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Introduction: Traumatic brain injury is the leading cause of trauma-related death in children. We hypothesized
that children with isolated traumatic brain injury would experience differential outcomes when treated at pedi-
atric versus adult or combined trauma centers.
Methods:After institutional reviewboard approval, the 2015National TraumaData Bankwas queried for children
up to age 16 years with isolated traumatic brain injury. Demographics and clinical outcomes were collected.
Univariable andmultivariable analyseswere conducted to assess for predictors of in-hospitalmortality and com-
plications. Kaplan–Meier survival analysis was conducted.
Results:A total of 3,766 childrenwith isolated traumatic brain injurywere identified; 1,060 (28%)were treated at
pediatric trauma centers, 1,909 (51%) at adult trauma centers, and 797 (21%) at combined trauma centers. Sub-
jects were 5 years old (median, interquartile range 1–12 years), 63%male, and 64%white. Higher blood pressure
and lower injury severity scorewere associatedwith reducedmortality (P< .05). Increasing injury severity score
was associatedwith highermortality bymultivariable logistic regression (odds ratio 1.57, P < .0001). Therewere
no survival differences among hospital types (P = .88).
Conclusion:Outcomes for childrenwith isolated traumatic brain injury appear equal across different types of des-
ignated trauma centers. These findings may have implications for prehospital transport and triage guidelines.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

More than 500,000 children sustain a traumatic brain injury (TBI) in
the United States each year, resulting in more than 2,000 deaths annu-
ally. As such, it is the leading cause of trauma-related death in the pedi-
atric population [1,2]. Most TBIs are mild (Glasgow Coma Scale [GCS]
13–15) and have mild associated symptoms such as headaches and dif-
ficulty concentrating [3]. Moderate (GCS 9–12) and severe (GCS 3–8)
TBIs tend to be associated with worse functional outcomes and higher
mortality [4,5].

Determining risk factors for poor outcomes after trauma has been of
interest for health care providers and public health researchers alike.
Recent studies have sought to establish whether the type of trauma fa-
cility plays a role in outcomes such as mortality, need for transfusions,
rates of procedural interventions, and length of stay (LOS). Hospitals
arch Institute, 50 N Dunlap St,
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may be pediatric trauma centers (PTCs), adult trauma centers (ATCs),
or combined trauma centers (CTCs). Some studies have demonstrated
better outcomes such as mortality and overall function at PTCs [6–8].
For example, in blunt abdominal solid organ injury, it has been shown
that pediatric patients treated at ATCs undergo more operative inter-
ventions than those treated at PTCs [9]. Yet other studies have not sup-
ported any difference in outcomes based on facility type [10–12].

However, there are limited data demonstrating whether children
with TBI have disparate outcomes depending on the type of trauma fa-
cility where they are treated. A recent study found no difference inmor-
tality between children at ATCs and ATCs with added qualifications in
pediatrics (akin to CTCs) [13]. Although this may be relevant to a large
number of hospitals in the country, it does not provide information
that may address the possible need for triage to PTCs. Therefore, our
aim is to identify whether children with TBI have different outcomes
based on type of treating facility (PTC, ATC, or CTC). Owing to the spe-
cialized pediatric healthcare provider expertise and pediatric-specific
resources available at PTCs, we hypothesized that childrenwith TBI sec-
ondary to blunt trauma treated at PTCs would have better outcomes
than children treated at ATCs or CTCs.
er the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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METHODS

Following institutional review board approval, a retrospective co-
hort study using the 2015 American College of Surgeons National
Trauma Data Bank (NTDB) was performed. The NTDB is a voluntary re-
pository for trauma centers and/or regional trauma registries in the
United States. The NTDB is the largest aggregation of US trauma registry
data ever assembled, contains more than 6 million cases, and is one of
the leading performance improvement tools of trauma care.

The age cutoff was based on the median age cutoff used by centers
who enter data into the NTDB (age less than or equal to 16). Children
with isolated head injury whose injury occurred in 2014were included.
TBI was defined using the Centers for Disease Control criteria [14] and
included the following ICD-9 codes: 800–801.9, 803–804.9, 850–854.1,
950.1–950.3, 995.55, and 959.01. To precisely analyze treatment effects
based on treatment center type, any subjects who were transferred in
from another facility or transferred out to a higher acuity facility were
excluded. Subjectswith penetratingmechanisms of injurywere also ex-
cluded a priori because of differences in recommendations and guide-
lines for the management in regard to neuroimaging, intracranial
pressure monitoring, and surgical management, along with increased
lethality seen with penetrating injuries [15].

Hospital typeswere categorized using American College of Surgeons
(ACS) trauma center designation. Any hospital with a designated
pediatric-level trauma center but without an adult-level trauma center
was categorized as a PTC. Conversely, a hospital with only adult-level
ACS designation was categorized as an ATC. A hospital with any combi-
nation of pediatric and adult designation was categorized as a CTC.
State-level designations were not used because of the variability in
criteria for these types of designations.

Demographics included age, sex, race, and physiologic parameters
such as systolic blood pressure (SBP), heart rate (HR), injury severity
score (ISS), and total Glasgow Coma Scale (GCS). The primary outcome
was in-hospital mortality. Secondary outcomes included LOS, ventilator
use, and intensive care unit (ICU) use.
Ethics Approval. All procedures performed in studies involving human
participants were in accordance with the ethical standards of the
University of Tennessee Health Science Center Institutional Review
Fig 1. Study population. A total of 13,474 childrenwith isolated TBIwere identified from theNTD
insufficient facility data, and 3 subjects with missing sex, 3,766 subjects remained for analysis.

69
Board and with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. This study, in accordance with the
United States Code of Federal Regulations Title 45 (part 46, subpart D),
was granted waiver of informed consent by the University of Tennessee
Health Science Center Institutional Review Board.

Statistics. Descriptive statistics, univariate analyses for the primary and
secondary outcomes, and multivariable modeling through the logistic
regression approachwere performed using SAS 9.3 (Cary, NC). Inmulti-
variable modeling, a P value of <.2 was used for entry into the logistic
regression model. Nonparametric tests (Wilcoxon rank sum test or
Kruskal–Wallis test) were usedwhen appropriate. Missing or unknown
values were excluded from statistical analysis. Kaplan–Meier survival
analysis was used to compare survival among hospital types.

RESULTS

Demographics. A total of 13,474 childrenwith isolated TBI were identi-
fied from the NTDB. After exclusion of 1,245with non-bluntmechanism
of injury, 5,467 transfers, 2,993with insufficient facility data, and 3 sub-
jects with missing sex, 3,766 subjects remained for analysis (Fig 1). Of
these, 1,060 (28%) were treated at PTCs, 1,909 (51%) at ATCs, and 797
(21%) at CTCs. The median age was 5 years (interquartile range [IQR]
1–12); subjects were 63%male, 64%white, and 93% non-Latino. Physio-
logic parameters included a median SBP of 120 (IQR 109–132) and me-
dian HR of 102 (IQR 88–120). The median ISS and GCS of the cohort
were 4 (IQR 4–9) and 15 (IQR 12–15), respectively.

Demographics for each facility type are listed in Table 1. A significant
difference in age paralleled the types of trauma facilities. There were no
differences in the sex ratio of patients; however, more white patients
were treated at ATCs (71.7%) versus PTCs (52.5%) and CTCs (62.7%) (P
< .0001). Insurance type also differed by facility type; patients treated
at PTCs were less likely to have private insurance (45% vs 49%) and
more likely to have Medicaid (40% vs 38% and 35%) (P = .003). There
were no differences in median SBP (P = .33), HR (P = .6), or ISS (P =
.84) among facility types. GCS was found to be different among center
types, with a median of 15 at all center types (P = .007). On further in-
spection of subjects that had available GCS data, subjects withmild TBIs
(GCS ≥13) comprised 74.2% overall, 81.1% of PTCs, 72% of CTCs, and 73%
B. After exclusion of 1,245with non-bluntmechanism of injury, 5,467 transfers, 2,993with



Table 1
Demographic characteristics of children with isolated TBI

Overall
(n = 3766)

PTC
(n = 1060)

CTC
(n = 797)

ATC
(n = 1909)

P value

Age (median, IQR) 5 (1–12) 4 (0–10) 5 (1–13) 6 (1–13) <.0001
Sex (n, %)
Female 1,407 (37) 392 (37) 310 (39) 705 (37) .6
Male 2,359 (63) 668 (63) 487 (61) 1,204 (63)

Race (n, %)
White 2,425 (64.4) 556 (52.5) 500 (62.7) 1,369 (71.7) <.0001
Black 595 (15.8) 226 (21.3) 151 (19) 218 (11.4)
Other 746 (19.8) 278 (26.2) 146 (62.3) 322 (16.9)

Ethnicity (n, %)
Hispanic/Latino 151 (4) 38 (3.6) 23 (2.9) 90 (4.7) .01
Non-Hispanic/Latino 3,491 (92.7) 987 (93.1) 736 (92.4) 1,768 (92.6)
Unknown 124 (3.3) 35 (3.3) 38 (4.7) 51 (2.7)

Insurance (n, %)
Private/commercial 1,807 (48%) 476 (45%) 390 (49%) 941 (49%) .003
Medicaid 1,398 (37%) 427 (40%) 301 (38%) 670 (35%)
Medicare 7 (0.2%) 1 (0.1%) 0 (0%) 6 (0.3%)
Self-pay 172 (4.6%) 35 (3.3%) 46 (5.8%) 91 (4.8%)
Other gov’t insurance 114 (3.0%) 49 (4.6%) 9 (1.1%) 56 (2.9%)
Other 99 (2.6%) 20 (1.9%) 13 (1.6%) 66 (3.5%)
Unknown 169 (4.5%) 52 (4.9%) 38 (4.8%) 79 (4.1%)

SBP (median, IQR), n = 1,269 120 (109–132) 118 (108–130) 120 (110–133) 119 (109–132) .33
HR (median, IQR), n = 1,513 102 (88–120) 104 (89–123) 102 (88–124) 102 (88–120) .6
ISS (median, IQR), n = 3,704 4 (4–9) 4 (1–9) 4 (2–9) 4 (4–9) .84
GCS (median, IQR), n = 1,492 15 (12–15) 15 (13–15) 15 (12–15) 15 (12–15) .007
TBI severity, n = 1,492, (n, %)
Mild (GCS 13–15) 1,107 (74.2) 305 (81.1) 249 (72) 553 (73) .043
Moderate (GCS 9–12) 191 (12.8) 34 (9.0) 41 (11.9) 104 (13.7)
Severe (GCS 3–8) 194 (13.0) 37 (9.8) 56 (16.2) 101 (13.3)

Vent use (n, %) 209 (5.6) 41 (3.9) 65 (8.2) 103 (5.4) <.0001
ICU use (n, %) 1,036 (27.5) 259 (24.4) 279 (35.0) 498 (26.1) <.0001
LOS (median, IQR) 1 (1–2) 1 (1–2) 2 (1–2) 1(1–2) <.0001
Mortality (n, %) 16 (0.4) 4 (0.4) 6 (0.8) 6 (0.3) .268
Disposition (n, %)
Mortality 16 (0.4) 4 (0.4) 6 (0.8) 6 (0.3) <.001
Home 2,681 (71%) 906 (86%) 708 (89%) 1,067 (56%)
Rehab 47 (1.3%) 8 (0.8%) 24 (3.0%) 15 (0.8%)
Long-term care facility 8 (0.2%) 0 (0%) 0 (0%) 8 (0.4%)
Home health 39 (1.0%) 0 (0%) 12 (1.5%) 27 (1.4%)
Hospice 1 (0.03%) 0 (0%) 0 (0%) 1 (0.05%)
Other 7 (0.2%) 1 (0.1%) 4 (0.5%) 2 (0.1%)
Unknown 967 (26%) 141 (13%) 43 (5.4%) 783 (41%)
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of ATCs. PTCs had fewermoderate TBIs (GCS 9–12) at 9.0% compared to
11.9% at CTCs and 13.7% at ATCs, and more severe TBIs (GCS 308) at
16.2% compared to 9.8% at PTCs and 13.3% at ATCs (P = .043).

Overall ventilator use was 5.6%, whereas 27.5% of subjects were ad-
mitted to the ICU at some point during their hospitalization. Neverthe-
less, median LOS was 1 day. Ventilator use was significantly more
common in CTCs (8.2%) compared to PTCs (3.9%) and ATCs (5.4%) (P
< .0001). ICU use was also higher in CTCs (35%) as compared to PTCs
(24.4%) and ATCs (26.1%) (P < .0001). The overall mortality rate was
0.4%. There was no difference in mortality rate by center type (P =
.27). Most patients were discharged to home (71%). Patients were
Table 2
Outcomes by TBI severity

Severity Variable Overall P

Mild Vent use (n, %) 37 (3.3) 1
ICU use (n, %) 285 (25.8) 6
LOS (median, IQR) 1 (1–2) 1
Mortality (n, %) 0 (0) 0

Moderate Vent use (n, %) 26 (13.6) 4
ICU use (n, %) 93 (48.7) 1
LOS (median, IQR) 2 (1–3) 2
Mortality (n, %) 0 (0) 0

Severe Vent use (n, %) 77 (39.7) 1
ICU use (n, %) 121 (62.4) 2
LOS (median, IQR) 2 (1–5) 3
Mortality (n, %) 8 (4.1) 2
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more likely to be discharged to a long-term care facility (0.4%) or with
hospice (0.05%) in ATCs, whereas patients were less likely to go home
with home health (0%) or be discharged to rehab (0.75%) in PTCs (P <
.001).

TBI Severity. Outcomes were compared by center type and TBI severity
(Table 2). For mild TBI, there was no difference in ventilator use, LOS, or
mortality between center types. ICU usewas higher in CTCs at 33% com-
pared to PTCs (20.7%) and ATCs (25.3%) (P < .0001). For moderate TBI,
there was again no difference between center types in ventilator use or
mortality. ICU use was significantly higher in ATCs (58.7%) compared to
TC CTC ATC P value

1 (3.6) 4 (1.6) 22 (4.0) .22
3 (20.7) 82 (32.9) 140 (25.3) <.0001
(1–2) 1 (1–2) 1 (1–2) .77
(0) 0 (0) 0 (0) –
(8.7) 6 (14.6) 16 (15.4) .53
6 (34.8) 16 (39.0) 61 (58.7) .010
(1–2) 2 (1–2) 2 (1–4) .043
(0) 0 (0) 0 (0) –
3 (35.1) 25 (44.6) 39 (38.6) .63
9 (78.4) 41 (73.2) 51 (50.5) .0016
(2–11) 3 (2–10) 1 (1–3) .00013
(5.4) 0 (0) 6 (5.9) .184



Table 3
Univariable analysis

Variable Univariable OR (95% CI) P value

Hospital type
CTC versus PTC 2 (0.56–7.1) .13
ATC versus PTC 0.83 (0.23–2.9) .31
Age 1.04 (0.96–1.1) .32

Sex
Male versus female 0.77 (0.29–2.1) .6

Race⁎

Black versus white 1.02 (0.22–4.8) .57
Other versus white 2.45 (0.85–7.1) .12
ISS 1.54 (1.26–1.88) <.0001
Systolic BP⁎ 1.06 (1.02–1.1) .004
HR⁎ 0.98 (0.95–1.02) .48
GCS⁎ 0.29 (0.08–1.03) .055

⁎ Not entered into the multivariable model because of insignificant P value (race) or
high level of missing data (SBP, HR, and GCS).

Fig 2. Area under the curve for logistic regression model. ISS and hospital type were
included in a logistic regression model, and hospital type was not found to be a
significant predictor in the final model (AUC=0.98).
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PTCs (34.8%) and CTCs (39%) (P= .01), and LOSwas longer at ATCs (P<
.043). Lastly, in severe TBI, an opposite trend was seen. ICU use was sig-
nificantly lower at ATCs (50.5%) compared to PTCs (78.4%) and CTCs
(73.2%) (P = .002), whereas LOS was shorter (P = .0001).

Outcomes: Univariable Analysis.Hospital type was not found to be as-
sociated with the primary outcome of mortality (P = .29). The odds of
mortality appeared to be higher in CTCs and lower in ATCs when com-
pared to PTCs, but these were not statistically significant (Table 3).
Age, sex, and race were not associated with odds of mortality. A 1-unit
increase in ISS was associated with 54% increased odds of mortality (P
≤ .0001). HR andGCS did not have a significant associationwith the like-
lihood ofmortality,whereas SBP (odds ratio [OR] 1.06, P= .004)was as-
sociatedwithmortality on univariable analysis. However, because of the
level of missingness, they could not be entered into the multivariable
model.

Outcomes:Multivariable Analysis. ISS and hospital typewere included
in a logistic regression model. The results of the model can be found in
Table 4. The area under the curve for themodel was 0.98 (Fig 2). Hospi-
tal type was not found to be a significant predictor in the final model. A
1-unit increase in ISSwas associatedwith 57% increased odds ofmortal-
ity (OR 1.57, 95% confidence interval [CI] 1.28–1.93, P ≤ .0001). No sig-
nificant interactions were noted.

Outcomes: Survival. A Kaplan–Meier survival curve was calculated to
compare survival probabilities by hospital type. Therewas no difference
in survival among the 3 center types (P = .88, Fig 3).

DISCUSSION

In this study, one of the largest studies of children with isolated TBI
in the United States, we demonstrate that treating hospital type (PTC,
CTC, or ATC) is not a predictor of mortality for pediatric TBI patients.
We found that children who suffer these injuries tend to be school-
aged and male, and they are most commonly treated at ATCs. The racial
distribution of children treated at PTCs may reflect the fact that free-
Table 4
Multivariable logistic regression results

Variable Multivariable OR (95% CI) P value

Hospital type
CTC versus PTC 1.85 (0.47–7.3) .091
ATC versus PTC 0.51 (0.13–1.9) .072
ISS 1.57 (1.28–1.93) <.0001
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standing children's hospitals are largely located in urban areaswith het-
erogeneous populations. Physiologic characteristics were similar across
hospital types, suggesting that the populations were similar. ICU use is
high across center types, but LOS remained low, although slight differ-
enceswere seenwhen stratified by TBI severity. Thismay be a reflection
of initial triage protocols related to injury category rather than a re-
quirement for the management of severe injuries. Ventilator use and
ICU days were lowest at PTCs. In the multivariable model, only ISS was
identified as a significant predictor of mortality.

Ovalle et al conducted a study of 7,057 pediatric patientswith severe
TBI (with and without additional injuries) treated at ATCs and ATCs
with added qualifications in pediatrics [13]. Their population was lim-
ited to thosewith Abbreviated Injury Scale ≥3, which correlateswith se-
vere TBI, but, in contrast to our study, did include facilities with state
trauma designations. They found that younger age was associated
with increased mortality in this population; however, no gender differ-
ences were found. Similar to our results, they found no difference in
terms of mortality when adjusting for hospital type in a multivariable
model. When looking at severe TBIs, no mortality difference was seen
between center types.

In contrast, Potoka et al studied 13,351 children from a statewide
trauma registry who were treated at PTCs, ATCs with added qualifica-
tions (ATCs-AQ), or ATCs alone [16]. Children with severe TBI treated
at PTCs had the lowest mortality rate of 6.6% (vs 8.8% in ATCs, P =
.044). After controlling for ISS, they demonstrated continued improved
survival in PTCs for children with head injuries as well as children with
liver and spleen injuries. Thiswas in contrast to our study, inwhich chil-
dren had no survival difference across different trauma center types, ei-
ther overall or in severe TBI.

Although no mortality difference between PTCs and ATCs may be
present, there may be other advantages that a PTC can provide. Using
the same data source, Potoka and colleagues leveraged their robust
state-level registry to evaluate functional outcomes in children with
TBI [17]. They compared scores for feeding, locomotion, transfer mobil-
ity, social interaction, and expression among children aged 2–16 years.
In children with TBI as the primary injury, functional outcomes in all 5



Fig 3. Kaplan–Meier survival plot. There was no difference in survival among the 3 center types for children with isolated TBI (P = .88).
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categories were significantly improved at PTCs compared to ATCs-AQ.
When stratifiedbyGCS, childrenwithmild ormoderate injuries showed
no difference in functional outcomes by hospital type. However, chil-
dren with severe head injury were found to have a significantly lower
rate of dependency in the social interaction and expression categories
when treated at PTCs versus ATCs-AQ. They suggest that this difference
may be due to the specialized care provided bypediatric neurosurgeons.
This study, however, was unable to look at functional outcomes because
of limitations of the database.

Wewere able to look at overall patient disposition though and found
that patients at ATCs were more likely to be discharged to a long-term
care facility, whereas patients at PTCs more frequently were discharged
home. Another study that also looked at the NTDB found that children
with TBIs were more likely to be discharged home at a PTC [18]. This
is similar to our findings. A study by Yanchar et al looked at isolated
TBI outcomes by severity comparing PTCs and ATCs. They found that
PTCs were far more likely to ensure neurocognitive follow-up at time
of discharge for mild, moderate, and severe TBIs [19]. These differences
may hint at the benefits a PTC may provide over an ATC when dealing
with pediatric TBI.

Our study has several limitations. TheNTDB is a convenience sample,
with voluntary reporting, and thus, the quality of data collectionmay be
variable among contributing centers. There are oftenmissing data in da-
tabase studies, and this affected our ability to use certain variables (eg,
GCS, SBP) in the multivariable model. Missing data were substantial,
and many patients had to be eliminated from the study altogether be-
cause of the extent of missingness, which limited our sample size.
Rural or small centers may not submit to the NTDB, and hospitals may
have different criteria for inclusion into the database; these conditions
may lead to selection bias. Our decision to exclude transfer patients
may skew our results; however, we found no difference in mortality
outcomes in univariate analysis for transfer patients in our initial ex-
ploratory analyses. Furthermore, we excluded penetrating trauma in
an effort to avoid confounding, and our results therefore are only appli-
cable for blunt trauma. Finally, the NTDB does not contain data regard-
ing long-term or functional outcomes. Disposition was examined as a
surrogate for morbidity and long-term outcomes, but given the overall
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low mortality rate of children who sustain traumatic injuries, the anal-
ysis of long-term outcomes may provide better insight into clinically
relevant outcome differences among trauma center types.

In conclusion, despite differences in resource utilization, survival
outcomes for children with isolated traumatic brain injury appear
equal across different types of trauma centers. This is reassuring, as
most injured children in the United States are treated at non-PTCs.
These data suggest that protocols to guide critical care of children
with TBI should be developed and disseminated broadly to encompass
all center types that care for injured children. Finally, long-term func-
tional outcomes should be collected at the national level to develop an
understanding of the true morbidity and mortality associated with
childhood TBI and to help guide the appropriate triage and treatment
of children with these injuries.
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