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Abstract

Background—Trauma centers are an effective but costly element of the US health care 

infrastructure. Some level I and II trauma centers regularly incur financial losses when these high 

fixed costs are coupled with high burdens of uncompensated care for disproportionately young and 

uninsured trauma patients. As a result, they are at risk of reducing their services or closing. The 

impact of these closures on patient outcomes, however, has not been previously assessed.

Methods—We performed a retrospective study of all adult patient visits for injuries at Level I 

and II, non-federal trauma centers in California between 1999–2009. Within this population, we 

compared the in-hospital mortality of patients whose drive time to their nearest trauma center 

increased as the result of a nearby closure to those whose drive time did not increase using a 

multivariate logit-linked generalized linear model. Our sensitivity analysis tested whether this 

effect was limited to a two-year period following a closure.

Corresponding Author: Renee Y. Hsia, MD, MSc, UCSF Department of Emergency Medicine, San Francisco General Hospital, 1001 
Potrero Avenue, 1E21, San Francisco, CA 94110, Telephone: (415) 206-4612, Fax: (415) 206-5818, renee.hsia@emergency.ucsf.edu. 

Author Contributions:
RYH: Study design, data interpretation, writing, critical revision
TS: Study design, data analysis, data interpretation, critical revision
JM: Data analysis, data interpretation, critical revision
MC: Data interpretation, critical revision
CM: Study design, data analysis, data interpretation, critical revision
ALK: Data interpretation, critical revision

Disclosures: This publication was supported by the National Center for Advancing Translational Sciences, National Institutes of 
Health, through UCSF-CTSI Grant Number KL2 TR000143 (R.Y.H.), and the Robert Wood Johnson Foundation Physician Faculty 
Scholars Program (R.Y.H.). Its contents are solely the responsibility of the authors and do not necessarily represent the official views 
of any of the funding agencies. No authors have any conflicts of interest to report.

NIH Public Access
Author Manuscript
J Trauma Acute Care Surg. Author manuscript; available in PMC 2015 April 01.

Published in final edited form as:
J Trauma Acute Care Surg. 2014 April ; 76(4): 1048–1054. doi:10.1097/TA.0000000000000166.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Results—The odds of inpatient mortality increased by 21%(OR 1.21, 95% CI 1.04–1.40) among 

trauma patients who experienced an increased drive time to their nearest trauma center as a result 

of a closure. The sensitivity analyses showed an even larger effect in the two years immediately 

following a closure, during which patients with increased drive time had 29% higher odds of 

inpatient death (OR 1.29, 95% CI 1.11, 1.51).

Conclusions—Our results show a strong association between closure of trauma centers in 

California and increased mortality for patients with injuries who have to travel further for 

definitive trauma care. These adverse impacts were intensified within two years of a closure.

Level of Evidence—Level III, Prognostic and Epidemiological

Background

Unintentional injuries are the leading cause of death among Americans aged 1–44, 

accounting for 29.5 million emergency department (ED) visits,1,2 and two thirds of all injury 

deaths in 2009.1 Studies have documented a 25% decrease in mortality among severely 

injured patients treated at trauma centers (TCs) compared to those treated in non-TC 

hospitals.3,4 Although many members of the public do not recognize the difference between 

a TC and a hospital ED,5 trauma centers are especially staffed and equipped to provide 

surgical and non-operative care to the most severely injured, and are regularly inspected and 

verified as such by the American College of Surgeons (ACS) or state agencies.

Providing the highly specialized services of a trauma center does not come without cost; one 

survey-based study estimated the annual cost of readiness per TC at $2.7 million.6 The high 

fixed costs of trauma centers, coupled with low rates of reimbursement from uninsured and 

under-insured patients, create financial pressures that sometimes lead to closure.7–9

Due to rising numbers of uninsured and under-insured patients, coupled with falling levels 

of public support, many trauma centers are struggling to keep their doors open.8,10,11 The 

trend is not new. In fact, trauma center closures have been accelerating over the past two 

decades; between 1999 and 2005, 390 of the 1,125 US trauma centers (30%) closed.9,10,12

The Institute of Medicine (IOM), among other organizations, has voiced concern that 

closure of safety net facilities such as trauma centers may adversely affect patient care.13,14 

Given the link between time to definitive care and survival in trauma patients,15,16 trauma 

center closures could logically lead to worse outcomes for patients with injuries. In 2006, 

Buchmueller et al. reported that the wave of hospital closures in Los Angeles County 

between 1997–2003 increased distance to care for large numbers of patients, and the 

increase was associated with a higher rate of mortality from unintentional injury.17 It is not 

known, however, whether the closure of trauma centers specifically produces similar effects, 

and if so, whether it is evident in a larger geographic area than a single county.

To determine whether trauma center closures adversely affect inpatient mortality, we 

performed a retrospective cohort study of all adult injury admissions to Level I and II non-

federal trauma centers in California between January 1, 1999 and December 31, 2009, a 

period when three (11%)level I and II trauma centers closed their doors in the state.
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Methods

Data Sources

To examine the relationship between TC closures and inpatient mortality, we combined 

several datasets (Figure 1). We used data from the California Emergency Medical Services 

Authority,18 to determine which adult TCs were open as of January 1, 1999 and confirm 

closures that happened between then and December 31, 2009.

For the patient database we used the publicly available California Office of Statewide Health 

Planning and Development (OSHPD) patient discharge database (PDD) for the years of 

1999–2009. Our key variable from this data was patient ZIP code, which was used to 

compute the distance to the patient’s nearest TC. These records also contained patient-level 

demographics and clinical information such as date of admission, discharge diagnosis 

(primary and up to 24 secondary), and disposition (including in-hospital death).

We merged the PDD with the OSHPD 1999–2009 hospital financial and utilization reports 

using OSHPD’s unique hospital ID. We also incorporated ZIP code-level median household 

income using a demographic database by Claritas (Nielsen, Claritas, NY) for 2004 to 

account for socioeconomic neighborhood effects.

Patient Population

We defined adult patients with acute trauma as those age20 or older with ICD-9 diagnosis 

codes 800–904.9, 910–929.9, and 950–959.9 in either the principal or any of the 24 

secondary diagnoses, as outlined in previous literature, excluding visits with ICD-9 codes 

indicating drowning, bites and stings, overexertion, poisonings, foreign body, suffocation, or 

late effects of injury, as well as those with a sole traumatic ICD-9 diagnosis of strains and 

sprains, or contusions with intact skin surface.19,20 We also excluded patients with isolated 

hip fractures (ICD-9 codes 820–820.9; ISS=9),21 as there is no evidence that they benefit 

from TC care. In addition, we excluded patients with missing e-codes, without which we 

could not reliably determine the mechanism of injury that we adjusted for in our models. To 

further exclude very minor injuries, we excluded those patients who had a calculated injury 

severity score of zero. In addition, we excluded patients with burn injuries because in 

California, burn victims are treated at specialized burn centers. Moreover, we eliminated 

scheduled and elective admissions, since these patients would be less affected by longer 

drive times. We also excluded patients who were not taken to their nearest TC, as our goal 

was to evaluate how changes in drive time to the nearest TC affected outcomes for those 

who received care in those facilities. Finally, we excluded patients who lived in ZIP codes 

greater than 100 miles away from the nearest TC as well as out of state patients, as done 

previously.22

Predictor

In this study, our key variable of interest was each patient’s estimated time to their nearest 

TC and more specifically, whether patients resided in locations where the drive time to the 

nearest TC increased during the study period as a result of trauma center closure or 

decreased as a result of an opening. We first used the latitude and longitude coordinates of 
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each TC’s physical address or heliport to calculate the straight-line distance between the 

population-weighted central location of each ZIP code and the nearest TC. The straight-line 

distance is highly correlated with actual driving distance, and has been used in previous 

literature.23,24 We computed these distances separately for each year, and computed the 

change in distance between each year and the base year of 1999 for each ZIP code. To 

provide clarity in presenting the multivariate results, we translated changes in distance to 

changes in drive time, using the formula developed by Phibbs and Luft.24,25 Since we 

specifically used changes in drive time as our predictor, we did not add in the constant time 

to response by the ambulance and scene time used in other studies,26,27 because it would not 

change our results.

Outcome

The outcome variable in our models was in-hospital mortality due to acute trauma or its 

complications.

Covariates

We adjusted for several potential confounders in each of our models, including patient age 

(categorized as 20–44 years, 45–64, 65–74, 75–84, and 85+ years), gender, race/ethnicity 

(non-Hispanic White, non-Hispanic Black, Hispanic, and other), insurance status (uninsured, 

Medicaid, Medicare, privately insured, and other). We also included income, which is 

known to be associated with trauma mortality,28 using the median household income of the 

patient ZIP code. For comorbidity adjustment, we used Elixhauser29 categorizations 

(Distribution of Elixhauser comorbidities in Supplemental Digital Content Table 1; 

Regression results for comorbitdities in Supplemental Digital Content Table 2).

To control for severity of injury, we calculated Injury Severity Score (ISS) using ICD-9 

codes with software by Tri-Analytics (Bel Air, Maryland),30 and stratified the patient 

according to previously suggested categories of mild (ISS 1–4) moderate (ISS 5–15), and 

severe (ISS>15).4 We also included mechanism of injury based on e-codes, categorized into 

penetrating injury, falls, burns, motor vehicle crashes, and other.31

In a small number of cases, certain covariates were masked by OSHPD to protect patient 

identities. To compensate for this, we incorporated masked data as separate categories for 

each variable (cf. Table 1 for the proportion of masked variables). We also included 

hospital-level characteristics that have been shown to be associated with access to TCs and 

mortality, including whether or not there is a TC available within a patient’s county, 

urbanicity, and case-mix adjustment for patient severity.19,32 Finally, we included year as a 

covariate to account for secular trends in trauma care.

Statistical Analysis

We used a generalized linear model framework with a log it link to determine the odds of 

death from injury at a TC for patients living in a specific ZIP code as a function of the 

change in drive time to the nearest Level I or II trauma center relative to the baseline year 

(1999). We used generalized estimating equations with clustering at the ZIP code level to 

accommodate the hierarchical nature of the dataset.
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In our primary model, the treatment group consisted of all adult trauma patients who 

experienced an increase in drive time relative to 1999, whereas the control group consisted 

of all adult patients who did not. Our secondary analysis compared patients in ZIP codes that 

experienced (1) a decrease in drive time, (2) no change in drive time, and (3) an increase in 

drive time. Finally, to determine if the negative impact of TC closures is only temporary as 

nearby TCs adapt to increasing demand, we conducted sensitivity analyses with both our 

primary and secondary models to include only patients within two years of experiencing a 

change in driving distance to their nearest TC, based on the effect window from literature on 

ED closures.22 All models were run in SAS v. 9.2 (Cary, NC).

Results

Between 1999 and 2009, three level I and II adult trauma centers (11% of the initial number 

of TCs) in California closed. In the same 10-year interval, 271, 145 patients in our sample 

received care for injuries at a California level I or II TC. Of those patients, 1.9% (n=5,122) 

lived in a ZIP code that had an increase in drive time to the nearest TC. Of the remaining 

patients, 84.2% (n=228,236) lived in a ZIP code that had no change in TC drive time, while 

13.9 % (n=37,787) experienced a decrease due to the opening of a trauma center. The 

average drive time to the nearest TC was 47 minutes [IQR 27, 52] for patients who 

experienced an increase in drive time, and 34 minutes [IQR 23, 35] for those who did not 

(Supplemental Digital Content Table 3). Patients who faced an increase in drive time to the 

nearest TC relative to 1999tended to be younger, lower income, more likely to have Medi-

Cal insurance, and more likely to be a member of a racial minority group than patients who 

did not face an increased drive time (Table 1).

After adjusting for covariates, patients who faced an increase in drive time were 21% (1.21, 

95% CI 1.04, 1.40) more likely to die of trauma in a level I or II California TC than 

otherwise similar Californians who did not face increased drive time (Table 2). In our 

secondary analysis, we found that compared to patients with no change in drive time to the 

nearest TC, the adjusted odds of inpatient mortality were 17% lower (0.83, 95% CI 0.75–

0.92) for patients who experienced a decrease in drive time, and 14% higher (1.14, 95% CI 

0.98–1.33) for those who experienced an increase (Table 3).

In our sensitivity analyses limiting the affected sample to patients experiencing increased 

drive time within two years of a closure, we found that these adverse effects were 

intensified; patients whose drive time increased had 29% higher odds of inpatient mortality 

(OR 1.29, 95% CI, 1.11, 1.51) compared with those whose drive time did not increase 

(Supplemental Digital Content Table 4). Our results were robust when patients were 

categorized according to our secondary model; the increased drive time group had 26% 

higher odds of inpatient mortality (OR 1.26, 95% CI 1.06, 1.49) compared with the 

reference group of no change, and the reduced drive time group had16% lower odds of 

inpatient death (OR 0.84, 95% CI 0.76, 0.93) (Supplemental Digital Content Table 5).
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Discussion

Although overall rates of trauma mortality in California declined over the study interval, we 

observed that patients living in ZIP codes with longer drive times as a result of trauma 

center closure faced 21% higher odds of dying in their nearest TC as a result of injury than 

those in ZIP codes with no increase in drive times. Our secondary model showed that 

reducing drive time to the nearest TC may be protective; the 13.9% of Californians in our 

sample (n=37,787) who enjoyed a net decrease in drive time to the nearest TC had 17% 

lower odds of dying in the TC from trauma than those with no change in drive times. Those 

from ZIP codes with an increase in drive time had 14% higher odds of dying in the TC 

compared to patients with no change in drive time.

To our knowledge, ours is the first study to investigate the direct effects of trauma center 

closure on the health outcomes of affected patients. Overall, past research on changes in 

outcomes due to trauma center closures is indirect, through anecdotal evidence33 or results 

of hospital closures rather than trauma centers specifically.17 In addition, while others have 

noted the detrimental effects of longer travel times on survival,17,34 we are the first to our 

knowledge to identify a positive survival benefit to lowering drive time.

Importantly, our study used as its outcome in-hospital mortality, an admittedly narrow but 

unambiguous outcome. Obviously, TC closures could adversely affect patients in many 

other ways, including inpatient morbidity and lower quality of life. The loss of a TC also 

puts pressure on those that remain, straining infrastructure and professional resources.35 

This may compromise the care of all patients who seek care at the next available trauma 

center, whether or not they personally face an increase in drive time. Therefore, our findings 

should be considered conservative estimates of the negative effects of trauma center closure.

The implications of these findings are clear: trauma centers do definitively benefit the 

communities they serve. Decreased distance to these centers is associated with lower 

inpatient mortality, and increased distance to the nearest trauma center is associated with 

higher inpatient mortality. Though dedicating extensive resources for trauma care is not 

inexpensive, the data show that trauma centers are still cost-effective. A prospective cohort 

study of over 5,000 patients by MacKenzie et al found that the added cost of treatment at a 

level I TC was $36,319 per life year gained -- much lower than the estimated value of a year 

of life, which ranges between $50,000–$200,000.14 The decisions about how to sustain 

trauma services for all populations must be undertaken methodically and strategically, with 

careful attention toward equity and efficiency. Future research should clarify who is 

impacted most by trauma center closure and evaluate potential interventions regarding their 

effects on high-risk groups.

Limitations

Our study is subject to several limitations. First, some demographic variables in our public 

dataset were masked to protect the identity of a limited number of patients. If the masked 

variables disguised covariates differentially in the different drive time groups, this could 

affect the risk-adjustment of our main findings. However, the percentages of patients with 
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masked variables were similar in the different groups. Therefore we doubt that masked 

variables affected our overall results.

Second, we only studied patients who received inpatient care at a level I or level II TC. 

Although this criterion should capture the most severely injured patients - who would be 

most affected by TC closure - a large body of literature has identified significant under-

triage of trauma patients. This means that our analysis missed some severely injured patients 

who were affected by TC closure never reached a TC. If these patients had worse outcomes 

at non-TCs, their absence from our analysis would bias our results to favor the null 

hypothesis.

Third, though injuries most commonly occur at home,36 drive time from a patient’s home 

ZIP code to the nearest TC is not a perfect predictor of actual transport time from the 

location of injury to the nearest TC. For instance, it is possible that a patient with a home 

ZIP code that experienced an increase in drive time to the nearest TC was actually injured in 

a different location, and thus in practice was unaffected by the closure. We limited the extent 

of this possible misclassification by excluding patients who were not transported to the TC 

nearest to their home ZIP code. Further, given the paucity of large-scale data linkages 

between pre-hospital and hospital records, as well as the lack of any injury location records 

for patients who walk in, we feel that in order to understand the relationship between TC 

closures and mortality from a population perspective this is a necessary estimation.

Fourth, our dataset does not include patients who died in the ED. As a result, it is possible 

that patients who previously would have died in their nearest ED, which then closed, could 

have been transported to a further but higher quality TC, survived the initial resuscitation in 

the ED, and died as an inpatient. This would falsely inflate the odds of mortality due to 

closure. At the same time, however, if these patients were so severely injured as to die in the 

ED, it is also likely that they would have died en route to the further hospital. This 

competing effect significantly mitigates the potential for Type I error.

Finally, we made no effort to control for trauma center quality, which certainly affects 

patient outcomes. If patients in ZIP codes with longer drive times were more likely to be 

treated at worse TCs than those who experienced no change in drive times, this would tend 

to inflate our measures of risk. However, if, as it has been suggested, the three TCs that 

closed in California during the study period did so as a result of poor quality of care, it 

would tend to attenuate our findings.

Conclusions

Our findings indicate that trauma center closure, and the resulting increase in drive times to 

trauma care for patients, is associated with increased odds of inpatient mortality from injury. 

In addition, injured patients who enjoyed a decrease in drive time to their nearest trauma 

center had lower odds of inpatient mortality. These results present compelling data that 

access to trauma care matters. However, given their cost and the relationship between 

volume and outcomes, it is not feasible to put a trauma center on every street corner.37–40 

Our findings affirm the importance of health administrators and policymakers working 

strategically to ensure equitable access to trauma care nationwide.
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Figure 1. 
Data sources
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Table 2

Primary model – Multivariate regression of increase in drive time on inpatient mortality

In-hospital mortality Odds Ratio (95% CI)

Decrease or no change in drive time to nearest TC (n= 266,023, 98.1%) ref

Increase in drive time to nearest TC (n=5,122, 1.9%) 1.21 (1.04, 1.40)

COVARIATESa

Gender

 Male 1.41 (1.33, 1.49)

 Female ref

Age Category

 20–44 years ref

 45–64 years 1.61 (1.50, 1.72)

 65–74 years 2.11 (1.89, 2.37)

 75–84 years 2.78 (1.48, 3.11)

 > 85 years 3.71 (3.28, 4.18)

Race/Ethnicity

 Non-Hispanic White ref

 Black 0.98 (0.87, 1.10)

 Hispanic 0.95 (0.87, 1.03)

 Other (Asian, Pacific Islander, Native American) 0.90 (0.77, 1.04)

Insurance

 Medicare 1.54 (1.39, 1.69)

 Medi-Cal 1.69 (1.54, 1.86)

 Private ref

 Uninsured 0.91 (0.82, 1.02)

 Other 0.74 (0.65, 0.84)

Injury category

 Penetrating injury 1.76 (1.62, 1.91)

 Falls ref

 Burns 3.63 (2.25, 5.87)

 MVC 0.84 (0.79, 0.91)

 Other 0.62 (0.57, 0.68)

ISS severity

 Mild ref

 Moderate 2.64 (1.23,1.37)

 Severe 14.01 (13.07, 15.01)

Median household income
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In-hospital mortality Odds Ratio (95% CI)

 $14999 – 35599 1.15 (1.05, 1.27)

 $35600 – 48709 1.12 (1.03, 1.22)

 $48710 – 65453 1.07 (0.99, 1.16)

 >$65454 ref

Trauma center in county

 None ref

 Present 1.04 (0.94, 1.14)

Urbanicity

 Beale=1 (most urban) ref

 Beale=2 1.07 (0.96, 1.02)

 Beale=3 1.07 (0.90, 1.27)

 Beale=4 0.75 (0.57, 0.98)

 Beale=5 0.68 (0.25, 1.86)

 Beale=6 0.81 (0.47, 1.38)

 Beale=7 (most rural) 0.36 (0.15, 0.84)

Case mix index

 1st quartile (0.87–1.09) ref

 2nd quartile (1.09–1.20) 0.90 (0.83, 0.98)

 3rd quartile (1.20–1.34) 0.90 (0.82, 0.98)

 4th quartile (>1.34) 0.80 (0.74, 0.87)

Year 0.96 (0.95, 0.97)

a
Odds ratios for patient comorbidities included in Supplemental Digital Content Table 2
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Table 3

Secondary model – Multivariate regression of increase in drive time on inpatient mortality compared with no 

change and decreasea

In-hospital mortality Odds Ratio (95% CI)

Decrease in drive time to nearest TC (n=37,787, 13.9%) 0.83 (0.75, 0.92)

No change in drive time to nearest TC (n=228,236, 84.2%) ref

Increase in drive time to nearest TC (n=5,122, 1.9%) 1.14 (0.98, 1.33)

a
Adjusted for all covariates shown in Table 2 and comorbidities in Supplemental Digital Content Table 2
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