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Abstract

Background: Firework-related injuries cause significant morbidity to persons in the

UnitedStates andglobally. Prior studieshave shown that handsandeyes are frequently

injured, with loss of hand function and blindness being common after serious injury.

Many jurisdictions in the United States have relaxed laws governing sales of consumer

fireworks in recent years. Given the increased availability of consumer fireworks, we

sought to determine the incidence of firework-related injuries compared with histori-

cal controls.

Methods:Firework-related injurieswere identified in theNational EmergencyDepart-

ment Sample (NEDS) using the corresponding International Classification of Disease

codes for the years 2008–2017. Demographics, timing of presentation, and hospital

characteristics were analyzed. Data were weighted to approximate population esti-

mates of injury. Statistical analyseswere completed using SAS. TheNational Electronic

Surveillance System was also queried for firework-related visits to check for consis-

tency in observed trends.

Results: There were an estimated 7699 injuries attributed to fireworks in 2017 (2.37

per 100,000 population) compared with 5727 (1.88 per 100,000 population) in 2008.

The majority of victims were male (74.6%), and injuries clustered in the pediatric and

young adult age groups. The Midwest and South (both 38.1%) had more firework-

related injuries compared with the West (15.6%) and Northeast (8.2%) regions. Most

visits occurred in July (71.4%) with smaller peaks in June (6.9%) and January (6.0%).

Patients were disproportionately seen in trauma centers (34.0%) and teaching hospi-

tals (49.6%).

Conclusion: Emergency department visits for firework injuries are increasing in the

United States. Pediatric patients and young adult males comprise the majority of
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victims. Injuries are clusteredaround theFourthof July andNewYear’s holidays. Public

health interventions targeted at high-risk groupsmay reduce the burden of injury.
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1 INTRODUCTION

1.1 Background

Around the world, consumer fireworks such as sparklers, Roman

candles, bottle rockets, and small firecrackers are used to cele-

brate religious, cultural, and national holidays.1–15 In the United

States, firework-related injuries cluster around the Independence

Day and New Year’s holidays.16,17 Firework-related injuries tend

to occur in young patients and account for significant long-term

morbidity.

1.2 Importance

Firework injuries commonly affect children and adolescents with a

marked male predominance; however, bystanders account for 40%–

50% of those injured.18 The distal upper extremity, eye, face, and head

are the body parts that are most frequently injured.17 Approximately

28% of injuries are considered severe.19 A review by Wisse et al esti-

mates that 1 in 6 persons with eye injuries will experience significant

visual impairment.18 Among hand injuries seen at a regional trauma

center, 37% required at least a partial amputation.20

In the United States, sales of consumer fireworks accounted for

$1 billion in 2019, an increase of 57% over the past decade.21 Multiple

states have liberalized laws surrounding the use of consumer fireworks

in the past decade, and some fireworks are legal in all states except

Massachusetts.22 The full account of the burden of firework-related

visits in the United States has not been studied since these changes

took effect.

1.3 Goals of this investigation

We sought to evaluate trends in firework-related injuries using the

National Emergency Department Sample (NEDS) database from the

years 2008 to 2017 given the changes in legislation governing sales

and increased availability of consumer fireworks. Because prior work

using a different database, the National Electronic Injury Surveil-

lance System (NEISS), suggested that firework-related injuries were

decreasing,23,24 we also queried the NEISS for the estimated num-

ber of injuries to determine if trends were consistent between

databases.25

2 METHODS

2.1 Data source and sample selection

We conducted a cross-sectional study using the 2008–2017 Health-

careCost andUtilization Project (HCUP)NEDS. TheUSDepartment of

Health andHumanServicesAgency forHealthcareResearch andQual-

ity compiles and distributes information on healthcare use through the

HCUP. TheHCUPprovides the hospital and discharge information nec-

essary to calculate national estimates of emergency department (ED)

visits, demographic information, and reasons for ED visits as well as

charge information. The 2017NEDS sample of theHCUP includes data

from 33.5 million visits to 984 hospital-owned EDs in 36 states and

the District of Columbia. The NEDS sample is stratified by geographic

region, trauma center designation, and urban–rural location of the hos-

pital, teaching hospitals, and hospital ownership. The data approxi-

mates a 20% sample of all EDs in the United States.

Estimates of ED visits for firework injuries were also obtained from

the NEISS. NEISS surveys ≈100 hospitals in the United States, also

stratified by region and hospital characteristics.

2.2 Outcome variables

ED visits for firework injuries were identified from the survey records

using International Classification of Diseases, Ninth Revision (ICD-9)

external cause of injury codes (E923.0 in 2008–2014 and quarters 1–

3 of 2015) and International Classification of Diseases, Tenth Revision

(ICD-10; W39.xx in quarter 4 of 2015–2017) diagnosis codes. Esti-

mates of ED visits for firework-related injuries were computed from

the survey data for each year and stratified by month of year. Rates

of ED visits for firework-related injuries were computed based on the

estimated incidence and the estimated US population for each year

(provided by the National Center of Health Statistics).

Injury patterns including types of injury and anatomical site injured

were identified based on the ICD-10 codes. The injury types identified

were open wounds, burns, fractures, traumatic brain injury, and ampu-

tations.Anatomic site of injurywas filteredbyhead, face, andneck; eye;

and hand, including digits. The adoption of ICD-10 prevents a direct

comparison of current data to older literature that used ICD-9 codes

andwasmapped to the Barell Injury DiagnosisMatrix.

TheNEISSdatabasewas queried for firework injuries using the code

1313.26
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2.3 Predictor variables

Patient characteristics included age, sex, race, and median household

income for the patient’s zip code. Hospital characteristics included the

census region where the hospital located, trauma center designation,

teaching hospital status, and the urban–rural location of hospital.

2.4 Statistical analysis

The national estimate of ED visits for firework injuries was computed

using the complex survey procedure according to the sampling design

of NEDS, in which the patient visit weight, strata, and cluster vari-

ableswere considered.Weighted analyses of patient andhospital char-

acteristics between years of survey were conducted using the t test

and Rao–Scott χ2 test, and P values were reported to demonstrate the

degree of variability around the national estimates of these variables.

We used the SAS software survey procedures (version 9.4; SAS Insti-

tute Inc, Cary, NC) for all analyses to account for the sampling design of

NEDS to generate national estimates.

3 RESULTS

Between January 1, 2008, and December 31, 2017, there were a total

of 11,982 ED visits having an ICD-9 (code E923.0 years 2008–2014

and January–September 2015) or ICD-10 (codeW39 years final quar-

ter 2015–2017) code indicating fireworks injury. This corresponds to a

national estimate of 55,818 total injuries in the 10-year period. There

were 303,090,384 ED visits included in theNEDS database during that

time frame, with firework injuries accounting for 41.2 per million ED

visits (weighted percentage). Males accounted for 75.1% of all visits

for firework injuries. Visits rose steadily throughout childhood, peaked

in the age group of 15–19 year olds, and slowly declined with increas-

ing age (Figure 1). More visits for firework injuries occurred in patients

The Bottom Line

Every year thousands of Americans are injured by fireworks.

In this analysis of the National Emergency Department

Sample, between 2008 and 2017 annual firework injuries

increased from 5727 (1.88 per 100,000 population) to 7699

(2.37 per 100,000 population), with >70% occurring in July.

Recent laws relaxing access to consumer fireworks may be

linkedwith the higher injury rates.

residing in neighborhoods from the 2 lower income quartiles (33.1%

and29.5%, respectively),with visits frompatients in thehighest income

quartile neighborhoods being 14% of the total. ED visits for firework

injuries were more likely to happen in the Midwest (39.2%) and the

South (37.6%) regions comparedwith theWest (14.9%) andNortheast

(8.3%; Table 1).

The annual unweighted andweighted ED visits from both the NEDS

and NEISS along with the total US population and the number of fire-

work injuries per 100,000 populations are shown in Table 2 and Fig-

ure 2. Annual estimated ED visits from the NEDS ranged from a low

of 4103 in 2009 to a high of 7699 in 2017. Table 3 stratifies firework-

related ED visits by month and weekend versus weekday status. ED

visits for firework injuries are concentrated in June and July (7.6% and

70.7%, respectively) and December and January (3.1% and 6.2%), cor-

responding to the Independence Day and New Years’ Day holidays in

the United States.

Visits to level 1 trauma hospitals comprised 20.5% of all firework

injuries, with 10.8% of visits occurring at level 2 trauma centers and

58% occurring at level 3 or non-trauma-rated hospitals. Nearly half of

all firework injuries are seenat teachinghospitals inmetropolitanareas

(49.6%) compared with nonteaching hospitals in metropolitan areas

(28.5%) and hospitals in nonmetropolitan areas (21.9%).
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F IGURE 1 Firework-related injuries by age and sex. ED, emergency department
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TABLE 1 Demographic and hospital characteristics for firework
injuries

Characteristic n (%) 95%CI of estimate

Age, years

≤18 20,279 (36.3) 18,723–21,835

19–34 21,518 (38.6) 20,185–22,851

35–44 7033 (12.6) 6527–7538

45–64 6285 (11.3) 5777–6792

65 and older 703 (1.3) 575–831

Sex

Male 41,899 (75.1) 39,514–44,284

Female 13,919 (24.9) 12,915–14,922

Median household income for patient’s zip code in quartiles ($)

Quartile 1 18,182 (33.1) 16,792–19,572

Quartile 2 16,234 (29.5) 15,057–17,412

Quartile 3 12,831 (23.3) 11,818–13,844

Quartile 4 7722 (14.0) 7041–8402

Hospital region

Northeast 4614 (8.3) 3871–5357

Midwest 21,903 (39.2) 19,490–24,317

South 20,991 (37.6) 19,247–22,735

West 8310 (14.9) 7494–9126

Trauma center designation

Not a trauma center 25,867 (46.3) 24,287–27,447

Level 1 11,433 (20.5) 9121–13,744

Level 2 6002 (10.8) 5252–6753

Level 3 6533 (11.7) 5404–7662

Unclassified 5983 (10.7) 5346–6619

Abbreviation: CI, confidence interval.

Using ICD-10codes fromvisits duringquarter4of2015 through the

end of 2017, injuries to the eyes, head and neck region, and hand com-

prised≈70%of all firework-related injuries. Injuries to thehand (46.6%

of all injuries) included burns, open wounds, fractures, and amputa-

tions. Injuries to the head, face, and neck accounted for 17.3% of all

injuries, including burns, open wounds, and skull or facial fractures.

Injuries to the globe and burns of the eye accounted for 16.6% of all

visits. Injuries to other parts of the body accounted for 28.9% of all vis-

its combined (Table 4). Most ED visits coded for a single injury (62.4%),

with 2 injuries coded for 7.7% of visits and 3 injuries coded for 0.9% of

visits.

Most patients (81.4%) were able to be discharged after their ED

visit. Patients were admitted to the hospital on the initial ED visit in

8.6% of cases and transferred to a higher level of care in 6.8% of cases.

Deaths occurred in 0.05% of cases.

4 LIMITATIONS

This study uses the NEDS database, which is composed of administra-

tive data that are used primarily for billing. Information regarding the

mechanism of injury is not required for billing purposes and may not

be accurately entered.27–29 This may cause firework-related injuries

to be underestimated, as such injuries would not have been captured

with our search strategy. To verify trends toward increasing firework

injuries and to allow for easier comparisons with other studies, the

NEISS was also queried. NEISS estimates are consistently higher than

NEDS data, but the standard errors and confidence intervals of the

NEISS estimates are large given the smaller sample.

5 DISCUSSION

ED visits for firework injuries in the United States have increased

during the past 10 years. Consistent with prior literature, there is an

TABLE 2 Emergency department visits for firework injuries by year, population, and data source

Year

National

population

NEDS

unweighted

n

NEDS

weighted n

NEDS

95%CI

NEDS rate

per

100,000

NEISS

unweighted

n

NEISS

weighted n

NEISS

95%CI

NEISS rate

per

100,000

2008 304,093,966 1233 5727 4941–6512 1.8832 194 7044 5124–8963 2.316

2009 306,771,529 881 4103 3571–4636 1.3376 233 8813 6782–10,844 2.873

2010 309,321,666 1062 4877 4247–5507 1.5765 244 8631 6551–10,710 2.79

2011 311,556,874 1049 4999 4359–5639 1.6044 275 9599 7566–11,631 3.081

2012 313,830,990 919 4270 3550–4990 1.3606 256 8658 6720–10,595 2.759

2013 315,993,715 1045 4904 4192–5615 1.5519 275 11,361 8063–14,659 3.595

2014 318,301,008 1154 5502 4808–6196 1.7285 271 10,512 7618–13,407 3.302

2015 320,635,163 1314 6452 5649–7256 2.0123 296 12,011 9104–14,917 3.746

2016 322,941,311 1591 7286 6408–8164 2.256 268 11,133 8271–13,995 3.447

2017 324,985,539 1734 7699 6753–8646 2.3692 329 12884 9593–16,176 3.964

Abbreviations: CI, confidence interval; NEDS, National Emergency Department Sample; NEISS, National Electronic Injury Surveillance System.
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TABLE 3 Emergency department visits bymonth and day of week

Characteristic n (%) 95%CI of estimate

Month

January 3111 (6.2) 2608–3615

February 458 (0.9) 363–554

March 472 (0.9) 369–575

April 690 (1.4) 568–812

May 987 (2.0) 838–1136

June 3570 (7.1) 3243–3898

July 35,670 (70.7) 33,295–38,044

August 1608 (3.2) 1396–1821

September 894 (1.8) 737–1051

October 774 (1.5) 638–911

November 668 (1.3) 517–819

December 1552 (3.1) 1309–1794

Day of week

Weekday 34,375 (61.6) 32,137–36,614

Weekend 21,438 (38.4) 20,221–22,655

Abbreviation: CI, confidence interval.

TABLE 4 Anatomical site injured in firework-related emergency
department visits

Injured body part Weighted n (%) 95%CI of estimate

Head 2665 (17.3) 2387–2943

Eye 2555 (16.6) 2290–2820

Hand 7160 (46.6) 6530–7791

Abbreviation: CI, confidence interval.

≈3:1 male predominance, and injuries cluster around the New Year’s

and Fourth of July holidays. Hands are the most frequently injured

anatomic site, followedby facial/head/neck andocular injuries. Thedis-

tribution of injuries by anatomic site using ICD-10 data is similar to

injuries reported in a previous study that used ICD-9 data.17 Injuries

aremore common in urban areas and in theMidwest and South regions

of the United States, and patients disproportionately come from lower

income quartiles.

A large proportion of firework-related visits occur in levels 1 and 2

trauma centers. This may reflect the severity of injuries or poor access

to specialty care in referring hospitals. Our study found higher rates of

admission (8.6% vs 6.3%) and transfer to a higher level of care (6.8% vs

5.1%) with a corresponding lower rate of discharge when compared

with data from 2006 to 2010.17 Myers et al found that the propor-

tion of pediatric injuries that require admission and the length of stay

nationwide have increased in associationwith the liberalization of fire-

work laws.30 Rudisill et al found that the number of injuries increased

at their trauma center in West Virginia after regulations of consumer

fireworks were relaxed in the state, but there was no increase in the

severity of injuries.19 An alternative explanation for the increased pro-

portion of severe injuries seen in hospital EDs is that patients with

less severe injuries may self-triage to urgent care centers (UCCs), and

access to UCCs is increasing.31,32

Given the high rate of ocular and hand trauma, a lack of access to

specialty care may also drive increased visits to tertiary hospitals. A

survey fromFlorida indicated that only7%of rural EDsand61%ofnon-

rural EDs have ophthalmology call coverage.33 Likewise, many hospi-

tals do not have access to emergency consultation by hand specialists,

particularly hospitals in rural or less-wealthy regions.34–36

Multiple jurisdictions have relaxed laws concerning the sales of con-

sumer fireworks in the past 10 years.22 National data sets do not have

the granularity required to evaluate the effects of local policy changes,

but several studies have found that the liberalization of firework sales

results in higher rates of injury at the state level.19,37 Studies looking

at the effects of laws limiting access to consumer fireworks in other

countries support the fact that restrictions can reduce the incidence

of firework-related injuries.38

The American Pyrotechnics Association provides data on the use of

fireworks in theUnited States and states that the injury rate is decreas-

ing; however, theyuse thepoundsof fireworks sold as thedenominator.

As other authors have discussed, this may not be the best measure.17

Sales of fireworks have increased rapidly with the liberalization of laws

and have outpaced the rise in ED visits for injuries.We believe that the

rate of ED visits per 100,000 provides a better measure of the impact

of firework injuries than the rate of injuries per poundage sold.

Besides legal restrictions on consumer fireworks, public health

interventions may be beneficial in reducing the burden of injuries.

McMillan et al proposed graphic image warnings on firework packages

and found that the population of the United Kingdom would find this

an acceptable safety measure.39 An educational intervention aimed

at children was successful in reducing injuries among younger chil-

dren and reducing disability-associated life-years associated with fire-

work injuries during the Persian Festival of Fire.40 Conversely, an edu-

cational intervention did not reduce risky fireworks behavior among

schoolboys in Iran.41

ED visits for firework-related injuries are increasing, both in num-

ber and in rate per 100,000 population. This trend occurs in the setting

of increased sales of consumer fireworks in the United States. Demo-

graphics and distribution of injuries appear similar to prior studies.

More patients are being seen primarily at levels 1 and 2 trauma cen-

ters and being transferred for a higher level of care, but it is not clear

whether this is a result of injuries beingmore severe or reduced access

to specialty services at smaller facilities. EDs should consider sup-

plementing on-call specialty staff for high-risk holidays. Public health

interventions tailored to high-risk populations in the United States

should be implemented and assessed for effectiveness.
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