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Introduction: We aim to assess the trends in trauma patient volume, injury characteristics,

and facility resource utilization that occurred during four surges in COVID-19 cases.

Methods: A retrospective cohort study of 92 American College of Surgeons (ACS)-verified

trauma centers (TCs) in a national hospital system during 4 COVID-19 case surges was

performed. Patients who were directly transported to the TC and were an activation or

consultation from the emergency department (ED) were included. Trends in injury char-

acteristics, patient demographics & outcomes, and hospital resource utilization were

assessed during four COVID-19 case surges and compared to the same dates in 2019.

Results: The majority of TCs were within a metropolitan or micropolitan division. During

the pandemic, trauma admissions decreased overall, but displayed variable trends during

Surges 1-4 and across U.S. regions and TC levels. Patients requiring surgery or blood

transfusion increased significantly during Surges 1-3, whereas the proportion of patients

requiring plasma and/or platelets increased significantly during Surges 1-2. Patients

admitted to the hospital had significantly higher Injury Severity Score (ISS) and mortality

as compared to pre-pandemic during Surge 1 and 2. Patients with Medicaid or uninsured

increased significantly during the pandemic. Hospital length of stay (LOS) decreased

significantly during the pandemic and more trauma patients were discharged home.

Conclusions: Trauma admissions decreased during Surge 1, but increased during Surge 2, 3

and 4. Penetrating injuries and firearm-related injuries increased significantly during the
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pandemic, patients requiring surgery or packed red blood cells (PRBCs) transfusion

increased significantly during Surges 1-3. The number of patients discharged home

increased during the pandemic and was accompanied by a decreased hospital length of

stay (LOS).

ª 2022 Elsevier Inc. All rights reserved.
Background collected, including the location, bed count, and market area
On March 11, 2020, COVID-19 was declared a global pandemic

by the World Health Organization (WHO), and the United

States (US) began issuing shelter-in-place and/or stay-at-

home-orders (SAHOs).1,2 As a result, the unemployment rose

and increasingly higher rates of uninsured patients began

presenting to trauma centers (TCs) during the pandemic.3 The

emergency department (ED) visits dwindled during the first

surge and elective surgeries were canceled, inflicting sub-

stantial financial strain on the healthcare system.4,5 In-

dividuals spent progressively more time indoors, reducing

motor vehicle collisions (MVCs), and cases of interpersonal

violence became increasingly more common.6-8 Despite the

enforcement of social distancing measures and the develop-

ment of vaccines, COVID-related deaths continue to escalate

especially among minorities and elderly populations.9-12

Much of the preliminary studies published in peer-

reviewed journals have focused on the pandemic’s initial

timeframe or the relative “SAHO initiation-to-publication

period,” which reflects aspects of the early pandemic sce-

nario. This is true of hospital-based outcomes research,

including studies focusing on select patient types, e.g., trauma

and acute care surgery patients and elective versus non-

elective surgeries.13-16 Few studies have utilized large data-

sets to assess the generalizability of COVID-19 trends. The

studies that attempted to assess the effect of COVID-19 surges

on traumatic injuries and trauma system operations only

utilized regional TC data or only analyzed one surge

period.15,17,18

Trends in trauma-related volume and resource utilization

that occurred during four distinct time periods, which gener-

ally characterize national “surges” in COVID-19, case volume

were assessed. We hypothesize that trauma admissions,

trauma-related surgeries, hospital resource utilization, and

healthcare charges will decrease during surges 1 and 2, and

resume to baseline upon lifting SAHOs. In addition, we hy-

pothesize that firearm-related injuries will increase

throughout all surges and remain proportionally high. To our

knowledge, this is the first study to compare changes in the

prevalence and resource utilization within trauma pop-

ulations & operations during four COVID-19 pandemic surges,

and across various trauma center levels and multiple U.S.

regions.
Methods and Materials

This was a retrospective cohort study of 92 American College

of Surgeons (ACS)-verified TCs from a national hospital sys-

tem located in all four US Census regions (West, Midwest,

South, Northeast). Individual TC characteristics were
population density, as defined by the US Department of

Agriculture (USDA). The study compared the pre-pandemic

period (March 1, 2019-January 31, 2020) to the pandemic

period (March 1, 2020eJanuary 31, 2021), assessing the impact

on demographics, injury distribution, hospital resources, and

cost utilization.

A focused analysis of four surge periods was performed.

Surge periods were defined as 3-wk time periods before and

after national trends (rounded to the nearest half-month).

These periods were based on a graphical representation of

new COVID-19 cases nationwide, as extrapolated from previ-

ous studies.14,15 Timeframes for surges were Surge 1 from

March 16, 2020-April 30, 2020, Surge 2 June 16, 2020-July 31,

2020, Surge 3 October 1, 2020-November 15, 2020, and Surge 4

from December 16, 2020-January 31, 2021.

Patient-level data were collected from the central

trauma registry and system-wide electronic data warehouse

of our institutional healthcare national hospital system,

which is comprised of information on arrival dates, de-

mographics, injury characteristics, outcomes, and total

charges. Patients were excluded, if they were not a trauma

activation or consultation from the ED, or not yet dis-

charged. Transfer patients were also excluded in order to

eliminate the introduction of bias that may arise from

differing transfer practices between states and regions and/

or variations in the care received at the initial facility and to

primarily focus on the performance of the TCs being

assessed.

All trauma data conformed to the National Trauma Data

Standard International (NTDS). Patient demographics and

clinical characteristics included age, sex, race/ethnicity

(White, Asian, Black, Hispanic, Other), insurance status/type

(Medicaid, Medicare, Private, Uninsured, Other), injury type

(blunt, penetrating), Glasgow Coma Scale (GCS), and Injury

Severity Score (ISS). International Statistical Classification of

Diseases and Related Health Problems, Tenth Revision (ICD-

10) external cause-of-injury codes were grouped based on the

Centers for Disease Control and Prevention (CDC) recom-

mendations. In addition, metrics of resource utilization were

collected and analyzed, including the number of trauma-

related ED visits, trauma volume, and the number of

patients who required intensive care unit (ICU) care or

mechanical ventilators. Trauma volume was defined as the

number of trauma admissions. ICD-10 procedure codes were

used to identify patients who had surgery. Patient financial

data was used to calculate the total charge for each patient

including all ancillary and room charges.

The total number of patients presenting to the TCs for a

trauma-related event was plotted using a locally weighted

scatter plot smoother (LOESS) curve, with an emphasis on the

four surge periods. Additional information regarding the year-
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Fig. 1 e (A) Trauma Volume (Admissions) Stratified by U.S. Region. Trauma volume is relative to the volume in 2019

(baseline volume). A trauma volume of 0% represents the baseline trauma volume in 2019, whereas 100% refers to a relative

doubling (100% increase) in trauma volume. Shaded columns outline each surge period analyzed. (B) Trauma Volume

(Admissions) Stratified by Trauma Center Level. Trauma volume is relative to the volume in 2019 (baseline volume). A

trauma volume of 0% represents the baseline trauma volume in 2019, whereas 100% refers to a relative doubling (100%

increase) in trauma volume. Shaded columns outline each surge period analyzed.
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to-year percentage change was plotted overall and by de-

mographic and injury groupings.

For each surge period, descriptive statistical analysis was

used to analyze changes between the pandemic and pre-

pandemic periods. The distribution normality of continuous

data was determined by plotting values on a histogram. Any

data that were not normally distributed are summarized as

median and interquartile ranges. Demographics, injury char-

acteristics, outcomes, and resource utilizationwere compared

between periods using univariate analyses, including Pearson

c2 for categorical variables and Wilcoxon rank-sum for

continuous variables. Presented data demonstrate both pro-

portional categorical shifts, as well as year-over-year per-

centage changes. Multivariable logistic regression was used to

estimate the association of the pandemic period on chosen

outcomes. Adjustments included age, number of NTDS-

defined comorbidities, and ISS category. The effect of the

pandemic period was presented separately for each surge and

summarized using an adjusted odds ratio comparing the

pandemic period to the pre-pandemic period. The R software

version 3.6.2 was used for statistical analyses and

P-values<0.05 were considered significant. This research was

determined to be exempt from Institutional Review Board

(IRB) oversight in accordance with current regulations and

institutional policy.
Fig. 2 e Trauma Activations before (2019) and during all four CO

each surge period analyzed.
Results

Sample selection

Ninety-two TCs from a nationwide hospital system were

included in this analysis, (Supplementary Table 1:

Supplemental Files), consisting of eight (8.7%) Level 1 (L1)

TCs, 38 (41.3%) Level 2 TCs, 27 (29.3%) Level 3 TCs and 19 Level

4 (L4) TCs. The majority of TCs were from the Southern region

(66/92, 71.7%), and all hospitals were located in metropolitan

or micropolitan areas (Fig. 1A, Supplementary Fig. 1;

Supplementary Table 1: Supplemental Files). Hospital bed

count ranged from 22 to 879.
Pandemic “Surge” trends

Data from the pandemic period were compared to the same

period in the previous year, revealing an absolute decrease in

patients’ admissions overall. However, surge periods 2-4

showed a year-over-year increase in daily trauma activations

(Fig. 2). Surge 1 showed a 12% decrease and year-to-year per-

centage increases in daily trauma activations during Surges 2-

4 of 7.3%, 9.4%, and 4.1%, respectively (Fig. 2). This difference

varied across regions, and TC levels. The Western region
VID-19 case surges (2020-2021). Shaded columns outline
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Fig. 3 e (A) Trauma Volume (Admissions) Stratified by Age. During Surge 2, adults aged 18-64 and geriatrics aged 65D

increased significantly. Adults aged 18-64 increased from 2912 in 2019, to 3276 (D12.5%), whereas geriatrics increased from

2101 to 2149 (D2.3%) during the same period. Trauma volume is relative to the volume in 2019 (baseline volume). A trauma

volume of 0% represents the baseline trauma volume in 2019, whereas 100% refers to a relative doubling (100% increase) in

trauma volume. Shaded columns outline each surge period analyzed. (B). Trauma Volume (Admissions) Stratified by Race.

Black and White patients decreased significantly (L1.2% and L14.3%, respectively) during Surge 1, whereas a significant
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showed a smaller decrease in Surge 1 (�5.7%) and large in-

creases in follow-up surges (Surge 2: þ20.3%, Surge 3: þ28.3%,

Surge 4: þ15.5%) compared to all regions analyzed (�12%).

Level 4 centers had consistently higher volume in the

pandemic year compared to the previous study period overall,

with no observed decreases, even in Surge 1. Level 1 centers

saw a consistently higher proportion of all patients

throughout all surge periods compared to the pre-pandemic

period (Fig. 1B).
Patient demographics

Volume trend analysis revealed variations in demographics

when comparing the pandemic year to the previous year. TCs

saw a larger decrease in geriatric patient admissions �65

(�15.4%) compared to adult patients aged 18-64 [2449 from

2771 (�9.7%)] in Surge 1 (Fig. 3A, Supplementary Table 2:

Supplemental Files). In the pandemic’s subsequent surges

(2-4), geriatric patient admissions made up a statistically

smaller proportion of all patients. In these subsequent surges,

the adult age group saw large increases of 12.5% (3276 from

2912, P ¼ 0.005) during Surge 2, 13.0% (3165 from 2800,

P ¼ 0.063) in Surge 3, and 5.3% (2763 from 2623, P ¼ 0.544) in

Surge 4, while the geriatric trauma patient volume (admis-

sions) rose by a smaller percentage year over year [Surge

2:2.3% (2149 from 2101, P ¼ 0.045), Surge 3:6.8% (2447 from

2291, P ¼ 0.289), Surge 4:5.5% (2468 from 2340, P ¼ 0.546)].

Race comparison showed disparities in volume trends

across the surges (Fig. 3B). There was a smaller decrease in

volume during Surge 1, with larger increases in subsequent

surges in the Black and Hispanic patients. Compared to the

previous year, during Surge 1, TCs experienced a 14.3%

decrease (3093 from 3610, P ¼ 0.049) in White patients, while

volumes of Black patients were similar (587 from 594; 1.2%

decrease, P ¼ 0.034), with Black patients making up a signifi-

cantly larger proportion of patients (12.8% from 11.4%).

Furthermore, in Surges 2 and 3, a large increase in the trauma

volume of Black patients was observed (Surge 2:29.5%, Surge

3:19.9%).

Payer comparison between the pre-pandemic and

pandemic periods showed increases in Medicaid and unin-

sured patients (Fig. 3C). From March 1, 2020-January 31, 2021,

there was an overall 12% decrease in uninsured patients.

Although, in Surge 1, the number of uninsured patients rose

12.4%, from 817 to 918. In later surges, the proportion of pa-

tients on Medicaid experienced a statistically significant in-

crease (Surge 2:12.3 from 10.2%, Surge 3:11.3 from 8.7%), and a

year-over-year increase from 29.5% to 41.3%. Further stratifi-

cation of patients by race and insurance revealed the largest
increase (D29.5%) in Black patients was noted during Surge 2. In

during Surge 4. Trauma volume is relative to the volume in 201

baseline trauma volume in 2019, whereas 100% refers to a rela

columns outline each surge period analyzed. (C). Trauma Volum

1, privately insured patients decreased significantly, but uninsu

insurance increased significantly during Surge 2 and 3, wherea

Surges 3 and 4. Trauma volume is relative to the volume in 201

baseline trauma volume in 2019, whereas 100% refers to a rela

columns outline each surge period analyzed.
increases occurred among uninsured Black patients in Surge 1

(233 from 167, P < 0.001) and among White Medicaid patients

in Surge 2 (535 from 478, P ¼ 0.262) (Supplementary Table 3:

Supplemental Files).
Injury characteristics

During the pandemic period, patients presentedwith different

types and severity of injuries compared to the pre-pandemic

period (Table 1). There was a significant increase in ISS

(Surge 1:10.45 from 9.93) and a corresponding 9% increase in

the proportion of patients with severe injuries (ISS>25) in

Surge 1 (414 from 360) of the pandemic year compared to 6.9%

in the pre-pandemic period. ISS remained elevated in Surge 2

(457 from 347); however, Surges 3 and 4 did not show statis-

tical differences in ISS (Table 1, Fig. 4A). In addition, during

Surge 1, the absolute numbers of blunt injuries decreased

15.8% from 4770 to 4017, and penetrating injuries rose 14%

from 372 to 501 (Table 1, Fig. 4B). There were significant in-

creases in the proportion of firearm injuries and cut/pierce

injuries in Surges 1, 2 and 3, with firearm injuries increasing

47.1% (256 from 174, P < 0.001), 43.4% (317 from 221, P < 0.001)

and 35.3% (318 from 235, P ¼ 0.011), respectively, and cut/

pierce injuries increasing 28.7% (233 from181, P< 0.001), 14.6%

(236 from 206, P ¼ 0.482), and 14.8% (209 from 182, P ¼ 0.62) in

Surges 1, 2 and 3, respectively. There were smaller, non-

significant increases in firearm injuries in Surge 4 (269 from

258, P ¼ 0.928). In addition, there was a decrease in the pro-

portion of motor vehicle collisions in Surge 1 (20.6% versus

25.3%, P < 0.001) and Surge 3 (23.7% versus 25.2%, P ¼ 0.06)

(Table 1).
Outcome measures and resource utilization

During Surge 1, there was a statistically significant increase in

the unadjusted proportion of patients who did not survive to

discharge (3.9% from 3%; P¼ 0.018) (Table 2). These differences

in mortality were not significant in the adjusted model when

age, ISS, and comorbidities were accounted for. Of those dis-

charged alive, there was a statistically significant decrease in

patients who were discharged to a skilled nursing facility

(SNF) (12.1% from 16.9%; P < 0.001). The decrease in patients

discharged to SNFs was present both as a proportion of all

discharges and as an absolute decrease. A larger proportion of

patients discharged home in all surge periods, ranging from

12% to 13.6%, compared to a range of 8.9% to 10.1% in corre-

sponding pre-pandemic time periods (P< 0.01). Aminimal but

statistically significant decrease was found in the Surge 1

length of stay (LOS) compared to the corresponding pre-
contrast, Hispanic patients increased significantly (D21.2%)

9 (baseline volume). A trauma volume of 0% represents the

tive doubling (100% increase) in trauma volume. Shaded

e (Admissions) Stratified by Insurance Status. During Surge

red patients increased significantly. Patients on Medicaid

s, privately insured patients decreased significantly during

9 (baseline volume). A trauma volume of 0% represents the

tive doubling (100% increase) in trauma volume. Shaded
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Table 1 e Injury characteristics during all four COVID-19 case surges.

Injury characteristics Surge 1 Surge 2 Surge 3 Surge 4

2019 COVID % þ 2019 COVID % þ 2019 COVID % þ 2019 COVID % þ
GCS 14.08 � 2.64 14.02 � 2.75 �0.4 14.06 � 2.67 14.00 � 2.80 �0.4 14.05 � 2.71 14.02 � 2.76 �0.2 14.14 � 2.56 14.02 � 2.71* �0.8

ISS 9.93 � 8.17

9 [5-12]

10.45 � 8.48*

9 [5-13]

11.6 9.80 � 8.01

9 [5-12]

10.39 � 8.53*

9 [5-13.25]

6.0 10.10 � 8.08

9 [5-13]

10.33 � 8.24

9 [5-13]

2.3 9.87 � 8.06

9 [5-12]

10.00 � 7.98

9 [5-12.25]

1.3

ISS Cat <9 2227 (42.7) 1845 (40.2)* �17.2 2347 (44.1) 2343 (41)* �0.2 2283 (42.3) 2361 (40)* 3.4 2262 (43.1) 2271 (41.6) 0.4

9-15 2083 (39.9) 1847 (40.2) �11.3 2050 (38.5) 2271 (39.8) 10.8 2097 (38.8) 2420 (41)* 15.4 2051 (39.1) 2201 (40.3) 7.3

16-25 540 (10.3) 488 (10.6) �9.6 575 (10.8) 637 (11.2) 10.8 610 (11.3) 672 (11.4) 10.2 559 (10.6) 594 (10.9) 6.3

>25 360 (6.9) 414 (9)* 15.0 347 (6.5) 457 (8)* 31.7 405 (7.5) 448 (7.6) 10.6 373 (7.1) 394 (7.2) 5.6

Inj Type: Blunt 4770 (91.4) 4017 (87.4)* -15.8 4806 (90.3) 5036 (88.1)* 4.8 4912 (90.9) 5298 (89.7)* 7.9 4710 (89.7) 4942 (90.4) 4.9

Penetrating 372 (7.1) 501 (10.9)* 34.7 442 (8.3) 568 (9.9)* 28.5 431 (8) 545 (9.2)* 26.5 466 (8.9) 456 (8.3) �2.1

MOI: Same Level Fall 1531 (29.3) 1288 (28) �15.9 1349 (25.3) 1462 (25.6) 8.4 1438 (26.6) 1608 (27.2) 11.8 1617 (30.8) 1722 (31.7) 6.5

Other Fall 998 (19.1) 957 (20.8)* �4.1 1097 (20.6) 1118 (19.6) 1.9 1087 (20.1) 1160 (19.7) 6.7 1047 (19.9) 1085 (20) 3.6

MVC 1318 (25.3) 948 (20.6)* �28.1 1300 (24.4) 1369 (24) 5.3 1363 (25.2) 1400 (23.7) 2.7 1233 (23.5) 1290 (23.8) 4.6

Gun 174 (3.3) 256 (5.6)* 47.1 221 (4.2) 317 (5.6)* 43.4 235 (4.4) 318 (5.4)* 35.3 258 (4.9) 269 (5) 4.3

Cut/Pierce 181 (3.5) 233 (5.1)* 28.7 206 (3.9) 236 (4.1) 14.6 182 (3.4) 209 (3.5) 14.8 195 (3.7) 168 (3.1) �13.8

GCS ¼ Glascow Coma Scale; ISS ¼ Injury Severity Score; Inj type ¼ Injury Type; MOI ¼ Mechanism of Injury; MVC ¼ Motor Vehicle Collision.
* Indicates statistical significance (P < 0.05).
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Fig. 4 e (A) Trauma volume (admissions) by ISS category during 4 COVID-19 case surges. (B) Trauma volume (admissions) by

injury type during 4 COVID-19 case surges.
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pandemic time frame, with a reduction from 5.57 d to 5.18 d

(P ¼ 0.003). There was a significant increase in patients who

required surgery in surges 1-3 (Surge 1:54.6% from 46.8%,

Surge 2:52.5% from 46.9%, Surge 3:51.6% from 49.2%). There

was an increase in the proportion of patients who required

packed red blood cell (pRBC) transfusion in each of surges 1-3

as follows: Surge 1: increased to 16.9% from 13.7%; Surge 2:

increased to 15.9% from 13.4%, Surge 3: increased to 16% from

14.2% (Table 3). Therewas also an increase in the proportion of

patients who required plasma and/or platelets in surges 1 and

2. In addition, themagnitude of the proportion of total charges

and average charges per patient were significantly higher

during the pandemic period as compared to the pre-pandemic

period in Surge 1 (292k from 284k; P ¼ 0.029) (Table 3).
Odds ratio

Trauma patients had increased odds of going to the operating

room (OR) during Surge 1 and 4 but decreased odds during

Surge 2, and 3 (Supplementary Fig. 2A: Supplemental Files).

Trauma patients had greater odds of dying in Surges 1, 2, and

4, but not Surge 3 (Supplementary Fig. 2B: Supplemental Files).

Reduced odds of ICU admission were observed for all surges

(Supplementary Fig. 2C: Supplemental Files). Finally, patients

had greater odds of requiring a ventilator during Surges 2-4

(Supplementary Fig. 2D: Supplemental Files).
Discussion

Overall, patient admissions decreased significantly during the

first surge but increased in surges 2-4. From March 1-May 31,

2020, SAHOs were largely in place in the majority (73%) of

states.19 Decreased admissions during Surge 1 is consistent

with numerous studies.8,13-15,20-23 A national survey con-

ducted in June 2020 indicated broad support for SAHOs thus, it

might be expected that trauma admissions remained at lower

rates.24,25 However, there was a non-corresponding increase

in trauma volumes for surges 2-4 but not consistent across all

participating regions or TC levels. Level 1 TCswere the only TC

level to exhibit significant changes during any surge with a

significant decrease during Surge 1 but increased significantly

during surges 2-4. The subsequent increases at Level 1 TCs in

Surges 2-4 may be reflective of increased critical care re-

sources resulting in triage to Level 1 TCs.26

A 12% decrease in admissions was noted system-wide

during Surge 1. At the patient level, all age and race groups

experienced a decline. Subsequent surges indicated increases

in all age groups until Surge 4 when pediatrics declined and

may be associated with the winter season.26,27 Ghafil et al.14

analyzed three periods between Jan 1-June 7, 2020 and

observed a sharp decline in admissions from February 28-

April 9 then a return to baseline. In addition, another study

reported a reduction in ED visits fromMarch-April 2020 which

is consistent with the results of the current study.5

Black trauma patient admissions significantly increased

during Surge 2. Public safety statistics indicate there was a

dramatic increase in violence in the majority of Black neigh-

borhoods after SAHOs were lifted.28
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Furthermore, the number of patients who were uninsured

or Medicaid increased during the pandemic period. In the

initial surge, the proportion of self-pay patients increased. It

has been estimated that 6.2 million workers lost health in-

surance.29 In addition, in Surge 2, all types of payer groups

increased. But in subsequent surges (3, 4), all groups except

those who were privately insured increased with the largest

increase occurring in the Medicaid group. Our results showed

Medicaid patients increased and privately insured patients

decreased during the pandemic period, whereas Sercy et al.3

reported opposite trends in Medicaid and privately insured

patients during the pandemic period.3 However, Sercy et al.3

only analyzed 6 Level 1 TCs which may limit the generaliz-

ability of their results. Moreover, the increase in Medicaid

patients is consistent with a report from the Department of

Health and Human Services (DHHS) that revealed significantly

more patients enrolled inMarketplace orMedicaid coverage.30

ISS increased significantly during Surge 1 and 2. These re-

sults are inconsistent with another study by Chiba et al.9

However, their study was limited to a large academic TC on

the West Coast and may not reflect trends at the national

level.7 Similarly, ISS�25 patients increased significantly dur-

ing Surge 1 and 2 and is consistent with other studies.19,22 Our

results help to clarify the discrepancy in trends observed in

various studies with respect to the injury

severity.7,12,14,16,17,19,31-34 In contrast, the multi-state, multi-

center design of the current study represents Level 1-4 TCs,

with at least 1 TC in each region of the U.S, and affords more

generalizable results.

In addition, the causes of injury changed during the

pandemic period. Penetrating injuries increased significantly

during Surge 1-3 and were accompanied by a significant in-

crease in firearm-related injuries. Our findings are consistent

with the findings from multiple studies indicating similar in-

creases in firearm and penetrating injuries.6,14,35,36 During

Surge 1, background checks, a measurement of firearm sales,

were noted to increase by over 1 million when compared to

the prior year37 and may influence firearm-related injuries.38-

40 Finally, MVCs were noted to decrease significantly only

during Surge 1 and is consistent with multiple studies

reporting significant reductions in MVCs during the

pandemic.12,17,19 The significant increase in mortality during

Surge 1 and 2 is consistent with the increases in ISS and

penetrating injuries during these time periods. Although our

study revealed a significant increase in ISS corresponding

with the increase in firearm and penetrating injuries, we un-

derstand that ISSmay not performwell in cases of penetrating

injuries. However, trauma outcomes are likely multifactorial

and complex and influenced by several factors beyond ISS

including TC level, demographic factors, relative injury

burden (singular injury versus polytrauma), GCS, TBI status,

and injury type and location.41-45

The proportional growth in hospital charges was more

prominent in Surge 2 and 3 versus Surge 1. Similarly, blunt

injuries decreased significantly during Surge 1 but increased

during Surge 2 and 3. These trends are consistent with the

results of Fitch et al.46 that found patients with blunt injuries

had greater hospital charges associated with longer LOS.46 On

the other hand, the significant increase in the number of

trauma and emergency-related surgeries during Surge 1, 2,

https://doi.org/10.1016/j.jss.2022.02.053
https://doi.org/10.1016/j.jss.2022.02.053
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and 3 may also affect the cost and is supported by the much

greater proportional increases in surgeries during Surge 2

and 3.

However, our results differ from other studies assessing

hospital resource utilization. In this current study, patients

were less likely to be admitted to an ICU during all surges. The

hospital LOS also decreased significantly when SAHOswere in

place during Surge 1 and is consistent with the results of other

studies.7,22 One explanation for this trend is the burden

inflicted by critically ill COVID-19 patientswho are admitted to

an ICU.47,48 The elevated case volume of COVID-19 patients in

combination with trauma volumes presenting to the hospital

may overwhelm the capacity of the facility and result in fewer

patients admitted to the ICU.

Similarly, during Surge 1 when the U.S. was most unpre-

pared, ventilators were in short supply and in high demand.49

It is possible that the shortage in resources is responsible for

our results, as trauma patients exhibited reduced odds of

receiving a ventilator during Surge 1 and is consistent with

fewer ventilation days during the pandemic period reported in

another study.7 In contrast, patients were more likely to

receive a ventilator during Surge 2-4, and this may reflect the

efforts of the nation to increase ventilator distribution.50

Moreover, the proportion of trauma patients requiring blood

product transfusions increased significantly during Surges 1-3

in conjunction with the rise in penetrating injuries. These

findings may highlight patterns of resource usage during

times of crisis and mitigate ventilator and blood product

shortages that may occur in future surges.49,51

Furthermore, the number of patients discharged home

increasedsignificantly duringall surges,whereas, significantly

fewer patients were discharged to SNFs. This is likely due to

decreased availability of facility resources in addition to the

closureof facilities anddeclining revenueduring thepandemic

period.4,52 Althoughan initial decrease in discharges to a rehab

facility decreased during Surge 1, rehab discharges increased

significantly during Surge 2 and exhibited smaller, non-

significant increases during Surge 3 and 4 as compared to the

same dates in 2019. However, data stratified by in-patient

rehab discharges was not available. Future studies may

consider stratifying TC discharges by in-patient versus outpa-

tient discharge to assess the effect on TC resource utilization.

Hospital charges increased across all surges despite a sig-

nificant decrease in hospital LOS, but not in the ICU-LOS

during Surge 1. This may be surprising as ICU costs have

been demonstrated to be among the largest proportional cost

category by patients and yet, there were no significant in-

creases in ICU stay in the first three surges.53 Although, cost

coverage may be variable over the surges.54 Velopulos et al.55

noted that trauma patients traditionally had a lower burden

of self-pay or non-reimbursed patients, COVID related

changes in admission rates by payer type suggests that 2020

may not follow that pattern of the financial burden to TCs.55

Our study has limitations. First, the definitions of COVID-19

time-periods (e.g., pre-COVID versus COVID; pre-SAHO versus

post-SAHO) vary extensively, making the comparison of study

results difficult. Second, all TCs were located within metro or

micropolitanareasand themajorityofTCs resided in theSouth

region. In addition, the sample size of TCs in theNortheastwas

small (n ¼ 2) and limits our ability to draw conclusions in the
Northeast region. Third, patient proportions of insurance sta-

tus may not be entirely represented in the current study, as

theremaybea lag of 4mo for a change in insurance status to be

reflected by reports of insurance status.56

Building on our findings, we recommend future studies

compare the effects on TCs across various geographic dis-

tributions, particularly rural and urban areas, to identify

trends in injuries and patient demographics that may not be

evident in metropolitan areas. In addition, future studies may

consider the implementation of TCs from all US regions in

order to identify regional differences in trauma patient in-

juries and outcomes. Furthermore, we recommend that

future investigations assess trauma volumes and injury

characteristics during periods following the lifting of SAHOs

to distinguish trends in trauma volume at the national level

and identify points of intervention. In times of collaboration

between regions in multicenter TC systems, the establish-

ment of a regionalized trauma network (RTN) has been

shown to decrease mortality in the US and is consistent with

findings reported in other countries.57 The full establishment

and implementation of an RTN with a resource allocation

system may proactively address and handle changes in the

dynamic of traumatic injuries that present in times of crisis

(e.g., pandemics, natural disasters, etc.) and economic

instability. It is important that measures are taken to in-

crease emergency preparedness that has demonstrated a

benefit such as a contact and a case surveillance along that

can lead to overall cost-effective protective measures.58,59

Finally, we recommend that future studies investigate out-

comes and resource utilization among COVID-positive versus.

COVID-negative trauma patients by employing national

datasets, as studies assessing this are limited to statewide

studies.60,61

Although this study identified trends throughout the

pandemic across all surges on TC admissions, outcomes, and

resource utilization, it is uncertain how long the effects of the

pandemic will continue to affect trauma systems, trauma

operations, and the cost of healthcare. The current study

demonstrates some of the detrimental changes in trauma care

and may benefit from TC regionalization in order to increase

the readiness and preparedness of trauma systems.
Conclusion

Trauma admissions decreased during Surge 1 when SAHOs

were in effect and increased in during Surges 2, 3, and 4. Level

1 TCs saw significantly greater proportions of all patients

during the pandemic. Penetrating injuries, particularly

firearm-related injuries, and the number of patients requiring

surgery or packed red blood cells (pRBC) transfusion increased

significantly during Surges 1, 2, and 3. Resource utilization

increased in association with increasing blunt injuries after

Surge 1 when many SAHOs were lifted. Significantly more

patients were discharged home, whereas patients discharged

to SNFs decreased significantly during all surges. Future

studies should further investigate the pandemic effects on

traumatic injuries distribution and resource utilization

comparing rural to urban TCs in order to identify trends in

underserved areas at the national level.
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