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Abstract

Objective—Adherence to pediatric traumatic brain injury (TBI) guidelines has been associated
with improved survival and better functional outcome. However, the relationship between
guideline adherence and hospitalization costs has not been examined. To evaluate the relationship
between adherence to pediatric severe TBI guidelines, measured by acute care clinical indicators,
and the total costs of hospitalization associated with severe TBI.

Design—Retrospective cohort study
Setting—Five regional pediatric trauma centers affiliated with academic medical centers.

Patients—Demographic, injury, treatment, and charge data were included for pediatric patients
(age under 17 years) with severe traumatic brain injury.

Measurements—~Percent adherence to clinical indicators was determined for each patient. Cost-
to-charge ratios were used to estimate ICU and total hospital costs for each patient. Generalized
linear models evaluated the association between healthcare costs and adherence rate.

Main Results—Cost data for 235 patients were examined. Estimated mean adjusted hospital
costs were $103,485 (95% Cl: 98,553-108,416); adjusted ICU costs were $82,071 (95% ClI:
78,559-85,582). No association was found between adherence to guidelines and total hospital or
ICU costs, after adjusting for patient and injury characteristics. Adjusted regression model results
provided cost ratio equal to 1.01 for hospital and ICU costs (95% CI: 0.99-1.03 and 0.99-1.02,
respectively).

Conclusions—Adherence to severe pediatric traumatic brain injury guidelines at these 5 leading
pediatric trauma centers was not associated with increased hospitalization and ICU costs.
Therefore, cost should not be a factor as institutions and providers strive to provide evidence based
guideline driven care of children with severe TBI.

Keywords

childhood injury; traumatic injury; costs; guidelines; health care costs; pediatrics; quality of care;
trauma; injury

INTRODUCTION

Traumatic brain injury (TBI) is a leading cause of morbidity and mortality in children.(1)
Outcomes after pediatric TBI depend on factors such as age, injury severity and intent of
injury,(2-4) but timely and high quality acute care is also of vital importance.(5-8)
Publication of the 2003 and 2012 pediatric TBI guidelines represent important
interdisciplinary efforts to provide guidance on provision of evidence-based acute care for
infants and children with severe TBI.(9) Adherence to acute care clinical indicators in
guidelines (9, 10) is associated with improved discharge survival and Glasgow outcome
score.(11)

Pedlatr Crit Care Med. Author manuscript; available in PMC 2017 May 01.
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A recent multicenter study has shown that there is a 6% increase in discharge survival for
each percentage point increase in adherence rate to the severe pediatric TBI guidelines.(11)
This overall protective effect examined adherence to acute care indicators across locations,
including the emergency department (ED), operating room (OR) and intensive care unit
(ICU). Some indicators were found to be associated with a reduction in mortality across
more than one treatment location (e.g., maintenance of cerebral perfusion pressure > 40
mmHg in both the OR and ICU). Increasing adherence to the pediatric TBI guidelines may,
however, increase hospital costs if equipment and staffing needs are greater. Currently, no
information exists indicating whether guideline adherence increases hospital costs and
concern for the need of additional expenses may actually hamper guideline adherence. The
purpose of this study was to evaluate the relationship between adherence to the 2003
Pediatric TBI Guidelines, measured by acute care clinical indicators, and the total costs of
hospitalization and ICU care associated with severe pediatric TBI.

METHODS
Study Design

This study utilized data from a large, multi-site cohort study that included five
geographically dispersed, regional pediatric trauma centers affiliated with academic medical
centers. The primary purpose of the parent study was to examine the association between
adherence to guidelines for management of pediatric severe TBI and discharge survival.
Human Subjects Committee approval was obtained from each respective institution.

Study Sample

Demographic, injury, treatment, and charge data were included for pediatric patients aged 0
to 17 years old with severe TBI. Consistent with prior literature,(11) severe TBI was defined
as an injury with one or more of the following ICD-9 discharge diagnosis codes: 800.0-
801.9, 803.0-804.9, 850.0-854.1, 959.01, 950.1-950.3, 995.55, minimum head abbreviated
injury scale (AIS) = 3, admission Glasgow Coma Scale (GCS) score < 8, alive with tracheal
intubation for at least 48 hours in the ICU, history of trauma, and abnormal admission head
computed tomography exam. Patients with extracranial injuries and those transferred from
another hospital immediate following injury were also included. Patient recruitment
occurred between 1/1/2007 and 12/31/2011.

Measurement

Adherence to guidelines—Percent adherence to clinical indicators was determined for
each patient. Methods for the calculation of adherence scores have been described
previously.(11) Briefly, 14 clinical indicators represented measures of adherence with
recommendations within the 2003 Pediatric TBI Guidelines, most of which were retained in
the 2012 revision. In some instances, procedures and processes involved more than one
clinical indicator, which resulted in an imprecise mapping to the TBI guidelines. When
appropriate, clinical indicators were examined for conditionality; indicators were considered
relevant for patients with underlying conditions that would have qualified for given
treatments.(11) For each patient in this study, a total hospital adherence rate (0-100 scale)
and an ICU adherence rate (0—100 scale) across all locations were utilized as primary and
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secondary independent variables, respectively, in separate analyses. Details of the analysis
on adherence and outcomes for study patients are given elsewhere.(11)

Patient characteristics—Each study center provided the following patient demographic
information: age, gender (male, female), race (White, Black/African American, Hispanic/
Latino, Asian or Pacific Islander, Other). Information on cardiac, pulmonary, neurological,
endocrine, or other medical conditions was represented as a dichotomous (presence or
absence) variable. Injury mechanism was categorized as motor vehicle crash, fall, struck by
vehicle, abusive TBI, gunshot, or other. Injury severity information included GCS score at
admission, head AIS, and highest non-head AIS. The AIS distinguishes injuries based on the
likelihood of survival and is scored on a range from 1 to 6.(12) ICU length of stay (LOS)
was also calculated.

Healthcare costs—Total hospital and ICU charges for each patient were converted to cost
estimates using institution-specific cost-to-charge ratios (CCRs). When available, CCRs
were obtained from the 2009 Healthcare Cost and Utilization Project Kids Inpatient
Database (HCUP-KID; n=2). However, participation in HCUP-KID is voluntary (not every
hospital provides data) and approximately 11% of HCUP-KID hospitals lack CCR data. Two
institutions in our study did not participate in HCUP in 2009, and another did not provide
CCR data. For these three sites, we obtained CCRs from the institution’s billing office.
Hospital costs covered the full length of the patient’s hospital stay from admission to
discharge, including ICU costs. ICU costs covered all expenses from ICU admission to
discharge. ICU costs were analyzed separately because a large proportion of pediatric severe
TBI care takes place in the ICU. Costs included room charges, supplies, nursing and
personnel services, OR time, diagnostic procedures, medications, and therapies. Costs for
these individual components were not available. Separately billed, individual provider
charges for inpatient services provided in hospital facilities were (e.g., anesthesiologist
charges) not available to study sites and therefore cost estimates did not include these fees.
All costs were adjusted for inflation to 2012 US dollars using the Consumer Price Index
(CPI) for Medical Care.(13) Patients who received care in two calendar years were assigned
the CPI for the admission year.

Patient characteristics were tabulated across adherence rate quartiles and evaluated for
statistical significance of trend across quartiles using a non-parametric trend test (nptrendin
STATA, an extension of the Wilcoxon rank-sum test) for categorical variables and variance-
weighted least-squares (VWLS) regression for continuous variables. We evaluated the trend
in unadjusted (crude) mean hospital and ICU costs across adherence rate quartiles using
VWLS regression. We used generalized linear models (GLMs) to evaluate the association
between estimated health care costs and adherence to guidelines (adherence rate). GLMs are
versatile models often used in analyzing right-skewed and over-dispersed health care cost
data.(14) Box-Cox and modified Park Tests were used to determine model specifications and
take into account the skewness of cost data. We created separate regression models to
estimate cost ratios for total hospital costs and ICU costs. Based on these tests, log link and
inverse Gaussian family were chosen for both cost models. Regression models adjusted for
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the following demographic and injury characteristics that could influence costs: age, gender,
race, presence of other medical conditions, highest non-head AlS, and admission GCS score.
As a sensitivity analysis, we conducted separate models with and without groups of
variables (patient demographics, clinical characteristics). All models accounted for
clustering by institution. We used STATA/MP 13.1 for Macintosh (Stata Corp., College
Station, TX, USA) for all analyses.

As previously described,(11) 236 pediatric patients with severe TBI were admitted to five
sites during the study period. Hospital cost data were unavailable for one patient, so the final
sample size was 235 patients. Ages ranged from less than 1 year to 17 years at the time of
injury (Table 1). There was evidence of a significant trend for age (p=0.02) and discharge
mortality (p=0.02) across adherence rate quartiles.

Among pediatric patients in this study, total hospital costs ranged from $13,859 to $437,749
and total ICU costs ranged from $5,776 to $400,663. The median estimated per-patient
hospital cost was $73,742 (USD) (interquartile range, IQR=%$90,050) and the median ICU
cost was $59,358 (IQR=69,810) (Table 2). Overall, median ICU costs accounted for 89.1%
of median hospital costs. For 37 patients (15.7%), total hospital costs were equal to ICU
costs, indicating patients who were discharged directly from the ICU, transferred to
rehabilitation facilities or long-term acute care centers associated with hospitals not included
in this study, or expired before discharge from the ICU (N=30). There was no statistically
significant trend in hospital or ICU costs across adherence rate quartiles (p=0.87 and p=0.78,
respectively). The relationship between adherence rate and total hospital and ICU costs is
shown in Figure 1.

Adjusted regression model results yielded cost ratios equal to 1.01 for hospital and ICU
costs (95% CI: 0.99-1.03 and 0.98-1.02, respectively), indicating no significant association
between estimated costs and patient-level adherence rate, after adjusting for age, gender,
race, presence of other medical conditions, head AlS, highest non-head AIS, admission
GCS, and clustering by institution. The cost ratio provides an estimate of the relative
difference in costs for a 1% increase in guideline adherence rate. The regression results show
a 1% increase in guideline adherence is associated with 1% higher hospital costs and no
(0%) higher ICU costs; these results are not statistically significant (p=0.22 for hospital
costs; p=0.47 for ICU costs). The multivariable models therefore suggest that change in
guideline adherence is not associated with a significance increase in costs. Adjustment for
varying levels of covariates did not appreciably change cost ratios or result in statistical
significance for hospital or ICU costs (Supplemental Table 1). Estimated mean per-patient
costs, adjusted for covariates, were $103,485 (95% CI: 98,553-108,416) for total hospital
costs and $82,071 (95% Cl: 78,559-85,582) for costs associated with ICU admission.

DISCUSSION

This study found that across five geographically dispersed, regional pediatric trauma centers
affiliated with academic medical centers, improvements in adherence to severe pediatric TBI
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acute care guidelines was not associated with changes in ICU or total hospital costs in the
time period from 2007 to 2011 at participating pediatric trauma centers. This result, together
with the finding that adherence to pediatric TBI guidelines is associated with significantly
better patient outcomes,(11) provides strong evidence supporting the use of and adherence to
evidence-based guidelines for the care of children with severe TBI.(9, 10) For institutions
with limited resources, the potential investment required to improve adherence to pediatric
TBI guidelines may not be associated with long-term increases in cost, but may result in
improved outcomes. In addition, the relationship between guideline adherence and age, also
reported in the parent study (11), warrants investigation in future research.

Healthcare costs may be attributed to capital, personnel, treatment, technology, and
administrative costs.(15) Some of these costs are fixed such as facility costs, whereas other
costs, like staffing, are variable. Theoretically, the cost of adhering to guideline
recommendations may increase due to an increase in costly resources, such as staffing. For
example, if maintenance of cerebral perfusion pressure above 40mmHg or early initiation of
nutrition during the first 72 hours of admission (two acute care indicators associated with
reduction in mortality) necessitates hiring additional staff for purposes of monitoring and
providing care in these domains, then the value of adherence in these areas must consider
these additional costs. Our finding, however, suggests that adherence to severe pediatric TBI
guidelines may not significantly impact hospital or ICU costs. A formal cost-effectiveness
analysis may be warranted to investigate this relationship further.

Our findings suggest that greater adherence to guidelines may be achieved without a
statistically significant increase in cost, potentially by considering workflow characteristics
of organizations where children with severe TBI receive care. For example, guideline
adherence in the ED could require consideration of trauma team composition and
functionality, which considers number and complexity of tasks and waste times. In the case
of severe pediatric TBI, time from ED to OR may be reduced by optimizing communication
paradigms, and handoffs from ED to OR or from these locations to the ICU may improve
quality of care and reduce errors without concomitant increases in cost. The outcome and
cost benefits of care coordination, through care pathways or creation of medical homes are
similarly described;(16, 17) better organization of care services for children with severe TBI
could contribute to similar findings. As recently described, there may also be a role for
facility-level systems analysis and improvement interventions designed to maximize cost-
effectiveness in severe TBI care.(18)

Recent research on the patient-centered medical home shows no significant changes in costs
from adopting a model that increases care coordination.(19) Researchers have discussed the
concept that “if care is to be of higher quality and lower cost the key to improvement lies in
better organizational structures and processes”.(20) In order to achieve this, we must better
understand the intersection of evidence-based medicine with evidence-based management.
(21) This study points us in that general direction: for pediatric patients with severe TBI,
improved outcomes can be sought, without increased costs.

This study has limitations. First, our study contains data from five select centers and average
national costs for acute severe pediatric care may be overestimated or underestimated.

Pedlatr Crit Care Med. Author manuscript; available in PMC 2017 May 01.
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Second, there may be differences in organizational characteristics between centers that we
did not capture in this study. Third, it is possible that CCRs changed over the study period
and are not sufficiently captured in the analysis. Fourth, provider-level charges may vary
between institutions or by region and were not available for analyses. It is unclear how those
differences may impact pediatric severe TBI costs. Fifth, we excluded patients who failed to
survive at least 48 hours from ICU admission. The main purpose of this study was to
examine adherence and inclusion of early deaths would have not allow for examination of
adherence attempts or success. Finally, all sites in this study had the necessary infrastructure,
supplies, equipment, or staffing to strive toward optimal guideline adherence with limited
additional costs. Institutions with limited resources may have to invest more “up front” to
achieve the level of guideline adherence.

In summary, increased hospital cost does not appear to be a reason for non-adherence to best
health care practice in severe pediatric TBI at five leading pediatric trauma centers. Future
studies investigating workflow and organization may reveal cost-neutral mechanisms that
facilitate guideline adherence at all centers which care for children with severe TBI.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Total adherence rate (0-100 scale) for each pediatric severe TBI patient across five

institutions and associated hospital and ICU costs (USD).
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