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Background: In the age of COVID-19 and enforced social distancing, changes in patterns of
trauma were observed but poorly understood. Our aim was to characterize traumatic injury
mechanisms and acuities in 2020 and compare them with previous years at our level I
trauma center.
Material and methods: Patients with trauma triaged in 2016 through 2020 from January to
May were reviewed. Patient demographics, level of activation (1 versus 2), injury severity
score, and mechanism of injury were collected. Data from 2016 through 2019 were com-
bined, averaged by month, and compared with data from 2020 using chi-squared analysis.
Results: During the months of interest, 992 patients with trauma were triaged in 2020 and
4311 in 2016-2019. The numbers of penetrating and level I trauma activations in January-
March of 2020 were similar to average numbers for the same months during 2016
through 2019. In April 2020, there was a significant increase in the incidence of penetrating
trauma compared with the prior 4-year average (27% versus 16%, P < 0.002). Level I trauma
activations in April 2020 also increased, rising from 17% in 2016 through 2019 to 32% in 2020
(P < 0.003). These findings persisted through May 2020 with similarly significant increases
in penetrating and high-level trauma.
Conclusions: In the months after the initial spread of COVID-19, there was a perceptible shift
in patterns of trauma. The significant increase in penetrating and high-acuity trauma may
implicate a change in population dynamics, demanding a need for thoughtful resource
allocation at trauma centers nationwide in the context of a global pandemic.

© 2021 Elsevier Inc. All rights reserved.

Introduction

vehicle collisions (MVCs) often surge during times of heavy
traffic.'® It is clear that a population’s activity informs the

The triage, stabilization, and care of patients with traumatic
injuries place great demand on hospital resources. Under-
standing factors that influence the trauma incidence is
essential for efficient resource allocation. Overall, traumatic
injuries occur more often on warmer days, and penetrating
trauma peaks in the early hours of the morning."® Motor

trauma it sustains.

Northern California’s Bay Area comprises nine socioeco-
nomically diverse counties including and surrounding San
Francisco. Bay Area firearm purchases increased after the
start of the COVID-19 pandemic more than after any prior
national event with an observed increased relative risk of
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firearm-related death or injury directly attributable to this
new gun ownership.’” Trauma trends through the early
months of the pandemic were mixed, varying between types
of hospitals, their locations, and the populations they serve.
Many centers across the United States observed a decrease in
overall trauma, whereas a few hospital systems reported
increased firearm trauma consistent with these changing
purchasing trends.®*°

The COVID-19 pandemic served as an unprecedented
agent of change. With the advent of social distancing, travel
bans, and shelter-in-place restrictions, millions of people lost
jobs and entered poverty, creating new socioeconomic
stress.’'? Shortages in personal protective equipment,
changes to trauma team structure, and shifts in resource
allocation altered the way providers cared for patients with
trauma. Although the focus was on providers directly
attending to patients with COVID-19, shortages in personal
protective equipment or trauma-team staff can also impact
the care of other critically ill patients. Exploring how trauma
changed during the early months of the pandemic is vital to
understanding the impact that reallocated resources and
reduced staffing can have on the triage and management of
patients with trauma.

The aim of this study was to investigate changes in dis-
tribution of mechanisms and acuities of traumatic injuries
sustained by patients triaged to an urban, safety-net, level I
trauma center during the COVID-19 pandemic. We hypothe-
sized that the COVID-19 pandemic and its resulting societal
stressors increased the incidence of penetrating trauma and
overall trauma acuity.

Methods

We conducted a retrospective cohort study at our institution,
Highland Hospital, located in Oakland, California. Highland
Hospital is the only level I trauma center in Northern Cal-
ifornia’s “East Bay,” serving an ethnically and socioeconomi-
cally diverse population. We have a retrospectively
maintained trauma database (Trauma One) obtained from the
electronic health record. This study was conducted as
approved by the Alameda Health Institutional Review Board
(institutional review board number: 20-05081A).

Patients triaged to Highland Hospital in the months of
January through May in the years 2016 through 2020 were
included in this study. Clinical and demographic data were
collected using the Trauma One database. There were no
exclusion criteria. As this was a retrospective review,
informed consent was not obtained from patients with
trauma studied, as approved by institutional review board
waiver. Data collected consisted of patient demographics,
injury acuity, mechanism class and type, injury severity score
(ISS), arrival vital signs, and time to the operating room. Pa-
tients with the highest acuity traumatic injuries were triaged
as “level I” on hospital arrival, and less acutely ill patients
were triaged as “level II” (Table 1). Level Il traumas require the
presence of the trauma team which comprised four general
surgery residents, a resuscitation resident (general surgery or
emergency medicine), an intensive care unit—level trauma
nurse, and an emergency medicine resident to perform a

Table 1 — Characteristics of level I trauma.

Level I activation criteria

Penetrating injury of the head, neck, torso, or extremities proximal
to and including elbow or knee

Paralysis (i.e. spinal cord injury)

Fracture of two or more long bones
Amputation proximal to the wrist or ankle
Burns >30% total body surface area (TBSA)
Systolic blood pressure <90 at any time
GCS 9 and under

Age 14 y or younger

Intubated before arrival

Respiratory rate <10 or >30, in need of an emergency airway

focused assessment with sonography in trauma examination.
Level I traumas also activate trauma surgery, emergency
medicine, and anesthesia attendings, an airway team (emer-
gency medicine resident and attending, a respiratory thera-
pist), a social worker, and a member of the blood bank staff.
Before analysis, data were divided by month to control for
seasonal factors and allow direct comparison between each
month of 2020 and the same month across 2016 through 2019.
Patients were then divided into prepandemic (2016 through
2019) and pandemic cohorts (2020). The primary outcomes
included numbers of penetrating and level I trauma activa-
tions, mechanisms of injury, and ISS. ISS data were divided

Table 2 — Patient characteristics.

Demographic characteristics N % OR IQR
Total patients 5271
# Male 3521 66.80%
Median age 45 [29, 66]
Injury characteristics
Blunt 4417 83.8%
Penetrating 855 16.2%
Level I 1152 21.85%
Level II 3920 74.36%
Mechanism of injury
Fall 1661 31.51%
MVC 937 17.78%
Auto-ped 546 10.36%
GSW 477 9.05%
Assault 457 8.67%
Stab wound 209 3.97%
Other 984 18.67%
Operative intervention
To the OR within 2 hrs of arrival 252 30.81%
To the OR within 24 h of arrival 338 41.32%
To the OR at > 24 h after arrival 228 27.87%
Total 818 15.52%

OR = operating room.
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Bold denotes statistical significance (P < 0.05).

Number of activations per month averaged across 2016-2019.

into low and high groups with a low ISS defined as <15 and a
high ISS defined as > 15."* The pandemic cohort was limited to
January through May to limit the impact of the Black Lives
Matter Movement as a confounding variable.

Descriptive statistics were reported with mean and stan-
dard deviation for normally distributed continuous variables,
median and interquartile range for non-normally distributed
continuous variables, and frequencies and percentages for
categorical variables. For penetrating, level 1, and ISS analysis,
data from the prepandemic cohort were aggregated and
compared with those from the pandemic cohort. For mecha-
nism analysis, 2020 data were split into two groups defined as
pre-“shelter in place” (pre-SIP) and “shelter in place” (SIP)
based on March 20th, when SIP restrictions were instituted by
the state of California. All analyses were performed using a
chi-squared test. A P value less than 0.05 was considered
significant. All analyses were performed using IBM SPSS Sta-
tistics, version 25.0 (Chicago, Illinois).

Results
Demographics

A total of 5272 patients were triaged between January and May
2016 through 2020. Most patients were male (66.8%) with a
median age of 45 y. Most trauma activations were the result of
blunt injuries (83.8%), and 21.9% were triaged as level I
Characteristics of level I trauma are listed in Table 1. Level II
trauma was defined as traumatic injuries not meeting level I
criteria. The most common mechanisms of injury were fall
(31.5%), followed by MVC (17.8%), pedestrian struck by auto-
mobile (auto-ped) (10.4%), and gunshot wound (GSW) (9.1%).
Approximately 15.5% of patients with trauma required sur-
gery during their hospitalization. Of these patients, 30.8%
required emergent surgery within the first 2 h of arrival, and
41.3% required urgent surgery during the first 24 h of their
admission (Table 2). There were no significant differences in
baseline characteristics between prepandemic (2016 through
2019) and pandemic (2020) cohorts.

Incidence of penetrating trauma

The absolute numbers of blunt and penetrating trauma acti-
vations did not differ significantly between prepandemic and
pandemic cohorts for the months of January through March.
In April and May, trauma distribution changed with a signifi-
cant increase in incidence and proportion of penetrating
trauma in the pandemic cohort (Table 3). In April, the
pandemic cohort saw an increased incidence of penetrating
trauma despite a lower absolute number of activations (169
versus 230 per mo averaged over 2016 through 2019). Forty-five
of the total trauma activations were attributable to pene-
trating trauma compared with an average of 37 in the
prepandemic cohort (26.6% versus 15.9%; P = 0.002).

In May, the total number of trauma activations in the
pandemic cohort returned to prepandemic baseline (245
versus 233 per month), but a significantly increased incidence
of penetrating trauma persisted. Fifty-four of the two hundred
and forty-five traumas in the pandemic cohort were related to
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Fig. 1 — Percentage of penetrating trauma in 2020 versus
2016-2019. Data from 2016 to 2019 are denoted by a dashed
line and data from 2020, by a continuous line. Asterisks are
used to denote statistically significant increases in number
of penetrating trauma activations (P value < 0.05). The
April P value is 0.002, and the May P value is 0.001.

penetrating mechanisms compared with an average of 46 in
the prepandemic cohort (22% versus 13.4%; P = 0.001) (Fig. 1).

The incidence of level I trauma

Absolute numbers of level I and level II trauma activations
were similar through the first 3 mo analyzed between both
prepandemic and pandemic cohorts (Table 4). In April and
May, the incidence of level I trauma activations rose signifi-
cantly in the pandemic cohort. Fifty-four level I trauma acti-
vations were triaged in April of the pandemic cohort
compared with an average of 31 in the prepandemic cohort
(32% versus 20.1%; P = 0.003). Similarly, 78 level I trauma ac-
tivations were triaged in May of the pandemic cohort
compared with an average of 45 in the prepandemic cohort
(31.8% versus 19.1%; P < 0.001) (Fig. 2).

Changes in mechanisms of trauma

To better identify the factors driving these observed increases in
penetrating and high-acuity trauma, mechanisms of injury
across 2016 through 2020 were investigated. The most common
mechanisms of injury were falls, MVCs, assaults (with fists or
blunt objects), auto-peds, and GSWs. The other injuries included
accidental stabbings with other objects, bicycle- and motorcycle-
related accidents, burns, hanging, drowning, and crush injuries.

Table 5 shows that the incidence of three of these six
mechanisms differed significantly before and after imple-
mentation of SIP restrictions. The incidence of assaults
decreased (from 84 pre-SIP to 48 during SIP, P = 0.012),
whereas that of GSW and auto-ped increased (63 to 76,
P = 0.049 and 48 to 61, P = 0.047, respectively) (Fig. 3).

Changes in the ISS

Unlike the results of penetrating and level I trauma analyses,
there was no significant difference in the incidence of low or high
ISS injuries between prepandemic and pandemic cohorts. There
were more high ISS injuries after implementation of SIP re-
strictions; however, thisincrease was not statistically significant.
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Fig. 2 — Percentage of level 1 trauma in 2020 versus 2016-
2019. Data from 2016 to 2019 are denoted by a dashed line
and data from 2020, by a continuous line. Asterisks are
used to denote statistically significant increases in the
number of level 1 trauma activations (P value < 0.05). The
April P value is 0.003, and the May P value is less than
0.001.

Discussion

The aim of this study was to investigate and quantify chang-
ing patterns of traumatic injury during the first months of the
COVID-19 pandemic at an urban, safety-net, level I trauma
center. Our study showed a statistically significant increase in
the incidence of penetrating and high-level trauma in April
and May 2020 compared with the same months in prior years.
In April 2020, there was a significant increase in the incidence
of penetrating and level I trauma triaged despite a decrease in
absolute trauma volume. Although overall volume returned to
baseline in May, we continued to observe a significantly
higher incidence of penetrating and level I trauma. The ISS
was not significantly different between prepandemic and
pandemic cohorts, indicating that the increase in trauma
observed in April and May 2020 did not necessarily correlate
with higher-acuity injuries.

Our results are largely consistent with those published at
other urban centers during the early months of the pandemic.
Studies from Philadelphia and Los Angeles showed a decrease

Table 5 — Incidence of most common mechanisms of

traumatic injury during “pre-SIP” (January 1-March 19)
and “SIP” (March 20-May 31) periods of 2020.

Mechanism Pre-SIP SIP P value
1. Fall 220 206 0.48
2. MVC 95 94 0.41
3. Assault 84 48 0.01
4. GSW 63 76 <0.05
5. Auto-ped 48 61 <0.05
6. Stab 21 19 0.96

Bold denotes statistical significance (P < 0.05).

Mechanisms of Trauma in 2020

70
60
50
40
30
20
10

0

GSW

Auto-Ped

# of Activations

Assault

Pre-SIP mSIP

Fig. 3 — Volume of automobile versus pedestrian accidents
(auto-peds), gunshot wounds (GSWs), and assaults during
2020. Pre-SIP was defined as occurring from January 1 to
March 19 (date of shelter-in-place mandate), and SIP was
defined as occurring from March 20 to May 31. The P value
for auto-ped is 0.047, for GSW is 0.049, and for assault is
0.012.

in absolute numbers of trauma activations with increased rates
of penetrating and gun-related trauma, similar to our obser-
vations in Oakland.”'* In nearby Santa Clara County, Forrester
et al. reported a 4.8-fold decrease in trauma activations in the
15-day period after California’s SIP went into effect.'” Although
Highland Hospital initially also saw an absolute decrease in
trauma volume, we later witnessed a significant increase in the
incidence of penetrating and high-level trauma, opposite to
what was observed in this nearby region. This highlights the
importance of characterizing individual hospital experiences in
the setting of the COVID-19 pandemic. Understanding the
impact of COVID-19 on penetrating and high-level trauma in
the event of future pandemic or national disaster is vital for
public health officials and may allow for more thoughtful
resource allocation based on individual center needs.

Societal stresses have been shown to play a role in
increasing certain kinds of trauma. In the Bay Area, early
economic models predicted a 10% increase in poverty across
all nine Bay Area counties during a simulated 3-month quar-
antine with low-income workers disproportionately
impacted.'™'® Job loss and socioeconomic distress are tied to
domestic violence as well as to violent crime and penetrating
trauma.”’"*° Firearm ownership is also related to social stress
and correlates directly with increased rates of homicide and
suicide.””?® Firearm purchases increased significantly during
the early months of the COVID-19 pandemic, more so than
after other socially stressful national events like 9/11 or the
Sandy Hook shooting. These 2.1 million additional firearms
have been tied by researchers at UC Davis’s Firearm Preven-
tion Research Program to a small but significantly increased
relative risk of firearm-related death or injury.” Investigations
analyzing these altered patterns of firearm acquisition during
COVID-19 show the most common self-reported reasons for
firearm purchase to be fear of lawlessness, prisoner release,
and the government “going too far” or collapsing.”* The in-
crease in social stressors related to the COVID-19 pandemic
may explain observed increases in numbers of GSWs after
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implementation of SIP restrictions. Fewer people under the
influence of drugs and alcohol out in close proximity to each
other may have resulted in the decreased assault rate
observed. Although it is difficult to explain the cause of
increased auto-peds seen at our center during SIP, its signifi-
cance lies in showing us that the effect that COVID-19 had on
population dynamics extends beyond gun purchases and
nightlife trends. We can apply what we observed during the
COVID-19 pandemic to future incidents that induce significant
socioeconomic stress or prolonged times of uncertainty so
that under-resourced hospitals serving large catchment areas
can be proactive and better equipped to serve their especially
vulnerable populations.

This study has three main limitations. This is a retro-
spective, single-center study, which inherently limits gener-
alizability. In addition, the duration of the study was limited to
the first 2 mo of the pandemic in efforts to limit confounding
by other national events. Understanding the effects of the
Black Lives Matter Movement, the 2020 Presidential Election,
and recurrent surges of COVID-19 on incidence of traumatic
injury is a key future direction of this study. Despite these
limitations, our investigation provides important insight into
changes in population dynamics created by the COVID-19
pandemic and how these impact patterns of traumatic
injury and subsequent resource requirements that affect the
most jeopardized populations in our society.

Conclusion

Understanding factors that influence the burden of trauma
sustained by a community is vital for effective resource allo-
cation. At our safety-net, level I trauma center in Oakland,
California, the incidence of penetrating and high-level trauma
increased in the early months of the COVID-19 pandemic.
Despite an overall decrease in the absolute number of trauma
activations in April 2020, there were more level I and pene-
trating trauma activations than in prepandemic. In May 2020,
we observed a return to baseline number of trauma activa-
tions with persistent increase in incidence of high-level and
penetrating trauma.

Our study shows that despite pandemic conditions and a
decrease in resources allocated to a trauma team, the
numbers of critically ill patients with trauma do not decrease
accordingly. In fact, our results suggest that some drivers of
high-acuity trauma like firearm-related violence may in-
crease. Our results have important implications for future
national events that induce socioeconomic distress or change
patterns of firearm purchase, particularly for under-resourced
trauma centers serving vulnerable patient populations.
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