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Abstract

Study objective: We describe trends in emergency department (ED) visits for initial firearm 

injury encounters in the United States.

Methods: Using data from the Centers for Disease Control and Prevention’s National Syndromic 

Surveillance Program, we analyzed monthly and yearly trends in ED visit rates involving a firearm 

injury (calculated as the number of firearm injury–related ED visits divided by the total number 

of ED visits for each month and multiplied by 100,000) by sex-specific age group and US region 

from 2018 to 2019 and conducted Joinpoint regression to detect trend significance.

Results: Among approximately 215 million ED visits captured in the National Syndromic 

Surveillance Program from January 2018 to December 2019, 132,767 involved a firearm injury 

*Corresponding Author. mzwald@cdc.gov.
All authors attest to meeting the four ICMJE.org authorship criteria: (1) Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation of data for the work; AND (2) Drafting the work or revising it critically for 
important intellectual content; AND (3) Final approval of the version to be published; AND (4) Agreement to be accountable for all 
aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated 
and resolved.
Author contributions: MZ conceptualized the study, developed the firearm injury definition, and conducted the analyses. KH 
conceptualized the study and assisted with the analyses and interpretation of the results. DB assisted with developing the firearm 
injury definition and interpretation of the results. TS assisted with the interpretation of the results. LD assisted with the interpretation 
of the results. ZS assisted with developing the firearm injury definition and interpretation of the results. NI assisted with developing 
the firearm injury definition and interpretation of the results. JM assisted with the interpretation of the results. All authors contributed 
to drafting and revising the article. MZ takes responsibility for the paper as a whole.

HHS Public Access
Author manuscript
Ann Emerg Med. Author manuscript; available in PMC 2022 July 20.

Published in final edited form as:
Ann Emerg Med. 2022 May ; 79(5): 465–473. doi:10.1016/j.annemergmed.2022.01.016.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://ICMJE.org/


(61.6 per 100,000 ED visits). Among males, rates of firearm injury–related ED visits significantly 

increased for all age groups between 15 and 64 years during the study period. Among females, 

rates of firearm injury–related ED visits significantly increased for all age groups between 15 and 

54 years during the study period. By region, rates significantly changed in the northeast, southeast, 

and southwest for males and females during the study period.

Conclusion: These analyses highlight a novel data source for monitoring trends in ED visits 

for firearm injuries. With increased and effective use of state and local syndromic surveillance 

data, in addition to improvements to firearm injury syndrome definitions by intent, public health 

professionals could better detect unusual patterns of firearm injuries across the United States for 

improved prevention and tailored response efforts. [Ann Emerg Med. 2022;79:465–473.]

INTRODUCTION

Background

Firearm-related deaths and injuries represent a significant public health problem in the 

United States. Recent epidemiologic studies examining national trends in firearm mortality 

show that after remaining relatively stable from 1999 to 2014, firearm-related death rates 

increased between 2015 and 2018, with considerable geographic and sociodemographic 

variation.1–3 Furthermore, according to the most recent national data from 2019, suicide and 

homicide by firearm were the fourth and fifth leading causes of injury deaths, respectively.4 

Many more Americans are nonfatally injured by a firearm each year; indeed, nonfatal 

firearm injuries are more than twice as prevalent as firearm-related deaths in the United 

States.3

Emergency departments (EDs) are a critical setting for timely monitoring of such injuries; 

monitoring national trends in ED visits involving a firearm injury can be difficult because 

of lengthy time lags for reporting traditional surveillance system data, such as those from 

the National Electronic Injury Surveillance System and Healthcare Cost and Utilization 

Project’s Nationwide ED Sample.5

Near real-time syndromic surveillance systems, originally implemented for the early 

detection of intentional disease outbreaks, such as bioterrorism attacks, have evolved in 

their ability to identify and monitor trends, clusters, and outbreaks, in infectious and chronic 

diseases, injuries, and violence, including sexual violence, intimate partner violence, and 

suspected child abuse and neglect.6–9 ED syndromic surveillance data could be a valuable 

data source for monitoring nonfatal firearm injuries at the national level. However, to our 

knowledge, no study to date has documented national trends of nonfatal firearm injuries 

using ED syndromic surveillance data.

Goals of This Investigation

We analyzed data from the National Syndromic Surveillance Program (NSSP) by the 

Centers for Disease Control and Prevention (CDC), which captures near real-time electronic 

health record data, to examine national and regional trends in ED visits involving a firearm 

injury in the United States from 2018 to 2019.
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MATERIALS AND METHODS

Study Design and Setting

Available aggregated ED data from January 1, 2018, to December 31, 2019, from the 

CDC’s NSSP were analyzed. The NSSP is a collaboration between the CDC, local 

and state health departments, and health care facilities to collect, analyze, and share 

electronic patient encounter data received from EDs, urgent and ambulatory care centers, 

inpatient health care settings, and laboratories. Electronic health data are transmitted to 

a shared platform called BioSense, and public health agencies, including the CDC and 

local and state health departments, can use analytic tools on the platform to analyze 

data received as early as 24 hours after a patient’s visit for detection, characterization, 

monitoring, and response to events of public health concern. Visit information captured by 

the NSSP includes free-text chief complaint, discharge diagnosis codes, and some patient 

demographic information, such as age and sex. Diagnostic information is collected using the 

International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM), 

International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM), 

and Systematized Nomenclature of Medicine codes.6,10

As of December 2019, the NSSP received deidentified data from health care facilities 

representing portions of 47 states and Washington, DC. Additional information on facility 

participation in the NSSP can be found at https://www.cdc.gov/nssp/overview.html. The 

present study includes only data from active EDs, where the NSSP coverage was 53.9% 

of ED visits in the United States in 2018 and 62.4% in 2019.11 Weighting by facility 

characteristics was not possible for this study.

Measurements

In collaboration with several health departments, the CDC developed a syndrome definition 

to query patient discharge diagnosis and chief complaint information from ED visits 

to identify initial firearm injury encounters (including those classified as unintentional, 

intentional self-harm, assault, legal intervention, terrorism, and undetermined intent) and to 

exclude subsequent visits or sequelae from an initial firearm injury (Table). The syndrome 

definition includes relevant ICD-9-CM, ICD-10-CM, and Systematized Nomenclature of 

Medicine diagnosis codes.12 Of note, the definition includes discharge diagnosis codes from 

both ICD-9-CM and ICD-10-CM despite the transition of codes on October 1, 2015, to 

account for any facilities or hospital systems that continued to use ICD-9-CM codes. In 

addition to discharge diagnosis codes, the definition relies on the chief complaint inclusion 

(eg, GSW or gunshot wound) and exclusion terms (eg, pistol whip, paintball, nail, or staple 

gun) to further identify firearm injury–related ED visits and decrease false positives.

Analysis

Data on sex, age group (0 to 14 years, 15 to 24 years, 25 to 34 years, 35 to 44 years, 

45 to 54 years, 55 to 64 years, and 65 years and older), and US region* (northeast, 

*States listed are within the Health and Human Services (HHS) regions that shared data with NSSP and had data available for the 
study period at the time of data analysis. Additionally, some states listed do not provide data for the entire state (https://www.cdc.gov/
nssp/participation-coverage-map.html). The northeast region includes HHS region 1 (Maine, Massachusetts, New Hampshire, Rhode 
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southeast, southwest, midwest, and west) were also captured. Monthly rates of firearm 

injury–related ED visits (ED visits involving a firearm injury divided by the total ED 

visits per month and multiplied by 100,000) were calculated by age group and US region, 

separately for males and females. Using methods similar to the previously published studies 

that analyzed the NSSP data, we ran regression models to examine the significance of trends 

by each stratum using the Joinpoint Regression Program, which calculated average monthly 

percentage change (AMPC) and 95% confidence intervals (CIs).7,13–17 Because this study 

used deidentified information from an existing surveillance system, it did not require review 

by the CDC’s Institutional Review Board.

RESULTS

From January 2018 to December 2019, among approximately 215 million ED visits captured 

in the NSSP, 132,767 visits involved a firearm injury (61.6 per 100,000 ED visits), with rates 

for males exceeding those of females by approximately 7.7 times. As shown in Figure 1, 

among males, those aged 15 to 24 years had consistently higher firearm injury–related ED 

visit rates than those in other age groups. Overall, males experienced a significant positive 

trend in firearm injury–related ED visits over the study period, with an observed increase 

of 0.8% per month (95% CI 0.2 to 1.3), on average. We also identified significant increases 

during the study period in ED visit rates involving a firearm injury across most age groups 

among males, including those aged 15 to 24 years (AMPC = 0.7; 95% CI 0.1 to 1.3), 25 to 

34 years (AMPC = 0.8; 95% CI 0.3 to 1.2), 35 to 44 years (AMPC = 0.8; 95% CI 0.5 to 1.1), 

45 to 54 years (AMPC = 0.9; 95% CI 0.5 to 1.3), and 55 to 64 years (AMPC = 1.0; 95% CI 

0.5 to 1.6).

Similar to males, ED visit rates involving a firearm injury for females were also consistently 

highest among those aged 15 to 24 years compared with other age groups. Female firearm 

injury–related ED visits showed a significant positive trend during the study period, with an 

average monthly increase of 1.2% (95% CI 0.4 to 2.0). By age group, significant increases 

were observed for females aged 15 to 24 years (AMPC = 1.6; 95% CI 0.6 to 2.6), 25 to 34 

years (AMPC = 1.1; 95% CI 0.2 to 2.1), 35 to 44 years (AMPC = 1.3; 95% CI 0.6 to 2.0), 

and 45 to 54 years (AMPC = 1.2; 95% CI 0.4 to 2.1).

By US region (Figure 2), among males, significant increases in rates of ED visits related to a 

firearm injury occurred in the northeast (AMPC = 1.3; 95% CI 0.5 to 2.0), southeast (AMPC 

= 0.8; 95% CI 0.5 to 1.2), and southwest (AMPC = 0.7; 95% CI 0.2 to 1.3) regions. Among 

females, rates of firearm injury–related ED visits significantly decreased in the northeast 

(AMPC = 1.7; 95% CI 0.4 to 3.0) and significantly increased in the southeast (AMPC = 1.4; 

95% CI 0.6 to 2.2), and southwest (AMPC = 1.1; 95% CI 0.0 to 2.1) regions. Neither sex 

showed significant increases in the midwest or west regions.

Island, and Vermont), HHS region 2 (New Jersey and New York), and HHS region 3 (District of Columbia, Maryland, Pennsylvania, 
Virginia, and West Virginia); the southeast region includes HHS region 4 (Alabama, Florida, Georgia, Kentucky, Mississippi, North 
Carolina, South Carolina, and Tennessee); the southwest region includes HHS region 6 (Arkansas, Louisiana, New Mexico, and 
Texas); the midwest region includes HHS region 5 (Indiana, Illinois, Michigan, Minnesota, Ohio, and Wisconsin) and HHS region 7 
(Iowa, Kansas, Missouri, and Nebraska); and the west region includes HHS region 8 (Colorado, Montana, North Dakota, and Utah), 
HHS region 9 (Arizona, California, and Nevada), and HHS region 10 (Alaska, Idaho, Oregon, and Washington).

Zwald et al. Page 4

Ann Emerg Med. Author manuscript; available in PMC 2022 July 20.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



LIMITATIONS

There are several limitations to consider. First, our results are neither generalizable to 

facilities not participating in the NSSP nor nationally or regionally representative. Second, 

facility participation and data completeness in the NSSP varied across the study period. 

We accounted for these potential fluctuations by assessing monthly trends in ED visits 

for firearm injuries as a percentage of the total number of ED visits each month, but 

this indicator could be influenced by changes in the denominator overall or characteristics 

of the populations commonly served by participating facilities. Facility participation and 

data completeness in the NSSP also varies by region, and thus, calculating rates per 

100,000 residents was not possible for this study. Third, firearm injuries could comprise 

a greater proportion of ED visits over time if visits for other conditions decline or if 

some participating facilities (eg, level I trauma centers) treat more firearm injuries than 

others; therefore, our findings could reflect an increase in the proportion of firearm injuries 

treated as opposed to a true increase in firearm injury burden. Increased and consistent 

facility participation in the NSSP may support future opportunities to calculate rates per 

population at finer geographic levels.18 Future analyses using more syndromic data over 

time could help identify the stability of trends and examine the role of seasonal variation 

and other factors associated with firearm injury–related ED visits. Fourth, the syndrome 

definition used might underestimate or overestimate ED visits related to firearm injuries 

because of the variation in coding, reporting, and availability of visit-level data between 

facilities or over time. The definition, which is designed to query both patient discharge 

diagnosis and chief complaint information, also does not distinguish the injury intent. 

Further collaborations between the CDC and local and state health departments to parse 

the syndrome definition used in this study into more specific intent types may support 

enhanced research and surveillance of firearm injuries by intent. Finally, detailed facility and 

visit information in the NSSP is not available or incomplete at the aggregated national and 

regional levels and could not be examined for this study, including facility size and location, 

and some patient information, such as discharge disposition and race/ethnicity. The ability 

to examine trends in firearm injury–related ED visits by specific facility characteristics or 

patient sociodemographic factors may be possible with future improvements to the system 

at state and local levels. It could support additional research of firearm injuries by patient 

outcomes and certain health disparities.

DISCUSSION

Using national syndromic surveillance data, our findings suggest that ED visits associated 

with an initial encounter of a firearm injury gradually increased among males and females 

across most age groups and US regions from 2018 to 2019. To date, few studies have 

used this near real-time surveillance data source to track firearm injuries. In 2015, 2 local 

health departments, the New York City Department of Health and Mental Hygiene and 

the Houston Department of Health and Human Services, developed their firearm injury 

syndrome definitions, which primarily relied on the chief complaint information, to identify 

associated ED visits in their local syndromic surveillance systems.19,20 Consistent with our 

results, higher rates of ED visits for a firearm injury were observed in males than in females 

and among those aged 18 to 24 years compared with those in other age groups.19,20
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The present study describes the more recent information on trends of ED visits involving a 

firearm injury at national and regional levels than the abovementioned investigations.\19,20 

This data source has the potential to address a >2-year data lag experienced by surveillance 

systems traditionally used to monitor firearm injury ED visits. Still, more timely and 

granular information at the state and local levels is needed to track these trends and help 

detect unusual patterns or potential clusters of firearm injuries.21 To address this gap, the 

CDC launched the Firearm Injury Surveillance Through Emergency Rooms program in 2020 

and provided funding to 10 state health departments to share more detailed and timelier 

state and local syndromic data with the CDC for routine monitoring of firearm injuries 

overall and by intent.22 These data will allow public health practitioners to better track 

firearm injuries in their states and communities, identify high burden areas, and inform 

tailored community interventions to reduce and prevent firearm-related injuries and deaths. 

Furthermore, these data may support future public health research on the relationships 

between different intent types of nonfatal firearm injuries and health disparities and 

inform research comparing syndromic surveillance data to other data sources for validation 

purposes.

Our study highlights the potential utility of ED syndromic surveillance data to monitor 

national and regional trends of firearm injuries. With further validation and enhancement 

of the CDC firearm injury syndrome definition to classify injury intent and with additional 

support and resources, public health departments can use syndromic surveillance data as a 

potential source for timelier monitoring of state and local trends. In conjunction with violent 

crime and death data, syndromic surveillance can allow public health practitioners to better 

understand the nature and effect of firearm injuries and support more rapid and targeted 

public health prevention and response strategies.
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Editor’s Capsule Summary

What is already known on this topic

Early detection of nonfatal firearm injury clusters is critical for directing limited public 

health prevention resources. Traditional surveillance data is not timely enough to respond 

to urgent needs.

What question this study addressed

This study examined near real-time data collected in CDC’s National Syndromic 

Surveillance Program (NSSP), examining trends in emergency department visits for 

firearm injuries (2018–2019).

What this study adds to our knowledge

Among 215 million emergency department visits, firearm injuries accounted for 132,767 

visits (61.6 per 100,000), with increases during the study period for males and females 

across all age groups between 15–54 years old. Regional differences were also observed.

How this is relevant to clinical practice

Emergency department firearm injury data captured within the NSSP may be an 

important source of near real-time data to inform community violence prevention 

responses.
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Figure 1. 
Monthly rate of ED visits per 100,000 ED visits related to a firearm injury by sex and 

age group—NSSP, United States, between January 1, 2018, and December 31, 2019. The 

monthly rate is calculated as ED visits involving a firearm injury divided by the total 

ED visits, multiplied by 100,000. Joinpoint reports average annual percent change, but the 

unit of time for this analysis is 1 month; thus, this has been modified to average monthly 

percent change or AMPC. Data are current as of October 23, 2020, representing data from 

participating EDs in the NSSP, where the coverage was 53.9% and 62.4% of ED visits in 

2018 in 2019, respectively, in the United States.
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Figure 2. 
Monthly rate of ED visits per 100,000 ED visits related to a firearm injury by sex and 

US region—NSSP, United States, between January 1, 2018, and December 31, 2019. The 

monthly rate is calculated as ED visits involving a firearm injury divided by the total ED 

visits, multiplied by 100,000. Joinpoint reports average annual percent change, but the unit 

of time for this analysis is 1 month; thus, this has been modified to average monthly percent 

change or AMPC. Data current as of October 23, 2020, representing data from participating 

EDs in the NSSP, where the coverage was 53.9% and 62.4% of ED visits in 2018 in 2019, 

respectively, in the United States.
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