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Introduction: Traumatic brain injury (TBI) is a leading cause of death and disability
in children, but data on the longitudinal healthcare and financial needs of pediatric
patients is limited in scope and duration. We sought to describe and predict these
metrics following acute inpatient treatment for TBI.

Methods: Children surviving their initial inpatient treatment for TBI were identified
from Optum'’s deidentified Clinformatics® Data Mart Database (2007-2018). Treatment
cost, healthcare utilization, and future inpatient readmission were stratified by follow-
up intervals, type of claim, and injury severity. Both TBI-related and non-TBI related
future cost and healthcare utilization were explored using linear mixed models. Acute
inpatient healthcare utilization metrics were analyzed and used to predict future
treatment cost and healthcare demands using linear regression models.

Results: Among 7400 patients, the majority suffered a mild TBI (50.2%). For patients
with at least one-year follow-up (67.7%), patients accrued an average of 28.7 claims
and $27,199 in costs, with 693 (13.8%) readmitted for TBI or non-TBI related causes.
Severe TBI patients had a greater likelihood of readmission. Initial hospitalization
length of stay and discharge disposition other than home were significant positive
predictors of healthcare and financial utilization at one-and five-years follow-up.
Linear mixed models demonstrated that pediatric TBI patients would accrue 21.1
claims and $25,203 in cost in the first year, and 9.4 claims and $4,147 in costs every
additional year, with no significant differences based on initial injury severity.

Discussion: Pediatric TBI patients require long-term healthcare and financial
resources regardless of injury severity. Our cumulative findings provide essential
information to clinicians, caretakers, researchers, advocates, and policymakers
to better shape standards, expectations, and management of care following TBI.

KEYWORDS

traumatic brain injury, future treatment cost, future care, medical claims data, injury
severity, pediatric

Introduction

Traumatic Brain Injury (TBI) is a leading cause of death and disability for children in the
United States and worldwide (1-4). Annual emergency room visits for pediatric TBI surpass
400,000 in the United States, with 50,000-60,000 subsequent hospitalizations (5). Despite
survival rates of greater than 95%, recovery is prolonged with long-term disability and health
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implications (1, 6). These factors complicate the understanding of
future healthcare utilization and long-term costs following initial
discharge (7-10).

Most studies are restricted to convenience samples from
emergency rooms or hospital admissions, with a focus on clinical
effects rather than healthcare utilization (5, 11-15). Consequently,
there is limited long-term healthcare utilization data after the first year
post-injury (5, 15-20). This information is essential for both clinical
and public health professionals as standards for care and other policies
are evaluated to manage pediatric TBI patients. Furthermore, a better
understanding of such needs may help set expectations for family
members and other caretakers (21, 22).

With increased access to medical claims data (MCD), investigators
can longitudinally follow and quantify healthcare resource utilization,
patient diagnoses, and any associated costs throughout an individual’s
insurance plan membership (23). Expanded evaluation of MCD for
children following TBI provides a broader understanding of resource
demands and its predictors (24). To our knowledge, MCD has not
been used to study long-term healthcare utilization and financial costs
after pediatric TBI with prior literature limited to one year post-injury
in population-level analyses and other convenience samples (25, 26).

Using a nationwide patient sample over a potential ten-year
follow-up period, we sought to leverage MCD to measure and model
the long-term healthcare utilization and treatment costs of pediatric
TBI patients. Additionally, the impact of TBI severity on future
consumption of healthcare resources was evaluated. We hypothesized
that pediatric TBI patients will continue to utilize healthcare resources
and accrue costs over time, and that increasing TBI severity will
contribute to higher treatment costs.

Materials and methods
Study population

Optum’s de-identified Clinformatics® Data Mart Database (2007~
2018) was used to identify medical claims of pediatric patients with
TBI. This commercial medical claims database includes all diagnostic,
treatment, and financial information through inpatient, outpatient
and pharmaceutical claims for over 65-million individuals nationwide
over 12years (27). Children were included based on International
Classification of Disease Control and Prevention (ICD-9 and ICD-10)
codes for a pediatric TBI suffered before their 18th birthday
(Supplementary Table 1) (28). Only children who survived acute
inpatient care for an initial TBI and received any inpatient or
outpatient future care were included. Children only receiving
outpatient care, those with missing demographic or diagnostic
information were excluded in line with prior literature
(Supplementary Figure 1) (25, 29). Approval of this analysis was
obtained through the University of Texas Health Science Center at
Houston (UTHealth) Committee for the Protection of Human

Subjects (# HSC-SPH-19-0415).

Measures

Patient demographics including sex, age at inpatient admission,
and geographic region (northeast, central, south, west) were tabulated.
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TBI severity (mild, moderate, severe) was extrapolated from diagnoses
codes using ICDPC-R statistical package for R statistical software (30).
This software uses an algorithm to generate Abbreviated Injury Scale
(AIS) scores that can then be used to extrapolate severity. Specifically,
for ICD-9 and ICD-10 codes, ICDPC-R generates an approximate
AIS, body region (head and neck, face, chest, abdomen, and pelvic
contents, extremities, and pelvic bones, and general), and injury
severity score. If a patient had multiple TBI diagnoses within their
initial inpatient treatment, severity was defined using the most severe
diagnoses. This methodology was previously verified among TBI
patients using a large trauma registry (31).

Initial inpatient healthcare measures extracted from MCD
included length of stay (LOS) during the initial inpatient admission
(days), discharge status (home, facility, other), and total cost of
inpatient stay (US dollars). Other healthcare utilization metrics based
on organ system and clinical procedures were defined using ICD
procedural codes and analyzed as any use (yes) or no use (no) within
a claim. These were classified as surgical, diagnostic, or other treatment
based on clinical review and further stratified into organ system
specific classes including: bone/musculoskeletal, GlI/digestive,
neurological, plastic, pulmonary, and skin.

Future care after discharge was aggregated as TBI-related,
non-TBI related or total. TBI-related measurements were identified
with a TBI-related ICD code (28). Future care measures included
number of claims, cost of care (US dollars) and inpatient readmission
(yes vs. no). All cost variables represent charges and were standardized
to the US dollar value in the 2018 fiscal year. Readmission was
measured within one-, five-, and ten-years of follow-up. Cost and
visits were measured on yearly intervals as accrued within a child’s
follow-up period. Each patient’s cumulative follow-up period was
measured as the time between their initial acute inpatient TBI
diagnosis and most-recent medical claim.

Statistical analyses

Continuous variables were presented as mean and 95% confidence
intervals (95% CI), while categorical variables were presented as
frequencies and percentages. Comparisons by TBI severity groups
between continuous and categorical variables were made using
ANOVA and chi-square tests, respectively. Healthcare utilization was
analyzed during the initial inpatient treatment and future care periods.
Demographics, healthcare utilization, and other variables of interest
were tabulated in aggregate and by TBI severity.

Acute inpatient healthcare utilization variables were used as
predictors for future demands using bivariable and multivariable
linear regression models. Variables were included in multivariable
models if they were considered demographic or statistically significant
during bivariable analyses. Beta regression coefficients (/) and their
standard errors were tabulated for one-, five-, and ten-year intervals
post initial TBI treatment to measure the effect of each independent
variable (characteristics) on the dependent variable (future costs
and claims).

Linear mixed-models (LMM) were used to model future
annual claims and costs starting one year after discharge from
initial admission. Annual intervals were chosen to best quantify
long-term accrual of data. Future claims and costs were modeled
as TBI-related, non-TBI related, and total, and stratified by TBI
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severity when appropriate. LMM is advantageous in modeling
these metrics over time as it adjusts for any random variation that
may exist between patients. This adjustment can serve as a proxy
for geographic or extraneous influences on future claims and costs
Intercept and yearly beta parameter estimates () with confidence
intervals, random effects standard deviation (RE SD), and fixed
effects standard deviation (FE SD) were analyzed. Intercept
estimates represent the accrued costs or claims within the first year,
whereas year estimates represent the accrued costs or claims within
every subsequent year. LMM assumptions of linearity, absence of
collinearity, homoscedasticity, normality of residuals, and
independence were validated prior to construction. All tests were
two-sided and used a significance level of a=0.05. All statistical
analyses were conducted using R 3.6.1 (32).

Results

Demographics and initial inpatient
treatment

Seventy-four hundred patients were identified nationally with the
greatest number of patients from the southern United States
(Supplementary Table 2). The mean age was 9.6 years and the majority
of patient were male (1=4,879, 65.9%) and had suffered a mild TBI
(3,720, 50.2%) (Table 1). Notably, severe TBI patients were younger
(9.0years, 95% CI 8.7-9.3) than those with mild (9.6 years, 95% CI,
9.4-9.8) and moderate TBI (9.9 years, 95% CI 9.7-10.1) (p<0.001).

During initial inpatient treatment for TBI, the mean length of stay
(LOS) was 4.0 days with highest LOS for severe TBI patients (6.0 days,
95% CI, 5.4-6.7). Most patients (n=6,562, 88.7%) were discharged
home; however, increasing severity was associated with lower rates of
discharge to home (p<0.001). The mean cost of a patient’s initial
admission was $22,196, with highest costs for severe TBI patients
($30,529, 95% CI $26,889-$34,170; p<0.001). During initial
admission, severe TBI patients had the highest percentage of health
care utilization for all diagnostic and surgical procedures (n=310,
29.4%) and the highest percentage of neurological (n=166, 15.7%),
(n=159, 15.1%),
gastrointestinal procedures (n=37, 3.5%).

vascular pulmonary (n=42, 4.0%), and

Future health care utilization and cost

Patients had a mean follow-up of 2.6years after discharge
(Table 1). Of note, 5,011 (67.7%) patients had at least 1year of
follow-up, with 1,775 (24%) patients having at least 5years of
follow-up. Only 211 (2.9%) of patients had follow-up of 10years or
more. No statistical differences were noted in follow-up periods
between TBI severity groups (p=0.24).

At 1year follow up, patients had 28.7 claims during that time, at a
cost of $27,199 (Table 2). Notably, 693 (13.8%) patients required
readmission within the first year, with roughly half undergoing a
TBI-related readmission. At the one-year mark, patients with severe
TBI had a significantly greater likelihood of being readmitted for TBI
(p<0.002). Claims, costs, and readmissions continued to rise for both
TBI and non-TBI causes at 5- and 10-years of follow-up, with no
significant impact of initial TBI severity (Supplementary Tables 3, 4).
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Future predictions of health care utilization
and cost

Results from bivariable linear regression models to predict future
claims and treatment cost are tabulated in Supplementary Tables 5-10.
TBI severity, age at TBI diagnosis, sex, geographic region, LOS,
discharge status, and receipt of diagnostic and surgical procedures
during admission treatment were used to adjust multivariable modes
accordingly based on statistical significance (p <0.05) (Table 3).

Notably, initial LOS during acute admission treatment was a
significant positive predictor for future claims and treatment cost at
all follow-up intervals following multivariable adjustment (p <0.001).
Discharge to a facility other than home also predicted significantly
higher future claims at the one-year (45.9, SE, 3.3, p<0.001) and five-
years (42.1, SE, 13.9, p<0.05) follow-up, but only significantly higher
future costs at the one-year ($108,300, SE, $8,256, p<0.001) and
10-years ($183,212, SE, $57,230, p=0.002) intervals. Furthermore,
receipt of surgical procedures at the initial inpatient admission
predicted significantly higher claims within the first year (3.7, SE, 1.5,
p=0.01), but not costs after adjustment.

After adjustment, TBI severity did not increase claims or costs at
long-term follow-up. Similarly, age was not a significant predictor for
future claims at any follow-up interval after multivariable adjustment,
but did increase costs at one-year ($493, SE, $232, p=0.03) and five-
years ($1,110, SE, $508, p=0.003). When compared with male
patients, females had significantly increased future claims within
one-year (2.5, SE, 1.2, p=0.03) and ten-years of follow up (55.9, SE,
25.8, p=0.03). However, patient sex did not impact future cost at any
follow-up interval.

Linear mixed modeling of future medical
claims and cost

Models of total claims over time showed that on average patients
will accrue 21.1 (95% CI 19.0-23.1) total claims within one-year of
follow-up with considerable patient-level variation (RE SD=65.0),
with 9.4 (95% CI 9.1-9.7) additional claims in each subsequent year
(Table 4). Of these, 32% were related to TBI (6.9, 95% CI 6.0-7.8)
within the first year of treatment. However, TBI-related claims
represented 7.4% (0.7 (95% CI 0.6-0.9)) of total annual claims per year
every additional year after. Total cost was modeled over time to show
that on average, patients accrued $25,203 (95% CI $20,139-$30,267)
in medical cost within their first year of treatment with considerable
patient-level variation (RE SD=$169,337), with $4,147 (95% CI
$3,574-$4,722) additional cost each subsequent year. Of these costs,
52% were related to TBI ($13,084, 95% CI $11,274-$14,895) within
the first year of treatment. TBI-related cost increased by $566 (95% CI
$478-$653) yearly, but only represented 13.6% of the patient’s cost of
care as each additional year progressed.

LMM for total claims and costs by TBI-relatedness and severity
are illustrated over time in (Figure 1). While no significant differences
for total claims and costs by TBI persisted through 10-years of
follow-up, LMM for total cost showed increased variability compared
with claims due to TBI severity (Supplementary Table 11 and
Supplementary Figure 2). These models demonstrated clear positive
accrual of claims and costs over time for all patients, regardless of TBI
severity at the time of initial admission.
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TABLE 1 Pediatric TBI patient demographics, care received during initial admission, and follow-up time.

TBI severity
Characteristic All Mild Moderate Severe

(N=7,400) (n=3,720) (n=2,624) (n=1,056)
Age?, mean (95% CI) 9.6 (9.5,9.7) 9.6 (9.4,9.8) 9.9(9.7,10.1) 9.0 (8.7,9.3) <0.001
Sex, n (%) 0.37
Male 4,879 (65.9) 2,424 (65.2) 1,751 (66.7) 704 (66.7)
Female 2,521 (34.1) 1,296 (34.8) 873 (33.3) 352(33.3)
Initial Inpatient Admission
Length of Stay®, mean (95% CI) 4.0(3.8,4.2) 3.0 (2.8,3.3) 4.6(4.3,4.8) 6.0 (5.4,6.7) <0.001
Discharge Status, n (%) <0.001
Home 6,562 (88.7) 3,426 (92.1) 2,265 (86.3) 871 (82.5)
Facility® 238 (3.2) 70 (1.9) 121 (4.6) 47 (4.5)
Other/Unknown 600 (8.1) 224 (6.0) 238 (9.1) 138 (13.1)
Total Cost of Care?, mean (95% $22,196 ($20,218, $15,978 ($14,357, $27,659 ($22,803, $30,529 ($26,889, 0,001
CID) $24,174) $17,599) $32,516) $34,170)
Diagnostic Procedure, n (%)
CT Scan 5,594 (75.6) 2,615 (70.3) 2,111 (80.4) 868 (82.2) <0.001
MRI 1,263 (17.1) 613 (16.5) 390 (14.9) 260 (24.6) <0.001
X-Ray 4,175 (56.4) 1,993 (53.6) 1,538 (58.6) 644 (61.0) <0.001
Surgical Procedure, n (%) 1,669 (22.6) 681 (18.3) 678 (25.8) 310 (29.4) <0.001
System Specific Procedure, n (%)
Bone/Musculoskeletal 718 (9.7) 317 (8.5) 289 (11.0) 112 (10.6) 0.002
Vascular 607 (8.2) 168 (4.5) 280 (10.7) 159 (15.1) <0.001
Neurological 581 (7.9) 194 (5.2) 221 (8.4) 166 (15.7) <0.001
Skin 580 (7.8) 251 (6.7) 254 (9.7) 75 (7.1) <0.001
Plastic 229 (3.1) 71 (1.9) 138 (5.3) 20 (1.9) <0.001
Pulmonary 183 (2.5) 40 (1.1) 101 (3.8) 42 (4.0) <0.001
Gastrointestinal/Digestive 166 (2.2) 50 (1.3) 79 (3.0) 37 (3.5) <0.001
Follow-Up Post Admission
Total*, mean (95% CI) 2.6 (2.6,2.7) 2.6(2.6,2.7) 2.7(2.6,2.8) 2.5 (2.4,2.6) 0.24
At Least 1 Year, n (%) 5,011 (67.7) 2,560 (68.8) 1,761 (67.1) 690 (65.3) 0.07
At Least 5 Years, n (%) 1,775 (24.0) 882 (23.7) 651 (24.8) 242 (22.9) 0.41
At Least 10 Years, n (%) 211 (2.9) 104 (2.8) 77 (2.9) 30 (2.8) 0.95

TBI, Traumatic Brain Injury; CT Scan, Computerized Tomography Scan; MRI, Magnetic Resonance Imaging.

“Age at initial TBI diagnosis is reported in years.
"Length of stay is reported in days.
“Facility includes: long-term care, psychiatric, rehab, and skilled nursing facilities.

dCosts were reported in dollars (standardized to the fiscal year 2018) and rounded to the nearest whole dollar.

“Total follow-up post admission is reported in years.

Discussion

In the present study, pediatric TBI patients demanded significant
acute and long-term resources, regardless of injury severity over time.
Specifically, our LMM analysis demonstrated that pediatric TBI
patients would accrue 21.1 claims and $25,203 in financial cost in the
first year, and 9.4 claims and $4,147 every subsequent year. Our results
echo prior findings that reflect high initial inpatient expenditures
followed by prolonged recovery after TBI (9). Additionally, our results
highlight the difficulty of following this patient population over time,
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as roughly one-third of patients were lost to follow-up after 1year
post-injury. This may illustrate the difficulty pediatric patients face in
receiving follow-up care. Initial treatment LOS and discharge other
than home were significant positive predictors of healthcare and
financial utilization at one- and five-years of follow-up, stressing the
impact of acute care metrics on long-term utilization and costs.
Previous study cohorts and follow-up periods have been limited
in their attempt to quantify healthcare utilization and associated costs
after TBI (5, 8, 11, 14-19, 22). The lack of adequate follow-up after
pediatric TBI may be due to an emphasis on subjective metrics of
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TABLE 2 Future health care utilization, treatment cost, and inpatient readmission within one-, five-, and ten-year intervals for pediatric TBI patients.

Characteristic

1-year

Follow-up interval

5-years 10-years

(n=5,011)

Future Claims, mean (95% CI)

(n=1,775) (n=211)

Total 28.7 (27.9, 29.5) 67.8 (65.9, 69.8) 109.6 (105.9, 113.3)
TBI* 7.5(7.2,7.8) 10.7 (10.0, 11.5) 129 (12.0, 13.8)
Non-TBI® 22.8(22.2,23.5) 59.0 (57.4, 60.6) 96.2 (93.5, 98.8)
Future Cost¢, mean (95% Cl)

Total $27,199 ($25,238, $29,161) $44,069 ($41,576, $46,561) $51,056 ($48,840, $53,271)
TBI* $13,614 ($12,542, $14,685) $16,392 ($15,117, $17,668) $15,732 ($14,499, $16,965)
Non-TBI® $16,204 ($14,592, $17,817) $30,564 (528,563, $32,564) $37,901 ($36,508, $39,293)
Future Inpatient Readmission, n (%)

All 693 (13.8) 374 (21.1) 51 (24.2)

Mild 312 (12.2) 189 (21.4) 26 (25.0)
Moderate 261 (14.8) 136 (20.9) 16 (20.8)

Severe 120 (17.4) 49 (20.2) 9 (30.0)

Future TBI? Inpatient Readmission, n (%)

All 338 (6.7) 139 (7.8) 13 (6.2)

Mild 134 (5.2) 61(6.9) 4(3.8)
Moderate 137 (7.8)¢ 54 (8.3) 6(7.8)

Severe 67 (9.7)¢ 24(9.9) 3(10.0)

Future Non-TBI° Inpatient Readmission, n (%)

All 460 (9.2) 300 (11.7) 42 (19.9)

Mild 220 (8.6) 156 (17.7) 22 (21.1)
Moderate 165 (9.4) 107 (16.4) 13 (16.8)

Severe 75 (10.9) 37 (15.3) 7(23.3)

TBI, Traumatic Brain Injury.
*TBI-related measurements were identified as claims with a TBI-related ICD code.
"Non-TBI related measurements were identified as claims without a TBI-related ICD code.

“Costs were reported in dollars (standardized to the fiscal year 2018) and rounded to the nearest whole dollar.

4Chi Square tests identified significant (p <0.05) differences between TBI severity groups.

quality of life and function, rather than objective burden of disease
measurements (33-35). Our analysis illustrates the utility of MCD as
an objective measure and proxy for healthcare utilization, allowing for
a more comprehensive view of the future care and cost demands of
pediatric TBI patients.

Among our cohort, 50% were diagnosed with mild TBI, while 36
and 14% were diagnosed with moderate and severe TBI. This is
congruent with prior findings that mild TBI accounts for 31.0-68.6%
of admissions after pediatric TBI cases (14, 16, 22, 26). Moderate-to-
severe TBIs were also more common in the southern U.S. among our
cohort, which has been reported previously (Supplementary Table 2)
(13, 36-40). It is important to note, however, that our selection criteria
excluded patients who sought care during their initial diagnosis of a
pediatric TBI in an outpatient environment. Consequently, our results
cannot be extrapolated to pediatric TBI managed strictly in an
outpatient setting (41).

As anticipated, TBI severity predicted utilization and costs during
initial admission, including increased use of diagnostic tools and
procedures, longer LOS, and higher likelihood of discharge outside
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the home. Furthermore, patients with severe TBI were more likely to
experience a TBI-related readmission within 1year after discharge.
Prior studies report similar results, with increased severity as a strong
risk factor for revisits and readmissions (10). However, TBI severity
had no significant impact on long-term healthcare utilization or costs,
with both accruing over time for all patients, regardless of severity of
injury. Our results may illustrate an increase in the cost of claims due
to increased TBI severity, as TBI utilization claims were lower than
treatment costs for these patients.

Notably, a longer initial LOS and discharge to a facility rather than
home after initial admission were positively associated with claims
and costs at one-, five-, and 10-years follow-up, as reflected through
the inclusion of patients who suffered a moderate or severe
TBI. Although these associations were previously documented, the
duration of patient follow-up was generally limited to one-year post-
discharge (20, 33, 42). The present study’s longer duration of patient
follow-up of potentially ten-years is a key distinguishing factor from
prior studies with these findings, as data is generally limited following
initial hospitalization.
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TABLE 3 Multivariable linear regression models to predict future claims and treatment costs within one-, five-, and ten-year intervals based on initial
admission.

Year post TBI
1-year 5-years
(n=5,011) (n=1,775)
SE p-value SE p-value
Future Claims
Intercept 294 1.7 <0.001 79.7 7.2 <0.001 71.4 30.4 0.02
Demographics
Age? 0.2 0.01 0.06 0.1 0.4 0.81 -1.9 23 0.41
Sex
Male Reference - - Reference - - Reference - -
Female 25 1.2 0.03 0.66 4.8 0.90 55.9 25.8 0.03
TBI Severity
Mild Reference - - Reference - - Reference - -
Moderate =52 1.2 <0.001 —12.45 5.1 0.02 5.2 27.3 0.85
Severe -2.5 1.7 0.13 —-10.92 7.2 0.13 —-57.2 38.7 0.14
Initial Inpatient Care
Length of Stayb 7.5 ‘ 0.1 ‘ <0.001 2.8 0.3 <0.001 7.2 1.4 <0.001
Discharge Status
Home Reference - - Reference - - X" x" x'
Facility 45.9 33 <0.001 42.1 13.9 0.002 x x x!
Other/Unknown 12.6 2.3 <0.001 11.9 9.8 <0.001 x! x! x!
Surgical Procedure 3.7 1.5 0.01 6.1 6.5 0.35 X" x' x'
Future Costs?
Intercept ‘ $1,940 ‘ $440 ‘ <0.001 $36,170 $9,211 <0.001 ‘ $32,517 ‘ $20,968 0.12
Demographics
Age? ‘ $493 ‘ $232 ‘ 0.03 $1,110 $508 0.003 ‘ $230 ‘ $15,597 0.86
Sex
Male Reference - - Reference - - Reference - -
Female $1,059 $2,922 0.72 -$5,565 $6,164 0.37 $29,713 $15,597 0.06
TBI Severity
Mild Reference - - Reference - - Reference - -
Moderate $343 $3,064 0.92 -$5,073 $6,523 0.44 -$13,946 $16,023 0.39
Severe $258 $4,257 0.95 $8,630 $9,112 0.34 $24,048 $22,690 0.29
Initial Inpatient Care
Length of Stayb $1,270 ‘ $161 ‘ <0.001 $2,092 $423 <0.001 $4,286 $969 <0.001
Discharge Status
Home Reference - - Reference - - Reference - -
Facility* $108,300 $8,256 <0.001 $111,700 $17,660 0.23 $183,212 $57,230 0.002
Other/Unknown $29,610 $5,873 <0.001 $16,990 $12,500 0.17 -$5,745 $33,710 0.87
Surgical Procedure $2,724 $3,766 0.47 $3,554 $8,314 0.67 $24,414 $23,397 0.30

TBI, Traumatic Brain Injury; SE, Standard Error.

“Age at initial TBI diagnosis is reported in years.

"Length of stay is reported in days.

“Facility includes: long-term care, psychiatric, rehab, and skilled nursing facilities.

4Costs were reported in dollars (standardized to the fiscal year 2018) and rounded to the nearest whole dollar.

“Beta represents the effect size or impact of each independent variable (characteristics) on the dependent variable (future costs or future claims).

Variable was dropped from the multivariate linear regression model because it was not a demographic nor significant variable when ran as a bivariable linear regression model.
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TABLE 4 Linear mixed model parameters for future medical claims and treatment costs following pediatric TBI.

Parameter Lower 95% Upper 95% Random Fixed effects
name confidence confidence effects standard
interval interval standard deviation
deviation
Future Claims
Intercept (Patient) 21.1 19.0 23.1 65.0 1.0
Total
Year 9.4 9.1 9.7 - 0.1
Intercept (Patient) 6.9 6.0 7.8 222 0.4
TBI*
Year 0.7 0.6 0.9 - 0.1
Intercept (Patient) 15.4 13.7 17.1 52.3 0.9
Non-TBI
Year 8.8 8.6 9.1 - 0.1
Future Costs©
Intercept (Patient) $25,203 $20,139 $30,267 $168,337 $2,583
Total
Year $4,147 $3,574 $4,722 - $293
Intercept (Patient) $13,084 $11,274 $14,895 $58,923 $924
TBI*
Year $566 $478 $653 - $45
Intercept (Patient) $14,320 $9,575 $19,064 $155,792 $2,421
Non-TBI
Year $3,691 $3,126 $4,257 - $288

TBI, Traumatic Brain Injury.

“TBI-related measurements were identified as claims with a TBI-related ICD code.

"Non-TBI related measurements were identified as claims without a TBI-related ICD code.

Costs were reported in dollars (standardized to the fiscal year 2018) and rounded to the nearest whole dollar.

“Beta represents the effect size or impact of each independent variable (characteristics) on the dependent variable (future costs or future claims).
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Although roughly two-thirds of patients were followed for at least
one-year, this number rapidly decreased thereafter, with a quarter
followed for at least 5-years and only 2.9% remaining after 10-years.
This phenomenon is likely multi-factorial and subject to changes, such
as a switch in a patient’s or family’s insurance status over the
study period.

To minimize the impact of an incrementally decreased sample size
on the ability to model long-term outcomes, we utilized linear mixed
modeling (LMM). A key advantage of this statistical technique is that
it takes into account inter-individual variability (random effects) (43—
45). Our models illustrate that total claims continue to increase
linearly with time, with the majority of claims being non-TBI during
subsequent follow-up. Although TBI-related claims accounted for a
third of total claims within the first year, only 7.4% of all new claims
each subsequent year were TBI-related. Similarly, TBI-related costs
accounted for 51.9% of total costs within the first year, followed by
only 13.6% of all new costs each additional year. This echoes prior
findings that nearly 53% of total costs incurred post-TBI were
concentrated in the first year post-admission (10). Furthermore, it is
important to note that increased claims did not directly translate to
higher costs.

Our results also highlight the substantial financial and resource
demands within the first year after pediatric TBI. After one year of
follow-up, healthcare costs amounting to $4,147 were spent annually,
although only $565 were TBl-related costs. This finding was
particularly interesting, as we did not expect non-TBI costs to
markedly outpace TBI-related costs. However, this may be explained
by the rapid increase in US healthcare costs across all sectors over the
preceding decade, with healthcare spending on children increasing
from $149.6 billion in 1996 to $233.5 billion by 2013 or patients not
receiving the proper education or follow-up following their initial TBI
hospitalization (46, 47).

This study must be interpreted with an understanding of its
limitations. Firstly, patients were identified through ICD codes in an
administrative database and classified using ICDPC-R statistical
package; thus, misclassification bias was possible. Specifically, the lack
of association between TBI severity and utilization/costs may signify
a limitation in the ICDPC-R algorithm. Furthermore, although
Optum’s de-identified Clinformatics® Data Mart Database represents
over 65 million patients, these findings may not be generalizable to all
pediatric patients admitted for TBI with other modes of insurance and
puts the study at risk of information bias. Although exclusion of
pediatric TBI patients who were not admitted for inpatient treatment
resulted in large number omitted from the analysis, this was critical to
homogenize our cohort to those only treated initially in an inpatient
setting. Future studies may consider assessing pediatric TBI patients
regardless of inpatient stay such as those discharged from the
emergency department for a more holistic analysis of pediatric TBI
patients. Additionally, we used non-TBI related procedures as a
surrogate for non-TBI injuries, rather than the actual injuries, as this
would require very granular information on the specific injuries. This
granularity was not available in the dataset and is a limitation. And
although it appears that most long-term costs and claims are non-TBI
related, it is important to note that additional claims may have
occurred that possibly were not linked via coding to the original TBI
diagnosis, and as such were analyzed as “non-TBI” This may introduce
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potential information bias related to medical coding. Any costs
incurred after initial TBI only included healthcare costs processed
through an insurance provider and did not include indirect costs such
as time missed from school or transportation, possibly
underrepresenting the “true” long-term cost of TBI. Future studies
should explore healthcare utilization and costs based on direct causal
relation to the initial injury, aim to incorporate socioeconomic data
and evaluate the impact of social determinants of health on healthcare
utilization and costs in this patient population, and validate our results
utilizing a matched control group. Finally, it is possible that as children
transition to adulthood, their insurance status and insurance plans
changed, leading them to drop out of this cohort and underestimate
healthcare utilization and cost for all-severity TBI due to attrition bias.
We also did not have access to post-discharge mortality data to adjust
for death. These are issues inherently linked to MCD and thus could
not be accounted for. However, we utilized MCD as an indicator of
healthcare utilization and costs, allowing for the analysis of data over
a potential 10-years of follow-up.

Ultimately, this study illustrates the patient-level burden of
pediatric TBI in the United States as well as the long-term TBI and
non-TBI financial and healthcare demands. Initial LOS and discharge
status were the greatest positive predictors of healthcare utilization
and costs over time. These longitudinal relationships can help patient
stakeholders justify additional resources toward those with more
demanding initial inpatient treatment or non-home discharge and
highlight the need for a comprehensive strategy, including injury
prevention, initial inpatient care, and long-term follow-up irrespective
of initial TBI severity. Our findings also provide a quantifiable
understanding of the unique long-term needs of the pediatric TBI
patient population. With this information, clinicians and caretakers
will have a greater perspective on the expectations and management
of the healthcare needs of these patients. And researchers, advocates,
and policymakers will be informed to shape public health policy as
standards of care and preventive strategies evolve.
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