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Background: The COVID-19 pandemic globally impacted trauma facilities and overall healthcare utilization. This study was 
conducted to characterize the utilization of trauma services at our Level I Trauma Center in New York City during the COVID-19 
pandemic compared to the preceding pre-pandemic year.
Methods: A retrospective study of patient presenting to our Level 1 Trauma Center in Staten Island, New York. The pre-pandemic 
data was extracted from March 1st, 2019–February 29th, 2020. The pandemic year was divided into two phases: the initial wave 
(March 1st–Sept 1st, 2020) and the protracted phase (September 1st, 2020–March 1st, 2021). Patients were identified using ICD-10 
coding and data regarding patient factors, mechanism of injury, and service utilization was extracted from the medical record. 
Statistical analysis was performed using IBM SPSS v.24.
Results: A total of 1650 trauma activations registered during the pre-pandemic phase, 691 during the initial wave, and 826 during the 
protracted phase. Compared to pre-pandemic, the number of Level 1 trauma activations remained unchanged, however mechanisms of 
injury shifted. Gunshot wounds (2.6% vs 1.2%), motorcycle crash (4.2% vs 2.0%) and blunt force injury caused by an object (strike 
injuries) (2.7% vs 1.3%) significantly increased during the initial wave (p-value <0.05). There was a significant decrease in the 
percentage of both female (2.93% vs 2.33% vs 5.64%, p-value <0.01) and pediatric (3.30% vs 3.64% vs 12.9%, p-value <0.001) 
assault activations during the initial wave and protracted phase when compared to pre-pandemic levels, respectively. No significant 
changes were observed for self-harm, falls, accidents, burns, sports injuries, stab wounds, autobody collisions, or motor vehicle 
accident activations.
Conclusion: Trauma centers should be prepared for increases in violent trauma. We also emphasize the need to implement strategies 
to raise public awareness of pediatric and female assault in the domestic setting, particularly during a mandatory stay-at-home policy 
where underreporting may occur.
Keywords: trauma center, COVID-19, mechanism of injury, service utilization

Introduction
On March 1st 2020, the first case of the SARS-Cov-2 pandemic was confirmed in New York City. As such, New York 
was the first state to start lockdown orders and mandatory quarantining. Starting March 16th, schools closed and on 
March 20th non-essential businesses closed as well. This drastically changed the daily lives of many people and 
influenced daily decisions, including seeking out medical care. 1,2 From the beginning of the COVID-19 emergency, 
the infectivity of the virus discouraged patients from visiting trauma centers, hospitals, and doctor offices. Consequently, 
there was a decrease in trauma patients seeking emergency care.3,4 Some researchers have suggested that decreases in 
trauma activations can be attributed to avoidance of trauma reporting as patients avoided hospitals in an effort to not 
contract the virus. Social distancing and quarantine measures reinforced this behavior as trauma centers, hospitals and 
doctor offices were thought of as areas for high-risk contact with sick patients5–8 This suggests that the decrease in 
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trauma activations during the pandemic may not actually reflect a decreased incidence of injuries, but rather a deliberate 
avoidance of patients to frequent trauma centers during the initial wave of the pandemic.9 Furthermore, the avoidance of 
necessary medical care may have resulted in increased medical complications resulting in further harm and increased 
medical consultations.10 This study aims to compare the variation of volume and mechanisms of trauma activations, as 
well as patient characteristics such as gender and age, at a New York City Level I Trauma Center during the initial wave 
and protracted phase of the COVID-19 pandemic. To this end, we compared trauma data observed in the previous years 
to compare these changes, identify potential causes driving these changes, and investigate future interventions to prepare 
trauma centers for future pandemics to optimize the healthcare system’s response.

Methods
This retrospective study was conducted at Richmond University Medical Center (Staten, Island, New York) and 
New York Medical College (Valhalla, New York). The study protocol (protocol number: #14609) was reviewed by the 
Institutional Review Board of New York Medical College and received an IRB exemption. The data accessed complied 
with relevant data protection and privacy regulations.

The primary objective of this study was to quantify and characterize the utilization of trauma services at our Level I trauma 
center in New York City during the COVID-19 pandemic compared to the preceding pre-pandemic year. Richmond University 
Medical Center is a 470+ bed healthcare facility and one of two acute care facilities that serves nearly 500,000 residents of xxx. 
The medical center provides Level I Adult & Level II Pediatric Trauma services and care for most of the penetrating traumas 
on Staten Island, New York. It offers one of the largest arrays of emergency, inpatient, ambulatory, mental health, and 
substance abuse programs in the state of New York. Our trauma center serves an ethnically diverse population (29.1% 
Hispanic, 22.5% Black) in which 23.7% of residents are foreign born.

The pre-pandemic data was extracted from March 1st, 2019–February 29th, 2020. The pandemic year was divided 
into two phases: the initial wave (March 1st–Sept 1st, 2020) and the protracted phase (September 1st, 2020–March 1st, 
2021). These dates were determined based on the timeline of the New York City quarantine and social distancing 
measures.1,2 Primary outcome consisted of differences between the COVID-19 cohorts and control pre-pandemic cohort 
with respect to type of injury, trauma activations, inpatient hospitalization, admission to Intensive Care Unit, and length 
of stay. For secondary outcomes, data was stratified by patient age and gender. The age groups used for stratification were 
<18 years of age, 18–64, and >65 years old for age.

Diagnoses and procedures were encoded according to the International Classification of Diseases, 10th Edition, 
Clinical Modification (ICD-10). Data elements were extracted directly from our trauma registry’s electronic health 
records using the ICD-10 codes to identify subjects. Additional data points collected included patient age, gender, 
mechanism of injury, level of trauma activation (Level 1, Level 2, Level 3), hospital admission service, Intensive Care 
Unit (IUC) admission, and length of hospital/ICU stay. Level 1 trauma activations were reserved for the most emergent 
patients. Level 1 activations included patients that were hemodynamically unstable, all major penetrating trauma 
involving the torso, open or unstable pelvic fractures, long bone fractures, head trauma with loss of consciousness, 
high impact collisions, as well as trauma with 1st or 2nd degree burns covering more than 20% of the body surface area. 
Level 2 trauma activations were for less severe injuries that still warranted the immediate attention of the trauma team. 
Level 3 activations were for non-emergent conditions requiring evaluation and possible admission. Appendix 1 describes 
specific criterium for Level of activation at our Trauma center (Appendix 1). Type of Injury was classified by mechanism 
of occurrence. The term “Accident” was used to encompass several unspecified events that included bumping into an 
object (ie wall); inadvertent contact with a sharp object (ie knife, glass); inadvertent contact with a blunt object; being 
caught, crushed, jammed, or pinched between two objects; or an accidental kick or knock from another person.

Statistical analysis was performed with use of SPSS for Windows (version 24; IBM). The Mann–Whitney U-test was 
used for continuous parameters, and the chi-square test was used for categorical parameters. The level of significance was 
initially set at p < 0.05, with Bonferroni correction to adjust for multiple testing. For significant multiple group 
categorical parameters, post-hoc testing was performed to detect differences between groups by calculating the adjusted 
residual. An adjusted residual that was more than 1.96 was used to indicate significance with a level of 0.05.
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An a priori power analysis was performed using G-Power software to approximate the number of patients need to 
provide a sample of sufficient power. Based on data from Silvani et al, we estimated a medium effect size, d = 0.5.11 

Assuming two tails t test with 95% power and alpha = 0.05, a minimum number of 210 patients would be enough to 
provide a sample of sufficient power.

Results
Distribution of Trauma Activations According to Age and Gender During the 
COVID-19 Pandemic
A total of 1650 trauma activations registered during the pre-pandemic phase of the COVID-19 pandemic at this trauma 
center, 691 trauma activations during the initial wave, and 826 during the protracted phase. Trauma activations showed 
variations in trends according to both gender-related and age-related demographic criteria. There were no statistically 
significant differences observed for the overall distribution of gender-related or age-related trauma activations when 
comparing the pre-pandemic period to the initial wave. However, the percentage of pediatric trauma activations and 
female trauma activations decreased during the protracted phase of the pandemic, while male trauma activations 
increased (Table 1).

Primary Endpoint: Changes in Trauma Activations Stratified by ICD Code During the 
COVID-19 Pandemic
The primary endpoint of this study concerned changes in trauma activations categorized by ICD-10 codes, which were found 
to vary disproportionately: gunshot wounds (GSW), motorcycle collisions (MCC), and blunt force injuries caused by an 
object (strike injuries) were found to increase during the initial wave of the pandemic, while pedestrian injuries were found to 
decrease (Table 2). The percent increase in GSWs during the initial wave was significant, with 18 patients (2.6%) treated for 
GSWs during this period, 16 patients (1.9%) treated during the protracted phase compared to 19 patients (1.2%) treated 
during the entirety of the pre-pandemic period (p-value <0.05) (Table 3). Similarly, the percent increase in MCCs during the 
initial wave was found to be statistically significant with 29 collisions (4.2%) during the initial wave, 15 collisions (1.8%) 
during the protracted phase and 33 collisions (2.0%) during the entirety of the pre-pandemic period (p-value <0.001) 
(Table 2). After secondary analysis of MCCs stratified by gender during the initial wave, this increase was determined to 
exist predominantly in males as opposed to females (p-value <0.01) (Table 3). Lastly, the percent increase in strike injuries 
resulting in trauma activations during the initial wave was significant, with 19 patients (2.7%) treated for strike injuries 

Table 1 Demographics of Patients Involved in Trauma Activations During the Pre- 
Pandemic Period, Initial Wave, and Protracted Phase of the COVID-19 Pandemic

Age (Years) Pre-COVID Initial Wave Protracted Phase

<18, n (%) 163 (9.9) 59 (8.5) 55 (6.7)

Adj. res. 2.4* −0.2 −2.5*

18–64 864 (52.4) 376 (54.4) 431 (52.2)

Adj. res. −0.5 1 −0.4

≥65 623 (37.8) 256 (37.0) 340 (41.2)

Adj. res. −0.9 −0.9 1.8

Gender

Male 976 (59.2) 418 (60.5) 526 (63.7)

Adj. res. −1.8 −0.1 2.1*

Female 674 (40.8) 273 (39.5) 300 (36.3)

Adj. res. 1.8 0.1 −2.1*

Note: *p<0.05. 
Abbreviations: Adj. res., Adjusted Residual.
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during this period, 12 patients (1.7%) treated during the protracted phase and 22 patients (1.3%) treated during the entirety of 
the pre-pandemic period (p-value <0.05) (Table 2). After secondary analysis of strike injury trauma activations stratified by 
gender and age during the initial wave, these injuries were disproportionately observed in males as opposed to females 
(p-value <0.01) (Table 3) and these injuries were largely seen in patients between the age of 18–64 years (Table 4).

Table 2 Mechanism of Injury for Trauma Activations During the Pre-Pandemic 
Period, Initial Wave and Protracted Phase of the COVID-19 Pandemic

Mechanism of Injury Pre-COVID Initial Wave Protracted Phase

Accident, n (%) 14 (0.8) 8 (1.2) 6 (0.7)

Adj. res. −0.22 0.87 −0.56

Animal Injury 16 (1.0) 9 (1.3) 5 (0.6)

Adj. res. 0.14 1.09 −1.18

Assault 152 (9.2) 51 (7.4) 60 (7.3)

Adj. res. 1.93 −1 −1.26

Bicycle 12 (0.7) 5 (0.7) 4 (0.5)

Adj. res. 0.46 0.22 −0.74

Burn 5 (0.3) 1 (0.1) 1 (0.1)

Adj. res. 1.02 −0.48 −0.71

Fall 978 (59.3) 417 (60.3) 512 (62.0)

Adj. res. −1.13 0.08 1.21

Gunshot Wound 19 (1.2) 18 (2.6) 16 (1.9)

Adj. res. −2.39* 2.16* 0.69

Machine 11 (0.7) 3 (0.4) 5 (0.6)

Adj. res. 0.51 −0.64 0.02

Motorcycle Crash 33 (2) 29 (4.2) 15 (1.8)

Adj. res. −1.64 3.41*** −1.34

Motor Vehicle Crash 120 (7.3) 45 (6.5) 61 (7.4)

Adj. res. 0.31 −0.72 0.32

Pedestrian 104 (6.3) 19 (2.7) 48 (5.8)

Adj. res. 2.35* −3.49*** 0.61

Self-Harm 15 (0.9) 5 (0.7) 6 (0.7)

Adj. res. 0.57 −0.32 −0.35

Sports Injury 4 (0.2) 0 (0) 2 (0.2)

Adj. res. 0.71 −1.3 0.4

Stab Wound 73 (4.4) 41 (5.9) 43 (5.2)

Adj. res. −1.44 1.34 0.38

Strike Injury 22 (1.3) 19 (2.7) 12 (1.7)

Adj. res. −1.56 2.49* −0.58

Autobody Collision 18 (1.1) 8 (1.2) 5 (1.0)
Adj. res. 0.67 0.54 −1.27

Complications 11 (0.7) 6 (0.9) 9 (1.1)
Adj. res. −1 0.16 1

Note: *p<0.05, ***p<0.001. 
Abbreviations: Adj. res., Adjusted Residual.
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Table 3 Mechanism of Injury for Trauma Activations During the Pre-Pandemic Period, Initial Wave, and Protracted Phase of the 
COVID-19 Pandemic Stratified by Gender

Mechanism of Injury Male Female

Pre-COVID Initial Wave Protracted Phase Pre-COVID Initial Wave Protracted Phase

Accident, n (%) 11 (1.13) 7 (1.67) 6 (1.14) 3 (0.45) 1 (0.37) 0 (0)
Adj. res. −0.49 0.88 −0.26 0.84 0.15 −1.13

Animal injury 7 (0.72) 3 (0.72) 4 (0.76) 9 (1.34) 6 (2.2) 1 (0.33)
Adj. res. −0.06 −0.03 0.1 0.18 1.52 −1.68

Assault 114 (11.68) 43 (10.29) 53 (10.08) 38 (5.64) 8 (2.93) 7 (2.33)
Adj. res. 1.06 −0.48 −0.74 2.63** −1.22 −1.89

Bicycle 10 (1.02) 5 (1.2) 4 (0.76) 2 (0.3) 0 (0) 0 (0)
Adj. res. 0.16 0.48 −0.62 1.31 −0.75 −0.8

Burn 3 (0.31) 0 (0) 1 (0.19) 2 (0.3) 1 (0.37) 0 (0)
Adj. res. 0.97 −1.06 −0.11 0.44 0.48 −0.98

Fall 503 (51.54) 206 (49.28) 272 (51.71) 475 (70.47) 211 (77.29) 240 (80.00)
Adj. res. 0.39 −0.84 0.33 −3.31*** 1.3 2.61**

Gunshot Wound 18 (1.84) 16 (3.83) 15 (2.85) 1 (0.15) 2 (0.73) 1 (0.33)

Adj. res. −2* 1.87 0.51 −1.17 1.36 0.04

Inhalation 0 (0) 0 (0) 1 (0.19) - - -

Adj. res. −1.02 −0.53 1.63 - - -

Machine 11 (1.13) 3 (0.72) 5 (0.95) - - -

Adj. res. 0.62 −0.63 −0.11 - - -

Motorcycle Crash 30 (3.07) 26 (6.22) 15 (2.85) 3 (0.45) 3 (1.1) 0 (0)

Adj. res. −1.47 3.09** −1.21 −0.2 1.67 −1.38

Motor Vehicle Crash 68 (6.97) 26 (6.22) 44 (8.37) 52 (7.72) 19 (6.96) 17 (5.67)

Adj. res. −0.38 −0.87 1.23 0.98 −0.07 −1.08

Pedestrian 57 (5.84) 10 (2.39) 29 (5.51) 47 (6.97) 9 (3.3) 19 (6.33)

Adj. res. 1.72 −2.77** 0.63 1.54 −2.14* 0.27

Self-Harm 15 (1.54) 3 (0.72) 5 (0.95) 0 (0) 2 (0.73) 1 (0.33)

Adj. res. 1.39 −1.02 −0.61 −1.88 1.88 0.38

Sports 4 (0.41) 0 (0) 2 (0.38) – – –

Adj. res. 0.78 −1.29 0.33 – – –

Stab Wound 59 (6.05) 36 (8.61) 40 (7.6) 14 (2.08) 5 (1.83) 3 (1.00)

Adj. res. −1.72 1.43 0.6 0.91 0.1 −1.15

Struck 17 (1.74) 17 (4.07) 10 (1.9) 5 (0.74) 2 (0.73) 2 (0.67)

Adj. res. −1.64 2.74** −0.7 0.09 0.02 −0.13

Autobody Collision 16 (1.64) 8 (1.91) 3 (0.57) 2 (0.3) 0 (0) 2 (0.67)

Adj. res. 0.88 1 −1.91 −0.16 −1.06 1.22

Complication 9 (0.92) 5 (1.2) 5 (0.95) 2 (0.3) 1 (0.37) 4 (1.33)

Adj. res. −0.3 0.48 −0.11 −1.36 −0.49 2.05*

Note: “-” indicates no incidences. *p<0.05, **p<0.01, ***p<0.001. 
Abbreviations: Adj. res., Adjusted Residual.
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Table 4 Mechanism of Injury for Trauma Activations During the Pre-Pandemic Period, Initial Wave, and Protracted Phase of the 
COVID-19 Pandemic Stratified by Age

Mechanism of 

Injury

<18 18–64 ≥ 65

Pre-COVID Initial 

Wave

Protracted 

Phase

Pre-COVID Initial 

Wave

Protracted 

Phase

Pre-COVID Initial 

Wave

Protracted 

Phase

Accident, n (%) 4 (2.45) 4 (6.78) 3 (5.45) 8 (0.93) 4 (1.06) 3 (0.7) 2 (0.32) 0 (0) 0 (0)

Adj. res. −1.55 1.25 0.63 0.13 0.39 −0.52 1.38 −0.73 −0.88

Animal injury 5 (3.07) 3 (5.08) 2 (3.64) 9 (1.04) 5 (1.33) 2 (0.46) 2 (0.32) 1 (0.39) 1 (0.29)

Adj. res. −0.58 0.68 0.01 0.37 0.84 −1.22 −0.04 0.2 −0.13

Assault 21 (12.88) 2 (3.39) 2 (3.64) 124 (14.35) 48 (12.77) 54 (12.53) 7 (1.12) 1 (0.39) 4 (1.18)

Adj. res. 2.68** −1.7 −1.56 1.02 −0.49 −0.7 0.5 −1.08 0.42

Bicycle 2 (1.23) 2 (3.39) 2 (3.64) 10 (1.16) 3 (0.80) 1 (0.23) 0 (0) 0 (0) 1 (0.29)

Adj. res. −1.28 0.73 0.84 1.48 −0.1 −1.6 −1.02 −0.52 1.61

Burn 2 (1.23) 0 (0) 0 (0) 3 (0.35) 1 (0.27) 1 (0.23) - - -

Adj. res. 1.19 −0.74 −0.71 0.37 −0.13 −0.3 - - -

Fall 80 (49.08) 29 (49.15) 34 (61.82) 350 (40.51) 155 (41.22) 172 (39.91) 548 (87.96) 233 (91.02) 306 (90.00)

Adj. res. −1.01 −0.43 1.69 0 0.32 −0.3 −1.39 1.07 0.58

Gunshot Wound 2 (1.23) 3 (5.08) 0 (0) 17 (1.97) 15 (3.99) 15 (3.48) 0 (0) 0 (0) 1 (0.29)

Adj. res. −0.86 2.13 −1.12 −2.16* 1.57 0.97 −1.02 −0.52 1.61

Inhalation - - - - - - 0 (0) 0 (0) 1 (0.29)

Adj. res. - - - - - - −1.02 −0.52 1.61

Machine - - - 10 (1.16) 3 (0.8) 5 (1.16) 1 (0.16) 0 (0) 0 (0)

Adj. res. - - - 0.33 −0.6 0.19 0.98 −0.52 −0.62

Motorcycle Crash 1 (0.61) 1 (1.69) 2 (3.64) 31 (3.59) 27 (7.18) 13 (3.02) 1 (0.16) 1 (0.39) 0 (0)

Adj. res. −1.39 0.18 1.52 −1.39 3.2*** −1.47 −0.03 1.01 −0.88

Motor Vehicle 

Crash

6 (3.68) 5 (8.47) 2 (3.64) 95 (11.00 36 (9.57) 50 (11.60) 19 (3.05) 4 (1.56) 9 (2.65)

Adj. res. −0.95 1.55 −0.41 0.22 −0.89 0.6 0.95 −1.2 0.03

Pedestrian 17 (10.43) 3 (5.08) 4 (7.27) 74 (8.56) 11 (2.93) 36 (8.35) 13 (2.09) 5 (1.95) 8 (2.35)

Adj. res. 1.25 −1.1 −0.41 2.16* −3.67*** 1.03 −0.11 −0.22 0.33

Self-Harm 1 (0.61) 1 (1.69) 0 (0) 10 (1.16) 2 (0.53) 6 (1.39) 4 (0.64) 2 (0.78) 0 (0)

Adj. res. −0.26 0.99 −0.71 0.33 −1.16 0.74 0.76 0.74 −1.53

Sports 2 (1.23) 0 (0) 0 (0) 2 (0.23) 0 (0) 2 (0.46) – – –

Adj. res. 1.19 −0.74 −0.71 −0.07 −1.08 1.11 – – –

Stab Wound 8 (4.91) 1 (1.69) 1 (1.82) 64 (7.41) 40 (10.64) 42 (9.74) 1 (0.16) 0 (0) 0 (0)

Adj. res. 1.38 −0.89 −0.8 −1.99* 1.48 0.86 0.98 −0.52 −0.62

Struck 3 (1.84) 3 (5.08) 3 (5.45) 17 (1.97) 15 (3.99) 7 (1.62) 2 (0.32) 1 (0.39) 2 (0.59)

Adj. res. −1.58 0.9 1.03 −1.03 2.42* −1.13 −0.5 −0.06 0.6

Autobody 

Collision

5 (3.07) 2 (3.39) 0 (0) 11 (1.27) 4 (1.06) 4 (0.93) 2 (0.32) 2 (0.78) 1 (0.29)

Adj. res. 0.69 0.48 −1.33 0.54 −0.15 −0.47 −0.5 1.05 −0.39

Complication 1 (0.61) 0 (0) 0 (0) 8 (0.93) 3 (0.80) 5 (1.16) 2 (0.32) 3 (1.17) 4 (1.18)

Adj. res. 0.84 −0.52 −0.5 −0.14 −0.36 0.5 −1.74 0.91 1.11

Note: “-” indicates no incidences occurred. *p<0.05, **p<0.01, ***p<0.001. 
Abbreviations: Adj. res., Adjusted Residual.
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Overall, the only trauma activation found to decrease during the initial wave of the pandemic was secondary to 
pedestrian injuries, with 19 activations (2.7%) during the initial wave, compared to 48 activations (5.8%) during the 
protracted phase and 104 activations (6.3%) during the pre-pandemic phase (p-value <0.001) (Table 2). Upon secondary 
analysis of pedestrian trauma activations stratified by both gender and age during the initial wave, this decrease was 
found to be similar across both males and females (Table 3) but was found to disproportionately affect patients 18–64 
years old (Table 4).

No statistically significant changes were observed concerning self-harm, sports injuries, bike accidents, or motor 
vehicle accidents (Table 2). However, secondary analysis of assault injuries stratified by age and gender demonstrated 
a statistically significant percent decrease in the number of both female and pediatric assault trauma activations during 
both the acute and protracted phase of the pandemic. Female assault activations in the pre-pandemic period totaled 38 
(5.64%), decreased to 8 (2.93%) during the initial wave and 7 (2.33%) during the protracted phase of the pandemic 
(p-value <0.01) (Table 3). Similarly, there was a significant decrease in the number of pediatric assault activations with 
only 2 (3.30%) registered during the initial wave and 2 (3.64%) during the protracted phase, as compared to 21 
activations (12.9%) during the pre-pandemic phase (p-value <0.001) (Table 4).

Secondary Endpoints: Changes in Trauma Activations, Hospital Admissions, and ICU 
Stays During the COVID-19 Pandemic
The secondary endpoints of this study concerned changes in trauma activation categories, admissions to inpatient 
services, and the length of stay for patients transferred to the ICU during the acute and protracted phases of the 
COVID-19 pandemic. Compared to pre-pandemic numbers, Level 1 trauma activations remained unchanged throughout 
the acute and protracted phases of the pandemic (Table 5). However, Level 2 trauma activations and episodes resulting in 
no activation status decreased during the initial wave, while Level 3 trauma activations increased (trauma consultation). 
Specifically, Level 2 trauma activations decreased from 1032 activations (62.55%) during the pre-pandemic period to 386 
activations (55.86%) during the initial wave and then returned to 512 activations (61.99%) during the protracted phase 
(p-value <0.001). Level 3 activations significantly increased from 387 consultations (23.45%) during the pre-pandemic 
phase to 203 consultations (29.38%) during the initial wave and returned to 177 consultations (21.43%) during the 
protracted phase (p-value <0.001) (Table 5).

Utilization of hospital admission services post-trauma is shown in Table 6. Overall, inpatient hospital admissions 
increased to the internal medicine and orthopedic surgery service during the protracted phase of the pandemic, while 
admissions decreased to the trauma surgery service. Interestingly, no statistically significant differences were found in the 
ICU length of stays for patients admitted to the hospital from the trauma center during the acute and protracted phases of 
the COVID-19 pandemic (Table 7).

Table 5 Trauma Activation Levels During the Pre-Pandemic Period, the Initial Wave 
and Protracted Phases of the Pandemic

Activation Pre-COVID Initial Wave Protracted Phase

Level 1, n (%) 120 (7.27) 67 (9.7) 70 (8.47)

Adj. res. −1.81 1.72 0.44

Level 2 1032 (62.55) 386 (55.86) 512 (61.99)

Adj. res. 1.93 −3.1*** 0.72

Level 3 387 (23.45) 203 (29.38) 177 (21.43)

Adj. res. −1.05 3.58*** −2.18

No activation 111 (6.73) 35 (5.07) 67 (8.11)

Adj. res. 0 −1.97* 1.85

Note: ***p<0.001. 
Abbreviations: Adj. res., Adjusted Residual.
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Discussion
Our study aimed to characterize the impact of COVID-19 and the subsequent quarantine policies on trauma activations at 
a Level 1 Trauma Center in New York City. The COVID-19 pandemic had demonstrable effects on the total volume of 

Table 6 Inpatient Admission Services from Trauma Activations During the Pre- 
Pandemic Period, the Initial Wave and Protracted Phases of the Pandemic

Admission Service Pre-COVID Initial Wave Protracted Phase

Pediatrics, n (%) 23 (1.39) 10 (1.45) 13 (1.57)

Adj. res. −0.29 −0.01 0.34

Gynecology 1 (0.06) 1 (0.14) 0 (0)

Adj. res. −0.06 0.97 −0.84

Internal Medicine 178 (10.79) 77 (11.44) 140 (16.95)

Adj. res. −2.99** −1.2 4.53***

Neurosurgery 1 (0.06) 4 (0.58) 4 (0.48)

Adj. res. −2.46* 1.65 1.26

Ophthalmology 0 (0) 1 (0.14) 0 (0)

Adj. res. −1.04 1.89 −0.59

Orthopedics 36 (2.18) 17 (2.46) 39 (4.72)

Adj. res. −2.53* −0.79 3.62***

Plastic Surgery 42 (2.55) 10 (1.45) 17 (2.06)

Adj. res. 1.47 −1.49 −0.28

Podiatry 2 (0.12) 2 (0.29) 1 (0.12)

Adj. res. −0.54 0.99 −0.31

Trauma Surgery 704 (42.67) 313 (45.30) 319 (38.62)

Adj. res. 0.57 1.87 −2.41*

Urology 1 (0.06) 0 (0) 2 (0.24)

Adj. res. −0.65 −0.92 1.6

Vascular 0 (0) 0 (0) 1 (0.12)

Adj. res. −1.04 −0.53 1.68

Not Admitted 624 (37.82) 256 (37.05) 289 (34.99)

Adj. res. 1.1 0.08 −1.33

Note: *p<0.05, **p<0.01, ***p<0.001. 
Abbreviations: Adj. res., Adjusted Residual.

Table 7 ICU Length of Stay from Trauma Activations During the Pre-Pandemic 
Period, the Initial Wave and Protracted Phases of the Pandemic

ICU Length of Stay Pre-COVID Initial Wave Protracted Phase

0 days, n (%) 1467 (88.91) 619 (89.58) 730 (88.38)

Adj. res. −0.01 0.63 −0.57

1 or more days 173 (10.48) 72 (10.42) 93 (11.26)

Adj. res. −0.36 −0.24 0.63

Unknown 10 (0.61) 0 (0) 3 (0.36)

Adj. res. 1.8 −1.91 −0.25

Abbreviations: Adj. res., Adjusted Residual, ICU, Intensive Care Unit.
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patients visiting the Trauma Center. Overall, we saw a decrease in trauma patients during the six-month-long initial wave 
of the pandemic.7,8 This decrease is likely secondary to social distancing measures and reduced attendance to emergency 
departments as patients avoided medical treatment during the pandemic.12,13

One interesting finding in our study was a 70% decrease in pediatric assault activations in the initial wave that 
persisted into the protracted phase. Similarly, we observed an almost 50% decrease in female assault activations during 
the same periods. Some research has suggested that decreases in trauma activations and hospitalizations may be 
attributed to a decrease incidence of injuries due to social distancing and quarantining.5 However, as previously 
mentioned, the decrease in trauma activations may not actually reflect decreased incidence of injuries but a rather 
deliberate avoidance of patients to seek emergency care during the pandemic.6,14 Underreporting assault is well 
documented across the literature as other researchers have expressed concerns that the pandemic and quarantine orders 
led to more assault trauma victims to remain at home with their injuries, which is of particular concern for women and 
children.15 However, the overall presumption of avoidance of care during the pandemic conflicts with other studies, 
which found a marked increase in the proportion of injuries, burns and wounds because the home environment is 
a frequent nidus for accidents.16 Interestingly, this study observed a significant increase in male trauma activations during 
the protracted phase. This rise in male trauma activations during the protracted phase may be secondary to the lifting of 
restrictions, leading males to eagerly resume daily activities and escape the confines of home.

The initial wave of the COVID-19 pandemic had varying effects on the number of trauma patients presenting with specific 
mechanisms of injuries. Of note, our study observed an increase in gunshot wounds during the initial wave of the pandemic. 
Similarly, gunshot wounds and penetrating traumas were found to increase in a multicenter retrospective analysis of trauma 
patients presenting to 11 American College of Surgeons Level I and II trauma centers, spanning seven counties in California.15 

Specifically, our study demonstrated that these gunshot victims were predominantly male. It is important to note that this increase 
in gunshot wounds may be a uniquely American problem, as gun sales reached an all-time high during the pandemic.17,18 

Similarly, our study found an increase in strike victims, specifically in males 18–65 years old, during the initial wave of the 
pandemic. While our study initially demonstrated no significant change in trauma activations secondary to stabbings overall, after 
stratifying the data by age, a significant increase in stabbings was observed in the 18–65 age group. Importantly, this escalation in 
violent trauma has been well documented in other studies.4,13,15 Of note, lockdown orders may have exacerbated certain personal 
issues as people were forced to spend more time inside and many people underwent financial stressors due to job loss during the 
pandemic. It is important to realize that as various personal stressors increase, so does the propensity for violence, which has been 
well documented.18 Our study also demonstrated a decrease in trauma activations secondary to pedestrian injury during the initial 
wave, which has been supported by other studies. As many people remained home during the initial wave of the pandemic, there 
was less opportunity for pedestrian injury.19 This reduction was likely connected to the city-wide shutdown that occurred during 
the pandemic, which resulted in significantly less pedestrian activity in New York City. This decrease was specific to the 18–65- 
year-old age group across both genders, while pediatric and elderly pedestrian trauma activations demonstrated no significant 
changes. In the protracted phase of the pandemic, the number of female trauma activations secondary to falls increased, which 
may be secondary to resumption of a more active lifestyle.

Interestingly, there was no significant change in motor vehicle collision trauma patients. We originally hypothesized 
that MVCs would likely decrease secondary to people working from home, thereby no longer commuting to work.20 

Another unique finding from our study was a 50% increase in motorcycle collisions in male patients during the initial 
wave. Although no such findings have been demonstrated so far in the literature,21,22 this trend was consistent with data 
from our area.23,24 A report from the Institute for Traffic Safety Management and Research demonstrated that fatal 
motorcycle accidents in New York State increased more than 30% in 2020 compared to 2019 despite a decrease in road 
traffic.23 Additionally, in 2020, men accounted for 90% of all city car accidents, an increase from around 78% during 
previous years.24 New York City officials postulated that the surge in motor vehicle deaths occurred due to the 
pandemic’s emptying effect on streets, which led to less traffic, more speeding, and other unsafe driving behaviors.24 

Interestingly, our study observed no changes in sports-related trauma activations, though many sports leagues and 
activities were cancelled during the pandemic. However, this consistent rate of sport trauma injuries may reflect people 
trying new outdoor, socially distanced activities that compensated for the loss of organized sports. Of note, while some 
literature has shown a higher incidence of anxiety and depression during the COVID-19 pandemic, our data showed no 
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change in trauma activations secondary to self-harm.25 It was posited that the increased incidence of depression and 
anxiety may lead to increased self-harm, but this trend was not witnessed at our trauma center.

In terms of trauma classifications, activations in the initial wave were significantly affected in each category, except 
Level 1 traumas. One may argue that the decrease in Level 2 trauma activations was the result of increased quarantine 
measures, which may have prevented opportunities for patients to sustain injuries.7,8,26 Level 3 activations, the trauma 
activation designated to the most stable patients, increased significantly. This may reflect the inability of patients to visit 
their primary care doctors. During the pandemic, many primary care physicians retired and most offices were not seeing 
patients in person, as such these physicians often referred patients to their local Emergency Department for minor injuries 
that did not require emergent treatment.10

With respect to inpatient admissions of trauma patients, our study found a significant increase in patients admitted to the 
internal medicine service during the protracted phase of the pandemic. This trend may demonstrate a phenomenon in which 
patients may have missed routine healthcare appointments during the pandemic, but when these patients suffered a trauma, 
they were found to require additional medical treatment.10 Similarly, we found a marked increase of orthopedic admissions 
during the protracted phase of the pandemic and a relative decrease in the initial wave when compared to the prior year. 
These findings are consistent with an Australian study that observed a 15.6% decrease in orthopedic surgery from March to 
April of 2020 compared to the previous year.20 Interestingly, our study found no significant changes in the length of stay for 
trauma patients admitted to the intensive care unit during the COVID-19 pandemic. During the pandemic, ICU beds became 
scarce as severely afflicted COVID-19 patients required ventilatory support. Due to the infectivity of the virus, it was 
hypothesized that the ICU length of stay would likely increase for trauma patients due to the possibility of concurrent 
COVID-19 infection. However, we found no such data to support this theory.

Overall, our study may guide trauma centers as to how to prepare for future pandemics. Certain injuries that may be 
expected to increase could include gunshot wounds, motorcycle collisions, and strike injuries. Our study hopes to inform 
trauma centers to plan accordingly for these types of injuries and to prepare trauma bays as necessary. However, our study has 
many limitations. First, our findings are limited to the data of only one trauma center during the COVID-19 pandemic, which 
may prevent this study from elucidating generalizable conclusions to other trauma centers. Future research studies may benefit 
from analyzing the pandemic data from multiple trauma centers during the COVID-19 pandemic. Secondly, not all mechan-
isms of injury could be deduced from the EMR system, and few patients were categorized as “unknown”. However, in light of 
the large sample size and power of our study, we hope that this helps shape preparedness for future pandemics.

Conclusions
In conclusion, our study revealed significant changes in trauma service utilization during the COVID-19 pandemic, revealing 
distinguishing characteristics across both gender and age. During the initial wave of the pandemic, we reported an increase in 
gunshot trauma and strike victims. Trauma centers should expect similar trends in violent trauma in future pandemics. One of 
the measures trauma centers should be prepared to implement in future pandemic is increased resources for a trauma center’s 
critical care units as the penetrating trauma has shown to consistently increase in trauma centers nationally. We also 
emphasize the need to implement strategies to raise public awareness of assault in the domestic setting, particularly during 
a mandatory stay-at-home policy. Increased outreach and social services could aid in this effort. This study aids in 
understanding how a global pandemic and subsequent lockdown policies contribute to trauma service utilization. This 
information can be utilized for future resource allocation and for trauma prevention during future pandemics.
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