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Table of Contents Summary
This article analyses independent predictors of incidence and mortality in pediatric patients who 
sustain firearm related injuries in the United States. 

What’s Known on This Subject
Firearm related injuries are in the top 10 most common causes of unintentional death in pediatric 
patients. Moreover, inpatient data suggests that an estimated 20 pediatric patients are 
hospitalized each day due to firearm related injuries. 

What This Study Adds
This article analyses ED data with regard to firearm related injuries in pediatric patients. These 
data provide a more accurate representation of the landscape of firearm related injuries in the US.
Moreover, this study addresses predictors of incidence and mortality.



Abstract

Guns and Kids: Treatment of Pediatric Firearm and Air Gun Missile Injuries in the 
Emergency Department

Background: A recent inpatient data analysis found 16 US children are hospitalized with 
firearm-related injuries each day. We hypothesized a higher number children are treated in the 
ED. Therefore, we sought to examine incidence and outcomes of pediatric firearm injuries 
treated in the ED. 

Methods: All pediatric (age, 0-18 years) firearm-related injuries were identified from the most 
recent available 2013 Nationwide Emergency Department Sample database. 

Results: A total of 16,917 firearm injury cases were identified, estimating 46 cases per day.  
11,586 (68.5%) were accidental injuries, 4,090 (24.2%) were assault injuries, and 385 (2.3%) 
were suicidal injuries. Overall mortality was 575 (3.4%), with 366 (2.2%) deaths in the ED and 
209 (1.2%) deaths after hospitalization. Using multivariable logistic regression age less than 2 
years, self-pay payer status, multiple injuries, and assault injury were found to be independent 
predictors for mortality. The highest odds ratio for mortality was found in patients less than 2 
years (OR 16.521, CI 10.789-25.300, p<0.001). Mean total charges for ED services were 
$3,258.70 ($3,076.1, $3,441.3, p<0.001).

Conclusion: Approximately 46 children are treated in the ED every day for firearm-related 
injuries. This is significantly higher than previously reported hospitalization estimates of 16 per 
day. We also found that children younger than 2 years of age are high risk population for 
mortality. Future studies including firearm access, safe storage laws, and socioeconomic risk 
factors are paramount in decreasing pediatric firearm related injuries. 



Introduction

Injury from firearms contributes to both morbidity and mortality in children and adolescents 
aged 0-18 in the United States. Due to this fact, much has been done to understand the impact of 
firearm injury on pediatric mortality. For example, according to the CDC, in 2016 firearm 
injuries were the 8th most common cause of unintentional deaths, the 2nd most common cause of 
suicide deaths and the most common cause of homicide in the pediatric population of the United 
States.1 

In addition, some studies have analyzed the morbidity associated with firearms.2-6  Recent 
inpatient data analysis have shown that up to an estimated 20 children are hospitalized each day 
due to firearm injuries.6 Other studies detail the economic impact that the treatment of firearm 
injuries has in the United States.5-7

Despite the available information, little has been done to analyze information with regard to the 
Emergency Department (ED). Moreover, little is understood regarding the predictability of 
mortality with regard to patient demographics and injury types. The purpose of this study, 
therefore, is to examine the incidence and outcomes of pediatric firearm injuries treated in the 
ED.

Methods

Study Design

This study was a data analysis of the 2013 Nationwide Emergency Department Sample (NEDS), 
a set of hospital-based emergency department databases in the United States. These data are 
sampled from the State Inpatient Databases (SID) and State Emergency Department Databases 
(SEDD) and used to create national and regional estimates of ED care. The SID contain 
information on patients initially seen in the ED and then admitted to the same hospital. The 
SEDD capture information on ED visits that do not result in an admission (i.e., treat-and-release 
visits and transfers to another hospital). NEDS data are available annually from 2006 through 
2015 and includes demographic data such as hospital and patient characteristics, geographic area,
the nature of ED visits, as well as patient insurance status.8 The NEDS data are composed of data
for ED visits from 953 hospitals located in 34 States and the District of Columbia, approximating
a 20-percent stratified sample of U.S. hospital-based EDs. Weighted, it estimates approximately 
143MM ED visits in the United States.9

Variables

Demographic information was obtained through the NEDS database. The demographic data 
included age, gender, payer status, income quartiles (quartiles 1-4 defined as a yearly income of: 
$1-$37,999, $40,000-$47,999, $48,000-$63,999, >$64,000 respectively) and whether the patient 
lived in a metropolitan area (defined as >1,000,000 people). Age is divided into two categories, 



kids <2 years old and kids >2 years old. This distinction was made due to an observation we 
made when initially analyzing our data. When we charted mortality versus age, we saw a drastic 
increase in mortality among patients <2 years old. (Figure 1)
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Injuries were grouped into the following categories: Accidental, Suicide, Assault and Multiple 
injuries. These data were classified according to the International Classification of Disease, 
Ninth Revision, Clinical modifications (ICD-9).  The breakdown of Accidental, Suicide and 
Assault type injuries and how they are further defined by the ICD-9 can be found in Table 1:10,11

Table 1: ICD-9 code breakdown

Acciden
t

Suicide Assault

Handgun E922.0 E955.0 E965.0

Shotgun E922.1 E955.1 E965.1

Hunting Rifle E922.2 E955.2 E965.2

Military Firearm E922.3 E955.3 E965.3

Air gun E922.4 E955.6 -

Paintball gun E922.5 E955.7 -

Other E922.8 E955.4 E965.4

Unspecified E922.9 E955.9 -



These data were also used to review cost of treatment in the ED with regards to mortality and 
discharge status. It should be noted that this analysis does not include the charges associated with
transfer or hospitalization, but is merely reflective of costs accrued in the ED alone. 

Analysis

Univariate logistic regression was used to analyze patient demographic data (age, gender, payer 
status, income quartile, and metropolitan area) and injury types (assault, suicide, accidental, and 
multiple injuries) to predict mortality outcomes with associated p values. (Table 2)

Multivariate logistic regression was used to analyze demographic data and injury types (as stated
above) with their relation to mortality and total ED charges. This analysis was adjusted for all 
other variables and associated p values were calculated. (Table 3)

Odds ratios and 95% confidence intervals were calculated using a multivariate logistic 
regression. This analysis was performed to evaluate the association between mortality predictors 
stratified by type of gun violence (Table 5) as well as the association between predictors and gun
violence type alone (Table 5).

This study was exempt from approval by the Phoenix Children’s Hospital and University of 
Arizona College of Medicine – Phoenix’s institutional review board.

Results

In 2013, a total of 16,917 pediatric firearm injury ED cases were identified, estimating 46.3 cases
per day. Overall mortality was 576 (3.4%). The most common type of injury was accidental type 
injuries, 11,791 (69.7%), followed by assault type injuries, 4,060 (24.0%), and suicide type 
injuries, 380 (2.3%). We also found that the majority of cases involved male patients, 14,582 
(86.2%). The mean total ED charges were $3,258.70 per case, estimating $55,127,427.90 of 
annual ED charges in the United States related to pediatric firearm injuries. Mean total charges 
for ED services were also higher for mortality ($8,701.30 versus $3,258.70, p<0.001). We also 
observed that as income quartile increases, there are a smaller proportion of pediatric firearm 
injuries, with 45.8% of cases occurring in the lowest income quartile while only 8.3% of cases 
occurring in the highest income quartile. (Table 2)

Further observation of the demographic data show that of the total survivors, n=16,341, the most 
common type of injury is accidental at 70.2%. Alternately, of those cases in the mortality 
category, n=576, the majority of cases are a result of assault type injuries at 42.6%. We also 
observed that there is a higher proportion of children <2 years old in the mortality group than in 
the survivor group (7.27% versus 0.47%). (Table 2)

Additionally, 13.2% of injuries occurred in patients who were self-pay payer status, but 
represented 26.8% of mortalities (p<0.001). Multiple injuries occurred in 32.7% of cases overall 
while 46.9% of mortality cases received multiple injuries (p=0.001).



Table 2: Demographics and Univariate Logistic Regression 

% (95% Confidence interval)

Overall Survivors Died Ptrend

N=16,917 N=16,341 N=576

Age, years (< 2) 0.68 0.47 7.27 <0.001

 (0.46,1.02) (0.29, 0.78) (3.57, 14.2)  

Gender (Female) 13.8 13.8 14.3 0.87

 (12.7, 15.0) (12.6, 14.9) (8.58, 22.9)  

Payer (Self Pay) 13.2 12.7 26.8 <0.001

 (12.1, 14.4) (11.7, 13.9) (19.0, 36.3)  

Income Quartile    0.58

1 45.8 45.8 48.5

(44.1, 47.5) (44.1, 47.4) (38.8, 58.4)  

2 27.2 27.4 19.4  

(25.7, 28.7) (25.9, 28.9) (12.8, 28.2)  

3 18.7 18.6 20.6  

(17.4, 20.0) (17.3, 19.9) (13.7, 29.8)  

4 8.31 8.24 11.5  

(7.42, 9.30) (7.34, 9.24) (6.46, 19.6)  

Metropolitan (>1 million) 29.9 29.7 39.6 0.039

 (28.4, 31.5) (28.2, 31.3) (30.5, 49.5)  

Total ED Charges (mean, $) 3,258.70 3,102.30 8,702.30 <0.001

 (3,076.1, 
3,441.3)

(2,930.6, 
3,273.9)

(6,261.1, 
11,143.6)

 

Accident by Gun  69.7 70.2 22.9 <0.001

 (67.1, 70.2) (68.6, 71.7) (15.6, 32.3)  

Suicide by Gun 2.25 1.76 18.2 <0.001

 (1.80, 2.81) (1.36, 2.27) (11.9, 26.8)  

Assault by Gun 24 23.4 42.6 <0.001

 (22.6, 25.5) (21.9, 24.9) (33.2, 52.6)  



Multiple Injuries 32.7 32.2 46.9 0.001

 (31.1, 34.2) (30.7, 33.8) (37.2, 56.8)  

We performed a multivariate logistic regression, adjusting for all variables, to validate our 
univariate findings and to calculate mortality predictors. We found that overall, the highest 
predictors of mortality are age < 2 years (OR 20.7, 95% CI 8.24-52.0, p<0.001) and suicide type 
injuries (OR 21.2, 95% CI 11.4-39.1, p<0.001). Other predictors of mortality include multiple 
assault type injuries (OR 2.57, 95% CI 1.51-4.39, p<0.001) and self-pay payer status (OR 2.21, 
95% CI 1.37-3.57, p=0.001). (Table 3)

Table 3: Multivariable Logistic regression with death as outcome

Odds Ratio (95% Confidence interval)

 Mortality P-value

Age (>=2 years ) REF -

Age (<2 years ) 20.7 <0.001

 (8.24, 52.0)  

Gender (Female) 0.94 0.86

 (0.51, 1.75)  

Payer (Self Pay) 2.21 0.001

 (1.37, 3.57)  

Income Quartiles:   

1 REF -

2 .0.69 0.22

(0.39, 1.24)  

3 0.93 0.81

(0.52, 1.65)  

4 1.57 0.19

(0.79, 3.11)  

Metropolitan (>1 million) 1.26 0.32

 (0.78, 2.03)  



Suicide by Gun 21.1 <0.001

 (11.4, 39.11)  

Assault by Gun 2.57 <0.001

 (1.51, 4.39)  

Multiple Injuries 1.57 0.051

 (0.99, 2.48)  

We also analyzed the association between predictors of mortality death stratified by gun violence
type. Odd ratios were calculated to determine whether any variables were independent predictors
of mortality. We found that of accidental type injuries, the strongest predictors of mortality are 
age <2 years (OR 19.9, 95% CI 3.49-113.4, p=0.001) and multiple injuries (OR 3.30, 95% CI 
1.46-7.46, p=0.004). Of suicide type injuries, the strongest predictor of mortality is self-pay 
payer status (OR 12.9, 95% CI 2.02-81.9, p=0.007). With regard to assault type injuries, we 
found the strongest predictor of mortality to me age <2 years (OR 27.8, 95% CI 5.29-145.9, 
p<0.001). (Table 4)

Table 4: Association between predictors and death stratified by type of gun Violence. 

Odds Ratio (95% Confidence interval)

 Accidental P-value Suicide P-value Assault P-value

Age (>=2 years ) REF - REF - REF -

Age (<2 years ) 19.9 0.001 N/A  27.8 <0.001

 (3.49, 113.4)    (5.29, 145.9)  

Gender (Female) 1.33 0.62 0.95 0.95 0.97 0.96

 (0.41, 4.28)  (0.19, 4.82)  (0.36, 2.58)  

Payer (Self Pay) 1.18 0.77 12.9 0.007 2.13 0.032

 (0.38, 3.65)  (2.02, 81.9)  (1.06, 4.28)  

Income Quartiles       

1 REF - REF - REF -

2 0.33 0.09 0.47 0.48 1.21 0.63

(0.09, 1.21)  (0.06, 3.90)  (0.54, 2.68)  

3 0.58 0.41 2.16 0.39 1.33 0.53

(0.17, 2.07)  (0.35, 13.3)  (0.53, 3.34)  



4 1.71 0.38 3.05 0.25 1.7 0.43

(0.51, 5.68)  (0.44, 21.1)  (0.44, 6.50)  

Metropolitan >1 million 1.73 0.21 3.42 0.1 0.94 0.88

 (0.72, 4.15)  (0.75, 15.5)  (0.47, 1.89)  

Multiple Injuries 3.3 0.004 0.56 0.41 0.97 0.94

 (1.46, 7.46)  (0.14, 2.28)  (0.50, 1.88)  

Lastly, we analyzed our variables to determine predictors of gun violence type. We discovered 
that the highest predictors of assault type injuries are metropolitan area (OR 3.56, 95% CI 3.00-
4.24, p<0.001). (Table 5). With regard to income quartiles (Figure 2), we observed that as 
income quartile increases, it becomes a higher predictor of accidental and suicide type injuries 
(blue and red lines respectively). Conversely, as income quartile decreases, it becomes a higher 
predictor for assault type injuries (green line).

Table 5: Association between predictors and gun Violence Type. 

Odds Ratio (95% Confidence interval)

 Accidental P-value Suicide P-value Assault P-value

Age (>=2 years ) REF - REF - REF -

Age (<2 years ) 0.55 0.26 0.94 0.96 1.99 0.26

 (0.19, 1.54)  (0.12, 7.51)  (0.59, 6.71)  

Gender (Female) 1.33 0.022 1.41 0.26 0.83 0.18

 (1.04, 1.70)  (0.77, 2.62)  (0.64, 1.09)  

Payer (Self Pay) 0.58 <0.001 0.9 0.78 1.64 <0.001

 (0.47, 0.73)  (0.46, 1.80)  (1.30, 2.08)  

Income Quartiles       

1 REF - REF - REF -

2 1.46 <0.001 1.9 0.04 0.62 <0.001

(1.21, 1.76)  (1.02, 3.55)  (0.51, 0.76)  

3 1.31 0.01 3.1 <0.001 0.58 <0.001

(1.06, 1.63)  (1.67, 5.77)  (0.46, 0.74)  

4 1.94 <0.001 2.67 0.015 0.46 <0.001



(1.39, 2.70)  (1.21, 5.93)  (0.32, 0.68)  

Metropolitan >1 million 0.33 <0.001 0.56 0.054 3.56 <0.001

 (0.28, 0.39)  (0.31, 1.02)  (3.00, 4.24)  

Multiple Injuries 0.37 <0.001 1.13 0.6 3.02 <0.001

 (0.32, 0.43)  (0.70, 1.84)  (2.54, 3.59)  

Discussion

Recent national attention has been drawn to deaths in the United states caused by firearms.6 
Moreover, several studies have been performed to analyze the hospitalization rate related to 
firearm injuries.5-7 Our study, however, reviews the ED data related to firearm injuries in the 
pediatric population in the United States. We believe this study, which is the first of its kind, to 
be a better indicator of the incidence of firearm injuries in the United States. For example, one 
study indicates that in 2009 there were 7,391 hospitalizations that occurred due to firearm related
injuries. Our study demonstrates that in 2013 in the United States, there were 16,917 firearm 
related injury cases reported in the ED. This means that pediatric firearm related injuries in the 
United States, whether accidental or intentional, are higher than previously estimated. 

Firearm injuries in the United States are a preventable source of morbidity and mortality, 
especially in the case of accidental injury.12 Recent studies seeking to demonstrate the 
relationship of gun control laws to firearm related hospital admissions in children found a 
disparity among strict versus lenient states and the proportion of overall firearm injuries which 
were accidental versus intentional.13,14 While the effect that gun control laws have in these cases 
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remains unclear, the difference among the states’ proportional accidental injury rate suggests that
there are actions that can be taken to reduce the number of accidental firearm injuries.

Firearm injuries also have a large economic impact. Overall annual costs are estimated at 
$55,127,427.90, which equates to a mean charge of $3,258.70 per ED visit. There was, however, 
a disparity in cost depending on mortality. While those treated in the ED and either released or 
admitted had an average cost of $3,102.30, cases which resulted in mortality had an average cost 
of $8,702.30. These costs are ED charges only and do not include any charges incurred during 
hospital admission course. To the knowledge of the authors, no previous studies have been done 
solely analyzing ED costs. This demonstrates that the economic impact that pediatric firearm 
injuries are having on the health care system is not negligible.

Another point this study addresses is the socioeconomic status of the patients presenting to the 
ED with firearm injuries. As income level decreases, we observe a larger proportion of firearm 
injuries. The income quartiles are derived based on average household income for a given area 
code. While this does not provide specific income information for each individual case, it does 
provide insight into the neighborhood these cases are coming from, and therefore, the patients’ 
socioeconomic status. It appears that firearm injuries are linked to lower socioeconomic areas.

The major strength in this study lies in the sampling frame of the NEDS database, which is a 
unique data sample from 30 different states and 950 different hospitals. This nationally available 
database is the largest of its kind and allows for the capture of discharge information, as well as 
economic and insurance status of patients. This allows us to effectively analyze a large amount 
of information to accurately estimate mortality predictors in pediatric patients. 

There are several limitations to this study. First, the NEDS database does not have any unique 
identifiers, which limits ones ability to capture readmission data, or follow individuals on an 
outpatient basis to determine treatment (types, effectiveness, cost, etc.). Second, as with any 
database, there is the possibility for miscoding or underestimation of the overall incidence of 
these types of cases. Lastly, the NEDS database does not allow for a detailed regional analysis 
and does not include any racial data, which limits the potential applicability of the study results.  

Understanding the incidence of firearm related pediatric injuries in the United States, as well as 
the cost and independent predictors of mortality may be beneficial while designing or monitoring
public health efforts aimed at decreasing pediatric injuries related to firearms. Public health 
efforts have the potential to lead to decreased pediatric injury associated with household hazards.
In contrast, little if any public health efforts have been initiated to decrease the incidence of 
pediatric firearm related injury.12

Our findings bring to light a more representative picture of the incidence of firearm related 
pediatric injury in the United States. Moreover, understanding the independent predictors of 
mortality related to firearm injuries can lead to prevention. For example, studies have been 
conducted that show the efficacy of physician counseling with regard to safe firearm 



storage.3,12,15-17 In addition, the AAP recommends that pediatricians discuss firearm safety with 
patients and caregivers early during childhood when other common household hazards are 
discussed.18 These simple preventative measures can lead to a decreased incidence of firearm 
related injuries in the US pediatric population as well as a decrease in the financial burden seen 
as a result of those injuries. 

Conclusion

This study found that 16,917 children in the United States were treated in the ED in 2013 for 
firearm-related injuries. This equates to approximately 46 children per day. This is significantly 
higher than previously reported hospitalization estimate of 16 per day. We also found that 
children younger than 2 years of age are high risk population for mortality. Future studies 
including firearm access, safe storage laws, socioeconomic risk factors, and effectiveness of 
pediatrician involvement are paramount in decreasing pediatric firearm related injuries.
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