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Abstract

BACKGROUND—Traumatic brain injury (TBI) is a significant cause of mortality and disability

in children. Intracranial pressure monitoring (ICPM) and craniotomy/craniectomy (CRANI) may
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affect outcomes. Sources of variability in the use of these interventions remain incompletely

understood.

OBJECTIVE—To analyze sources of variability in the use of ICPM and CRANI.

METHODS—Retrospective cross-sectional study of patients with moderate/severe pediatric TBI

with the use of data submitted to the American College of Surgeons National Trauma Databank.

RESULTS—We analyzed data from 7140 children at 156 US hospitals during 7 continuous

years. Of the children, 27.4% had ICPM, whereas 11.7% had a CRANI. Infants had lower rates of

ICPM and CRANI than older children. A lower rate of ICPM was observed among children

hospitalized at combined pediatric/adult trauma centers than among children treated at adult-only

trauma centers (relative risk = 0.80; 95% confidence interval 0.66-0.97). For ICPM and CRANI,

18.5% and 11.6%, respectively, of residual model variance was explained by between-hospital

variation in care delivery, but almost no correlation was observed between within-hospital

tendency toward performing these procedures.

CONCLUSION—Infants received less ICPM than older children, and children hospitalized at

pediatric trauma centers received less ICPM than children at adult-only trauma centers. In

addition, significant between-hospital variability existed in the delivery of ICPM and CRANI to

children with moderate-severe TBI.
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Recent estimates suggest that 1.7 million traumatic brain injuries (TBIs) occur annually in

the United States, leading to approximately 53 000 deaths.1 Among infants and children,

TBI is both a major cause of mortality and of significant postinjury disability.2 In the period

following initial injury, patients with moderate and severe TBI frequently develop secondary

insults to the brain due to hemorrhage, swelling, and disruption of normal autoregulation of

cerebral blood flow, all of which may lead to increased intracranial pressure (ICP).

Increased ICP further decreases blood flow and oxygen delivery to the already vulnerable

brain, compounding the effects of the primary injury. Monitoring and medical/surgical

management of increased ICP are hallmarks of modern neurosurgical and neurocritical care,

and both are level III recommendations in peer-reviewed treatment guidelines for severe

pediatric TBI published by the Brain Trauma Foundation.3,4

Despite the publication of evidence-based guidelines for the medical management of severe

pediatric TBI in 2003, significant variability in the use of diagnostic and therapeutic

technologies in the treatment of pediatric TBI has been documented in several studies.3–7

Associations between lower rates of ICP monitoring and patient-level factors, especially

young age, have been previously reported.5–7 A possible link between higher volume of TBI

care and increased use of ICP monitors has also been described.5 To better analyze the

sources of patient, hospital, and regional variability in the care delivered to US children with

TBI, we undertook an analysis of the American College of Surgeons National Trauma

Databank (NTDB). A priori, we elected to examine the incidence and variation of 2

neurosurgical markers of potential therapeutic intensity of care and guideline adherence in
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the care provided to children with moderate-severe TBI: ICP monitoring and craniotomy/

craniectomy for intractable intracranial hypertension.3,4

PATIENTS AND METHODS

Data Source

The NTDB is a registry of trauma patients hospitalized at voluntarily participating US

trauma centers. NTDB data sets include demographic (eg, age, insurance coverage),

administrative (eg, hospital trauma designation, discharge diagnosis codes), and measured

(eg, admission Glasgow Coma Score) variables for injured patients. NTDB data sets are

released on an annual basis, with variability in which hospitals participate during specific

years. We analyzed NTDB data files from 2002 to 2008.

Inclusion Criteria

We included all patients younger than 18 years with an International Classification of

Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) discharge diagnosis code for

TBI. We then utilized the Centers for Disease Control and Prevention definition of TBI, as

has previously been used, to refine our sample.1,5 In addition, to restrict our analysis to cases

with moderate or severe injuries, we included only patients with both a head-specific

Abbreviated Injury Score (AIS) ≥3 and an emergency room motor Glasgow Coma Score

(GCS)≤3 (GCS motor 3 defined as flexor response to painful stimuli). NTDB records often,

but not always, denote the presence of chemical sedation or paralysis during the GCS

assessment. Our requirement of a high AIS and low GCS was designed to manage this

possible source of selection bias. A sensitivity analysis adjusting for presence of sedation or

paralysis was conducted as part of the multivariate analyses described below: no major

changes in the interpretation of our analyses were observed.

Finally, because we sought to draw inferences from hospitals in which TBI care was

relatively common, we included only cases cared for in hospitals that contributed at least 10

moderate/severe TBI cases to the NTDB during the year in which the patient was

discharged. We specifically excluded patients who died in the emergency department and

those who transferred from or to another acute-care hospital during their inpatient stay,

because we sought to examine the care delivered to patients over the course of a single

hospitalization at 1 facility. Transfers to rehabilitation or long-term care facilities were

included.

Covariates and Outcomes

The NTDB provides demographic information including age, sex, insurance status, and

clinical information that includes GCS. In addition, hospital-specific information is

available, including the trauma designation (specified in our analysis as adult-only level I or

II, adult and pediatric level I or II, pediatric only I or II, and grouping level III/IV and

nontrauma centers) and hospital region (specified as Northeast, South, West, or Midwest,

based on designations made by the American Trauma Society Trauma Information

Exchange Program).8 We adjusted for hospital TBI volume by counting the number of TBI

cases at each hospital during each year. We then assigned hospitals to annual pediatric TBI
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volume tertiles (10-13 patients, 14-19 patients, and ≥20 patients). As potential confounders,

we analyzed ICD-9 discharge and procedure codes to calculate head AIS, total body Injury

Severity Score (ISS), and to determine whether patients had an inflicted injury or an

extradural, subdural, or subarachnoid hemorrhage. Because of potential changes in hospitals

participating in the NTDB on an annual basis, we controlled for discharge year. We studied

2 independent outcomes: placement of an ICP monitor (ICPM) and performance of

craniotomy/craniectomy (CRANI). ICD-9 procedure codes do not allow for a clear

separation of craniotomy and craniectomy procedures, and so we elected to group the 2

procedures for this analysis.

Software

STATA (version 11.2) was used for the creation of the analytic data set, as well as for

calculation of the AIS and ISS scores using the publicly available ICDPIC software

package.9 The R statistical programming language, version 2.15.2 (R Foundation for

Statistical Computing, Vienna, Austria) was used for all subsequent data analysis, including

the lme4 package for creation of hierarchical generalized linear models and the amelia

package for multiple imputation.10–12

Statistical Analysis

Univariate statistics were analyzed by using counts and percentages. Bivariate statistics

associating covariates and outcomes were calculated as relative risks with 95% confidence

intervals. Confidence intervals excluding the value 1 were considered statistically

significant. Given the likely within-hospital correlation of care delivery, we utilized

multivariate hierarchical generalized linear models with hospitals specified as a random

effect. This form of modeling assumes a constant effect of a predictor across hospitals, but

allows each hospital its own intercept. Models utilized the Poisson error distribution with a

log link in order to calculate relative risks for common outcomes.13 All covariates were

included in models a priori based on review of previous research and experience of the

authors: no variable selection was performed during modeling. For univariate and bivariate

analyses, missing categorical variables were managed by creation of “missing” categories.

For multivariate analysis, missing data were assumed to be missing at random and managed

by creation of 10 imputed data sets via chained equations: coefficient and confidence

interval estimates were pooled and pooled estimates are reported in the text and tables.

Separate imputation steps were performed for missing data at the hospital and patient levels

to ensure that imputations at the hospital level were shared across all patients at that

hospital.14

As a study of a publicly available database from which all patient identifiers have been

expunged, this study was exempt from institutional review board review.

RESULTS

After application of the inclusion and exclusion criteria, the analytic data set included 7140

patients hospitalized at 156 different US hospitals. Demographic characteristics of the

patients are depicted in Table 1. A plurality (46.8%) of patients was aged 13 to 17 years, and
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the majority was male. Most (81.0%) patients had an ISS suggestive of severe bodily injury

(>15), and 65.1% had an intracranial hemorrhage. A large majority of patients were

hospitalized at hospitals with a trauma designation of adult-only level I or II (36.4%) or

adult-pediatric combined level I or II (42.1%).

ICP Monitoring

Positive bivariate associations with ICPM were observed for older age, presence of

intracranial hemorrhage, and higher head and total body injury severity, whereas negative

associations were observed for combined adult/pediatric trauma designation and several

regions (Table 2). In a multivariate model adjusted for all covariates (Table 3), patients older

than 1 year were more likely to receive ICPM than similarly injured infants (with infants as

reference category, ages 1 to <5 years relative risk [RR] = 1.63, 95% confidence interval

[CI] 1.29-2.06; 5 to <13 years RR = 1.53, 95% CI 1.20-1.95; and ≥13 years RR = 1.55, 95%

CI 1.23-1.96). The negative association between combined adult/pediatric level I/II trauma

designation compared with adult-only level I/II designation was preserved in the

multivariate model, with a RR of 0.80 (95% CI 0.66-0.97); 18.5% of the residual variance in

the hierarchical model was explained by between-hospital variability in the use of ICPM.

Craniotomy and Craniectomy

Positive bivariate associations of CRANI with sex, head and total body injury severity, and

region were observed, whereas negative bivariate associations were observed for moderate

annual TBI volumes but not highest (Table 2). In the multivariate model, a significantly

increased RR for CRANI was observed for patients 1 to <5 years of age compared to infants

(with infants as referent, age 1 to <5 year RR = 1.39, 95% CI 1.01-1.90). Patients with a

head AIS of 4 were more likely to receive CRANI than those with head AIS = 3, but this

effect was not observed for patients with a head AIS of 5/6. The presence of an intracranial

hemorrhage was strongly associated with CRANI (RR = 3.32, 95% CI 2.66-4.16). Children

at level III/IV or nontrauma centers were more likely to receive a CRANI than those at adult

I/II trauma centers (RR = 1.56, 95% CI 1.02-2.38). In comparison with the ICPM model

(18.5%), only 11.6% of the residual variance in the model was attributed to between-

hospital variability.

Finally, we explored the correlation between adjusted hospital-specific relative risks of

ICPM and CRANI by extracting hospital-specific intercepts from each hierarchical

multivariate model and comparing each hospital’s adjusted RR for ICPM with its adjusted

RR for CRANI. The line of best fit (R2 = 0.037, 95% CI 0.001-0.116) indicated little

correlation for the within-hospital tendency toward performing each of these 2 procedures.

DISCUSSION

In this retrospective cohort study of children with moderate and severe TBI, we observed

significant patient, hospital, and regional variation in rates of delivery of 2 neurosurgical

interventions that have potential to modify outcomes. These results confirm and extend the

results of previous studies showing variability in ICP monitoring in children with TBI, and
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have important implications in understanding the extent to which these treatments are

provided to children with moderate-severe TBI.

Patient-level Variability

Previous studies have identified patient-level variability in ICPM for infants and children in

both the United States and United Kingdom. In these studies, as in the present one, infants

were consistently less likely than older children to receive ICPM after a TBI. Our study, as a

broad national sample of care for children with TBI, substantially improves the

generalizability of this observation. The main hypothesis offered to explain this consistent

finding is the misconception of a pressure “pop off” provided by the open fontanel, despite

evidence that infants with TBI remain at risk for elevated ICP and a lack of evidence for the

reliability of the clinical examination in diagnosing intracranial hypertension.15 This is

particularly troubling in the light of survey evidence suggesting that physicians treating TBI

generally agree with the recommendation to measure ICP in patients with severe TBI.6 That

same survey suggested that only 38% of physicians practice in settings with a clear TBI

protocol: our supposition, which merits empiric study, is that patients treated in institutions

with rigorous TBI protocols are more likely to receive guideline-supported care.

Hospital-level Variability

The present study identified a decreased incidence of ICPM associated with hospitalization

at a combined adult/pediatric level I/II trauma center in comparison with an adult level I/II

trauma center. The reason for this finding is not clear, but potential causes can be suggested.

First, it is possible that centers with adult-only trauma designation are more aggressive (ie,

they are more likely to surgically intervene) or comfortable with ICPM (ie, they use

monitors more frequently, in general) than other centers. In part, this finding could be due to

differences in the age distributions of patients hospitalized at each type of trauma center, but

our adjustment for age should interrupt confounding owing to this association. It remains

possible that, despite our adjustment procedures, residual confounding due to severity or

mechanism of TBI affects our results. Fourth, the increased familiarity in caring for infants

and children at hospitals with a pediatric trauma designation may be associated with less use

of paralysis or sedation, or with generally greater comfort with bedside physical examination

of children, and therefore a decreased requirement for ICPM. Unfortunately, the NTDB does

not provide data on medication use, limiting our ability to test this assertion. Surprisingly,

we identified an increased use of CRANI at hospitals classified as level III/IV or nontrauma

centers. We have no clear explanation for this finding, but note that the number of these

centers in our data set is small and that hospitals of this classification that participate in the

NTDB may not be representative of national practices at otherwise similar hospitals. As

attempts to decrease the variability in ICPM are instituted on the hospital, regional, and

national level, an understanding of the factors that lead to differential treatment of children

in adult and pediatric trauma centers would be of clear utility.

In our multivariate models, we did not identify a consistent relationship between volume of

TBI patients and utilization of ICPM or CRANI, as has been previously identified for TBI5

and other types of traumatic injury.16,17 It is possible that our decision to restrict our data set

to patients cared for at hospitals contributing a minimum of 10 patients per year led to this
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finding, or that the hospitals contributing to the NTDB represent a materially different

population than the pediatric hospital consortium studied by Bennett and colleagues.5

Similarly, we were unable to identify regional variability in the utilization of these

procedures, despite the phenomenon of regional variability in health care delivery

documented in multiple previous studies.18,19 Trauma centers display regional variability in

their distribution, which no doubt impacts the outcomes of children with TBI based on

differences in time from injury to definitive care and access to specialized interventions.8

Our need to impute region because of its frequent missingness from the NTDB data may

provide the best explanation for a lack of observed regional differences in our models.

We found little correlation between within-hospital predisposition toward ICPM and

CRANI. Although invasive monitoring and invasive therapy clearly differ in their

indications, we expected hospitals predisposed to 1 decision to be likewise predisposed to

the other. The absence of evidence for such a correlation in our data highlights the

complexity of forces that shape decision-making for seriously or critically ill children with

TBI. Physicians deciding how to care for injured children must also integrate evolving

information about the effectiveness of available therapies. A recent randomized study of

adults with TBI cared for in an intensive care unit setting did not observe a mortality benefit

for ICP monitoring in comparison with care guided by clinical criteria.20 Similarly, recent

studies have highlighted the lack of high-quality evidence supporting decompressive

craniotomy/craniectomy in adults with diffuse TBI.21 It may be reasonable to hypothesize

that in a well-staffed, mature intensive care unit setting, it will be difficult to demonstrate

that, in isolation, either CRANI or ICPM lead to superior results. Although the continuous

incremental advances in neurointensive care are challenging to study, they may prove to be a

central determinant of patient outcomes.22

Limitations

As a retrospective review of administrative data, our study has certain well-understood

limitations. First, we can make no claim regarding the directionality of the associations we

have observed, and therefore cannot claim causal links between our covariates and our

observed outcomes. This well-understood weakness of observational studies means that we

encourage readers to interpret our findings as deserving of further confirmation. To do so

would require larger and more comprehensive clinical databases tracking the care of brain-

injured children, and we believe that the creation and adequate funding of such efforts

deserves national attention.

Second, our ascertainment of TBI cases and both TBI and total injury severity (AIS/ISS)

were based on ICD-9 codes, which introduces the possibility of nonrandom error (bias) at

the time of code assignment. The use of these methods are supported both by the Centers for

Disease Control and Prevention in its epidemiologic tracking of TBI and by the majority of

large-scale TBI studies, and while we cannot exclude bias, we believe our study is no more

affected than similar previous efforts.1,23–25 As a voluntary registry, the NTDB must be

considered a potentially biased source of information regarding the delivery of care to

injured patients in the United States. The effect of that bias on our conclusions cannot be

stated with certainty, but we believe that participating hospitals are more likely to provide
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high-quality and standards-adherent care than nonparticipators. As such, our estimates of

variability likely under represent the variability present in the population as a whole. The

absence of important clinical information in the NTDB, including pupillary examinations,

physiological data, and indications for institution of ICPM or CRANI considerably lessens

the granularity with which we can adjust our data and control for confounding. Balancing

these limitations are our study’s large sample size, our use of modern modeling techniques

to control for within-hospital correlation, and the fact that our findings align well with

previous research.

CONCLUSION

This study documents patient- and hospital-associated variability in the use of ICPM and

CRANI for patients with moderate and severe TBI. In particular, adult trauma centers are

more likely to institute ICPM than pediatric trauma centers, despite adjustment for probable

confounders. Efforts to improve the care delivered to critically ill children with TBI will

require a firm understanding of the institutional and regional factors associated with

variability in the use of these invasive but potentially outcome-modifying technologies.

Future efforts to understand the variability in care delivery to children with TBI would

benefit from large data sets that consistently record highly granular clinical data.

Acknowledgments

This study was funded by the National Institutes of Health (NIH) 1R01NS072308 to 03.

ABBREVIATIONS

AIS Abbreviated Injury Score

CRANI craniotomy/craniectomy

GCS Glasgow Coma Score

ICD-9-CM International Classification of Diseases, Ninth Revision, Clinical

Modification

ICP intracranial pressure

ICPM intracranial pressure monitoring

ISS Injury Severity Score

NTDB National Trauma Databank

TBI traumatic brain injury

REFERENCES

1. Coronado VG, Xu L, Basavaraju SV, et al. Surveillance for traumatic brain injury-related deaths—
United States, 1997-2007. MMWR Surveill Summ. 2011; 60(5):1–32. [PubMed: 21544045]

2. Anderson VA, Catroppa C, Haritou F, Morse S, Rosenfeld JV. Identifying factors contributing to
child and family outcome 30 months after traumatic brain injury in children. J Neurol Neurosurg
Psychiatry. 2005; 76(3):401–408. [PubMed: 15716536]

Van Cleve et al. Page 8

Neurosurgery. Author manuscript; available in PMC 2014 August 11.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



3. Adelson PD, Bratton SL, Carney NA, et al. Guidelines for the acute medical management of severe
traumatic brain injury in infants, children, and adolescents. Chapter 5. Indications for intracranial
pressure monitoring in pediatric patients with severe traumatic brain injury. Pediatr Crit Care Med.
2003; 4(suppl 3):S19–S24. [PubMed: 12847341]

4. Kochanek PM, Carney N, Adelson PD, et al. Guidelines for the acute medical management of
severe traumatic brain injury in infants, children, and adolescents— second edition. Pediatr Crit
Care Med. 2012; 13(suppl 1):S1–S82. [PubMed: 22217782]

5. Bennett TD, Riva-Cambrin J, Keenan HT, Korgenski EK, Bratton SL. Variation in intracranial
pressure monitoring and outcomes in pediatric traumatic brain injury. Arch Pediatr Adolesc Med.
2012; 166(7):641–647. [PubMed: 22751878]

6. Dean NP, Boslaugh S, Adelson PD, Pineda JA, Leonard JR. Physician agreement with evidence-
based recommendations for the treatment of severe traumatic brain injury in children. J Neurosurg.
2007; 107(suppl 5):387–391. [PubMed: 18459901]

7. Morris KP, Forsyth RJ, Parslow RC, Tasker RC, Hawley CA. Intracranial pressure complicating
severe traumatic brain injury in children: monitoring and management. Intensive Care Med. 2006;
32(10):1606–1612. [PubMed: 16874495]

8. MacKenzie EJ, Hoyt DB, Sacra JC, et al. National inventory of hospital trauma centers. JAMA.
2003; 289(12):1515–1522. [PubMed: 12672768]

9. Clark, DE.; Osler, TM.; Hahn, DR. ICDPIC: Stata Module to Provide Methods for Translating
International Classification of Diseases (Ninth Revision) Diagnosis Codes Into Standard Injury
Categories and/or Scores. Newton, MA: Boston College Department of Economics; 2010. Available
at: http://ideas.repec.org/c/boc/bocode/s457028.html [Accessed November 17, 2012]

10. R Core Team. R: A Language and Environment for Statistical Computing. Vienna, Austria: 2012.
Available at:http://www.R-project.org/ [Accessed July 1, 2013]

11. Bates, D.; Maechler, M.; Bolker, B. lme4: Linear Mixed-Effects Models Using S4 Classes.
Available at: http://cran.r-project.org/web/packages/lme4/index.html

12. Honaker J, King G, Blackwell M. Amelia II: a program for missing data. J Stat Softw. 2011; 45(7):
1–47.

13. Lumley, T.; Kronmal, R.; Ma, S. Relative Risk Regression in Medical Research: Models,
Contrasts, Estimators, and Algorithms. UW Biostatistics Working Paper Series; 2006. Available
at: http://www.bepress.com/uwbiostat/paper293/

14. Gelman, A. Data Analysis Using Regression and Multilevel/Hierarchical Models. New York:
Cambridge University Press; 2007.

15. Cho DY, Wang YC, Chi CS. Decompressive craniotomy for acute shaken/impact baby syndrome.
Pediatr Neurosurg. 1995; 23(4):192–198. [PubMed: 8835209]

16. Nathens AB, Jurkovich GJ, Maier RV, et al. Relationship between trauma center volume and
outcomes. JAMA. 2001; 285(9):1164–1171. [PubMed: 11231745]

17. Demetriades D, Martin M, Salim A, et al. The effect of trauma center designation and trauma
volume on outcome in specific severe injuries. Ann Surg. 2005; 242(4):512–517. discussion
517-519. [PubMed: 16192811]

18. Wennberg J, Gittelsohn A. Variations in medical care among small areas. Sci Am. 1982; 246(4):
120–134. [PubMed: 7079718]

19. Welch WP, Miller ME, Welch HG, Fisher ES, Wennberg JE. Geographic variation in expenditures
for physicians’ services in the United States. N Engl J Med. 1993; 328(9):621–627. [PubMed:
8429854]

20. Chesnut RM, Temkin N, Carney N, et al. A trial of intracranial-pressure monitoring in traumatic
brain injury. N Engl J Med. 2012; 367(26):2471–2481. [PubMed: 23234472]

21. Cooper DJ, Rosenfeld JV, Murray L, et al. Decompressive craniectomy in diffuse traumatic brain
injury. N Engl J Med. 2011; 364(16):1493–1502. [PubMed: 21434843]

22. Pineda JA, Leonard JR, Mazotas IG, et al. Effect of implementation of a paediatric neurocritical
care programme on outcomes after severe traumatic brain injury: a retrospective cohort study.
Lancet Neurol. 2013; 12(1):45–52. [PubMed: 23200264]

23. Durbin DR, Localio AR, MacKenzie EJ. Validation of the ICD/AIS MAP for pediatric use. Inj
Prev. 2001; 7(2):96–99. [PubMed: 11428572]

Van Cleve et al. Page 9

Neurosurgery. Author manuscript; available in PMC 2014 August 11.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://ideas.repec.org/c/boc/bocode/s457028.html
http://www.R-project.org/
http://cran.r-project.org/web/packages/lme4/index.html
http://www.bepress.com/uwbiostat/paper293/


24. Foreman BP, Caesar RR, Parks J, et al. Usefulness of the abbreviated injury score and the injury
severity score in comparison to the Glasgow Coma Scale in predicting outcome after traumatic
brain injury. J Trauma. 2007; 62(4):946–950. [PubMed: 17426553]

25. Demetriades D, Kuncir E, Murray J, et al. Mortality prediction of head Abbreviated Injury Score
and Glasgow Coma Scale: analysis of 7,764 head injuries. J Am Coll Surg. 2004; 199(2):216–222.
[PubMed: 15275876]

Van Cleve et al. Page 10

Neurosurgery. Author manuscript; available in PMC 2014 August 11.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Van Cleve et al. Page 11

TABLE 1

Characteristics of 7140 Children With Traumatic Brain Injury Hospitalized at 156 Different US Hospitalsa

Covariate %

Age

  Under 1 y (n = 582) 8.2

  1 to <5 y (n = 1288) 18.0

  5 to <13 y (n = 1927) 27.0

  13 to <18 y (n = 3343) 46.8

Sex

  Female (n = 2574) 36.1

  Male (n = 4566) 63.9

Insurance

  Government (n = 1780) 25.1

  Private insurance (n = 1168) 33.0

  Self-pay (n = 615) 8.6

  Other (n = 1251) 17.5

  Missing (n = 1168) 16.4

Inflicted injury (n = 766) 10.7

Intracranial hemorrhage (EDH, SDH, SAH) (n = 4650) 65.1

Head AIS

  3 (n = 2656) 37.2

  4 (n = 3465) 48.5

  5 or 6 (n = 1019) 14.3

Injury Severity Score (ISS) ≥15 (n = 5782) 81.0

Hospital trauma designation

  Adult I/II only (n = 2705) 36.4

  Adult and Ped I/II (n = 3029) 42.1

  Nontrauma center or both adult and pediatric level III/IV (n = 313) 4.4

  Ped I/II only (n = 314) 4.4

  Missing (n = 910) 12.7

Pediatric patients with TBI in same year at same hospital

  10-14 (n = 1294) 18.1

  14-19 (n = 2021) 28.3

  ≥20 (n = 3825) 53.6

Region

  Northeast (n = 1055) 14.8

  South (n = 2665) 37.3

  West (n = 894) 12.5

  Midwest (n = 1438) 20.1
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Covariate %

  Missing (n = 1088) 15.2

a
EDH, epidural hematoma; SDH, subdural hematoma; SAH, subarachnoid hematoma; AIS, Abbreviated Injury Score; TBI, traumatic brain injury;

Ped, pediatric.
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TABLE 3

Adjusted Relative Risk of Intracranial Pressure Monitoring and Craniotomy/Craniectomya,b

Variable
Relative

Risk 95% CI

ICPM

  Age

    <1 y (referent) 1 —

    1 to <5 y 1.63 (1.29-2.06)

    5 to <13 y 1.53 (1.20-1.95)

    13 to <18 y 1.55 (1.23-1.96)

  Head AIS

    3 (referent) 1 —

    5 or 6 1.11 (1.01-1.41)

  Hospital trauma designation

    Adult I or II (referent) 1 —

    Adult and Peds I or II 0.80 (0.66-0.97)

  Discharge year

    2002 (referent) 1 —

    2005 0.65 (0.45-0.93)

  Other injury features

    Injury Severity Score >15 1.36 (1.14-1.63)

    Intracranial hemorrhage (EDH, SDH, SAH) 1.57 (1.40-1.77)

CRANI

  Age

    <1 y (referent) 1 —

    1 to <5 y 1.39 (.01-1.90)

  Head AIS

    3 (referent) 1 —

    4 1.33 (1.06-1.67)

  Annual TBI case volume

    10-13 cases (referent) 1 —

    14-19 cases 0.74 (0.58-0.93)

  Hospital trauma designation

    Adult I or II (referent) 1 —

    Level III/IV/nontrauma center 1.56 (1.02-2.38)

  Other injury features

    Intracranial hemorrhage (EDH, SDH, SAH) 3.32 (2.66-4.16)

a
ICP, intracranial pressure; RR, relative risk; CI, confidence interval; CRANI, craniotomy/craniectomy; EDH, epidural hematoma; SDH, subdural

hematoma; SAH, subarachnoid hematoma; AIS, Abbreviated Injury Score; NTC, nontrauma center; TBI, traumatic brain injury.
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b
Included model covariates included age category, head AIS, sex, severe ISS, inflicted injury, presence of intracranial hemorrhage, insurance

status, year of discharge, trauma designation, hospital region, and volume of TBI cases at the patient’s hospital during that year. Only relative risk
estimates with confidence intervals excluding 1 are considered significant and are displayed. In cases where nominal variables showed significant
results, the referent category is listed for clarity of interpretation.
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