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Abstract

BACKGROUND: Heterogeneity in trauma center designation and injury volume offer possible 

explanations for inconsistencies in pediatric trauma center designation’s association with lower 

mortality among children. We hypothesized that rigorous trauma center verification, regardless of 

volume, would be associated with lower firearm injury-associated mortality in children.

STUDY DESIGN: This retrospective cohort study leveraged the California Office of Statewide 

Health Planning and Development patient discharge data. Data from children aged 0 to 14 

years in California from 2005 to 2018 directly transported with firearm injuries were analyzed. 

American College of Surgeons (ACS) trauma center verification level was the primary predictor 

of in-hospital mortality. Centers’ annual firearm injury volume data were analyzed as a mediator 

of the association between center verification level and in-hospital mortality. Two mixed-effects 

multivariable logistic regressions modeled in-hospital mortality and the estimated association with 

center verification while adjusting for patient demographic and clinical characteristics. One model 

included the center’s firearm injury volume and one did not.

RESULTS: The cohort included 2,409 children with a mortality rate of 8.6% (n = 206). Adjusted 

odds of mortality were lower for children at adult level I (adjusted odds ratio [aOR] 0.38, 95% 

CI 0.19 to 0.80), pediatric (aOR 0.17, 95% CI 0.05 to 0.61), and dual (aOR 0.48, 95% CI 0.25 

to 0.93) trauma centers compared to nontrauma/level III/IV centers. Firearm injury volume did 

not mediate the association between ACS trauma center verification and mortality (aOR/10 patient 

increase in volume 1.01, 95% CI 0.99 to 1.03).

CONCLUSIONS: Trauma center verification level, regardless of firearm injury volume, was 

associated with lower firearm injury-associated mortality, suggesting that the ACS verification 

process is contributing to achieving optimal outcomes.

Firearm injuries are the leading cause of death among children.1 The pediatric firearm 

injury case fatality rate has been increasing in California.2,3 Timely access to pediatric 

trauma care has been associated with lower mortality among injured children.4,5 Where an 

injured child should be cared for has been debated given the few and sparse distribution of 

American College of Surgeons (ACS) verified pediatric trauma centers.6–8 Trauma center 

characteristics best structured to provide pediatric trauma care have been poorly defined.9–11 

The finding of pediatric trauma center designation’s association with lower mortality has 

been inconsistent.12–14

The heterogeneity in trauma center designation criteria may explain the conflicting results. 

ACS verification promotes rigor and uniformity in standards of care among participating 

trauma centers. ACS verification of adult trauma centers has been ongoing since 1980, 

and since 2006 for pediatric trauma centers. Many California Local Emergency Medical 

Services Agencies (LEMSAs) have required ACS verification for level I and II designation 
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since before 2017. Most LEMSAs required ACS site visits as part of trauma center 

designation even if verification was not obtained. The 2017 California Statewide Trauma 

System Planning Recommendations of the California State Trauma Advisory Committee 

emphasized that LEMSAs should “explore ACS verification” of level I, II, and III trauma 

centers. These robust recommendations and considerable population make California the 

ideal state to study the association between ACS trauma center verification and firearm 

injury-associated mortality among children.

Large variation in trauma center injury volume has been another explanation for the 

inconsistency observed in pediatric trauma center designation’s association with lower 

mortality. Trauma center volume of complex injuries commonly requiring operative 

management, like firearm injuries, could mediate the association between ACS trauma 

center verification and mortality. Adult trauma center firearm injury volume has been 

associated with lower mortality in adult patients and among severely injured children 

compared to low-volume trauma centers.15,16 Yet, there is a literature gap of whether 

centers’ firearm injury volume mediates the relationship between ACS trauma centers’ 

verification level and mortality after firearm injury in children.

The objective of this study was to determine whether firearm injury volume mediates the 

relationship between ACS trauma center verification level and in-hospital mortality after 

firearm injury in children. The first aim was to determine whether ACS trauma center 

verification level was associated with in-hospital mortality after firearm injury in California 

between 2005 and 2018. The second aim was to determine whether firearm injury volume 

mediated the relationship between ACS trauma center verification level and in-hospital 

mortality. We hypothesized that ACS trauma center verification, regardless of trauma center 

volume, would be associated with lower firearm injury-associated mortality in children.

METHODS

Study design and data sources

This was a retrospective observational cohort study of children who presented to a California 

licensed acute care hospital after firearm injury from 2005 to 2018. The time period of 2005 

to 2018 was chosen to capture all emergency department encounters because data collection 

from the emergency department started only in 2005. Data sources included the Office 

of Statewide Health Planning and Development (OSHPD) Patient Discharge Data (PDD), 

Emergency Department Data (ED), and the California Department of Health Care Access 

and Information Hospital Annual Utilization data. The PDD and ED included all inpatient 

and emergency department encounters of injured patients. The Hospital Annual Utilization 

data contained hospital licensing information, patient demographics, discharges and births, 

and information on services provided for all nonfederal hospitals licensed in California. 

Hospital characteristics were obtained from the Hospital Annual Utilization dataset for the 

years 2005 to 2018 to correspond with those available from the PDD and ED. Study was 

approved by the University Institutional Review Board study number STU00211123. This 

study followed Strengthening Reporting of Observational Studies in Epidemiology reporting 

guidelines.17
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Study population

This study included children ages 0 to 14 years who presented to an acute care hospital 

between 2005 and 2018 after firearm injury. A pediatric patient was defined as 14 years 

or younger by the California Emergency Medical Services Authority.18 ICD-9 or −10 

external cause of injury or morbidity codes for firearm injury were used to identify 

patients (Supplemental Digital Content 1, http://links.lww.com/JACS/A290). Duplicates 

were identified using hospital ID, date of birth, and date of encounter to create a unique 

identifier and subsequently removed. Patient encounters were excluded when transferred 

to another acute care hospital (ED) or transferred from acute care hospital (PDD). These 

exclusions were applied to limit bias from retriage on mortality.

Primary predictor of interest

The primary predictor of interest was acute care hospital ACS trauma center verification 

level. ACS trauma center verification levels were linked to all acute care hospital centers 

in the PDD and ED based on the California Emergency Medical Services Authority.19 

Where possible, the dates of verification were confirmed using health system websites. 

Trauma centers’ verification levels were associated with encounters by date. The LEMSAs 

designations were largely concordant with the ACS verifications. The exceptions were 2 

adult level II centers and 2 pediatric level II centers that were verified through the ACS, 

but not designated through the California LEMSAs. These centers were categorized by their 

ACS-verified level for this study.

Trauma center verification levels were grouped together because of the low numbers of 

trauma centers with each of the potential ACS verification levels (Fig. 1). The after groups 

were created: adult level I, adult level II, pediatric level I and II, dual pediatric and adult 

level I/II and pediatric level I/II, and nontrauma/level III/IV. This was done a priori based 

on study team consensus and informed by knowledge of the California trauma system.18 

Adult as well as pediatric trauma center level I verification requires the presence of surgical 

and nonsurgical specialists and a trauma research program/residency. In adult level I trauma 

centers, one of the after criteria must also be met: a minimum of 1,200 trauma program 

hospital admissions, a minimum of 240 trauma patients per year whose Injury Severity 

Score is greater than 15, an average of 35 trauma patients (with an Injury Severity Score 

greater than 15) per trauma program surgeon per year. Adult level I and adult level II centers 

were not combined due to the differences in volume and severity criteria. No volume and 

severity criteria distinguishing pediatric level I and II centers exist. Therefore, these levels 

were collapsed. ACS-verified non-trauma/level III/IV were used as the reference group 

given that the largest proportion of the cohort presented to these centers.

Mediator of interest

Centers’ annual hospital adult and pediatric firearm injury volume (referred herein as annual 

total firearm injury volume) was considered as a mediator given that, after traumatic injury, 

children treated at high-volume adult trauma centers have been reported to have improved 

outcomes compared with low-volume trauma centers.15 Annual total firearm injury volume 

was defined by using the per hospital number of encounters included in the PDD and ED 

with an external cause of injury or morbidity code for firearm injury.
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Covariable definitions

Patient age at the time of the encounter was categorized by OSHPD as less than 1 year, 1 

to 4 years, 5 to 9 years, and 10 to 14 years. Given the low counts, less than 1 year and 

1 to 4 years were combined as 0 to 4 years for analysis. Sex was categorized as male or 

female. Categories of normalized racial and ethnic groups were White, Black, Hispanic, 

Asian/Pacific Islander, Native American/Eskimo/Aleut, and Other. Asian/Pacific Islander 

and Native American/Eskimo/Aleut were included with Other due to low counts. The 

resulting categories for analysis were White non-Hispanic, Black non-Hispanic, Hispanic, 

and Other/unknown. Intent was determined using the R package icdpicr by using patient 

encounter ICD-9-CM or ICD-10-CM trauma codes.20 Categories of intent included self-

inflicted, assault, unintentional, and undetermined. New Injury Severity Score (NISS) was 

also determined using icdpicr.20 The NISS was used given evidence that it best predicts 

mortality in penetrating trauma patients.20,21 NISS was treated as a continuous variable for 

analysis. However, NISS was dichotomized to create a binary variable to identify those that 

had severe injury, defined as a NISS greater than 15, for subgroup analysis.22 Abbreviated 

Injury Scale body regions head and neck, face, chest, abdomen, and extremities were 

also determined using icdpicr.20 A binary variable for each body region was created that 

indicated presence or absence of injury in that region. Hospital annual pediatric discharges 

of all ages less than 18 years was abstracted from the Hospital Annual Utilization dataset 

and included as a continuous measure of overall pediatric volume.

Outcomes of interest

The primary outcome was in-hospital mortality. This was considered an important outcome 

because mortality after penetrating injury has been documented as more common in 

children than in adults.23 Additionally, firearm injury has become the leading cause of 

mortality among children.1 A binary variable for in-hospital mortality was derived from the 

disposition variable in the PDD and ED.

Statistical analysis

Demographic and clinical characteristics were summarized by ACS trauma center 

verification level as defined earlier. Categorical data were described using counts and 

percentages. Continuous data were described using medians with interquartile ranges. 

Comparisons of demographic and clinical characteristics were performed using adjusted 

chi-square and t-tests that accounted for hospital-level clustering.24

Collinearity was evaluated before modeling for hospital variables because it is common for 

acute care hospitals that are high volume to seek ACS trauma center verification. We tested 

for collinearity between hospitals’ trauma center verification levels, annual total firearm 

injury volumes, and annual pediatric discharges. All hospital variables had variance inflation 

factors less than 2.5, meaning that variance of each variable remained <150% greater than 

what variance would be if there were no collinearity. A variance inflation factor of less than 

2.5 is considered a conservative value.25,26

A mixed-effects multivariable logistic regression model was fit to evaluate the association 

between in-hospital mortality and ACS trauma center verification level after adjusting for 
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age, sex, race and ethnicity, intent, NISS, body region, and annual pediatric discharges. 

Random intercepts were estimated and fit for each hospital. The mixed-effects multivariable 

logistic regression was rerun after introducing annual total firearm injury volume to test for 

mediation of the association between ACS trauma center verification level and in-hospital 

mortality.

A subgroup analysis was performed to evaluate the association between in-hospital mortality 

and ACS trauma center verification level in patients who were severely injured with 

NISS greater than 15. This group was selected a priori for a subgroup analysis because 

evidence indicates that pediatric patients with severe injury, in particular, have improved 

outcomes based on the ACS trauma center verification level.9,11,27,28 The same univariate 

and multivariable analyses were conducted with the same covariates as the full cohort 

described earlier.

A second subgroup analysis was performed to evaluate the association between mortality 

and ACS trauma center verification level in the youngest children (age less than 5 years). 

This analysis was also planned a priori because younger children have been shown to be the 

most likely to experience lower mortality when treated at a pediatric trauma center.11 The 

same univariate and multivariable analyses were conducted with the same covariates as the 

full cohort excluding age.

Only complete encounters with all predictor, mediator, covariates, and outcome were 

used for analysis. The most frequently missing encounter information was valid OSHPD 

identification number (n = 14, 0.58%), sex (n = 8, 0.33%), and ICD 9/10 codes (n = 4, 

0.16%). We excluded 25 records with missing encounter information. A p value of <0.05 

was used to define statistical significance. All tests were 2-sided. Statistical analyses were 

done using Stata v17.0 (StataCorp LLC, College Station, TX).

RESULTS

Encounters of 2,409 children aged 0 to 14 years who presented to an acute care hospital after 

firearm injury in California between 2005 and 2018 were included (Fig. 2). Of these, 1,494 

(62.0%) were evaluated only in the emergency department, and 915 (38.0%) were admitted 

as inpatients.

The pediatric firearm injury encounters were primarily of children ages 10 to 14 (n = 1,805, 

74.9%; Table 1). Most injuries were due to assault (n = 1,299, 53.9%) with a median NISS 

of 2 (interquartile range 1 to 9). The most common body region was extremity injury (n 

= 812, 33.7%). The largest proportion of pediatric firearm injury encounters presented to 

a nontrauma/level III/IV center (n = 866, 35.9%). Of pediatric firearm injury encounters 

that presented to an ACS-verified level I or II trauma center, the highest proportion was 

taken to a dual adult and pediatric trauma center (n = 560, 23.2%). The lowest proportion 

of pediatric firearm injury encounters presented to ACS-verified pediatric trauma centers (n 

= 246, 10.2%). The median center annual total firearm injury volume was 94 (interquartile 

range 22 to 303). Center annual total firearm injury volumes were highest at ACS-verified 

dual trauma centers (median 305, interquartile range 160 to 436).
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In-hospital mortality after firearm injury was 8.6% (n = 206; Table 2). The highest rates of 

in-hospital mortality were in ACS-verified adult level II trauma centers (n = 80, 17.5%). The 

lowest rates of in-hospital mortality were at ACS-verified pediatric trauma centers (n = 12, 

4.9%).

Mixed-effects multivariable logistic regression modeling odds of in-hospital mortality 

showed that children had 62% lower adjusted odds of mortality (95% CI 0.19 to 0.80) 

at ACS-verified adult level I, 83% lower (95% CI 0.05 to 0.61) at ACS-verified pediatric, 

and 52% lower (95% CI 0.25 to 0.93) at ACS-verified dual trauma centers compared to 

children presenting to nontrauma/level III/IV centers (Table 3). After adding annual total 

firearm injury volume to the mixed-effects multivariable logistic regression, the adjusted 

odds of mortality remained approximately the same at ACS-verified adult level I, pediatric, 

and dual trauma centers compared to children presenting to nontrauma/level III/IV centers. 

There was no association of annual total firearm injury volume with in-hospital mortality 

(adjusted odds ratio/10 patient increase in volume 1.00, 95% CI 0.99 to 1.02).

A subgroup analysis of 364 (15.1%) severely injured children with an NISS of greater than 

15 was conducted (Table 4). Overall mortality was 27.2% (n = 99). In univariate analysis, 

mortality was highest in patients who presented to nontrauma/level III/IV center (n = 27, 

45.8%). Severely injured children less than 5 years of age had higher mortality (n = 25, 

46.3%) compared to children ages 5 to 9 (n = 6, 20.7%) and children ages 10 to 14 (n = 68, 

24.2%). Mortality was highest among those with self-inflicted injury (n = 12, 70.6%).

Mixed-effects multivariable logistic regression predicting odds of mortality showed that 

severely injured children had an 84% lower adjusted odds of mortality (95% CI 0.06 to 0.46) 

at ACS-verified adult level I; 93% lower (95% CI 0.01 to 0.38) at ACS-verified pediatric; 

and 86% lower (95% CI 0.05 to 0.36) at ACS-verified dual trauma centers compared to 

children presenting to a nontrauma/level III/IV center (Table 5). When included in the 

model, annual total firearm injury volume did not function as a mediator and was not itself 

associated with mortality (adjusted odds ratio/10 patient increase in volume 1.00, 95% CI 

0.97 to 1.01).

A second subgroup analysis was performed among 253 children less than 5 years of age 

(10.5%). In-hospital mortality was 20.6% (n = 52; Supplemental Digital Content 2, http://

links.lww.com/JACS/A290). In univariate analysis, patients who presented to ACS-verified 

adult level II centers had the highest mortality (n = 20, 34.5%). Mixed-effects logistic 

regression modeling demonstrated no association between in-hospital mortality and ACS 

trauma center verification level or center annual firearm injury volume (Supplemental 

Digital Content 3, http://links.lww.com/JACS/A290).

DISCUSSION

Where to take a child after firearm injury can present a challenge given the availability 

of few and sparsely distributed pediatric trauma centers. The California OSHPD PDD and 

ED data included encounters of all individuals who presented to an acute care hospital 

after firearm injury. This study explored whether center firearm injury volume impacted 
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the relationship between ACS trauma center verification level and in-hospital mortality 

after firearm injury in children. We found that presentation to an ACS-verified adult level 

I, pediatric, or dual trauma center was associated with lower adjusted odds of mortality 

compared to nontrauma/level III/IV centers. Annual total firearm injury volume was not 

associated with adjusted odds of mortality after firearm injury, nor did it act as a mediator 

for the association between ACS trauma center verification level and in-hospital mortality. 

These findings suggest that ACS verification ensured that centers could achieve optimal care 

of firearm-injured children regardless of volume.

California has the largest population in the country and is home to 12% of the nation’s 

children.29 The state size and the combination of both metropolitan and rural areas creates 

a unique microcosm to study firearm injury in a pediatric population. There are 81 local 

designated and 66 ACS-verified trauma centers, including 17 pediatric trauma centers.30 

There are 33 LEMSAs, all of which have different protocols for the triage of injured 

children.30 In a previous study using OSHPD data, treatment at local designated trauma 

centers was associated with decreased mortality among severely injured children ages 0 

to 18 years.31 Previous studies have demonstrated similarly high rates of presentation 

of injured children to nontrauma/level III/IV centers as found in this study.32–34 Within 

Northern California, initial transport to a nontrauma/level III/IV center within close 

proximity to a local designated trauma center was recognized as a challenge that led to 

delays in definitive pediatric trauma care.29 These findings raise the question of whether 

relative higher likelihood of mortality for those severely injured children who presented to a 

non-trauma/level III/IV may have been attributable to trauma system factors.

Although care at an ACS-verified adult level I, pediatric, or dual trauma center was found 

to be associated with lower likelihood of firearm injury-associated mortality among children, 

ACS-verified adult level II centers had the highest rates of mortality. In California, many 

of the adult level II as well as nontrauma/level III/IV centers are located in less densely 

populated rural areas, but adult level I, pediatric, and dual trauma centers are in more 

densely populated urban areas.30,34 The higher mortality rates at ACS-verified adult level 

II centers could potentially be attributed to differences in prehospital time. As patients who 

were retriaged or transferred were excluded, the survivors who were initially stabilized at 

these centers then subsequently transferred may have resulted in inflated mortality rates.

Center annual total firearm injury volume was not associated with or a mediator for 

the association between ACS trauma center verification level and in-hospital mortality. 

These findings suggest that other elements specific to ACS-verified trauma centers such 

as the presence of specialists and trainees may have contributed to decreased mortality. 

Additionally, previous experience of staff in working with pediatric patients cannot be 

directly measured but may contribute. These findings have important implications that ACS 

trauma center verification processes are rigorous enough regardless of centers’ firearm 

injury volume, thus reinforcing the value of 6 decades of robust trauma system development 

in California and across the US.

This study has limitations. First, our cohort only included children who presented to 

a California acute care hospital after firearm injury and excluded retriaged as well as 
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interfacility transferred children. This was done because delays in retriage have been well 

documented to increase mortality and would have confounded our results.35 Because our 

question was where should pediatric firearm patients be taken, we focused only on patients 

who were cared for at the same hospital to which they were taken. Second, children who 

died before hospital arrival were not captured in these data. A previous California-based 

study on mortality in adults after firearm injury estimated that the OSHPD dataset captured 

only 25.2% of mortality compared to the data from the CDC Fatal Injury Reports with 

the remainder never reaching an acute care hospital emergency department.2 Similarly, 

another California-based study showed that the fatality rate in pediatric patients after firearm 

injury nearly doubled when using statewide data accounting for deaths in the field.3 As a 

result, our results were undoubtedly an underestimate of the burden and volume of pediatric 

firearm injuries. However, because only 30% of deaths in the field have been shown to 

be preventable, it is unclear if capture would have biased our results.36 Third, this study 

used data from a single state. The generalizability of our findings may be limited given 

the variation in states’ trauma systems. Nonetheless, we used ACS verification level as 

the primary predictor to ensure homogeneity in primary predictor definition. California 

is the most populous state and extremely diverse with a decentralized trauma system 

spanning dense urban to extremely rural areas; therefore, it serves as a microcosm for 

the US. Fourth, this study used administrative data that have limited clinical information. 

We used established methods to control injury severity and heterogeneity to address this 

limitation. We believe that complete capture of all firearm-injured children presenting to 

any hospital during 14 years in the most populous state provides a unique birds-eye view 

of how ACS verification level, center firearm injury volume, and in-hospital mortality 

are related. Last and most importantly, there is almost certainly some residual selection 

bias in where patients were transported introduced by Emergency Medical Services that 

cannot be completely accounted for.37 A future direction is an instrumental variable analysis 

quantifying association of distance between injury and closest ACS-verified adult, dual or 

pediatric trauma center with in-hospital mortality.

CONCLUSIONS

Presentation to an ACS-verified adult level I, pediatric, or dual trauma center was associated 

with lower adjusted odds of mortality after pediatric firearm injury. ACS trauma center 

verification level, regardless of trauma center volume, was associated with lower in-hospital 

mortality among firearm-injured children in California. These findings suggest that the ACS 

verification process contributing to the achievement of optimal outcomes for children after 

injury.
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Abbreviations and Acronyms

ACS American College of Surgeons

ED Emergency Department Data

LEMSAs Local Emergency Medical Services Agencies

NISS New Injury Severity Score

OSHPD Office of Statewide Health Planning and Development

PDD Patient Discharge Data
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Figure 1. 
Primary triage destination after firearm injury in California, 2005 to 2018, and groupings 

for study analysis. ED, Emergency Department Data; OSHPD, Office of Statewide Health 

Planning and Development; PDD, Patient Discharge Data.
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Figure 2. 
Final study cohort of children less than 15 years of age who presented to California trauma 

center after firearm injury between 2005 and 2018. Total encounters included all injured 

patients in the California Office of Statewide Health Planning and Development patient 

discharge data (PDD) and emergency department data (ED) datasets. Percentages for totals 

are derived using the previous group total as the denominator. ED and PDD percentages 

were derived using the total in that group as the denominator.
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