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Abstract
OBJECTIVES—Traumatic brain injury is a leading cause of death in children. On the basis of
evidence of better outcomes, the American College of Surgery Committee on Trauma recommends
that children with severe traumatic brain injury receive care at high-level trauma centers. We assessed
rates of adherence to these recommendations and factors associated with adherence.

METHODS—We studied population and hospital discharge data from 2001 from all of the health
care referral regions (n = 68) in 6 US states (Florida, Massachusetts, New Jersey, New York, Texas,
and Virginia). We identified children with severe traumatic brain injury by using International
Classification of Diseases, Ninth Revision, Clinical Modification, codes and American College of
Surgery Committee on Trauma criteria. We defined “high-level centers” as either level I or pediatric
trauma centers. We considered an area to be well regionalized if ≥90% of severe traumatic brain
injury hospitalizations were in high-level centers. We also explored how use of level II trauma centers
affected rates of care at high-level centers.

RESULTS—Of 2117 admissions for severe pediatric traumatic brain injury, 67.3% were in high-
level centers, and 87.3% were in either high-level or level II centers. Among states, 56.4% to 93.6%
of severe traumatic brain injury admissions were in high-level centers. Only 2 states, Massachusetts
and Virginia, were well regionalized. Across health care referral regions, 0% to 100% of severe
traumatic brain injury admissions were in high-level centers, and only 19.1% of health care referral
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What's Known on This Subject Trauma research in the United States has repeatedly demonstrated that care at specialized trauma centers
is associated with better outcomes for severely injured children.
What This Study Adds Relatively little attention has been paid to the extent to which severely injured patients receive care at high-level
trauma centers, and no studies have examined children with severe traumatic brain injuries. This study suggests complex deficiencies in
functioning of some statewide trauma systems.
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regions were well regionalized. Only a weak relationship existed between the distance to the nearest
high-level center and regionalization. The age of statewide trauma systems had no relationship to
the extent of regionalization.

CONCLUSIONS—Despite evidence for improved outcomes of severely injured children admitted
to high-level trauma centers, we found that almost one third of the children with severe traumatic
brain injury failed to receive care in such centers. Only 2 of 6 states and less than one fifth of 68
health care referral regions were well regionalized. This study highlights problems with current
pediatric trauma care that can serve as a basis for additional research and health care policy.
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PEDIATRIC TRAUMATIC BRAIN injury (TBI) results in >400 000 emergency department
visits, 37 000 hospitalizations, and ∼2700 deaths each year in the United States.1 Survival from
severe traumatic injury in general and severe TBI in particular is improved by prompt,
coordinated, specialized care.2-14 Over the past 40 years, US public health policy has
supported coordinated, expert trauma care through the implementation of statewide
regionalized trauma systems.15 More than three quarters of US states now have these systems.
16

There are 2 essential components of a regionalized trauma system.17 First, hospitals must be
categorized on the basis of the complexity of trauma care they provide, with expensive
resources and expertise needed for the highest level of care concentrated in select centers.12,
18 Second, patients must be triaged and transported to a facility appropriate to the nature and
severity of their injury. The American College of Surgeons Committee on Trauma (ACS COT)
issues criteria for categorizing hospitals and guidelines for triage to these hospitals.18
Specifically, ACS COT recommends that ≥90% of children with severe TBI be treated at either
level I or pediatric trauma centers; the recommendation was based on studies that have
demonstrated improved outcomes at these centers.10,11,18-21

Unfortunately, there are few data on adherence to ACS COT triage guidelines, and no study
has focused on severe pediatric TBI. The objectives of this study were to identify the extent to
which children with severe TBI received care at high-level centers and to explore factors
associated with admission to these centers.

PATIENTS AND METHODS
Definitions

We defined “high-level center” as either a level I or pediatric trauma center. In our primary
analysis, we calculated the proportion of all of the hospitalizations for severe pediatric TBI
that occurred at high-level centers in 6 states and the health care referral regions (HRRs) within
the states. We classified states and HRRs by the extent to which children received high-level
trauma care. States or HRRs with ≥90% of hospitalizations for severe TBI at high-level centers
were “well regionalized,” those with 80% to 89% of hospitalizations at high-level centers were
“moderately regionalized,” and those with <80% were “poorly regionalized.” We computed
straight-line distances between the centers of the home zip code of each patient and the zip
codes of the nearest hospital, the admitting hospital, and the closest high-level center using a
standard geometric formula (www.mathworld.wolfram.com).
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Data Sources
Hospitalization data were obtained from 2001 state hospital discharge databases from Florida,
22 Massachusetts,23 New Jersey,24 New York,25 Texas,26 and Virginia,27 representing
25.2% of the US population. The databases included all of the admissions to all of the
nonfederal hospitals in the 6 states. We selected these states on the basis of the robustness of
their data and their range of trauma system maturity. We extracted patient age, race, gender,
insurance status, and hospital mortality. We generated injury severity scores from each patient's
International Classification of Diseases, Ninth Revision (ICD-9), codes using ICD MAP-90
software (Trianalytics, Inc, Baltimore, MD).

HRRs for each state were identified by zip code from the Dartmouth Atlas of Healthcare. Each
patient's residence and each hospital were assigned to HRRs on the basis of zip codes
(www.dartmouthatlas.org). We selected HRRs as a unit of analysis because they are discrete
regions with a standardized pattern of referral for expert medical care and are widely used to
understand patterns of care. We categorized HRRs by the presence of ≥1 high-level center, no
high-level centers but ≥1 level II center, and absence of both high-level and level II centers.

Population data were obtained from the year 2000 US Census (www.uscensus.gov) and the
National Center for Health Statistics natality report.28 We obtained hospital information from
the American Hospital Association and the National Association of Children's Hospitals and
Related Institutions (www.childrenshospitals.net/nachri).29 We identified trauma centers from
lists obtained from each state's department of health (New York, Texas, and Virginia) or
emergency medical services (Florida, Massachusetts, and New Jersey).30-35

Patient Cohort
We selected all of the hospital discharges of patients <20 years old with TBI using previously
published ICD-9 Clinical Modification–based methodology,12,36-41 and identified severe
TBI using the ASC COT field triage decision scheme, mapping the anatomic and physiologic
indications to ICD-9 Clinical Modification codes (Appendices 1 and 2). We limited analysis
to those HRRs in each state where the central city for the HRR was in 1 of the 6 states. This
approach yielded 68 HRRs, of which 18 were in Florida, 3 were in Massachusetts, 7 were in
New Jersey, 10 were in New York, 22 were in Texas, and 8 were in Virginia.

Sensitivity Analysis
The ACS COT recognizes that level II trauma centers can serve as the lead trauma facility in
a region where no level I center is readily available. To explore how admission to a level II
center might impact regionalization, we repeated our primary analysis using an expanded
definition of “high-level center” that included level II trauma centers.

Data Analysis
We tested differences in proportions using binomial and χ2 tests. To assess whether rates of
care at high-level centers were associated with the maturity of statewide trauma systems, we
examined the correlation between state rates and the age (in years) of their trauma systems. To
explore the independent contribution of potential predictors of admission to a high-level center,
we performed multivariate analyses using generalized estimating equations exploring patient-
level characteristics (age, race, gender, injury severity, insurance status, and distance of home
to the nearest high-level center) and HRR characteristics (population density, income, and
education levels of inhabitants). We considered statistical significance as a P value of <.05,
managed data using Foxpro (Microsoft Corp, Richmond, WA), and conducted analyses by
using Stata 7.0 (Stata Corp, College Station, TX). We mapped HRR regionalization by using
ArcMap 9.0 (ESRI, Inc, Redlands, CA).
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RESULTS
In 2001, there were 2117 hospitalizations for severe pediatric TBI (9.8 hospitalizations per 100
000 children per year) in 204 hospitals in the study area (Table 1). Children with severe TBI
had a mean (median) injury severity score of 22.7 (21.0) and a hospital mortality of 18.8%.
Children <1 year old had the lowest incidence of severe TBI (7.4 per 100 000 children per
year) but the highest mortality (27.1%). Teenagers 15 to 19 years old had the highest incidence
of severe TBI (20.3 hospitalizations per 100 000 children per year) and the highest absolute
number of cases; there were more cases of severe TBI in this group than all of the other age
groups combined. More than half (53.4%) of the children with severe TBI were white, and
68.2% were boys (Table 1).

Overall, only two thirds (67.3%) of severe pediatric TBI hospitalizations were in high-level
centers (1128 admissions to level I trauma centers plus 297 admissions to pediatric trauma
centers). Young children were admitted to high-level centers more frequently than adolescents,
as were blacks compared with whites or Hispanics (Table 1). Multivariate analyses showed
that care at a high-level center was significantly and independently associated with younger
age, black race, and having insurance (P < .01; data not shown).

Regionalization Among the 6 States
Among states, the percentage of severe pediatric TBI cases admitted to high-level centers
ranged from 56.4% in Texas to 93.6% in Massachusetts (Table 2). Massachusetts and Virginia
were the only well-regionalized states. The remaining 4 states were unevenly and poorly
regionalized overall. Ready availability of high-level trauma care within states did not ensure
adequate regionalization. For example, Massachusetts and New York had the highest number
of high-level centers per capita and the lowest number of HRRs without high-level centers,
and >80% of children with severe TBI in those states lived within 40 miles of a high-level
center (Table 2). However, >93% of severe pediatric TBI admissions were in high-level centers
in Massachusetts, whereas <80% were in high-level centers in New York. In addition, the
proportion of children with severe TBI living in proximity to high-level centers (<40 miles)
was greater than the proportion admitted to high-level centers in all 4 of the poorly regionalized
states.

Age of the statewide trauma system also had no relationship to regionalization (r2 = 0.012; P
= .84). The 6 statewide trauma systems had been in place from 0 (Massachusetts coalesced its
6 regional systems into a statewide system the following year) to 21 years (New Jersey and
Virginia). Massachusetts, the “youngest” system, was the best regionalized state overall and
was the only state in which all of the HRRs were well regionalized (Table 2). One of the oldest
systems was in New Jersey, the second most poorly regionalized state.

Regionalization Among HRRs
The percentage of severe pediatric TBI admissions to high-level centers varied widely among
the HRRs, from 0% in 3 HRRs to 100% in another 3 (Fig 1). Only 19.1% (n = 13) of the 68
HRRs were well regionalized, 11.8% were moderately regionalized, and the remaining 69.1%
were poorly regionalized. Massachusetts was the only state in which all of the HRRs were well
regionalized. In many cases, poorly regionalized HRRs were adjacent to well-regionalized
HRRs and had similar size, population density, and number of high-level centers. In the
moderately and poorly regionalized HRRs, 25.8% of severe TBI admissions were to level II
centers.

The presence of a high-level center within the boundaries of an HRR only marginally increased
the likelihood that it would be well regionalized. Half of the HRRs contained ≥1 high-level
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center (n = 34). In these HRRs, 76.7% of severe pediatric TBI admissions were in high-level
centers, and only 41.2% (n = 14) of these HRRs were well regionalized (Table 3). Excluding
the 14 well-regionalized HRRs containing ≥1 high-level center, only 70% of severe pediatric
TBI admissions were in high-level centers. In HRRs with no high-level center (n = 34), only
31.3% of severe TBI admissions were in high-level centers, and all 34 of these HRRs were
poorly regionalized.

Regionalization and Distance to High-Level Centers
Distance to admitting hospitals averaged 37.1 miles (range: 0.1−636.9 miles), and distance to
the nearest high-level center averaged 36.5 miles (range: 0.1−312.0 miles). However, in some
HRRs, high-level centers were remote. For example, 11 HRRs without a high-level center had
a mean distance from the patient's home zip code to the nearest high-level center of >100 miles.
In 3 of these HRRs, children were admitted to hospitals at a mean distance of 33.2 miles. In
the other 8 HRRs, children were admitted to 28 separate hospitals a mean of 97.4 miles from
the patient's home zip codes. Despite this considerable distance, 70.3% of these hospitals were
level III or lower. These 11 HRRs highlight an important difference between HRRs with and
without high-level centers: the mean (median) distance to the nearest high-level center in HRRs
with a high-level center was only 22.6 miles (12.7 miles), whereas the mean (median) distance
in those without a high-level center was 90.5 miles (62.8 miles).

Distance to the nearest high-level center was not the only factor influencing where children
with severe TBI were admitted. The 10 most population-dense HRRs in the sample (>1000
people per square mile) contained 26 high-level centers with a mean distance of only 6.9 miles
to the nearest high-level center. In these HRRs, only 77.8% of children with severe TBI were
admitted to high-level centers, and only 1 of these HRRs was well regionalized. Just as
proximity to high-level centers did not ensure high-level care in population-dense HRRs,
remoteness of high-level centers in well-regionalized HRRs did not seem to hinder high-level
care (Fig 2A). In moderately and poorly regionalized HRRs, greater distance lowered the
likelihood of admission to a high-level center, down to ≤60% for children living 80 to 100
miles from a high-level center (Fig 2B). However, the percentage of subjects with severe TBI
admitted to high-level centers was never >80%, even for children residing <10 miles from
those centers.

Sensitivity Analysis
Overall, 19.9% of severe TBI admissions were in level II centers. Level II centers had less than
half the caseload of high-level centers (mean of 9.3 severe TBI admissions per level II center
compared with 21.9 admissions per high-level center). When we modified the definition of
“high-level center” to include level II trauma centers, the percentage of subjects with severe
TBI admitted to high-level centers increased to 87.3%. Using this definition, 4 of the 6 states
became well regionalized, New York became moderately regionalized, and Texas remained
poorly regionalized (Table 2). The definition change made only very small differences in the
percentage of subjects with severe TBI admitted to high-level centers in Massachusetts and
Virginia, reflecting the very small percentage of cases (<4% overall) admitted to level II centers
in these states.

Including level II centers in the definition of “high-level center,” 17 of the 68 HRRs remained
poorly regionalized, 13 were moderately regionalized, and only 38 (55.9% of the 68 HRRs)
were well regionalized. For the 34 HRRs without a level I or pediatric trauma center, including
level II centers in the definition of “high-level center” more than doubled the percentage of
subjects with severe TBI admitted to high-level centers, from 31.4% to 66.8%. For the HRRs
with ≥1 level I or pediatric trauma center, the proportion of subjects with severe TBI admitted
to high-level centers also increased from 76.7% to 92.6%.
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DISCUSSION
Despite evidence that severely injured children have better outcomes when they receive care
at high-level trauma centers, we found that almost one third of children with severe TBI in 6
US states failed to receive care in such centers. Only 2 of the states and less than one fifth of
the 68 HRRs provided high-level trauma care to ≥90% of children with severe TBI. Poor
regionalization was attributed in part to the lack of proximity to high-level centers. However,
the presence of a nearby high-level center did not ensure adequate regionalization. The majority
of HRRs with ≥1 high-level center were poorly or moderately regionalized. In many of these
HRRs, the distance to the admitting hospital was longer than the distance to the nearest high-
level center.

When we expanded the definition of “high-level center” to include level II centers,
regionalization improved overall, especially in HRRs without level I or pediatric trauma
centers. Care providers in these HRRs seem to be following ACS COT guidelines by using
level II centers as lead trauma facilities in regions without a level I or pediatric trauma center.
However, the ability of level II centers to serve as leading centers for severe pediatric TBI is
debatable, particularly given that these centers admitted <1 subject with severe TBI per month
on average. Including level II centers in the definition of “high-level center” also increased the
proportion of severe TBI admissions in high-level centers in HRRs that already contained ≥1
level I or pediatric trauma center. In these HRRs, frequent use of level II centers may not have
been appropriate given the presence of local level I centers.

We also found that there was only a weak relationship between regionalization and distance
to the nearest high-level center and that the likelihood of admission to a high-level center was
associated with patient characteristics such as age, race, and insurance status. The ACS COT
guidelines emphasize that younger children should preferentially receive high-level care, and,
therefore, the association with age may be considered reassuring. However, if children with
traumatic injuries experience disparities in access to health care on the basis of
sociodemographic characteristics, then trauma care may not be as protocolized as we believed
previously. It is also possible that propensity to admit a patient with severe TBI to a high-level
center is more an organizational characteristic of the HRRs themselves. Therefore,
regionalization might be improved by making organizational changes within the current
systems. For HRRs without local high-level centers, where patients are transported long
distances for admission to lower-level centers, a small incremental increase in transport
distance might allow admission to a higher-level center. In regions where neither high-level
nor level II centers are available, statewide trauma systems may need to develop
ultraregionalized systems whereby patients are transported longer distances to optimal centers
farther away.

This study highlights inconsistencies in current trauma care that can serve as a basis for both
additional research and health care policy. More research is needed to understand why current
standards for the regionalization of care are not being met and what could be done to improve
these processes. We cannot determine from this study to what extent our findings represent
limitations of the ACS COT guidelines themselves (eg, perhaps some patients for whom high-
level care is recommended do not benefit from such care), nor can we can determine the extent
to which family or physician preferences or logistic limitations interfered with transfer to high-
level care. More research is also needed to understand what differentiates the states that are
meeting ACS COT guidelines from those that are not and how patient outcome might be
affected by this type of variation in practice. From a policy standpoint, this study identifies the
gap between quality standards and actual performance. Trauma policy leaders in each state
may choose to use this opportunity to re-evaluate their own quality standards and quality
improvement processes to ensure that the gap is being narrowed.
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There are several limitations to this study related to the use of administrative data. Although
these data are essential for broad, population-based analyses, they contain limited clinical
information.41,42 We addressed this limitation by using a strict definition of severe TBI based
on anatomic and physiologic criteria, an approach used by others.41 Although data limitations
also precluded the use of mechanism of injury to identify severe TBI, others have found
mechanism of injury to be an unreliable predictor of the need for hospitalization or ICU
services.43-45 We could not determine the geographic location of patient injury and had to
rely on estimates based on patient home zip codes. However, Ni et al46 found that the vast
majority of recreational childhood injuries in the United States in 1997−1998 occurred in close
proximity to family homes.

CONCLUSIONS
Pediatric TBI is a serious medical problem in the United States. Although the mechanisms
needed to organize care for severe TBI in dedicated, high-level centers are in place in many
states, we found that these mechanisms are not sufficient to fully meet the needs of the most
severely injured children. This occurs despite the widespread availability of high-level centers
and decades of emphasis on trauma system development.
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APPENDIX
APPENDIX 1

ICD-9 CODES USED FOR IDENTIFICATION OF SUBJECTS

ICD-9 codes that indicate TBI
    800.0−801.9 Fracture of vault or base of skull
    803.0−804.9 Other and unqualified and multiple fractures of skull or face with other bones
    850.0−854.1 Intracranial injury, including concussion, contusion, laceration, and hemorrhage
ICD-9 codes that indicate anatomically severe head
injury
    800.6−800.9 Open fracture of vault of skull with intracranial injury
    801.6−801.9 Open fracture of base of skull with intracranial injury
    803.6−803.9 Open other and unqualified skull fractures
    804.6−804.9 Open multiple fractures of skull or face with other bones
    851.1, 851.3, 851.5, 851.7, 851.9 Cerebral laceration and contusions with open intracranial wound
    852.1, 852.3, 852.5 Subarachnoid, subdural and extradural hemorrhage with open intracranial wound
    853.1 Other and unspecified intracranial hemorrhage with open intracranial wound
    854.1 Other and unspecified intracranial injury with open intracranial wound
Codes that indicate physiologically severe head
injury
    ICD-9 codes
        850.3, 850.4 Concussion with prolonged loss of consciousness
        958.4 Traumatic shock
    Procedure codes
        96.70−96.72 Mechanical ventilation
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Abbreviations
TBI, traumatic brain injury; ACS COT, American College of Surgery Committee on Trauma;
HRR, health care referral region; ICD-9, International Classification of Diseases, Ninth
Revision.
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FIGURE 1.
Proportions of children with severe TBI receiving care at high-level centers according to state
and HRR. The percentage of severe pediatric TBI admissions to high-level centers varied
widely among the HRRs, ranging from 0% in 3 HRRs to 100% in another 3 HRRs.
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FIGURE 2.
Case distribution and percentage of patients admitted to a high-level center as a function of
distance to the nearest high-level center for HRRs with ≥1 high-level center. A, Well-
regionalized HRRs. B, Poorly regionalized HRRs. In well-regionalized HRRs, ≥90% of
patients with severe TBI were admitted to high-level centers regardless of the distance to the
centers (A). In moderately and poorly regionalized HRRs, the percentage was never >80%,
even for children residing <10 miles from high-level centers (B).
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TABLE 1
Characteristics of Admissions for Children With Severe TBI in the 6-State Cohort (N = 2117)

Characteristic Severe TBI, % of
Cohort

Hospital Mortality, % Admitted to High-Level
Centers, %

Age, y
    <1 6.6 27.1 76.4
    1−4 11.8 23.2 80.8
    5−9 13.4 14.8 78.1
    10−14 16.7 17.8 71.6
    15−19 51.5 18.1 58.8
Total 100.0 18.8 67.3
Gender
    Male 68.2 19.1 67.6
    Female 31.8 18.3 66.8
Race
    White, non-Hispanic 53.4 18.2 64.5
    Hispanic 18.3 19.0 59.5
    Black, non-Hispanic 17.8 18.9 78.2
    Others/unknown 17.0 21.2 76.6
Injury severity score
    0−5 7.9 3.6 66.7
    5−15 10.7 1.3 72.6
    >15 81.4 22.6 66.7
Insurance coverage
    Medicaid 19.1 17.2 72.0
    Commercial 56.7 15.8 69.1
    Uninsured 10.5 32.7 59.6
    Other/unknown 13.8 22.3 58.8
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TABLE 3
Regionalization of Severe Pediatric TBI According to Presence of High-Level or Level II Centers in HRRs

Variable ≥1 High-Level
Center in HRR

No High-Level Center
but ≥1 Level II Center

in HRR

Neither High-Level Nor
Level II Center in HRR

Severe pediatric TBI, n (%) 1677 (79.2) 210 (9.9) 230 (10.9)
No. of HRRs 34 14 20
Population, millions, n (%)
    Total 58.6 (80.5) 7.9 (10.8) 6.5 (8.9)
    <20 y old 15.0 (80.6) 1.9 (10.2) 1.7 (9.1)
Population density, n per square mile 266 198 49
Distance from patient residence, mean (median), miles
    To nearest hospital 7.2 (4.1) 7.4 (4.4) 11.2 (4.9)
    To nearest high-level center 22.6 (12.7) 45.6 (41.2) 131.5 (118.9)
    To admitting hospital 33.7 (14.5) 33.1 (15.5) 66.3 (40.7)
Admitted to type of center, %
    To a high-level center 76.7 31.0 31.7
    To a high-level or level II center 92.6 87.1 48.3
HRRs with ≥90% admitted, n (%)
    To a high-level center 14 (41.2) 0 (0.0) 0 (0.0)
    To a high-level or level II center 30 (88.2) 13 (92.9) 5 (25.0)
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