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ARTICLE INFO ABSTRACT

Article history: Background: Results from single-region studies suggest that stay at home orders (SAHOs) had unforeseen

Accepted 10 February 2022 consequences on the volume and patterns of traumatic injury during the initial months of the Coron-
avirus disease 2019 (COVID-19). The aim of this study was to describe, using a multi-regional approach,

Keywords: the effects of COVID-19 SAHOs on trauma volume and patterns of traumatic injury in the US.

COVID-19 Methods: A retrospective cohort study was performed at four verified Level I trauma centers spanning

Trauma injury patterns three geographical regions across the United States (US). The study period spanned from April 1, 2020

Stay at home orders - July 31, 2020 including a month-matched 2019 cohort. Patients were categorized into pre-COVID-19

Injury mechanisms (PCOV19) and first COVID-19 surge (FCOV19S) cohorts. Patient demographic, injury, and outcome data

were collected via Trauma Registry queries. Univariate and multivariate analyses were performed.
Results: A total 5,616 patients presented to participating study centers during the PCOV19 (2,916) and
FCOV19S (2,700) study periods. Blunt injury volume decreased (p = 0.006) due to a significant reduction
in the number of motor vehicle collisions (MVCs) (p = 0.003). Penetrating trauma experienced a signifi-
cant increase, 8% (246/2916) in 2019 to 11% (285/2,700) in 2020 (p = 0.007), which was associated with
study site (p = 0.002), not SAHOs. Finally, study site was significantly associated with changes in nearly
all injury mechanisms, whereas SAHOs accounted for observed decreases in calculated weekly averages
of blunt injuries (p < 0.02) and MVCs (p = 0.003).
Conclusion: Results of this study suggest that COVID-19 and initial SAHOs had variable consequences
on patterns of traumatic injury, and that region-specific shifts in traumatic injury ensued during initial
SAHOs. These results suggest that other factors, potentially socioeconomic or cultural, confound trauma
volumes and types arising from SAHOs. Future analyses must consider how regional changes may be
obscured with pooled cohorts, and focus on characterizing community-level changes to aid municipal
preparation for future similar events.

© 2022 Elsevier Ltd. All rights reserved.

Introduction

The World Health Organization (WHO) labeled the Coronavirus
disease 2019 (COVID-19) a world pandemic on March 11, 2020
% Study Type: prognostic [1]. In response to the exponential global spread of COVID-19, lo-
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aim to “flatten the curve” [2-4]. The first stay at home advi-
sory/mandate in the US was implemented March 19, 2020 in Cal-
ifornia, with the majority of states quickly following suit [2]. US
travel rates significantly decreased immediately following imple-
mentation of SAHOs [5]. During this same time period, multi-
ple cities reported significant increases in violent crime and gun-
related violence, suggesting that social distancing measures did not
decrease gun violence [6-13]. Media outlets reported on increased
rates in violent crime using anecdotal evidence to support their
claims, propagating the narrative suggesting a foreseeable rise in
violent crime. This prediction was substantiated following the re-
lease of a year-end report by the Council on Criminal Justice (CCJ)
[14]. This report described a sharp rise in homicide rate, aggravated
assaults, and gun assaults during the pandemic juxtaposed by no-
ticeable drops in robbery, residential burglary, and drug-related of-
fenses. However, the question remained whether these changes in
violent crime and travel patterns would impact trauma resource
utilization, and if yes, how? Many single institution or single-
region investigations completed by the academic trauma commu-
nity reported a significant decrease in total trauma volume with a
minor yet important shift towards higher proportions of penetrat-
ing injuries during the first part of the COVID-19 pandemic [15-
20].

Currently, no study has investigated the influence of the COVID-
19 pandemic on the volume and patterns of traumatic injury across
US regions. Therefore, we aimed to: 1) confirm or reject observed
trends in patterns of traumatic injury described by recent single
region studies on a multi-regional level; 2) determine if changes
in trauma patterns that occurred during the COVID-19 pandemic
were uniform across multiple regions; and 3) characterize the as-
sociation between study site, study period, and changes in trauma
patterns during the COVID-19 pandemic. We hypothesized that ag-
gregate multi-regional trauma data would confirm previous results
regarding changes in patterns of traumatic injury during the ini-
tial months of COVID-19. We also postulated that region-specific
variability in trauma patterns exist and that SAHOs may not inde-
pendently explain these observed changes.

Materials methods
Ethical oversight

Ethical oversight for this study was performed by the Institu-
tional Review Boards (IRBs) at participating institutions. Proof of
IRB approval was required for study participation. Individually ne-
gotiated data use agreements were executed between participating
institutions and the lead study institution. The present study com-
plied with the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) reporting guidelines [21].

Study population and variables

Data were collected using institutional trauma registries (TRs)
in a retrospective fashion. Institutional level data were captured
using the Research Electronic Data Capture (REDCap) database. All
adult (>18 years old) patients presenting to one of four Level I
trauma centers located in Massachusetts, Pennsylvania, Ohio, or
Arizona between April 1, 2019 through July 31, 2019 (PCOV19) and
April 1, 2020 through July 31, 2020 (FCOV19S) were included for
analysis. Using the Johns Hopkins online COVID-19 Resource Hub,
start and release dates of SAHOs/mandates were recorded for the
states in which study institutions reside (Supplemental Table 1)
[22]. Patients were dichotomized into the PCOV19 and FCOV19S pa-
tient groups.

The database generated for this study captured 11 variables for
each patient. Institution of patient presentation was recorded. Col-
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lected demographic variables included age, sex, race, and ethnic-
ity. Injury characteristics such as injury type (blunt, penetrating,
other), mechanism of injury, and Injury Severity Score (ISS) were
obtained. Injury mechanisms included: motor vehicle collisions
(MVC), motorcycle crashes (MCC), falls, gunshot wounds (GSWs),
stab wounds, and other. Suicide or domestic violence (DV) related
trauma injuries were obtained from TR data (identified via Interna-
tional Classification of Disease 10 external causes of injury codes).
Finally, hospital mortality was recorded.

Statistical analysis

Descriptive statistics were performed to summarize patient de-
mographics, injury characteristics, and mortality rate. Median and
interquartile ranges (IQRs) were recorded for continuous data,
while categorical data were summarized using actual count (n) and
percentages (%). Categorical variables were compared using Pear-
son’s Chi-squared test while continuous variables were compared
using a Wilcoxon rank-sum test. Analysis of variance (ANOVA) and
multivariate linear regression analyses were performed to charac-
terize the association between study site (geographic region) and
study period (SAHOs) on observed changes in trauma patterns.
Specifically, weekly trauma volumes were generated for each study
site, study period, and injury type/mechanism, and were then com-
pared across all factors. Statistical analyses were performed us-
ing StataCorp 2017 (Stata Statistical Software: Release 15. Col-
lege Station, TX: StataCorp LLC) and Python 3.7 using the Pandas,
Statsmodels, Matplotlib, and Seaborn packages. Figures were gen-
erated using Python 3.7 using the Pandas, Matplotlib, and seaborn
packages, and Prism 9 software (GraphPad Software, La Jolla Cali-
fornia USA).

Results
Aggregate population and patient characteristics

A total of 5616 patients presented to participating study cen-
ters during the PCOV19 (2916) and FCOV19S (2700) study peri-
ods. The median age for the PCOV19 cohort was 57 (inter-quartile
range, IQR [35,75]) and 56 (IQR [34,74]) for the FCOV19S co-
hort (p = 0.046). The racial composition of presenting trauma pa-
tients was statistically different between the PCOV19 and FCOV19S
cohorts (p<0.001). The frequency of female trauma patients de-
creased comparing the PCOV19 to the FCOV19S cohorts (42% vs.
36%, respectively; p<0.001). There was no change in the overall
acuity of traumatic injury comparing the PCOV19 to FCOV19S pa-
tient populations, with a median ISS of 9 (IQR, [4,14]) and 9 (IQR,
[4,14]) respectively (p = 0.10). These descriptive statistics can be
found in Table 1.

Overall traumatic injury trends

The total number of traumatic injuries decreased comparing the
PCOV19 (n = 2916) and FCOV19S (n = 2700) (Table 1) cohorts.
Fig. 1 shows the association between rising incidence of COVID-19,
implementation of SAHOs, and decreased trauma incidence. Simi-
larly, Fig. 2 depicts the decreased number of traumatic injuries dur-
ing April and May of 2020 compared to 2019.

Incidence of blunt and penetrating traumatic injury

The number of injuries from blunt trauma decreased comparing
the PCOV19 (2661/2916 or 91%) to the FCOV19S (2405/2700, 89%)
cohorts (p = 0.006). Conversely, the number of penetrating trau-
mas increased from 246/2916 (8%) to 285/2700 (11%) (p = 0.007)
(Table 1). Specifically, the number of patients presenting with blunt
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Demographic characteristics and hospital outcomes for trauma patients presenting to one of four Level I trauma centers
during April 1, 2019 through July 31, 2019 (Pre-COVID-19) and April 1, 2020 through July 31, 2020 (First COVID-19

Surge).

PCOV19 (n = 2916) FCOV19S (n = 2700) p-value
Age, median (IQR) 57 (35, 75) 56 (34, 74) 0.046
Female, n (%) 1235 (42%) 972 (36%) <0.001
Race, n (%) <0.001
White 2284 (78%) 21,04 (78%) 0.72
African American 281 (9%) 308 (11%) 0.03
Asian 35 (1%) 31 (1%) 0.717
American Indian, 26 (1%) 29 (1%) 0.488
Pacific Islander, or Native Alaskan
Other/Unknown 290 (10%) 228 (9%) 0.007
Ethnicity, n (%) 0.14
Hispanic 270 (9%) 266 (10%) 0.45
Non-Hispanic 2630 (90%) 2408 (89%) 0.215
Unknown 16 (1%) 26 (1%)
Injury Type, n (%) 0.023
Blunt 2661 (91%) 2405 (89%) 0.006
Penetrating 246 (8%) 285 (11%) 0.007
Other 9 (0.3%) 10 (0.4%)
Injury Severity Score, median (IQR) 9 (4, 14) 9 (4, 14) 0.10
Injury Mechanism, n (%)
MVC 586 (20%) 459 (17%) 0.003
MCC 180 (6%) 170 (6%) 0.85
Fall 1411 (48%) 1302 (48%) 0.90
GSW 124 (4%) 153 (6%) 0.014
Stab 85 (3%) 103 (4%) 0.061
Other 468 (16%) 462 (17%) 0.28
Suicide, n (%) 45 (2%) 36 (1%) 0.51
Domestic Violence, 20 (1%) 27 (1%) 0.20
n (%)
Mortality, n (%) 112 (4%) 113 (4%) 0.51

Abbreviations: interquartile range (IQR), motor vehicle collision (MVC), motorcycle collision (MCC), gunshot wound

(GSW).
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Fig. 1. Associated trends between daily COVID-19 incidence, implementation of SA-
HOs and daily incidence of traumatic injury. (A) The daily incidence of COVID-19
for Arizona, Massachusetts, Ohio, and Pennsylvania. (B) Trends in incidence of trau-
matic injury using 10 day rolling medians. gray highlighted region marks the date
range of state-sponsored SAHOs. Data was obtained from the Johns Hopkins Univer-
sity COVID-19 GitHub webpage.

trauma in April and May of 2020 was less than the same two
months of 2019, with blunt injury counts for June and July of 2020
returning to pre-lockdown levels (Fig. 2). With exception of April
2020, the number of patients presenting to trauma centers sec-
ondary to penetrating traumatic injuries was consistently higher in
the FCOV19S cohort than PCOV19 cohort (Fig. 2).

Further investigations were performed to characterize changes
in patterns of specific injury mechanisms to understand the driv-
ing force(s) behind previously described trends in total, blunt, and
penetrating trauma. The frequency of specific injury types for both
the PCOV19 and FCOV19S cohorts is shown in Fig. 2A. The cumula-
tive number of monthly injury types and mechanisms (blunt, pen-

1981

etrating, MVCs, falls, GSWs, and stab wounds) between the PCOV19
and FCOV19S cohorts is depicted in Fig. 2B. A significant decrease
in MVCs (p = 0.003) was observed (Table 1). The number of trau-
mas resulting from fall-related injuries did not change during the
FCOV19S study period. In contrast, a significant increase in the
number of GSWs (p = 0.014) was observed between the FCOV19S
and PCOV19 cohorts using combined data (Table 1); however, site
specific trends in penetrating trauma mechanisms were observed.

Site specific changes in demographic and injury characteristics

Changes in patterns of traumatic injury during the COVID-19
study period were different across study site. Of the 5616 trauma
patients, 25% (1417) presented to Massachusetts, 25% (1382) to
Pennsylvania, 21% (1183) to the Arizona, and 29% (1635) to Ohio.
Trauma volume decreased during the first four months of the pan-
demic in Massachusetts, Pennsylvania, and Arizona, while the Ohio
cohort experienced a slightly increased trauma volume. Statisti-
cally significant differences in baseline demographics were iden-
tified comparing the FCOV19S to the PCOV19 cohorts at each study
site. In the Massachusetts, Arizona, and Ohio cohorts, significant
decreases in female trauma patients were observed. This decrease
was not observed in the Pennsylvania cohort. The racial composi-
tion of trauma patients significantly changed among the Arizona
Cohort, with an increased number of White, African American, and
American Indian/Pacific Islander/Native Alaskan trauma patients.
An increase in the number of Hispanic patients was observed in
the FCOV19S cohort in Pennsylvania alone (PCOV19: 25/762, 3% vs
FCOV19S: 44/620, 7%). An increased ISS (2019 5 [4,10] vs 2020
9 [4,11]; p = 0.008) during the FCOV19S study period was ob-
served for the Pennsylvania cohort, whereas ISS did not signifi-
cantly change for the remaining study sites comparing the two
study periods. No significant changes in the overall volume of
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Fig. 2. Breakdown and comparison of pre-COVID-19 (2019) and COVID-19 first surge (2020) specific mechanisms of injuries. (A) Proportion of traumatic injury for pre-
COVID-19 (2019) and COVID-19 first surge (2020) resulting from five different specific mechanisms of injury. (B) Statistical comparison of pre-COVID19 and COVID-19 first

surge incidence of specific mechanisms of injury.

blunt or penetrating injuries were observed across all four study
sites when comparing the PCOV19 and FCOV19S cohorts. There
was no change in mortality rate across all study sites compar-
ing PCOV19 and FCOV19S study periods. Please refer to Table 2
for details regarding specific numerical changes in demographic
variables, trauma patterns, and mortality rate during the first four
months of the COVID-19 pandemic by study site.

Changes in patterns of injury mechanisms across study sites
were not uniform. Statistically significant changes in specific in-
jury mechanisms were present in the Pennsylvania and Arizona
cohorts. Comparing the PCOV19 to the FCOV19S cohort, Pennsyl-
vania experienced a decrease in MVCs (160/762, 21% vs. 98/620,
16%) (p = 0.014) and increase in stab wounds (17/762, 2% vs.
31/620, 5%) (p = 0.005). The volume of all other injury mecha-
nisms remained unchanged in Pennsylvania. In Arizona, MCCs sig-
nificantly decreased (28/610, 5% vs. 12/573, 2%) (p = 0.018), and a
significant increase in gun-related injuries was observed (38/610,
6% vs. 53/573, 9%) (p = 0.05). No significant changes in injury
mechanisms were recorded for the Massachusetts or Ohio cohorts.
Table 2 includes the above described results.

Factor(s) influencing changes in trauma patterns

Study period was used as a proxy for SAHOs. Study site was
associated with the observed change in the weekly average num-
ber of total traumas comparing the PCOV19 to the FCOV19S cohorts
(p < 0.001); however, study period (SAHOs) was not found to be
independently associated with this observed decrease in weekly
mean trauma volume (at the 0.05 level). In summary, SAHOs ac-
counted for the observed decrease in the weekly mean number of
blunt injuries (p = 0.028) and MVCs (p = 0.003) (Fig. 3). Compar-
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atively, study site was found to account for observed changes in
the mean number of weekly injuries across nearly all injury mech-
anisms (except stab wounds).

Incidence of suicide and domestic violence

No significant change in the number of attempted suicide-
related traumatic injury (as accounted for by TRs) was recorded
between PCOV19 and FCOV19S study periods (p = 0.51) (Table 1).
Changes in trauma volume resulting from domestic violence were
not significant comparing the PCOV19 to the FCOV19S study peri-
ods (p = 0.2). At the institutional level, similar results were de-
scribed (Table 2). Supplementary Figure 1A & 1B portray monthly
trends in the number of attempted suicides and domestic violence
resulting in traumatic injury.

Discussion

In this novel multi-regional, multi-institutional study we de-
scribed region specific trends in trauma patterns that, to our
knowledge, have yet to be described. Following analysis of aggre-
gate patient data from four study sites located across three US geo-
graphic regions, total trauma volume decreased in 2020 compared
to 2019. When analyzed at the level of the study site, this find-
ing was not observed in the Ohio cohort, which experienced in-
creased trauma volume during the FCOV19S study period. Overall,
injury types shifted towards decreased blunt and increased pene-
trating injuries. This was consistent with previously reported pat-
terns of trauma during the COVID-19 pandemic suggest decreased
total trauma volume with statistically significant decreases in blunt
injury and concomitant marginal increases in penetrating trauma
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Table 2
Site specific demographic characteristics and hospital outcomes for trauma patients comparing the PCOV19 to FCOV19S study periods.
Boston Pennsylvania Arizona Ohio

PCOV19 FCOV19S PCOV19 FCOV19S PCOV19 FCOV19S PCOV19 FCOV19S

(n = 735) (n = 682) p-value (n = 762) (n = 620) p-value (n = 610) (n =573) p-value (n = 810) (n = 825) p-value
Age, median (IQR) 64 (41, 80) 62 (42, 76) 0.095 61 (41, 78) 59 (37, 77) 0.27 49 (30, 67) 48 (30, 69) 0.97 52 (32, 73) 52 (33, 71) 0.52
Female, n (%) 338 (46.0%) 253 (37.1%) <0.001 341 (45%) 258 (42%) 0.24 249 (41%) 192 (34%) 0.009 307 (38%) 269 (33%) 0.024
Race, n (%) 0.4 0.092 <0.001 0.91
White 588 (80%) 523 (77%) 653 (86%) 516 (83%) 403 (66%) 425 (74%) 640 (79%) 640 (78%)
African American 33 (5%) 46 (7%) 61 (8%) 50 (8%) 42 (7%) 54 (9%) 145 (18%) 158 (19%)
Asian 21 (3%) 22 (3%) 3 (0.4%) 0 5 (0.8%) 4 (0.7%) 6 (0.7%) 5 (0.6%)
American Indian, 1 (0.1%) 1 (0.1%) 0 0 20 (3%) 23 (4%) 5 (0.6%) 5 (0.6%)
Pacific Islander, or
Native Alaskan
Other/Unknown 92 (13%) 90 (13%) 45 (6%) 54 (9%) 140 (23%) 67 (12%) 13 (2%) 17 (2%)
Ethnicity, n (%) 0.08 0.002 0.6 0.31
Hispanic 72 (10%) 70 (10%) 25 (3%) 44 (7%) 168 (28%) 150 (26%) 5(1%) 2 (0.2%)
Not-Hispanic 650 (88%) 587 (86%) 734 (96%) 576 (93%) 442 (73%) 423 (74%) 804 (99%) 822 (100%)
Unknown 13 (2%) 25 (4%) 3 (0.4%) 0 0 0 0 1 (0.1%)
Injury Type, n (%) 0.71 0.091 0.087 0.34
Blunt 682 (93%) 627 (92%) 702 (92%) 550 (89%) 540 (88%) 488 (85%) 737 (91%) 740 (90%)
Penetrating 52 (7%) 53 (8%) 52 (7%) 62 (10%) 70 (12%) 85 (15%) 72 (9%) 85 (10%)
Other/Unknown 1(0.1%) 2 (0.3%) 8 (1%) 8 (1%) 0 0 0 0
Injury Severity Score, 9 (5, 14) 9 (4, 16) 0.29 5 (4, 10) 9 (4, 11) 0.008 6 (4, 16) 5 (4, 13) 0.35 9 (5, 14) 9 (5, 16) 0.98
median (IQR)
Injury Mechanism, n
(%)
MVC 66 (9.0%) 54 (7.9%) 0.47 160 (21%) 98 (16%) 0.014 124 (20%) 97 (17%) 0.13 236 (29%) 210 (26%) 0.092
MCC 32 (4.4%) 37 (5.4%) 0.35 66 (9%) 54 (9%) 0.97 28 (5%) 12 (2%) 0.018 54 (7%) 67 (8%) 0.26
Fall 462 (62.9%) 414 (60.7%) 0.4 380 (50%) 330 (53%) 0.21 255 (42%) 246 (43%) 0.69 314 (39%) 312 (38%) 0.68
GSW 9 (1.2%) 12 (1.8%) 0.4 30 (4%) 28 (5%) 0.59 38 (6%) 53 (9%) 0.05 47 (6%) 60 (7%) 0.23
Stab wound 20 (2.7%) 23 (3.4%) 0.48 17 (2%) 31 (5%) 0.005 26 (4%) 24 (4%) 0.95 22 (3%) 25 (3%) 0.71
Other 123 (16.7%) 123 (18.0%) 0.52 109 (14%) 79 (13%) 0.4 139 (23%) 141 (25%) 0.46 97 (12%) 119 (14%) 0.15
Suicide, n (%) 9 (1.2%) 11 (1.6%) 0.54 9 (1%) 3 (0.5%) 0.16 11 (2%) 5 (1%) 0.17 16 (2%) 17 (2%) 0.91
Domestic Violence, n 3(0.4%) 4 (0.6%) 0.63 7 (0.9%) 6 (1%) 0.93 1 (0.2%) 5 (1%) 0.086 9 (1%) 12 (2%) 0.54
(%)
Mortality, n (%) 26 (3.5%) 38 (5.6%) 0.065 30 (4%) 14 (2%) 0.077 16 (3%) 20 (4%) 0.39 40 (5%) 41 (5%) 0.98

Abbreviations: interquartile range (IQR), motor vehicle collision (MVC), motorcycle collision (MCC), gunshot wound (GSW).
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Fig. 3. Comparison of average weekly injuries comparing the PCOV19 to the FCOV19S study periods across all injury types and mechanisms. P-values indicate the association
between study period or study site with observed changes in average weekly injuries.

during the COVID-19 pandemic [15-20]. Results from the present
study refine and elaborate upon described changes in patterns of
trauma during the pandemic by showing region specific responses
in trauma patterns to implemented SAHOs.

Site-specific changes in trauma were observed. Specifically,
study site was significantly associated with described changes for
the majority of injury types and mechanisms while study period
(2019 vs 2020 and proxy for SAHOs) was significantly associated
with only decreased blunt injuries and MVC related trauma injury.
The narrative that the pandemic resulted in increased penetrating
violence may actually be more nuanced than previously reported
and related to additional confounding local factors rather than a
simple causal relationship to COVID-19 related social restrictions.

Notably, implementation of SAHOs were not centrally standard-
ized, and varied at the state and local levels [23-26]. While some
states implemented mandatory orders, others set forth advisories.
Additionally, social isolation measures did not occur as a singu-
lar event, but rather in a step-wise fashion [4]. Such measures in-
cluded a range of actions from closure of all non-COVID-19 essen-
tial business, to restrictions on group gatherings, transitioning to
virtual learning and working, and local and international travel re-
strictions. Furthermore, the month in which first surge COVID-19

1984

incidence peaks occurred were variable by state [4]. The cumula-
tive effects of the above described inconsistent implementation of
SAHOs may explain the lack of generalizability of single institution
or single region studies to the national level and the need to de-
scribe changes in trauma patterns at the state and local level.

An immediate result of the stay at home advisories/mandates
was a drastic decrease in automotive travel. Recent literature in-
dicate that the proportion of trauma resulting from traffic related
injury decreased during initial SAHOs. [17,18,20] Our data support
previous trends showing a decrease in cumulative MVCs during the
early stages of the pandemic compared to the PCOV19 study pe-
riod. Furthermore, the present analysis indicated a direct associa-
tion between SAHOs and decreased MVC-related trauma. By late
April 2020, nearly all states had commenced stay at home advi-
sories/mandates [2]. Estimates on total vehicle miles traveled by
residents since the COVID-19 pandemic began, reported as the per-
cent change from baseline, showed that household vehicle travel
across the US decreased from 68-72% during the last weeks of
March and first week of April 2020 compared to the first week in
March 2020. [27,28] Put together, social isolation measures imple-
mented throughout the US likely resulted in decreased volumes of
MVC related trauma injuries.
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This same association of SAHO could not be demonstrated with
violent mechanisms of injury, including GSWs and stab wounds,
following implementation of SAHOs. Past and present data support
previous findings suggesting that SAHOs were not associated with
decreased rates of gun violence, but in fact injury secondary to
gun violence remained constant and in some locations increased.
[6,29-34] This trend in gun violence may be attributable to dras-
tic increases in gun sales, the turbulent social context in which the
COVID-19 pandemic occurred, significant financial hardships due to
lost jobs, and mental health consequences of social isolation mea-
sures implemented to curb the pandemic.

Past literature report mental health consequences of previous
economic recessions and from the social isolation measures in re-
sponse to the COVID-19 pandemic [35-41]. Recent studies report
orthogonal results with respect to observed changes in suicide rate
during SAHOs [42-44]. Our results did not indicate a significant
change in suicide related traumatic injury. However, suicide mech-
anisms not catalogued by trauma registries, for instance overdoses,
were not queried in this study and thus serve as a limitation to
our data. Similarly, we did not observe a statistically significant in-
crease in TR reports of DV. This result contradicts recent literature
and a report released by the Council on Criminal Justice (CC]) in
February 2021 describing an 8% increase in DV following initiation
of SAHOs [45-47]. Injuries resulting from DV often do not meet
criteria requiring trauma activation, and as such TRs only capture
a small percentage of individuals who experience DV.

In summary, present results suggest that SAHOs were associ-
ated with reduced motor vehicle related trauma but no relation-
ship could be associated with other mechanisms of traumatic in-
jury. Volume variation in other forms of trauma were related to
site variability rather than a clear SAHO related trend. These re-
sults affirm the association between the reduction of MVC injuries
with SAHOs and underscore the importance of geographic location
in the incidence of other trauma patterns.

This study has a few limitations worthy of discussion. First, this
study captures data for the first full four months of the COVID-
19 pandemic and compares these data to that from the previous
year. Therefore, this analysis and interpretation is limited to the
first quarter of the pandemic. Future studies should compare 2020
trauma volume against multiple years of previous data to con-
firm results. Second, while this study captures data from four state
or American College of Surgeons verified Level I trauma centers
across four states and three geographic regions (Northeast, Mid-
west, Southwest), the overall generalizability of our findings across
the entirety of the US may be limited. Area adherence to SAHOs
was assumed, but it is possible that individual behaviors surround-
ing social distancing within our database may lack consistency. To
date, no method exists to capture or quantify such data. Third, date
ranges for initial SAHOs were nearly uniform across states where
study sites are located (Supplemental Table 1). As such, we be-
lieve that our cohort captures regional responses to initial social
restriction measures. Fourth, TRs do not include trauma related
prehospital mortalities or patients dead on arrival to the hospi-
tal, thus our analysis may under-report the true trauma incidence.
Lastly, TRs capture only a small fraction of suicide and DV related
injuries, only those significant enough to warrant management by
trained trauma surgeons. Therefore, it is likely that attempted sui-
cide rates and rates of DV are higher than reported.

Conclusion

In summary, results from the present study indicate that region
specific responses drove observed changes in trauma injuries dur-
ing the first four months of the COVID-19 pandemic, except for a
universal reduction in MVC related injury. Present results call into
question the generalizability of single region findings to describe/
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the impact of social isolation measures on trauma patterns. Our
results highlight the need for investigations into the multifactorial
and likely complex socioeconomic factors effecting regional, state,
and local trauma volumes to help educate trauma centers on how
their local communities may respond to future similar events.
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