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he COVID-19 pandemic reshaped the health care system in 2020. COVID-19 infection has been associated with poor outcomes
after orthopedic surgery and elective, general surgery, but the impact of COVID-19 on outcomes after trauma is unknown.
METHODS: W
e conducted a retrospective cohort study of patients admitted to Pennsylvania trauma centers from March 21 to July 31, 2020.
The exposure of interest was COVID-19 (COV+) and the primary outcome was inpatient mortality. Secondary outcomes were
length of stay and complications. We compared demographic and injury characteristics between positive, negative, and
not-tested patients. We usedmultivariable regression with coarsened exact matching to estimate the impact of COV+ on outcomes.
RESULTS: O
f 15,550 included patients, 8,170 (52.5%) were tested for COVID-19 and 219 (2.7%) were positive (COV+). Compared with
COVID-19–negative (COV−) patients, COV+ patients were similar in terms of age and sex, but were less often white (53.5%
vs. 74.7%, p < 0.0001), and more often uninsured (10.1 vs. 5.6%, p = 0.002). Injury severity was similar, but firearm injuries
accounted for 11.9% of COV+ patients versus 5.1% of COV− patients (p < 0.001). Unadjusted mortality for COV+ was double
that of COV− patients (9.1% vs. 4.7%, p < 0.0001) and length of stay was longer (median, 5 vs. 4 days; p < 0.001). Using coarsened
exact matching, COV+ patients had an increased risk of death (odds ratio [OR], 6.05; 95% confidence interval [CI], 2.29–15.99),
any complication (OR, 1.85; 95% CI, 1.08–3.16), and pulmonary complications (OR, 5.79; 95% CI, 2.02–16.54) compared with
COV− patients.
CONCLUSION: P
atients with concomitant traumatic injury and COVID-19 infection have elevated risks of morbidity andmortality. Trauma centers
must incorporate an understanding of these risks into patient and family counseling and resource allocation during this pandemic.
(J Trauma Acute Care Surg. 2021;91: 559–565. Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.)
LEVEL OF EVIDENCE: L
evel II, Prognostic Study.

KEYWORDS: C
OVID-19; trauma outcomes.
C OVID-19 has caused astounding morbidity and mortality
directly, but it has also complicated the presentation, man-

agement, and outcomes of patients with a range of other medical
conditions, from appendicitis,1 to myocardial infarction,2 to can-
cer screening.3 Concerns about COVID-19 have led to delayed
presentation and thus more advanced disease in some cases; in
others, COVID-19 infection itself appears to worsen other co-
morbid illnesses or complicate therapy, in part due to the impact
of COVID-19 on pulmonary function and increased risk of ve-
nous thromboembolic events.4 Several studies have documented
decreases in overall emergency department volumes since the
onset of the pandemic in the United States in March 2020, com-
bined with rising rates of traumatic injury, particularly because
of interpersonal violence.5,6 However, little is known about
how COVID-19 infection itself impacts outcomes after trau-
matic injury.

COVID-19 infection has been associated with worse sur-
vival among patients with hip fractures7 and those undergoing
orthopedic surgery.8 These findings are also mirrored in patients
undergoing other nontrauma-related operations. Among 468 patients
undergoing urgent and emergent procedures at one institution,
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perioperative mortality rates were 16.7% versus 1.4% for
COVID-19–positive and COVID-19–negative patients, respec-
tively (adjusted risk ratio, 9.29).9 A multicenter study involving
235 hospitals found that perioperative mortality in COVID-19–
positive patients after elective surgery was 18.9%.10 Postopera-
tive pulmonary complications occurred in 55% and mortality
was 28% if there were pulmonary complications.10 Therefore,
many have recommended delaying elective or even semiurgent
operations until COVID-19 infection has resolved, but treatment
of trauma is time-sensitive, and our inability to delay interven-
tion may lead to poor outcomes in COVID-19 positive patients.

To expand our understanding of the impact of COVID-19
on outcomes after traumatic injury, we conducted a state-wide
study of patients treated in Pennsylvania trauma centers from
April through July of 2020, with the hypothesis that trauma pa-
tients testing positive for COVID-19 would experience higher
rates of morbidity and mortality compared with a similar cohort
of COVID-19–negative patients.
METHODS

Data Source and Population
Data were collected from all Pennsylvania trauma centers

using the Pennsylvania Trauma Outcomes Study. Pennsylvania
Trauma Outcomes Study is a prospectively collected trauma reg-
istry maintained by trained registrars at each center and adjudi-
cated by the Pennsylvania Trauma Systems Foundation. These
data were provided by the Pennsylvania Trauma Systems Foun-
dation, Mechanicsburg, PA. The Foundation specifically disclaims
responsibility for any analyses, interpretations, or conclusions.
Patients were excluded if their primary mechanism of injury
was burn or if they were transferred out, as final outcomes could
not be determined. For purposes of this study, the COVID-19 pe-
riod was considered to begin on March 21, 2020, when Governor
Wolf ordered closure of nonessential businesses statewide.1 Pa-
tients were included if they were admitted between March 21,
2020, and July 31, 2020, to ensure availability of complete
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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postdischarge records, whichmay be adjudicated up to 3 months
after discharge.

Exposure
The key exposure of interest was COVID-19 status. Pa-

tients were categorized as COV+ COV−, or not tested. We also
collected patient demographics, comorbidities, injury character-
istics, mechanism, and severity.

Outcomes
The primary outcome was inpatient mortality. Secondary

outcomes were length of stay, intensive care unit (ICU) length
of stay, ventilator days, hospital free days, ICU-free days, and
ventilator-free days in the first 30 days after injury. Patients
discharged before 30 days were assumed to survive 30 days. Pa-
tients who died in the hospital were given a value of 0 hospital
free days. We also assessed the incidence of pulmonary compli-
cations, and venous thromboembolic complications.

Analysis
We first analyzed patterns of COVID-19 testing by date

and center to identify variation in testing practice among centers.
Patient and injury characteristics were tabulated according to
whether they were tested for COVID-19 and the results. Univar-
iate associations with outcomes were assessed using χ2 tests for
categorical variables and Kruskal-Wallis tests for continuous
variables. To assess for independent associations with our out-
comes, we used a combination of strategies. First, we used a
multivariable logistic regression model limited to patients who
were tested for COVID-19. This adaptation of previously vali-
dated models incorporated patient characteristics, physiology,
comorbidities, injury characteristics, and injury severity.11 Given
the incompleteness of testing, however, it was likely that in at
least some centers, patients were tested for COVID-19 only if
they were severely injured or clinically doing poorly, leading
to a concern for confounding by indication. To address this
source of confounding, we performed several secondary analy-
ses. First, we limited our analysis to centers where at least
80% of patients were tested. Second, we repeated the analysis
considering all nontested patients to have been COV−, and third,
considering all nontested patients to be COV+. We also con-
ducted a matched analysis matching COV+ to COV− patients
using coarsened exact matching (CEM).12,13 In this method, co-
variates are coarsened to allow inexact matching on multiple
variables between COV+ and COV− patients. The match is per-
formed on coarsened data, but subsequent regression analysis is
performed using original values. This allows close multivariable
matches between patients. Significant predictors derived from
the logistic regression analysis were included in the matching
process and were also included in the subsequent matched re-
gression analysis to account for any remaining imbalance.
Coarsened exact matching does not require balance checking af-
ter matching but instead allows prespecified bounds of balance.
Unmatchable patients were excluded, and all variables were used
for subsequent multivariable analysis.13 We also examined mor-
tality in patients with a mechanism of fall, and patients stratified
by Injury Severity Score (ISS); by age, younger than 65 years or
65 years and older; and by presence or absence of chest injuries.
We performed a sensitivity analysis in which we matched
© 2021 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2021 Wolters Kluwer H
patients within center only to account for a scenario in which
outcomesmay have varied systematically by center. Logistic regres-
sion using the CEMweights was used for binary outcomes (mor-
tality and complications). For count outcomes (ventilator-free
days and hospital-free days), negative binomial regression with
CEM weights was used. Adjusted risks were expressed as odds
ratio (OR). Model performancewas assessed using the area under
the receiver operating characteristic curve for logistic regression
models and the Akaike’s information criterion and Bayesian in-
formation criterion for negative binomial models. All analysis
was done using Stata Version 16 (StataCorp, College Station,
TX). A p-value of <0.05 was considered significant.

RESULTS

COVID-19 Prevalence Among Pennsylvania
Trauma Patients

We included 15,550 trauma patients treated at Pennsylvania
trauma centers between March 21, 2020, and July 31, 2020. Of
these, 8,170 (52.5%) were tested for COVID-19, with 219
(2.7% of those tested) testing positive. Rates of testing increased
over time, from 34.3% in April 2020 to 56.3% in July. Rates of
testing also varied substantially across centers with a median of
56.2% and a range of 0% to 96.4%.

Patient characteristics are shown in Table 1. Compared
with COV− patients, COV+ patients were similar in terms of
age and sex, but were less often white (53.5% vs. 74.7%,
p < 0.0001), and more often uninsured (10.1 vs. 5.6%, p =
0.002). Injury severity was similar, but mechanism differed with
firearm injuries accounting for 11.9% of COV+ patients, com-
pared with 5.1% of COV− patients (p < 0.001). Comorbidities
were similar with the exception of dementia and dialysis depen-
dence, both of which were more common in COV+ patients.

Outcomes for Trauma Patients With COVID-19
The unadjusted outcomes are shown in Table 2. The rate

of mortality was nearly twice as high in COV+ than COV− pa-
tients (9.1% vs. 4.7%, p < 0.001). Length of stay was longer
(median of 5 vs. 4 days, p < 0.001) and hospital-free days were
fewer among COV+ patients (median of 24.5 vs. 26 days,
p < 0.001). Intensive care unit admission was equally common
between the two groups. Overall complications were more com-
mon among COV+ patients (16.4% vs. 11.3%, p = 0.019), as
were key specific complications: VTE, renal failure, need for in-
tubation and unplanned ICU admission. COV+ patients were
also less likely to be discharged home and more likely to be
transferred to a rehabilitation facility.

Analyzing outcome by mechanism of injury, COV+ pa-
tients sustaining falls or were struck were more likely to die
(Table 3) than COV− patients. For firearm injuries, mortality
was similar between the two groups. When mortality was ana-
lyzed by injury severity, for ISS less than 16, COV+ status was
associated with increased mortality. For more severely injured
patients, there was no association (Fig. 1). Patients age≥65 were
more likely to die if they were COV+. Patients with chest injuries
(thorax AIS ≥ 2) comprised more than one-fifth of the study
sample. In these patients, there was no association of COVID-19
statuswithmortality. However, in patients without chest injuries,
COV+ was associated with mortality.
561
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TABLE 1. Characteristics of Patients Treated March 21, 2020, to September 30, 2020, by COVID Status

COV− COV+ Not tested All patients p (COV+ vs. COV−)

n = 7,951 n = 219 n = 7,380 N = 15,550

Sex 0.52

Male 4,565 (57.4) 121 (55.3) 4,494 (60.9) 9,180 (59.0)

Female 3,386 (42.6) 98 (44.8) 2,886 (39.1) 6,370 (41.0)

Age* 63 (37–80) 61 (31–81) 55 (30–73) 59 (33–77) 0.47

Race/ethnicity <0.001

White 5,825 (74.7) 116 (53.5) 5,901 (81.6) 11,842 (77.7)

Black 1,347 (17.3) 72 (33.2) 836 (11.6) 2,255 (14.8)

Hispanic/Latinx 421 (5.4) 24 (11.1) 373 (5.2) 818 (5.4)

Asian 90 (1.2) 2 (0.9) 39 (0.5) 131 (0.9)

Multiracial/other 116 (1.5) 3 (1.4) 84 (1.2) 203 (1.3)

Insurance 0.002

Medicare 3,449 (43.4) 98 (44.8) 2,372 (32.1) 5,919 (38.1)

Medicaid 1,532 (19.3) 52 (23.7) 1,450 (19.7) 3,034 (19.5)

Private 1,603 (20.2) 29 (13.2) 2,102 (28.5) 3,734 (24.0)

Other 920 (11.6) 18 (8.2) 1,062 (14.4) 2,000 (12.9)

None/unknown 446 (5.6) 22 (10.1) 394 (5.3) 862 (5.5)

Systolic blood pressure* 140 (122–158) 139 (120–160) 138 (121–154) 138 (122–157) 0.59

Heart rate* 85 (73–99) 87 (75–101.5) 86 (74–100) 85 (74–99) 0.15

GCS* 15 (15–15) 15 (14–15) 15 (15–15) 15 (15–15) 0.014

ISS* 9 (5–14) 9 (5–14) 9 (5–13) 9 (5–13) 0.31

Maximum AIS score* 3 (2–3) 3 (2–3) 3 (2–3) 3 (2–3) 0.70

Body regions injured (AIS score ≥ 2)

Head 2,004 (25.2) 65 (29.7) 2,041 (27.7) 4,110 (26.4) 0.13

Face 728 (9.2) 23 (10.5) 694 (9.4) 1,445 (9.3) 0.50

Chest 1,858 (23.4) 51(23.3) 1,904 (25.8) 3,813 (24.5) 0.98

Abdomen 542 (6.8) 21 (9.6) 545 (7.4) 1,108 (7.1) 0.11

Extremities 3,889 (48.9) 99 (45.2) 3,135 (42.5) 7,123 (45.8) 0.28

Mechanism of injury

Fall 4,705 (59.2) 121 (55.25) 3,689 (50.0) 8,515 (54.8) 0.24

Pedestrian/pedal cyclist 445 (5.6) 8 (3.65) 459 (6.2) 912 (5.9) 0.22

Motor vehicle crash 1,482 (18.6) 37 (16.9) 1,967 (26.65) 3,486 (22.4) 0.51

Firearm injury 416 (5.2) 26 (11.9) 345 (4.7) 787 (5.1) <0.001

Struck 423 (5.3) 16 (7.3) 385 (5.2) 824 (5.3) 0.20

Cut or stabbed 252 (3.2) 7 (3.2) 252 (3.4) 511 (3.3) 0.98

Other 310 (3.9) 6 (2.7) 370 (5.0) 686 (4.4) 0.38

Comorbidities

Heart disease 1,466 (18.4) 39 (17.8) 1,049 (14.2) 2,554 (16.4) 0.81

Lung disease 790 (9.9) 25 (11.4) 551 (7.5) 1,366 (8.8) 0.47

Liver disease 141 (1.8) 5 (2.3) 102 (1.4) 248 (1.6) 0.57

Cancer 139 (1.75) 3 (1.4) 126 (1.7) 268 (1.7) 0.67

Hypertension 3,700 (46.5) 104 (47.5) 2,885 (39.1) 6,689 (43.0) 0.78

Diabetes 1,419 (17.85) 46 (21.0) 1,095 (14.8) 2,560 (16.5) 0.23

Coagulopathy/anticoagulants/antiplatelet 2,589 (32.6) 70 (32.0) 1,956 (26.5) 4,615 (29.7) 0.85

Dementia 809 (10.2) 44 (20.1) 328 (4.4) 1,181 (7.6) <0.001

Obesity 1,561 (19.6) 32 (14.6) 1,504 (20.4) 3,097 (19.9) 0.06

Dialysis 88 (1.1) 7 (3.2) 48 (0.65) 143 (0.9) 0.004

*Median (IQR). All others, n (%).
GCS, Glasgow Coma Scale; AIS, Abbreviated Injury Scale.

Kaufman et al.
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Multivariable regression demonstrated that COV+ pa-
tients were at increased risk of in-hospital death (OR, 3.15;
95% confidence interval [CI], 1.78–5.55) compared to COV−
patients (Table 4). Complete model results are included as Sup-
plemental Digital Content, http://links.lww.com/TA/C30 along
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with metrics of model fit, all of which were strong. This associ-
ation was consistent in models where those not tested were con-
sidered COV− and where those not tested were considered COV
+. Models where only centers testing ≥80% of trauma patients
and only centers testing ≥50% were analyzed demonstrated
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 2. Unadjusted Outcomes of Pennsylvania Trauma Patients According to COVID-19 Status

COV− COV+ Not tested All Patients p (COV+ vs. COV−)

n = 7,951 n = 219 n = 7,380 N = 15,550

Died 313 (3.9) 20 (9.1) 389 (5.3) 722 (4.6) <0.0001

Length of stay* 4 (2–7) 5 (3–11) 3 (2–4) 3 (2–6)

ICU admission 2,961 (37.25) 93 (42.5) 2,170 (29.4) 5,224 (33.6) 0.116

ICU length of stay (if admitted)* 2 (1–4) 2 (1–5) 1 (1–3) 2 (1–3) 0.72

Intubated 952 (12.0) 40 (18.3) 491 (6.7) 1,483 (9.5) 0.005

Ventilator days (if intubated)* 2 (1–8) 3 (1–7) 1 (1–4) 2 (1–7) 0.94

Ventilator-free days* 30 (30–30) 30 (30–30) 30 (30–30) 30 (30–30) <0.001

ICU-free days* 30 (29–30) 30 (27–30) 30 (29–30) 30 (29–30) <0.001

Hospital-free days* 26 (23–28) 24.5 (16–27) 27 (25–28) 26 (24–28) <0.001

Complications

Any complication 900 (11.3) 36 (16.4) 389 (5.3) 1,325 (8.5) 0.019

ARDS 28 (0.3) 2 (0.9) 5 (0.1) 30 (0.2) 0.10

Pneumonia 133 (1.7) 7 (3.2) 35 (0.5) 175 (1.1) 0.09

DVT/PE 86 (1.1) 7 (3.2) 29 (0.4) 122 (0.8) 0.004

Wound or surgical site infection 31 (0.4) 2 (0.9%) 8 (0.1%) 50 (0.3) 0.23

Renal failure 37 (0.5) 4 (1.8) 20 (0.3) 61 (0.4) 0.005

Unplanned ICU admission 256 (3.2) 16 (7.3) 91 (1.2) 363 (2.1) <0.001

Discharge destination <0.001

Home/routine 4,341 (54.6) 105 (48.0) 5,824 (78.0) 10,270 (66.1)

Rehab/SNF/LTACH 3,157 (39.7) 82 (37.4) 1,100 (14.9) 4,339 (27.9)

Hospice 139 (1.8) 12 (5.5) 67 (0.9) 218 (1.4)

*Median (interquartile range). All others n (%)
ARDS, acute respiratory distress syndrome; DVT, deep venous thrombosis; PE, pulmonary embolism; SNF, skilled nursing facility; LTACH, long-term acute care hospital.
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similar results, but these did not achieve statistical significance.
Sensitivity analyses matched within center showed very similar
results to the main analysis.

Using CEM, matches were found for 194 of 219 COV+
patients, (88.6%) to 4,202 of 7,951 COV− patients (52.8%).
The CEM analysis showed that compared to COV – patients,
COV+ patients had an increased risk of death (OR, 6.05; 95%
CI, 2.29–15.99), any complication (OR, 1.85; 95% CI, 1.08–3.16),
and pulmonary complications (OR, 5.79; 95% CI, 2.02–16.54)
but not VTE. CEM analysis for only those who fell and those
≥65 years demonstrated increased risks of mortality for COV+
patients in these subgroups. Hospital-free days were signifi-
cantly fewer among COV+ patients, but for those patients who
were intubated, ventilator-free days were equivalent.
TABLE 3. Mortality According to Mechanism of Injury

Mechanism of Injury COV− COV+ p

n = 7,951 n = 219

Fall 160 (3.4%) 14 (11.6%) <0.001

Pedestrian/pedal cyclist 11 (2.5%) 0 (0.0%) 0.65

Motor vehicle crash 66 (4.5%) 1 (2.7%) 0.61

Firearm injury 58 (13.9%) 3 (11.5%) 0.73

Struck 4 (0.95%) 2 (12.5%) <0.001

Cut or stabbed 2 (0.8%) 0 (0.0%) 0.81

Other 15 (4.8%) 0 (0.0%) 0.58
DISCUSSION

Trauma patients who tested positive for COVID-19 sus-
tainedmore than 6-fold increased odds of death, double the odds
of complications, and more than 5 times the odds of pulmonary
complications compared with uninfected, matched controls.
This was particularly true in older patients, and those with less
severe injuries, who would otherwise have had relatively low
risk of death. COV+ patients were more likely to have complica-
tions during admission for trauma injuries comparedwith COV−
patients. Testing was not universal, and centers may have been
more likely to test patients who were sicker or more severely in-
jured. We therefore performed several analyses to attempt to
compensate for confounding by indication. Our results remained
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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robust and consistent in each analysis, suggesting that a true ef-
fect is likely.

This finding is consistent with prior reports of periopera-
tive morbidity in surgical patients. In patients undergoing urgent
surgical procedures in two urban hospitals, Knisely et al.9 re-
ported that perioperative complications were common in the
COV+ compared with the COV− group. Notably, cardiac arrest
(16.7% vs. 1.2%), shock (13.9% vs. 0.9%), respiratory failure
(33.3% vs. 2.6%), pneumonia (50.0% vs. 2.8%), acute kidney
injury (22.2% vs. 3.5%), and acute respiratory distress syn-
drome (8.3% vs. 0%) were more common and the perioperative
mortality rate was high (16.7% vs. 1.4%) in COV+ patients. An-
other retrospective study of 41 patients with COVID-19 under-
going surgery found that pulmonary and thrombotic complications
occurred in 57% and 9% respectively, compared with 4% and
0% in 82matched controls.14 In our results, morbidity differences
between trauma patients with or without COVID-19, though
563
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significant, were not as stark as that reported by Knisely et al.9

and Doglietto et al.,14 perhaps due to differences in assessing
complications, or because not all the patients included here
underwent surgical intervention.

The impact of COVID-19 was seen most clearly in those
with relatively minor injuries and low-energy mechanisms such
as a ground level fall. This is likely because the injuries them-
selves had a greater impact when they were more severe, while
COVID-19 infection had a greater effect on those with a high
probability of survival from injury factors alone. The majority
of patients did have minor to moderate injuries which may also
have limited our ability to detect an effect among those with
the most severe injuries. We suspected that patients with chest
injuries might have worse outcomes if they were also COV+,
but we did not detect this effect. The reason may be similar if
in these patients, direct injury was the cause of pulmonary mor-
bidity rather than additional COVID-19 related insult. However,
TABLE 4. Summary of Multivariable Regression Results

Approach

Multivariable logistic regression, tested patients only, all centers (n = 7,371)

Multivariable logistic regression, not tested considered negative (n = 14,028)

Multivariable logistic regression, not tested considered positive (n = 14,028)

Multivariable logistic regression, tested patients only, centers testing ≥ 80%
(n = 2,757)

Multivariable logistic regression, tested patients only, all centers ≥ 50%
(n = 4,827)

Coarsened exact matching (n = 4,221)

Coarsened exact matching (n = 4,221) A

Coarsened exact matching (n = 4,221) Pulm

Coarsened exact matching (n = 203) Ven
(i

Coarsened exact matching (n = 4,221) H

Coarsened exact matching (n = 3,914)

Coarsened exact matching (n = 3,043) M

Coarsened exact matching (n = 2,484) M

*Incident rate ratio reported for negative binomial regression models.
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COVID-19 has long-term impacts on pulmonary function that
may manifest in the corresponding long-term outcomes of these
patients.15,16

We identified a substantial effect of COVID-19 infection
in trauma patients 65 years or older, consistent with general ev-
idence that COVID-19 outcomes are strongly associated with
age.17 Karayiannis et al.8 likewise demonstrated that among
484 patients who underwent orthopedic surgery, 202 patients
were 75 years or older, and the 30-day postoperative mortality
rate in patients age 65 years or older was 14.3% in 21 testing
COV+ vs. 1.7% in those testing COV−.

The interaction of the COVID-19 pandemic with struc-
tural racism in the U.S. has disproportionately impacted Black
communities,18 which are also at higher risk of injury due to
gunshot wounds.19 While our results do show higher COV+
rates among Black patients and GSW patients, we cannot dis-
cern any synergistic effect of GSW and COVID-19 infection
Outcome OR (95% CI) Associated With COVID+ p

Mortality 3.15 (1.78–5.55) <0.001

Mortality 2.84 (1.64–4.93) <0.001

Mortality 1.56 (1.24–1.97) <0.001

Mortality 2.92 (1.03–8.27) 0.044

Mortality 2.39 (1.35–4.25) 0.003

Mortality 6. 05 (2.29–15.99) <0.001

ny complication 1.85 (1.08–3.16) 0.026

onary complication 5.79 (2.02–16.54) 0.001

tilator-free days
ntubated patients)*

0.87 (0.67–1.13) 0.292

ospital-free days* 0.88 (0.82–0.94) <0.001

VTE 1.66 (0.29–9.62) 0.57

ortality, falls only 5.04 (1.90–13.36) 0.001

ortality, age ≥65 9.45 (4.40–20.30) <0.001

© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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on patient outcomes. It is nonetheless worth noting that as Black
people bear a disproportionate burden of both COVID-19 and
trauma, the adverse outcomes we detect here will continue to
amplify health disparities.

There were several limitations of this study. Most impor-
tantly, although we considered a number of strategies to address
confounding by indication, residual confounding may have led
to spurious results even so. Rates of testing were variable among
Pennsylvania trauma centers, and we do not know whether
COV+ patients were symptomatic or asymptomatic on presen-
tation to the trauma center. In a single institution study, 85 pa-
tients were tested for SARS-CoV-2 with 21 testing positive. Of
the 21, 43% were asymptomatic and 86% did not have radio-
logical evidence of infection.20 Given that there could be a high
rate of asymptomatic infections in our untested cohort, it is
possible that asymptomatic patients might have fared better
than symptomatic patients in this cohort. It was also not clear
whether these patients acquired COVID-19 preinjury or after
admission. Our data set included few deaths in patients under
age 65 who were tested for COVID-19 and who were able to
be matched. We were therefore not able to model outcomes in
this group, and the true relationship may differ from those re-
ported here. These considerations are unlikely to alter the prin-
cipal finding of this study that the COVID-19 was associated
with mortality and morbidity based on our sensitivity analysis
over a variety of scenarios.

Among the consequences of the COVID-19 pandemic is
the worsening of coincident and comorbid disease. Hospitals
caring for injured patients, COVID-19 patients, and those with
both conditions should be aggressive in preventing morbidity
and mortality associated with these overlapping diagnoses and
should include evidence of risk of poor outcomes in patient
and family counseling and resource planning.
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