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ABSTRACT

Background: The United States (US) has one of the highest rates of gunshot-related incidents in the world.
Gunshot wounds to the head (GSWH) in the pediatric population are also common, with high morbidity and
mortality rates.

Methods: We performed a retrospective study to analyze if there was a notable change in trends in pediatric GSWH

*Corresponding author: at our Level 1 Pediatric Trauma Center due to the COVID-19 pandemic. A retrospective study was conducted
Tanya Minasian, including patients under the age of 18 presenting with GSWH from January 2014 to May 2023. Variables assessed
Associate Professor of included demographics, interventions, and outcomes. Data from the county’s Child Death Review Team Annual
Neurosurgery, Department Report on mortality related to gunshot-related deaths from January 2014 to June 2023 were analyzed.
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Bery Results: In total, thirty-five patients were evaluated at our institution for GSWH. Nineteen patients were treated

during the 6 years before the pandemic and sixteen during the 3-year pandemic. Nine patients died at the hospital,
i ) with an overall increase during the pandemic. In the county, seventy-two children were killed from gun violence,
Linda, United States. with 58% (42) from GSWH. Death from GSWH increased in the county cohort during the pandemic.
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tminasian@llu.edu Conclusion: The pandemic affected the outcomes of patients with GSWH at our institution with an overall

increase in rates of self-inflicted and drive-by shootings, a doubling of neurosurgical interventions, an increase in
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Accepted: 03 October 2024 overall deaths from GSWHs, the majority of which were nonaccidental.
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INTRODUCTION
Quick Response Code:
E E The United States (US) has the highest rate of gunshot-related deaths in all age groups among
. high-income countries.™'" The rate of firearm deaths in the US reached up to 14.5/per 100,000
s people in 2022.% In the pediatric population, firearm-associated violence is a significant cause
. of morbidity and mortality and accounts for up to 20% of fatalities of all injury mechanisms and
E up to 26% of fatalities in those up to 10 years of age.”” In addition, it is estimated that 20 to 60%

of children with gunshot wounds to the head (GSWH) do not survive.*”? While the more likely
mechanism of firearm-related injury in adolescents is homicide and suicide, younger children
are more prone to accidental injury at home, which is the leading cause of GSWH in children
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<12 years of age.*”) More specifically, in the US, unintentional
injury is the number one cause of death in those <12 years
of age, and firearm injuries make up more than a quarter of
these numbers.” Gunshot wounds (GSWs) in the pediatric
population are, in part, exacerbated by the accessibility of
firearms at home, with the prevalence of firearms ranging
from 18% up to 64% in the US.

The COVID-19 pandemic was a new major stressor that had a
negative impact on children and may have amplified firearm-
related injuries. Stay-at-home mandates and school closures
precipitated feelings of loneliness, anxiety, depression, and
increased tension at home.*' In addition, the COVID-19
pandemic also saw increased rates of firearm ownership and
purchases. This, in combination with COVID-19-related
financial strain, psychosocial stress, and anxiety, may have
contributed to the increased rates of firearm violence and
injuries in the pediatric age group during this time.™

The pandemic proved to be especially burdensome to low-
income and violence-prone communities. San Bernardino
County is a diverse geographic and socioeconomic landscape
that includes populations of low socioeconomic status (SES),
remote living conditions, and poor healthcare access.>'! It
is also home to high crime rates, with the violent crime rate
in San Bernardino in 2021 involving 584 victims of violent
crime/100,000 people in comparison to the rate of 481.2
victims/100,000 in California.*'® The violent crime rate in
San Bernardino increased 15% from 2018 to 2019, and the
number of homicide victims increased from 126 victims
in 2018 to 181 victims in 2020."" Trends in the number of
victims of assault with firearms followed a similar pattern,
increasing from 609 victims in 2019 to 865 victims in 2020.M
These patterns correlate with the beginning of the COVID-19
pandemic, suggesting that it may have magnified the already
present disparity in violent crime rates in this region.
Our Childrens Hospital is in the southwest corner of San
Bernardino County, so we sought to analyze the mortality
associated with GSWH in the pediatric population in our
region and identify any changes in patterns associated with
the COVID-19 pandemic.

MATERIALS AND METHODS

Following Institutional Review Board approval [IRB#
5230304], we identified and analyzed the cases of children up
to 18 years of age who presented to our hospital with GSWH
between January 2014 and May 2023. Patient data collection
included demographics, prehospital course, presentation,
resuscitation efforts, incident details, interventions, length of
hospital stay, mortality, and organ donation in those who died.

To understand the greater problem in our county, we also
obtained data from the Children’s Network Child Death Review
Team Annual Report regarding all GSW-related pediatric
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mortalities from January 2014 to June 2023 in San Bernardino
County. Variables available through this data include the date
of the accident, the age of the victim, the location of GSW on
the body, and whether the context of the GSW was an accident,
homicide, or suicide. We isolated GSWHs from this data and
analyzed the total number of pediatric GSWH deaths and their
patterns in relation to the COVID-19 pandemic.

RESULTS

Hospital cohort overview

Our total hospital cohort of pediatric patients with GSWH
was 35. Nineteen patients were cared for in the 6 years before
the pandemic, from January 2014 to December 2019. Sixteen
were treated from January 2020 to May 2023 [Graph 1].

Hospital cohort demographics

The average age of our patients was 13 years, with a range
of 2-17. The average age increased from 13.1 before the
pandemic to 14.7 during the pandemic. We found that
most patients were male: 82.8%. As for insurance status,
two patients did not have health insurance, two had private
insurance, twenty-five had Medicaid or Medical, and six had
a Health Maintenance Organization.

Hospital cohort incident location and timing

The site of the incident occurred at 18 different zip codes,
spanning three counties [Figure 1].

Before the pandemic, 74% of incidents occurred between
the hours of 6 pm and midnight. During the pandemic, this
increased to 80%.

Hospital cohort incident intention and background

From patient, family, or social work reports, information
regarding the details of the shooting was abstracted. Before
the pandemic, 31% (6) of GSWH were from Ball-Bearing (BB)

Number of Gun Shot Wounds to the Head

Number of Patients

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Graph 1: Hospital gunshot wounds to the head per year.
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guns. In addition, 37% (7) of shootings were accidental during
this time, with 5 occurring from accidental discharges by family
or friends and 2 due to accidental discharge by self. One patient
was shot during a school shooting. Other common causes were
an altercation with a stranger (3), an unknown assailant on the
street (3), and an unknown assailant while in a car (3). There
were no self-inflicted GSWHs in the prepandemic cohort.

During the pandemic, the total amount of accidental
shootings decreased, with 13% (2) of all patients presenting
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after accidents. Most incidents during the pandemic, or
38% (6), were related to assault by an unknown assailant
while sitting in a vehicle. The percentage of self-inflicted
incidents was 19% (3). The number of GSWH while
sitting in a vehicle doubled from three to six, while
being shot outside on the street by an unknown assailant
predominantly occurred before the pandemic with three
victims [Table 1].

Q Signin

P % o [
oo i o G} 1
ROEH L i %
b g =
e <
R o =
B P &
Escondeo 3 :' :: o o
an Diego Lo i - .
Tyuana SN :'3:'::; R S
Esri, HERE, Garmin, FAO, USGS, EPA, NPS | United States Postal Service Powered by Esri
Figure 1: Zip codes of incidents, Courtesy of California State Geoportal.
Table 1: Hospital cohort incident details.
Total Cohort Before COVID-19 During COVID-19
Type of weapon
BB gun 6 1
Flare gun 1 1 0
Unspecified gun 27 12 15

Reported incident details
Altercation by stranger
Altercation by family, friend, or loved one
Walking the streets, an unknown assailant
Accidental discharge, family or friend
Accidental discharge, self
Self-inflicted
Unclear mechanism
Sitting in vehicle
Found down outside home
Found down, away from home
School shooting
House party or event
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BB: Ball-Bearing
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Hospital cohort means of arrival

Nearly 60% (21) of our patients were transferred from outside
hospitals. Before the pandemic, 63% (12) of patients were
transferred, with only a slight decrease to 56% (9) of patients
during the pandemic [Table 2].

Hospital cohort arrival Glasgow Coma Scale (GCS)

Prepandemic, 21% (4) of patients arrived with an initial GCS
of 3 and 53% (10) with a GCS of 15. During the pandemic,
50% (8) of patients arrived with a GCS of 3 and 19% (3) with
a GCS of 15. In summary, there was an overall decrease in the
number of patients presenting with a GCS of 15 between the
cohorts, and there was an increase in patients with a GCS of
3, suggesting an increase in injury severity [Table 2].

Hospital computed tomography review

For the majority of patients who arrived, 77% (27)
underwent computed tomography of the head (CTH). Of
the patients who eventually died as a result of their injuries,
only 67% (6) underwent a CTH [Table 3], as the remaining
were declared deceased before imaging was performed.
In the deceased patients, CTH findings were notable for
all patients having injuries that crossed the midline. All
patients had at least six lobes involved, with an average
of eight lobes. The common lobes involved in all patients

were the right cerebellar and the left temporal. Figure 2
demonstrates the coronal findings of Patient 1, showing the
crossing of the midline.

Hospital surgical intervention

Neurosurgical intervention was required in 37% (13) of
the total cohort. Before the pandemic, 21% (4) of patients

Figure 2: Coronal view of computed tomography of
the head of the deceased patient showing crossing
of the midline.

Table 2: Hospital arrival information.
Total Cohort

Glasgow Coma scale
3 12
4-8 3
9-14 7
15 13
Transferred from outside hospital 21

Before COVID-19 During COVID-19
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Table 3: Hospital CT head lobe involvement for deceased patients.

Patient 1 Patient 2

Location of injury
Crossed hemisphere
Right frontal
Right parietal
Right temporal
Right occipital
Right cerebellar
Left frontal
Left parietal
Left temporal X
Left occipital
Left cerebellar X
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CT: Computed tomography
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required a neurosurgical intervention, which more than
doubled to 56% (9) of patients during the pandemic.
Ophthalmology and plastic surgery interventions primarily
occurred before the pandemic [Table 4]. In addition, during
the pandemic, blood product requirements and ventilation
days increased.

Hospital length of stay and disposition

Before the pandemic, the majority, or 79% (15) of patients’
length of stay was <1 week. Prolonged stays of up to 1 month
occurred in ~11% (2) and >1 month in 5% (1). During the
pandemic, the rate of prolonged hospital stays increased. Just
over half of patients, or 56% (9), were admitted for less than a
week, while 25% (4) stayed for up to 1 month and 13% (2) for
over 1 month.

There was a notable change in disposition between cohorts.
For GSWH before the pandemic, 79% (15) of patients were
discharged home. This decreased to only 25% (4) of patients
during the pandemic. In addition, 25% (4) were discharged to a
postacute care rehabilitation hospital and 6% (1) to a behavioral
medical center. The remainder of the pandemic cohort, or 44%
(7), died from their injuries. Of the seven patients who died,
two became organ donors. During the pandemic, the rate of
mortality from GSWH more than tripled [Table 5].

County cohort data

During the 9 years from January 2014 to June 2023, 72
children were killed by all forms of gun violence in the

county of San Bernardino. Of the 72 deaths, 42 deaths, or
58%, resulted from GSWH. Twenty deaths occurred over the
6 years from January 2014 to December 2019, and twenty-
two deaths occurred over the 3.5 years from January 2020
to June 2023. Overall, 38% (16) of GSWH deaths were a
result of self-inflicted injury, and 60% (25) were classified as
homicide.

Before the pandemic, 45% (9) of children were killed by
self-infliction, while during the pandemic, that decreased
to 32% (6) of deaths. Homicide accounted for 55% (11) of
deaths before the pandemic and 64% (14) of deaths after.
One patient was killed during the pandemic because of an
accident [Table 6]. County data demonstrated an overall
increase in mortality from GSWH. However, the county
data’s manner of death noted a decrease in self-inflicted
deaths and an increase in homicide. This slight difference in
the manner of death between hospital and county data could
be reflected in the lack of accounting for the other major
counties our hospital serves.

DISCUSSION

In the US, unintentional injury is the number one cause
of death in the pediatric population and the fourth cause
of death in those under 1 year o0ld.?® Within this category,
GSW injury is a leading cause of trauma death in children,
second only to motor vehicle accidents, and more than 45%
of children discharged following a GSW injury are estimated
to have acquired a new disability.”! Further, GSWH accounts
for 21-46% of inpatient deaths following pediatric traumatic

Table 4: Hospital surgical intervention.

Total Cohort

Surgical intervention
Neurosurgical intervention 13

Before COVID-19 During COVID-19

4 9
Trauma surgery intervention 1 0 1
Plastic surgery intervention 3 3 0
Ophthalmologic intervention 6 5 1
Otolaryngologic intervention 1 1 0
Interventional radiology 1 0 1
Table 5: Hospital disposition.
Total Cohort Before COVID-19 During COVID-19
Disposition
Home 19 15 4
Transfer to less acute hospital 1 1 0
Postacute care or rehabilitation hospital 4 0 4
Skilled nursing facility 1 1 0
Behavioral, medical center 1 0 1
Deceased 9 2 7
Organ donation 2 0 2
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Before COVID-19 During COVID-19

19 19
0 1
1 0
0 2
9 7
11 14
0 1

Table 6: San Bernardino county GSWH deaths.
County Cohort
Cause of death
Gunshot to the head 38
Gunshot to the head and neck 1
Gunshot to the head and chest 1
Sequelae of gunshot to the head 2
Manner of death
Suicide 16
Homicide 25
Accident 1
GSWH: Gunshot wounds to the head

brain injury.”? These numbers are magnified in areas of
increased violent crime, with 42 children killed from GSWH
in San Bernardino County over just 9 years. Nine of these
deaths were declared at our hospital.

Our hospital’s data reveal an exacerbation in the prevalence
and severity of pediatric GSWH during the COVID-19
pandemic. Multiple studies have reported increased rates
of firearm-related injuries, child-involved shootings, and
firearm homicides during the same period.**'¢! Orantes
et al. presented a 47% increase in firearm homicides in those
<18 years of age from 2019 to 2020.% Our study showed an
increase in GSWH during the COVID-19 pandemic associated
with increased case severity and higher mortality rates. The
worsened initial GCS scores evidence this: the doubled rate of
neurosurgical interventions and the increased average length
of stay, mortality rate, and blood product utilization.

The demographic patterns examined in this study resemble
national patterns associated with GSW violence. Of
those treated for GSWH at our hospital, 83% were male.
In addition, 71% of patients had Medicaid or Medi-Cal
coverage, suggesting lower SES. These patterns are consistent
with nationwide firearm violence reports citing >83% male
involvement accompanied by high rates of government-
funded insurance plans.'??! The COVID-19 pandemic
served to exacerbate problems of violence, poverty, and drug
abuse in areas of high baseline rates, such as San Bernardino
County, leading to increased rates of gun violence.>'"

The negative impacts exerted by COVID-19 on the
general population were pronounced in children and may
explain the rise in GSWH in this age group. Stay-at-home
mandates introduced feelings of loneliness, fear, and worry
surrounding personal safety and well-being, including
economic concerns and financial stress that impacted
the entire household.!"'>***! Physical isolation increases
the prevalence of mental health conditions, including
depression, anxiety, mood disorders, sleep disorders, and
panic disorders, along with low self-esteem."! Increased
frequency of mental health conditions may have contributed
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to a significant increase in self-injurious behavior and
suicidality. This was demonstrated in a longitudinal study in
China that documented a rise in self-injurious behavior and
suicidal attempts following school closure in grades 4-8.%
Similarly, our hospital saw an overall increase in the number
of self-inflicted GSWH during the pandemic.

Aside from mental and physical health, additional challenges
may have contributed to the heightened prevalence of GSWH
during the pandemic. Increased use of psychoactive or illicit
substances coupled with limited access to detoxification
centers added to rising psychological distress, ultimately
leading to more deviant and violent behavior.”® In addition,
the pandemic saw a significant increase in firearm purchases
from 21.28/100,000 before the COVID-19 pandemic to
33.12/100,000 during."'*! There was also an accompanying
rise in 1-time gun ownership during the pandemic.””’ Many
1*-time buyers were reported not to be safely storing their
firearms, facilitating access by children, and potentially
contributing to the rise in gun violence."

GSW injuries contribute to the burden of communities
beyond mortality alone. Consequences include disabilities
involving premature physeal arrest, long-term bullet retention,
paralysis, survivor’s guilt, and mental illness.**” These factors
are associated with increased healthcare costs and economic
burden due to additional surgeries, rehabilitation, medical
specialists, healthcare services, special accommodations
in school, and the inability to contribute to the workforce.
817241 Pulcini et al. found an increase of $16.5 million in
health expenditures in their entire cohort of patients 1 year
postfirearm injury, a majority of which was spent on inpatient
health encounters." This economic and social impact was
indirectly reflected in the increase in illness severity of GSWH
at our hospital during the COVID-19 pandemic.

Increased stress experienced during the pandemic,
compounded by increased firearm purchases and 1%-time
gun ownership rates, may explain the rise in pediatric
GSWH during this period. Efforts to combat this growing
problem have focused on legislative reform, as states with
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stronger gun laws demonstrate decreased child-involved
shooting incidents compared to states with weaker laws.?]
However, because multiple factors such as mental health,
socioeconomic challenges, drug abuse, and firearm safety
contribute to the prevalence of gun violence, targeting each
of these issues are necessary to decrease gun-related injuries
in children in our community.

CONCLUSION

There was a notable effect of the COVID-19 pandemic
on GSWH in our hospital cohort, with an increase in self-
inflicted and drive-by shootings, a doubling of neurosurgical
interventions, an increase in acuity of care for long-term
disposition, and an increase in mortality. At a county level,
there was an increase in overall deaths from GSWHs during
the pandemic, the vast majority of which were nonaccidental.
Our goal in this research is twofold: (1) to bring awareness to
the reality that gun violence has claimed 72 children’s lives in
our county over the past 9 years and (2) to encourage action
to better support the mental and social health of our patients
and communities with increased discourse about gun access
and reform because seventy-two is seventy-two too many.
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