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Abstract

Nonfatal firearm assault incidents are more prevalent than gun homicides, however, little is
understood about nonfatal firearm assault incidents due to a lack of accurate data in the United
States. This is a descriptive study of all nonfatal firearm assault incidents identified through
police and clinical records from 2007-2016 in Indianapolis, Indiana. Records were linked at the
incident level to demonstrate the overlap and non-overlap of nonfatal firearm assault incidents in
police and clinical records and describe differences in demographic characteristics of the victims.
Incidents were matched within a 24-hour time window of the recorded date of the police
incident. Data were analyzed in fall 2020. There were 3,797 nonfatal firearm assault incidents
identified in police reports and 3,131 clinical encounters with an ICD 9/10 diagnosis-based
nonfatal firearm-related injury. 62% (n=2,366) of nonfatal firearm assault incidents matched
within 24 hours to a clinical encounter, 81% (n=1,905) had a firearm related ICD code: 40%
(n=947) were coded as a firearm-related assault, 32% (n=754) were coded as a firearm-related
accident; and 8.6% (n=198) were coded as undetermined, self-inflicted or law enforcement
firearm-related. The other 20% (n=461) did not have an ICD firearm related diagnosis code.
Results indicate most nonfatal firearm assault incidents overlap between police and clinical
records systems, however, discrepancies between the systems exist. These findings also
demonstrate an undercounting of nonfatal firearm assault incidents when relying on clinical data
systems alone and more efforts are needed to link administrative police and clinical data in the
study of nonfatal firearm assaults.
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Firearm violence is a public health crisis in the United States. Nonfatal firearm assaults
are estimated to be four times as prevalent as firearm homicides.! Apart from a few key studies,!”
3 little is known about nonfatal firearm assaults due to a dearth in research,® a lack of accurate,
timely, and available data in the United States.”® To address these issues, this study links police
reports and incident-related clinical reports to examine nonfatal firearm assault incidents, as
understanding the epidemiology of nonfatal firearm assault is critical to effectively identify and

design prevention efforts.

The largest obstacle to advancing knowledge on nonfatal firearm assault is the lack of
integrated data systems.” In consequence, research on nonfatal firearm assaults has largely been
conducted using data from single sources derived from clinical, public health, or police systems.
National databases on firearm assaults collect data only on firearm related deaths, incompletely
identify assault victims with gunshot wounds, or, in the case of CDC injury data, represent only a
sample of emergency departments, and clinical and justice data are not integrated.! Criminal
justice databases such as the Federal Bureau of Investigation’s Uniform Crime Reports (UCR)
use categories of Armed Robbery and Aggravated Assault-Gun to indicate a firearm was used
but not that the victim suffered a gunshot wound. In the medical literature, researchers
commonly use electronic health records (EHR) or trauma registry data to examine nonfatal
firearm injuries. EHR data are known to underestimate injury prevalence due to limitations in
coding;’ trauma registries miss nonfatal assault victims if injuries are too minor to require a
trauma activation, or if the patient was cared for at a non-trauma center. From a public health
perspective, these more minor events are still significant to consider, as less severe injury may

still result in long-term physical, mental, and societal effects.!%-12
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Among firearm violence researchers, there has been a recent call to improve the infrastructure of
firearms data at the local and national levels, specifically to determine the true prevalence of
nonfatal firearm assault incidents. One potential avenue for creating more valid data on nonfatal
assault incidents is by linking police and clinical administrative data.'? For instance, researchers
in Philadelphia recently compared trends in firearm assault events over a 10-year period using
both police records and trauma registry data.'* They found trauma registry data identified only
half the number of firearm assaults identified in police records. Differences were also observed
in victim demographics and injury trends across both data sets. These findings suggest
combining police and clinical data may provide a more accurate picture of firearm assaults, event
details, and injury severity. However, the Philadelphia study only examined aggregate numbers
across both systems, limiting what we know about the true incident overlap of these two
populations. Therefore, this study leverages linked administrative police reports and incident
related clinical reports to examine the overlap and non-overlap of nonfatal firearm assault

incidents and to describe differences in the demographic characteristics of the victims.
Methods
Study Setting and Sample

We conducted a descriptive study of all nonfatal firearm assault incidents identified through
police records and one or more inpatient, outpatient or emergency department clinical encounters
from 2007 through 2016 in Indianapolis, Indiana. We obtained these data in collaboration with
the Indianapolis Metropolitan Police Department (IMPD) and the Regenstrief Institute’s Indiana
Network for Patient Care (INPC). The IMPD records management system was used to pull
incident reports and their corresponding UCR categories. IMPD is the largest police department

in Marion County (Indianapolis metropolitan area), Indiana, covering over 90% of the county
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geographically. IMPD collects incident reports on all victimizations and crimes occur within
their jurisdiction. Each police record includes incident case number, date of incident, location of
incident, incident title (e.g., aggravated assault-gun or armed-robbery), person type (e.g., victim,
suspect/offender, deceased, witness, involved, other), name, date of birth, age, race, sex, and

narrative of the incident.

The INPC was developed over 30 years ago and has over 17 million patient-level medical
records to inform both clinical care and research purposes.'> The INPC covers 90 hospitals
within Indiana and seven of the emergency departments within Indianapolis and all within
IMPD’s jurisdiction. Clinical records include patient demographics, encounter dates, and
associated diagnoses codes at time of encounter. This project was approved by the Indiana

University Institutional Review Board and data were analyzed in fall 2020.
Record Linkage Procedures

Deterministic and probabilistic matching linked individuals from IMPD’s records management
system to individuals with one or more INPC clinical records, by using identifiers including first
name, middle name, last name, sex, race, date of birth, social security number, ZIP code, and
street address number. Individuals were matched using the following procedures. First,
deterministic algorithms were applied using different combinations of identifiers to establish
exact and conservative matches. Next, several probabilistic algorithms were employed based on
prior linkage studies.'®2% A probabilistic algorithm defines the probability a specific pair is a true
match.'®!° Three strategies were used to refine the probabilistic linkage process: (1) phonetic
transformations were created using “Soundex” and New York Statewide Immunization
Information System (NYSIIS) methods to help match misspelled names: (2) names with possible

nicknames and known aliases were matched: (3) possibly switched last, first, and middle names,
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as well as mismatched day and month of birth, and (4) iteratively refined the algorithms to a
desired level of performance, by using alternative strategies such as weighing by name
frequency. Three research team members independently reviewed each of the probabilistic
matching algorithms and determined a match threshold score for each algorithm. The most
conservative of match scores was chosen to select true matches (pairs with scores greater than or

equal to that threshold).
Cohort Definition

The outcome of interest is nonfatal firearm assault incidents. Nonfatal firearm assault incidents
were defined by two criteria: (1) the incident had to meet the criteria of an aggravated assault
according to Federal Bureau of Investigation Uniform Crime Reporting (UCR) standards, and (2)
an individual had to have a penetrating injury caused directly by a firearm.?!->? Self-inflicted,
unintentional, accidental, and police involved shootings were excluded. Only victims identified
in the police report were included in this study. We gathered all IMPD UCR events for armed
robbery and aggravated assault-gun within Indianapolis between 2007 and 2016. To ensure the

incident involved a penetrating gunshot wound victim, all UCR narratives were queried, coded

29 ¢ 99 ¢

with multiple sets of key words: (1) “person shot,” “gunshot wound,” “gsw,” “people shot,”
“shots fired,”; (2) “firearm,” “gun,” “bullet,” “armed”; and/or (3) “hospital,” “transported,” and
then reviewed,! and verified by querying clinical records for an ICD gun-assault code to confirm
a gunshot injury. Given mandatory reporting laws that require hospitals to report all gunshot
wounds to law enforcement;?* our population of nonfatal firearm assaults should be inclusive for

all nonfatal firearm assault incidents treated at a hospital or reported to police within IMPD

jurisdiction.
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Police Incident and Clinical Encounter Date Match

We matched incidents by date to identify the same police incident with the corresponding
clinical encounter between 2007-2016. We considered an incident a match on two criteria: 1)
victim unique identifier, as previously described above and 2) police date and clinical encounter
data were within 24 hours of each other (e.g., exact date match). Given the possible delays in
police incident reporting, or hospital reporting a gunshot wound to the police, we also searched a

48-hour window outside the initial 24 hours (e.g., exact date +/- 1) (Figure 1)..

ICD Diagnoses Code Classification

Given all incidents matched within the 24 and 48-hours are considered assaults per the police
data, we sought to classify incidents by ICD diagnoses codes to determine misclassification
within the clinical data. Using ICD-9 and ICD-10 diagnosis codes, we identified records coded
as firearm assault (E965, X93, X94, X95.8-9), firearm accidental/unintentional (E922, W32,
W33, W34.00, W34.09, W34.10, W34.19), firearm undetermined (E985, E979.4, E991, Y22,
Y23, Y24.8-9, Y36.41, Y36.42, Y36.43), firearm self-inflicted (E955, X72, X73, X74.8-9), or
firearm-law enforcement (E970, Y35.0). A text search for keywords, “gunshot,” “firearm,”

13 9 ¢

gsw,” “open wound,” “injury,

EEINT3 LR INT3 9 ¢

assault,” “shot,” and “gun shot>*

trauma,” “open fracture,
in the diagnoses text field was performed and manually reviewed to classify incidents not coded
or classified as a firearm related incident in the clinical data. Records without any indication of
firearm-related injury were coded as non-firearm encounters. For incidents with more than one
ICD firearm-related codes, we prioritized codes to create mutually exclusive categories as
follows: 1) firearm-related assault, 2) firearm-related unintentional/accidental, 3) other firearm-

related, or 4) non-firearm related ICD code, to examine the frequency of firearm related ICD

code by specific category, as well as non-firearm coded encounters.
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Sensitivity Analysis

To resolve incidents in the IMPD data not matching to a clinical encounter within 24 or 48 hours
(n=641) of the IMPD event, all INPC encounters were searched within 20 days before and after
the IMPD date to locate any delayed reports; 131 additional incidents were located within +/- 20
days of the police event date. These encounters were classified into three categories: (1) labeled

EEINY3

with an ICD related gun code, (2) labeled as “open wound,” “trauma,” or “injury,” and (3)
labeled with other non-trauma related ICD codes (e.g., asthma, pregnancy test). Police narratives
were reviewed to determine if medical attention was refused. Finally, all ED encounters from the
date of the police incident were searched for ICD-firearm codes as well as any injury or trauma,
given some victims may not present with identifying information; we then matched on race, sex,
age, date, and time. INPC encounters were coded with an ICD firearm assault diagnosis code that

did not match to police records and may indicate incidents outside IMPD’s jurisdiction, patients

who transferred from out of county, or incidents missing from police data.

Results

From 2007 to 2016, 3,797 (comprised by 3,608 unique victims, 120 persons with more than one
incident, and 249 incidents with multiple victims) nonfatal firearm assault incidents were
identified in police reports (Table 1). Within the clinical records, there were 3,131 ICD firearm-
related clinical encounters. Annual rates of nonfatal firearm assault incidents were consistently
lower when based on clinical data with an ICD firearm-related code (ranging from 26.7 — 51.3
per 100,000 from 2007-2016) and even lower when based on an ICD firearm-assault code
(ranging from 12.5 — 32.6 per 100,000), compared to police-reports (33.3 to 55.8 per 100,000

population)(Figure 2).
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Of the 3,797 nonfatal assault incidents identified in the police reports, 62% (n=2,366) were
matched to a corresponding clinical encounter within 24 hours (i.e., exact date match). An
additional 21% (n=790) of nonfatal firearm assault incidents were matched within 48 hours (i.e.,
exact date +/- 1) of the initial police reported date. There were 641 nonfatal firearm assault
incidents identified in the police data that did not match within the 24 or 48 hours of a
corresponding clinical encounter and an additional 537 nonfatal firearm assault incidents were
identified within the clinical records but did not match to a corresponding police incident (Figure

3).

Of the 641 nonfatal firearm assault incidents that did not match between police and clinical data
within 24 or 48 hours, 57 refused medical attention and/or emergency medical services transport
and 131 clinical encounters were identified within 40 days of the police event date. Of the 131
with a clinical encounter within 40 days, 33 had an ICD firearm-related code at that time, 37 had
a trauma or injury related code, and 61 had ICD codes that could not necessarily be attributed to
a firearm (e.g., asthma or pregnancy test), however, these clinical encounters are not considered

the same incident identified within the police records given the large time window.

Police records (76.1% vs. 17.8%) and matched police-clinical records had higher proportions of
Black victims (77.2% vs. 19.3%) compared to White victims. Firearm assault incidents only
identified in clinical data had higher proportions of White victims (41.3% vs. 19.8%) compared
to Black victims. Sex and age of victims were similar across match groups. Most non-matched
cases involved Black, male victims, between 20-24 years of age (Table 2). Of the 2,366 nonfatal
firearm assault incidents matched within 24 hours to a clinical encounter, 81% (n=1,905) had a
firearm-related ICD code: 40% (n=947) had a firearm-related assault code; 32% (n=754) were

coded as firearm-related accidental code; and 8.6% (n=198) were coded as undetermined, self-
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inflicted or law enforcement firearm-related. The other 20% (n=461) were coded with ICD
diagnosis codes for open wounds, trauma, assault, or injuries; however, they did not indicate that
a firearm was used or the intent of injury. E-codes were only included in 1.6% (n=61) of
encounters (Appendix Table A). Across ICD firearm-related diagnoses codes, observed victim

demographics were similar (Appendix Table B).
Discussion

Using linked administrative police report and incident related clinical reports, our analysis
demonstrated most nonfatal firearm assault incidents overlapped between the police and clinical
data, however, there was a proportion of non-overlapped cases within each dataset. Clinical data
identify less than half of nonfatal firearm assault incidents, as indicated by those not
appropriately coded as such but with overlapping records with the police report data. Most
incidents did indicate a firearm code, however, there was a notable number of incidents that did
not receive any firearm-related ICD code. These incidents would be left out of any analysis
collected through electronic health records and other injury surveillance systems derived from
hospital data had these records not been confirmed as nonfatal firearm assaults through police
data. This finding confirms the underreporting of nonfatal firearm assaults within clinical data

systems.!3

Our findings aligned with prior research'4? and indicate police data may provide a more
complete record of nonfatal firearm assault incidents compared to clinical data, and linking
police and clinical data is important to improve our understanding of nonfatal firearm assault
incidents due to the underreporting of firearm assaults in clinical records. Prior research has
linked clinical and police data at the individual level to examine firearm violence; however,

police data has largely been used to only study firearm related offending and clinical data have
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defined victimization.>*?% Criminologists have long utilized police records to study homicides
and more recently nonfatal assaults.!?!27-28 Police records include the incident location, which is
often missing from clinical records,?® the relationship between the victim and the suspect, the

incident’s motive, 2130

as well as incidents with minor injuries that do not require medical
attention, as were found in this study. Police data allow for a more contextual understanding of
the nonfatal shooting assault incidents.?! For instance, nonfatal firearm assault incidents spatially

cluster on a small number of streets,?8-2

and drug involved assaults have the highest risk of
fatality.! Understanding the spatial patterns and other incident details may be important for

designing prevention efforts.

Police data, however, have also been found to underrepresent nonfatal firearm assaults when
compared to clinical data.’3-* The results from this study partially support this finding, in that a
number of firearm assault incidents were found in the clinical data that could not be matched to
police records. Criminologists often refer to the underreporting of crime to police as the “dark
figure of crime™?3 and attribute, largely, the lack of willingness to report a crime to the police to
mistrust in the police.® Given the majority of states have mandatory reporting laws,?* that
require medical professionals to contact police when a person presents for care with a gunshot
wound, police data should document each nonfatal firearm assault incidents; however, the
unmatched nonfatal assault incidents identified in our study through clinical data does not fully
support this notion, and is consistent with others’ work that have linked police and clinical
data.” There are a number of plausible explanations for these unmatched records. A police report
is generated but may not reflect the correct victim information or the correct date of the incident,
as many victims are uncooperative with police.?! As for clinical records, in high volume

emergency departments minor gunshot wound injuries may go unreported to police, simply get
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overlooked during busy shifts, or the physician’s focus is on treatment and not incident
circumstances.?” Prior research has also noted a victim’s unwillingness to give accurate contact
information to healthcare workers,*-? due to mistrust of healthcare providers from a history of

racism within the healthcare system,>%:40

as well as perceived blurred lines between medical
professionals and police.?* Victims of violence often view the police as helpful when providing
safety and information immediately following a violent injury; however, questioning by police

can feel stressful, and disrespectful, and can impede medical care at the time of injury.*#! Our

study cannot account for these factors, but they may temper our findings.

Overall, our results indicate most nonfatal firearm assault incidents overlap between both the
police and clinical systems within 24 hours. There were notable differences across both systems,
which indicates that no single data set completely captures nonfatal firearm assaults.'#?
Partnerships between police and clinical systems have improved surveillance of non-firearm
injury data, such as road traffic injuries.*? Police-public health partnerships can improve data
collection,>*#34 can better direct policies and initiatives, and can improve response efforts
through combined teams, such as crisis intervention teams for individuals suffering from mental
illness.** There have been a number of initiatives focused on violence over the years,*” but the
Cardiff Violence Prevention Program is the only partnership which has evaluated the cost-benefit
ratios and the success in reducing violent injuries.*>* Although only aggregated data from both
police and ED data systems have been used thus far, the Cardiff model demonstrates ED nurses

can be a valid source for additional screening in identifying firearm assault injuries.*>4346

Additionally, these findings support prior work which suggests additional efforts to link
administrative data across disciplines are needed'3?%3* at both the local and federal level to better

inform prevention efforts. This study was feasible only due to the longstanding research
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t*7 and the robust clinical data available at the

partnership with the local police departmen
individual level through the Regenstrief Institute’s INPC data. Such efforts at the local level can
inform local prevention initiatives, however, accurate and integrated data on nonfatal shooting
assault incidents should be collected and available at the federal level. For instance, as of 2021
the FBI is no longer collecting UCR data from police agencies and is transitioning to the
National Incident-Based Reporting Systems (NIBRS). This transition period may be an
opportunity to improve police reporting of nonfatal firearm assault incidents by including a
category that indicates a gunshot wound injury at the federal level. This more complete capture
of nonfatal firearm assaults at the national level would allow for more opportunities to link to

other national level health data and more accurately examine correlates of nonfatal firearm

assaults.

Limitations

Our results should be considered with several limitations in mind. With mandatory reporting
laws, all nonfatal firearm assault incidents should be included in police records, but victims who
have minor wounds may not seek medical treatment or may not contact the police and therefore
would be missing from our study. We examined data from only one metropolitan area, so our
findings may not be generalizable. We did not examine the incident location, but this is a clear
direction for future research, as incident location can influence transportation type, linkage to
trauma care, and contribute to mortality rates. Although we have population data on clinical
encounters within INPC, some records may still be missing or unmatched because of inaccurate
or incomplete data, and the data do not capture encounters outside the INPC system. For
instance, among the 453 non-matched incidents; we identified 94 ED encounters with an ICD

firearm-related code and matching race, sex, and age of police defined victim and an additional
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385 ED encounters within 24 hours of the police incident with a trauma/injury related ICD code.
These potential incidents, however, could not be matched based on our criteria. We were not able
to account for injury severity which may influence hospital staff ICD coding, incident motive,
injury location or length of hospital stay but these are clear directions for future research. Future
research could involve techniques such as natural language processing (NLP) in both the police
and clinical data to better classify records automatically.*®#° NLP has proven successful with

electronic health records in other health outcome studies, !

more recently in identifying
nonfatal firearm incident locations from medical records,” and could help establish a gold
standard in nonfatal firearm assault incident reporting across systems. Integration of additional
data sources such as trauma registries, emergency management services, and death records may

further improve surveillance of nonfatal firearm assault incidents.?-263!

Our study demonstrates overlap and non-overlap between police and clinical data systems does
exist and illustrates the benefit of linking administrative police and clinical data in the study of
nonfatal firearm assault incidents, however, more research is needed to further implement
standardization and linkage at both the local and federal level. Partnerships between healthcare
systems and police are needed, both of which have the potential to enhance such data collection,

data quality,'? and better inform community responses to sources of firearm morbidity.
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Figure 1 — Study Flow Diagram
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Figure 2: Police and clinical nonfatal firearm assault incident rates per 100,000 population, Indianapolis,
Indiana, 2007-2016
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Figure 3: Overlap and non-overlap of nonfatal firearm assault incidents in police and clinical data*,
Indianapolis, Indiana, 2007-2016

Police Data

*overlap displays overlap of both 24 hours (n=2,366) and the next 48 hours (n=790)



Table 1 — Multiple Victim Incidents and Repeat Victim Incidents involved in Nonfatal
Firearm Assault Incidents, Indianapolis, Indiana, 2007 - 2016

Number of incidents with multiple victims

# of victims per incident # of incidents Total # of incidents
(N=3,797)

1 3,218 3,218

2 206 412

3 24 72

4 7 28

5 8 40

6 1 6

7 3 21

Number of repeat victims per incidents

# of victims # of incidents Total # of incidents
(N=3,797)

3,548 1 3,548

111 2 222

9 3 27




Table 2 — Characteristics of police and clinical nonfatal firearm assaults by match group, Indianapolis,
IN, 2007 - 2016

Overall Clinical Police- Police- Police- Police Refused Clinical
police Firearm- Clinical Clinical Clinical record not medical record
records related records records records | matched to care at Only
code matched matched matched clinical scene
records within 24 | within 48 w/ in +/- records
hours hours 20 days
N=3,797 N=3,131 n=2,366 n=790 n=131 n =453 n=57 n=537
Race
Black 2,890 2,141 1,826 636 (80.5) | 111 (84.7) | 308 (67.9) | 9(15.7) 103 (19.8)
(76.1) (68.4) (77.2)
White 676 (17.8) | 695 (22.2) | 456 (19.3) | 126 (15.9) | 17(13.0) | 73 (16.1) 4(7.02) | 222 (41.3)
Other 155 (4.1) | 108 (3.45) | 79(3.34) | 28(3.54) 3(2.29) 45 (10.0) 0 (0.00) 29 (5.40)
Unknown | 76 (2.0) 187 (5.97) | 5(0.21) 0 (0.00) 0 (0.00) 27 (5.96) | 44 (77.2) | 183 (34.1)
Sex
Male 3,210 2,685 2,033 698 (88.4) | 108 (82.4) | 360(79.5) | 11(19.3) | 445 (82.9)
(84.5) (85.8) (86.0)
Female 516 (13.5) | 446 (14.2) | 333 (14.0) | 92 (11.7) | 23(17.6) | 66 (14.6) 2(3.51) 92 (17.1)
Unknown | 71 (1.87) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 27 (5.96) | 44 (77.2) 0 (0.00)
Age
Groups
<15 51(1.34) | 60(1.92) | 26 (1.10) 11 (1.39) 1 (0.76) 13 (2.90) 0 (0.00) 28 (5.21)
15-19 318 (8.40) | 334 (10.7) | 213 (9.00) | 62 (7.85) 8 (6.11) 34 (7.51) 1(1.75) 86 (16.0)
20-24 855 (22.5) | 692 (22.1) | 537 (22.7) | 180(22.8) | 39(29.7) | 96 (21.2) 3(5.26) 85 (15.8)
25-29 692 (18.2) | 557 (17.8) | 451 (19.1) | 147 (18.6) | 23 (17.6) | 70 (15.5) 1(1.75) 80 (14.9)
30-34 540 (14.2) | 419 (13.4) | 346 (14.6) | 113 (14.3) | 16(12.2) | 62 (13.7) 3(5.36) 43 (8.01)
35-39 365 (9.61) | 301 (9.61) | 235(9.93) | 83(10.5) 11 (8.40) | 36 (7.96) 0 (0.00) 42 (7.82)
40-44 250 (6.58) | 213 (6.80) | 168 (7.10) | 51 (6.46) 9 (6.87) 20 (4.42) 2 (3.51) 42 (7.82)
45-54 367 (9.67) | 291 (9.29) | 230 (9.72) | 83 (10.5) 14 (10.7) | 38 (8.39) 2(3.51) 48 (8.94)
55+ 259 (6.82) | 251 (8.02) | 160 (6.76) | 60 (7.59) 10 (7.63) | 28 (6.18) 1(1.75) 74 (13.8)
Unknown | 100 (2.63) | 13 (0.42) 0 (0.00) 0 (0.00) 0 (0.00) 56 (12.4) | 44 (77.2) 9 (1.68)






