
ORIGINAL RESEARCH
published: 02 June 2021

doi: 10.3389/fsurg.2021.690971

Frontiers in Surgery | www.frontiersin.org 1 June 2021 | Volume 8 | Article 690971

Edited by:

Claire Karekezi,

Rwanda Military Hospital, Rwanda

Reviewed by:

Laura Lippa,

Ospedale di Livorno, Italy

Katrin Rabiei,

University of Gothenburg, Sweden

Andrew F. Alalade,

Royal Preston Hospital,

United Kingdom

*Correspondence:

Emma A. Richie

richie@ohsu.edu

Specialty section:

This article was submitted to

Neurosurgery,

a section of the journal

Frontiers in Surgery

Received: 05 April 2021

Accepted: 06 May 2021

Published: 02 June 2021

Citation:

Richie EA, Nugent JG and Raslan AM

(2021) Racial and Ethnic Inequities in

Mortality During Hospitalization for

Traumatic Brain Injury: A Call to

Action. Front. Surg. 8:690971.

doi: 10.3389/fsurg.2021.690971

Racial and Ethnic Inequities in
Mortality During Hospitalization for
Traumatic Brain Injury: A Call to
Action
Emma A. Richie*, Joseph G. Nugent and Ahmed M. Raslan

Department of Neurological Surgery, Oregon Health and Science University, Portland, OR, United States

The health disparities which drive inequities in health outcomes have long plagued our

already worn healthcare system and are often dismissed as being a result of social

determinants of health. Herein, we explore the nature of these inequities by comparing

outcomes for racial and ethnic minorities patients suffering from traumatic brain injury

(TBI). We retrospectively reviewed all patients enrolled in the Trauma One Database

at the Oregon Health & Science University Hospital from 2006 to October 2017 with

an abbreviated injury scale (AIS) for the head or neck >2. Racial and ethnic minority

patients were defined as non-White or Hispanic. A total of 6,352 patients were included

in our analysis with 1,504 in the racial and ethnic minority cohort vs. 4,848 in the

non-minority cohort. A propensity score (PS) model was generated to account for

differences in baseline characteristics between these cohorts to generate 1,500 matched

pairs. The adjusted hazard ratio for in-hospital mortality for minority patients was 2.21

[95% Confidence Interval (CI) 1.43–3.41, p < 0.001] using injury type, probability of

survival, and operative status as covariates. Overall, this study is the first to specifically

look at racial and ethnic disparities in the field of neurosurgical trauma. This research

has demonstrated significant inequities in the mortality of TBI patients based on race

and ethnicity and indicates a substantive need to reshape the current healthcare system

and advocate for safer and more supportive pre-hospital social systems to prevent these

life-threatening sequelae.
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INTRODUCTION

Structural disparities propagated against racial and ethnic minorities have long been known
to drive inequities in health outcomes in the US yet are often dismissed as an unfortunate
yet unavoidable consequences of what has been disguised as the social determinants of
health. However, many of these inequities are formed long before our patients ever step
foot into a healthcare facility and stem not from individual poor health decisions but
from decades of structural racism and systematic oppression which leave minority patients
at a disadvantage for health outcomes even from before birth (1–3). [It is important to
state clearly at this point that we will discuss race and ethnicity not as biologically-based
separations of persons but as socially-formed systematic manners of categorizing persons
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based on culture, geographic origin, language, etc. so as to
provide financial, social, and political advantage over specific
groups of persons with a long and evidence-based history of
such action (3–8)]. These systemic factors have been extensively
researched in the fields of public health, sociology, psychology,
and more to demonstrate significant negative impacts on a
minority persons lifelong risk for medical and psychological
trauma (1–3, 9).

Specifically in the field of trauma, these inequities are then
exacerbated by ongoing external factors such as insurance, access
to level I trauma centers, mechanism of injury, time to surgical
intervention, staffing of skilled providers, access to post-acute
care and rehabilitation, and community or financial support (1,
10–14). In neurosurgical trauma, the crux of disease burden lies
in traumatic brain injury (TBI) which is increasingly becoming
a more prevalent global medical issue with devastating effects
on both personal and healthcare sequelae (15–20). As with
other healthcare fields, neurosurgery and neuro-trauma are not
immune to the adverse effects of structural racism on racial
and ethnic inequities (10, 21–24). Past research in this field has
failed to identify or call out the specific role of sociological
and systemic factors that influence these pervasive, persistent,
and problematic disparities of health outcomes for our minority
patients. In this study, we explore the racial and ethnic inequities
in mortality during hospitalization following traumatic brain
injury andwill engage both a sociological andmedical perspective
to call to action a change in practice toward a more expansive and
sympathetic understanding of the factors involved in minority
health outcomes in neuro-trauma.

MATERIALS AND METHODS

Study Design and Setting
This study is a retrospective review of all patients entered into
the Trauma One Database established in 2006 at the Oregon
Health & Science University Hospital (OHSU), one of the
two Level I Trauma centers in the state of Oregon. For our
research, we included all patients ≥16 years-old entered into
the system from 2006 to October of 2017. The dataset used
for analysis contained all patient demographic and insurance
characteristics, details regarding the mechanism of injury (MOI),
treatments provided in the pre-hospital setting and throughout
the hospital stay, comorbidities at the time of presentation,
discharge disposition, and overall complications. This study
follows the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guidelines, and was
approved by the OHSU Institutional Review Board (25).

Measurements and Outcomes
TBI severity was classified according to the patient’s Glasgow
Coma Scale (GCS) score on arrival with the following
classifications: severe as GCS <8, moderate as 8–12, and mild
as ≥13. Minor trauma was defined by an Injury Severity Score
(ISS) of ≤15. Racial and ethnic minority patients were defined
as identifying as any non-White race or as being of Hispanic
ethnicity. Mechanism of injury categories were assigned based
on the Abbreviated Injury Scale (AIS), ISS, and ICD-9-CM, or

ICD-10-CM codes (26). Probability of survival is calculated at our
institution using the Trauma Injury Severity Score methodology
with a weighted formula comprising of ISS, age, and Revised
Trauma Score.

The primary outcome of interest was in-hospital mortality
stratified by racial and ethnic minority status. The secondary
outcome was the trend in mortality classified by arrival year,
injury type, and the presence of work-related injuries.

Statistical Analysis
Continuous variables were described using means and standard
deviations (SD), and compared between groups using a
two-sample Student’s t-test. When appropriate for skewed
variables, the geometric mean and geometric standard deviation
were calculated and used for comparisons. Dichotomous and
categorical variables were reported using counts and percentages
and compared using Fisher’s exact-test.

Due to the inherent potential for selection bias in this
observational retrospective study, and to account for differences
in baseline socioeconomic and demographic characteristics, a
propensity-score (PS) matching model was employed. Age,
sex, injury mechanism, and primary payor were included as
the covariates in this final model, consistent with what has
been done in the literature previously when examining racial
and ethnic disparities (27, 28). Matching with a 1:1 ratio
using nearest neighbor methodology was then performed using
MatchIt Package in R, version 4.1.0 (29). Balance of baseline
covariates and region of common support was then assessed
using absolute standardized mean differences, jitter plots and
histograms, provided in the Supplementary Materials.

A multivariate Cox Proportional Hazards regression model
was then created using an iterative combined forward and
backward stepwise selection procedure from the candidate
covariates for the propensity-matched cohorts. Assumptions
required for proportional hazards regression were assessed
numerically for each covariate, and graphically by the plotting
of scaled Schoenfeld residuals. The final model included injury
type, probability of survival, and operative status as covariates.
Since the AIS score covariate was found to violate the assumption
of proportional hazards, the final model was stratified by this
covariate. Goodness of fit of each model was then assessed using
Cox-Snell residuals.

A p-value < 0.05 was considered to be statistically significant.
All analyses were performed using R software, version 4.0.4
(R Foundation for Statistical Computing, Vienna, Austria). The
final analysis was confirmed using Stata, version 16.1 (StataCorp,
College Station, Texas).

RESULTS

Patient Demographics
There was a total of 6,352 patients included in the Trauma
One database with 1,504 included in the racial/ethnic minority
cohort and 4,848 patients in theWhite/non-Hispanic cohort. The
clinical characteristics of the patients and propensity-matched
patients are shown in Tables 1A, 1B, respectively. Following
statistical PS matching, the maximum number of participants
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TABLE 1A | Baseline patient characteristics stratified by minority status.

Total Non-minority Minority p-value Absolute standardized

difference

n 6,352 4,848 1,504

Age (years)* 47.89 (1.63) 49.66 (1.61) 42.61 (1.65) <0.001 0.313

Categorical age 15–24 908 (14.3) 613 (12.6) 295 (19.6) NA 0.341

25–34 813 (12.8) 567 (11.7) 246 (16.4)

35–44 700 (11.0) 491 (10.1) 209 (13.9)

45–54 868 (13.7) 672 (13.9) 196 (13.0)

55–64 946 (14.9) 766 (15.8) 180 (12.0)

65–74 792 (12.5) 656 (13.5) 136 (9.0)

75–84 743 (11.7) 589 (12.1) 154 (10.2)

85+ 582 (9.2) 494 (10.2) 88 (5.9)

Sex Male 4,353 (68.5) 3,264 (67.3) 1,089 (72.4) <0.001 0.111

Female 1,999 (31.5) 1,584 (32.7) 415 (27.6)

Race White 4,866 (86.9) 4,848 (100.0) 18 (2.4) NA 9.012

Black or African

American

100 (1.8) 0 (0.0) 100 (13.4)

American Indian or

Alaskan Native

59 (1.1) 0 (0.0) 59 (7.9)

Asian 142 (2.5) 0 (0.0) 142 (19.0)

Hispanic or Latino 346 (6.2) 0 (0.0) 346 (46.2)

Pacific Islander or

Native Hawaiian

15 (0.3) 0 (0.0) 15 (2.0)

Other 69 (1.2) 0 (0.0) 69 (9.2)

Ethnicity Not Hispanic or Latino 5,976 (94.1) 4,848 (100.0) 773 (51.4) <0.001 1.375

Hispanic or Latino 375 (5.9) 0 (0.0) 731 (48.6)

BMI* 26.64 (1.23) 26.74 (1.23) 26.3 (1.23) 0.097 0.080

Injury type Blunt 6130 (96.5) 4706 (97.1) 1424 (94.7) <0.001 0.122

Penetrating 221 (3.5) 141 (2.9) 80 (5.3)

Mechanism of injury Fall 3006 (47.5) 2416 (50.0) 590 (39.3) NA 0.322

Firearm 146 (2.3) 94 (1.9) 52 (3.5)

Motor vehicle

traffic—Motorcyclist

272 (4.3) 227 (4.7) 45 (3.0)

Motor vehicle

traffic—Occupant

1,079 (17.0) 765 (15.8) 314 (20.9)

Motor vehicle

traffic—Pedestrian

397 (6.3) 272 (5.6) 125 (8.3)

Pedal cyclist, other 287 (4.5) 240 (5.0) 47 (3.1)

Struck by, against 511 (8.1) 345 (7.1) 166 (11.1)

Transport, other 248 (3.9) 201 (4.2) 47 (3.1)

Other 386 (6.1) 270 (5.6) 116 (7.7)

Work relatedness of

injury

Work related 226 (3.6) 156 (3.2) 70 (4.7) 0.011 0.074

Not work related 6,125 (96.4) 4,691 (96.8) 1,434 (95.3)

GCS on ED

presentation*

11.12 (1.75) 11.33 (1.72) 10.44 (1.83) <0.001 0.142

ISS* 19.36 (1.58) 19.14 (1.58) 20.07 (1.6) <0.001 0.102

AIS H&N 3 2,721 (42.8) 2,102 (43.4) 619 (41.2) 0.001 0.112

4 2,374 (37.4) 1,836 (37.9) 538 (35.8)

5 1,238 (19.5) 899 (18.5) 339 (22.5)

6 19 (0.3) 11 (0.2) 8 (0.5)

TBI severity Mild 4,010 (76.2) 3,139 (77.8) 871 (71.1) <0.001 0.155

Moderate 323 (6.1) 235 (5.8) 88 (7.2)

Severe 927 (17.6) 661 (16.4) 266 (21.7)

(Continued)
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TABLE 1A | Continued

Total Non-minority Minority p-value Absolute standardized

difference

Transport mode Ambulance 4,880 (77.0) 3,713 (76.9) 1,167 (77.6) 0.516 0.081

Privately owned

vehicle

88 (1.4) 68 (1.4) 20 (1.3)

Walk in 7 (0.1) 7 (0.1) 0 (0.0)

Helicopter 891 (14.1) 684 (14.2) 207 (13.8)

Police or law

enforcement

1 (0.0) 1 (0.0) 0 (0.0)

Auto launch helicopter 0 (0.0) 0 (0.0) 0 (0.0)

Other 40 (0.6) 35 (0.7) 5 (0.3)

Fixed wing aircraft 427 (6.7) 323 (6.7) 104 (6.9)

Advanced directives Advance directive,

directive to physicians,

or living will

174 (2.8) 145 (3.0) 29 (2.0) 0.081 0.080

Both advance

directive AND POLST

prior to injury

41 (0.7) 32 (0.7) 9 (0.6)

No, neither advance

directive nor POLST

prior to injury

5,863 (93.0) 4,470 (92.5) 1,393 (94.4)

POLST in effect prior

to injury

229 (3.6) 184 (3.8) 45 (3.0)

Operative status Operative patient 2,012 (31.7) 1,493 (30.8) 519 (34.5) 0.008 0.079

Non-operative patient 4,337 (68.3) 3,352 (69.2) 985 (65.5)

Time to first OR visit

(min)*

963.07 (5.49) 1048.08 (5.21) 735.71 (6.27) <0.001 0.203

Length of hospital stay

(days)*

3.85 (3.53) 4.01 (3.3) 3.37 (4.27) <0.001 0.131

Length of ICU stay

(days)*

2.12 (2.92) 2.16 (2.82) 1.98 (3.24) 0.007 0.082

Total hospital charges* 44,689.2

(2.66)

44,613.48 (2.63) 44,934.16

(2.75)

0.804 0.007

Primary payor Vehicle insurance 1,382 (21.8) 988 (20.4) 394 (26.2) NA 0.341

Charity 1 (0.0) 0 (0.0) 1 (0.1)

Commercial insurance 1,832 (28.8) 1,529 (31.5) 303 (20.2)

Medicaid 798 (12.6) 559 (11.5) 239 (15.9)

Medicare 1,290 (20.3) 1,038 (21.4) 252 (16.8)

Other health insurance

(VA)

290 (4.6) 216 (4.5) 74 (4.9)

Self pay 521 (8.2) 354 (7.3) 167 (11.1)

Ward of federal

government

29 (0.5) 21 (0.4) 8 (0.5)

Workman’s

compensation

208 (3.3) 143 (2.9) 65 (4.3)

Secondary payor Vehicle insurance 412 (14.4) 299 (13.7) 113 (16.4) NA 0.225

Charity 0 (0.0) 0 (0.0) 0 (0.0)

Commercial insurance 1,417 (49.4) 1,119 (51.3) 298 (43.3)

Medicaid 642 (22.4) 467 (21.4) 175 (25.4)

Medicare 195 (6.8) 160 (7.3) 35 (5.1)

Other health insurance

(VA)

198 (6.9) 133 (6.1) 65 (9.4)

Self pay 2 (0.1) 1 (0.0) 1 (0.1)

Ward of federal

government

3 (0.1) 2 (0.1) 1 (0.1)

Workman’s

compensation

1 (0.0) 1 (0.0) 0 (0.0)

(Continued)
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TABLE 1A | Continued

Total Non-minority Minority p-value Absolute standardized

difference

Discharge disposition Home 3,737 (58.8) 2,834 (58.5) 903 (60.0) NA 0.256

Expired 630 (9.9) 411 (8.5) 219 (14.6)

Skilled nursing facility 1,050 (16.5) 866 (17.9) 184 (12.2)

Acute care

facility-hospital

91 (1.4) 79 (1.6) 12 (0.8)

Rehabilitation facility 321 (5.1) 251 (5.2) 70 (4.7)

Home health 179 (2.8) 139 (2.9) 40 (2.7)

Hospice 42 (0.7) 36 (0.7) 6 (0.4)

Court/law

enforcement

8 (0.1) 5 (0.1) 3 (0.2)

Against medical

advice

71 (1.1) 55 (1.1) 16 (1.1)

Psychiatric hospital or

unit

7 (0.1) 6 (0.1) 1 (0.1)

Long term acute care 44 (0.7) 34 (0.7) 10 (0.7)

Institution not defined

elsewhere

162 (2.6) 126 (2.6) 36 (2.4)

Intermediate care

facility

10 (0.2) 6 (0.1) 4 (0.3)

Other 0 (0.0) 0 (0.0) 0 (0.0)

Probability of survival 0.92 (0.12) 0.92 (0.12) 0.92 (0.14) 0.203 0.043

Deaths Live 5,722 (90.1) 4,437 (91.5) 1,285 (85.4) <0.001 0.191

Die 630 (9.9) 411 (8.5) 219 (14.6)

*The values displayed are computed from the geometric mean and geometric standard deviation.

BMI, Body Mass Index; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; AIS H&N, Abbreviated Injury Score of the Head & Neck; TBI, Traumatic Brain Injury; POLST, Physicians

Orders For Life-Sustaining Treatment; ICU, Intensive Care Unit; VA, Veterans Affairs.

in each group was 1,500 (approximately equivalent to the total
number of patients in the minority group).

Overall, the patients were 68.5% male and 31.5% female.
There was a statistically significant difference in sex between
the White/non-Hispanic and the minority cohorts with males
making up 67.3% of the White/non-Hispanic group vs. 72.4% of
the minority cohort (p < 0.001). The average age of all patients
was 47.89 years old. There was a statically significant difference
in the average ages based on cohorts with that of the White/non-
Hispanic group as 49.66 years old and of the minority group as
42.61 years old (p < 0.001). By age group, the highest incidence
of TBI overall and in the White/non-Hispanic cohort occurred
in the 55–64 year old group (14.9% of overall patients, 15.8% of
White/non-Hispanic patients) while the highest incidence for the
minority cohort occurred in the 15–24 year old group (19.6% of
minority patients).

Overall, there were 7 different categories for race/ethnicity
included in the demographics of the database: White (86.9%),
Black/African American (1.8%), American Indian or Alaskan
Native (1.1%), Asian (2.5%), Hispanic/Latino (6.2%), Pacific
Islander or Native Hawaiian (0.3%), and Other (1.2%). Of
the minority sub-group, the patients were 13.4% Black,
7.9% American Indian/Alaskan Native, 19% Asian, 46.2%
Hispanic/Latino, 2.0% Pacific Islander/Native Hawaiian, and
9.2% Other.

Mortality and Adverse Outcomes
The overall in-hospital mortality rate was 9.9% with a
statistically significant difference between in-hospital mortality
rate of White/non-Hispanic patients (8.5%) and the in-hospital
mortality rate of minority patients (14.6%) (p < 0.001). The
adjusted hazard ratio for in-hospital mortality for minority
patients in the propensity-matched cohort was 2.21 [95%
Confidence Interval (CI) 1.43, 3.41] with p < 0.001 (Table 2).
Examination of the absolute standardized mean differences, and
of the region of common support indicated effective propensity-
score matching (Supplementary Figures 1, 2). There was no
statistically significant difference in the overall probability of
survival prior to propensity matching, however the Kaplan-
Meier curve of both the non-propensity matched and propensity
matched patients (Figures 1A,B) demonstrates a visibly lower
survival probability in the minority group. The overall length of
hospital stay was 3.85 days with a larger standard deviation in
theminority group (4.27 days) vs. theWhite/non-Hispanic group
(3.30 days) (p < 0.001). The length of ICU stay in all groups was
an average of 2.12 days (p = 0.007). There was no statistically
significant difference in discharge disposition, with 58.5% overall
discharged to home, 58.5% of White/non-Hispanic patients
discharged home, and 60.0% of minority patients discharged
home. There were slight differences in discharges to Skilled
Nursing Facilities (SNFs) (17.9% ofWhite/non-Hispanic patients
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TABLE 1B | Patient characteristics stratified by minority status following propensity matching.

Total Non-minority Minority p-value Absolute standardized

difference

n 3,000 1,500 1,500

Age (years)* 43.1 (1.65) 43.54 (1.65) 42.66 (1.65) 0.265 0.041

Categorical age 15-24 568 (18.9) 275 (18.3) 293 (19.5) NA 0.120

25-34 494 (16.5) 249 (16.6) 245 (16.3)

35-44 383 (12.8) 174 (11.6) 209 (13.9)

45-54 396 (13.2) 201 (13.4) 195 (13.0)

55-64 390 (13.0) 210 (14.0) 180 (12.0)

65-74 293 (9.8) 157 (10.5) 136 (9.1)

75-84 285 (9.5) 131 (8.7) 154 (10.3)

85+ 191 (6.4) 103 (6.9) 88 (5.9)

Sex Male 2,172 (72.4) 1,087 (72.5) 1,085 (72.3) 0.967 0.003

Female 828 (27.6) 413 (27.5) 415 (27.7)

Race White 1,518 (67.6) 1,500 (100.0) 18 (2.4) NA 9.000

Black or African American 99 (4.4) 0 (0.0) 99 (13.3)

American Indian or Alaskan

Native

59 (2.6) 0 (0.0) 59 (7.9)

Asian 142 (6.3) 0 (0.0) 142 (19.0)

Hispanic or Latino 346 (15.4) 0 (0.0) 346 (46.3)

Pacific Islander or Native

Hawaiian

15 (0.7) 0 (0.0) 15 (2.0)

Other 68 (3.0) 0 (0.0) 68 (9.1)

Ethnicity Not Hispanic or Latino 2,624 (87.5) 1,500 (100.0) 771 (51.4) <0.001 1.375

Hispanic or Latino 375 (12.5) 0 (0.0) 729 (48.6)

BMI* 26.57 (1.23) 26.87 (1.23) 26.31 (1.24) 0.108 0.099

Injury type Blunt 2,853 (95.1) 1,432 (95.5) 1,421 (94.7) 0.398 0.034

Penetrating 147 (4.9) 68 (4.5) 79 (5.3)

Mechanism of injury Fall 1,198 (39.9) 608 (40.5) 590 (39.3) NA 0.051

Firearm 104 (3.5) 52 (3.5) 52 (3.5)

Motor vehicle traffic -

Motorcyclist

87 (2.9) 42 (2.8) 45 (3.0)

Motor vehicle traffic -

occupant

616 (20.5) 303 (20.2) 313 (20.9)

Motor vehicle traffic -

pedestrian

253 (8.4) 128 (8.5) 125 (8.3)

Pedal cyclist, other 91 (3.0) 44 (2.9) 47 (3.1)

Struck by, against 341 (11.4) 175 (11.7) 166 (11.1)

Transport, other 85 (2.8) 38 (2.5) 47 (3.1)

Other 225 (7.5) 110 (7.3) 115 (7.7)

Work relatedness of

injury

Work related 129 (4.3) 59 (3.9) 70 (4.7) 0.368 0.036

Not work related 2,870 (95.7) 1,440 (96.1) 1,430 (95.3)

GCS on ED presentation* 10.62 (1.81) 10.81 (1.8) 10.43 (1.83) 0.142 0.059

ISS* 19.8 (1.6) 19.52 (1.6) 20.08 (1.6) 0.101 0.060

AIS H&N 3 1,239 (41.3) 623 (41.5) 616 (41.1) 0.220 0.077

4 1,104 (36.8) 566 (37.7) 538 (35.9)

5 646 (21.5) 308 (20.5) 338 (22.5)

6 11 (0.4) 3 (0.2) 8 (0.5)

TBI severity Mild 1,780 (72.6) 912 (74.1) 868 (71.0) 0.219 0.070

Moderate 169 (6.9) 81 (6.6) 88 (7.2)

Severe 503 (20.5) 237 (19.3) 266 (21.8)

Transport mode Ambulance 2,312 (77.2) 1,147 (76.7) 1,165 (77.7) 0.796 0.073

Privately owned vehicle 37 (1.2) 17 (1.1) 20 (1.3)

(Continued)
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TABLE 1B | Continued

Total Non-minority Minority p-value Absolute standardized

difference

Walk in 2 (0.1) 2 (0.1) 0 (0.0)

Helicopter 419 (14.0) 213 (14.2) 206 (13.7)

Police or law enforcement 1 (0.0) 1 (0.1) 0 (0.0)

Auto launch helicopter 0 (0.0) 0 (0.0) 0 (0.0)

Other 12 (0.4) 7 (0.5) 5 (0.3)

Fixed wing Aircraft 211 (7.0) 108 (7.2) 103 (6.9)

Advanced directives Advance directive, directive

to physicians, or living will

62 (2.1) 33 (2.2) 29 (2.0) 0.492 0.058

Both advance directive and

polst prior to injury

13 (0.4) 4 (0.3) 9 (0.6)

No, neither advance

directive nor polst prior to

injury

2,805 (94.6) 1,416 (94.8) 1,389 (94.4)

POLST in effect prior to

injury

86 (2.9) 41 (2.7) 45 (3.1)

Operative status Operative patient 1,039 (34.6) 522 (34.8) 517 (34.5) 0.848 0.007

Non-operative patient 1,960 (65.4) 977 (65.2) 983 (65.5)

Time to first or visit (min)* 871.31 (5.81) 1,012.32 (5.37) 735.10 (6.23) 0.005 0.183

Length of hospital stay

(days)*

3.8 (3.83) 4.26 (3.4) 3.38 (4.24) <0.001 0.172

Length of ICU stay

(days)*

2.15 (3.08) 2.34 (2.92) 1.98 (3.24) <0.001 0.150

Total Hospital charges* 46,051.76

(2.73)

47,165.17 (2.71) 44,964.63

(2.75)

0.193 0.048

Primary payor Vehicle insurance 792 (26.4) 398 (26.5) 394 (26.3) NA 0.090

Charity 0 (0.0) 0 (0.0) 0 (0.0)

Commercial Insurance 589 (19.6) 287 (19.1) 302 (20.1)

Medicaid 489 (16.3) 251 (16.7) 238 (15.9)

Medicare 530 (17.7) 278 (18.5) 252 (16.8)

Other health insurance (VA) 127 (4.2) 53 (3.5) 74 (4.9)

Self pay 334 (11.1) 167 (11.1) 167 (11.1)

Ward of federal government 17 (0.6) 9 (0.6) 8 (0.5)

Workman’s compensation 122 (4.1) 57 (3.8) 65 (4.3)

Secondary payor Vehicle insurance 230 (16.3) 117 (16.1) 113 (16.4) NA 0.118

Charity 0 (0.0) 0 (0.0) 0 (0.0)

Commercial Insurance 647 (45.7) 349 (48.0) 298 (43.3)

Medicaid 340 (24.0) 165 (22.7) 175 (25.4)

Medicare 74 (5.2) 39 (5.4) 35 (5.1)

Other health insurance (VA) 119 (8.4) 54 (7.4) 65 (9.4)

Self pay 2 (0.1) 1 (0.1) 1 (0.1)

Ward of federal government 3 (0.2) 2 (0.3) 1 (0.1)

Workman’s compensation 0 (0.0) 0 (0.0) 0 (0.0)

Discharge disposition Home 1,793 (59.8) 893 (59.5) 900 (60.0) NA 0.235

Expired 346 (11.5) 128 (8.5) 218 (14.5)

Skilled nursing facility 402 (13.4) 218 (14.5) 184 (12.3)

Acute care facility-hospital 33 (1.1) 21 (1.4) 12 (0.8)

Rehabilitation facility 165 (5.5) 95 (6.3) 70 (4.7)

Home health 82 (2.7) 42 (2.8) 40 (2.7)

Hospice 15 (0.5) 9 (0.6) 6 (0.4)

Court/law enforcement 6 (0.2) 3 (0.2) 3 (0.2)

Against medical advice 38 (1.3) 22 (1.5) 16 (1.1)

Psychiatric hospital or unit 5 (0.2) 4 (0.3) 1 (0.1)

(Continued)
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TABLE 1B | Continued

Total Non-minority Minority p-value Absolute standardized

difference

Long term acute care 23 (0.8) 13 (0.9) 10 (0.7)

Institution not defined

elsewhere

87 (2.9) 51 (3.4) 36 (2.4)

Intermediate care facility 5 (0.2) 1 (0.1) 4 (0.3)

Other 0 (0.0) 0 (0.0) 0 (0.0)

Probability of survival 0.92 (0.13) 0.93 (0.12) 0.92 (0.14) 0.040 0.092

Deaths Live 2,654 (88.5) 1,372 (91.5) 1,282 (85.5) <0.001 0.189

Die 346 (11.5) 128 (8.5) 218 (14.5)

The values displayed are computed from the geometric mean geometric standard deviation.

BMI, Body mass index; GCS, Glasgow coma scale; ISS, Injury severity score; AIS H&N, Abbreviated injury score of the head & neck; TBI, Traumatic brain injury; POLST, Physicians

orders for life-sustaining treatment; ICU, Intensive care unit; VA, Veterans affairs.

TABLE 2 | Final cox proportional hazard regression models for overall survival using propensity-matched cohorts and robust standard error.

Mortality n (%) Univariate HR (95% CI) Multivariate HR (95% CI)

Minority status Non-minority 1,500 (50.0) Reference Reference

Minority 1,500 (50.0) 1.83 (1.47–2.29, p < 0.001) 2.21 (1.43–3.41, p < 0.001)

Injury type Blunt 2,853 (95.1) Reference Reference

Penetrating 147 (4.9) 3.50 (2.52–4.89, p < 0.001) 1.51 (0.64–3.59, p = 0.350)

Probability of survival Mean (SD) 0.9 (0.1) 0.02 (0.01–0.04, p < 0.001) 0.04 (0.02–0.08, p < 0.001)

Operative status Operative patient 1,039 (34.6) Reference Reference

Non-operative patient 1,960 (65.4) 2.11 (1.66–2.69, p < 0.001) 2.60 (1.55–4.35, p < 0.001)

HR, Hazard Ratio; SD, Standard Deviation.

vs. 12.2% of minority patients), Acute Care Facility-Hospitals
(1.6% of White/non-Hispanic patients vs. 0.8% of minority
patients), and Rehabilitation Facilities (5.2% of White/non-
Hispanic patients vs. 4.7% of minority patients).

Severity and Type of Disease at
Presentation
Out of all TBI admissions, 96.5% were due to blunt trauma
and 3.5% were due to penetrating trauma. There was a
statistically significant difference between percentage of blunt vs.
penetrating trauma with only 2.9% of trauma being penetrating
in the White/non-Hispanic group while 5.3% of trauma was
penetrating in the minority group (p < 0.001). In all patients, the
most common mechanism of injury was fall (47.5%), followed
by occupant in a motor vehicle crash (MVC) (17.0%). In the
White/non-Hispanic group, this trend was similar with 50%
of trauma being due to fall and 15.8% being due to MVC;
however, in the minority group, although the trend was similar,
the percentage of fall (39.3%) was lower and the percentage of
MVC trauma (20.9%) was higher than the White/non-Hispanic
group. There was a statistically significant difference in work-
relatedness of injury with 4.7% of the minority group’s injuries
being due to work vs. only 3.2% of the White/non-Hispanic
group (p= 0.011).

There weremany statistically significant differences in severity
of presenting injury between the White/non-Hispanic group and
the minority group. The presenting GCS in the White/non-
Hispanic group was 11.33 while that in the minority group was
10.44 (p < 0.001). The ISS in the White/non-Hispanic group was
19.14 vs. 20.07 in the minority group (p< 0.001). The percentage
of patients with AIS > 3 and 4 was similar between groups,
however the percentage of patients with AIS > 5 was 18.5% in
the White/non-Hispanic group vs. 22.5% in the minority group.
The percentage of TBI severity (mild, moderate, and severe) was
statistically significant with 5.8% moderate and 16.4% severe TBI
in the White/non-Hispanic group vs. 7.2% moderate and 21.7%
severe in the minority group (p < 0.001).

Types of Medical Interventions
There was no statistically significant difference between groups
regarding mode of transport to the hospital with each group
arriving via ambulance around 77% of the time and a privately
owned vehicle 1.3–1.4% of the time. Advanced directives were
in place for 3.0% of White/non-Hispanic patients vs. 2.0%
of minority patients. There were 92.5% of patients in the
White/non-Hispanic group with neither an Advanced Directive
nor POLST in place prior to injury vs. 94.4% of patients in
the minority group with neither document in place. In the
White/non-Hispanic group, 30.8% of the patients were operative
vs. 34.5% of the patients in the minority group (p = 0.008).
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FIGURE 1 | (A) Unadjusted Kaplan-Meier survival curves stratified by minority status. (B) Propensity-score weighted Kaplan-Meier survival curves stratified by minority

status.
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The time from presentation to OR for White/non-Hispanic
patients was 1048.08min vs. 735.71 for minority patients
(p < 0.001).

Insurance and Financial Factors
The average total hospital charges for all patients was $44.689.2
vs. $44,613.48 for White/non-Hispanic patients and $44,934.16
for minority patients (p = 0.804). For the White/non-Hispanic
group, commercial insurance was the most common primary
payor at 31.5% of patients while for the minority group, the
most common primary payor was vehicle insurance at 26.2%
of patients. The second most common primary payor for
White/non-Hispanic patients was Medicare at 21.4% while the
second most common for minority patients was commercial
insurance at 20.2%. Workman’s compensation paid as the
primary payor for 2.9% of White/non-Hispanic patients vs.
4.3% of minority patients. White/non-Hispanic patients utilized
self-pay methods 7.3% of the time vs. 11.1% of the time for
minority patients.

DISCUSSION

In this study, we explored the disparities between white/non-
Hispanic and minority patients in mortality and adverse
outcomes in traumatic brain injury patients presenting to a Level
I trauma center in Portland, OR. Our results suggest that there
are significant differences in mortality and adverse outcomes
even given similar severity of injury, presenting factors, and
financial factors. In our primary outcome, mortality, there was a
large statistically significant difference between in-hospital death
and hospital length of stay between groups. Accounting for
potentially confounding factors such as severity of presenting
injury, primary payor insurance mechanisms, hospital charges,
and mechanism of injury, minority patients were at double the
risk of in-hospital mortality than White/non-Hispanic patients.
Regarding disparities in other aspects of care, there was no
statistically significant difference in discharge disposition, though
there was a trend toward higher rates of discharge to SNFs,
Acute Care Facility-Hospitals, and Rehabilitation Facilities in
the White/non-Hispanic group compared to the minority group.
This could potentially demonstrate differences in access to such
facilities, differences in insurance or payment methods, or even
access to social work facilitation of these types of discharges.

Although there was no statistically significant difference in
total hospital charges, our analyses did in fact show a trend
regarding types of primary payors between the White/non-
Hispanic patients and the minority patients in that the most
common primary payor for White/non-Hispanic patients was
commercial insurance vs. vehicle insurance for minority patients.
This correlates well to our finding that there was a higher
percentage of MVC-related injury in the minority group
compared to theWhite/non-Hispanic group andmay also help to
explain their greater severity of injury at presentation. However,
the additional increase in percentage of both Workman’s
compensation as well as self-pay seen in theminority group raises
the concern that through these payor routes, minority patients

may not have had similar access to discharge options such as
SNFs or rehab facilities as did patients in theWhite/non-Hispanic
group. Previous research has suggested that the influence of
insurance is so strong that differences in coverage can increase
the likelihood of availability to post-hospitalization care in less
vulnerable populations (30). Yet later research has explored the
extent of influence insurance has on discharge location and has
found that despite similar insurance, minority patients were
found to be discharged more frequently to home without care
than to SNF or acute-care facility post-hospitalization. Similarly,
these studies found that white patients with lower vulnerable
group membership (VGM) were discharged quicker to SNF or
acute-rehab facility, which has been shown to provide higher
rates of functional recovery than home care, than patients of color
with higher VGM scores (31–33).

There was a statistically significant difference in types of
trauma between White/non-Hispanic patients and minority
patients with minority patients presenting more often with
penetrating trauma than theirWhite/non-Hispanic counterparts.
Minority patients also tended to have a higher rate of MVC as
primary MOI and a higher rate of injury related to their work
compared to theWhite/non-Hispanic patients. Minority patients
tended to present with more severe injuries as demonstrated
by both pure ISS as well as their tendency toward higher rates
of more severe AIS at presentation. This may correlate to our
findings that a higher number of minority patients were judged as
operative patients compared to the White/non-Hispanic patients
and similarly that minority patients had quicker times to OR than
White/non-Hispanic patients. Although all of these findings as
secondary outcomes are disparities in and of themselves, they
do not explain the significant difference in our primary outcome
of overall mortality between minority and White/non-Hispanic
patients given that our primary analysis accounted for these
severity factors.

It is well-studied in many other aspects of medicine and
epidemiology that patients receive differing quality of healthcare
and therefore have significantly different outcomes as a result
of these health disparities. Not only do minority patients face
persistent unconscious bias in the healthcare field and have
differential access to baseline healthcare, it has also been shown
that the healthcare that they do end up receiving likely is less
adequate to handle surgically or medically complex issues due
to shortages of necessary specialists, technology gaps, or timely
access to services (24, 34). Previous research in neurosurgery
and other surgically complex fields have demonstrated marked
disparities in the procedural outcomes between minority and
White/non-Hispanic patients (13, 22, 23, 35), however the
current research regarding disparities in trauma management of
minority patients still has yet to show the true inequality of care.

Among reasons that can be documented for these healthcare
disparities in traumatic brain injury, one of the most likely
explanations in our patient population was the sheer severity
of injury at presentation and the likelihood of operation in
our minority patients. This, alongside greater numbers of
penetrative traumas and traumas related to MVC rather than fall,
produced a much more severe clinical picture for our minority
group than our White/non-Hispanic group. To explain these
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presenting findings, it is important to look at the history of
trauma in regions and neighborhoods of predominantly minority
persons. Through decades of housing red-lining, tax adjustments,
and inequitable educational progress, neighborhoods primarily
composed of minority persons in America have trended toward
more dangerous, violent regions by no fault of the persons living
in those regions (36–40). It is logical to assume that areas of
increased risk of violence would have higher rates of violent
trauma than those with better protections in place. Additionally,
persons of minority status often live further from healthcare
facilities adequately equipped to manage the complexity of the
trauma with which the patient presents. Many studies have
recently shown the extent of the disparities in both number
and quality of providers but also the number and quality of the
technology available at local or regional hospitals compared to
the wealthier and oftenmore academic hospitals placed in centers
of higher economic advantage (12, 24, 34, 41).

However, there are many factors that could potentially
influence a patient’s mortality or secondary outcomes following
a traumatic brain injury. The limitations of this paper lie in
the fact that many of these factors are simply not recorded
in our typical point of care healthcare system for trauma and
therefore are much more difficult to study. Additionally, the
retrospective nature of this study is a limitation. However, most
epidemiological and sociological research looking at cultural and
community-oriented factors related to healthcare can only be
studied in a retrospective manner. In this paper, we were not able
to examine all the pre-hospital factors influencing our patients
outcomes and thus could only analyze the data points associated
with the seemingly extensive Trauma One database for one of the
two level 1 trauma centers in the state of Oregon, yet even with
these data, there are numerous sociological, epidemiological,
financial, psychological, and political factors at play that go
unreported and therefore are under-researched (21). These
factors typically thought of to be non-medical have consistently
demonstrated pervasive, persistent, and poignant disparities
between minority patients andWhite/non-Hispanic patients that
have plagued our healthcare system in the United States (1, 3, 8,
10, 38, 42–44). These health disparities have been demonstrated
to be independent of individual health choices; these inequalities
are not biologically determined yet they plague only certain sects
of our populations, permeating beyond healthcare. Not only
do our minority patients have generations of well-documented
medical trauma that prohibits a full trusting relationship of the
American healthcare system but there are clearly also disparities
in patient’s lives pre-hospital such as access to routine healthcare,
leniency in the workplace for regular healthcare maintenance,
financial freedom for healthcare maintenance, safe working
environments, housing opportunities in neighborhoods free of
violence, full of healthy foods, and access to clear air/water,
and many more that are simply not documented when our
patients present with neuro-trauma (3, 8, 38, 42, 44). The health
equity framework with which we claim to utilize to progress our
medical care demands that we recognize these extraneous but
highly influential aspects of our patients’ lives. We must make
ourselves aware of the macro-social factors which perpetuate this
disproportionate suffering among our patients of color and act

with the responsibility and privilege we carry in our communities
to make these disparities known. We must not only care for our
patients when we encounter them within our clinics, emergency
departments (EDs), and operating rooms, but in the healthcare
disparities that exist outside of the concrete confines of the
traditional healthcare system. Thus, we have a responsibility to
engage with the upstream factors in our patients’ lives that put
them at increased risk even prior to entering our facility’s doors.
The traumas of structural racism do not start the moment of
impact from a fall or an MVC; our patients’ traumas begin when
they are raised in a discriminatory society and robbed of certain
medical, social, political, and financial privileges accustomed by
our White/non-Hispanic patients.

Our study is but one current research set to analyze
the disparities in yet another aspect of medical care in the
United States and certainly not the only one to find inequalities
in management of trauma. It is imperative that we as a
medical community target not only healthcare improvements
to properly regulate and treat neurosurgical trauma, but focus
our progress toward equitable community environments, living
situations, financial and insurance-based payment plans, and
trauma prevention efforts in order to better care for our patients
of color both pre-hospital and once they arrive into our ED.
Nowwith an ever-growing accumulation of research shining light
to these racial and ethnic disparities in every corner of medical
research, it is simply insufficient to produce more research,
but it is ever more pertinent to call all medical providers to
greater action.

CONCLUSION

In this study, we explored the in-hospital mortality outcomes
and characteristics of adult patients who were admitted with
traumatic brain injury to one of the two Level I trauma
centers in Portland, OR between 2006 to October of 2017. Our
data demonstrate a significant disparity in overall in-hospital
mortality in minority patients, greater severity of presenting
injury, higher incidence of MVC- or work-related injury, and
higher operative rate than White/non-Hispanic patients given
insignificant differences in insurance, hospital charges, and other
accounting factors. Although these are novel findings for the field
of neurosurgical trauma related to traumatic brain injury, they
are repeated in other specialties and other medically complex
patient populations in the American healthcare system. Research
has been keen to identify these marked inequalities over the
past couple of decades yet still there has not been a clear path
to dismantling these disparities within the medical community.
Treating patients under our care is our greatest privilege and
responsibility as physicians. As such, we have a societal and
professional duty to recognize and accept that the effects of
structural racism have taken hold of our patients’ health long
before they arrive in our trauma bays, ICU beds, and operating
tables. These disparities permeate our society and contribute to
inequitable health outcomes, and we must take action to identify
the factors which perpetuate this disproportionate suffering.
Simply treating the minority of patients who require surgical
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intervention or clinical consultation is not enough. Our roles
demand that we recognize these larger social factors acting
upstream on our patients before they enter our fractioned
healthcare system which often fosters the very mistrust that
hides them from our otherwise watchful eyes in the first place.
The necessary first step in providing an equitable healthcare
system for all patients regardless of socioeconomic, racial, or
ethnic status, is continued awareness of the pervasiveness and
consistency of these medical disparities and emphasized efforts
to improve the sociological factors that perpetuate them.
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