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ABSTRACT
Background Firearm injury is a major public health 
burden in the USA. Absent a single, reliable data source, 
researchers have attempted to describe firearm injury 
epidemiology using trauma registry data. To understand 
the implications of this approach, we compared trends in 
firearm assault incidence and case-fatality in Philadelphia 
over 10 years from two sources: the Pennsylvania Trauma 
Outcomes Study (PTOS), Pennsylvania’s state-mandated 
trauma registry, and the Philadelphia Police Department 
database (PPD) of firearm assaults.
Methods We included PTOS firearm assault patients 
treated in Philadelphia County and PPD database firearm 
assault victims from 2005 to 2014. We calculated 
counts of fatal and non-fatal incidents using PTOS 
and PPD data. We used generalized linear models 
adjusted for seasonality to estimate temporal trends 
in firearm assault rates and case-fatality for both data 
sources and compared patient demographics and injury 
characteristics between the two.
Results A total of 6988 PTOS and 14 172 PPD subjects 
met the inclusion criteria. In both data sets, firearm 
assault rates decreased significantly during the study 
period (PTOS: 5.19 vs. 3.43 per 10 000 person-years, 
change/year: −0.21, 95% CI −0.26 to –0.16; PPD: 10.97 
vs. 6.70 per 10 000 person-years, change/year: −0.53, 
95% CI −0.62 to –0.44). PTOS mean case-fatality rate 
was 26.5% and decreased significantly (change/year: 
−0.41, 95% CI −0.78% to 0.04%). PPD mean case-
fatality rate was 18.9% with no significant change over 
time (p=0.41).
Discussion Relative to PPD data, PTOS data 
underestimated firearm assault incidence and 
overestimated mortality. Trends in case-fatality rates 
were disparate across the two data sources. A true 
understanding of firearm injury in the USA requires 
comprehensive data collection on the incidence, nature, 
and severity of these injuries. As trauma registry data 
are by definition incomplete, combining data sources is 
essential. Local law enforcement data are an important 
potential source for studying city-level firearm injury.
Level of evidence Level III, epidemiological.

BACkgRounD
Firearm violence is a major public health problem 
in the USA. An accurate understanding of firearm 
injury epidemiology is critical to effectively target 
and evaluate effects of prevention efforts. Data 
from national and state trauma registries, hospital 
registries, government and public health agencies, 
law enforcement, and the media have been used 
to report firearm injury epidemiology.1–5 However, 

there remains no comprehensive, gold standard 
data source for the study of firearm injury in the 
USA.

In the trauma surgery literature, researchers have 
attempted to use trauma registry data to describe the 
epidemiology of firearm injury and assess potential 
interventions to reduce firearm injury (including 
legislation) and improve outcomes for victims.6–11 
However, the selection criteria for patient inclu-
sion into trauma registries are not uniform, and 
trauma registry data do not represent the complete 
epidemiologic picture of firearm injury. Specific 
biases associated with the use of trauma registry to 
describe trends in firearm injury epidemiology are 
currently unknown, but at minimum, patients can 
only be included if they are treated in a hospital 
that participates in the registry. This likely excludes 
injuries too minor to require medical care, which 
still may have epidemiologic significance, as well as 
injuries treated at non-trauma center hospitals and 
injuries resulting in immediate death at the scene. 
Millimeters of difference in a bullet’s trajectory 
can result in a major difference in injury severity, 
meaning that minor injuries are part of the same 
larger phenomenon as more serious ones. To be 
truly meaningful, an epidemiologic resource must 
identify all firearm injuries.

Recent analyses suggest that non-fatal firearm 
injuries may be driving a “hidden epidemic” of 
gun violence.12 13 However, reports have differed 
regarding trends in firearm injury case-fatality rates 
during the past decade. Some studies have found 
an overall decrease in firearm injury case-fatality, 
whereas others demonstrate relative stability in 
case-fatality rates.12–14 Debate exists regarding the 
driving forces behind these epidemiologic trends, 
with some researchers arguing that firearm injury 
severity is increasing over time.7 10 15 It is clear that 
the ongoing lack of reliable data sources, especially 
for non-fatal firearm injuries, limits our current 
ability to accurately characterize trends in firearm 
injury epidemiology.

In Philadelphia, we have identified two potential 
data sources for both fatal and non-fatal firearm 
injury: Pennsylvania Trauma Outcomes Study 
(PTOS), Pennsylvania’s mandated central trauma 
registry, and the Philadelphia Police Department 
database (PPD) of firearm assaults. In this study, 
we compared trends in firearm assault incidence 
and case-fatality in Philadelphia, Pennsylvania 
over 10 years using PTOS and PPD data. In the 
absence of a true gold standard for population-level 
firearm injury, we sought to evaluate these two very 
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Figure 1 Firearm assault incidence in Philadelphia Police Department 
(PPD) versus Pennsylvania Trauma Outcomes Study (PTOS) data, 2005–
2014.

Figure 2 Firearm assault case-fatality rates in Philadelphia Police 
Department (PPD) versus Pennsylvania Trauma Outcomes Study (PTOS) 
data, 2005–2014.

Figure 3 Fatal and non-fatal firearm injury rates in Philadelphia Police 
Department (PPD) versus Pennsylvania Trauma Outcomes Study (PTOS) 
data, 2005–2014.

different data sources with the aim of optimizing our under-
standing of firearm injury epidemiology in Philadelphia.

MeThoDS
PTOS includes patients treated in a trauma center in the state 
of Pennsylvania meeting the following criteria: intensive care or 
step-down unit admission, death on hospital arrival or during 
admission, transfers in or out of the hospital, admission for 
greater than 48 hours, or admission for greater than 36 hours 
with an injury severity score of 9 or greater. The PPD data set 
contains all shootings classified as assaults that result in indi-
vidual injury or fatality in Philadelphia, with assault defined as 
non-self-inflicted missile injury. These data are drawn from police 
reports, which include mandated reporting of firearm injuries 
by healthcare providers. PPD does not include any measure of 
injury severity, but does notate the location of wounds. These 

data are publicly available and searchable from 2015 forward 
through OpenDataPhilly.16 Earlier data were obtained directly 
from the police department.

For this analysis, we extracted the individual-level records of 
PTOS patients sustaining firearm assaults occurring in Philadel-
phia County (International Classification of Diseases Ninth Revi-
sion E-codes E922, E955, E965, and E985 with assault intent) 
and firearm assault victims from the PPD database from 2005 to 
2014. Variables common to both data sets and relevant to this 
analysis were individual age, sex, race/ethnicity, and mortality.

We aggregated these individual-level data as counts of fatal 
and non-fatal incidents per month and year for each data set. 
We then compared the demographic and injury characteristics 
and injury outcomes of patients recorded in the PTOS and PPD 
data sets using two-sided Student’s t-tests and χ2 tests. Finally, 
we evaluated temporal trends in firearm assault rates and fatality 
for each data source during the study period using generalized 
linear models adjusting for seasonality. Given stability in the 
Philadelphia population during the study period, we used 2010 
census-derived population estimates.17

ReSuLTS
From 2005 to 2014, there were 6988 firearm assault patients 
in the PTOS database and 14 172 firearm assault victims in the 
PPD database. PPD subjects were younger than PTOS subjects: 
(27±13 vs. 28±10 years, p<0.001), more likely to be female 
(7.8% vs. 5.9%, p<0.001), and less likely to be black (84.2% vs. 
89.3%, p<0.001).

The incidence of PTOS firearm assaults decreased from 5.19 
per 10 000 person-years in 2005 to 3.43 per 10 000 person-years 
in 2014 (change per year: −0.21, 95% CI −0.26 to –0.16). The 
incidence of PPD firearm assaults also decreased significantly 
from 2005 to 2014 (10.97 vs. 6.70 per 10 000 person-years, 
change per year: −0.53, 95% CI −0.62 to –0.44) (figure 1).

The mean case-fatality rate for PTOS patients was 26.5% 
and decreased significantly during the study period (change per 
year: −0.41%, 95% CI −0.78% to −0.04%). The PPD mean 
case-fatality rate was 18.9% and there was no significant change 
in firearm assault mortality during the study period (p=0.41) 
(figure 2). Figure 3 shows the annual rates of fatal and non-fatal 
injury represented in both data sources.
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Table 1 Hospital destinations for firearm assault victims listed in 
Philadelphia Police Department database

non-fatal injury Fatal injury Total

No hospital 280 (2.4) 876 (32.8) 1156 (8.2)

Pennsylvania trauma center 10 544 (91.7) 1774 (66.3) 12 318 (86.9)

Non-trauma center 663 (5.8) 25 (0.9) 688 (4.9)

Trauma center outside of 
Pennsylvania

10 (0.1) 0 10 (0.1)

Table 2 Characteristics of firearm assault victims

PPD (n=4172) PToS (n=6998)

Race

  Black 11 940 (84.3) 5652 (81.0)

  White 2075 (14.6) 412 (5.9)

  Asian 157 (1.1) 67 (1.0)

  Other NA 191 (2.7)

Ethnicity

  Hispanic NA 445 (9.7)

Gender

  Male 13 067 (92.2) 6572 (94.1)

  Age* 24 (20–32) 25 (20–32)

Location

  Inside 1508 (10.6)

  Outside 12 664 (89.4)

Body region injured†

  Extremity 5885 (41.5) 4367 (62.5)

  Torso 3252 (23.0) 1237 (17.7)

  Head/Neck 1790 (12.6) 503 (7.2)

  Spine NA 875 (12.5)

  Multiple 3245 (22.9) 3889 (55.7)

*Median (IQR). All others are n (%).
†PPD injuries are as noted by PPD; only one entry permitted per patient. PTOS 
entries are generated from the AIS body region codes, and each patient may have 
up to 27 injuries recorded. AIS: abbreviated injury score.
NA, not available; PPD, Philadelphia Police Department database; PTOS, 
Pennsylvania Trauma Outcomes Study.

According to the hospital destinations listed by the PPD, 87% 
of patients went to a Pennsylvania trauma center (PTOS partici-
pant) and 5% went to a non-trauma center, as shown in table 1. 
Among the 8.2% who were not taken to any hospital, 75.8% 
died (compared with 18.9% overall). Table 2 shows the demo-
graphic characteristics and injury locations according to the two 
data sources. In PPD data, the highest rate of mortality was in 
patients with injuries to the head and neck (48.9%), followed by 
those with multiple injuries (32.6% mortality) and torso inju-
ries (21.8% mortality). Those noted to have extremity injuries 
had a 0.6% mortality rate. Proportions were similar in PTOS 
data: 45.1% of patients with injuries to the head or neck died, as 
did 34.0% of patients with torso injuries and 33.7% of patients 
with multiple injuries. In PTOS data, 23.1% of patients with 
extremity injuries died, but 98.3% of this group had additional 
injuries to other body regions, most commonly to the torso 
(90.0%) and head (48.5%).

DiSCuSSion
Our analysis of Pennsylvania’s trauma registry data identified 
only half as many firearm assaults in Philadelphia over a 10-year 

period and overestimated the case-fatality rate relative to police 
data. Subject demographics were slightly different across the data 
sets. We found a decrease in firearm assault incidence in both 
data sets, although the rate of decrease was lower in the PTOS 
data. Temporal trends in case-fatality rates differed significantly 
between the data sets. A possible explanation of our results is 
that although trauma care for firearm injuries may be improving 
slightly for hospitalized patients, the overall severity of injury is 
increasing.

PTOS and PPD data sets measure different phenomena. 
Although there is no gold standard against which we can verify 
either data source, in the absence of a single, comprehensive data 
source covering all gunshot wound injuries and deaths, these two 
types of data can be used in parallel to provide a more complete 
understanding of the epidemiology of firearm injury. PPD data 
contain all shooting victims identified by police, regardless of 
severity of injury. Because healthcare providers are mandated to 
report gunshot injuries to the police, we assume that PPD data 
include all individuals represented in PTOS. However, PPD data 
also include injuries too minor to require medical care; inju-
ries treated at non-trauma hospitals; injuries treated at trauma 
centers but not meeting registry inclusion criteria; and deaths on 
the scene. There may still be people injured by firearms who do 
not come to police or healthcare attention who are not included 
in either data set.

Hospital destinations as listed by PPD indicate that 87% of 
patients were taken to a Pennsylvania trauma center that partic-
ipates in PTOS, whereas only 4.9% were taken to non-trauma 
centers. Of the 8.2% who were not transported to any hospital, 
76% had fatal injuries, likely deaths at the scene. This suggests 
that the primary sources of non-inclusion in PTOS were minor 
injuries treated at trauma centers but not meeting registry criteria. 
The number of patients in this category was much larger than the 
number who apparently died at the scene, contributing to the 
lower case-fatality rates in PPD data.

Patient demographics were similar between the two data sources, 
as were regions of injury. However, PTOS contains rich clinical 
detail that is not represented in PPD and therefore has greater 
potential to contribute to the understanding of injury severity, treat-
ment, and outcomes. Moreover, PTOS data are verified by trained 
registrars, whereas PPD data are abstracted from police reports 
without additional verification. Without the rigorous structure of 
the PTOS clinical registry, risk of misclassification of non-assault 
or non-firearm injury may be greater. PPD data are likely to give 
a more accurate view of firearm injury epidemiology and changes 
over time, although without the clinical depth of PTOS. These data 
are available publicly and updated daily.

Investigators should be aware of the specific population each 
data set captures when designing and analyzing studies on firearm 
injury. Trauma registry data must be used with caution in evaluating 
epidemiologic trends or effects of firearm policy going forward.

Because we analyzed only two data sources from a single city, 
our study has limited generalizability. However, PTOS inclusion 
criteria are similar to those for the American College of Surgeons’ 
National Trauma Data Bank (NTDB), a widely used, national 
compilation of registry data from participating trauma centers. 
NTDB includes all traumatic injury resulting in death, transfer 
from another hospital, or hospital admission, although indi-
vidual trauma centers are allowed to define admission according 
to their own standards.18 In addition, it is possible that the PPD 
data set omitted or misattributed some cases of firearm injury 
or contains inherent bias we are unable to measure. We did not 
include unintentional and self-inflicted injuries in this analysis as 
they were not included in the PPD data set of firearm assaults. 
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All transfers-in were included in the PTOS data set, which may 
have resulted in duplication of cases. Moreover, there may be 
firearm injuries that never come to medical or police attention 
and cannot be included in either data source. Therefore our find-
ings do not represent a comprehensive epidemiologic picture of 
all types of firearm injury in Philadelphia. Additionally, we were 
not able to link firearm victims between data sources, so it is not 
clear precisely which patients are captured in both sources, or in 
one source but not the other.

The study of firearm injury epidemiology in the USA remains 
limited by available sources of data. Local police databases may 
represent important and underutilized resources for describing 
city-level firearm injury epidemiology.19 20 Partnerships between 
health systems and law enforcement, like the Cardiff Violence 
Prevention Program, have the potential to enhance firearm injury 
surveillance and identify prevention targets.21 Future research in 
firearm injury epidemiology should use inclusive or linked data 
sources, including police data, which contain information on 
both fatal and non-fatal injuries. A data source that includes both 
national and granular local data on all types of firearm injury, 
including geographic data, injury type and severity, outcomes, 
and cost, would be ideal.

Contributors JHB and DNH are responsible for study concept. JHB acquired the 
study data. JHB, EK, WPY, and DNH analyzed the data. JHB and EK drafted the article. 
EK, DNH, JHB, CS, MS, CNM, DJW, and WPY contributed to the critical review of the 
article.

Funding The Penn Injury Science Center (CDC R49 CE002474) supported the 
participation of CNM and SFJ.

Competing interests None declared.

Patient consent for publication Not required.

ethics approval The Institutional Review Board at the University of Pennsylvania 
approved this study.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

REFERENCES
 1. Centers for Disease Control and Prevention. National violent death reporting system 

[online]. Available at. https://www. cdc. gov/ violenceprevention/ nvdrs/ index. html 
(Accessed 11 Jul 2018).

 2. United States Consumer Product Safety Commission. National Electronic Injury 
Surveillance System (NEISS) [online]. Available at. www. csps. gov/ Research- Statistics/ 
NEISS- Injury- Data (Accessed 11 July 2018).

 3. Federal Bureau of Investigation. Uniform crime reporting [online]. Washington, DC: US 
Government, US Department of Justice, 2017.

 4. American College of Surgeons. National trauma data bank. Chicago, IL: American 
College of Surgeons, 2018.

 5. Archive GV. Gun violence archive 2017 [online]. Washington, DC: Gun Violence 
Archive, 2017.

 6. Sauaia A, Gonzalez E, Moore HB, Bol K, Moore EE. Fatality and severity of firearm 
injuries in a Denver trauma center, 2000-2013. JAMA 2016;315:2465–50.

 7. Livingston DH, Lavery RF, Lopreiato MC, Lavery DF, Passannante MR. Unrelenting 
violence: an analysis of 6,322 gunshot wound patients at a level I trauma center. J 
Trauma Acute Care Surg 2014;76:2–9.

 8. Zebib L, Stoler J, Zakrison TL. Geo-demographics of gunshot wound injuries in Miami-
Dade County, 2002–2012. BMC Public Health 2017;17:1.

 9. Wandling MW, Nathens AB, Shapiro MB, Haut ER. Association of prehospital mode 
of transport with mortality in penetrating trauma: a trauma system-level assessment 
of private vehicle transportation vs ground emergency medical services. JAMA Surg 
2018;153:107–13.

 10. Efron DT, Haider A, Chang D, Haut ER, Brooke B, Cornwell EE. Alarming surge 
in nonsurvivable urban trauma and the case for violence prevention. Arch Surg 
2006;141:5.

 11. Ginwalla R, Rhee P, Friese R, Green DJ, Gries L, Joseph B, Kulvatunyou N, 
Lubin D, O’Keeffe T, Vercruysse G, et al. Repeal of the concealed weapons law 
and its impact on gun-related injuries and deaths. J Trauma Acute Care Surg 
2014;76:569–75.

 12. Kalesan B, Adhikarla C, Pressley JC, Fagan JA, Xuan Z, Siegel MB, Galea S. The hidden 
epidemic of firearm injury: increasing firearm injury rates during 2001-2013. Am J 
Epidemiol 2017;185:546–53.

 13. Jena AB, Sun EC, Prasad V. Does the declining lethality of gunshot injuries 
mask a rising epidemic of gun violence in the United States? J Gen Intern Med 
2014;29:1065–9.

 14. Cook PJ, Rivera-Aguirre AE, Cerdá M, Wintemute G. Constant lethality of gunshot 
injuries from firearm assault: United States, 2003-2012. Am J Public Health 
2017;107:1324–8.

 15. Kent AJ, Sakran JV, Efron DT, Haider AH, Cornwell EE, Haut ER. Understanding 
increased mortality after gunshot injury. Am J Public Health 2017;107:e23.

 16. OpenDataPhilly. hooting Victims [online]. Philadelphia, PA: OpenDataPhilly. 
Available at. www. opendataphilly. org/ dataset/ shooting- victims (Accessed 11 Jul 
2018).

 17. The Untied States Census Bureau. QuickFacts: Philadelphia County, Pennsylvania 
[online]. https://www. census. gov/ quickfacts/ fact/ table/ phil adel phia coun type nnsy 
lvania, US/ PST045216 (Accessed 31 Oct 2017).

 18. American College of Surgeons. National trauma data standards. https://www. facs. 
org/ quality- programs/ trauma/ tqp/ center- programs/ ntdb/ ntds (Accessed 19 Mar 
2019).

 19. Kieltyka J, Kucybala K, Crandall M. Ecologic factors relating to firearm injuries and gun 
violence in Chicago. J Forensic Leg Med 2016;37:87–90.

 20. Kellermann AL, Bartolomeos K, Fuqua-Whitley D, Sampson TR, Parramore CS. 
Community-Level firearm injury surveillance: local data for local action. Ann Emerg 
Med 2001;38:423–9.

 21. Jacoby SF, Kollar LMM, Ridgeway G, Sumner SA. Health system and law enforcement 
synergies for injury surveillance, control and prevention: a scoping review. Inj Prev 
2018;24:305–11.

http://creativecommons.org/licenses/by-nc/4.0/
https://www.cdc.gov/violenceprevention/nvdrs/index.html
www.csps.gov/Research-Statistics/NEISS-Injury-Data
www.csps.gov/Research-Statistics/NEISS-Injury-Data
http://dx.doi.org/10.1001/jama.2016.5978
http://dx.doi.org/10.1097/TA.0b013e3182ab19e7
http://dx.doi.org/10.1097/TA.0b013e3182ab19e7
http://dx.doi.org/10.1186/s12889-017-4086-1
http://dx.doi.org/10.1001/jamasurg.2017.3601
http://dx.doi.org/10.1001/archsurg.141.8.800
http://dx.doi.org/10.1097/TA.0000000000000141
http://dx.doi.org/10.1093/aje/kww147
http://dx.doi.org/10.1093/aje/kww147
http://dx.doi.org/10.1007/s11606-014-2779-z
http://dx.doi.org/10.2105/AJPH.2017.303837
http://dx.doi.org/10.2105/AJPH.2017.304100
www.opendataphilly.org/dataset/shooting-victims
https://www.census.gov/quickfacts/fact/table/philadelphiacountypennsylvania,US/PST045216
https://www.census.gov/quickfacts/fact/table/philadelphiacountypennsylvania,US/PST045216
https://www.facs.org/quality-programs/trauma/tqp/center-programs/ntdb/ntds
https://www.facs.org/quality-programs/trauma/tqp/center-programs/ntdb/ntds
http://dx.doi.org/10.1016/j.jflm.2015.11.003
http://dx.doi.org/10.1067/mem.2001.117273
http://dx.doi.org/10.1067/mem.2001.117273
http://dx.doi.org/10.1136/injuryprev-2017-042416

	Firearm assault in Philadelphia, 2005–2014: a comparison of police and trauma registry data
	ABSTRACT
	Background
	Methods
	Results
	Discussion
	REFERENCES


