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uring early spring 2020, New York City (NYC) rapidly became the first US epicenter of the COVID-19 pandemic. With an un-
paralleled strain on health care resources, we sought to investigate the impact of the pandemic on trauma visits and mortality in the
United States' largest municipal hospital system.
METHODS: W
e conducted a retrospective multicenter cohort study of the five level 1 trauma centers in NYC's public health care system, New
York City's Health and Hospitals Corporation. Clinical characteristics, mechanism of injury, and mortality of trauma patients pre-
senting during the early pandemic (March 1, 2020, to May 31, 2020) were compared with a similar period in the previous 2 years.
To account for important patient and hospital-level confounding variables, we created a propensity score for treatment and applied
inverse probability weighting.
RESULTS: I
n March to May 2020, there was a 25% decrease in median number of monthly trauma visits (693 vs. 528; p = 0.02) but a 50%
increase (15% vs. 22%; p = <0.001) in patients presenting for penetrating injuries, compared with the same period for 2018 and
2019. Injured patients with COVID were significantly more likely to die compared with those without COVID-19 (10.5% vs.
3.6%; p < 0.001). Overall, there was no significant difference in mortality for non–COVID-injured New Yorkers cared for in
2020 comparedwith 2018 and 2019. Less severely injured non-COVID patients (Injury Severity Score, <15), however, were significantly
more likely to die compared with this same subgroup in 2018 and 2019 (adjusted relative risk, 2.7 [95% confidence interval, 1.5–4.7]).
CONCLUSION: D
espite a decline in overall trauma visits during the early part of the COVID pandemic in NYC, there was a significant increase in
the proportion of penetratingmechanisms. Less-injured non-COVID patients experienced an increase in mortality in the early pan-
demic, possibly from a depletion of human and hospital resources from the large influx of COVID patients. These data lend support
to the safeguarding of trauma system resources in the event of a future pandemic. (J Trauma Acute Care Surg. 2022;93: 247–255.
Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.)
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I n the final days of 2019, the novel severe acute respiratory syn-drome coronavirus 2 (SARS-CoV-2) virus emerged out ofWu-
han, China and rapidly reached every corner of the globe.1 During
the early spring of 2020, New York City (NYC) became the US
epicenter for COVID-19 with the first confirmed case in the city
reported on February 29, 2020.2,3 By the time theWorld Health Or-
ganization declared COVID-19 a worldwide pandemic about a
week later, NYC already had more than 200 reported COVID-
19 cases and several related deaths.4,5 More than 200,000
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laboratory-confirmed cases were reported in NYCwithin the short
2-month period that followed, more than any other city in the
world.2 To mitigate the spread of the virus, the New York State
Governor's office issued the “New York State on PAUSE” execu-
tive order onMarch 22, 2020. Similar to other states and countries,
this “stay-at-home”mandate ordered the closure of all nonessential
businesses and enacted social distancing.6 This mandate remained
in place until June 8, 2020, when the State and City governments
agreed to begin stepwise reopening of NYC.7,8

New York City's Health and Hospitals Corporation (NYC
H + H) is the largest municipal health care system in the United
States and serves as the safety net for more than 1 million patients
every year.9 New York City's Health and Hospitals Corporation's
trauma system consists of five distinct and functionally indepen-
dent American College of Surgeons (ACS)–verified level 1
trauma centers (Supplemental Digital Content, Supplementary
Fig. 1, http://links.lww.com/TA/C194) spread across four of
the City's five boroughs (Bronx, Queens, Manhattan, and
Brooklyn) with coordinated leadership.

There have been several published studies describing the
impact of the COVID pandemic on trauma care. These studies
are primarily single center experiences and have been arguably
deficient in certain details such as mortality and the direct effect
of COVID infection on the patient cohort.10–12 The NYC
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experience, however, provides a unique perspective on how the
COVID pandemic affected a regional multicenter trauma sys-
tem, in particular, early in the pandemic and as the first US epi-
center when little was known on how to treat or mitigate
COVID-related mortality and complications.

The purpose of this study is to examine how the peak of
the COVID-19 pandemic affected NYC's municipal trauma sys-
tem. During the NYC spring 2020 lockdown, the assumption
was that there were less people outside of their homes and, there-
fore, less opportunity for serious injury. We hypothesized that
trauma visits and, subsequently, the trauma mortality rate would
decrease overall during the early stages of the pandemic as com-
pared with previous years in the same period.
PATIENTS AND METHODS

Study Design, Setting, and Patients
We conducted a retrospective multicenter cohort study of

NYC's public health care system, NYC H + H. This study
followed the Strengthening the Reporting of Observational
Studies in Epidemiology reporting guideline. Following institu-
tional review board approval, we abstracted data for all patients
injured between January 1 and May 31 for the years 2018,
2019, and 2020. To simplify our analyses, we considered the
months January and February 2020 as prepandemic and
March through May 2020 as early pandemic. First, we com-
pared the two periods before the pandemic (January to
February 2018 and 2019 vs. January to February 2020) to eval-
uate trends that were independent of the pandemic. Next, we
compared the early pandemic months to that of the 2 years prior
(March to May 2018 and 2019 vs. March to May 2020).

Data were abstracted from each center's trauma registry,
maintained as part of the requirements for ACS level 1 verification.
As part of their collaboration with the National Trauma Registry of
the American College of Surgeons, data are collected uniformly
across all centers using preestablished variables and definitions.
In addition, we queried the electronic medical record to obtain a list
of patients in the study who had COVID-19 testing performed. We
then reviewed the records of each of these patients to determine the
COVID-19 test result. Patients were considered positive for
COVID-19 if the patient's record had a positive COVID-19 antigen
test or a positive polymerase chain reaction test during the index
hospital visit, or any of the following International Classifica-
tion of Diseases, Tenth Revision, diagnosis codes: U07.1
(COVID-19, confirmed) and Z20.828 (COVID-19, suspected).

Outcomes
The primary outcome was in-hospital mortality. Second-

ary outcomes included need for thoracotomy, need for laparot-
omy, hospital length of stay (LOS), and intensive care unit
(ICU) LOS. We also examined the number of patients trans-
ferred out of each trauma center and the number of patients
discharged to rehabilitation facilities.

Covariates
We examined the following variables as potential con-

founders: age, sex, race, ethnicity, injury type, transfer into the
hospital, hypoxia, hypotension, Glasgow Coma Scale (GCS),
thoracostomy tube status, endotracheal intubation, need for
248
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blood transfusion (packed red blood cells), and Injury Severity
Score (ISS). Hypoxia was defined as an initial pulse oximetry
of <94%. Hypotension was defined as an initial systolic blood
pressure below 90 mm Hg for patients 10 years or older, or
70 mm Hg + (2 � age in years) for patients younger than
10 years.13,14 We dichotomized the covariate GCS at 9 and ISS
at 15, two clinically important cut points, because they did not
satisfy the logistic regression model assumption of linearity.

Statistical Analyses
Continuous variables were described using medians and in-

terquartile ranges and compared between groups using a Mann-
Whitney test. Categorical variables were described using frequen-
cies and percentages and compared between groups using aχ2 test
or a Fisher's exact test, where appropriate. All tests were two-tailed,
and a p value of <0.05 was considered statistically significant. All
analyses were performed using Stata, version 15.1 (StataCorp,
College Station, TX).

We compared the risk of mortality in early pandemic
months (March, April, and May 2020) to the same period in
the prior years (March, April, and May 2018 and 2019). To ac-
count for potential confounding in the association of the early
pandemic and mortality, we created a propensity score for each
patient and applied inverse probability weighting. The propen-
sity score for each patient was determined using a logistic re-
gression model with the period as the dependent variable and
all the aforementioned covariates as independent variables.
The propensity score was then used to create inverse probability
weights for each patient. Using these weights, a more balanced
sample was thus created with respect to these covariates.

Before examining the outcome, we confirmed that each
covariate was adequately balanced in the propensity-weighted
sample using the following parameters: standardized difference,
−0.15 to 0.15, and variance ratio, 0.5 to 2.0.15 We verified that
the area of common support was sufficient using overlap plots.
To account for missing data, we used a missing indicator ap-
proach by creating a separate missing category for those categor-
ical variables with missing values. Thus, the propensity score
sought to balance the distribution of both observed or available
values and missing values among the treatment groups.16

Outcomes and Subgroup Analyses
For the primary outcome of in-hospital death, we calcu-

lated the propensity-weighted absolute risk difference and the
relative risk between periods. To determine if a certain subgroup
of patients was particularly affected, we performed additional
analyses based on ISS, injury type, mechanism, and age. To ex-
amine whether any change in the overall mortality rate was due
to an increase in patient medical problems due to the pandemic,
we performed additional secondary analyses incorporating pa-
tient comorbidities and complications (Supplemental Digital
Content, Supplementary Fig. 2, http://links.lww.com/TA/C195).

Sensitivity Analysis
Considering that patients with COVID-19 may be at a higher

risk of dying fromCOVID-19, we performed an additional sensitivity
analysis for the primaryoutcomebyexcluding allCOVID-19patients.
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Characteristics of Injured Patients, Before and During COVID-19 Pandemic, NYC Trauma Centers 2018 to 2020

Overall
(N = 9,196)

Jan/Feb 2018–2019
(n = 2,361)

Jan/Feb 2020
(n = 1247) p

Mar/Apr/May 2018–2019
(n = 4,140)

Mar/Apr/May 2020
(n = 1,448) p

Cases per mo, median 631 609 624 0.64 693 528 0.02

Age, median (IQR), y

Overall 46 (29–67) 50 (31–70) 48 (30–69) 0.07 44 (27–65) 44 (29–64) 0.34

≥18 50 (32–69) 53 (34–72) 51 (34–71) 0.26 49 (32–68) 47 (32–67) 0.46

<18 12 (5–16) 13 (6–16) 11 (4–15) 0.22 12 (6–16) 12 (5–16) 0.79

Male 6,344 (69) 1,545 (65) 840 (67) 0.25 2,887 (70) 1,072 (74) 0.002

Race

White 1,577 (17) 446 (19) 224 (18) 681 (17) 226 (16) 0.13

Black 2,699 (29) 665 (28) 354 (28) 0.88 1,210 (29) 470 (32)

Asian 451 (5) 132 (6) 75 (6) 179 (4) 65 (5)

Other 4,469 (49) 1,118 (47) 594 (48) 2,070 (50) 687 (47)

Ethnicity

Non-Hispanic 4,630 (50) 1,220 (52) 650 (52) 0.34 2,065 (50) 695 (48) <0.001

Hispanic 2,665 (29) 687 (29) 338 (27) 1,255 (30) 385 (27)

Unknown 1,901 (21) 454 (19) 259 (21) 820 (20) 368 (25)

Injury type

Blunt 7,663 (83) 2,001 (85) 1,060 (85) 0.79 3,478 (84) 1,124 (78) <0.001

Penetrating 1,424 (15) 327 (14) 173 (14) 611 (15) 313 (22)

Burn 109 (1) 33 (1) 14 (1) 51 (1) 11 (1)

Mechanism

Cut/pierce 1,095 (12) 250 (11) 149 (12) <0.00 472 (11) 224 (15) <0.001

Fall-ground level 3,064 (33) 857 (36) 453 (36) 1,300 (31) 454 (31)

Fall from height 1,184 (13) 292 (12) 164 (13) 1 555 (13) 173 (12)

Burn 96 (1) 26 (1) 14 (1) 45 (1) 11 (1)

GSW 371 (4) 90 (4) 39 (3) 144 (3) 98 (7)

MVA—occupant 450 (5) 97 (4) 69 (6) 210 (5) 74 (5)

MVA—motorcycle 169 (2) 15 (1) 20 (2) 79 (2) 55 (4)

MVA—pedestrian 553 (6) 178 (8) 91 (7) 227 (5) 57 (4)

MVA—other 203 (2) 56 (2) 13 (1) 105 (3) 29 (2)

Assault 1,010 (11) 220 (9) 127 (10) 518 (13) 145 (10)

Other 1,001 (11) 280 (12) 108 (9) 485 (12) 128 (9)

Transferred in hypoxia <94% 926 (10) 222 (9) 133 (11) 0.24 395 (10) 176 (12) 0.006

No 8,359 (91) 2,153 (91) 1,123 (90) 0.53 3,773 (91) 1,310 (90) 0.04

Yes 454 (5) 113 (5) 67 (5) 187 (5) 87 (6)

Missing 383 (4) 95 (4) 57 (5) 180 (4) 51 (4)

Hypotensive

No 8,549 (93) 2,208 (94) 1,138 (91) 0.03 3,868 (93) 1,335 (92) 0.001

Yes 278 (3) 60 (3) 49 (4) 105 (3) 64 (4)

Missing 369 (4) 93 (4) 60 (5) 167 (4) 49 (3)

GCS

<9 476 (5) 112 (5) 71 (6) 0.08 210 (5) 83 (6) 0.28

≥9 8,650 (94) 2,242 (95) 1,167 (94) 3,894 (94) 1,347 (93)

Missing 70 (1) 7 (0) 9 (1) 36 (1) 18 (1)

Chest tube placed 332 (4) 96 (4) 41 (3) 0.27 136 (3) 59 (4) 0.16

Intubated 548 (6) 133 (6) 70 (6) 1.00 243 (6) 102 (7) 0.11

Received PRBC 440 (5) 97 (4) 62 (5) 0.23 203 (5) 78 (5) 0.47

ISS

<15 7,848 (85) 2,022 (86) 1,069 (86) <0.00 3,531 (85) 1,226 (85) 0.76

≥15 1,106 (12) 303 (13) 128 (10) 497 (12) 178 (12)

Missing 242 (3) 36 (2) 50 (4) 112 (3) 44 (3)

All data represent frequency (percentage) unless otherwise indicated.
COVID-19 pandemic affected NYC beginning March 2020.
GSW, gunshot wound; IQR, interquartile range; MVA, motor vehicle accident; PRBC, packed red blood cells.
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RESULTS

A total of 9,196 injured patients were cared for at NYC
H + H's five level 1 trauma centers during the study periods
for 2018, 2019, and 2020. Compared with January and
February 2018 and 2019, there was no significant difference in
median number of trauma visits per month in January and
February 2020. There was, however, a significant decrease in
median number of trauma visits, by approximately 25%, in the
early pandemic period ofMarch throughMay 2020 as compared
with the same time frame in 2018 and 2019 (Table 1).

Patients presenting to our trauma centers were similar in
most regards before and after the beginning of the COVID19
pandemic. There were several small statistically significant dif-
ferences; many of which were not clinically important
(Table 1). The age, race, and ethnicity of patients were similar
for all periods examined. Moreover, patients were not substan-
tially more severely injured in the early pandemic compared
with prior years, as there were no important differences in hyp-
oxia, hypotension, GCS, need for thoracostomy tube, endotra-
cheal intubation, and need for blood transfusion. In addition,
the ISS was similar across all periods.

Compared with prior years, however, patients presenting
for penetrating injuries increased significantly by approximately
50% in the early pandemic period (15% in March to May 2018
and 2019 vs. 22% in March to May 2020). Table 1 shows the
breakdown by specific mechanism. The cut/pierce and gunshot
wound mechanisms represented 15% and 7% of injuries during
the early pandemic period of March to May 2020, respectively.
In all other periods analyzed, these mechanisms represented
about 11% and 3% of injuries, respectively.

The pandemic brought some important changes to our
trauma centers (Table 2). While there were no substantial differ-
ences in the thoracotomy or laparotomy rates, or the hospital and
ICU LOS, there were significantly fewer patients transferred out
and less patients discharged to rehabilitation facilities in March
to May 2020 compared with the 2 years prior. Of note, in the
years before the pandemic, the in-hospital overall mortality for
trauma patients was 2.6%. During the early pandemic period
in the spring of 2020, however, the in-hospital morality rate in-
creased significantly by doubling to 5.3% (Table 2).
TABLE 2. Unadjusted Primary and Secondary Outcomes for Injured
Centers 2018 to 2020

Outcome
Overall

(N = 9,196)
Jan/Feb 2018–2019

(n = 2,361)
Jan/Feb 2
(n = 1,2

Died 302 (3) 72 (3.1) 45 (3.6

Thoracotomy 48 (1) 12 (1) 5 (0)

Laparotomy 194 (2) 47 (2) 30 (2)

Hospital LOS, median (IQR), d 3 (1–7) 3 (1–7) 2 (1–

ICU LOS, median (IQR), d 3 (1–6) 3 (1–6) 3 (1–

Transferred out 291 (3) 65 (3) 39 (3)

Discharged to rehab 1,510 (16) 423 (18) 209 (17

All data represent frequency (percentage) unless otherwise specified.
COVID-19 pandemic affected NYC beginning March 2020.
IQR, interquartile range; rehab, rehabilitation facility.
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To account for potential confounding in the association of
the pandemic and mortality, we performed inverse probability
weighting using the propensity score for treatment and com-
pared patients treated in March to May 2018 and 2019 to those
in March to May 2020. Before propensity weighting, standard-
ized differences and variance ratios for the baseline covariates
ranged from −0.08 to 0.18 and 0.6 to 1.7, respectively. After pro-
pensity score weighting, differences observed for the baseline
covariates that were evident prior in the sample were no longer
present. Moreover, after propensity weighting, standardized dif-
ferences and variance ratios for the baseline covariates were
much improved and within the recommended limits, ranging
from −0.01 to 0.02 and 1.0 to 1.1, respectively.

Table 3 demonstrates the mortality risk for injured patients
in the early pandemic months compared with prior years after
adjusting for important confounders using propensity score
weighting. Here, we note that, although there was a significant
difference in mortality overall (prepandemic: 79 [2.8%] vs. early
pandemic: 127 [4.6%]; p = 001), once the 353 patients with
COVID-19 were excluded from the analysis, the mortality dif-
ference overall was attenuated and no longer statistically signif-
icant (prepandemic: 69 [2.6%] vs. early pandemic: 88 [3.3%];
p = 0.17). In the early pandemic months, the unadjusted mortal-
ity risk was significantly higher for injured patients with
COVID-19 (37 [10.5%]) compared with those without
COVID-19 (39 [3.6%]; p < 0.001).

We performed several subgroup analyses. When evaluat-
ing patients by ISS, we found that the adjusted mortality risk
was significantly higher for those patients with lower ISS but
not in thosewith higher ISS (Table 3). This relationship persisted
even after excluding the COVID-19 patient cohort. The in-
hospital mortality rate for non–COVID-injured New Yorkers
with an ISS of <15 cared for during March to May 2020
(2.0%)was 2.7 times higher than that of patients admitted during
the same time frame in 2018 and 2019 (0.8%; p = 0.005). In
many of the other subgroups, we also found significant differ-
ences in the adjusted mortality risk when comparing the early
pandemic to prior years, but after excluding COVID-19 patients,
most of these differences were attenuated and no longer statisti-
cally significant. We did find, however, that, after excluding the
COVID-19 cohort, patients with penetrating injuries were
Patients, Before and During COVID-19 Pandemic, NYC Trauma

020
47) p

Mar/Apr/May 2018–2019
(n = 4,140)

Mar/Apr/May 2020
(n = 1,448) p

) 0.37 109 (2.6) 76 (5.3) <0.001

0.65 23 (1) 8 (1) 0.99

0.41 80 (2) 37 (3) 0.15

7) 0.004 3 (1,7) 2 (1,5) <0.001

5) 0.47 3 (1–6) 2 (1–5) 0.08

0.52 112 (3) 75 (5) <0.001

) 0.39 683 (17) 195 (13) 0.006

© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Propensity-Weighted Mortality Risk for Early Pandemic Months Compared With Previous Years—Overall and by Subgroup

Excluding COVID-19 Patients

Mortality n

Mar/Apr/May

Absolute Risk
Difference (95% CI)

Relative Risk
(95% CI) n

Mar/Apr/May

Absolute Risk
Difference (95% CI)

Relative Risk
(95% CI)2018/2019 2020 2018/2019 2020

Overall 5,588 79 (2.8) 127 (4.6) 1.7 (0.7–2.7) 1.6 (1.2–2.1) 5,235 69 (2.6) 88 (3.3) 0.7 (−0.3 to 1.8) 1.3 (0.9–1.8)

Severity

ISS <15 4,757 20 (0.9) 69 (2.9) 2.0 (1.2–2.9) 3.4 (2.1–5.4) 4,476 17 (0.8) 45 (2.0) 1.2 (0.3–2.1) 2.7 (1.5–4.7)

ISS ≥15 675 52 (15.5) 48 (14.2) −1.2 (−6.6 to 4.2) 0.9 (0.6–1.3) 610 49 (15.9) 41 (13.5) −2.4 (−8.9 to 4.1) 0.8 (0.5–1.4)

Injury type

Blunt 4,602 56 (2.5) 105 (4.6) 2.1 (1.0–3.3) 1.9 (1.4–2.5) 4,327 50 (2.3) 71 (3.3) 1.0 (−0.2 to 2.1) 1.4 (1.0–2.1)

Penetrating 924 21 (4.6) 16 (3.5) −1.1 (−2.7 to 0.4) 0.8 (0.5–1.1) 847 17 (4.3) 11 (2.7) −1.6 (−3.1 to −0.1) 0.6 (0.4–1.0)

Mechanism

Fall, ground level 1,754 22 (2.5) 45 (5.1) 2.6 (0.6–4.6) 2.1 (1.3–3.3) 1,632 19 (2.3) 32 (3.9) 1.6 (−1.0 to 4.3) 1.7 (0.8–3.6)

Fall, from height 728 14 (3.8) 28 (7.9) 4.2 (0.7–7.6) 2.1 (1.2–3.7) 679 12 (3.5) 17 (5.0) 1.5 (−1.8 to 4.8) 1.4 (0.7–2.9)

MVA 836 12 (2.9) 8 (2.0) −0.9 (−2.8 to 0.9) 0.7 (0.3–1.6) 779 11 (2.8) 6 (1.7) −1.1 (−3.2 to 0.9) 0.6 (0.2–1.7)

Assault 663 1 (0.3) 3 (0.8) 0.5 (−0.4 to 1.5) 3.1 (0.4–21.8) 638 1 (0.3) 1 (0.3) 0.0 (−0.5 to 0.6) 1.1 (0.2–7.7)

Age

<65 y 4,201 48 (2.3) 69 (3.3) 1.0 (0.0–2.0) 1.4 (1.0–2.0) 3,952 42 (2.1) 54 (2.7) 0.6 (−0.5 to 1.7) 1.3 (0.8–2.0)

≥65 y 1,387 31 (4.5) 59 (8.5) 3.9 (1.4–6.5) 1.9 (1.3–2.7) 1,283 27 (4.2) 38 (5.9) 1.7 (−1.0 to 4.4) 1.4 (0.9–2.3)

All data represent frequency (percentage) unless otherwise specified.
Bolded comparison noted to be statistically significant ( p < 0.05).
COVID-19 pandemic affected NYC beginning March 2020.
CI, confidence interval; MVA, motor vehicle accident.
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significantly less likely to die in the early pandemic compared
with prior years. Specifically, penetrating trauma victims with-
out COVID-19 admitted during the early spring of 2020 were
40% less likely to die in the hospital compared with the same
time frame in 2018 and 2019.

Comorbidities varied slightly among patients in the early
pandemic compared with prior years (Table 4). Importantly,
mental health disorders and substance abuse were significantly
increased. The proportion of patients experiencing an in-
hospital complication, however, for the most part remained un-
changed (Table 5). Of note, adjusting for patient comorbidities
and in-hospital complications had little effect on the mortality
risk experienced by trauma patients during the early pandemic
(Table 6).

DISCUSSION

In the first few months of the COVID-19 pandemic,
SARS-CoV-2 exhausted NYC's health care system and re-
sources, peaking at more than 5,000 new cases per day.2 Re-
ported fatality rates neared 10% during this same period with
about a third of hospitalized patients succumbing to COVID-
19 infection.2,3 In response to this burden, elective surgeries
were canceled, and hospital beds and staff were reallocated
to the care of COVID-19 patients throughout NYC. As trauma
surgeons and surgical critical care physicians were redeployed
to COVID-ICUs, an early report from the Greater New York
American College of Surgeons Committee on Trauma (ACS
COT) recognized and acknowledged the new burden on the
NYC trauma system.17 This report recommended frequent insti-
tutional assessments of the effect of the crisis on trauma center
functions. Given the lack of governmental or consensus guidance
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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for trauma systemmaintenance at that time, the Greater NewYork
ACS COT advocated to preserve trauma infrastructures and ca-
pacity whenever possible in each region.

In this study of the NYC's municipal trauma system of
five level 1 trauma centers, we found that overall trauma visits
declined significantly during the initial COVID surge in Spring
2020 compared with the two preceding years of the same period,
consistent with our primary hypothesis. Despite this overall
decline in trauma visits, the rates of penetrating trauma signif-
icantly increased by almost 50% during this same period.
Unexpectedly, we found that there was an increase in the mor-
tality rate compared with prior years when accounting for
important confounders. However, after excluding COVID-19–
positive patients, the increased risk of death persisted only
in the subset of patients with low ISS. Specifically, non–
COVID-19 patients who were less severely injured were more
than twice as likely to die during the early pandemic compared
with prior years.

The effect the pandemic and “stay-at-home” orders had on
trauma care in this country has been evaluated by authors in
three other major cities across the United States. One of the first
reports came from Philadelphiawhere, similar to our experience,
there was a 20% decrease in trauma admissions but a 35% in-
crease in penetrating trauma.10 A subsequent large study from
San Francisco showed no change in overall violent traumas but
did demonstrate a small statistically significant increase in homi-
cides in association with their shelter-in-place order.11 However,
these two studies did not examine the effect of the pandemic on
trauma mortality. A recently published study from Los Angeles
County, however, did examine mortality and found an overall
decrease in both injury severity and a significant decrease in
the mortality rate of trauma patients during the early pandemic
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TABLE 4. Unadjusted Comorbidity Prevalence, Before and During COVID-19 Pandemic, NYC Trauma Centers 2018 to 2020

Comorbidity
Overall

(N = 9,196)
Jan/Feb 2018–2019

(n = 2,361)
Jan/Feb 2020
(n = 1,247) p

Mar/Apr/May
2018–2019 (n = 4,140)

Mar/Apr/May
2020 (n = 1,448) p

Any comorbidity 3,986 (43) 1,079 (46) 589 (47) 0.38 1,649 (40) 669 (46) <0.001

Hypertension 2,114 (23) 600 (25) 327 (26) 0.60 857 (21) 330 (23) 0.09

Advanced
directive

58 (1) 18 (1) 8 (1) 0.68 20 (0) 12 (1) 0.13

Alcohol use
Disorder

731 (8) 207 (9) 89 (7) 0.09 314 (8) 121 (8) 0.35

Angina 2 (0) 0 (0) 0 (0) 1.00 2 (0) 0 (0) 0.40

Anticoagulant
use

392 (4) 94 (4) 77 (6) 0.003 143 (3) 78 (5) 0.001

Bleeding
disorder

41 (0) 9 (0) 6 (0) 0.66 17 (0) 9 (1) 0.31

Currently on
chemotherapy

7 (0) 0 (0) 0 (0) 1.00 6 (0) 1 (0) 0.48

Cirrhosis 70 (1) 17 (1) 13 (1) 0.31 26 (1) 14 (1) 0.19

COPD 199 (2) 55 (2) 36 (3) 0.31 74 (2) 34 (2) 0.18

CVA 187 (2) 56 (2) 28 (2) 0.81 84 (2) 19 (1) 0.08

Dementia 339 (4) 96 (4) 50 (4) 0.94 151 (4) 42 (3) 0.18

Diabetes 1,052 (11) 303 (13) 178 (14) 0.23 410 (10) 161 (11) 0.19

Disseminated
cancer

30 (0) 6 (0) 1 (0) 0.26 18 (0) 5 (0) 0.65

Functionally
dependent

494 (5) 127 (5) 91 (7) 0.02 188 (5) 88 (6) 0.02

CHF 193 (2) 45 (2) 25 (2) 0.84 86 (2) 37 (3) 0.29

MI 42 (0) 15 (1) 3 (0) 0.11 23 (1) 1 (0) 0.02

Peripheral artery disease 29 (0) 9 (0) 5 (0) 0.93 11 (0) 4 (0) 0.95

Mental health disorder 735 (8) 183 (8) 95 (8) 0.89 310 (7) 147 (10) 0.001

Renal failure 94 (1) 20 (1) 15 (1) 0.30 37 (1) 22 (2) 0.05

Smoker 721 (8) 169 (7) 132 (11) <0.001 265 (6) 155 (11) <0.001

Steroid 36 (0) 14 (1) 3 (0) 0.14 18 (0) 1 (0) 0.04

Substance use disorder 678 (7) 208 (9) 82 (7) 0.02 268 (6) 120 (8) 0.02

All data represent frequency (percentage) unless otherwise indicated.
CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; MI, myocardial infarction.
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compared with the prior years.12 This led the authors to suggest
that “in future lockdowns … not only [is] there no need for
trauma closures or additional critical care resources but… a re-
duced need for these resources, may be taken into account.”
There remains the question, however, of why did the NYC mu-
nicipal trauma system, in contrast to the LACounty experience,
demonstrate an increase in mortality during the early pandemic
among its less severely injured patients?

To begin to answer this question of increased mortality, it
is important to note that NYC was the first large metropolitan
area in the United States to be affected by the COVID-19 pan-
demic.Without any prior experience to draw from, NYC quickly
became the most severely affected city and the US epicenter for
the pandemic during the early spring 2020.2,5,18,19 Elmhurst
Hospital, one of the five trauma centers included in our study,
was frequently noted to be one of the worst affected hospitals
in the country and was called the “epicenter of the epicenter”
by the media.20 The Bronx, where two of our trauma centers
are located, had the highest hospitalizations and fatalities due
to COVID-19 per 100,000 population in the city and, at that
time, in the world.21 In short, NYC H + H was at the forefront
of the US COVID-19 response. Many of our surgical ICUs
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and most trauma surgeons who practice surgical critical care
throughout the NYC municipal trauma system were “rede-
ployed” to primarily care for COVID-19 patients during this
time. This redeployment occurred even as the trauma system still
needed to care for the injured. With much of our human re-
sources reallocated and our supplies and equipment frequently
depleted, providing optimal care for trauma patients became
challenging.22,23

The Greater New York ACS COT from the beginning en-
couraged frequent reassessments of the burden the pandemic
had on the trauma system and advocated for its protection.17 Un-
der this advisement and our trauma system leadership, the
trauma teams were never fully dismantled, and these resources
were protected for high-priority trauma activations in our emer-
gency departments. Without outpatient clinic requirements and
elective surgical caseloads, general surgeons, some subspecial-
ists, and operating rooms were available for patients requiring
emergent surgical interventions. Despite these recommenda-
tions and our best efforts to maintain trauma care at our centers,
our study suggests that the pandemic placed a substantial and
unprecedented strain on the NYC municipal trauma system.
The enormous burden of COVID-19 disease that our trauma
© 2021 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Unadjusted In-hospital Complications, Before and During COVID-19 Pandemic, NYC Trauma Centers 2018 to 2020

Complication
Overall

(N = 9,196)
Jan/Feb 2018–2019

(n = 2,361)
Jan/Feb 2020
(n = 1,247) p

Mar/Apr/May
2018–2019 (n = 4,140)

Mar/Apr/May
2020 (n = 1,448) p

Any complication 425 (5) 118 (5) 60 (5) 0.81 185 (4) 62 (4) 0.77

Alcohol withdrawal 126 (1) 40 (2) 14 (1) 0.18 55 (1) 17 (1) 0.65

Cardiac arrest 62 (1) 12 (1) 13 (1) 0.07 21 (1) 16 (1) 0.02

CAUTI 15 (0) 3 (0) 4 (0) 0.24 7 (0) 1 (0) 0.69

CLABSI 2 (0) 1 (0) 0 (0) 0.99 1 (0) 0 (0) 0.99

Deep SSI 11 (0) 2 (0) 1 (0) 0.99 7 (0) 1 (0) 0.69

DVT 27 (0) 7 (0) 0 (0) 0.10 14 (0) 6 (0) 0.68

PE 17 (0) 5 (0) 2 (0) 0.99 7 (0) 3 (0) 0.77

Compartment syndrome 11 (0) 3 (0) 1 (0) 0.99 6 (0) 1 (0) 0.69

Unplanned intubation 63 (1) 20 (1) 10 (1) 0.89 21 (1) 12 (1) 0.17

AKI 32 (0) 13 (1) 2 (0) 0.08 10 (0) 7 (0) 0.17

MI 5 (0) 2 (0) 0 (0) 0.55 3 (0) 0 (0) 0.57

Organ space SSI 3 (0) 0 (0) 0 (0) 1.00 3 (0) 0 (0) 0.57

Osteomyelitis 1 (0) 0 (0) 0 (0) 1.00 1 (0) 0 (0) 0.99

ARDS 22 (0) 3 (0) 4 (0) 0.24 12 (0) 3 (0) 0.77

Return to OR 32 (0) 7 (0) 6 (0) 0.39 14 (0) 5 (0) 0.99

Sepsis 29 (0) 5 (0) 3 (0) 0.99 14 (0) 7 (0) 0.44

Stroke 8 (0) 2 (0) 1 (0) 0.99 4 (0) 1 (0) 0.99

Superficial SSI 8 (0) 3 (0) 1 (0) 0.99 4 (0) 0 (0) 0.58

Pressure ulcer 16 (0) 3 (0) 2 (0) 0.99 9 (0) 2 (0) 0.74

Unplanned ICU admission 94 (1) 29 (1) 20 (2) 0.35 34 (1) 11 (1) 0.82

VAP 15 (0) 5 (0) 1 (0) 0.67 6 (0) 3 (0) 0.70

All data represent frequency (percentage) unless otherwise indicated.
AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; CAUTI, catheter-associated urinary tract infection; CLABSI, central line-associated bloodstream infection; DVT,

deep vein thrombosis; MI, myocardial infarction; OR, operating room; PE, pulmonary embolism; SSI, surgical site infection; VAP, ventilator-associated pneumonia.
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system faced, which was unparalleled in the United States at the
time, may have contributed to the increase in mortality of trauma
patients in several possible ways.

First, critically ill COVID-19 patients, often with serious
comorbidities and associated complications (e.g., acute kidney
injury requiring renal replacement therapy) were a substantial di-
version from patients thought to be “less sick” or less severely
injured.24,25 One can easily understand how this distraction
could potentially compromise the usual standard of care devoted
to trauma patients in normal unstrained circumstances, given the
demanding needs of critically ill COVID-19 patients. Second,
the COVID-19 burden depleted material resources, in particular
TABLE 6. Propensity-WeightedMortality Risk for Early PandemicMon
Comorbidities and In-hospital Complications

Mortality n

Mar/Apr/May Absolute Risk
Difference
(95% CI)

R
2018/2019 2020

Overall 5,588 79 (2.8) 127 (4.6) 1.7 (0.7–2.7)

+ Adjusted for any comorbidity 5,588 79 (2.8) 131 (4.7) 1.9 (0.8–2.9)

+ Adjusted for any complication 5,588 79 (2.8) 128 (4.6) 1.8 (0.8–2.7)

+ Adjusted for any comorbidity
and any complication

5,588 78 (2.8) 132 (4.7) 1.9 (0.9–2.9)

All data represent frequency (percentage) unless otherwise specified.
Bolded comparison noted to be statistically significant ( p < 0.05).
COVID-19 pandemic affected NYC beginning March 2020.
CI, confidence interval; MVA, motor vehicle accident.
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critical care beds normally reserved for trauma patients. For in-
stance, one of our system's surgical ICUs, which typically has
55% to 60% of beds occupied by trauma patients, was filled to
100% capacity with critically ill COVID-19 patients after the
first week of the surge. As a whole, the entire NYC municipal
trauma system experienced similar circumstances necessitating
the conversion of alternative spaces (e.g., waiting areas, hall-
ways) into makeshift critical care units. At the same time, the
COVID-19 burden depleted human resources, as many pro-
viders at all levels and specialties were overworked with little
to no time off early in the pandemic. Many house staff and sub-
specialists were reallocated, and providers themselves became ill
ths ComparedWith Previous Years—Additionally Adjusted Patient

Excluding COVID-19 Patients

elative Risk
(95% CI) n

Mar/Apr/May Absolute Risk
Difference
(95% CI)

Relative Risk
(95% CI)2018/2019 2020

1.6 (1.2–2.1) 5,235 69 (2.6) 88 (3.4) 0.7 (−0.3 to 1.8) 1.3 (0.9–1.8)

1.7 (1.3–2.1) 5,235 69 (2.6) 90 (3.4) 0.8 (−0.2 to 1.9) 1.3 (0.9–1.8)

1.6 (1.3–2.1) 5,235 68 (2.6) 94 (3.6) 1.0 (−0.1 to 2.1) 1.4 (1.0–1.9)

1.7 (1.3–2.2) 5,235 68 (2.6) 96 (3.7) 1.1 (−0.1 to 2.2) 1.4 (1.0–1.9)
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from COVID-19, removing them from the workforce temporar-
ily or, worse yet, permanently.

Despite the increase in mortality, our study elucidated an
interesting and unexpected finding, specifically, a significant,
although small, survival benefit to non–COVID-19 patients with
penetrating injuries admitted during the early pandemic. This
was especially interesting because we also found no significant
difference in the number of thoracotomies or laparotomies, or
the ICU LOS as compared with prior years. Although this phe-
nomenon may be the result of unmeasured confounders in our
study, there are also other reasons one may speculate as to why
victims with penetrating traumas may have seen improved sur-
vival despite the numerous strains on the system described.
For one, the pandemic placed extraordinary strain on emergency
medical systems (EMS) worldwide and resulted in prolonged re-
sponse times as COVID-19 cases increased.26 One study cited a
3-minute increase in NYC EMS response time in the early days
of the pandemic, corresponding with the period of this study.27

While quantifying EMS response times is beyond the scope of
this study, it follows that likely increased response times could
impact the survival profile of patients with penetrating trauma.
Were patients with enough physiologic reserve to withstand
the prolonged EMS transport times as compared with prior years
selected for survival while the other more severely injured pa-
tients died in the field?28 While further study is certainly re-
quired to confirm this theory, this could be one explanation for
the increased survival seen in patients with penetrating trauma
during the pandemic period.

As surrogates for resource utilization, our study looked at
several measures including transfers-out and discharges to reha-
bilitation facilities as secondary outcomes. Many of our centers
had to go on brief periods of diversion to accommodate the crit-
ically ill COVID-19 patients. Thus, we found an increased num-
ber of trauma transfers out to other acute care facilities in this
study. Our study also showed significantly fewer discharges to
acute rehabilitation facilities during the study period, suggesting
that these centers were likely equally overwhelmed and at capac-
ity with patients. This may have led to a “bottleneck” and hin-
dered our ability to discharge trauma patients to these facilities
during the study period. Notwithstanding, overall hospital LOS
was significantly lower by 1 day, but this trend was also noted
to be significant in the months leading up to the pandemic.

There are several key limitations to our study that should
be taken into account when interpreting our results. First, the de-
sign of our study did not allow for an in-depth analysis of mate-
rial or human resources that may have shed more light on how
their depletion may have affected patient mortality. It is possible
that the lack of available beds may have changed triage and dis-
charge practices at many of our facilities such that those with mi-
nor injuries who may have otherwise been admitted were now
discharged from the emergency department, thus increasing
the average injury severity of remaining patients. Determining
which resource depletion contributed the most to the increase
in mortality, whether it be human resources or ventilators or
blood products, may help other cities in preventing deaths due
to trauma during future pandemics. In addition, during the early
pandemic, it is important to note that COVID-19 testing was not
widespread and the tests that were available were not very sensi-
tive.29,30 Thus, patients were often labeled as carrying a clinical
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diagnosis of COVID-19 despite negative testing. This creates an
unavoidable potential for bias and error. Specifically, it is possi-
ble that those patients with perceived minor injuries may not
have been tested as frequently as those with severe injuries, par-
tially accounting for the increased mortality risk we detected.
Lastly, like most retrospective cohort studies, our study was sub-
ject to confounding by particular variables related to both the ex-
posure and the outcome. To account for potentially important
confounders, we created a propensity score for treatment and
used it to balance these confounders across periods. While we
attempted to include as many important confounders in the pro-
pensity score as reasonably possible using a large multicenter
data set, residual confounding may still exist.

In summary, we present the first study describing the im-
pact of the COVID-19 pandemic on trauma patient mortality
within the multicenter municipal trauma system of NYC during
its time as the US epicenter. Our unanticipated increase in mor-
tality in non-COVID patients with low ISS should not be seen as
a failure of the trauma system as many appreciate the nothing
short of heroic efforts displayed by NYC health care workers
during this time. Instead, this report should be used to demon-
strate the importance of supporting and safeguarding locore-
gional trauma systems and their resources in the event of another
global pandemic or other large-scale event, such as a natural di-
saster or terrorist attack, whichmay lead to a surge in critically ill
and critically injured patients. More study beyond this report is
warranted to further elucidate how the pandemic has affected
trauma care and to inform how trauma systems can best commu-
nicate and share resources during catastrophic events, including
future pandemic surges.
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