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Abstract

Objective—To determine if minority trauma patients are more commonly treated at trauma 

centers (TCs) with worse observed-to-expected survival.

Background—Racial disparities in survival after traumatic injury have been described. However, 

the mechanisms that lead to these inequities are not well understood.

Methods—Analysis of Level I/II TCs included in the National Trauma Data Bank 2007–2010. 

White, Black and Hispanic patients ≥16 years sustaining blunt/penetrating injuries with an Injury 

Severity Score ≥9 were included. TC’s with ≥ 50% Hispanic or Black patients classified as 

predominantly-minority TCs. Multivariate logistic regression adjusting for several patient/injury 

characteristics was used to predict the expected number of deaths for each TC. Observed-to-

Corresponding Author & Request for Reprints: Adil H. Haider, MD, MPH, FACS, Center for Surgical Trials and Outcomes 
Research, Department of Surgery, The Johns Hopkins School of Medicine, Sheikh Zayed Tower, Suite 6107, 1800 Orleans Street, 
Baltimore, MD 21287-4688, Phone: 410-614-3831, Fax: 410-614-3833, ahaider1@jhmi.edu. 

For Presentation at the American Surgical Association’s 133rd annual meeting, April 5, 2013

Author Contributions
This paper was conducted by authors from multiple institutions and represents the input of an interdisciplinary team of surgeons, 
(Haider, Zafar, Efron, Haut, Cornwell) biostatisticians, (Hui, Schneider) disparity experts (Cooper, Hashmi) and a Health Policy expert 
(MacKenzie), which is why we needed to have 10 authors in total.
Adil Haider: Study Design, Data Analysis, Data Interpretation, and Writing of Manuscript
Zain Hashmi: Study Design, Data Analysis, Data Interpretation, and Writing of Manuscript
Syed Nabeel Zafar: Study Design, Data Analysis, Data Interpretation, and Writing of Manuscript
Xuan Hui: Study Design, Data Analysis and Data Interpretation
Eric Schneider: Study Design, Data Analysis and Data Interpretation
David Efron: Study Design, Data Interpretation and Critical Review
Elliott Haut: Study Design, Data Interpretation and Critical Review
Lisa Cooper: Study Design, Data Interpretation and Critical Review
Ellen MacKenzie: Study Design, Data Interpretation and Critical Review
Edward Cornwell: Study Design, Data Interpretation and Critical Review

HHS Public Access
Author manuscript
Ann Surg. Author manuscript; available in PMC 2018 June 11.

Published in final edited form as:
Ann Surg. 2013 October ; 258(4): 572–581. doi:10.1097/SLA.0b013e3182a50148.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



expected (O/E) mortality ratios were then generated and used to rank individual TCs as low (O/E 

<1), intermediate or high mortality (O/E>1).

Results—556,720 patients from 181 TCs were analyzed; 86(48%) TCs were classified as low 

mortality, 6(3%) intermediate and 89(49%) as high mortality. More of the predominantly-minority 

TCs {(82%(22/27) versus 44%(67/154)}were high mortality (p<0.001). Approximately 

64%(55,673/87,575) of Black patients were treated at high mortality TCs compared to 

54%(32,677/60,761) Hispanics and 41%(165,494/408,384) Whites(p<0.001).

Conclusions—Minority trauma patients are clustered at hospitals with significantly higher-than-

expected mortality. Black and Hispanic patients treated at low mortality hospitals have a 

significantly lower odds of death compared to similar patients treated at high mortality hospitals. 

Differences in trauma center outcomes and quality of care may partially explain trauma outcomes 

disparities.

Introduction

Racial disparities in outcomes have been well described for a host of surgical conditions, 

including traumatic injury in the United States (US) (1–10). A recent meta-analysis suggests 

that Black and uninsured patients are more likely to die after trauma, even after controlling 

for factors such as patient demographics, severity of injury and pre-injury co-morbidities 

(11). Trauma is the leading cause of death for ages 1–44 in America, and is now estimated as 

the third largest contributor to healthcare disparities in the US, making it an urgent national 

priority (12,13). Ascertaining the exact mechanisms that lead to the disparities in trauma 

outcomes is a critical prerequisite in designing and implementing interventions aimed at 

reducing racial inequities in health care.

Empirical evidence from other areas in health care and prior trauma literature cite poor 

access to care, discrepant health care utilization, pre-existing medical conditions and 

potential provider biases as some of the reasons for these disparate outcomes (11,14). Along 

with these patient and provider factors, increasingly, institutional and health system 

associated parameters have also been described as significant contributors to racial 

disparities (15,16). Hospitals serving a disproportionately higher number of minority 

patients, often located in underprivileged urban neighborhoods, have been shown to perform 

poorly on multiple patient outcomes for a variety of conditions (16,17). For example, using 

national Medicare data, Lucas et al demonstrated that hospitals treating a large proportion of 

Black patients had a substantially higher rate of post-operative mortality following 8 

cardiovascular and cancer procedures including coronary artery bypass, abdominal aortic 

aneurysm repair and esophagectomy (18). Similarly, patients treated at high Black-serving 

hospitals have been shown to have a significantly greater risk-adjusted mortality rate 

following acute myocardial infarction (19). Institutional level findings have also been 

reported for trauma outcomes. Using data from the National Trauma Data Bank (NTDB), it 

has been demonstrated that moderate to severely injured patients treated at predominantly-

minority hospitals (where >50% of patients were minorities) had a 37% higher risk of 

mortality compared to those treated at predominantly-majority hospitals, after adjusting for 

known confounders (20). Together, these reports from multiple areas of health-care, 

Haider et al. Page 2

Ann Surg. Author manuscript; available in PMC 2018 June 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



including trauma, suggest that factors related to quality of care contribute significantly to 

racial disparities in the United States.

Improving quality of care provides an intuitive avenue towards reducing morbidity, mortality 

and costs for all patients, including minorities and others, who are at risk for disparate 

outcomes(21). Over the past several years, organizations such as the American Association 

for the Surgery of Trauma (AAST) and the American College of Surgeons (ACS) 

Committee on Trauma (COT) have paid significant attention towards performance 

improvement (PI) and the quality of trauma care by developing a systematic approach that 

focuses on outcomes assessment (22–27). A central method for this has been to compare 

trauma center performance using risk adjusted analyses so that centers can evaluate 

themselves in relation to their peers and strive to improve or maintain excellent outcomes 

(28,29). Such an approach is extremely useful in the identification of institutional factors 

that lead to better or varying outcomes and can help in designing, implementing and 

modifying hospital-based PI initiatives aimed at improving quality of care (QoC).

Previous patient level analyses have demonstrated that individuals treated at trauma centers 

with a high proportion of minority patients have increased mortality (20). However, the 

relationship between trauma center performance and racial disparities in trauma mortality is 

not known. In this current analysis, we attempt to bring together a hospital level analysis of 

trauma centers and a patient level analysis of survival among individuals of different races. 

We hypothesize that predominantly-minority hospitals are likely to also be high mortality 

hospitals, and this clustering of minority patients at these high mortality centers may be a 

driver for racial disparities seen at the national level. The primary objective of this study is to 

determine if minority trauma patients are more commonly treated at trauma centers with 

worse observed-to-expected survival. The secondary objective is to determine if a minority 

patient is more likely to survive an injury if he or she is treated at a facility with an overall 

low mortality.

Methods

For this study data from the National Trauma Data Bank (NTDB) was used. The NTDB is 

maintained by the ACS and now comprises over 2.5 million patient records contributed by 

over 900 centers from across the United States (30). In 2007, the NTDB adopted the 

National Trauma Data Standard which has significantly standardized and improved the 

quality of data (31). Therefore only data from the years 2007–2010 were analyzed.

White, Black and Hispanic adults (≥16 years) from level I/II trauma centers (TCs) with 

blunt/penetrating injuries and an Injury Severity Score ≥9 were included. Patients who were 

dead-on-arrival or had unknown hospital discharge information were excluded. TCs 

reporting >20% missing data for race or any of the variables used in risk adjustment were 

excluded, as were facilities with <100 eligible patients. TCs treating ≥50% Black or 

Hispanic patients were classified as predominantly-minority TCs and those with >50% 

White patients classified as predominantly majority. For additional analyses, hospitals were 

also classified by tertiles of percent penetrating trauma and uninsured patients treated.
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Observed-to-expected (O/E) mortality ratios were used to categorize trauma centers as: high, 

intermediate or low mortality centers (Figure 1). To generate, O/E ratios we first performed 

multivariate logistic regression analysis, with mortality as the outcome, to predict the 

expected number of deaths at each TC. Patient level co-variates included in this model were: 

age, gender, type of injury (blunt versus penetrating), presence of hypotension at admission 

(systolic blood pressure <90 mmHg), pulse rate at admission, total Glasgow Coma Scale, 

Injury Severity Score (ISS), presence of severe head injury [Abbreviated Injury Scale (AIS) 

≥3] and need for ventilator use. ISS derived from facility reported AIS version 1998 was 

used for 97.3% of patients for whom it was available. This ISS (ISSAIS) was chosen since it 

provided the best discriminative ability, both alone and in conjunction with other model 

covariates, than all other ISS types reported in the dataset. For the few cases for which this 

was not available, ISS was derived from AIS scores calculated using the ICD/AIS map, 

ICDMAP-90, 1995 update (computer program: ICODERI.DLL, Windows version. Johns 

Hopkins University, 1997). Multiple imputation using previously described techniques was 

used to impute any further missing data (32,33). Model discrimination and calibration was 

assessed using area under the receiver operator characteristic curve (AuROC) and calibration 

curves, respectively. Calibration curves were preferred over Hosmer-Lemeshow goodness-

of-fit test since the latter has been demonstrated to be overly sensitive to even the slightest 

departure from model fit (34). Using this model, the individual patient probabilities of 

mortality were estimated and then summed for each TC to generate the total number of 

“expected deaths” (E). The observed (O), or actual, number of deaths were then divided by 

E to generate an O/E mortality ratio for each TC and with 95% confidence intervals (95% 

CI). This 95% CI was calculated using the normal approximation method with the following 

formula; O/E±zα/2√(variance of O/E), where zα/2=1.96 for 95% CI (35). Based on these 

O/E ratios, each center was classified as: low mortality (O/E <1), intermediate mortality 

(O/E 95% CI overlapping 1) or high mortality (O/E >1).

The association between hospital mortality classification and race was analyzed in several 

ways. Baseline patient demographics, including race and insurance status, and injury 

severity characteristics were compared across varying levels of hospital mortality. Univariate 

analysis was performed to investigate hospital and patient level clustering of minority 

patients at high mortality hospitals. We further explored this by assessing the proportions of 

hospitals in the highest tertiles of percent uninsured and penetrating trauma patients treated 

by hospital mortality and minority classification. Additionally, using multivariate logistic 

regression, we estimated the adjusted odds of survival for patients who were treated at high 

mortality TCs compared to similarly injured patients of the same race/ethnicity treated at a 

low mortality hospital. Patient level co-variates used in this model were the same as above 

and clustering by unique hospital ID was performed to account for patient correlation within 

TCs.

A sensitivity analysis was performed to compare our results to the methodology for hospital 

benchmarking reported by the ACS Trauma Quality Improvement Program (TQIP) (20). The 

TQIP program focuses on identifying outliers. Accordingly, only a few hospitals are 

classified as low or high performers, with most facilities deemed to be an average performer. 

For this sensitivity analysis, trauma centers were ranked using risk-adjusted O/E mortality 

ratios as described above and the 95% CIs were generated using Byar’s approximation of 
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exact Poisson distributed observed deaths [lower bound CI=O/E[1− (1/9O) − zα/2/(3√O)]3 

and upper bound CI=O+1/E[1− (1/9(O+1)+ zα/2/(3√(O+1))]3] (36). Based on these O/E 

ratios, each center was classified using the TQIP terminology as: high performing (upper 

bound 95% CI less than 1), average performing (95% CI overlapping 1) or low performing 

(lower bound 95% CI greater than 1).

All analyses were performed using Stata12/MP statistical software package (StataCorp, 

College Station, TX).

Results

The NTDB 2007–2010 contained a total of 2,539,818 patients from 773 hospitals. After 

excluding hospitals and patients as described in Figure 2, a total of 556,720 patients from 

181 ACS/State verified level I/II trauma centers were available for analysis. Table 1 

describes the baseline patient demographics and injury severity characteristics by hospital 

mortality classification. Compared to patients at low and average mortality centers, patients 

at high mortality centers were younger and sustained more penetrating injuries. 

Approximately one third of the patients at high mortality centers were Black or Hispanic 

compared to one fifth at low mortality centers.

Figure 3 demonstrates the risk-adjusted mortality based O/E ranking of ACS/State verified 

level I/II trauma centers. The multivariate model demonstrated excellent discrimination 

(AuROC = 0.94) and adequate calibration (assessed using calibration curves). 86(48%) TCs 

were ranked as low mortality, 6(3%) as intermediate and 89(49%) as high mortality. 

Approximately 15%(27/181) centers were classified as predominantly-minority. A nearly 

two-fold difference was observed in the proportions of predominantly-minority TCs 

classified as high mortality versus predominantly-majority TCs classified as high mortality 

[81.5%(22/27) versus 43.5%(67/154), respectively (p<0.05)] (Table 2). Similarly, Figure 4 

demonstrates the patient level clustering of racial minorities at high mortality TCs. A greater 

proportion of Black and Hispanic patients were treated at high mortality facilities compared 

to White patients.

Table 3 describes the distribution of uninsured and penetrating trauma patients by trauma 

center mortality and minority classification. A greater than 2-fold difference was observed 

between the proportions of low versus high mortality TCs classified among the highest 

tertile of percentage uninsured patients treated. Similarly, a greater proportion of high 

mortality TCs were classified among the highest tertile of percentage penetrating trauma 

patients treated versus low mortality TCs. When examined by hospital minority 

classification, a greater proportion of predominantly-minority TCs were found to be centers 

also classified among the highest tertile of uninsured and penetrating trauma patients treated.

Figure 5 demonstrates the adjusted odds ratios of mortality for patients from each race/

ethnicity when treated at a low mortality TC compared to a high mortality TC (reference 

group). White, Black and Hispanic trauma patients treated at a low mortality TCs each had a 

greater than 40% survival advantage compared to patients of similar race/ethnicity and 

equivalent injuries treated at a high mortality hospital.
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Figure 6 describes the results of the sensitivity analyses using the ACS TQIP-adapted 

methodology. Using this methodology, 34(19%) TCs were found to be high performing, 114 

(63%) average and 33(18%) low performing. Although the absolute proportions of 

predominantly-minority and majority TCs with worse outcomes differed compared to the 

main analysis, the results were qualitatively the same. A similar two-fold difference between 

the proportions of predominantly-minority TCs classified as high mortality versus 

predominantly-majority TCs classified as high mortality [33.3% (9/27) versus 15.6% 

(24/154), respectively (p<0.05)] was observed.

Discussion

This study describes the association between trauma center outcomes and racial disparities 

in mortality after injury. The results demonstrate that nearly 80% of predominantly minority 

serving trauma centers can also be classified as high mortality trauma centers, as they have a 

high observed to expected in-hospital mortality ratio. These high mortality centers also 

revealed a clustering of uninsured and penetrating trauma patients. Additionally, patients 

from all race/ethnic groups studied (Black, Hispanic and White) appear to be 40% less likely 

to die, if they are treated at a low mortality trauma center, compared to patients of the same 

race/ethnicity with equivalent injuries treated at a high mortality center.

Disparities in trauma outcomes have always been somewhat surprising, given its perceived 

universal access and the highly protocolized nature of trauma management plans. Several 

previous studies have demonstrated significant differences in risk adjusted survival between 

trauma treating institutions (11,20). These are similar to other areas of healthcare that 

demonstrate marked variations in hospital quality of care (QoC) for both surgical and non-

surgical conditions (17–19). For example, Breslin et al, in their recent risk-adjusted 

evaluation of 5-year survival following surgery for breast and colon cancer reported that 

hospital factors, including quality of care, explained up to 54% of the excess Black mortality 

compared to White patients (37). In agreement with this previous body of literature, the 

results from the present study suggest that trauma center quality of care contributes 

significantly towards racial disparities in trauma mortality in the United States.

Our findings present an excellent opportunity to mitigate racial disparities in trauma 

outcomes by improving QoC. Systematic improvements in QoC have been shown to 

increase patient survival and reduce morbidity and costs for both traumatic and non-

traumatic conditions (38–41). Moreover, evidence from outside of trauma suggests that, in 

addition to improving outcomes for all patients, quality improvement (QI) initiatives may 

help mitigate racial disparities (42,43). For example, Trivedi et al, while evaluating 

outcomes for Medicare beneficiaries in managed-care plans, describe that substantial 

improvements in QoC were paralleled by a significant decrease in racial disparities for most 

QoC measures assessed (44). Similarly, Cohen and colleagues determined that in hospitals 

participating in a national quality improvement program, evidence-based acute myocardial 

infarction care improved progressively over time and racial disparities in care were either 

reduced or eliminated entirely (45). More recently, Parsons et al, have reported that minority 

cancer patients treated at hospitals participating in the American College of Surgeons 

National Surgical Quality Improvement Program (ACS NSQIP) had similar 30-day post-
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operative outcomes as their White counterparts (46). Although, similar formal evaluations 

for trauma outcomes need to be undertaken, these and other studies demonstrate that trauma 

QI initiatives have great potential for ameliorating racial disparities.

A successful model aimed at improving the quality of trauma care is the ACS COT Trauma 

Quality Improvement Program (TQIP), which was initiated in 2006 to “improve quality of 

trauma care through robust risk-adjusted benchmarking of trauma centers (27).” Such 

benchmarking enables direct comparison of a participating hospital’s annual performance 

with that of its peers, which incentivizes improvements in QoC. Additionally, TQIP 

conducts site visits to study institutional factors directly affecting trauma center 

performance. Structural and procedural factors at high performing centers can then be 

applied to all centers in an attempt to improve patient outcomes. While these concerted 

efforts will certainly help in improving outcomes for all patients and may reduce racial 

disparities following trauma, there is also an acute need to study why some predominantly-

minority institutions have a lower mortality than their high mortality counterparts with 

similar patient populations. Identifying potential institutional differences, for example in 

processes of care, expertise or availability of adjunct paramedical human resources, will 

constitute a critical step towards designing interventions aimed at reducing between-

hospitals racial disparities.

An important consideration in improving trauma QoC is providing hospitals with adequate 

resources to undertake QI initiatives. Our results show that centers with higher mortality 

were also the centers treating the highest proportions of uninsured patients. Since the 

Donabedian model suggests that QoC is a summation of structure, process and outcome, we 

tend to equate high mortality with low QoC (47). However, the disproportionate number of 

uninsured patients treated at centers with higher mortality (Table 3) suggests that intense 

resource utilizing amenities such as: high ICU nurse:patient ratio, high blood bank 

transfusion capacities, and 24-hour pharmacist presence as part of the trauma critical care 

team may be less likely at these centers. Furthermore, the clustering of penetrating trauma 

patients, who more frequently require immediate surgical interventions, transfusions and 

ICU care, are an additional financial burden on these high mortality centers.

There is also concern that recently introduced, pay-for-performance programs will 

inappropriately curtail financially intensive QI initiatives at poor performing, under-

resourced, predominantly-minority hospitals caring for uninsured patients and further 

worsen outcomes (17). Conversely though, failing to incentivize positive processes and 

outcomes may undermine the performance of similarly resourced, high-performing, 

predominantly-minority hospitals and inappropriately discourage their QI undertakings. In 

order to further clarify this tension between allocation of resources and accountability, a 

formal assessment of hospital efficiency using methods such as stochastic frontier analyses 

may be warranted (48).

Recent work has demonstrated that systemic undertakings that focus on improving overall 

efficiency are superior to simple patient or provider centered approaches (49–55). Such 

initiatives need to be rooted in multi-disciplinary efforts drawing upon experiences in 

clinical medicine, systems biology, sociology, industrial psychology, human factor 
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engineering, health information technology, economics, epidemiology and bioinformatics 

(56). This approach has been effective, and has brought success in multiple other areas of 

health-care and services delivery (57–62). Hence, an application of this approach to improve 

trauma QI efficiency is warranted and may improve QoC and reduce disparities.

Our results indicate that low performing trauma centers also cluster a greater proportion of 

penetrating trauma patients. This may lead to the common perception that the high 

penetrating trauma volume at these institutions puts them at a selective disadvantage 

compared to their peers. However, the previously described O/E mortality-based techniques 

used in our analyses employs risk-adjustment models to predict the expected number of 

deaths at a center, given their particular patient case-mix and compares it to observed or 

actual number of deaths (27). The O/E mortality ratio, in essence, normalizes the hospital 

performance, and Shafi et al, have demonstrated that despite differences in type of injury 

between centers, this system provides a fair comparison (63).

Our results are at odds with a long held, but not directly proven assumption that racial 

disparities in multiple health-care areas could solely be explained by patient factors, 

particularly comorbidities. This less controversial view distracts from important underlying 

provider effects, including differential hospital QoC. In fact, recent studies suggests that 

although patient factors such as comorbidities and socioeconomic status, contribute 

significantly towards racial disparities, these do not offer a complete explanation of disparate 

outcomes (64,65). Therefore, it is critically important to maintain a holistic view and include 

considerations of QoC while exploring reasons for previously documented racial disparities.

In order to understand the relationship between trauma center mortality outcomes and race, 

in this analysis we purposely chose a statistical methodology which provides a narrow 95% 

confidence interval around the calculation of an individual trauma center’s O/E mortality 

ratio. This makes it easier to categorize centers as either high mortality or low mortality 

centers with very few centers classified as intermediate. On the other hand the ACS TQIP 

program uses a methodology that has wider confidence intervals for the same that classifies 

the majority of trauma centers as average performers. This is done as TQIP is interested in 

performance measures that identify outliers and this technique ensures that only outliers are 

judged to be high or low performing. This is different from our approach of identifying high 

mortality and low mortality centers. While the two methodologies differ in their construction 

of confidence intervals, they are both validated techniques used by state authorities and the 

ACS, respectively (27,35,36). However, in an effort to ensure that our analyses can be 

compared to the TQIP practices we also conducted a sensitivity analysis replicating the 

TQIP approach. As expected, the number of average/intermediate performing trauma centers 

significantly increased and the number of high mortality and low mortality trauma centers 

decreased accordingly. However, qualitatively the results did not change as nearly twice the 

proportion of predominantly minority serving trauma centers were judged to be outliers and 

classified as poor performers (33%) compared with predominantly majority facilities (only 

16% classified as poor performers, p<0.05)[compared with 81.5% of the predominantly-

minority centers versus 43.5% of the predominantly-majority centers classified as high 

mortality, (p<0.05) using the methods described for the main analysis]. The inclusion of 
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both these methods enabled us to confirm our hypothesis using a spectrum of corroborated 

results, thus obviating overreliance on a singular metric.

There are several important limitations of this work. We used data from the NTDB, which is 

largely a convenience sample of voluntarily submitted trauma data from participating 

institutions. Some previously reported limitations of this dataset include: 1)patients who die 

at the scene or are discharged from the emergency room without a hospital admission are not 

recorded; 2)lack of depth on clinically important variables (e.g. amount of blood 

transfusions) and inconsistent charting may create a potential for residual and/or unknown 

confounding; 3)inconsistent reporting of data regarding diagnostics, interventions, 

comorbidities and potential patient safety events, including complications; 4)only discharge 

level data is collected, hence post-discharge outcomes cannot be tracked; 5)substantial 

amounts of missing data on important variables like Glasgow Coma Scale; 6)limited in its 

ability to assess for outcomes other than mortality. More specifically, comorbidity 

information is not completely reported in the NTDB and therefore was not considered when 

performing risk adjustment. We attempted to minimize each of these limitations in several 

different ways. We used data from the NTDB for the year 2007 onwards, as following 

implementation of the National Trauma Data Standard, the quality of data has improved 

substantially due to an institution of guidelines facilitating consistent data collection and 

reporting procedures. We restricted our analysis to level I/II centers as data reporting from 

these centers is much more reliable. Additionally, level I centers are now required by the 

ACS to submit data to the NTDB as part of their verification process and up to 95% of level 

I centers now submit their data. We used multiple imputation to handle missing data using 

previously validated procedures (32,33). We used standardized techniques to build our risk-

adjustment model to predict the expected number of deaths for each center. Prior NTDB-

based evaluations suggest that trauma center rankings are affected by few important patient 

characteristics only and are not influenced by patient comorbidities (28,66). This present 

analysis accounted for most of these important characteristics (such as ISS, age, gender, 

systolic blood pressure, head AIS). Therefore, despite the absence of some important 

predictors of mortality, such as comorbidities, our risk-adjustment model demonstrated 

excellent discrimination (as assessed by AuROC) and calibration (as assessed using 

calibration curves). These model performance statistics equaled those reported for the TQIP 

methodology to classify trauma center performance as high, average or low using widely 

accepted O/E mortality ratios (AuROC=0.94 versus TQIP model AuROC=0.93). For this 

present study, we restricted our analysis to mortality outcomes only since this is the most 

widely used measure to benchmark trauma center performance and most of the racial 

disparities in trauma outcomes have been reported using this outcome. However, in the 

course of future research, we hope to focus on other trauma outcomes such as complications, 

patient safety events and/or failure to rescue.

In conclusion, this large database evaluation of level I/II trauma centers in the U.S. 

demonstrates that differences in trauma center outcomes, at least partially, explain racial 

disparities in trauma mortality. Additionally, Black, White and Hispanic patients treated at 

low mortality centers appear to enjoy the same survival advantage compared to patients of 

the same race/ethnicity race with similar injuries treated at a high mortality center. This 
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research suggests that improving quality of care at trauma centers with higher than expected 

mortality may afford an excellent opportunity to mitigate racial disparities in trauma.
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Mini Abstract

Mechanisms leading to racial disparities in trauma outcomes remain ill-characterized. We 

describe that minority trauma patients are clustered at hospitals with significantly higher-

than-expected mortality. Differences in trauma center outcomes and quality of care may 

partially explain inequalities in survival after injury.
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Figure 1. 
Schema for generating hospital mortality classification using observed-to-expected (O/E) 

mortality ratios.
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Figure 2. 
Flowchart describing hospital and patient selection.
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Figure 3. 
Risk-adjusted observed-to-expected (O/E) mortality ranking of ACS/State verified Level I/II 

Trauma Centers.
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Figure 4. 
Proportion of each race/ethnicity patients treated at low/intermediate and high mortality 

trauma centers (all comparisons significant at p<0.05).
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Figure 5. 
Adjusted odds ratios of mortality for patients, by race/ethnicity, treated at a low mortality 

trauma center compared to patients of the same race/ethnicity treated at a high mortality 

trauma center.

Co-variates used to risk-adjust were: age, gender, type of injury (blunt versus penetrating), 

presence of hypotension at admission (systolic blood pressure <90 mmHg), pulse rate at 

admission, total Glasgow Coma Scale, Injury Severity Score, presence of severe head injury 

[Abbreviated Injury Scale (AIS) ≥3] and need for ventilator use. The black line represents 

the OR for the reference group i.e. patients of the same race/ethnicity treated at high 

mortality trauma centers.
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Figure 6. 
Sensitivity analyses using American College of Surgeons Trauma Quality Improvement 

Program (ACS TQIP) trauma center performance evaluation: A)Trauma centers ranked 
using observed-to-expected (O/E) mortality ratios with 95% confidence intervals; 
B)Percentage of trauma centers (TCs) classified as low performing by proportions of 
minorities treated at the hospital (comparison significant at p<0.05).
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Table 2

Percentage of trauma centers (TCs) classified as high mortality by proportion of minorities treated at the 

hospital, (comparison significant at p<0.05).

Trauma Centers High Mortality Low/Intermediate Mortality

Predominantly-minority, %(n) 81.5 (22/27) 18.5 (5/27)

Predominantly-majority, %(n) 43.5 (67/154) 56.5 (87/154)
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Table 3

Proportions of low, intermediate and high mortality trauma centers, and predominantly-minority and 

predominantly-majority trauma centers classified among the highest tertile of percent uninsured and percent 

penetrating trauma patients treated

Proportion of Trauma Centers with highest tertile of

Uninsured Patients Penetrating Trauma Patients

By hospital mortality classification Percentage % p value Percentage% p value

 Low mortality 20.9

<0.05

14.0

<0.05 Intermediate mortality 33.3 16.7

 High mortality 44.9 52.8

By hospital minority classification

 Predominantly-minority Trauma Centers 51.9
<0.05

88.9
<0.05

 Predominantly-majority Trauma Centers 29.9 23.4
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