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ABSTRACT
Background Recent studies have reported changes in 
trauma volumes resulting from the COVID-19 pandemic 
and social distancing orders (SDOs) implemented by 
federal and state governments. However, literature is 
lacking on demographic, injury and outcome patterns.
Methods This retrospective, cross- sectional study 
included patients aged ≥18 years at six US level 1 
trauma centers. Patients not discharged by the date of 
data acquisition were excluded. Demographic, injury 
and outcome variables were assessed across four time 
periods: period 1 (January 1, 2019–December 31, 2019); 
period 1b (March 16, 2019–June 30, 2019); period 2 
(January 1, 2020–March 15, 2020); and period 3 (March 
16, 2020–June 30, 2020). Patients admitted in period 3 
were compared with patients presenting during all other 
periods. Categorical data were compared with χ2 and 
Fisher’s exact tests, and continuous data were assessed 
with Student’s t- tests and Wilcoxon rank- sum tests.
Results We identified 18 567 patients: 12 797 patients 
in period 1 (including 3707 in period 1b), 2488 in period 
2 and 3282 in period 3. Compared with period 1, period 
3 had a statistically significant decrease in mean patient 
volume, increase in portion of penetrating injuries, increase 
in higher levels of trauma activation, change in emergency 
department discharge disposition locations, increase in 
in- hospital mortality and a shorter hospital length of stay. 
Comparison between period 1b and period 3 demonstrated 
a decrease in mean patient volume, increase in penetrating 
injuries, increase in high acuity trauma activations and 
increase in in- hospital mortality rate. From period 2 to 
period 3, the penetrating injuries rose from 6.7% to 9.4% 
(p=0.004), injury severity scale ≥25 increased from 5.9% 
to 7.7% (p=0.002), full trauma team activations increased 
from 13.7% to 16.4% (p<0.001), interhospital transfers 
decreased from 36.7% to 31.6% (p<0.001) and the 
in- hospital mortality rate increased from 3.3% to 4.2% 
(p=0.003).
Discussion Beyond altering social interactions among 
people, the federal SDO is associated with changes in 
trauma volumes, demographics and injury patterns among 
patients seeking care at six level 1 hospitals during the 
pandemic.
Level of evidence IV, prognostic and epidemiological.

BACKGROUND
On March 16, 2020, faced with rapid nation-
wide spread of COVID-19, the White House 

implemented a social distancing order (SDO) in 
an effort to slow the spread of the highly virulent 
SARS- CoV-2.1 The order was expected to remain in 
place for 15 days, but this short period was insuffi-
cient to stem the drastic rise in infections, and the 
order was eventually extended. After this federal 
order, states began executing their own ‘stay- at- 
home’ or ‘shelter- in- place’ orders. Although these 
directives were intended to stem the spread of 
COVID-19 infections, these directives for phys-
ical isolation had effects beyond preventing disease 
spread.

With the vast majority of US citizens remaining 
at home, the trauma patient population shifted. 
The weekly number of emergency department 
(ED) visits in the USA dropped precipitously during 
the early weeks of the pandemic. The National 
Syndromic Surveillance Program reported that 
mean ED visits were down to 1.2 million per week 
in 2020 (March 29–April 25) from 2.1 million per 
week during a similar time period in 2019 (March 
31–April 27).2 Other countries also reported similar 
decreases in the numbers of people seeking care in 
the ED.3–6 While many of these ‘missing’ patients 
were choosing to use virtual doctor visits and other 
forms of telemedicine, other patients were avoiding 
the healthcare system altogether, even when their 
medical situations were life threatening.3 7–9

There remains a dearth of knowledge on how 
governmentally imposed lockdowns changed the 
demographics, clinical characteristics and outcomes 
of injured patients acutely presenting to the 
hospital. This study examined how the COVID-19 
pandemic and the resulting federal SDO affected 
the numbers and types of patients presenting with 
traumatic injury to six US level 1 trauma hospitals.

The primary aim of this study is to describe and 
compare injured patients across several different 
demographic, injury and outcome variables through 
different time periods defined by the incident 
pandemic and SDO. The findings presented herein 
will help clinicians and hospital administrators 
elucidate the ways in which the pandemic changed 
the scenery of traumatic injuries and hospitaliza-
tions in this country in the wake of the federal 
government’s call for social distancing.

METHODS
Patients were identified from the trauma registries 
at six hospitals across Colorado, Kansas, Missouri 
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and Texas from January 1, 2019 to June 30, 2020. Patients who 
had not yet been discharged from the hospital at the time of data 
acquisition from the trauma registry were excluded. All variables 
used in these analyses were obtained from the trauma registries; 
no patient charts were accessed.

The primary independent variable was time period. Based on 
admission date, patients were categorized into one of four time 
periods, in relation to the pandemic itself as well as the institu-
tion of the federal SDO: period 1 (pre- COVID-19: January 1, 
2019–December 31, 2019); period 1b (pre- COVID-19, compa-
rable time period: March 16, 2019–June 30, 2019); period 2 
(COVID-19 pre- SDO: January 1, 2020–March 15, 2020); 
period 3 (COVID-19 post- SDO: March 16, 2020–June 30, 
2020). Period 1b was examined to control for potential season-
ality of injuries.

Dependent variables of interest included patient volume, 
patients per day, age, sex, race, injury type, injury severity scale 
(ISS) score, level of trauma activation, interhospital transfer 
status, ED discharge disposition, in- hospital mortality, hospital 
length of stay (HLOS) and intensive care unit LOS. All variables 
were measured or counted in aggregate across all six partici-
pating level 1 trauma centers.

Categorical data were described as proportions (n) of the total 
population during the time period. Comparisons among cate-
gorical data were assessed with χ2 and Fisher’s exact tests, where 
applicable. Continuous data (ie, patients per day and lengths of 
stay measures) were described as means and SD or medians and 
IQR for non- normally distributed data. Comparisons among 
continuous data were assessed with Student’s t- tests or Wilcoxon 
rank- sum tests.

The following comparisons were analyzed for differences pre- 
SDO and post- SDO: period 1 versus period 3; period 1b versus 
period 3; and period 2 versus period 3. Demographic, injury or 
outcome variables found to be statistically significantly different 
between the two pandemic time periods (periods 2 and 3) were 
graphically presented to understand the week- to- week changes 
during the course of the COVID-19 pandemic in the first half 
of 2020.

The alpha level for this study was 0.01 due to the large popu-
lation size. All statistical analyses were generated using SAS soft-
ware V.14.3 (2016, SAS Institute Inc, Cary, NC, USA).

RESULTS
Across six level 1 trauma centers, we identified 18 567 patients 
from January 1, 2019 to June 30, 2020. Of these, 12 797 
presented to the six hospital EDs during period 1; 3707 
presented during period 1b; 2488 presented during period 2; 
and 3282 presented during period 3.

Changes in the overall patient volume during the study period 
are presented in figure 1. The aggregate patients per day across 
all six hospitals saw a slight incline into the summer of 2019 
and a subsequent decline during the second half of 2019, which 
continued into the first quarter of 2020. On March 16, 2020, 
the date of implementation of the federal SDO, the graph shows 
a significant drop- off in numbers of patients per day, which 
remains steady for about a month and then gradually rises 
through the end of the study period.

The six level 1 hospitals saw a statistically significant decrease 
in mean number of patients per day from period 3 (30.7, SD: 
8.4) to period 1 (35.1, SD: 6.8, p<0.0001) and period 1b (34.6, 
SD: 6.8, p<0.001). During the pandemic, however, from period 
2 (33.2, SD: 7.0) to period 3, there was no significant change in 
patients per day (p=0.035).

Comparisons before and during the COVID-19 pandemic: 
periods 1 and 1b versus period 3
When comparing all of 2019 (period 1) to the post- SDO era in 
2020 (period 3), there were statistically significant differences in 
injury type, level of trauma team activation, ED discharge dispo-
sition, in- hospital mortality and HLOS (table 1). Compared with 
period 1, a larger portion of patients in period 3 had a pene-
trating injury (9.4% vs 6.9%, p<0.0001). The levels of trauma 
team activation changed significantly from period 1 to period 
3, with a shift toward a larger percentage of full activations and 
consults in period 3 (p<0.0001). Patients’ ED dispositions were 
statistically significantly different from period 1 to period 3 
as well (p<0.01). A greater proportion of patients died in the 
hospital during period 3 (4.2%) compared with period 1 (3.3%, 
p<0.0001), and patients had a shorter median HLOS during 
period 3 (3.0, IQR: 1.0–5.0) than they did in period 1 (3.0, IQR: 
1.6–6.0, p<0.0001).

When examining comparable lengths of time in 2019 and 
2020 (period 1b vs period 3), we identified similar patient 
demographics but statistically significant differences in injury 
type, level of trauma team activation and in- hospital mortality 
rate (table 1). Compared with period 1b, the proportion trauma 
activation levels were again significantly different in period 3 
(p<0.0001), the percentage of penetrating injuries rose (7.3% vs 
9.4%, p<0.01) and the in- hospital mortality rate increased from 
3.2% to 4.2% (p<0.001).

Changes during the pandemic: pre-SDO period 2 versus post-
SDO period 3
Between the pandemic periods, pre- SDO period 2 and post- SDO 
period 3, there were significant differences in the rates of elderly 
(≥65) patients presenting to the hospital as well the injury types 
seen, the severity of injuries, the level of trauma team activa-
tion, interfacility transfers and the rate of in- hospital mortality. 
The proportion of elderly trauma patients presenting to the 
ED decreased significantly from period 2 to period 3 (44.8% 
vs 40.9%, p<0.01); this was the only demographic variable 
that exhibited a difference. Similar to the previous time period 
comparisons, there was a significant difference in penetrating 
injuries from period 2 to period 3 (6.7% vs 9.4%, p<0.01); 
however, not found in previous comparisons was the increase 

Figure 1 Patients per day presenting to six US level 1 trauma 
hospitals before and during the COVID-19 pandemic. SDO, social 
distancing order.
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in proportion of injuries with ISS ≥25 (5.9% vs 7.7%, p<0.01) 
that was observed from period 2 to period 3. Again, there was 
a difference from period 2 to period 3 in the proportions of 
trauma team activation levels, with full (13.7% vs 16.4%), 
partial (26.3% vs 27.9%) and consult (16.2% vs 18.3%) activa-
tions all rising (p<0.0001). Finally, rates of in- hospital mortality 
increased from 3.3% in period 2 to 4.2% in period 3 (p<0.01), 
a 27.3% increase in death rate.

When examining the weekly changes among these variables 
found to be statistically significantly different between periods 
2 and 3, the proportion of elderly trauma patients presenting 
to the hospitals reached a peak during the week of the White 

House SDO, and then dropped continuously through period 
3 (figure 2). The proportions of blunt and penetrating injuries 
exhibit similar up- and- down patterns through period 2, until 
there was an inflection around week 13 (March 22, 2020–March 
28, 2020), just after the SDO implementation, at which point 
there is a precipitous drop in the share of blunt injuries, accom-
panied by a concomitant rise in the portion of penetrating inju-
ries (figure 3). The percentage of patients with a mild injury (ISS 
≤15) remained fairly consistent through the pandemic periods, 
except for a notable dip just after the SDO was implemented, 
at which point injuries with ISS >15 peaked (figure 4). After 
this post- SDO peak in higher ISS scores, the proportion of ISS 

Table 1 Comparisons of patients presenting to six level 1 trauma hospitals during various prepandemic (2019) and midpandemic (2020) time 
periods

Time period Period 1 Period 1b Period 2 Period 3

Year 2019 2019 2020 2020

Dates January 1–December 31 March 16–June 30 January 1–March 15 March 16–June 30

Total patients 12 797 3707 2488 3282

Average patients per day across all six sites 35.1 (6.8)*** 34.6 (6.8)** 33.2 (7.0) 30.7 (8.4)

Age ≥65 years, % (n) 42.9 (5496) 41.4 (1536) 44.8 (1114)* 40.9 (1341)

Female, % (n) 42.9 (5487) 41.9 (1553) 44.4 (1104) 41.2 (1351)

Race, % (n)

  White 76.5 (9796) 75.6 (2803) 76.2 (1895) 74.8 (2454)

  Black 10.1 (1287) 10.5 (390) 9.5 (237) 10.4 (342)

  Asian 1.6 (202) 1.5 (56) 1.7 (41) 1.6 (53)

  American Indian 0.7 (88) 0.7 (27) 1.0 (25) 0.8 (27)

  Native Hawaiian 1.0 (131) 1.1 (39) 1.4 (35) 1.7 (55)

  Other/unknown/undocumented 10.1 (1293) 10.6 (392) 10.3 (255) 10.7 (351)

Injury type, % (n) *** * *

  Blunt 89.6 (11 461) 89.4 (3 314) 89.7 (2 232) 87.1 (2,857)

  Penetrating 6.9 (884) 7.3 (269) 6.7 (168) 9.4 (308)

  Other/undocumented 3.5 (452) 3.4 (124) 3.5 (88) 3.6 (117)

Injury severity, % (n) *

  ISS ≤15 83.1 (10 637) 82.5 (3057) 85.2 (2119) 81.8 (2685)

  ISS 16–24 9.8 (1253) 10.5 (391) 9.0 (223) 10.5 (343)

  ISS ≥25 7.1 (907) 7.0 (259) 5.9 (146) 7.7 (254)

Level of trauma team activation, % (n) *** *** ***

  Full/requires immediate response 15.1 (1936) 16.1 (597) 13.7 (340) 16.4 (538)

  Partial/requires non- immediate response 29.3 (3746) 31.0 (1149) 26.3 (655) 27.9 (915)

  Consult/requires eventual response 8.3 (1064) 8.1 (301) 16.2 (404) 18.3 (600)

  None/no trauma surgeon required 34.9 (4460) 32.3 (1197) 30.9 (769) 24.8 (814)

  Other/unlisted 12.4 (1591) 12.5 (463) 12.9 (320) 12.6 (415)

Interhospital transfers, % (n) 33.3 (4258) 33.3 (1236) 36.7 (912)*** 31.6 (1036)

ED discharge disposition, % (n) *

  Died 0.5 (69) 0.5 (18) 0.4 (10) 0.7 (24)

  ICU 24.9 (3180) 25.9 (959) 24.1 (599) 24.0 (787)

  OR/IR 8.1 (1033) 8.9 (330) 7.8 (193) 9.2 (303)

  Floor/stepdown/observation 52.1 (6671) 49.9 (1849) 53.9 (1341) 52.2 (1714)

  Left hospital (transfer/home) 10.1 (1292) 10.8 (399) 10.0 (248) 10.8 (355)

  Other/undocumented 4.3 (552) 4.1 (152) 3.9 (97) 3.0 (99)

In- hospital mortality, % (n) 3.3 (421)*** 3.2 (119)** 3.3 (82)* 4.2 (137)

HLOS, median (IQR), days 3.0 (1.6–6.0)*** 3.0 (1.0–5.9) 3.0 (1.7–6.0) 3.0 (1.0–5.0)

ICULOS, median (IQR), days 0.0 (0.0–2.0) 0.0 (0.0–2.0) 0.0 (0.0–2.0) 0.0 (0.0–2.0)

Level of statistically significant difference from period 3: *p<0.01; **p<0.001; ***p<0.0001. Combining percents may not equal 100% due to rounding.
d, days; ED, emergency department; HLOS, hospital length of stay; ICULOS, intensive care unit length of stay; IR, interventional radiology; ISS, injury severity scale; OR, operating 
room.
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scores 16–24 remained fairly constant and the of ISS scores>25 
declined through period 3.

Rates of trauma team activation levels varied consistently 
across the first 6 months of 2020 (figure 5). The portion of full/
partial activations decreased through week 8 (period 2, February 
16, 2020–February 22, 2020) of the pandemic and then reached 
a peak during week 15 (period 3, April 5, 2020–April 11, 2020), 
when they exceeded other levels of trauma activations for that 
one and only week during the pandemic. The rate of interhos-
pital transfer patients exhibited consistent fluctuation through 
week 10 (March 1, 2020–March 7, 2020) and then dropped 
significantly into week 12, when the SDO was implemented 
(figure 6). The percentage of transfers continued to decline 
through period 3.

Weekly in- hospital mortality rates rose progressively through 
period 2, reaching a peak of 9.4% during the week of the 
White House SDO and began to rise again in June (figure 7). 
The lowest in- hospital mortality rate for period 2 was 1.7% 
during week 10 (March 1, 2020–March 7, 2020); for period 3, 
it was 1.8% during week 18 (April 26, 2020–May 2, 2020). The 
highest single- day in- hospital mortality rate (19.1%) during the 
pandemic was seen on March 20, 2020, less than 1 week after 
the implementation of the White House SDO.

DISCUSSION
To properly prepare for inevitable future pandemic, epidemic or 
local outbreak scenarios, it is vital for hospital administrators and 
clinicians to understand how the COVID-19 pandemic altered 
the trauma patient population. Similar to other smaller studies 
that examined narrower windows of time during the COVID-19 
pandemic, the daily volume of trauma patients decreased signifi-
cantly after the implementation of the White House’s SDO. 
The novelty in our findings was that our participating hospitals 
experienced an approximate 10% reduction in patient volumes 
associated with the pandemic and SDO orders, which was not as 
drastic a drop as those reported by other publishing centers in and 
outside the USA (37.3% to 57.4%).10–13 In a time when hospital 
beds for COVID-19 patients are at a premium, this finding is 
quite remarkable. Even though medical and surgical service lines 
were attempting to free up bed space for incoming patients with 
COVID-19 by canceling elective procedures, limiting medical 
admissions and discharging existing patients when possible, 
trauma service lines were faced with more severe injuries during 
the pandemic, making it necessary to admit patients for critical 
care interventions. These findings may allow hospitals adminis-
trators and staff to plan for changes to the trauma and critical 

Figure 2 Changes in weekly proportions of age strata among patients 
presenting to six US level 1 trauma hospitals during the COVID-19 
pandemic of 2020.

Figure 3 Changes in weekly proportions of injury mechanisms among 
patients presenting to six U S level 1 trauma hospitals during the 
COVID-19 pandemic of 2020.

Figure 4 Changes in weekly proportions of ISS score ranges among 
patients at six US level 1 trauma hospitals during the COVID-19 
pandemic of 2020. ISS, injury severity scale.

Figure 5 Changes in weekly proportions of trauma activation levels 
among patients presenting to six US level 1 trauma hospitals during the 
COVID-19 pandemic of 2020.
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care system that must be deployed to care for a new and different 
set of patients, should a second wave or future pandemic occur.

The trauma patients presenting to the six participating hospi-
tals during period 3 had more severe injuries (ie, ISS ≥25) than 
patients in period 2. Increased injury severity is certainly tied to 
the need for hospital admission, and it changes how the on- call 
trauma team reacts to the patient’s arrival at the hospital.14 
The shift toward high acuity injuries likely resulted in patients 
requiring a more critical level of trauma team activation, which 
was observed in the increase in percentages of full activations 
from periods 1, 1b and 2 to period 3. To our knowledge, this 
study is the first to examine the change in hospitals’ trauma team 
responses or activation levels during the COVID-19 pandemic.

It is possible that the observed trend toward higher injury 
severity in period 3 may be a result of ‘artificially’ increased 
ISS scores. Predicated on fears of contracting COVID-19 in the 
hospital, injured patients have delayed their visits to the ED 
for treatment, leading to more complicated injuries, which are 
demonstrated in the elevated ISS scores immediately after the 
federal SDO.15 These traumatic injuries that were left untreated 
during the delay in presentation may have worsened or perhaps 
wounds became infected, earning the patient a higher ISS than if 
she had presented immediately to the ED. During the COVID-19 
pandemic, hospitals were finding similar issues with medical 

patients avoiding the ED for urgent cardiac care, which put 
them at significant risk of avoidable morbidity and mortality.8 
To combat this, hospital systems began issuing statements on 
their websites, explaining how clinicians and staff were taking 
all possible precautions to prevent the spread of COVID-19 
and imploring patients not to ignore their symptoms and seek 
medical care immediately.6 16 17

Another facet affecting traumatic injuries during the pandemic 
was assault; parts of the USA were seeing a rise in violent person- 
on- person trauma in the early weeks of social distancing.18–20 
This increase in interperson violence is another unintended 
effect of national and state SDOs and may be associated with 
the increase in injury severity as well as the rise in proportion of 
penetrating injuries observed from all pre- SDO periods (1, 1b 
and 2) to period 3.

The significant drop in interhospital transfers over the course 
of the COVID-19 pandemic is another important finding, not 
reported to our knowledge. The change in interfacility transfers 
has significant impacts on the overall trauma population. All six 
hospitals included in this study are level 1 trauma centers and 
necessarily receive patients that require a higher level of care than 
could be administered at the originating facility. During period 
2, the proportion of trauma patients that were interhospitals 
transfers stood at 36.7%; in period 3, it was 31.6%. Although 
patients often need to travel to other hospitals for higher levels 
of care, the goal of avoiding COVID-19 spread between hospi-
tals has disrupted the interhospital transfer process.21

Although most demographics did not change between the 
pre- SDO periods and post- SDO period 3, we did identify a 
decrease in the proportion of hospitalizations of elderly (≥65 
years) patients from period 2 to period 3. The risk of severe 
COVID-19 infection and related morbidity and mortality in the 
elderly population has been reiterated across medical, govern-
mental and journalistic publications.22–24 Elderly citizens were 
confronted with constant reminders of the increased risks of 
COVID-19 infection and death that come with advanced age, 
along with the fact that risks were even further elevated at an 
ED or hospital. The reduction in trauma hospitalizations in 
this section of the population may have stemmed from fears of 
contracting the COVID-19, but a strict adherence to federal and 
state SDOs may have reduced participation in injury- causing 
activities, which could also account for the drop.

In- hospital mortality changed continuously through the 
COVID-19 pandemic. There was a notable 27.2% increase in 
the death rate from period 2 to period 3 and comparable rates 
of increase from periods 1 and 1b to period 3. It is possible that 
the rise in- hospital death rate is due to a combination of the 
aforementioned increase in interpersonal violence, penetrating 
injuries, injury severity, as well as community- acquired or iatro-
genic COVID-19 infections.

Our analysis is inherently limited by its retrospective design. 
In addition, placing focus on one date (March 16, 2020) as the 
pivot point for any observed changes in trauma populations 
presenting to our six level 1 hospitals is a limitation. Most 
states enacted individual SDOs after the White House—all with 
varying start and end dates. This likely changed social interac-
tions and altered trauma patterns in a manner specific to each 
state. However, to provide consistency across all six partici-
pating hospitals, we chose one date common to all states. We 
also excluded children from our study, so we are unable to 
make any conclusions about pediatric patients who may have 
suffered significantly more trauma than adults due to significant 
upticks in household violence and physical abuse.25 With regard 
to in- hospital mortality, we were unable to assess any causes of 

Figure 6 Changes in weekly proportions of interhospital transfer 
patients presenting to six US level 1 trauma hospitals during the 
COVID-19 pandemic of 2020.

Figure 7 Changes in weekly in- hospital mortality rates at six US level 
1 trauma hospitals during the COVID-19 pandemic of 2020.
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death, so any causal inferences made about increasing death 
rate must be interpreted with discretion. Furthermore, there are 
other variables not analyzed herein (eg, patient insurance status, 
in- hospital procedures and blood products administered) that 
could have contributed to our understanding of how the trauma 
population and the outcomes these patients experience changed 
post- SDO.

CONCLUSION
The consequences of the federal and state social distancing, 
‘stay- at- home’ and ‘shelter- in- place’ orders were far- reaching. 
Beyond changing social interactions among people— oftentimes 
turning them violent—these orders were also associated with 
a change in the numbers and injury severities of patients that 
presented to trauma centers for evaluation and admission. Six 
level 1 trauma hospitals across the Western and Midwestern USA 
saw significant decreases in trauma patient visits per day during 
the COVID-19 pandemic but saw a rise in the proportion of 
patients with elevated ISS scores. Should a future ‘second wave’ 
of COVID-19 infections and strict social distancing situation 
arise, faculty at level 1 trauma hospitals should be prepared for 
fewer patients with more severe injuries.
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