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Abstract

Objectives—We sought to estimate charges associated with USA hospital visits for traumatic 

brain injury (TBI), compare charges from 2006 to 2010, and evaluate factors associated with 

higher charges.

Methods—We used the Nationwide Emergency Department Sample database, 2006–2010 to 

estimate charges for emergency department visits and inpatient hospital stays associated with TBI 

and compared trends in charges over time. We used multivariable linear regression to evaluate 

factors associated with visit charges.

Results—In 2010, there were $21.4 billion (95% confidence interval (CI): $17.7 billion, $25.2 

billion) in charges for TBI-related admissions, an increase of 22% from 2006. Charges for ED 

visits resulting in discharge or transfer were $8.2 billion (95% CI: $7.4, $8.9 billion), an increase 

of 94% from 2006. The proportion of charges for TBI-related visits was disproportionately higher 

than the proportion of visits for TBI across all years of the study (P<0.001). Patient age and 

gender, West region, trauma centre status, non-pediatric hospital designation, metropolitan 

location, and hospital ownership were independently associated with higher charges.

Conclusions—There was a substantial charge burden from TBI-related hospital visits, and 

charges increased disproportionately to visit volume. There are patient and hospital factors 

independently associated with higher charges. These findings as well as methods to reduce the 

charge burden and charge disparities deserve further study.
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Introduction

Traumatic brain injury (TBI) is a significant public health problem, with more than 2.5 

million TBI-related visits to the emergency department (ED) annually.1 TBI-related visits 

have increased in recent years1,2 and TBI is a topic of concern for the public, policy makers, 

and healthcare professionals.3–5 Many studies have focused on TBI epidemiology,1,2 

utilization,6,7 and management.8–10 However, little has been done to investigate hospital 

resource utilization in terms of hospital charge burden on a national scale. The few prior 

studies regarding the financial burden of TBI are limited by selected patient 

populations,11,12 reflect data from earlier years,7,13 or examine state-specific data.6,14

Rising healthcare costs have come under scrutiny in recent decades, leading to a directive 

from the Centers for Medicare & Medicaid Services (CMS) to transform our health system 

to one that is ‘more transparent, affordable, and accountable’.15 Given the large disease 

burden of TBI, understanding the economic implications of hospital-based visits for TBI 

may be an important first step in this CMS mandate. Further, insight into the economic 

burden and distribution of charges enables a more complete understanding of the burden of 

TBI and may allow for more appropriate resource allocation, and implementation of more 

cost-conscious practises.

Thus, the primary objective of this study was to estimate the annual healthcare charges 

associated with hospital visits for TBI and compare charges from 2006 to 2010. The 

secondary objective was to evaluate patient and hospital factors associated with higher 

charges.

Methods

Data source

We conducted a population-based epidemiological study of visits originating in the ED for 

TBI from 2006–2010. We analysed both ED and hospital admission data from the 

Nationwide Emergency Department Sample (NEDS) database. The NEDS is part of the 

Healthcare Cost and Utilization Project sponsored by the Agency for Healthcare Research 

and Quality. It is the largest all-payer ED database in the USA including between 25 and 30 

million visits from over 950 hospitals annually from 28 participating states, representing a 

20% stratified sample of USA hospital-based EDs. All patients who present to participating 

EDs are included in the NEDS and data is extracted from visit billing records.

Identification of visits

We included all visits with a diagnosis of TBI in one of the 15 diagnosis fields in the NEDS. 

Seventy percent of TBI-related visits had a primary diagnosis of TBI. Visits were classified 

as either resulting in admission or discharge/transfer. Transfers out of the ED and those who 

died in the ED were included in the discharge/transfer group, as these patients did not incur 

inpatient charges. We defined TBI as per the CDC,16 using the International Classification of 
Diseases, 9th revision, Clinical Modification (ICD-9-CM) diagnosis codes for concussion 

(850), skull fracture (800–801.9, 803–804), other brain injury (854.0–854.1), intracranial 

hemorrhage (851, 852.0–852.5, 853), or unspecified head injury (959.01). Readers may 
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consult previous work on the epidemiology of these head trauma visits for data on patient 

and visit characteristics, and trends over time.1

Patient-level characteristics

A priori, we considered those patient factors associated with TBI charges based on prior 

research and scientific plausibility: age, sex, insurance status, income, geographic region, 

and injury severity.17,18 We defined insurance status as the expected primary payer 

associated with that visit. We used patient county urban-rural designations developed by the 

National Center for Health Statistics for use in health care research.19 We defined injury 

severity using the Injury Severity Score (ISS). Scores of 1 through 8 were considered minor, 

those 9 through 15 were considered moderate, and those greater than 15 were considered 

severe.20 We used the ICD Programs for Injury Categorization (ICDPIC), a valid method to 

translate ICD-9-CM diagnosis codes into ISS scores.21 In order to account for comorbidities, 

which may contribute to visit charges, we used a numeric score modification of the 

Elixhauser classification system, whereby higher scores are associated with increased 

likelihood of in-hospital mortality.22

Hospital-level characteristics

We included the following hospital-specific factors: trauma centre designation (Levels I 

through III vs nontrauma), teaching status, pediatric-specific designation, urban/rural 

designation, and hospital ownership.17,23–25 A hospital is considered a teaching hospital in 

the NEDS if it meets any one of the following criteria: Residency training approval by the 

Accreditation Council for Graduate Medical Education, membership in the Council of 

Teaching Hospitals, and/or a ratio of full-time equivalent interns and residents to beds of 

0.25 or higher. We defined a children’s hospital as one in which the mean age of all ED 

patients seen was ≤10 years.26 Urban/rural hospital designations in the NEDS are based on 

the county of the hospital as identified by the American Hospital Association (AHA), and 

the categorization is an adaptation of the 2003 Urban Influence Codes. The hospital’s 

ownership category was obtained from the AHA Annual Survey of Hospitals. This category 

is used as a stratifier in the NEDS, and the sample size of the strata, which is influenced by 

geographical area, dictates how specifically hospital ownership was defined for a particular 

hospital in the NEDS, thus a private hospital could be deemed ‘private or government’ or 

‘private non-specified’ depending on the geographical area.

Estimation of charges

The NEDS includes charges associated with hospital visits. Visit charges include ED and 

inpatient charges for total care and refer to the amount billed to the patient, not the actual 

cost of treatment, amount reimbursed by insurance, or final cost incurred by the patient. 

Charges for visits resulting in admission include both ED charges and inpatient charges. All 

dollar amounts are valued in terms of their respective years. Therefore, no adjustments were 

needed for inflation.
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Statistical analysis

Total charges were missing in NEDS for 0.5% of admissions and 14.9% of discharges/

transfers. Missing total charges were largely explained by treatment at a subset of hospitals 

within the West region, which did not submit charge data to HCUP. These missing values 

were treated as missing at random (explained by variables in our data) and estimated using 

predictive mean matching multiple imputation.27 We included year, age, sex, median 

household income based on patient zip code, county of residence urban-rural classification, 

insurance status, injury severity, Elixhauser comorbidity score, hospital length of stay, final 

disposition, hospital urban-rural location, hospital ownership category, teaching centre, 

trauma centre, pediatric hospital, and region as covariates in the imputation analysis. We 

generated ten imputations, each matching the predicted values to the 5 nearest neighbors, 

and integrated the imputations according to Rubin’s rules.28 Total charge estimates were 

similar across the 10 imputations.

We descriptively summarized charges using means with 95% confidence intervals (CI) based 

on standard errors provided by the NEDS. The proportion of TBI-related visits were 

compared to the proportion of TBI charges using the pearson chi-square test. To compare 

total TBI charges and charges associated with all other visits, we included those visits with 

charge data available (86.8% for TBI -related visits and 87.3% for all other visits). We 

compared trends for each in a weighted linear regression model, including an interaction 

between TBI and year. We tested the significance of the interaction term to determine if the 

total charges for TBI and all other visits had a similar slope across years.

We assessed and compared secular trends in TBI charges using weighted linear regression 

and examined departures from linearity using the Runs test. To ensure that differences in 

charges over time were not associated with temporal trends in injury severity, comorbidities, 

or hospital length of stay, we evaluated trends, specifically, in these variables as well. For 

simplicity, we present the first and last years of the study time period in the tables with the 

estimated difference in charges over time. We constructed a 95% confidence interval for the 

difference over time on the imputed dataset by incorporating each mean estimate, standard 

error, and sample size into the formula for confidence limits based on the z-distribution.

We performed multivariable linear regression to estimate the contribution of patient and 

hospital-level factors to average TBI-related visit charges. We included covariates of interest 

based on previous studies17,18,23–25 and those hypothesized a priori to be associated with 

visit charges (age, sex, insurance status, income percentile, region, ICD-9-CM diagnosis, 

ISS, trauma centre status, teaching hospital status, pediatric hospital status, urban/rural 

hospital designation, and hospital ownership). Model fit testing was performed on the 

unimputed datasets. We extracted each imputation and compared model results across 

imputations to confirm reliability. Multivariable model estimates between the imputed and 

unimputed data were similar, with no differences in statistical significance of any covariates. 

We applied a log transformation to the charges to meet modeling assumptions and then 

converted the results of the modeling to units of percent change for interpretation.

We performed the primary analysis using Stata statistical software version 12.1 (StataCorp 

LP, College Station, TX). The NEDS utilizes a probabilistic survey scheme; we applied 
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prescribed weighting procedures to account for the unequal sampling probabilities and to 

produce national estimates using the mi:svy set of commands in Stata. We used Prism 

version 6.0, GraphPad Software (La Jolla, CA) for graphical representation and additional 

analysis. We considered two-sided P values of less than 0.05 significant. The first author’s 

Institutional Review Board approved the study as exempt from human subjects review.

Results

Admitted patients

In 2010, there were an estimated $21.4 billion (95% CI: $17.7 billion, $25.2 billion) in 

charges for 318,011 TBI-related admissions, a charge increase of 22% from 2006. The 

proportion of TBI-related visit charges (of all charges) was higher than the proportion of 

TBI-related visits (of all visits) (P <0.001 for all years) (Figure 1). Among admitted patients, 

compared to 2006 charges, 2010 mean per visit charges increased for adult patients ≥18 

years of age, males, those insured by Medicare and Medicaid, those ≤75th percentile for 

income, those in the Midwest and South regions of the USA, those with skull fractures, 

epidural hemorrhages, and unspecified head injuries, and for those with ISS ≤ 8 (Table 1). 

Visit charges increased over time for patients treated at non-trauma centres, non-pediatric 

hospitals, and private hospitals. There was no change over time in the mean injury severity 

score (5.1 vs 5.1, P=0.44) or in mean admission length of stay (6.3 days vs 6.0 days, 

P=0.09). The Elixhauser comorbidity score increased from 2.4 to 3.7 (P<0.001).

In multivariable modeling (Table 2) and controlling for relevant predictors, for ED visits 

resulting in admission, charges were highest for patients 18–44 years of age compared with 

other age groups. Charges were also higher for males compared to females and those with 

private insurance compared to other forms of insurance. Visits in the West region were 

associated with 75% higher charges compared with those in the Northeast region. Similarly, 

charges were 46% higher at trauma centre, 36% higher at non-pediatric hospitals, 71% 

higher in Metropolitan areas, and 52% higher at private, investor-owned compared to 

private, non-profit hospitals.

Discharged/transferred patients

By 2010, charges for the 2.2 million visits resulting in discharge or transfer were an 

estimated $8.2 billion (95% CI: $7.4 billion`, $8.9 billion), an increase of 94% from 2006. 

The proportion of TBI-related visit charges (of all charges) was higher than the proportion of 

TBI-related visits (of all visits) (P <0.001 for all years) (Figure 2). Charges increased over 

the time period across all visits except for those to pediatric hospitals (Table 3). Charges in 

2010 were highest for adult patients ≥18 years of age, and those with Medicare coverage or 

self-pay. The mean ISS for discharged/transferred patients decreased slightly over the study 

period from 5.14 in 2006 to 5.10 in 2010 (P=0.002). There was an increase in the mean 

Elixhauser comorbidity score from 0.33 to 0.48 (p<0.001).

In multivariable modeling (Table 2), visits by patients greater than or equal to 45 years of 

age (compared to those <45 years), visits by male patients, self pay visits (compared to 

privately insured), and visits in the lowest income category had significantly higher charges. 
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Visits to EDs in the West region (compared to the Northeast), trauma centres, non-pediatric 

hospitals, and hospitals in the Metropolitan area were associated with higher charges. 

Similarly, visits to private, investor-owned hospitals were charged significantly greater than 

those to private, non-profit hospitals.

Discussion

We demonstrate the large economic charge burden associated with TBI-related hospital 

visits from 2006–2010. By 2010, hospital charges for TBI totaled nearly $30 billion for the 

2.5 million visits, a large burden for payers and the healthcare system. On average, the 

charge for a visit resulting in admission was nearly $60,000, and $2,600 for a visit resulting 

in discharge or transfer. Compared to the proportion of total ED visits, TBI-related visits 

were responsible for a disproportionate amount of total charges for each year of the study 

period. By evaluating the increase in charges on a per visit basis, our data indicate that the 

increases in charges during the 5-year study period were not explained merely by trends in 

visit volume. This charge increase was independent of injury severity and most notable in 

the setting of discharged patients, which is of particular importance, given that the majority 

(87%) of TBI-related visits to EDs result in discharge or transfer.1 TBI is a costly condition 

when managed in the ED/hospital setting. According to recent data, 60% of patients with 

mild TBI are treated in the ED setting.29 Although it’s unclear whether the level of care 

provided in the ED is always required, a more cost-effective option may be for selected 

patients with mild TBI to be managed in the outpatient clinic setting (e.g. primary care 

offices and subspecialty clinics). Further work would be needed to assist with on the field 

and primary care office phone triage of candidates who would be appropriate for clinic 

evaluation rather than referral to the ED.

Even after adjusting for relevant severity confounders, age, gender, West region, trauma 

centre status, non-pediatric hospital designation, metropolitan location, and hospital 

ownership remained significant independent predictors of charges for both admitted and 

discharged/transferred patients. Understanding how these factors lead to higher charges 

could assist with cost containment efforts. One such factor we demonstrate is older age. 

Specifically, we found that visits by older patients, were associated with higher charges than 

younger patients. In the acute ED evaluation of patients with any trauma, multiple computed 

tomography (CT) examinations may be used more often as a screen in older patients than in 

children, despite the mechanism of injury or clinical exam findings.30 In addition, 

campaigns and clinical decision rules geared at minimizing CT use in young children,31,32 

may have contributed to a reduction in imaging, and therefore, the charges associated with 

visits by pediatric patients.

Practise variation may account for some of the specific factors associated with increased 

charges in our study. According to the Institute of Medicine 2010 report, removing 

unnecessary variation in hospital spending would eliminate approximately 30% of total 

spending.33 In our study, we found trauma centres were associated with higher charges, 

which may, in part, reflect increased utilization of advanced imaging in that setting.34 Injury 

severity may also be a factor in practise variation. Bulger, et al,35 demonstrated wide 

variation in the ED and inpatient management of patients with a Glasgow Coma Scale ≤8. 
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Whether or not standardized, national protocols could decrease practise variation and reduce 

these trends in charges is not known. Prior studies have suggested that implementation of 

evidence-based protocols and recommendations for TBI, such as those from the Brain 

Trauma Foundation,36 result in reductions in resource utilization as well as charges while 

also improving outcomes for TBI patients.8,9 Regional variation may also, in part, explain 

trends in charges,37 with a prior study demonstrating up to 37% higher TBI inpatient charges 

in the West compared to the Northeast,38 in keeping with findings from our study. At a more 

micro level, there is significant price variation across individual hospitals within the same 

state for the same service or test.17 Assuming comparable clinical outcomes, these regional 

and hospital charge disparities may represent areas of cost control and deserve further 

investigation.38

Our study has limitations. The NEDS is based on hospital billing data and, as such, lacks 

clinical variables, however, we used the ISS as a measure of injury severity. Nonetheless, 

there may have been unmeasured confounders that contributed to visit charges and may 

account for some of the variation and charge disparities found in our study. Visits were 

identified based on ICD-9-CM coding and the accuracy and consistency of coding may vary 

across hospitals. We used ICD-9-CM codes based on the CDC definitions published in 

2004.16 There are more recent definitions for TBI,2 with the difference being the addition of 

codes for shaken baby syndrome (995.55) and injury to optic nerve and pathways (950.1–

950.3). These diagnoses were associated with only a modest number of visits that didn’t 

carry another TBI diagnosis in our dataset (N=459 in 2010), and therefore, their omission is 

unlikely to bias our results. Our visit cohort included those visits with a TBI ICD-9-CM 

code in any of 15 diagnosis positions, and it is possible that a TBI diagnosis was carried over 

from a previous encounter and did not represent an active diagnosis. However, 70% of TBI-

related visits had a TBI-related ICD-9-CM diagnosis code as the primary diagnosis. Charges 

reported by NEDS are those for the entire visit and not specific to those charges associated 

with TBI directly. However, we included a measure of comorbidities in order to account for 

those diagnoses that also affect visit charges. Our study does not include visits to federal 

hospitals (i.e. military and Veterans Administration facilities) and does not account for visits 

in nonhospital settings, and therefore, is an underestimation of the total charge burden for 

TBI. Additionally, we explored hospital charges associated with acute injury evaluation and 

we did not assess the indirect costs from TBI, such as care after hospital discharge, cognitive 

and emotional costs, and lost wages associated with the injury which also contribute 

substantially to the overall burden of TBI. Lastly, we did not convert the charges to costs. 

The NEDS does not have a hospital charge to cost conversion tool available, however, prior 

studies have suggested that approximately 42% of ED charges are paid,39 and this would 

remain a burdensome amount. Further, using this percentage, our estimate of a 2010 total 

charge burden of $30 billion is in keeping with the projected direct hospital costs by 

Coronado, et al.40

Conclusions

In summary, there is a significant charge burden associated with TBI hospital visits and 

these charges are disproportionate to TBI volume. There appear to be patient and hospitals 
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factors that are independently associated with higher charges. Future work is needed to 

investigate methods to reduce the charge burden and disparities for this costly condition.
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Figure 1. Proportion of visits and charges with TBI-related diagnoses (visits resulting in 
admission)
Error bars indicate 95% confidence intervals.

P value <0.001 for all years.

TBI-related visit proportion was calculated as the number of TBI-related visits resulting in 

admission divided by the total number of visits resulting in admission. TBI-related visit 

charge proportion was calculated as the charges associated with TBI-related visits resulting 

in admission divided by the total charges for all visits resulting in admission.
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Figure 2. Proportion of visits and charges with TBI-related diagnoses (visits resulting in 
discharge or transfer)
Error bars indicate 95% confidence intervals.

P value <0.001 for all years.

TBI-related visit proportion was calculated as the number of TBI-related visits resulting in 

discharge or transfer divided by the total number of visits resulting in discharge or transfer. 

TBI-related visit charge proportion was calculated as the charges associated with TBI-

related visits resulting in discharge or transfer divided by the total charges for all visits 

resulting in discharge or transfer.
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Table 1

Trends in TBI charges for admitted patients

Charges per visit, US$
(mean, 95% CI)
2006

Charges per visit, US$
(mean, 95% CI)
2010

Difference in Charges
(mean, 95% CI)

Total, admitted 58,569 (52,693–64,444) 67,224 (61,091–73,357) 8,656 (167–17,144)

Age

 <3 years 30,185 (23,734–36,636) 33,961 (27,157–40,764) 3,776 (−5,593–13,145)

 3–17 years 46,258 (40,419–52,096) 53,301 (44,052–62,551) 7,028 (−3,909–17,966)

 18–44 years 68,976 (61,826–76,126) 81,744 (73,237–90,251) 12,768 (1,662–23,874)

 45–59 years 70,744 (63,231–78,256) 82,702 (74,476–90,928) 11,958 (825–23,092)

 ≥60 years 48,776 (43,551–54,000) 55,940 (51,940–59,991) 7,164 (558–13,771)

Sex

 Male 63,858 (57,388–70,328) 74,354 (67,675–81,032) 10,496 (1,202–19,789)

 Female 49,565 (44,707–54,423) 56,213 (50,943–61,482) 6,648 (−516–13,811)

Insurance status

 Private 63,110 (56,750–69,471) 73,341 (64,996–81,687) 10,248 (−217–20,712)

 Medicare 44,809 (40,267–49,351) 53,688 (49,745–57,630) 8,890 (2,886–14,894)

 Medicaid 75,228 (64,740–85,716) 92,478 (80,633–104,324) 17,253 (1,467–33,040)

 Self-pay 54,867 (46,546–63,187) 61,313 (52,704–69,922) 6,456 (−5,495–18,407)

No Charge/Other 67,434 (59,934–74,933) 72,314 (65,270–79,358) 4,902 (−5,375–15,180)

Income

 0–25th Percentile 57,034 (49,638–64,429) 68,750 (61,246–76,254) 11,716 (1,187–22,246)

 25–50th 55,966 (49,892–62,039) 66,430 (60,531–72,330) 10,465 (2,002–18,927)

 51–75th 59,109 (52,272–65,947) 70,593 (62,707–78,479) 11,484 (1,052–21,916)

 76–100th 60,972 (53,840–68,104) 62,615 (53,657–71,574) 1,643 (−9,800–13,087)

 [Other (Zip blank or miss] 69,442 (60,813–78,070) 68,194 (55,032–81,358) –1,247 (−16,976–14,481)

Region

 Northeast 63,898 (47,884–79,912) 47,088 (40,098–54,077) −16,810 (−34,218–598)

 Midwest 37,775 (34,186–41,365) 55,379 (48,437–62,321) 17,604 (9,803–25,405)

 South 52,702 (43,068–62,336) 71,076 (58,323–83,828) 18,374 (2,419–34,328)

 West 80,114 (68,153–92,074) 87,896 (73,645–102,147) 7,782 (−10,756–26,321)

ICD9-CM diagnosis

 850 (Concussion) 43,298 (37,311–49,285) 50,203 (42,494–57,912) 6,905 (−2,850–16,660)

 800–801.9; 803–804 (Skull Fracture) 80,060 (71,437–88,682) 95,085 (85,248–104,922) 15,026 (1,952–28,099)

 851 (Cerebral laceration and contusion) 66,844 (59,966–73,723) 71,142 (65,764–76,521) 4,298 (−4,429–13,025)

 852.0, 852.1 (Subarachnoid hemorrhage) 70,012 (60,178–79,847) 73,717 (66,285–81,150) 3,705 (−8,615–16,025)

 852.2, 852.3 (Subdural hemorrhage) 61,878 (55,431–68,325) 66,684 (62,228–71,328) 4,900 (−2,986–12,786)

 852.4, 852.5 (Epidural hemorrhage) 60,542 (48,709–72,375) 82,787 (70,951–94,623) 22,245 (5,552–38,968)

 853 (Intracranial hemorrhage, unspecified) 66,043 (56,185–75,900) 69,684 (62,653–76,714) 3,641 (−8,460–15,741)
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Charges per visit, US$
(mean, 95% CI)
2006

Charges per visit, US$
(mean, 95% CI)
2010

Difference in Charges
(mean, 95% CI)

 854.0–854.1 (Brain injury, other) 60,649 (43,561–77,736) 72,193 (55,658–88,728) 11,544 (−12,218–35,307)

 959.01 (Head injury, unspecified) 28,195 (25,547–30,843) 37,274 (32,715–41,834) 9,079 (3,809–14,349)

Injury Severity Score

 ISS ≤ 8 25,058 (23,013–27,102) 30,415 (27,590–33,241) 5,358 (1,872–8,843)

 ISS 9–15 52,566 (47,419–57,713) 58,996 (53,713–64,278) 6,430 (−941–13,801)

 ISS ≥ 16 90,366 (80,075–100,656) 98,648 (89,619–107,677) 8,283 (−5,399–21,964)

Trauma center 69,131 (61,960–76,303) 76,478 (68,810–84,147) 7,347 (−3,109–17,803)

Non-trauma center 29,589 (27,623–31,556) 38,089 (35,272–40,906) 8,500 (5,067–11,933)

Teaching hospital 63,045 (55,327–70,763) 71,678 (63,160–80,196) 8,633 (−2,826–20,093)

Non-teaching hospital 50,151 (42,243–58,060) 57,930 (52,625–63,234) 7,778 (−1,737–17,294)

Pediatric hospital 29,559 (24,838–34,280) 24,124 (17,439–30,809) –5,435 (−13,459–2,589)

Non-pediatric hospital 59,222 (53,292–65,152) 67,789 (61,716–73,861) 8,567 (84–17,049)

Metropolitan Area 60,913 (54,868–66,958) 69,035 (62,706–75,365) 8,122 (−623–16,866)

Non-metropolitan Area 17,322 (13,891–20,754) 24,951 (13,889–36,014) 7,629 (−3,934–19,193)

Hospital ownership

Government or private 63,062 (56,615–69,510) 70,782 (63,928–77,636) 7,720 (−1,679–17,118)

Government, nonfederal 26,379 (16,383–36,374) 36,214 (24,241–48,186) 9,835 (−5,694–25,364)

Private, non-profit 28,945 (24,689–33,201) 41,808 (35,761–47,855) 12,863 (5,493–20,233)

Private, investor-owned 37,823 (33,345–42,302) 46,518 (40,548–52,488) 8,695 (1,272–16,118)

Private, not specified 22,140 (15,662–28,619) 40,563 (19,343–61,783) 18,423 (−3,616–40,461)

Abbreviations: TBI= traumatic brain injury; US= United States; ICD9-CM= International Classification of Diseases, 9th revision, Clinical 
Modification
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Table 2

Multivariable regression model of factors associated with TBI visit charges

Variables Admitted (95%CI)a P-value Discharged/Transferred (95%CI)a P-value

Age (years)

 <3 −44.69 (−48.86–(−40.19)) <0.001 −65.35 (−66.76–(−63.87)) <0.001

 3–17 −22.51 (−26.42–(−18.39)) <0.001 −44.22 (−45.66–(−42.73)) <0.001

 18–44 Referent Referent

 45–59 −4.89 (−6.14–(−3.62)) <0.001 9.29 (8.24–10.35) <0.001

 ≥60 −13.35 (−15.34–(−11.30)) <0.001 14.64 (12.33–16.99) <0.001

Sex (Male) 3.13 (2.36–3.91) <0.001 7.34 (6.49–8.20) <0.001

Insurance status

 Private   Referent   Referent

 Medicare −10.85 (−13.20–(−8.43)) <0.001 0.42 (−1.30–2.17) 0.632

 Medicaid −5.32 (−8.29–(−2.25)) 0.001 −7.03 (−8.79–(−5.23)) <0.001

 Self Pay −5.22 (−8.64–(−1.67)) 0.004 5.22 (2.71–7.79) <0.001

 No Charge/Other 0.70 (−3.64–5.23) 0.757 −6.19 (−9.00–(−3.30)) <0.001

Income

 0–25th Percentile   Referent   Referent

 25–50th −1.36 (−5.51–2.98) 0.533 −2.72 (−6.19–0.89) 0.138

 51–75th 1.57 (−4.39–7.90) 0.614 −4.65 (−8.50–(−0.63)) 0.024

 76–100th −0.70 (−15.74–17.03) 0.933 −11.87 (−19.62–(−3.38)) 0.007

 [Other (Zip blank or miss] −13.05 (−19.58–(−6.00)) <0.001 2.21 (−2.83–7.51) 0.396

Region

 Northeast   Referent   Referent

 Midwest −2.51 (−13.34–9.68) 0.673 5.69 (−2.09–14.09) 0.156

 South 8.09 (−12.30–33.24) 0.466 9.44 (−5.38–26.58) 0.224

 West 72.28 (51.26–96.21) <0.001 9.90 (0.89–19.71) 0.031

Injury Severity Score

 ISS ≤ 8   Referent   Referent

 ISS 9–15 35.25 (28.98–41.82) <0.001 87.98 (84.44–91.58) <0.001

 ISS ≥ 16 71.63 (60.74–83.26) <0.001 105.62 (99.97–111.43) <0.001

Elixhauser Score 2.05 (1.88–2.22) <0.001 1.94 (1.71–2.17) <0.001

Length of Stay (continuous days) 5.75 (5.39–6.11) <0.001 — —

Year (continuous) 3.85 (1.97–5.76) <0.001 8.23 (6.99–9.48) <0.001

Trauma Center 46.17 (33.20–60.40) <0.001 21.14 (11.45–31.66) <0.001

Teaching Hospital −3.70 (−16.57–11.16) 0.61 6.10 (−3.55–16.72) 0.22
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Variables Admitted (95%CI)a P-value Discharged/Transferred (95%CI)a P-value

Pediatric Hospital −35.71 (−52.71–(−12.59)) <0.001 −32.38 (−42.14–(−20.96)) <0.001

Metropolitan Area 71.42 (57.06–87.09) <0.001 23.99 (16.08–32.43) <0.001

Hospital ownership

 Private, non-profit   Referent   Referent

 Private, investor-owned 51.47 (35.20–69.69) <0.001 69.25 (50.85–89.89) <0.001

 Private, not specified 21.23 (3.21–42.40) 0.019 21.93 (7.68–38.06) 0.002

 Government, nonfederal −2.61 (−14.26–10.61) 0.683 3.92 (−6.15–15.06) 0.460

 Government or private 11.53 (−4.28–29.95) 0.162 3.74 (−9.87–19.39) 0.609

a
Log transformed outcome. Associations are presented as percent change compared to reference group. Raw n for “Admitted” model=322,812, 

weighted n=1,534,983. Raw n for “Discharged/Transferred” model=2,066,630, weighted n=9,353,464. Abbreviations: TBI= traumatic brain injury.
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Table 3

Trends in TBI charges for discharged or transferred patients

Charges per visit, US$
(mean, 95% CI)

2006

Charges per visit, US$
(mean, 95% CI)

2010

Difference in Charges
(mean, 95% CI)

Total, discharged/transferred 2,617 (2,470–2,764) 3,672 (3,491–3,853) 1,055 (822–1,288)

Age

 <3 years 1,119 (1,046–1,191) 1,500 (1,404–1,597) 382 (261–502)

 3–17 years 1,820 (1,723–1,917) 2,374 (2,256–2,493) 554 (401–707)

 18–44 years 3,155 (2,959–3,351) 4,311 (4,085–4,537) 1,156 (857–1,455)

 45–59 years 3,334 (3,132–3,535) 4,646 (4,405–4,888) 1,313 (998–1,627)

 ≥60 years 3,172 (3,048–3,296) 4,570 (4,344–4,796) 1,398 (1,141–1,656)

Sex

 Male 2,708 (2,544–2,872) 3,728 (3,538–3,918) 1,020 (769–1,271)

 Female 2,500 (2,372–2,627) 3,609 (3,433–3,784) 1,109 (892–1,326)

Insurance status

 Private 2,464 (2,312–2,616) 3,376 (3,182–3,571) 912 (665–1,159)

 Medicare 3,083 (2,965–3,202) 4,530 (4,309–4,751) 1,447 (1,196–1,697)

 Medicaid 1,968 (1,840–2,095) 2,877 (2,727–3,028) 910 (713–1,107)

 Self–pay 3,241 (2,999–3,483) 4,425 (4,168–4,681) 1,183 (831–1,536)

 No Charge/Other 2,708 (2,505–2,911) 3,754 (3,520–3,988) 1,046 (736–1,356)

Income

 0–25th Percentile 2,835 (2,639–3,030) 3,872 (3,644–4,101) 1,038 (737–1,338)

 25–50th 2,690 (2,509–2,872) 3,760 (3,550–3,969) 1,069 (792–1,346)

 51–75th 2,538 (2,395–2,681) 3,736 (3,536–3,936) 1,199 (953–1,444)

 76–100th 2,367 (2,209–2,524) 3,260 (3,005–3,516) 894 (594–1,194)

 [Other (Zip blank or miss] 3,109 (2,894–3,323) 4,305 (3,992–4,618) 1,196 (817–1,576)

Region

 Northeast 2,399 (2,082–2,717) 3,058 (2,741–3,375) 659 (212–1,106)

 Midwest 2,416 (2,110–2,721) 3,512 (3,226–3,797) 1,096 (678–1,514)

 South 2,919 (2,615–3,223) 4,200 (3,792–4,608) 1,281 (773–1,789)

 West 2,608 (2,417–2,801) 3,551 (3,313–3,790) 943 (638–1,248)

ICD9–CM diagnosis

 850 (Concussion) 3,100 (2,817–3,382) 4,064 (3,833–4,295) 964 (600–1,329)

 800–801.9; 803–804 (Skull Fracture) 4,398 (4,168–4,629) 6,065 (5,782–6,349) 1,667 (1,302–2,032)

 851 (Cerebral laceration and contusion) 4,939 (4,675–5,202) 6,516 (6,205–6,826) 1,577 (1,170–1,984)

 852.0, 852.1 (Subarachnoid hemorrhage) 5,665 (5,225–6,105) 7,616 (7,156–8,077) 1,951 (1,315–2,588)

 852.2, 852.3 (Subdural hemorrhage) 4,735 (4,459–5,011) 6,266 (5,926–6,605) 1,531 (1,094–1,967)

 852.4, 852.5 (Epidural hemorrhage) 4,325 (3,677–4,973) 6,828 (6,014–7,643) 2,503 (1,469–3,538)

 853 (Intracranial hemorrhage, unspecified) 5,048 (4,702–5,394) 6,765 (6,335–7,195) 1,717 (1,166–2,269)

Brain Inj. Author manuscript; available in PMC 2018 January 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Marin et al. Page 18

Charges per visit, US$
(mean, 95% CI)

2006

Charges per visit, US$
(mean, 95% CI)

2010

Difference in Charges
(mean, 95% CI)

 854 (Brain injury, other) 2,826 (2,139–3,512) 4,133 (3,300–4,966) 1,308 (229–2,386)

 959.01 (Head injury, unspecified) 2,266 (2,148–2,385) 3,344 (3,162–3,526) 1,077 (860–1,294)

Injury Severity Score

 ISS ≤ 8 2,419 (2,281–2,557) 3,430 (3,260–3,601) 1,011 (792–1,230)

 ISS 9–15 4,752 (4,503–5,002) 6,569 (6,235–6,902) 1,816 (1,400–2,233)

 ISS ≥ 16 5,614 (5,287–5,941) 7,362 (6,968–7,756) 1,748 (1,237–2,260)

Trauma center 3,205 (2,848–3,562) 4,085 (3,722–4,447) 880 (373–1,386)

Non-trauma center 2,293 (2,194–2,392) 3,400 (3,217–3,582) 1,106 (899–1,314)

Teaching hospital 2,849 (2,536–3,162) 3,886 (3,516–4,256) 1,037 (554–1,520)

Non-teaching hospital 2,448 (2,340–2,555) 3,523 (3,360–3,687) 1,076 (880–1,272)

Pediatric hospital 1,208 (1,039–1,377) 1,127 (759–1,496) −80 (–447–316)

Non-pediatric hospital 2,680 (2,536–2,823) 3,709 (3,531–3,887) 1,029 (801–1,258)

Metropolitan Area 2,710 (2,538–2,881) 3,798 (3,587–4,009) 1,088 (817–1,360)

Non-metropolitan Area 2,112 (1,983–2,241) 2,983 (2,800–3,165) 871 (648–1,094)

Hospital ownership

 Government or private 2,674 (2,466–2,881) 3,671 (3,432–3,909) 997 (681–1,313)

 Government, nonfederal 2,231 (1,980–2,482) 2,965 (2,729–3,201) 734 (391–1,077)

 Private, non-profit 2,245 (2,033–2,457) 3,180 (2,844–3,516) 935 (539–1,331)

 Private, investor-owned 3,504 (3,088–3,921) 5,322 (4,812–5,832) 1,818 (1,163–2,473)

 Private, not specified 2,117 (1,947–2,286) 3,266 (3,028–3,504) 1,150 (859–1,440)

Abbreviations: TBI= traumatic brain injury; US= United States; ICD9-CM= International Classification of Diseases, 9th revision, Clinical 
Modification
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