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Abstract

Introduction: Racial disparities have been both published and disputed in trauma patient
mortality, outcomes, and rehabilitation. In this study, the objective was to assess racial disparities
in patients with penetrating colon trauma.

Methods: The National Trauma Data Bank was searched for males aged =14 years from 2010
through 2014 who underwent operative intervention for penetrating colon trauma. The primary
outcomes for this study were stoma formation and transfer to rehabilitation; secondary outcomes
were postoperative morbidity and mortality. Analyses were performed in 2016-2018.

Results: There were 7,324 patients identified (4,916 black, 2,408 white). Black and white
patients underwent fecal diversion with stoma formation at a similar rate (19.6% vs 18.5%,
£~=0.28). Black patients were more likely than white patients to be uninsured (self-pay; 37.1% vs
29.9%) and more likely to be injured by firearms (88.3% vs 70.2%, p<0.001), but had a lower
overall postoperative morbidity rate (52.6% vs 55.3%, p=0.04). The odds of stoma formation
(OR=0.92, 95% CI=0.78, 1.09, p=0.35) and the odds of transfer to rehabilitation (OR=1.03, 95%
Cl1=0.82, 1.30, p=0.78) were similar for black versus white patients.

Conclusions: Black patients experienced similar rates of stoma formation and transfer to
rehabilitation as white patients with penetrating colon trauma. Multivariate analysis confirmed
expected findings that trauma severity increased the odds of receiving an ostomy and rehabilitation
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placement. The protocol-based management approach to emergency trauma care potentially
decreases the risk for the racial biases that could lead to healthcare disparities.

INTRODUCTION

Healthcare disparities, particularly racial disparities in health care, are of importance in
understanding how to improve the quality of health for all patients. Racial disparities have
been demonstrated in cancer carel:2 and surgical outcomes.3-% Racial disparities after
treatment for traumatic injury have been demonstrated as well, but also contradicted. One
such study found a higher mortality rate in minority trauma patients.” However, a study
using the National Trauma Data Bank (NTDB) found no racial disparities in mortality when
accounting for shock® and another study using the National Inpatient Sample found no
difference in trauma mortality between races in risk-adjusted models.® Disparate outcomes
have been demonstrated in pediatric black brain-injured patients!?; formal rehabilitation has
been shown to occur less often among brain-injured minority patients than among white

patients.11-13 Socioeconomic factors and insurance status likely factor into these disparities.
14-16

The Centers for Disease Control and Prevention ranks trauma as the leading cause of death
in males from age 1 to 34 years.1” The colon is the second most commonly injured organ in
penetrating abdominal trauma.18 Still, colorectal injuries from trauma are uncommon,
accounting for about 1% of both blunt and penetrating injuries.18.19

Historically, when repairing or resecting the colon after traumatic injury, fecal diversion was
common. In 1943, a letter from the Office of the Surgeon General issued a mandate that all
colon injuries receive an ostomy.20-21 Stoma formation for fecal diversion is fraught with
adverse issues, such as patient dissatisfaction, decreased quality of life, and often the need
for a subsequent reversal operation. Stoma cares are burdensome and appliances can be
costly.22 Today, for most colon injuries in civilians, primary repair has become standard—
thanks to the advent of more detailed colon injury classification,23-26 improved critical care,
more rapid operative intervention, and prospective, multicenter studies.?” Whether fecal
diversion is performed depends heavily on the extent of colon tissue destruction, and
management with a stoma is often still performed in more severe traumatic injuries.28
Various factors, such as injury by firearms, affect the extent of colon tissue destruction.
Blunt colon trauma is more often managed nonoperatively than penetrating trauma, yet the
extent of colon tissue destruction is often more severe when an operation is required.18:24

One of the primary goals of this study is to assess the rate of stoma formation. Previous
studies in rectal cancer and Crohn’s disease have demonstrated a higher rate of fecal
diversion in black patients compared with white patients.329-31 Although these diseases are
different from penetrating traumatic injury to the colon, findings in the above studies, which
are adjusted for disease severity, suggest further hypotheses that black patients may be
treated by surgeons who are not as capable of performing a quality anastomosis, resulting in
the easier and more expeditious maneuver of a stoma, or that a surgeon is unwilling to take
added risk and time during a procedure to attempt a high-quality anastomosis in blacks.
Stoma formation in the current study is used as a surrogate of quality of surgical care, and
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the hypothesis is that fecal diversion will occur more commonly in black men. The second
goal of this study is to assess the rate of transfer to rehabilitation. Transfer to rehabilitation
has been shown to be of importance for racial disparities in previous studies on traumatic
brain injury1112:32 and general trauma care.33 The hypothesis for this outcome is that black
men are less likely to transfer to rehabilitation.

Previous literature demonstrating disparate racial outcomes in elective colorectal surgery has
been published,32%-31 and it is well known that penetrating trauma disproportionately
affects more black men.34-37 Racial disparities among colon trauma have yet to be studied.
The objective of this study is to assess racial disparities in surgical care between black and
white patients with operatively managed penetrating colon trauma.

METHODS
Study Sample

Measures

For this retrospective review, the NTDB, the world’s largest repository of trauma registry
data, was accessed. It includes deidentified data from trauma centers (=747, as of 201638)
in the U.S. and contains >7 million records.

The records of males aged =14 years3® were searched in the NTDB from 2010 through 2014
to isolate those who underwent operative intervention for penetrating colon trauma. The
cohort was limited to non-Hispanic black and non-Hispanic white patients. Those
transferred to another facility were excluded.

To limit the database search to patients with a colon injury diagnosis, diagnosis codes from
ICD-9-CM were used. Patients with rectal injury were excluded. To define the mechanism of
injury, the NTDB database category “INJTYPE” was used to include only patients with
penetrating colon injury.

The two racial groups were compared and analyzed: black men and white men. To adjust for
confounders, data on race, age, insurance status, injury mechanism, admission Glasgow
Coma Scale (GCS) score, admission Injury Severity Score (ISS),%0 admission Abbreviated
Injury Scale score, time to operation, comorbidities (which is also inclusive of smoking,
alcohol use, and drug use), hospital region, trauma level, hospital setting, and number of
trauma surgeons were used in each regression model.

Hospital-associated data were also obtained: geographic region, trauma-level status, teaching
status, and number of trauma surgeons. A comparison of outcomes for a subpopulation,
using only the South region of the U.S. as defined by the NTDB, was performed to examine
potential regional differences in trauma care. This region constitutes the 16 states in the
South U.S. Census region and also includes the most hospitals, incidents, and percentage of
firearm injuries compared with the other regions of the NTDB.

Patients with missing data were omitted from calculations for those individual categories.
Missing values ranged from 0.01% for ostomy creation to 13.6% for trauma center level.
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The other missing variables with >0.01% data missing included transfer to rehabilitation
(13.3%), time to surgery >6 hours (12.4%), hypotension on admission (8.5%), comorbidities
(7.2%), postoperative complications (3.5%), and GCS score (2.3%). Sensitivity analysis was
performed using imputation methods to determine whether missing values skewed results.

Primary outcome measures were stoma formation and transfer to rehabilitation. Secondary
outcome measures were postoperative morbidity and mortality, presence of surgical site
infection, number of hospital days, and number of intensive care unit days. ICD-9-CM
procedure codes for diversion were used to determine ostomy status, which included
creation of an ileostomy or a colostomy. Transfer to rehabilitation was defined as transfer to
an inpatient rehabilitation facility, long-term care hospital, skilled nursing facility,
intermediate-care facility, or other rehabilitation facility within the “HOSPDIS” category.
“Overall morbidity” was created from the NTDB hospital complications category and
included *“any medical complication that occurred during the patient’s stay at [the] hospital.”
This included 20 specific complications as well as an “other” option.

Statistical Analysis

RESULTS

Summary statistics are presented as frequencies and percentages for qualitative items and
medians and interquartile ranges (IQR) for ordered and quantitative variables. Statistical
analyses were performed in 2016—2018 using SAS, version 9.3. Chi-square or Fisher’s exact
tests for categorical variables and the nonparametric two-sample Wilcoxon rank-sum test for
age, GCS score, number of hospital days, and number of intensive care unit days were used
for data analysis. Multiple logistic regression for both stoma formation and transfer to
rehabilitation was performed. Results for race and other potential covariates are reported as
ORs with their 95% Cls. To account for the missing values for some of the covariates used
in the logistic regression, a sensitivity analysis was conducted using multiple imputation
with the Markov chain Monte Carlo method.*? A p-value <0.05 was considered statistically
significant for all analyses.

The final cohort in this study included 7,324 patients (4,916 black, 2,408 white) with
penetrating colon trauma who underwent operative intervention. More than 67% of the
cohort consisted of black patients, compared with only 33% white males, demonstrating the
disproportionate incidence of penetrating abdominal trauma in the black population. Using
the general male population to infer expected incidence, 212% of the patients would be
expected to be black and 88% white.1”:42 In the study cohort, black patients and white
patients underwent fecal diversion with stoma formation at similar rates (19.6% vs 18.5%,

0=0.28).

Patient-level data are summarized in Table 1. Black patients were younger (median age, 27
years, IQR, 21-35 years) than white patients (median age, 35 years, IQR, 25-49 years). In
addition, black patients were more likely to be uninsured (self-pay; 37.1% vs 29.9%), less
likely to have private insurance (15.2% vs 25.7%), and more likely to be injured by firearms
(88.3% vs 70.2%, p<0.001). Black patients had an ISS >15 more frequently than white
patients (51.3% vs 44.9%, p<0.001). Per univariate analysis, black patients were less likely
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to transfer to rehabilitation after their hospital admission (10.5% vs 14.1%, p<0.001).
Subcategories of the “transfer to rehabilitation” variable were also analyzed, with black men
less likely to transfer to most of the facilities (Appendix Table 1, available online). Mortality
was similar between the two groups, but black patients had a lower overall morbidity (52.6%
vs 55.3%, p=0.04).

Hospital-level data were relatively consistent for the two groups (Table 2), although black
patients were more often treated at a Level | trauma center and university hospital settings.

A subset analysis of the South region of the NTDB was performed. This subpopulation
included 3,297 patients (2,198 black, 1,099 white). There were no obvious differences in
study outcomes in the South region, as compared with the entire U.S. Stoma formation was
again similar for black and white patients (20.2% vs 19.3%, p=0.6). Median hospital days
were the same for black men and white men (9.0, IQR, 6-17 vs 9.0, IQR, 5-19, p=0.7) and
median intensive care unit days were fewer for black men (4.0, IQR, 2-10 vs 5.0, IQR, 3—
12, p=0.001). The South region again demonstrated a lower rate of transfer to rehabilitation
(9.1% vs 12.8%, p=0.002) and lower overall morbidity (56.6% vs 60.7%, p=0.04) in black
patients.

Per multivariable analysis of the records of patients who underwent stoma formation, the
odds of stoma formation were similar for black versus white patients (Table 3). Firearm-
generated penetrating trauma, higher ISS at presentation, increased time to operation,
Northeast region compared with the South region, and a high number of trauma surgeons
correlated with increased odds of receiving a stoma. Self-pay patients (no insurance) had
decreased odds of receiving an ostomy compared with those with private or government-
based health insurance.

Although univariate analysis demonstrated that fewer black patients were transferred from
the hospital to rehabilitation, multivariable analysis did not demonstrate a significant
difference between races (Table 4). Transfer to rehabilitation following penetrating colon
trauma and operative intervention was associated with higher age, higher ISS, higher
Abbreviated Injury Scale abdomen score, firearm injury, treatment in the Northeast region
compared with the South, and the presence of private or government insurance compared
with self-pay. Transfer to rehabilitation was negatively associated with a higher GCS at
presentation.

Because of the missingness of data for certain variables (0.01%-13.6%), a sensitivity
analysis was performed to test the consistency of the analyses. Using imputation, the OR for
black race was similar to the original data for stoma formation (0.90, £=0.14 vs 0.92,
p=0.35) and for transfer to rehab (0.95, p=0.50 vs 1.03, p=0.78). This provides evidence that
the original analyses are generalizable even with some incomplete variables.

DISCUSSION

This study did not demonstrate a difference in stoma formation or in transfer to
rehabilitation among black versus white patients experiencing penetrating colon trauma. As
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expected, trauma severity (including injury by firearms and a higher ISS) increased the odds
of stoma formation and transfer to rehabilitation.

Interestingly, patients with self-pay insurance had lower odds of stoma formation. This
association is likely due to uncontrolled factors. It is possible that a biased decision was
made by the surgeon to attempt to prevent additional expensive procedures and
hospitalizations. Further work is needed to assess the relationship of insurance status in
stoma formation.

Mortality was similar among black and white patients. However, white patients had a higher
rate of overall postoperative morbidity. Unfortunately, these data further confirm findings
from other studies34-3743 that blacks suffer disproportionately from penetrating abdominal
trauma, with a preponderance of fireman injury. In this study, blacks comprised 67% of
males with penetrating colonic trauma who survived injury and reached the operating room,
whereas extrapolation from Census data would predict only 12% of patients would be black
if no disparities in injuries occurred.#2 For comparison, only 7% of motor vehicle crash
patients were black in a recent trauma study using the NTDB.8

Trauma care, unlike other specialties in medicine, involves a multidisciplinary, systematic
approach to patients, beginning in the prehospital setting, through the designation of trauma
centers and the use of the Advanced Trauma Life Support algorithms.#* To be designated as
a trauma center, specific criteria must be met; quality measurement on a national level helps
ensure that hospitals are compliant with standards of care and follow management
approaches consistent with current evidence-based literature.4 Standardized systems often
dictate trauma care, given the acute, emergency nature of injuries.*>-47 In addition, multiple
healthcare professionals, including multiple surgeons, are often caring for an individual
patient, which may also play a role in reducing potential racial or other biases in trauma
care.® It is possible that rigorous trauma systems and adoption of the evidence-based
guideline recommending primary repair of penetrating colon injuries have minimized racial
disparities, potentially through decreasing the need for subjective decision making by the
surgeon or healthcare team. Nonetheless, in some areas of trauma care, racial disparities
persist, as evidenced by multiple studies’-101248-53 and by a recent systematic review and
meta-analysis.*® Haider et al.51:5254 argued, in a series of articles, that perhaps unconscious
racial bias contributes to some racial disparities in health care.

Many studies of racial disparities in trauma care have addressed rehabilitation of patients
with brain injury.19-12 Other studies of racial disparities in trauma care have not focused on
a specific area of injury and simply evaluated overall morbidity and mortality,’48-50.53
although some have looked at hospital-level factors.#8:50 By contrast, this study concentrated
on a specific injury: penetrating colon trauma that required operative intervention. This is the
first study on racial disparities in patients with penetrating colon trauma. One prior single-
institution study on socioeconomic and insurance status disparities in patients with bowel
injuries was found during literature review.>®

In civilians, the principles of managing penetrating colon trauma have changed significantly
over the past 50 years, favoring primary repair.23:24:57.58 |n 2000, Demetriades and
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colleagues?” advocated considering, in all patients with penetrating colon trauma, primary
anastomosis without diversion. In patients who did undergo primary anastomosis without
diversion (versus those who had stoma formation), a meta-analysis of six RCTs
demonstrated a similar mortality rate and a potentially decreased complication rate.>8:59
Recently, racial and socioeconomic disparities have been demonstrated in ostomy reversal.
60.61 Studies of rectal cancer patients using national databases have demonstrated a higher
rate of stoma formation in black (versus white) rectal cancer patients,29-30 though the disease
factors attributing to such differences may be distinct from those in the trauma population.

Results of this study did not support the hypothesis that, in black patients, stoma formation
rates would be higher and postoperative outcomes worse. Instead, no meaningful difference
was found between the two racial groups.

By using the NTDB, it is possible to capture a large cohort of patients with penetrating colon
injury throughout the U.S. Although the NTDB has been criticized in the past for missing
and inaccurate data, those concerns have lessened after the most recent updates of the data
dictionary in 2007.56 One limitation of this database includes the absence of prehospital
data, particularly transportation time, which, if prolonged, may cause tissue devitalization
and fecal contamination, spoiling conditions for a primary repair and increasing the chance
of stoma formation. Another concern is its potential bias of trauma data, because it includes
records from mainly Level | and Level Il trauma centers. In the past, the NTDB was able to
link ZIP code data to income as an additional marker of SES; however, such linkage is no
longer available. Furthermore, the NTDB does not offer data on cost of care, which could be
useful for further analysis of disparities. The NTDB does not allow for adjustment for
important confounders of estimated blood loss and the need for blood transfusions because
such data were unavailable. Lastly, outcomes are limited to morbidity and mortality
associated with the admission trauma, length of stay, and discharge disposition. Subsequent
hospitalizations and procedures outside of the initial trauma admission, including rates and
timing of ostomy reversal, cannot be captured within this database.

CONCLUSIONS

This study did not demonstrate a difference in stoma formation or in transfer to
rehabilitation or rehabilitation among black versus white patients with penetrating colon
trauma that required operative intervention. Trauma severity increased the odds of both of
those outcomes. The acute, emergent nature of penetrating injuries and the systematic
approach to trauma care may help protect against disparate outcomes between races, but
further research is needed. The factors that influence racial disparities are complex, perhaps
occurring in only certain aspects of trauma care and likely involving unconscious biases or
even specific patient, hospital, and caregiver attributes. A protocol-based management
approach to emergency trauma care could decrease the risk of racial disparities. Identifying
areas that lack obvious racial disparities is as important as identifying areas where disparities
are at play, so that future research can elucidate the mechanisms behind racial disparities in
trauma care.
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