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Gunshot wound (GSW) injuries present a unique surgical challenge. This study explored the
financial and clinical burdens of GSW patients across 2 Los Angeles County Level I trauma cen-
ters over the last 12 years, and compared them with other forms of interpersonal injury (OIPI).
This was a retrospective study of patients presenting as those with GSW and OIPI (defined as
combined stab wound or blunt assault), between January 1, 2006 and March 30, 2018, at
LAC+USC Medical Center (LAC4+USC) and Harbor UCLA Medical Center (HUCLA).
Demographic and clinical variables were assessed for GSW patients and compared with vic-
tims of OIPL

There were 17,871 patients who met inclusion criteria. There was a significant difference in
mortality for patients with GSW vs OIPI (11% vs 2%, p < 0.001). The odds ratio for GSW
patients requiring operation was twice as high as those suffering OIPI (odds ratio [OR] 2.0,
95% CI 1.8 to 2.2). The odds ratio for GSW patients requiring ICU admission was 20%
higher than that for OIPI patients (OR 1.23, 95% CI 1.11 to 1.36). Gunshot wound patients
experienced a longer median length of stay vs OIPI patients (3 days vs 2 days, p < 0.001).
The median hospital charge per admission for GSW was twice that of OIPI (GSW $12,612
vs OIPI $6,195; p < 0.001).

When compared with OIPI, GSW patients arrived more severely injured and required more
operations, more ICU admissions, and longer hospital stays. Patients with GSW incurred
significantly higher hospital charges and had a significantly higher mortality rate. Gunshot
wound injury is a unique public health concern requiring comprehensive, nation-wide,
contemporary study. (J Am Coll Surg 2019;229:141—149. © 2019 by the American Col-
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Gunshot wound (GSW) injury poses a unique surgical
and public health challenge in the US. Additional
research into this mechanism of traumatic injury is
required to fully understand its scope and adequately
implement informed prevention and intervention
strategies.

In an effort to add to the academic discourse on gun
violence in the US, the trauma divisions of the Los
Angeles County + University of Southern California
Medical Center (LAC+USC) and Harbor-UCLA Medi-
cal Center (HUCLA) have collaborated to better under-
stand the clinical burden of GSW injuries in our
communities. As high-volume level I trauma centers
that frequently treat patients with GSW, it is incumbent
on hospitals like ours to add to the knowledge base
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Abbreviations and Acronyms

GSW = gunshot wound

HPSA = Health Professional Shortage Area

HUCLA = Harbor University of California Los Angeles
Medical Center

ISS = Injury Severity Score

LAC + = Los Angeles County + University of Southern
usCc California Medical Center

OIPI = other forms of interpersonal injury

OR = odds ratio

regarding GSW injury. Previous investigations have pro-
vided an excellent framework for publishing regional
data on gun violence, and we have used these to help
guide our investigation.'”

The purpose of this study was to define the clinical and
financial burden of GSW trauma in our combined patient
population over the last 12 years and compare these
results with other forms of interpersonal injury (OIPI).
We hypothesized that gun-related trauma will demon-
strate a larger clinical and financial impact on patients
and hospitals when compared with other forms of inter-
personal violence.

METHODS

After Institutional Review Board approval, we performed
a nearly 12-year (January 1, 2006 to March 30, 2018)
retrospective study of patients presenting after GSW or
OIPI. We defined OIPI as stab wound or blunt assault.
Patients were identified from the electronic trauma data-
bases of LAC+USC and HUCLA—2 urban, level I
trauma centers under the Los Angeles County Depart-
ment of Health Services. Data were combined for multi-
center review. This research did not receive any specific
grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Demographic and clinical variables collected were age,
race, mechanism of injury, Injury Severity Score (ISS),
admission disposition, mortality, hospital length of stay,
insurance status, and total hospital charges. Regarding
race, patients were grouped into the following categories
based on their designation in the electronic database:
White, non-Hispanic; Black; Asian; Filipino and Pacific
Islander; Hispanic; and Other or Unknown. For analyses,
all race categories < 5% of the sample were combined. The
total number of wounds was not considered for any injury
mechanism, only the presence or absence of injury. Self-
inflicted wounds were included in the analysis and were
not examined separately. For admission disposition, pa-
tients were organized into the following categories based

on the next phase of care from the emergency department:
directly to the operating room, ICU (including pediatric
ICU), interventional radiology, medical/surgical ward,
stepdown unit, or post-hospital (discharged from the emer-
gency department). Patients listed for 23-hour observation
and as “special” were excluded from analysis. For the pur-
poses of analysis, patients dispositioned directly to inter-
ventional radiology from the trauma bay were combined
with the operating room patients, and step-down admis-
sions were combined with medical/surgical ward patients.
Patients with missing disposition data were excluded
from this section of analysis.

Readmissions for complications due to GSW or OIPI
were included in our analysis because these readmissions
contributed to the overall burden of GSW or OIPI. Finan-
cial data were assessed by total hospital charges and calcu-
lated by each hospital based on Consolidated Business
Office protocols. Charges were considered for each individ-
ual emergency department or inpatient admission. All
other charges associated with outpatient follow-up or
home care were not evaluated. Charges assigned per day
were calculated from rates approved by the Los Angeles
County Board of Supervisors, based on services required
for each hospital visit. Insurance status of patients was pro-
vided by the electronic trauma databases and the Utiliza-
tion Review Department of LAC+USC.

All variables were assessed for GSW patients and
compared with those for patients with OIPI. Main out-
comes measures included mortality, admission disposition,
length of stay in days, hospital charges, and ISS. Frequencies
of categorical variables for GSW and OIPI were reported as
n (%); categorical outcomes were reported as medians and
99% CI of the median in order to adjust for some extreme
outliers. Bivariate comparison between GSW and OIPI
were made using chi-square tests for categorical variables
and Mann-Whitney U tests for continuous variables using
SPSS (v. 24). Multivariate models of the outcomes were per-
formed using logistic regression for mortality and linear
regression of log values for length of stay, charges, and ISS
in order to satisfy normality criteria. A priori alpha of 0.01
was set to indicate statistical significance. Mapping software
Tableau (v.2018.2.3) was used to create a heat-map of GSW
injury patient admission by ZIP code of injury incident.

RESULTS

O£ 26,996 injuries queried during the observation period,
17,871 were either GSW- or OIPI-related. In our study
group, most patients were Hispanic (56%), followed by
African-American (26%). While the median age overall
was 30 years old (99% CI 30 to 31 years), the median
age of GSW patients was several years less (median 25 years
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old, 99% CI 25 to 26 years). Forty-four percent of patients
were uninsured, 17% had commercial insurance, and 36%
had some form of government-sponsored insurance (such
as Medicare, Medicaid, Medi-Cal) (Table 1).

Patients with GSW had higher admission ISS than OIPI
patients (median ISS for GSW =8, 99% CI 8 to 9 vs me-
dian ISS for OIPI = 4, 99% CI 4 to 5, p < 0.001). There
was a statistically significant difference in mortality for pa-
tients with GSW vs OIPI (11% vs 2%, p < 0.001), with a
6.2 times greater risk of dying in GSW patients than OIPI
patients (99% CI, odds ratio [OR] 5.3 to 7.3, p < 0.001)
(Table 2). Table 3 demonstrates the total number of GSW
and OIPI injuries each year studied, with their associated
mortality rates. The statistically significant difference in
mortality rate between GSW and OIPl remained

consistent throughout the study period (Table 3, Fig. 1).
The odds ratio for GSW patients requiring direct admis-
sion to the operating room was twice as high as that for
OIPI patients (OR 2.0, 99% CI 1.8 to 2.2, p < 0.001).
There was no significant improvement in GSW mortality
over the study period. The odds ratio for GSW patients
going to the ICU was 20% higher than for OIPI patients
(OR 1.23, 99% CI 1.11 to 1.36, p < 0.001). Length of
hospital stay ranged from 1 to 1,098 days.

Patients with GSW stayed in the hospital approxi-
mately 1 day more than patients with OIPI (GSW me-
dian 3 days vs 2 days for OIPL, p < 0.001) (Table 2).
The total hospital charge for GSW patients was
$351,378,882. The median hospital total charge per
admission for GSW was twice that of OIPI (median

Table 1. Demographics, Disposition, and Mortality of Gunshot Wound and Other Forms of Interpersonal Injury Patients

Total OIPI GSW
Variable n % n % n % p Value*
Site <0.001
LAC+USC 12,381 69 9,311 79 3,070 51
HUCLA 5,490 31 2,518 21 2,972 49
Race' <0.001
Asian 473 3 383 4 90 2
African American/black 4,407 26 2,335 21 2,072 35
Filipino/Pacific Islander 78 1 33 <1 45 1
Caucasian 2,112 13 1,683 15 429 7
Hispanic 9,497 56 6,277 57 3,220 54
Native American 8 0 6 <1 2 <1
Other 351 2 238 2 113 2
Type of insurance <0.001
Commercial 2,979 17 1,820 16 1,159 19
Government subsidized 6,199 36 3,977 35 2,222 37
Unknown' 490 3 260 2 230 4
None 7,549 44 5,172 46 2,377 40
Mortality <0.001
Lived 16,099 95 10,792 98 5,307 89
Died 905 5 223 2 682 11
Disposition from ED' <0.001
ICU 1712 10 1,039 10 673 12
Interventional radiology 28 0 15 <1 13 <1
Operating room 2,952 18 1,516 14 1,436 24
Ward 5,582 33 3,885 36 1,697 29
Step down 439 3 197 2 2,42 4
Discharge from ED 6,066 36 4,252 39 1,814 31

p Values are for unadjusted analyses. Comparisons of categorical variables were made with chi-square.

*Statistically significant.
"Race comparison combined all categories with <5%.
*Removed from statistical analyses.

§Disposition combined interventional radiology with operating room, and ward with step down for analyses.
ED, emergency department; GSW, gunshot wound; HUCLA, Harbor-University of California Los Angeles Medical Center; LACH+USC, Los Angeles
County + University of Southern California Medical Center; OIPI, other forms of interpersonal injury.
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Table 2. Length of Stay and Charges of Gunshot Wound and Other Forms of Interpersonal Injury Patients
Total OIPI GSW

Variable Median 99% CI Median 99% CI Median 99% CI p Value*
Age, y 30 30—31 33 33—34 25 25—26 <0.001

Hospital length of stay, d 2 2—3 2—3 3 3—4 <0.001

Hospital charge, $ 9,277 7,875—9,553 6,195 6,195—7,298 12,612 12,569—15,620 <0.001

Injury Severity Score 4 4-5 4—5 8 8—9 <0.001

Values of p are for unadjusted analyses. Comparisons of categorical variables were made with chi-square. Comparisons of medians were made using Mann-

Whitney U test.
*Statistically significant.
GSW, gunshot wound; OIPI, other forms of interpersonal injury.

GSW, $12,612 [99% CI $12,569 to $15,620] vs median
OIPL, $6,195 [99%CI $6,195 to $7,298]; p < 0.001)
(Table 2). A multivariate analysis was performed. Con-
trolling for site, race, insurance status, and year did not
change the effects of GSW on our primary outcomes.

The ZIP codes of injury incidents were collected for
GSW patients with available data (n = 2,599) from the
respective hospital’s trauma database and depicted in a
heat map of Los Angeles County (Fig. 2). These ZIP
codes were cross-referenced with publicly available data
published by the Centers for Medicare and Medicaid Ser-
vices (CMS) to determine income level and qualification
for designation as a Health Professional Shortage Area
(HPSA).” The 10-injury incident ZIP codes providing
the highest volume of GSW patients were all found to
be designated as “low income,” and 70% were also deter-
mined to be HPSAs (Table 4). Overall, combining both
GSW and OIPI patients, only 27% of the sample
(n = 7,205) had both home and injury ZIP codes avail-
able. Of these patients, 43% (n = 3,118) had the same
home and injury ZIP codes.

DISCUSSION

The US has the highest rate of homicides due to firearms
among developed countries,” with more than 38,000
deaths and 85,000 nonfatal injuries annually.” The
GSW patients in our patient population were significantly
more likely to require operations, ICU admissions, or die
from their injury when compared with OIPI patients. The
significantly higher ICU and OR admissions undoubtedly
contributed to the higher hospital charges and length of
stay seen in our GSW patients when compared with pa-
tients of OIPL.

Several articles reiterate the clinical burden of gun
violence on clinicians and hospitals.”**'* Works by Sise
and colleagues,'' Gross and associates,” and Wintemute
and coworkers,'” found that there has been little to no
change in firearm-related mortality over time, despite gen-
eral improvements in trauma care. Our data echoed these
findings, with no significant improvement in GSW mor-
tality over time (Table 3, Fig. 1).

Our financial analysis showed that the median hospital
charges for hospitalization of a GSW patient were more

Table 3. |Injuries and Mortalities per Year
Total Other form of interpersonal injury Gunshot wound
Mortality Mortality Mortality

Year Injury, n  Mortality, n rate, n Total, n  Mortality, n rate, % Total, n  Mortality, n rate, % p Value*
2006 306 22 7 164 5 3 142 17 11 <0.01
2007 1,198 61 5 812 24 3 386 37 9 <0.01
2008 1,121 65 6 767 20 3 354 45 11 <0.01
2009 1,204 60 5 892 26 3 312 34 10 <0.01
2010 1,191 52 4 872 23 3 319 29 8 <0.01
2011 1,171 46 4 854 26 3 317 20 6 0.02
2012 1,497 83 5 967 16 2 530 67 11 <0.01
2013 1,632 114 7 1,062 10 1 570 104 15 <0.01
2014 1,656 92 5 1,128 18 2 528 74 12 <0.01
2015 1,773 94 5 1,169 14 1 604 80 12 <0.01
2016 1,815 113 6 1,142 22 2 673 91 12 <0.01
2017 1,425 91 6 915 18 2 510 73 13 <0.01
2018 110 12 10 48 1 2 62 11 15 0.03

*Value of p refers to difference in mortality rates between gunshot wound and other forms of interpersonal injury.

12018 data collected through March 30, 2018.
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Figure 1. The mortality rate over time for gunshot wound (GSW) victims vs those with other forms of interpersonal

injury (OIPI).

than twice those for patients with OIPI, per patient admis-
sion. Previous studies have calculated the financial burden
of GSW injuries in the US. In 2014, Lee and coauthors'
projected that the overall societal cost of firearm injury in
the US was approximately $174 billion in a single year.
Miller and Cohen'* demonstrated, in a meta-analysis,
that the costs of gun violence extended beyond the hospital,
with increased use of prehospital care, remedial mental
health care requirements, skilled nursing, and outpatient
physical and occupational therapy needs in GSW survivors.
In a profound disparity, GSW survivors’ cost on average
$154,000 per survivor compared with only $12,000 per
stab wound survivor. This disparity in cost mirrors our
own disparity in inpatent hospital charges between
GSW and OIPI patients.

Further work by Spitzer and colleagues'” demonstrated
that the majority of the financial burden for these injuries
falls on uninsured patients or patients with government-
funded insurance. Consistent with Spitzer’s findings,
roughly 77% of the GSW patients in our study were
either uninsured or were participating in government-
subsidized insurance programs. Research has shown that
nonprofit hospitals must absorb more than two-thirds
of the cost of uninsured patient care.'® With this in
mind, it is reasonable to intuit that a substantial portion
of the hospital charges for GSW patients in our study
were supported to some degree by tax dollars.

Our work demonstrated that the black and Hispanic pop-
ulations of Los Angeles County presenting to LAC4+USC
and HUCLA bear approximately 90% of the burden of
GSW injuries. This percentage must be taken in the context

of the overall demographics of Los Angeles County. Los
Angeles County is 48.6% Hispanic or Latino, 9.0% black,
and 26.2% non-Hispanic white.'” Most of these patients
are younger than 30 years old. These findings are echoed
by Livingston and associates’ work from Newark, NJ,
showing that 95% of GSW patients were either black or His-
panic, with a median age of 27 years old. Livingston’s work
also found that census tracts with high-incidence clustering
of GSW victimization had greater proportions of residents
living below poverty, with lower median household in-
comes. Similarly, when assessing the 10 ZIP codes with
the highest incidence of GSW victimization from our pa-
tient population, 100% of these ZIP codes were deemed
“low-income” by the Centers for Medicare and Medicaid
Services, while 70% were also considered HPSAs. Further
supporting our findings, multiple additional studies, both
local and national in scope, have shown that minority pop-
ulations, particularly black and Hispanic, bear the brunt of
GSW victimization in the US.'*'%"

Sossenheimer and colleagues™ provided a thorough dis-
cussion of the concept of “structural violence,” defined as
the ways in which social arrangements, such as govern-
ment, economics, or religion, put certain populations in
harm’s way over others. Examples of structural violence
cited in the piece include lower life expectancy for poorer
communities; higher rates of trauma center closures for
communities of poor, uninsured minorities; poorer surgi-
cal outcomes and less postoperative care for uninsured pa-
tients; and poorer outcomes for minority trauma patients.
Most importantly, lower socioeconomic status, homeless-
ness, race, and lack of insurance predict a higher risk for
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violent injury recidivism. The shared demographics and
socioeconomic makeup of our patient population with
populations cited in Sossenheimer’s work beg further,
more nuanced investigation into the structural violence

GSW Injuries (when total > 10)

GSW

1

Figure 2. A color-coded heat map of injury incident ZIP codes for gunshot wound (GSW) patients.
The darker blue color represents higher volumes of GSW incidents. HUCLA, Harbor-University of
California Los Angeles Medical Center; LAC+USC, Los Angeles County + University of Southern
California Medical Center.

helping to feed patients into the LAC+USC and HUCLA

trauma systems.

There are multiple limitations to this study, the first be-
ing its retrospective design with data acquisition from 2

Table 4. Top 10 Home ZIP Codes for Gunshot Wound Patients and Characteristics

Zip Code GSW OIPI Total Low-income status* HPSA*
90011 202 285 487 Yes Yes
90044 145 91 236 Yes Yes
90033 117 199 316 Yes No
90003 102 68 170 Yes Yes
90220 99 20 119 Yes No
90061 88 44 132 Yes Yes
90744 74 56 130 Yes No
90047 72 20 92 Yes Yes
90031 58 104 162 Yes Yes
90022 57 82 139 Yes Yes

*Determined by the Centers for Medicare & Medicaid Services (CMS).

GSW, gunshot wound; HPSA, Health Professional Shortage Area; OIPI, other forms of interpersonal injury.
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separate databases. This inevitably leads to missing data
points for a number of patients. Furthermore, we were
unable to accurately estimate the burden of missed in-
juries that were not recorded in the trauma registries. A
weakness of the financial burden assessment includes
assessing hospital charges rather than hospital cost, which
may be a more accurate measure of the actual financial
burden to the hospital and society. At this time, the Los
Angeles County Department of Health Services does
not have a standardized cost-accounting system by which
we can easily track hospital costs. A charge-to-cost ratio
would help us better understand the final dollar amount
required to care for these patients. There is no reason to
assume, however, that the significant difference in hospi-
tal charges between GSW and OIPI patients would not
appear similarly in a hospital cost analysis. We believe
the disparity in charges between care of GSW patients
and OIPI patients is a more important point to make
in this work than the final dollar amount of cost.

Another limitation of this study is its focus on an almost
exclusively young, urban, minority population. This is
likely due to the geographic location and associated demo-
graphics of both hospitals studied. The overall implications
and applicability of our data must still be taken within the
context of the specific demographic studied. It should be
noted, however, that GSW injuries in the US transcend de-
mographic boundaries. Nationally, the proportion of
firearm suicide to firearm homicide is approximately 2:1.
Older, white, non-Hispanic men are at the greatest risk
of firearm suicide.”’ Additionally, research has shown
that the rate of youth gun homicide in most urban counties
in the US nearly equals the rate of youth gun suicide in rural
counties.” These facts speak to the ubiquity of GSW injury
as a salient mechanism of traumatic injury across all
geographic and demographic delineations.

We did not perform an independent analysis of self-
inflicted vs interpersonal injuries in this study, which
may be seen as a shortcoming. However, this research
has been performed previously at our institution,
LAC+USC, by Bukur and colleagues.”” They found
that over an 11-year period, 1.6% of trauma admissions
were due to self-inflicted injury. Of those injuries, roughly
10% (72 of 753) were due to self-inflicted GSW. Self-
inflicted GSW carried with it a nearly 110-fold increased
risk of death compared with self-inflicted stab wound.

The urgency of recognizing and addressing firearm-
related suicide in the US cannot be overstated. The rate
of suicide for both adults and youths has risen sharply in
recent years,”* and access to firearms has been shown to in-
crease the risk of completed suicide.”” Nationally, 51% of
all suicides involve a firearm™ and 63% of all firearm-
related deaths are suicides.” Suicide is a particularly

worrisome problem in young populations; it is the second
leading cause of death for 12 to 25 year olds and the third
leading cause of death for 26 to 34 year olds.”

The research team deliberately did not perform an anal-
ysis of the changes in the sheer volume of GSW injuries
presenting to our 2 hospitals (Table 3). Factors that
may lead to fluctuations in GSW injury volume, such as
changes to surrounding hospitals’ trauma care capabilities
or dynamic catchment areas over time, prevent us from
making an informed statement on the current state of
gun violence in all of Los Angeles County, based on the
experience of LAC+USC and HUCLA alone.

Finally, the scope of this study does not extend to the
roots of GSW injury or the long-term societal costs associ-
ated with GSW victimization. The authors of this work
have consciously made this a statement of the problem of
GSW violence in our catchment areas, rather than a dedi-
cated exploration of causes or solutions. This constitutes a
first step in our commitment to holistically examining the
public health problem of gun violence in Los Angeles
County. The natural and intended next steps in our aca-
demic pursuit include investigating the coalescence of
race, economics, geography, legislation, regulation, poli-
tics, and health care infrastructure at the root of interper-
sonal violence incidence, outcomes, and recurrence. To
this end, the authors are using these data to help inform
hospital-based violence intervention and prevention initia-
tives within our respective catchment areas, such as Stop
the Bleed training at local high schools, education on vio-
lent injury outcomes and violence prevention to local high-
risk youths by our trauma surgeons, a laser tattoo removal
program for former gang members within our catchment
area, and augmentation of inpatient violence intervention
programs for youth injured by interpersonal violence. By
partnering with nonprofit community organizations such
as Southern California Crossroads, our institutions have
steadily improved our collective ability to both identify pa-
tients who are victims of interpersonal violence and ensure
that victim advocacy efforts continue to gain momentum.
Early identification and enrollment of patients into inten-
sive case management services has been critical in our ef-
forts to assist those affected by interpersonal violence
with safe housing and relocation, employment, assistance
with coverage of funeral costs, and improved access to
state-funded compensation programs. Our geographic
analysis helps provide target zones for these community
outreach programs.

It is important to frame this work within the context of
a growing volume of recent literature devoted to exam-
ining gun violence in the US as a public health issue rather
than a political one. The American College of Surgeons
Firearm Strategy Team (FAST) Workgroup has recently



148 Foran et al

Gunshot Wound Burden in Los Angeles Hospitals

J Am Coll Surg

published The Chicago Consensus I: a list of evidence-
based recommendations on gun regulation, safety,
research, and education. Gun-owning surgeons also
considered to be experts in the field of trauma were delib-
erately recruited to collaborate on the consensus.” Stewart
and colleagues™ recently published work seeking to “pro-
vide a constructive path forward to reducing violent injury
and death based on an effective and durable public health
approach,” while acknowledging the need for all sides of
the political argument to work in concert to find solutions
rather than proceed as adversaries. Further papers by
Resnick and colleagues,” Kalesan and associates,”’ and
Lee and coworkers™” have laid the groundwork for
contemporary research into effective gun regulation.

CONCLUSIONS

The experience of LAC4+USC and HUCLA with GSW
patients over nearly 12 years clearly demonstrated that
when compared with all other forms of interpersonal
injury, GSW patients arrived younger and more severely
injured. Gunshot wound patients more frequently
required operations, ICU admissions, and longer hospital
stays, and they incurred significantly higher hospital
charges and had a significantly higher mortality rate
compared with patients with OIPI. The burden of these
injuries appears to be falling on a predominantly black
and Hispanic population in low-income ZIP codes. As
more contemporary studies are completed, we are confi-
dent that a new, comprehensive, modern understanding
of GSW violence is manifesting, as we collectively seek
to solve this unique public health issue.
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