traumatic brain injuries than whites [2]. Adult minorities in the U.S. suffering mild traumatic brain injuries
may receive disparate emergency department care as compared to whites [3]. Despite such work, less has
been done to the look at the influence of ethnicity or race on outcomes following traumatic brain injury in
pediatric populations.

In the United States, children with traumatic brain injuries account for more than five hundred thousand
emergency department visits per year, fifty thousand hospital admissions per year and more than $2 billion
in health care charges [4-6]. Trauma remains a leading cause of mortality for patients younger than eighteen
years of age in the United States [7]. And, amongst pediatric trauma victims, traumatic brain injury is the
most common cause of death [8]. Traumatic brain injury in pediatric patients, even mild traumatic brain
injury, results in significant long-term morbidity [9-12].

The work that has been done on race and ethnicity in pediatric traumatic brain injury shows that some
ethnic and racial minority groups have higher incidences of pediatric traumatic brain injury than whites [4].
They may be less likely to be admitted to the hospital following traumatic brain injury [13]. African-
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American children may have an increased rate of in hospital mortality following traumatic brain injury as
compared to whites [4]. Still, the role of racial and ethnic minority status in outcomes following pediatric
traumatic brain injury remains understudied. To our knowledge, no study has assessed outcomes of non-
white, non-African-American minority children following traumatic brain injury in a categorical way. And
no study since the work of Langlois, et al has looked again at the outcomes for all minority victims of
pediatric traumatic brain injuries, including African-Americans [4].

Our work here presents the incidence and short-term outcomes for pediatric traumatic brain injury victims
by ethnicity and race over a five-year period, from 2006 to 2011, in the United States’ state of Texas.

Materials And Methods

The Texas Inpatient Public Use Data File is the second-largest state-level data set of hospital discharges in
the United States [14]. It contains a record of every discharge from civilian hospitals within the state of
Texas. Amongst the database are a number of data points to include, pertinent to this study: age, race,
ethnicity, sex, disposition at discharge, diagnoses by International Classification of Diseases, 9th Revision
(ICD-9) code, length of stay, total charges, location presenting from, Diagnosis-Related Group (DRG) code,
illness severity as calculated by All Patient Refined-Diagnosis Related Group (APR-DRG) codes and
insurance status [15-17].

The database was queried for all hospital discharges related to an admission diagnosis of traumatic brain
injury by ICD-9 code between 2006 and 2011. The ICD-9 codes queried appear in Table 1.

Description

Fracture of the vault or base of the skull

Other and unqualified multiple fractures of the skull

Intracranial injury, including concussion, contusion, laceration and hemorrhage

Other open wound to the head

TABLE 1: International Classification of Diseases, Ninth Revision traumatic brain injury codes.

This initial query was then weaned to include only those patients less than 18 years of age and further
reduced to include only discharges from acute care hospitals.

Patients were classified by race and ethnicity, the latter a bimodal variable identifying patients as Hispanic or
non-Hispanic. Those identified as Hispanic, no matter their identified race, were included as such in the
analysis and discarded from the race category. The combined classification of race and ethnicity, as defined
in the Texas Inpatient Public Use Data File, thus included: Native American, Asian, black, Hispanic, non-
Hispanic white, other. Because the Texas Inpatient Public Use Data File contains reported data from more
than a thousand hospitals, the methods of identification of race and ethnicity varied from reporting site to
reporting site. Depending on the reporting hospital the identification of ethnicity and race was based on self
classification or observation by those collecting the data.

2010 U.S. census data was used to identify population sizes of those under 18 years of age for various ethnic
and racial groups in Texas [18]. This data was used to calculate annual incidence rates.

Analysis was carried out on Stata software (StataCorp LP, College Station, TX). Pearson Chi-squared tests
were used to assess statistical significance. Comparisons of the disposition at discharge, insurance status,
total charges and illness severity were made amongst the various combined ethnic and racial groups and
amongst all minorities and non-Hispanic whites. Logistic regression was carried out to control for insurance
status, insurance type and illness severity.

Results

Between 2006 and 2011, 97,931 patients were discharged from Texas civilian acute care hospitals with a
traumatic brain injury. Of these patients, 14,087 were less than eighteen years of age. The demographics of
pediatric traumatic brain injury in the US state of Texas appear in Table 2.
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Characteristics
Age

1-28 days

29-365 days

1-4 years

5-9 years

10-14 years

14-17 years

Sex

Male

Female

Race or Ethnicity
Native American
Asian

Black

Hispanic
Non-Hispanic White
Other

APR-DRG lliness Severity
1

2

3

4

5

Uninsured
Medicaid/CHIP
Medicare

Liability
TRICARE/Other Federal
Private

Other

Number of patients

178 (1.3%)

2593 (18.4%)
3068 (21.8%)
2177 (15.5%)
2690 (19.1%)

3381 (24%)

9039 (64.1%)

5045 (35.8%)

208 (1.5%)
187 (1.3%)
1457 (10.3%)
5476 (38.8%)
6017 (42.7%)

742 (5.3%)

6367(45.2%)
4082 (29%)
2099 (14.9%)

1539 (10.9%)

1126 (7.9%)
6136 (43.6%)
32 (0.2%)
531 (3.8%)
428 (3%)
5654 (40.1%)

180 (1.3%)

TABLE 2: Demographics of pediatric traumatic brain injury in Texas, 2006-2011.

APR-DRG: All Patient Refined-Diagnosis Related Group; CHIP: Children's Health Insurance Program.

Using 2010 census data for the US state of Texas the per annum rate of acute hospitalization for pediatric
traumatic brain injury was 28.1 per 100,000. By race and ethnicity, the rates were 25.6 per 100,000 for
Hispanics, 24.4 per 100,000 for blacks, 13.8 per 100,000 for Asians, 26.1 per 100,000 for all minorities versus
32.1 per 100,000 for non-Hispanic whites. The variations in the annual rate of acute hospitalization for
traumatic brain injury was significant amongst all minorities versus non-Hispanic whites (p < 0.001). An
annual rate was unable to be calculated for those of Native American race.
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Of the 14,087 discharges, 545 children expired during their hospital stay for a rate of 3.8%. The
demographics of in-hospital mortality can be found in Table 3.

Characteristics Expired Survived
Age

1-28 days 5 (2.8%) 173
29-365 days 72 (2.8%) 2521
1-4 years 134 (4.4%) 2934
5-9 years 55 (2.5%) 2122
10-14 years 101 (3.8%) 2589
14-17 years 178 (5.3%) 3203
Sex

Male 351 (3.9%) 8688
Female 193 (3.8%) 4852

Race or ethnicity

Native American 8 (3.8%) 200
Asian 2 (1.1%) 185
Black 73 (5%) 1384
Hispanic 200 (3.7%) 5276
Non-Hispanic White 203 (3.3%) 5814
Other 59 (8%) 683

APR-DRG lliness Severity

1 5 (0.08%) 6362
2 26 (0.64%) 4056
3 158 (7.5%) 1941
4 356 (23.1%) 1183
Insurance

Uninsured 66 (5.9%) 1060
Medicaid/CHIP 250 (4.1%) 5886
Medicare 1(3.1%) 31
Liability 22 (4.1%) 509
TRICARE/Other Federal 16 (3.7%) 412
Private 174 (3.1%) 5480
Other 16 (8.9%) 164

TABLE 3: In-hospital mortality following pediatric traumatic brain injury in Texas, 2006-2011.

APR-DRG: All Patient Refined-Diagnosis Related Group; CHIP: Children's Health Insurance Program.

Non-Hispanic white patients had a significantly lower rate of in-hospital mortality than blacks (p = 0.003)
and minorities as a whole (p = 0.009) but not compared to patients of Native American (p = 0.711) or
Hispanic (p = 0.418) heritage. Children categorized as Asian had non-significant lower in-hospital mortality
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as compared to other ethnicities and races; versus non-Hispanic whites (p = 0.083). In addition to the
differences in in-hospital mortality, those minority patients who survived were significantly less likely to
receive referral to inpatient rehabilitation on discharge (4% versus 2.9%, p < 0.001). The significance of
minority status on mortality and discharge to inpatient rehabilitation persisted even when using logistic
regression to control for insured status, insurance type and illness severity.

The difference in rates of insurance for non-Hispanic whites versus ethnic and racial minorities (93.1%
versus 91.2%) was not significant (p = 0.061) but minority patients were significantly more likely to be
covered by Medicaid or as part of the Children’s Health Insurance Program (CHIP) than their non-Hispanic
white counterparts (54.4% versus 29%, p < 0.001) and less likely to be covered by private insurance (29%
versus 55%, p < 0.001).

The illness severity and total charges were similar amongst all racial and ethnic groups.

Discussion

Our findings show that, in the U.S. state of Texas, ethnic and racial minority pediatric patients have higher
rates of in-hospital mortality following traumatic brain injury than non-Hispanic white pediatric patients.
Those minority pediatric patients who survive are more likely to be discharged directly to home and less
likely to receive the benefit of inpatient rehabilitation. These differences persist even when accounting for
illness severity, insurance status and insurance type.

Previous work has demonstrated that African-American pediatric patients have higher rates of in-hospital
mortality as compared to non-Hispanic whites [4]. To our knowledge, this is the first study to demonstrate a
difference in in-hospital mortality and disposition at discharge amongst all ethnic and racial pediatric
minorities versus non-Hispanic whites. In addition, it appears the first study of the epidemiology of U.S.
pediatric traumatic brain injury to attempt to control for insurance status or illness severity in looking at
ethnic and racial disparities. Our findings parallel the findings of other studies of disparities in U.S. adult
traumatic brain injury [1,19].

The estimates of the incidence of pediatric traumatic brain injury vary wildly in the literature [4,20-24]. Our
data includes only those cases of pediatric traumatic brain injury which resulted in hospital admission and
does not count emergency room or extra-hospital presentations of pediatric traumatic brain injury. Still, our
estimate of the annual rates of hospitalization even for pediatric traumatic brain injury, 28,1 per 100,000, is
considerably lower compared to rates posited by others [13,24,25]. Some, perhaps much, of this difference
may be explained by geographic variation, differences in the definition of diagnosis, inclusion criteria
differences and double counting of admissions occurring in some datasets [26]. In addition, the continuing
decline in the incidence of traumatic brain injury amongst US children may partially explain the difference
[24,25].

The etiologies of disparities following pediatric traumatic brain injuries in ethnic and racial minorities are
not entirely clear. Injury severity was similar amongst all populations. Insured status, those with any payer
versus those uninsured, was similar as well. The minority populations in this study were more likely to be
insured by Medicaid and less likely to have private insurance. In previous studies, insurance type has
questionably been associated with variations in outcomes and discharge location following traumatic brain
injuries in adults [27-29]. In our study Medicaid status was independently associated with an increased risk
of in-hospital mortality versus all other payers (4.1% versus 3.3%, p = 0.023) and independently associated
with a decreased rate of discharge to inpatient rehabilitation (2.9% versus 4%, p < 0.001). This partially
explains disparities in our ethnic and racial minority groups. However, controlling for insurance type, along
with illness severity and insurance status, still yielded significance for minority status for in-hospital
mortality (p = 0.043) and discharge to inpatient rehabilitation (p = 0.002).

Disparities in health care outcomes for ethnic and racial minorities in the U.S. have been explained by
differences in socioeconomic status, variations in insurance status, residential segregation, language
barriers, health literacy, differences in rates of health care utilization and frank bias [30-33]. Many of these
factors, beyond the scope of this particular study, may be contributing to our observed differences in the
rates of in-hospital mortality and discharge to inpatient rehabilitation following pediatric traumatic brain
injury.

This study represents data from a single state which may limit its generalizability. However, the Texas
Inpatient Public Use Data File is the second-largest statewide all discharge database in the United States. As
well, the demographics of the pediatric population in Texas includes a significant minority population.
Texas’ population under the age of 18 are majority-minority [18]. The U.S. state of Texas’ demographics
reflect the future of the U.S as a whole [34]. As such, the Texas Inpatient Public Use Data File is an important
resource for the study of ethnic and racial variations in health care outcomes, including for the population of
pediatric traumatic brain injury.

Conclusions
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Racial and ethnic minority children in the U.S. state of Texas have higher in-hospital mortality and are less
likely to be discharged to inpatient rehabilitation following traumatic brain injury. The significance of
minority status on these outcomes persists even when controlling for insurance status, insurance type and
illness severity. More study is needed to identify the etiologies of these disparities and to develop strategies
for improving the care of minority children presenting with traumatic brain injury.
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