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Abstract

Background/Purpose: The U.S. has an alarming rate of firearm injuries. Racial disparities
among victims and predictors of outcomes are not well established. Our objective was to assess
costs, length of stay (LOS), and inpatient mortality among nonfatal and fatal pediatric firearm
injuries that required hospitalization.

Methods: Pediatric (< 18 years of age) hospitalizations with a firearm injury discharge diagnosis
were identified from the national Kids’ Inpatient Databases (KID) for 2006 through 2012. Firearm
injury intent, weapon type, and hospitalization rates by racial groups were examined. Inpatient
mortality, costs, and length of stay were examined using regression models.

Results: Of 15,211 hospitalizations, the majority of injuries were due to assault (60%) and the
intentions of firearm injury differed by race (p < 0.001). The median cost per hospitalization was
$10,159 (interquartile range: $5,071 to $20,565), totaling more than a quarter of a billion dollars.
On regression analysis, Black (OR: 0.41; ClI: 0.30-0.55) and Hispanic (OR: 0.47; Cl: 0.34-0.66)
patients were less likely to die than White patients.

Conclusion: Pediatric firearm injury circumstances and survival vary by race with Whites being
more likely to experience unintentional injury and suicide, while Blacks and Hispanics are more
likely to experience inflicted injury.
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INTRODUCTION

Globally, the United States has the highest pediatric firearm injury rate among developed
countries [1]. In 2013, 4.2% of children under 18 years of age witnessed firearm violence
[2]. Further, firearm fatalities ranked in the top 5 causes of unintentional injuries for children
aged 1-18 in 2016. For every child killed, a substantially greater number are seriously
injured, and approximately half of children hospitalized with a firearm-related injury are
discharged from the hospital with a disability [3]. Such disabilities have been defined as any
degree of limitation in vision, hearing, speech, activities of daily living, cognition, behavior,
or bladder/bowel control.

Prior pediatric trauma research centered on motor vehicle collisions, drownings, and fires
have successfully decreased death rates from these causes as a result of translatable research
[4]. Due to the high incidence and serious injuries associated with firearm injuries in the
pediatric population of the U.S., other authors have suggested a similar public health
approach for firearm prevention [5-8]. The current literature on pediatric firearm injuries
demonstrate that boys, older children, and minorities are disproportionately affected [5, 8].
Approximately 3% of children with firearm injuries died in the emergency department (ED),
and 48% of powder-related firearm injuries were admitted to the hospital [5, 6]. Firearm
homicides of younger children often occurred in multi-victim events and involved family
conflict, while older children more often died in the context of crime [9]. Children and
adolescents have similar firearm-related mortality rates in urban and rural settings, although
homicides were twice as likely among urban youth and suicides were twice as likely among
rural youth [10]. Suicide in adolescents results in more than 1,000 deaths annually and has
markedly increased between 1999 and 2014 [11].

While several firearm injury studies have analyzed costs, the majority investigated both
adults and children [12-15]. Further, none of the studies have implemented multivariable
analyses which assess predictors that determine important outcomes, such as mortality,
length of stay (LOS), and drivers of costs. Moreover, only one study has focused solely on
children and adolescents, but their multivariable analysis was constructed to derive
information on those most at-risk for firearm injuries [14].

While other studies have focused on firearm injury intent, our objective was to understand
the predictors of costs, LOS, and inpatient mortality in nonfatal and fatal firearm injuries in
the pediatric population.

1. MATERIAL AND METHODS
1.1 Study Design and Data Source

This was a retrospective cross-sectional study of pediatric firearm injuries that resulted in an
inpatient hospitalization at U.S. hospitals. We used the Kids’ Inpatient Database (KID) from
2006, 2009, and 2012 [16]. The KID database was developed for the Healthcare Cost and
Utilization Project (HCUP) by the Agency for Healthcare Research and Quality (AHRQ),
and it was the largest deidentified all-payer pediatric inpatient dataset available for
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investigation. The dataset excludes ED visits, outpatient visits, or pre-hospital deaths. Since
1997, the database has been updated and released every 3 years with national estimates
containing demographic, clinical, and hospital discharge data. The discharge data was
weighted to obtain national estimates.

1.2 Study Cohort

Children and adolescents (< 18 years) who experienced an inpatient hospital admission
secondary to a firearm injury were included in the study (Figure 1). Both nonfatal and fatal
injuries were included. We utilized the external cause of injury codes (E-codes) from the
International Classification of Diseases Ninth Revision (ICD09) for inpatient
hospitalizations secondary to firearm injuries. The E-codes specify the intent of injury as
well as the type of gun used, if known. Intent was categorized as Assault (E965.0-965.4,
E968.6), Suicide (E955.0-955.4, E955.6), Unintentional (E922.0-922.4, E922.8-922.9,
E928.7), and Undetermined (E985.0-985.4, E985.6).

1.3 Patient Characteristics

Patient characteristics included Age (at the time of hospitalization), Sex, Race,
Socioeconomic status, Insurance payer status, Admission day, and Severity of illness and
Risk of mortality by the All-Patient Refined Diagnosis-Related Group (APR-DRG) elements
(Mild loss of function; Moderate loss of function; Major loss of function; Extreme loss of
function). Age was categorized as 0-4, 5-9, 10-14, and 15-18 years of age based on a
classification system used by the Centers for Disease Control and Prevention (CDC) [17].
Race was defined as Black, Hispanic, Other, or White, as reported by KID. Those coded as
unknown for race were excluded. Socioeconomic status was derived by using the median
household income of each patient as a proxy based on their home zip code. Median
household income was defined by quartiles by KID (2012: quartile 1: $1-$38,999; quartile
2: $39,000-$47,999; quartile 3: $48,000-$62,999; quartile 4: = $63,000) encompassing the
poorest to the wealthiest families. The calculations are done so that the maximum for
quartile 1 level of income represented 150% of the poverty level, and the margin between the
second and third quartiles approximated the nation’s median household income [16]. The
expected primary insurance payer was divided into Private, Self-pay, Other, and Medicaid/
Medicare. Of note, if a readily identified category for payer source was not available, it was
categorized as Other in the dataset. Patients with missing data were excluded.

1.4 Hospital Characteristics

Hospital characteristics included were Bed size, Region of the U.S., Hospital teaching status,
and Children’s hospital status. Bed size was categorized as Small, Medium, and Large based
on the number of hospital beds specific to the region of the hospital and teaching status. U.S.
hospital census regions were defined as West, Northeast, South, and Midwest, according to
the U.S. Census Bureau. Hospital teaching status was reported as Rural, Urban non-
teaching, and Urban teaching. Children hospitals were defined according to the American
Hospital Association (AHA) Annual Survey and data obtained from the National
Association of Children’s Hospitals and Related Institutions, which included only
freestanding children’s hospitals.

J Pedliatr Surg. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hughes et al.

Page 4

1.5 Outcome Variables

Primary outcome measures were Total hospital charges, LOS, and Inpatient mortality. Total
hospitals costs were calculated using the HCUP Cost-to-Charge Ratio files and converted to
the 2012 U.S. dollar amount to adjust for the rate of inflation. All costs were adjusted using
the Consumer Price Index.

1.6 Statistical Analysis

Descriptive statistics were used to characterize the study cohort. Unadjusted categorical and
continuous variables were analyzed using chi-square and t-test, respectively. A multivariable
logistic regression was constructed to determine the association of patient and hospital
characteristics with mortality. Multivariable linear regression was used to determine the
association of patient and hospital characteristics with Total hospital costs and LOS. All
statistical analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, North
Carolina). This study was deemed exempt by the Institutional Review Board at the
University of Texas Medical Branch.

2. RESULTS

2.1 Patient and Hospital Characteristics

A weighted total of 15,211 (unweighted n = 10,288) children and adolescents were included
in this study. There were 1,076 patients excluded for missing data. Of the included patients,
the majority were male (89%) and aged 15-18 (79%) (Table 1). The majority of firearm
hospitalizations involved Blacks (44%), followed by Other race (20%), Hispanic (19%), and
White (16%). The majority of children were covered by Medicaid/Medicare (55%) and their
family income placed them in the poorest quartile (52%). While most admissions occurred
on weekdays (61%), weekend admissions (Saturday-Sunday) were disproportionately
represented (39%). A larger number of injuries (68%) were classified as Not Severe (APR-
DRG severity of illness: Mild (36%) and Moderate (28%) loss of function). The majority of
hospitals were Large (72%), Urban teaching hospitals (83%), and Adult hospitals (92%).
The most represented geographical area was the Midwest (34%), followed by the West
(26%), the South (24%), and the Northeast (15%) regions.

2.2 Race, gun type, and intent

The most common type of gun used are classified as Other (56%), followed by Handguns
(26%) (Figure 2A). When stratified by race, Other gun type remains the most common for
all groups (p < 0.001). However, of the identifiable weapon type, Handgun was the most
common overall (60%) and was the most common regardless of race. Air guns
disproportionately impacted Whites more. Air guns represented only 9% of total firearm
injuries, but 22% of injuries in Whites. The percentage of Other gun injuries in Whites was
also markedly lower than other races, representing only 32% of injuries. Rifle and Shotgun
injuries were more common in Whites than the other race cohorts.

Most commonly, firearm injury hospitalizations were due to Assaults (60%), followed by
Unintentional intent (31%) (Figure 2B). When stratified by race, assaults remained the most
common form of firearm injury for Blacks (52%), followed by Hispanics (22%). For White
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patients, Unintentional intent (58%) was the most common type of firearm injury, followed
by Assault (28%), Suicide (10%), and Undetermined (4%). Among those hospitalized for
suicide (n = 490), the majority of patients were White (52%) when compared to Other
(22%), Hispanic (14%), and Black (11%). Of those who committed suicide, Handguns
(43%) were commonly used, followed by Other gun (38%), Shotgun (11%), and Air gun
(8%).

2.3 Mortality analysis

The overall inpatient mortality for children after firearm injury was 6.5% (Age: 0-4: 5.6%;
5-9: 2.6%; 10-14: 6.4%; 15-18: 6.3%; p = 0.02). Of the total deaths (n = 632) among
hospitalized children, Blacks had a slightly higher number of deaths (n = 243; 38%)
compared to patients identified as White (n = 150; 24%), Other (n = 126; 20%), or Hispanic
(n = 113; 18%). Males represented the majority of children who suffered inpatient mortality
(male 88%; female 12%), but when further analyzed using logistic regression, the inpatient
mortality rates between males and females were not significantly different. When the gun
type was known among those that experience inpatient mortality (n = 237), Handgun
accounted for the majority (n = 206; 87%), followed by Shotgun (n = 23; 10%), Rifle/
Military weapon (n = 7; 3%), and Air gun (n = 1; 0.4%).

Table 2 reports adjusted odds ratios for patient and hospital characteristics for mortality. By
age, with 0-4 as the referent group, there were no statistically significant differences.
Compared to White children, Black (OR 0.41, 95% CI 0.30-0.55), Hispanic (OR 0.47, 95%
Cl 0.34-0.66), and Other race (OR 0.61, 95% CI 0.44-0.87) had lower odds of mortality.
Handgun injuries were the most lethal, with a mortality rate of 7.5%, and were 34 times
more likely to result in inpatient mortality than an Air gun. Similarly, Other (OR 31, 95% ClI
4.11-242.94), Rifle/Military firearms (OR 18.41, 95% CI 2.02-167.88), and Shotgun (OR
20.20, 95% CI 2.37-172.14) had higher odds of resulting in death than an Air gun. As
expected, higher severity of illness increased the risk of mortality. When compared to the
inpatient mortality for Mild loss of function (0.4%), all other APR-DRG severities had
significantly increased mortality rates (loss of function: Moderate = 2.2%, OR 9.72, 95% ClI
4.83-19.55; Major = 10.6%, OR 98.07, 95% CI 48.07-200.07; and Extreme = 19.8%, OR
591.30 (289.62 — > 999.99)). Rural hospitals had a significantly lower mortality rate than
Urban non-teaching hospitals (0.6% vs. 5.8%). No other hospital characteristics were
significant in the model. Although Children’s hospital status had a lower mortality rate than
adult centers, statistical significance was not achieved (OR 0.72, 95% CI 0.38-1.38).

2.4 Treatment cost analysis

The total treatment cost of all pediatric firearm injuries in 2006, 2009, and 2012 was
$261,144,691 with a median treatment cost per admission of $10,159 (interquartile range:
$5,071 to $20,565). Table 3 reports linear regression results for total cost. No difference was
observed among White, Black, and Hispanic children for total cost. Compared to Air gun
injuries, all weapon types resulted in significantly more hospitalization cost, although
Shotgun did not reach statistical significance (Table 3). Self-pay patients had lower
hospitalization cost than patients with Medicaid/Medicare healthcare coverage (-$1,646.85,
p = 0.02). Severity of illness was a major influencer of treatment costs. Compared to the cost
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of a child with a Mild loss of function APR-DRG severity of illness, all other severities had
significantly higher treatment costs (Moderate = $1,381.75, p < 0.01; Major = $4,098.92, p
= 0.004; and Extreme = $14,729.84, p < 0.0001).

Hospital location and Children’s hospital status also significantly impacted treatment costs,
when controlled for all other variables. Hospitals in the South were significantly less
expensive than hospitals in any other region (West: $8,480.82, p < 0.0001; Northeast:
$7,577.08, p = 0.005; Midwest $1,820.45, p = 0.05). Additionally, care at Children’s
hospitals was significantly more expensive than care at Non-children’s hospitals ($9,462.14,
p < 0.0001). The median cost for a firearm injury at a Children’s hospital was $11,144
(interquartile range: $5,251 to $25,041).

2.5 LOS analysis

The total LOS for all pediatric firearm injuries in 2006, 2009, and 2012 was 77,253 days
with a median LOS of 2.55 days (interquartile range: 0.81 days —5.95 days). When
controlling for all variables, all gun injuries were associated with a significantly longer LOS
than the referent air gun (Table 4). Children with Medicaid/Medicare coverage spent a
significantly longer amount of time in the hospital than those with Self-pay (-1.28 days, p <
0.0001) and those with Private healthcare (—0.47 days, p = 0.05, respectively). Similar to
mortality and cost, APR-DRG severity had the most important influence on LOS. Compared
to children with an APR-DRG severity for Mild loss of function, those with more severe
injuries were hospitalized longer (Moderate = 1.86 days, p < 0.0001; Major = 4.99, p <
0.0001; Extreme = 12.09 days, p < 0.0001).

Hospital bed size, Teaching status, Location, and Children’s hospital status all significantly
impacted LOS after controlling for all other variables. Medium and Large hospitals had
significantly longer LOS than Small hospitals (1.53 days, p = 0.0005; 1.37 days, p = 0.0013,
respectively). When compared to Urban non-teaching hospitals, Urban teaching hospitals
minimized hospitalization days for pediatric injury victims (0.56 days, p = 0.020). Midwest
hospitals had significantly shorter LOS than hospitals in the South (-0.98, p = 0.002).
Finally, Children’s hospitals had significantly longer LOS than Non-children’s hospitals
(2.57 days, p = 0.005).

3. DISCUSSION

Firearm injuries result in significant morbidity and mortality within the pediatric population
and remain a public health concern. Our data revealed that approximately 14 children per
day aged 0-18 were hospitalized for a firearm injury. We report five key findings that
complement the literature focused on pediatric firearm injuries. First, gender was not a
predictive factor for inpatient mortality. Second, the APR-DRG severity of illness variable
was an accurate predictor of mortality, LOS, and costs. Third, when all factors are held
constant, White patients are less likely to survive than other racial and ethnic groups. Fourth,
hospital characteristics, such as teaching status, bed size, and children hospital status, are
important for assessing survival and cost differences for firearm injuries in children. Lastly,
the substantial burden on health care systems resulted in more than 75,000 hospital days and
more than a quarter of a billion dollars for direct hospital costs.
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As demonstrated in prior studies focused on pediatric firearm injuries [9, 12, 18-22], we
also observed a similar pattern of firearm violence in that the larger burden of injuries lie
with male victims (89%), older adolescents (15-18 years of age), racial minority groups,
those living at or below 150% of the poverty line (52%), and patients insured by Medicaid/
Medicare. Additionally, similar to Leventhal et al. [21], our study showed that Black
children and adolescents accounted for the majority of hospitalizations for each age group
regardless of gender; although, males had a higher incidence in each age cohort. However,
on regression analysis, we found that gender was not a predictive variable of inpatient
mortality. Though other studies have commented on the gender discrepancy in pediatric
firearm injuries [9, 15, 21], ours is the first study to demonstrate that gender may not play a
significant role in mortality using regression analysis. In addition, there were no significant
differences between costs or LOS; possibly indicating that gender alone does not influence
these variables. Moreover, there may be other variables that could influence these outcomes,
but were not measured in our study. Hence, these findings are important because it enhances
our understanding into the relationship and directionality between firearm injury and gender,
specifically, as it relates to inpatient mortality, costs, and LOS in the pediatric population.
Therefore, severity of illness and age of the victims may be as relevant as gender for injuries
that result in hospitalization.

APR-DRG severity of illness is a tool utilized to help appropriately categorize patients based
on their admission diagnosis, severity of their disease processes, and risk of mortality. This
system was primarily designed to quantify resource consumption using patient features.
Among all outcome variables, there was a difference between APR-DRG severity of illness
ranging from moderate to extreme and the referent APR-DRG severity of illness for mild
loss of function. The highest severity class (extreme loss of function) was more likely to
result in higher costs, longer LOS, and inpatient mortality. Our study is the first to look at
the predictive quality of APR-DRG classification in firearm injuries in the adult or pediatric
population. It provides the baseline knowledge and reveals the importance of APR-DRG as
measurement of resource consumption among pediatric firearm injury victims, which has the
potential to be clinically important. Assessment of the APR-DRG components in future
studies will aid in better understanding this finding. Several other studies available have
analyzed APR-DRG, but only in the context of its ability to capture and stratify trauma cases
in comparison to other methods, such as a trauma registry and other severity classification
systems [23, 24]. Therefore, we propose APR-DRG as a potential marker for the
identification of injury severity and resource consumption in future pediatric violence
studies.

Prior studies have highlighted that unintentional injuries have accounted for the majority of
pediatric firearm injuries [15, 18]. Our study differs in that intentional firearm injuries, such
as assault and suicide, are disproportionally responsible for hospitalization and mortality
when compared to unintentional injuries. In our dataset, the majority of hospitalizations
were secondary to assault, which is consistent with other studies [14]. Despite this, we
found, suicide was much more likely to result in inpatient mortality than assault or
unintentional injury. This is corroborated with recent national suicide data demonstrating an
upward trend among children and adolescents aged 10-14 years old, with the majority of
patients identified as White victims [11]. Correspondingly, our study demonstrated a similar
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finding among patients aged 10-14 years old who had the highest mortality rate (6.4%)
among firearm victims. These findings may explain the increased rate of death among White
firearm victims in our analysis.

Further, White victims were more likely to die during admission than Black and Non-white
Hispanic victims. To the authors’ knowledge, these findings are novel to this study.

However, this association was not demonstrated between races for LOS or costs. We believe
this is important because race has long been documented as a risk factor for firearm injury
intent; assaults were more common among minorities and suicide among nonminority
victims. One study evaluating these injuries found that families with White children were
more likely to employ unsafe gun storage practices than families with Black children [25].
Unintentional injuries are most commonly the result of a child playing with a firearm or
presenting it to other children, resulting in accidental discharge of the weapon [2].Our study
reveals that of all unintentional firearm discharges, Black children accounted for the
majority of cases; however, when firearm intent was analyzed separately by race,
unintentional firearm discharge accounted for the majority of firearm cases, not suicide, in
White children and adolescents. Our finding is supported by Peek-Asa et al. [15], although
their study included both children and adults analyzed by age. Interestingly, other KID
database studies reported a higher percentage of suicide in comparison to unintentional
injuries in White children and adolescents [14, 21]. Such findings could be largely
attributable to cohort development; these studies used 0-20 years of age, whereas we
primarily used 0-18 years of age based on trauma clinical experiences at stand-alone
children hospitals. The authors believe that while suicide was not a leading cause of injury in
our study, it remains a national priority that requires gender-specific interventions to prevent
and curtail the injury and death rates [26]. One method to begin this process comes from The
Committee on Adolescence from the American Academy of Pediatrics, who identified
screening methodology for risk factors during care visits using validated questionnaires [27].

When analyzing by weapon type, the predominate firearm type was Other, which likely
reflects the lack of information at the time of injury regarding the actual firearm used.
Further, there was a significant difference for inpatient mortality for all gun types when
compared to air gun. However, it is important to highlight that, while viewed as a “toy,” air
guns have been documented to result in both severe injury and hospitalizations [28-30]. Our
study further demonstrates that firearm type was a good predictor of mortality, LOS, and
cost.

Our cost analysis showed pediatric firearm injuries resulted in an “excess” of 75,000

hospital days and more than a quarter of a billion dollars ($261 million) for hospital

services. In addition, we found that most hospitalizations occurred in large-bed hospitals
(72%) and at hospitals designated as urban teaching hospitals (83%). This was in
concordance with another study analyzing ED visits secondary to firearm injury in which the
majority of patients were treated at an urban teaching hospital [18]. Hospitals geographically
designated as rural centers had a statistically significant lower mortality compared to larger
urban non-teaching hospitals. LOS stay was also less at rural hospitals but did not reach
statistical significance. These findings may suggest that less severe injuries were more likely

J Pedliatr Surg. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hughes et al.

Page 9

to be treated at rural and smaller hospitals; however, our data does not definitively support
this supposition.

In addition to where a hospital was located, further delineation between adult and children
hospitals made a difference. Overall, more children were treated at adult hospitals. While the
mortality percentages differed between Children’s and Adult hospitals, this did not reach
statistical significance. Another study focused on the outcomes of children and adult centers
after gun injuries had the same result as our study—there was a trend toward a lower
mortality in pediatric centers but no real statistical difference was appreciated [31]. Miyata
et al. further demonstrated that, although mortality was no different, functionality was better
for those injured patients when treated at pediatric trauma centers. Improved functionality,
although unable to specifically be analyzed within our dataset, may explain and support our
findings, which demonstrated that care at a children’s hospital was more expensive and the
LOS was longer. Thus, the pediatric specialty care of these institutions may possibly explain
these differences.

Our study, as have others, has demonstrated that the majority of victims in pediatric firearm
injuries are from low-income communities and that those insured by Medicaid represent the
major source of reimbursement at the provider and hospital levels [32, 33]. By advocating
for violence preventative programs and resources, using social capital within and external of
these communities, preventable firearm violence may be eliminated. Surgeons have recently
demonstrated that stronger state-level child access prevention (CAP) laws resulted in a
reduction in pediatric firearm injuries compared to states with weaker CAP laws [34].
Additionally, surgeons are encouraging healthcare providers to accept the professional and
moral obligation to appropriately respond with preventative measures aimed at firearm
violence burdening our trauma systems [35]. To this end, members of the Society of Black
Academic Surgeons have also responded with a recently published literature review on the
impact of gun violence in the Black community, as well as recommendations to improve
these conditions [36]. Several other surgical societies including the American College of
Surgeons, the American Pediatric Surgical Association, the Pediatric Trauma Society, and
the American Academy of Pediatrics have also published firearm safety position statements
and recommendations [37-41]. Additionally, hospital-based violence intervention programs
have also been implemented across the nation. A recent study from the University of
California San Francisco reported longterm recidivism reduction among trauma victims,
most of who were from high-risk communities [42]. And as a final point, community-based
programs, such as the Safe Streets program based on the Cure Violence model in Baltimore,
has reported an improvement in attitudes toward violence intervention programs in the
community, as well as a reduction in nonfatal firearm injuries among high-risk adolescents
and young adults [43-45]. Therefore, given the findings herein and the emerging data
supporting the ability of community-based programs to mitigate firearm violence risk,
targeted approaches toward the highest-risk groups and communities may result in
significant risk reduction in vulnerable populations.

The study has several limitations. Primarily, the study’s retrospective design was a limitation
that prevents our ability to determine a cause-effect relationship. Further, only hospitalized
patients and those accurately coded for firearm injuries were assessed. Thus, we are unable

J Pedliatr Surg. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hughes et al. Page 10

to capture ED visits, outpatient visits, or pre-hospital deaths as a result of firearm injuries.
Additionally, the HCUP-KID is an administrative database and differs from other national
datasets, such as the National Trauma Database, which primarily is derived from patient
clinical information. Moreover, the HCUP-KID has inherent limitations, such as coding
inaccuracies that may result in sampling biases. Further, the individual components of the
APR-DRG classification system are not available within HCUP KID. Further, our results
present a unique perspective to advance the understanding of firearm injury in the pediatric
population.

4. CONCLUSION

Pediatric firearm injuries continue to be a major source of economic and public health
hardship. Therefore, it is important to identify predictors that identify potential areas of
intervention within the hospital setting. Our findings further elucidate predictors of inpatient
mortality, LOS, and direct hospital costs. Ultimately, focusing on preventative measures, the
severity of illness, and treatment locations may improve overall outcomes.
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HCUP KID (2006, 2009, 2012)
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Figure 1.
Unweighted Cohort Development
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Figure 2.
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Patient and hospital characteristics

Characteristics N (%)
(Weighted N) (15,211)
Age
0-4 466 (3%)
5-9 627 (4%)
10-14 2,106 (14%)
15-18 12,012 (79%)
Race
Black 6,752 (44%)
Hispanic 2,881 (19%)
Other 3,098 (20%)
White 2,480 (16%)
Gender
Male 13, 495 (89%)
Female 1,715 (11%)

Firearm Type

Air Gun 1,346 (9%)

Handgun 3,986 (26%)

Other 8,516 (56%)
Rifle/Military Firearm 313 (2%)

Shotgun 1,049 (7%)

Intent of Firearm Injury

Assault 9,122 (60%)

Suicide 490 (3%)
Undetermined 847 (6%)
Unintentional 4,751 (31%)

Payer Source

Medicare/Medicaid 8,358 (55%)
Self-pay + Other 2,663 (17%)
Private 4,189 (28%)

Median Household Income

Quartile 1 7,970 (52%)
Quartile 2 3,717 (24%)
Quartile 3 2,349 (15%)
Quartile 4 1,225 (8%)

Admission Day

Weekday
(Monday-Friday)

Weekend
(Saturday-Sunday)

9,298 (61%)

5,912 (39%)
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Characteristics N (%)

Severity of lliness by APRDRG

1 5,507 (36%)
2 4,266 (28%)
3 2,855 (19%)
4 2,582 (17%)

Hospital Bed Size

Small 1,168 (8%)
Medium 3,170 (21%)
Large 10,872 (72%)

Hospital Teaching Status

Rural 417 (3%)
Urban Non-teaching 2,225 (15%)
Urban Teaching 12,569 (82%)

Hospital Region

Northeast 2,272 (15%)
South 3,683 (24%)
Midwest 5,237 (34%)
Wiest 4,018 (27%)

Children’s Hospital

No 14,042 (92%)
Yes 1,169 (8%)
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Inpatient mortality analysis

Table 2.

Characteristics

Mortality Rate (%)

Adjusted Odds Ratio (95% CI)

Age
0-4 (Ref.) 5.6%

5-9 2.6% 0.36 (0.12-1.12)
10-14 6.4% 1.50 (0.70-3.19)
15-18 6.3% 1.02 (0.51-2.04)

Race

White (Ref.) 8.8%
Black 5.4% 0.41 (0.30-0.55)
Hispanic 5.7% 0.47 (0.34-0.66)
Other 6.0% 0.61 (0.44-0.87)

Gender

Male (Ref.) 6.0%

Female 6.6% 1.18 (0.81-1.70)

Firearm Type

Air Gun (Ref.)
Handgun
Other

Rifle/Military Firearm

Shotgun

0.1%
7.5%
6.8%
3.1%
3.2%

34.60 (4.48-267.24)
31.60 (4.11-242.94)
18.41 (2.02-167.68)
20.20 (2.37-172.14)

Payer Source

Medicare/Medicaid (Ref.)

Self-pay + Other

Private

5.1%
8.7%
6.4%

1.46 (1.13-1.90)
1.05 (0.80-1.37)

Median Household Income

Quartile 1 (Ref.) 6.2%
Quartile 2 6.3% 1.02 (0.79-1.32)
Quartile 3 5.3% 0.87 (0.64-1.17)
Quartile 4 6.4% 1.02 (0.63-1.65)
Admission Day
Weekday (Ref.) 6.3%
Weekend 5.8% 0.84 (0.68-1.04)
Severity of Iliness by APRDRG
1 (Ref.) 0.4%
2 2.2% 9.72 (4.83-19.55)
3 10.6% 98.07 (48.07-200.07)
4 (Ref.) 19.8% 591.30 (280.62-999.99)
Hospital Bed Size
Small (Ref.) 4.8%
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Characteristics

Mortality Rate (%) Adjusted Odds Ratio (95% CI)

Medium

Large

5.4% 0.89 (0.54-1.49)
6.4% 0.88 (0.526-1.45)

Hospital Teaching Status

Urban Non-teaching (Ref.) 5.8%
Urban Teaching 6.3% 1.22 (0.90-1.65)
Rural 0.6% 0.05 (0.01-0.22)

Hospital Region

South (Ref.) 6.3%
Northeast 5.4% 0.99 (0.69-1.44)
West 5.9% 0.83 (0.61-1.12)
Midwest 6.4% 0.83 (0.60-1.13)

Children’s Hospital

No (Ref.) 6.3%

Yes 3.3% 0.72 (0.38-1.38)
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Table 3.
Treatment cost analysis (measured in USD)
Characteristics Regression Coefficient  Standard Error P Value
Age
0-4 (Ref.)

5-9 -860.35 1,695.56 0.61
10-14 1,146.99 1,356.73 0.40
15-18 877.53 1,244.78 0.48

Race
White (Ref.) White (Ref.)
Black -336.72 723.91 0.64
Hispanic -1,228.28 965.68 0.20
Other -1,669.41 738.75 0.02
Gender
Male (ref.)
Female -256.79 710.93 0.72
Firearm Type
Air Gun (Ref.)
Handgun 1,764.10 807.35 0.03
Other 2,012.78 741.13 0.0007
Rifle/Military Firearm 4,101.73 1,958.57 0.04
Shotgun 1,117.10 1,352.86 0.41
Payer Source
Medicare/Medicaid (Ref.)
Self-pay + Other -1646.85 700.66 0.019
Private -930.68 694.72 0.18
Median Household Income
Quartile 1 (Ref.)
Quartile 2 -322.52 580.62 0.58
Quartile 3 148.01 760.43 0.85
Quartile 4 -913.49 968.51 0.35
Admission Day
Weekday (Ref.)
Weekend 227.73 500.18 0.66
Severity of lliness by APRDRG
1 (Ref.)
2 1,381.75 553.42 0.01
3 4,098.92 1,421.83 0.004
4 14,729.84 2,683.04 <0.0001
Hospital Bed Size
Small (Ref.)
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Characteristics Regression Coefficient  Standard Error P Value
Medium -445.71 1,625.04 0.78
Large 1,327.22 1,538.31 0.39
Hospital Teaching Status
Urban Non-teaching (Ref.)
Rural 807.67 1,038.82 0.44
Urban Teaching 1,420.25 924.90 0.12
Hospital Region
South (Ref.)
Northeast 7,577.08 2,683.11 0.005
Midwest 1,820.45 930.017 0.05
West 8,480.82 1,046.32 <0.0001
Children’s Hospital
No (Ref.)
Yes 9,462.14 2,282.74 <0.0001
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LOS analysis (measured in hospital days)

Table 4.

Characteristics Regression Coefficient  Standard Error P Value
Age
0-4 (Ref.)

5-9 -0.16 0.75 0.83
10-14 -0.66 0.63 0.30
15-18 -0.40 0.65 0.53

Race
White (Ref.)
Black -0.10 0.28 0.71
Hispanic -0.19 0.33 0.57
Other -0.41 0.29 0.15
Gender
Male (ref).
Female 0.17 0.30 0.58
Firearm Type
Air Gun (Ref.)
Handgun 0.92 0.30 0.002
Other 1.08 0.26 <0.0001
Rifle/Military Firearm 2.75 0.64 <0.0001
Shotgun 2.54 0.34 <0.0001
Payer Source
Medicare/Medicaid (Ref.)
Self-pay + Other -1.28 0.24 <0.0001
Private -0.47 0.23 0.05
Median Household Income
Quartile 1 (Ref.)
Quartile 2 0.06 0.21 0.77
Quartile 3 -0.01 0.23 0.97
Quartile 4 0.21 0.33 0.51
Admission Day
Weekday (Ref.)
Weekend -0.12 0.21 0.58
Severity of Iliness by APRDRG
1 (Ref.)
2 1.86 0.10 <0.0001
3 4.99 0.22 <0.0001
4 12.09 0.53 <0.0001
Hospital Bed Size
Small (Ref.)
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Characteristics Regression Coefficient  Standard Error P Value
Medium 1.53 0.55 0.0005
Large 1.37 0.43 0.0013
Hospital Teaching Status
Urban Non-teaching (Ref.)
Rural -0.40 0.33 0.23
Urban Teaching 0.56 0.23 0.02
Hospital Region
South (Ref.)
Northeast -0.24 0.38 0.53
Midwest -0.98 0.32 0.002
West -0.04 0.34 0.91
Children’s Hospital
No (Ref.)
Yes 2.57 0.91 0.005
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