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Abstract

Background and Aims: The COVID‐19 pandemic has reshaped the epidemiology of

various clinical conditions, including trauma which is closely tied to social policies. This

study examines and compares the characteristics of trauma mortality patients, and their

initial prognostic trauma scores, in the pre‐pandemic and pandemic periods.

Methods: We conducted a retrospective observational study involving patients who

passed away at a level 1 trauma center from July 23, 2018, to February 19, 2020

(prepandemic), and from February 20, 2020, to September 22, 2021 (pandemic). A

subgroup analysis that matched 12 of the same months of the year in the two periods

was also done. Patients who arrived deceased or passed away immediately upon arrival

were excluded from data analysis. We collected and analyzed demographic and clinical

data, employing the Abbreviated Injury Score (AIS), Injury Severity Score (ISS), Revised

Trauma Score (RTS), and Trauma and ISS (TRISS) to compare initial prognoses.

Results: Our study encompassed 1128 patients, with 529 in the prepandemic group and

599 in the pandemic group. Demographic characteristics showed no significant

differences in the number of patients in the two periods. Motor vehicle accidents

remained the predominant injury mechanism in both periods. While the mean ISS

increased insignificantly (22.80 vs. 22.91, p=0.902), the mean RTS decreased (6.32 vs.

5.82), and TRISS increased (23.97% vs. 28.93%) during the pandemic (p<0.05). Hospital

length of stay decreased in the pandemic period (15.57 vs. 12.54 days, p<0.05).

Subgroup analysis revealed increased ISS, decreased RTS, and increased TRISS during the

pandemic (p<0.05).

Conclusion: In conclusion, while overall demographics and injury mechanisms

remained virtually unchanged, trauma patients during the pandemic displayed worse

estimated clinical prognoses, particularly in physiological trauma scores. The

heightened mortality rate was attributed to poorer clinical conditions of patients.
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1 | BACKGROUND

COVID‐19 emerged in late 2019 as a novel viral pneumonia and within a

fewmonths reached global pandemic status.1 Various parts of healthcare

systems have been impacted by the pandemic.2 The total number of

patient admissions in the field of general surgery has experienced a

decline.3 The significance of the interaction between COVID‐19 and

trauma lies in that during a pandemic causing a healthcare crisis, the

overcrowding of hospitals and allocation of healthcare resources to

the new disease can potentially undermine patient care.4,5 Mitigation

policies such as lockdowns and social distancing implemented during the

COVID‐19 pandemic can influence and transform the epidemiology of

certain diseases, with injuries being especially impacted.6,7

Trauma has remained a significant healthcare concern worldwide,

with a tremendous impact on the global burden of disease.8 Compared

to high‐income countries, in low‐ and middle‐income countries trauma

represents a more substantial public health challenge.9 The effect of

COVID‐19 on trauma patterns and care has been studied in several

different locations. A scoping review of literature by Waseem et al.

showed that the overall number of trauma cases, sports injuries, and

motor vehicle accidents (MVAs) decreased during the studied COVID‐19

periods,10 and the study by Yasin et al. also demonstrated a decreased

number of MVAs worldwide.11 Changes in injury patterns amid the

pandemic could affect the clinical outcomes of trauma patients, as both

the severity of trauma and the allocation of healthcare resources and

personnel may change. Comparing the injury severity and mortality of

trauma patients in pre‐COVID‐19 and COVID‐19 eras, some studies

have shown no significant change,12–15 while others report an increasing

trend,16,17 although this area remains understudied. A study by Driessen

et al. demonstrated that COVID‐19 negatively impacted trauma care,

with patients being less often admitted to the intensive care unit (ICU).18

At low resource settings, increased adjusted trauma‐associated mortality

has been noted and pre‐hospital care, transportation, intensive care

utilization, and shortage of nursing staff were recommended as

bottlenecks for interventions.19

Benchmarking the performance of trauma centers remains a

pertinent tool in evaluating and improving the quality of care and

patient outcomes.20 The early determination of injury severity

and prognosis of trauma patients has a key role in allocating surgical

and intensive care resources.21–23 Different scoring systems have

been designed and validated to standardize the assessment of injury

severity and mortality prediction in trauma patients and benchmark

the performance of trauma centers.

Our study aims to report on and compare the number, injury

severity, injury mechanism, demographic characteristics, and retrospec-

tive clinical prognosis of trauma‐related mortality patients (based on the

patients' trauma scores) in periods before and during the COVID‐19

pandemic. We also aim to determine if any changes in mortality were

congruent with the changes in the clinical prognoses of patients, as

determined by their trauma scores; if the mortality patients during any

phase exhibit more adverse trauma scores, it suggests that the mortality

rate can be attributed more to the severity of the condition than to the

quality of trauma care.

2 | METHODS

This is a retrospective observational study comparing the characteristics

of trauma mortality cases including the number, injury types, and

prognostic trauma scores. This manuscript adheres to the Strengthening

the Reporting of Observational Studies in Epidemiology (STROBE)

guideline.24

2.1 | Study settings and participants

The study population was trauma mortality patients who were admitted

to Shahid Rajaei (Emtiaz) Hospital (a level 1 trauma center in Fars

province, south‐central Iran) in the prepandemic and pandemic periods.

The 19 months before the official announcement of the first COVID‐19

cases in Iran (from July 23, 2018 to February 19, 2020) indicate the pre‐

pandemic period and the 19 months following the official announcement

(from February 20, 2020 to September 22, 2021) indicate the pandemic

period studied. The inclusion criteria encompassed individuals who

passed away while under admission due to trauma during the specified

timeframes. Exclusion criteria applied to cases where clinical records

were incomplete or unavailable. Patients who arrived deceased were

also excluded from analysis for comparing the trauma scores; however,

their descriptive statistics are reported.

2.2 | Subgroup analysis

For period subgroup analysis, 12 consecutive months from the matching

times of year in the prepandemic period and pandemic period were

selected (prepandemic from September 23, 2018 to September 22,

2019, and pandemic from September 22, 2020 to September 22, 2021).

This was done to account for the different incidences and epidemiology

of trauma at different times of the year and to also exclude the first 7

months of the pandemic when it had not reached its full effects and to

allow for stabilization and adaptation of the healthcare system.

2.3 | Trauma scores

Abbreviated injury scale (AIS), Injury Severity Score (ISS), Revised

Trauma Score (RTS), and the combined system of Trauma and Injury

Severity Scoring (TRISS) remain the most widespread and validated
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scoring systems in trauma, despite limitations.25 AIS is a standardized

scale for rating injury severity in each anatomic area and system,

ranging from 0 to 6 and divided into 6 anatomic categories.26,27 ISS,

developed by Baker et al. in 1974, focuses on the anatomic

distribution and severity of injuries and has a range of 1−75. ISS is

calculated as the sum of the squares of a patient's three highest AIS

scores, with patients having any AIS of 6 in any organ system

automatically assigned an ISS of 75.28,29 Developed by Champion

et al., RTS has a range of 0−7.841 and assesses the physiologic status

of a trauma patient by using the Glasgow Coma Scale (GCS), systolic

blood pressure (SBP), and respiratory rate.30 TRISS which was

originally developed by Boyd et al combines ISS and RTS with the

patient's age and injury mechanism type (blunt vs. penetrating) to

estimate their probability of mortality.31,32 The regression coeffi-

cients established in 1995 and derived from the Major Trauma

Outcome Study (MTOS) database were used in the calculation of

TRISS.33 AIS of ≥3 was defined as a major injury in our study. ISS of

<16 is conventionally defined as minor trauma, and ISS ≥ 16 as major

trauma. In this study, ISS is subcategorized into <16, 16−24, and >24

groups. Furthermore, RTS of <4 and TRISS of ≥50% also denote

major trauma in our study. These cutoffs for RTS and TRISS were

selected at the mid‐point of possible score ranges for practicality and

clinical relevance.

2.4 | Data collection

The total number of admitted patients in our center and their cause

of admission were extracted from the hospital information system

(HIS). All patients admitted due to acute trauma whose death was

registered in Shahid Rajaei Hospital (Emtiaz) in the two periods of

interest were included (a total of 1129), and one patient was later

excluded due to an outlier age of five. Patients who were readmitted

for any complications or continuation of treatment after the initial

hospital course were not included in our study. Demographic and

initial clinical data (including AIS) were recorded by emergency

department (ED) physicians and nurses (house staff and trainees). The

sources of data on injury mechanisms were emergency medical

services (EMS) personnel, patients, or their accompanying persons.

These data were then extracted from Shahid Rajaei center's HIS and

placed into a Microsoft Excel spreadsheet. Collected data included

the patient name and admission number, age (further categorized into

<18, 18−65, and >65 groups), gender, mechanism of injury, mode of

arrival, and transportation (primary EMS/HEMS arrival, primary

personal arrival, transferred from other facilities by EMS/HEMS),

admission time and date, death time, date and ward, AIS scores, ED

arrival and exit time systolic and diastolic blood pressures, GCS,

intubation status, pulse rates, and respiratory rates. ISS, RTS, TRISS,

and HLOS (hospital length of stay [LOS]) were calculated by the

authors.

Patients were subsequently classified as either dead on arrival

(DOA) or non‐DOA. DOA patients had either deceased on scene,

during transportation, or immediately after arrival in the resuscitation

room. Therefore, no further clinical investigation like imaging was

done for these patients and their prognostic injury scores were not

recorded. DOA patients were excluded from the analysis of clinical

data and outcome prognostication. In 47 instances of non‐DOA

patients, vital signs, GCS, and intubation status were not retrievable

from the hospital database (26 in the prepandemic group and 21 in

the pandemic group).

2.5 | Statistical analysis

Continuous variables were compared by Student's t‐test (≥30 data

points in each studied group rendered the use of nonparametric tests

of hypothesis for continuous variables with non‐Gaussian distribution

unnecessary). Categorical variables were analyzed by Pearson's χ2

test. Data are reported as numbers, means and standard deviations

(SD), medians and interquartile ranges (IQR), adjusted odds ratios

(aOR), 95% confidence intervals (CI), and percentages as appropriate.

A p Value of ≤0.05 is considered significant in the present study.

Statistical analysis of data and generation of figures were done using

Stata Statistical Software: Release 17: StataCorp LLC.

3 | RESULTS

In the stated study periods, a total of 118,263 patients presented to

our referral trauma center regardless of the underlying causes and

mechanism. According to our database, 8505 patients were admitted

due to nontrauma‐related causes, and the admission indications of

288 patients were not clearly stated; therefore, these patients were

excluded from the study. Figure 1 shows a flowchart detailing the

inclusion and exclusion of patients at various stages in the analysis.

The number of unique trauma‐related patients admitted to our center

was 56,526 in the pre‐pandemic period and 52,944 in the pandemic

period, exhibiting a decrease of 6.34%. The number of patients who

passed away as a result of acute trauma and were included in our

study was 1128. Out of these patients, 529 (46.81%) belonged to the

prepandemic group and 599 (53.01%) to the pandemic group,

showing a 13.23% upsurge. The crude mortality rates were 934

and 1129 per 100,000 trauma patients in prepandemic and pandemic

periods respectively, showing a considerable discrepancy between

the two periods (p Value calculated by Pearson's χ2 test: 0.002).

Figure 2 shows the number of trauma mortality patients in the two

studied periods by month, and compares the number of patients in

the matched period subgroup months. A detailed explanation of data

in the matched period subgroup can be found in the subsequent

subsection.

The total number of studied patients classified as DOA was 252,

with 119 being in the pre‐pandemic group and the remaining 133 in

the pandemic group, showing an 11.76% increase. A total of 106

DOA patients were in the matched period subgroup, with 47

belonging to the prepandemic and 59 to the pandemic groups. No

statistically significant difference was detected between the two
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DOA patient groups regarding demographic features and mechanism

of injury. Only the transportation type of these patients experienced

a statistically significant change, with a considerable drop in the

number of personal transportation and an increase in patients

transferred from other facilities in the pandemic group. The analysis

results of DOA patients are shown in Supporting Information:

Table S1.

There were a total of 876 patients who died during the hospital

course and were classified as non‐DOA, out of which 410 belonged

to the prepandemic group and 466 to the pandemic group,

demonstrating a 13.66% rise in numbers. In mechanisms of injury,

no overall statistically significant difference can be shown, although,

in the MVA subcategories, a statistically significant difference is

noted, with an increase in motorcycle MVAs and a decrease in

pedestrian MVAs. Similar to the pre‐pandemic period, in the

pandemic period the largest percentage of mechanisms of injury

consists of MVA (57.32% and 57.73%). The arrival mode of patients

experienced a decrease in the number of personal transportation and

a spike in the number of patients transferred from other facilities.

Table 1 shows the demographic and epidemiological characteristics

of non‐DOA patients.

In clinical features and prognosis, no significant variance is noted

in the percentage of patients presenting with initial SBP less than

90mmHg and prehospital intubation status. Regarding initial GCS, in

both periods of study, the majority of patients were placed in the two

groups of 3−5 (33.33% vs. 39.28%) and 13−15 (38.46% vs. 37.11%),

although no statistically significant difference can be found. Patients

in the pandemic period experienced a drop in severe thoracic injuries,

with 48.05% of prepandemic patients scoring 3 or more in the related

AIS compared to 40.34% of pandemic patients. The mean ± SD ISS in

pre‐pandemic patients was 22.80 ± 13.57 (95% CI: 21.48−24.12),

which compared to the mean ± SD of 22.91 ± 13.05 (95% CI:

21.73−24.10) in pandemic patients does not show a difference. The

same applies to the means in different ISS range groups. The RTS

mean ± SD in prepandemic and pandemic patients was respectively

6.32 ± 2.04 (95% CI: 6.074−6.58) and 5.82 ± 2.54 (95% CI:

5.55−6.10). Furthermore, the percentage of patients with an RTS of

<4 surged in the pandemic period (10.04% vs. 16.22%). Mean TRISS

was 23.97 (95% CI: 20.69−27.26) in the pre‐pandemic group and

28.93 (95% CI: 25.45−32.41) in the pandemic group. Additionally, a

significantly higher percentage of patients in the pandemic group had

a TRISS of ≥50 (16.60% vs. 25.23%). Figure 3 shows the mean ISS,

RTS, and TRISS in each month of the studied period.

The mean hospital LOS of pandemic patients was meaningfully

less than pre‐pandemic patients (15.57 vs. 12.54). A comparison of

the number of patients passing away in ED, operating room (OR), and

ICU in the two periods showed no significant change. These results

are presented in Table 2.

3.1 | Matched period subgroup analysis

The number of mortality patients in the matched period subgroup

was 285 in the prepandemic group and 366 in the pandemic group,

making a total of 651. Figure 2 shows the number of trauma

mortality patients in the matched period subgroup months. In the

matched period subgroup, there were 213 non‐DOA patients in

the pre‐pandemic group and 292 in the pandemic group, which

shows a 37.10% increase. Analysis of the matched period

subgroup was done and yielded increases in mean ISS and TRISS,

a decrease in mean RTS, and an increase in the percentage of

patients with TRISS ≥ 50% (p ≤ 0.05). No change was noted in

patient age in the matched period subgroup. The subgroup analysis

is shown in Table 3.

4 | DISCUSSION

COVID‐19 was formally recognized in Iran in February 2020 and as

of the time of writing this article (May 2023), has claimed the lives of

146,295 persons and gone through more than six disease peaks

according to the latest official statistics declared by the Islamic

Republic of Iran Ministry of Health and Medical Education.34 Multiple

stay‐at‐home orders and public disease mitigation policies were

enacted that have been shown to change the epidemiology and

mechanisms of injuries.35 The Healthcare system in Iran experienced

F IGURE 1 Patient flowchart detailing the inclusion and exclusion
of patients at various stages of the analysis.
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increasing workload and decreasing revenue,36,37 which are factors

that can potentially decrease the quality of care provided.

Our results have shown that despite restrictions (ranging from

light to severe) on community mobility, the demographic features of

the trauma mortality patient population did not undergo any

transformations during the COVID‐19 pandemic. The age and gender

distribution of patients remained unchanged. Major traumatic injury

mechanisms are similar in the distribution in the two studied periods,

with MVAs being the lead culprit mechanism. An increase in the

number of motorcycle accidents was noted. The official MVA

statistics provided by the Iranian Legal Medicine Organization

reported national decreases of 9.1% in deaths and 20.3% in nonfatal

injuries resulting from MVAs in the first year after the pandemic, with

respective 9.0% and 14.6% increases in the next year. These

fluctuations are rather different in the region in which our referral

trauma center is located (Fars province), with decreases of 2.2% in

deaths and 20.4% in nonfatal injuries in the first year after the

pandemic, and respective 11.9% and 14.2% increases in the next

year,38 which puts the regional trend in MVA deaths in the upward

direction. The same initial decrease and subsequent bounce‐back

pattern can be seen in the local new year holidays (around 15 March

to 5 April, which is typically a surge period for MVAs), with a national

decrease of 41.6% in MVA deaths during the first holiday period after

the start COVID‐19 (regional: 15.4% decrease) and a national

increase 92.6% in the next (regional: 114.3%).39

Multiple studies examining trauma during COVID‐19 have

reported a drop in the number of minor injuries and a reduction in

MVAs.40–45 Despite this, studies focusing on patients with more

severe injuries have reported that severe injury mechanisms in the

COVID‐19 era remain similar to pre‐COVID‐19 era; our study

includes only mortality patients, a population who naturally had

sustained more severe injuries and its findings are consistent with

previously published studies focusing on severe trauma.15,46,47

The arrival mode of patients to our center showed significant

changes in the pandemic period, with a higher number being transported

by EMS/HEMS and transferred from other facilities, and a lower number

F IGURE 2 Number of trauma mortality patients. (A) in the two studied periods. (B) in the matched period subgroup months. The months
indicated by lines under the x‐axis show the matched period subgroups.
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by personal vehicles and means. Several lower‐level trauma centers were

fully or partially converted to COVID‐19 centers at different points

during the pandemic,48 but the level 1 trauma center where this study

was conducted did not receive any primarily COVID‐19 patients. The

changes in arrival mode reflect both the poorer condition of patients in

the pandemic group and a spillover effect from other centers, which

potentially delays life‐saving treatment.

Considering the retrospective clinical picture of admitted

mortality non‐DOA patients, an overall poorer prognosis was

established and demonstrated by the decreased RTS mean, a larger

number of patients with RTS < 4, increased TRISS mean, and an

increased number of patients with TRISS ≥ 50%. The worse clinical

prognosis and condition of patients during the height of the

pandemic is further grounded in the matched period subgroup

analysis results, which showed poorer prognosis in the pandemic

group across ISS, RTS, and TRISS, plus an increased percentage of

patients withTRISS ≥ 50%. In AIS ≥ 3 categories, only thoracic injuries

demonstrated a statistically significant decrease in the pandemic

TABLE 1 Demographic and epidemiological characteristics of patients classified as non‐DOA (n = 876).

Variable name Overall (n = 876) Prepandemic (n = 410) Pandemic (n = 466) p Value

Age, median (IQR) 58 (35−75) 59.5 (36−76) 56 (33−73) 0.073a

Age group, n (%) 0.597b

<18 28 (3.20%) 11 (2.68%) 17 (3.65%) 0.812a

18−65 496 (56.62%) 229 (55.85%) 267 (57.30%) 0.155a

>65 352 (40.18%) 170 (41.46%) 182 (39.06%) 0.107a

Gender 0.847b

Male, n (%) 664 (75.80%) 312 (76.10%) 312 (76.10%) 352 (75.54%)

Female, n (%) 212 (24.20%) 98 (23.90%) 114 (24.46%)

Injury type 0.746b

Blunt, n (%) 853 (97.37%) 400 (97.56%) 453 (97.21%)

Penetrating, n (%) 23 (2.63%) 10 (2.44%) 13 (2.79%)

Mechanism of injury 0.197b

MVA, n (%) 504 (57.53%) 235 (57.32%) 269 (57.73%) 0.016b

Car, n (% of MVA) 170 (33.73%) 78 (33.19%) 92 (34.20%)

Motorcycle, n (% of MVA) 125 (24.80%) 47 (20.00%) 78 (29.00%)

Pedestrian, n (% of MVA) 202 (40.08%) 104 (44.26%) 98 (36.43%)

Unspecified and Other, n (% of MVA) 7 (1.39%) 6 (2.55%) 1 (0.37%)

Fall, n (%) 249 (28.42%) 108 (26.34%) 141 (30.26%) 0.098b

High, n (% of Falls) 76 (30.52%) 27 (25.00%) 49 (34.75%)

Same level, n (% of Falls) 173 (69.48%) 81 (75.00%) 92 (65.25%)

Firearms, n (%) 13 (1.48%) 7 (1.71%) 6 (1.29%)

Stabbing, n (%) 10 (1.14%) 3 (0.73%) 7 (1.50%)

Assault, n (%) 9 (1.03%) 7 (1.71%) 7 (0.43%)

Environmental and other accidents, n (%) 12 (1.37%) 6 (1.46%) 6 (1.29%)

Unspecified and unknown mechanism, n (%) 79 (9.02%) 44 (10.73%) 35 (7.51%)

Arrival mode 0.010b

Primary EMS (Ambulance/HEMS), n (%) 589 (67.24%) 277 (67.56%) 312 (66.95%)

Primary personal, n (%) 132 (15.07%) 74 (18.05%) 58 (12.45%)

Transferred from other facilities, n (%) 155 (17.69%) 59 (14.39%) 96 (20.60%)

Note: Percentages were calculated across the available data for each variable and column. Bold values are statistically significant at p < 0.05.

Abbreviations: EMS, emergency medical services; HEMS, helicopter emergency medical services; IQR, interquartile range; MVA, motor vehicle accident.
aStudent's t‐test.
bPearson's χ2 test.
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period. These findings imply that although the age of patients, major

trauma mechanisms (blunt vs. penetrating), and anatomic patterns of

injuries were largely unaltered in the pandemic period, patients had a

generally poorer initial physiologic status (instituted by our findings

regarding RTS) which contributed to their higher meanTRISS and the

overall higher predicted mortality probability and recorded mortality

numbers. This realization warrants further investigations into our

trauma system to determine the potential causes of these outcomes.

F IGURE 3 Mean trauma scores in each month of the studied period. (A) ISS. (B) RTS. (C) TRISS. The months indicated by lines under the
x‐axis show the matched period subgroups.
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Stronger results of the subgroup analysis in favor of poorer patient

conditions suggest that in the initial months of the pandemic, the

epidemiology and severity of injuries were pointedly different from

the months of the pandemic that followed. This difference can be

explained by the aforementioned initial decrease in fatal MVAs and

the ensuing bounce‐back and also its upward trend, considering

MVAs comprise the majority of trauma mortality in our study.

Poorer physiologic condition and lower RTS can potentially be

due to reduced quality of care in pre‐hospital settings, increased

transport time due to increased EMS workload,49,50 and increased

TABLE 2 Initial clinical features, injury scores, and hospital course of patients classified as non‐DOA (n = 876).

Variable name Overall (n = 876) Prepandemic (n = 410) Pandemic (n = 466) p Value

Initial Systolic blood pressure < 90 (mmHg), n (%)* 179 (21.59%) 86 (22.40%) 93 (20.90%) 0.601a

Initial Pulse rate ≥ 100 (bpm), n (%)* 367 (44.27%) 166 (43.23%) 201 (45.17%) 0.575a

Prehospital intubation, n (%)* 228 (26.06%) 117 (28.54%) 111 (23.87%) 0.117a

GCS < 9, n (%)** 385 (50.26%) 170 (48.43%) 215 (51.81%) 0.352a

GCS group 0.322a

3−5, n (%) 280 (36.55%) 117 (33.33%) 163 (39.28%)

6−8, n (%) 105 (13.71%) 53 (15.10%) 52 (12.53%)

9−12, n (%) 92 (12.01%) 46 (13.11%) 46 (11.08%)

13−15, n (%) 289 (37.73%) 135 (38.46%) 154 (37.11%)

AIS category

Head/neck ≥ 3, n (%) 459 (52.40%) 202 (49.27%) 257 (55.15%) 0.082a

Face ≥ 3, n (%) 23 (2.63%) 14 (3.41%) 9 (1.93%) 0.171a

Thorax ≥ 3, n (%) 385 (43.95%) 197 (48.05%) 188 (40.34%) 0.022a

Abdomen ≥ 3, n (%) 106 (12.10%) 43 (10.49%) 63 (13.52%) 0.170a

Extremity/pelvis ≥ 3, n (%) 239 (27.28%) 120 (29.27%) 119 (25.54%) 0.216a

External ≥ 3, n (%) 3 (0.34%) 3 (0.73%) 0 (0.00%) 0.064a

22.86 ± 13.29 (876) 22.80 ± 13.57 (410) 22.91 ± 13.05 (466) 0.902b

ISS, mean ± SD (number) 22.86 ± 13.29 (876) 22.80 ± 13.57 (410) 22.91 ± 13.05 (466) 0.902b

ISS group 0.022a

<16, n (%) 262 (29.91%) 119 (29.02%) 143 (30.69%) 0.914b

16‐24, n (%) 197 (22.49%) 109 (26.59%) 88 (18.88%) 0.519b

>24, n (%) 471 (47.60%) 182 (44.39%) 235 (50.43%) 0.168b

RTS, mean ± SD (number) 6.04 ± 2.35 (592) 6.32 ± 2.04 (259) 5.82 ± 2.54 (333) 0.008b

RTS < 4, n (%) 80 (13.51%) 26 (10.04%) 54 (16.22%) 0.029a

TRISS, mean ± SD (number) 26.76 ± 29.19 (592) 23.97 ± 26.83 (259) 28.93 ± 32.26 (333) 0.046b

TRISS ≥ 50%, n (%) 127 (21.45%) 43 (16.60%) 84 (25.23%) 0.011a

Hospital LOS (days), median (IQR) 13.96 (1−20) 15.57 (1−21) 12.54 (1−17) 0.034b

Death in ED, n (%) 37 (4.22%) 22 (5.37%) 15 (3.22%) 0.115a

Death in OR, n (%) 60 (6.85%) 22 (5.37%) 38 (8.15%) 0.103a

Death in ICU, n (%) 748 (85.39%) 348 (84.88%) 400 (85.84%) 0.688a

Note: Percentages were calculated across the available data for each variable and column; *Number of available data instances: 829; **Number of
available data instances: 820. Bold values are statistically significant at p < 0.05.

Abbreviations: AIS, abbreviated injury score; CI, confidence interval; DOA, dead on arrival; ED, emergency department; GCS, Glasgow coma scale; ICU,
intensive care unit; IQR, interquartile range; ISS, injury severity score; LOS, length of stay; OR, operating room; PR, pulse rate; RTS, revised trauma score;
SBP, systolic blood pressure; SD, standard deviation; TRISS, trauma and injury severity scoring.
aPearson's χ2 test.
bStudent's t‐test;
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number of patient transfers and referrals, although this subject

remains understudied and reports of no significant pre‐hospital

transport time have been made in other countries.51 Pandemic‐

related strain on healthcare resources may have led to delays and

unavailability of trauma care, impacting patients' physiologic condi-

tions. Supporting this, we observed an increase in transfers from

other centers during the pandemic, potentially due to reallocation or

care capacity being undercut, which subsequently resulted in

worsened patient conditions when arrived at our center.

A similar number of patients passed away in the ED, OR, and ICU

in the two periods, which reflects the hospital disposition workflow

for severely injured patients being unaffected by pandemic condi-

tions. Occult and confirmed concurrent COVID‐19 in some patients

can be a potential cause of poorer physiologic conditions in the

pandemic group, but no data regarding the COVID‐19 status of

patients was available to the authors.

Several limitations to our study can be pointed out. We only

included trauma mortality patients, therefore excluding a large

number of minor nonfatal traumas and this greatly affects our injury

mechanisms results. Our center primarily receives adult patients and

as a result, pediatric trauma patients are mostly excluded (although a

small number of pediatric patients all older than 10 were admitted to

our center and included in our study). In several instances, missing

data did not allow for the calculation of RTS and TRISS. RTS and

TRISS exclude patients who arrive at the ED intubated, and

considering intubated patients are generally of poorer overall

condition and have experienced more severe trauma, the aggregate

RTS and TRISS can underestimate trauma severity in the group by

excluding intubated patients. Another probable bias and imprecision

can be using the regression coefficients from MTOS 199533 that

were developed in a different sociocultural environment and may not

be completely compatible with our trauma epidemiology and patient

population. Other inherent limitations of these trauma scores also

apply to our study. No data regarding pre‐hospital transport times

were available which is an important factor influencing the clinical

status of our patients. Finally as mentioned before, COVID‐19 in

some patients can be a potential cause of poorer physiologic

conditions in the pandemic group, the data on which were not

available to us.

4.1 | Limitations

The COVID‐19 pandemic hit Iran especially brutally, with a high

number of cases and mortality per capita, delay in mass vaccination,

a high number of COVID‐19‐related deaths among physicians, and

economic hardships.52 Our findings can be interpreted that despite

Shahid Rajaei (Emtiaz) Hospital and Fars province healthcare system

faced difficulties on multiple fronts, the increased mortality was

the result of the poorer clinical status of these patients during the

pandemic period and general fatal MVA trends. These findings

are mostly attributable to level 1 trauma centers that do not receive

non‐trauma COVID‐19 patients. However, lower‐level trauma

centers also seem relevant to understanding the impact of the

pandemic on trauma care. These hospitals were the ones that were

mainly repurposed into COVID‐19 care, hence they may have

experienced decreased quality of care or increased referrals.

Mortality in trauma cases is influenced by numerous confounding

factors, and the unique characteristics of the Iranian healthcare

system should also be considered. Hence, the authors very

cautiously suggest generalizability to level 1 trauma centers in

low‐resource settings, but applicability must be evaluated within

each specific context. The authors would like to highlight that

further multicenter research (including lower‐level centers) and

synthesized evidence is required to better understand the impact of

the COVID‐19 pandemic on trauma care and to pinpoint the causes

of poorer clinical prognosis in patients admitted during the

pandemic period.

TABLE 3 Matched period subgroup analysis of patients classified as non‐DOA (n = 505).

Overall (n = 505) Prepandemic (n = 213) Pandemic (n = 292) p Value

Age, mean ± SD 56.17 ± 23.40 58.26 ± 23.15 54.64 ± 23.50 0.085a

ISS, mean ± SD (number) 22.09 ± 13.31 (505) 20.60 ± 13.17 (213) 23.18 ± 13.33 (292) 0.031a

ISS ≥ 16, n (%) 344 (68.12%) 141 (66.20%) 203 (69.52%) 0.429b

RTS, mean ± SD (number) 5.90 ± 2.43 (339) 6.35 ± 1.88 (134) 5.61 ± 2.70 (205) 0.003a

RTS < 4, n (%) 53 (15.63%) 15 (11.19%) 38 (18.54%) 0.069b

TRISS, mean ± SD (number) 28.02 ± 31.71 (339) 22.65 ± 26.39 (134) 31.53 ± 34.36 (205) 0.007a

TRISS, median (IQR) 12.18 (3.76‐41.22) 10.60 (3.83‐31.11) 12.35 (3.76‐57.36)

TRISS ≥ 50%, n (%) 78 (23.01%) 20 (14.93%) 58 (28.29%) 0.004b

Note: Bold values are statistically significant at p < 0.05.

Abbreviations: DOA, dead on arrival; IQR, interquartile range; ISS, injury severity score; RTS, revised trauma score; SD, standard deviation; TRISS, trauma
and injury severity scoring.
aStudent's t‐test.
bPearson's χ2 test.
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4.2 | Optimizing trauma care during pandemics in
middle and low‐income settings

In light of the challenges posed by major pandemics, particularly in low

and middle‐income countries with limited healthcare resources, it is

imperative to consider potential solutions and recommendations to

optimize trauma care. The fragility of health systems in these settings

makes them more susceptible to collapse during crises, such as the

COVID‐19 pandemic, and raises concerns about their adaptability to

future pandemics.

Strengthening pre‐hospital and emergency medical services can

significantly improve the timely and effective delivery of trauma care.

Investing in training, infrastructure, and communication systems for

first responders is essential.

Proactive preparation, including the development of comprehen-

sive pandemic response plans, can ensure that trauma care remains a

prioritized and well‐supported component of healthcare delivery.

Having a dedicated trauma center with a strategic allocation of

trauma beds, separate from pandemic patient care, is crucial. This

approach ensures that trauma patients receive specialized attention

without compromising their care during pandemic surges.

Developing flexible triage systems that can be rapidly adjusted

based on the evolving needs of a pandemic is essential. These

systems should consider the dynamic nature of patient loads and

allocate resources accordingly. Promoting data sharing among

healthcare institutions can enhance collective knowledge and help

attain dynamic resource allocation.

5 | CONCLUSIONS

We studied trauma patients who experienced in‐hospital mortality in

two time periods of equal length before and after the start of the

COVID‐19 pandemic. The mortality of patients admitted to our center

increased during the pandemic period. No changes in demographics and

injury mechanisms of these patients were found. In patients included in

our study, the overall clinical prognosis estimated by trauma scores was

significantly worse during the pandemic period. The poorer prognosis

was likely primarily associated with poorer physiological conditions, as

the scores that incorporated physiological parameters displayed more

pronounced deterioration during the pandemic period. Further research

is required to accurately delineate the causes of increased mortality

during the pandemic period.
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