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Abstract
Purpose The use of lung ultrasound for diagnosis of COVID-19 has emerged during the pandemic as a beneficial diagnostic 
modality due to its rapid availability, bedside use, and lack of radiation. This study aimed to determine if routine ultrasound 
(US) imaging of the lungs of trauma patients with COVID-19 infections who undergo extended focused assessment with 
sonography for trauma (EFAST) correlates with computed tomography (CT) imaging and X-ray findings, as previously 
reported in other populations.
Methods This was a prospective, observational feasibility study performed at two level 1 trauma centers. US, CT, and X-ray 
imaging were retrospectively reviewed by a surgical trainee and a board-certified radiologist to determine any correlation of 
imaging findings in patients with active COVID-19 infection.
Results There were 53 patients with lung US images from EFAST available for evaluation and COVID-19 testing. The overall 
COVID-19 positivity rate was 7.5%. COVID-19 infection was accurately identified by one patient on US by the trainee, but 
there was a 15.1% false-positive rate for infection based on the radiologist examination.
Conclusions Evaluation of the lung during EFAST cannot be used in the trauma setting to identify patients with active 
COVID-19 infection or to stratify patients as high or low risk of infection. This is likely due to differences in lung imaging 
technique and the presence of concomitant thoracic injury.

Keywords Trauma · COVID-19 · Extended focused assessment with sonography in trauma · Lung ultrasound · Thoracic 
trauma

Introduction

The COVID-19 pandemic resulted in a unique situation and 
challenge for frontline healthcare providers who strive to 
provide optimal, prompt medical care while minimizing 
personal exposure in acute scenarios. As the burden of dis-
ease and risk of exposure increased, clinicians incorporated 
other modalities to bypass the limitations of the most com-
monly used diagnostic tools, computed tomography (CT), 
chest X-ray, and polymerase chain reaction (PCR) tests, 
to expeditiously determine those with high probability of 

active infection. CT is the imaging gold standard to assess 
the severity of pulmonary manifestations of the COVID-19 
infection, and the imaging patterns have been well charac-
terized in the literature, with multiple studies showing high 
rates of sensitivity [1, 2]. As the pandemic worsened, the use 
of lung ultrasound (US) emerged as a beneficial diagnostic 
modality due to its rapid availability, bedside use, and lack 
of radiation [3, 4]. Multiple studies have reported lung US 
to have a very high sensitivity (89–100%) with a reliability 
comparable to that of CT [5–7]. Interest in its use is further 
underscored by the fact that it is inexpensive and easy to 
disinfect, a priority for low-resource settings, which are cur-
rently the ones most affected by the pandemic.

One patient population that benefits from real-time US 
evaluation is trauma patients. Advanced trauma life support 
(ATLS) algorithms place the utmost importance on rapid 
and systematic evaluation of the injured patient. During this 
initial evaluation, patients may also receive adjunct imaging 
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modalities like the extended focused assessment with sonog-
raphy for trauma (EFAST) exam designed to discover life-
threatening findings that require urgent interventions. Dur-
ing this exam, the pericardial, perisplenic, perihepatic, and 
pelvic areas are assessed for free fluid, and the anterior and 
lateral pleural spaces are assessed for pneumothorax or 
hemothorax. Given that this is routine in ATLS algorithm, 
expansion of the utility of lung US for detection of active 
infection or to stratify trauma patients into high or low risk 
for active infection could prove useful.

The aim of this study was to determine the feasibility of 
using lung ultrasound for the diagnosis of pulmonary mani-
festations of COVID-19 in the context of trauma patients 
undergoing routine EFAST imaging in the emergency 
department (ED). We sought to determine if US imaging 
of the lungs of trauma patients with COVID-19 infections 
correlates with CT imaging and X-ray findings, as previously 
reported in other populations.

Methods

This was a prospective, observational feasibility study with 
a retrospective component performed at Children’s Hospital 
Colorado (CHCO) and the University of Colorado Hospital 
(UCH) at the Anschutz Medical Center. Data was collected 
on patients between August 2020 and March 2021. CHCO is 
an American College of Surgeons (ACS) and state-verified 
level 1 pediatric trauma center (PTC). The UCH is an ACS 
and state-verified level 1 adult trauma center. Both institu-
tions serve a large metropolitan area. In addition, CHCO 
is the state’s only level 1 PTC and serves seven adjacent 
states. The state of Colorado has experienced more than 
500,000 confirmed cases of COVID-19 since the onset of 
the pandemic with over 30,000 resulting in hospitalization. 
The state experienced its most significant “surge” during the 
months of November–January, with 7-day averages nearing 
5000 cases [8]. The Colorado Multiple Institutional Review 
Board (COMIRB) approved this study.

All patients who met trauma criteria activation or alert at 
their respective institutions and underwent EFAST as part 
of their standard trauma workup were included in analy-
sis. EFAST evaluations were performed by members of the 
trauma team, most commonly emergency medicine or gen-
eral surgery residents, in the ED for the purposes of trauma 
evaluation, and practitioners were blinded to COVID-19 sta-
tus of the patient at time of evaluation. They were performed 
in the standardized trauma manner, with imaging limited to 
the anterior and lateral lung fields due to the immobiliza-
tion of trauma patients [9]. As EFAST is a standard part 
of trauma evaluation, waiver of consent was approved by 
the COMIRB. Patient lists of trauma evaluations from each 
institution were provided by each respective registrar and 

reviewed by the study staff to identify patients who met 
inclusion criteria. Patients were excluded if they did not 
have a COVID-19 test or if their sonographic examination 
was limited to a FAST evaluation, without evaluation of lung 
windows.

Patient variables retrospectively collected included loca-
tion of trauma evaluation, radiographic findings, sono-
graphic findings, and COVID-19 status by a single abstrac-
tor. Radiographic data collected included findings on chest 
X-ray or chest CT. Lung images from EFAST examinations 
were independently reviewed by a surgery resident with 
3 years of clinical experience to simulate the real-life trauma 
surgical consultant typical ultrasonographic experience and 
by a board-certified radiologist. Only available in the pic-
ture archiving and communication system (PACS) and only 
cine images were reviewed. Images were assessed for the 
presence of diffuse pleural line abnormalities, subpleural 
consolidations, white lung areas or thick, or irregular verti-
cal artifacts. Based on these findings, the image reviewer 
independently categorized the patient as having a “low prob-
ability” or “high probability” of active infection based on 
presence of less than two findings or two or more findings, 
respectively. Imaging was interpreted without knowing the 
patient’s COVID-19 status. COVID-19 results were subse-
quently recorded based on PCR tests performed at time of 
patient’s trauma evaluation.

All data was summarized as count (percent) given all var-
iables are dichotomous in nature. For CT and X-ray results, 
the denominator used to calculate percentages is restricted 
to those with the given imaging. Comparisons between the 
findings and COVID-19 test results are conducted with Fish-
er’s exact test to account for small counts. Significance was 
set at p < 0.05. Data analyses were conducted using R ver-
sion 3.4.1 software (R Foundation for Statistical Computing, 
Vienna, Austria, http:// www.R- proje ct. org/).

Results

During the study period, there were 317 patients who were 
evaluated with an EFAST and had a COVID-19 test per-
formed, with only 17 of these having a positive COVID-19 
test (5.05%). Upon review of the 317 who received EFAST 
evaluation and had a COVID-19 imaging, 71 (22.3%) 
patients had images available in PACS. The remaining 246 
patients did not have images saved to PACS for retrospec-
tive review by the research team, despite documentation of 
an EFAST being completed. Among the 71 patients with 
images available, 18 patients had saved images of quality too 
poor to review and were omitted from the study. This left 53 
patients for inclusion in study analysis.

Among those included in analysis, 45 patients were evalu-
ated at the UCH and eight patients were evaluated at CHCO. 
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On trauma evaluation, 37 (69.8%) patients had a chest CT 
completed and 49 (92.5%) had a chest X-ray completed. Of 
these patients, 7.5% (n = 4) had a positive COVID-19 test.

On chest X-ray, there was no differences in findings 
between patients with negative or positive COVID-19 test 
results. Rib fractures were found in three (6.1%) patients, 
including one who was COVID-19 positive. Unilateral 
ground-glass opacities were visualized in four (8.2%) 
patients, including one patient with COVID-19 (Table 1).

On chest CT, there was no statistically significant differ-
ences in findings between COVID-19–positive and COVID-
19–negative patients. There were eight (15.1%) patients with 
rib fractures on CT. Two COVID-19–positive patients were 
found to have rib fractures, one with unilateral rib fractures 
and one with bilateral rib fractures. Full CT scan findings 
are displayed in Table 2.

EFAST images were independently reviewed by a surgi-
cal trainee and attending radiologist. Diffuse pleural line 
abnormalities were the most common finding identified 

by the trainee on five (9.4%) of the EFAST images. This 
finding was more common in COVID-19–positive patients 
(50.0% vs 6.1%, p = 0.04). The trainee categorized two 
(3.8%) patients as having high probability of infection 
based on EFAST findings. One of these patients was 
COVID-19 positive. Full EFAST findings are available 
in Table 3.

Diffuse pleural line abnormalities were the most com-
mon finding in EFAST images evaluated by the attending 
radiologist and were identified in eight (15.1%) patients. 
All of these patients were COVID-19 negative. Overall, 
the attending radiologist categorized eight patients as hav-
ing high probability of infection, all of whom were ulti-
mately COVID-19 negative, resulting in a 15.1% false-pos-
itive rate (Table 4). There were no statistically significant 
differences in EFAST findings between COVID-19–posi-
tive and COVID-19–negative patients. Representative 
images of lung US and CT is provided in Figs. 1 and 2, 
highlighting imaging findings from traumatic injury that 

Table 1  Chest X-ray findings, 
stratified by COVID-19 status

COVID-19 posi-
tive (n = 4)

COVID-19 nega-
tive (n = 45)

Total population 
(n = 49)

p-value

Unilateral consolidation 0 (0.0%) 2 (4.4%) 2 (4.1%) 1.000
Bilateral consolidations 0 (0.0%) 1 (2.2%) 1 (2.0%) 1.000
Unilateral ground-glass opacities 1 (25.0%) 3 (6.7%) 4 (8.2%) 0.297
Bilateral ground-glass opacities 0 (0.0%) 2 (4.4%) 2 (4.1%) 1.000
Unilateral rib fractures 1 (25.0%) 2 (4.4%) 3 (6.1%) 0.230
Bilateral rib fractures 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.000

Table 2  Chest CT findings, 
stratified by COVID-19 status

COVID-19 
positive (n = 4)

COVID-19 
negative (n = 33)

Total popula-
tion (n = 37)

p-value

Unilateral ground-glass opacities 1 (25.0%) 4 (12.1%) 5 (13.5%) 0.456
Bilateral ground-glass opacities 0 (0.0%) 4 (12.1%) 4 (10.8%) 1.000
Ground-glass opacities in central location 0 (0.0%) 1 (3.0%) 1 (2.7%) 1.000
Ground-glass opacities in the periphery 1 (25.0%) 3 (9.1%) 4 (10.8%) 0.380
Unilateral lung consolidation 0 (0.0%) 3 (9.1%) 3 (8.1%) 1.000
Lung consolidations in the periphery 0 (0.0%) 1 (3.0%) 1 (2.7%) 1.000
Unilateral rib fractures 1 (25.0%) 5 (15.2%) 6 (16.2%) 0.524
Bilateral rib fractures 1 (25.0%) 1 (3.0%) 2 (5.4%) 0.207

Table 3  EFAST trainee 
findings, stratified by COVID-
19 status

COVID-19 posi-
tive (n = 4)

COVID-19 nega-
tive (n = 49)

Total population 
(n = 53)

p-value

Diffuse pleural line abnormalities 2 (50.0%) 3 (6.1%) 5 (9.4%) 0.040
Subpleural consolidations 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.000
White lung areas 1 (25.0%) 1 (2.0%) 2 (3.8%) 0.147
Thick, irregular vertical artifacts 0 (0.0%) 1 (2.0%) 1 (1.9%) 1.000
High probability active infection 1 (25.0%) 1 (2.0%) 2 (3.8%)
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mimic characteristic of active infection in pediatric and 
adult patients without COVID-19.

The four patients who were found to be COVID-19 pos-
itive all had associated thoracic injuries. The first patient 
presented after a fall and was found to have unilateral rib 
fractures, with ground-glass opacities on CT scan. The 
second patient also presented after a fall and was found to 
have bilateral rib fractures and unilateral clavicle rib frac-
ture. CT scan was remarkable for unilateral ground-glass 

and consolidative opacities. The remaining two COVID-
19–positive patients presented after assault. The first 
patient was found to have unilateral rib fractures with 
adjacent atelectasis; both CT and X-ray were otherwise 
unremarkable. The final patient sustained multiple stab 
wounds resulting in an upper lobe lung laceration, uni-
lateral rib fractures with hemothorax, and pneumothorax 
visualized on CT and X-ray.

Table 4  EFAST attending 
findings, stratified by COVID-
19 status

COVID-19 posi-
tive (n = 4)

COVID-19 nega-
tive (n = 49)

Total population 
(n = 53)

p-value

Diffuse pleural line abnormalities 0 (0.0%) 8 (16.3%) 8 (15.1%) 1.000
Subpleural consolidations 0 (0.0%) 4 (8.2%) 4 (7.5%) 1.000
White lung areas 0 (0.0%) 4 (8.2%) 4 (7.5%) 1.000
Thick, irregular vertical artifacts 0 (0.0%) 3 (6.1%) 3 (5.7%) 1.000
High probability active infection 0 (0.0%) 8 (16.3%) 8 (15.1%)

Fig. 1  A 4-year-old male in rollover motor vehicle accident with 
negative COVID-19 result. a EFAST images of the right lung dem-
onstrate normal lung parenchyma with pleural line (white arrow) 
and preserved A-lines (gray arrow). b EFAST images of the left lung 
demonstrate a white lung appearance with increased echogenicity 

deep to the pleural line (white arrow) and loss of the A-lines seen in 
the right lung. c Motion degraded axial CT image of the lung in the 
same patient demonstrate peripheral areas of ground-glass opacity 
and consolidation greater on the left than the right

Fig. 2  A 69-year-old male in 
head-on motor vehicle colli-
sion. a EFAST images of the 
left lung demonstrate a loss of 
A-lines with mildly increased 
echogenicity deep to the pleural 
line (white arrow). b Axial CT 
image of the lung in the same 
patient demonstrate peripheral 
areas of consolidation bilater-
ally
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Discussion

This study suggests that lung US imaging on routine 
EFAST cannot be used to identify patients with active 
COVID-19 infection or to stratify patients as high or 
low risk of infection. Our findings that lung US from an 
EFAST exam is not a reliable screening tool for COVID-
19 infection are in opposition to multiple prior studies 
that have shown dedicated lung point of care ultrasound 
(POCUS) to be a reliable and sensitive tool for identifying 
patients with COVID-19. Our study was limited to patients 
who presented with traumatic injury and found US to be a 
poor tool for identifying active infection. In fact, EFAST 
imaging was identified as presenting high probability of 
infection in only one COVID-19–positive patient by the 
surgical trainee. The attending radiologist identified eight 
patients as having high probability of active infection, but 
all were ultimately COVID-19 negative. This resulted in 
identifying 15.1% of patients as falsely positive. Prior 
studies have shown US to be a highly sensitive test, with 
values exceeding 80% [5–7, 9]. However, EFAST imaging 
in our analysis more frequently identified COVID-19–neg-
ative patients as having a high probability of infection.

Prior studies assessing the diagnostic ability of POCUS 
in the setting of active COVID infection have found prom-
ising results. The first US evaluation of COVID was a case 
report from Italy, which identified findings of bilateral, dif-
fuse pleural line abnormalities, subpleural consolidations, 
white lung areas, and thick, irregular vertical artifacts 
[10]. The diagnostic accuracy of POCUS was evaluated 
in a prospective study from the Netherlands, which found 
it to have sensitivity of 100% and a specificity of 76% in 
patients without cardiac disease and sensitivity of 89% 
and specificity of 59% in those with [11]. Its diagnostic 
accuracy has been validated by further studies, which have 
shown US findings correlate well with CT scan findings 
[5–7]. It should be noted that all these studies were per-
formed in patients with either known COVID-19 infec-
tion or suspected COVID-19 infection based on present-
ing symptoms, which differs from our patient population 
who underwent lung sonography for the purpose of trauma 
evaluation. It should be emphasized that though basic 
clinical history is part of the secondary survey of ATLS, 
questions related to presenting COVID-19 symptoms, such 
as cough and fever, are not routinely asked in the setting 
of trauma, with the exception of dyspnea in the setting of 
thoracic trauma.

Our study is unique in that it was limited to trauma 
patients who presented to the ED for reasons other than 
respiratory symptoms or for suspected COVID-19 infec-
tion. Our study did not account for injury severity, but it 
should be noted that the pandemic resulted in a reluctance 

of trauma patients to present to the ED, especially dur-
ing periods of high COVID-19 rates, with rates decreas-
ing by approximately 50% compared to years prior to the 
pandemic [12, 13]. For example, largely due to stay at 
home orders and/or compliance to social distancing, there 
were reported declines in traffic and traffic-related injuries 
[14]. Though decreased rates of all trauma patients were 
reported, there have been mixed reports of increases in 
severity of presenting trauma, with some centers noting 
increases in injury severity and some reporting no change 
[13, 15]. Our study did not account for trauma trends, but 
it is important to recognize the impact the pandemic has 
had on trauma presentations.

The significance of trauma trends is related to its impact 
on EFAST imaging. Within the context of trauma, POCUS 
has been shown to have good sensitivity for traumatic pneu-
mothorax and hemothorax, the two injuries of interest dur-
ing EFAST assessment in the emergency setting [16]. This 
diagnosis is made by the absence of lung-sliding. However, 
findings consistent with COVID-19 infection have never 
been studied in the context of concomitant injuries, and 
it is unknown how the presence of thoracic injuries, such 
as rib fractures, pulmonary contusions, pneumothorax, or 
hemothorax, may affect the expected US findings in active 
infection. It is known, however, that pleural line may be lost 
in hemothorax, pneumothorax, and contusions, which would 
limit the diagnostic ability of US to detect lung pathology in 
the presence of such injuries. Our results suggest that when 
thoracic injuries are present, the accuracy of POCUS for the 
diagnosis of COVID-19 is poor, possibly due to the changes 
secondary to traumatic injuries. It should be noted that there 
have been several reports of COVID-19 infection mimick-
ing pulmonary contusion on CT imaging, specifically due to 
similarities in lung parenchymal changes such as peripheral 
subpleural consolidation and ground-glass opacity [17–19]. 
The similarities have not been studied in explicitly in US, 
though it is known both pathologies can exhibit B-lines [20]. 
This may explain the reason for a 15.1% false-positive rate 
based on the radiologist’s examination. Furthermore, prior 
studies have supported that cardiopulmonary comorbidities 
decreases the sensitivity and specificity of POCUS in iden-
tifying COVID-19 [11]. This suggests that lung US may 
only have high specificity in patients without any other lung 
pathologies.

Prior studies that confirm the diagnostic accuracy of 
POCUS for identifying COVID-19 infection utilized strict 
imaging protocols that involved evaluation of multiple zones 
of the lung, including posterior, anterior, and lateral regions 
[5, 11, 21]. This protocol has been proven to detect lung 
parenchymal changes. Importance is placed on imaging the 
posterior lung fields because ground-glass opacities and con-
solidations associated with COVID-19 are known to have 
a tendency for peripheral and posterior lung distributions 
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[22–24]. However, the protocol for EFAST imaging of the 
lungs differs. EFAST assessments serve to identify life-
threatening injuries in trauma patients and do so with sub-
stantial accuracy [25]. Since its purpose is to identify hemo-
thorax and pneumothorax, its evaluation is limited to the 
anterior and lateral chest [9]. Some studies even suggest that 
single views of the anterior thorax are sufficient to diagnose 
pneumothorax [26]. The primary purpose of EFAST is to 
determine if life-threatening injuries exist in an expeditious 
manner. Due to the acuity of trauma patients’ presentation 
and their associated immobility, posterior lung windows are 
not assessed. However, in the context of COVID-19 infec-
tion, Rizzetto et al. evaluated the sensitivity of different 
lung fields and found the sensitivity of anterior lung fields 
to be significantly less than that of posterior lung fields [5]. 
This likely partially explains the poor diagnostic ability of 
EFAST examinations in this study. As the anatomical loca-
tion of the thoracic pathology of interest differs from the pat-
tern exhibited in COVID-19 infections, the ability of EFAST 
to detect the virus is limited.

This study is not without limitations. There were a sig-
nificant number of patients who had EFAST examinations 
performed, but their images were not available on PACS. 
Furthermore, not all patients received COVID-19 testing on 
admission despite EFAST imaging and were excluded from 
analysis. This limited our sample size for analysis and may 
have skewed our results which ultimately only included four 
COVID-19–positive patients. This small number of cases 
results in low statistical power to detect potentially signifi-
cant differences. Furthermore, US is operator dependent. 
Our study focused on imaging performed as EFAST during 
the trauma setting. These images are usually performed by 
surgical or emergency medicine trainees, for the purpose of 
identifying hemothorax or pneumothorax. This may have 
limited the quality of US imaging for interpretation. How-
ever, because the purpose of this study was a feasibility 
study, we did not attempt to alter normal processes during 
trauma activations to result in higher quality imaging. Pro-
cesses may be different at other institutions and our find-
ings may not be generalizable to all institutions. Finally, it 
is suspected that pulmonary contusions, a common thoracic 
injury, can mimic COVID-19 infection on ultrasound, which 
would impair its ability to identify infection in the setting 
of trauma patients.

Conclusion

Our study suggests that lung imaging performed during 
routine EFAST evaluations in trauma patients is not an 
accurate diagnostic tool for patients with active COVID-19 
infection. This is true when EFAST imaging is evaluated by 
both trainees and attending radiologists. At a large academic 

center, specifically a high-volume level 1 trauma center, the 
use of EFAST is not a reliable screening tool for COVID-
19 infections, and standard diagnostic imagining and PCR 
tests remain more reliable diagnostic tools in these settings. 
Trauma activations are high acuity situations that require a 
significant number of healthcare workers. Exposure to active 
infection in a patient with an unknown COVID-19 status is 
of concern. However, due to concomitant injuries and the 
technique of EFAST imaging, this tool cannot be expanded 
to exclude active infection in trauma patients undergoing 
assessment. Previous findings of the diagnostic accuracy of 
US for detection of the virus should not be expanded to the 
trauma population.
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