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ABSTRACTABSTRACT

INTRODUCTION:INTRODUCTION: Tools to quickly triage and evaluate patients with suspected COVID-19 in an emergency department (ED) can
improve patient care and reduce risk of overcrowding. The aim of this study was to evaluate if lung ultrasound (LUS) may
provide valuable prognostic information in adult patients suspected of COVID-19.

METHODS:METHODS: A prospective cohort study of adult patients in an ED was conducted. LUS was performed within one hour of the
patients’ arrival; COVID-19 was defined by a respiratory syndrome coronavirus 2 RNA positive test. The primary outcome was
the proportion of patients suspected of COVID-19 and normal LUS with critical outcomes during follow-up, defined as one or
more of the following: need of non-invasive ventilation (NIV), invasive mechanical ventilation, intensive care unit (ICU) stay or
death. Follow-up was 14 days.

RESULTS:RESULTS: A total of 83 patients were included between 9 March and 12 April 2020. In all, 47 (57%; 95% confidence interval
(CI): 45.3-67.5%) had a normal LUS, 46 (98%; 95% CI: 88.7-99.9%) of whom had no critical outcomes. A total of 36 (43%; 95% CI:
32.5-54.7%) had an abnormal LUS, eight of whom (22%; 95% CI: 10.1-39.2%) had critical outcomes. Nine (11%; 95%: CI 5.1-
19.6%) had one or more critical outcomes: three on NIV, five in ICUs, four on invasive mechanical ventilation and two died.
Among the 12 patients (14%; 95% CI: 7.7-23.9%) tested positive for COVID-19, 11 (92%; 95% CI: 61.5-99.8%) had an abnormal
LUS.

CONCLUSIONS:CONCLUSIONS: Among adult ED patients suspected of COVID-19, a normal LUS is associated with a low risk of critical
outcomes. LUS might be considered for routine use as a prognostic tool in patients suspected of COVID-19.

FUNDING:FUNDING: none.

TRIAL REGISTRATION:TRIAL REGISTRATION: not relevant.

During the ongoing COVID-19 pandemic, emergency departments (EDs) are under extreme pressure because of
the high number of patients at risk of severe respiratory failure [1, 2]. ED physicians currently lack the tools to
quickly triage and evaluate acute patients suspected of COVID-19. Because severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) appears to create severe damage to lung tissue, early diagnostic imaging is important
to accelerate evaluation in order to direct accurate therapy and treatment [3, 4]. To help clinicians identify
COVID-19 patients with a poor prognosis at an early stage and thus improve their outcomes, studies on clinical
and epidemiological characteristics and potential risk factors for mortality have been conducted [5]. More than
80% of patients admitted with COVID-19 present abnormal chest radiology [6] and lesions identified by lung
ultrasound (LUS) seem highly consistent with lung CT findings [7].
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In many countries, CT is the gold standard for identifying and triaging COVID-19 patients. However, CTs and
chest X-rays demand more personnel, are time-consuming, expensive and unavailable in some acute settings,
result in substantial radiation and carry a risk of contamination [6, 8]. To improve patient outcomes, the
diagnostic accuracy and prognostic value of other imaging modalities are essential. One alternative, LUS, is easy
to use, easily accessible, not associated with radiation and can be operated by the treating physician, potentially
yielding in a more rapid plan for treatment, which may potentially benefit patients [7, 9]. LUS is promising in an
outpatient setting or in triage, and may, if used correctly, decrease the risk of contamination, especially if
handheld devices can be used [10, 11]. It has proved to be a non-inferior diagnostic tool compared with chest X-
rays [12], and it remains unclear whether a chest X-ray offers additional information in patients suspected of
COVID-19.

The aim of this study was to evaluate if a LUS, performed within one hour of a patientʼs arrival, may provide
valuable prognostic information in adult ED patients (≥ 18 years) clinically suspected of COVID-19 regarding
critical outcomes (need of non-invasive ventilation (NIV), invasive mechanical ventilation, stay in an intensive
care unit (ICU) or death). The primary outcome of the study was the proportion of patients with suspected
COVID-19 and a normal LUS who had one or more critical outcomes during the 14-day follow-up. Secondary
outcomes were the proportion of patients with an abnormal LUS who had critical outcomes, the proportion of
patients with an abnormal LUS who were diagnosed with SARS-CoV-2, specific LUS findings and the diagnostic
accuracy of LUS compared with that of SARS-CoV-2 RNA as a reference test.

METHODSMETHODS

This prospective, observational, single-centre cohort study was conducted in an ED that provides 24-hour
emergency care and has 65,000 adult patient (≥ 18 years) admissions annually.

A convenience sample of adult patients (≥ 18 years) with suspected COVID-19 at admission was collected from 9
March to 12 April 2020. Suspected COVID-19 was defined by one or more of the following criteria: body
temperature > 37.5, dyspnoea, chest pain, dry cough, productive cough, rhinitis, chest distress, gastrointestinal
symptoms (diarrhoea or vomiting), headache, anosmia, ageusia and/or musculoskeletal pain. Patients were
included after written consent was obtained. Trauma patients, patients triaged to the Department of Cardiology
on suspicion of acute heart disease and patients unable to give signed informed consent were excluded.

Data were collected using Research Electronic Data Capture (REDCap) hosted by the Open Patient data
Explorative Network in pursuance of Danish laws and with approval from the regional data processing record
[13]. The study was conducted according to the Helsinki Declaration and approved by a National Scientific Ethics
Committee (identification number S-20190188).

Lung ultrasound, definitions and follow-upLung ultrasound, definitions and follow-up

LUS was performed within one hour of the patientʼs arrival using a C1-5-D broad-spectrum convex transducer
ultrasound system. A 14-zone LUS scanning protocol was performed systematically on anterior, lateral and
posterior surfaces on both sides of the chest following the principles described by Laursen et al [14]. The
transducer was oriented vertically across intercostal spaces with the patient in a supine position and the head of
the bed elevated 45 degrees.

A LUS was performed to determine the presence of the following predefined conditions: focal B-lines, interstitial
syndrome, lung consolidation, pleural effusion and pneumothorax. In all 14 zones, it was noted whether lung
sliding, lung pulse, lung point, multiple B-lines (≥ 3 per intercostal space), or thickened or fragmented visceral
pleura were present. The protocol, diagnostic criteria and definitions of LUS findings are provided in AppendixAppendix
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https://ugeskriftet.dk/files/a07200551_-_supplementary.pdfhttps://ugeskriftet.dk/files/a07200551_-_supplementary.pdf.. A normal LUS was defined as sufficient LUS
investigation with none of the above-mentioned findings.

All sonographic examinations were performed by the same principal investigator (AB), who obtained a
qualification in LUS use (training courses, 25 supervised practice examinations by certified LUS experts, > 100
LUS examinations) before inclusion to ensure sufficient competency. AB was blinded to COVID-19 status and X-
ray results but not blinded to symptoms and clinical findings. Clinical characteristics, laboratory values and LUS
findings were prospectively registered blinded to COVID-19 status, which was available several hours after
inclusion.

Follow-up was conducted 14 days post-admission based on patient files. All critical outcomes, defined as one or
more of the following events - need of NIV, invasive mechanical ventilation or ICU or death - were registered as a
combined event outcome. COVID-19 status was determined by a SARS-CoV-2 RNA positive test, considered the
gold standard. A swabbing of the posterior pharynx and both tonsils for SARS-CoV-2 RNA was performed on all
patients and in some cases supplemented by tracheal suctioning. Both methods of obtaining RNA material were
accepted as they are regionally accepted test methods. This research was reported according to the Standards for
Reporting of Diagnostic Accuracy Studies 2015 guidelines [15].

OutcomesOutcomes

The primary outcome was the proportion of patients with suspected COVID-19 and a normal LUS who had one or
more critical outcomes during the 14-day follow-up. Secondary outcomes were the proportion of patients and
abnormal LUS with critical outcomes, the proportion of patients with abnormal LUS who were diagnosed with
SARS-CoV-2, specific LUS findings in all included patients and the diagnostic accuracy of LUS. We present a
flowchart based on a discussion of our findings and consensus between three ED physicians and experts in
clinical decision-making to assist ED physicians in the assessment of patients with suspected COVID-19.

Statistical analysisStatistical analysis

Data are presented as numbers and proportions with 95% confidence intervals (CI) based on a binomial

distribution. The basic characteristics are tested with a χ2-test or Mann-Whitney U test, as appropriate.
Abnormal LUS findings were evaluated according to COVID-19 status and reported as sensitivity, specificity,
positive and negative predictive values. Data analysis was conducted with Stata (version 16.0).

Trial registration:  not relevant.

RESULTSRESULTS

A total of 84 patients were assessed for eligibility. One patient was excluded because LUS could not be performed
within one hour; thus, 83 patients were included. Their age ranged from 19 to 94 years with a median age of 68
years (interquartile range: 51-74 years), and 43 patients (52%) were female. Later, 12 patients (14%) tested
positive for SARS-CoV-2. The patientsʼ baseline characteristics are presented in Table 1Table 1.
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The vital signs of SARS-CoV-2-positive and -negative patients were similar. SARS-CoV-2-positive patients,
however, more often presented with dry cough, anosmia, ageusia or musculoskeletal pain. The duration of
clinical symptoms that patients reported was longer among SARS-CoV-2-positive than -negative patients, but
other clinical characteristics were similar (Table 1). Most laboratory values showed no significant difference
between the two groups, except for the fact that SARS-CoV-2-positive patients had lower levels of lymphocytes,
pO2, pCO2 and lactate dehydrogenase, as well as higher C-reactive protein level (Table 1).

All patients had LUS performed within a median of 26 minutes after their arrival. The median time used to
perform LUS was five minutes, whereas the median time to chest X-rays was 140 minutes.
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A total of 47 (57%) of the 83 patients had a normal LUS, 46 (98%) of whom had no critical outcomes. During
follow-up, only one patient with a normal LUS had a critical outcome, which was due to a lung embolism and
subarachnoid haemorrhage. This patient was SARS-CoV-2 negative. In all, 36 (43%) patients had an abnormal
LUS, eight (22%) of whom had one or more critical outcomes. Nine (11%) of the included patients had one or
more critical outcomes during follow-up: three with NIV, five admitted to the ICU, four needed invasive
mechanical ventilation and two died.

Of the 12 SARS-CoV-2-positive patients, 11 (92%) had an abnormal LUS, and four (33%) had one or more critical
outcomes (Table 2Table 2). Specific LUS findings are presented in Table 2 and Figure 1Figure 1. More than half of the COVID-
19-infected patients had interstitial syndrome, multifocal small consolidations, pleural visceral thickening or a
fragmented pleura line. All four COVID-19-infected patients admitted to the ICU had an abnormal LUS and
interstitial syndrome at arrival.
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Abnormal LUS results for identification of COVID-19 had a sensitivity of 91.7% (95% CI: 61.5-99.8%), a specificity
of 64.8% (95% CI: 52.5-75.8%), a positive predictive value of 30.6% (95% CI:16.3-48.1%) and a negative predictive
value of 97.9% (95% CI: 88.7-99.9%).

DISCUSSIONDISCUSSION

In a population with a relatively low COVID-19 prevalence, LUS may have potential as a valuable prognostic tool
for use in triaging patients in EDs with suspected or confirmed COVID-19. However, its role as a diagnostic tool
for COVID-19 seems limited. This study aimed to evaluate whether a LUS gives valuable prognostic information
in adult patients suspected of COVID-19 and whether an abnormal LUS is associated with a critical outcome. LUS
as a tool to obtain diagnostic imaging of the lungs may speed up bedside triage and evaluation and direct accurate
therapy and treatment in patients at risk of severe respiratory failure, which may improve patient outcomes. To
study patients suspected of COVID-19, blinding to COVID-19 status was essential, because COVID-19 status is
unknown at the initial assessment in the vast majority of patients admitted to an ED.

LUS findings such as interstitial syndrome or focal B-lines, pleural thickening, multifocal small consolidations,
fragmented pleural line and small pleural effusion seem to be common in COVID-19-infected patients and are
highly consistent with CT findings [6, 16]. These findings were also present in this study, and most of them were
significantly higher in SARS-CoV-2-positive patients (Table 2 and Figure 1). During the 14-day follow-up, no
COVID-19-positive patients died, whereas two COVID-19-negative patients died. Both were older, with multiple
co-morbidities and a no-resuscitation order.

We suggest that LUS has an important role in clinical decision-making in the ED and may provide valuable
prognostic information. Patients possibly infected with COVID-19 presenting with abnormal LUS findings have a
significantly higher risk of a critical outcome; hence, ED physicians need to strongly consider hospital admission
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and observation.

Based on our findings, we suggest a flowchart to assist ED physicians involved in the assessment, diagnosis and
treatment of suspected COVID-19 patients (Figure 2Figure 2). Furthermore, LUS may possibly help to limit the resources
needed (CT, number of staff and protective equipment) if used as part of a pre-ED assessment.

This study carries some limitations. Interpretation of our findings may be limited by the small sample size, the
single-centre design and the fact that one physician did all LUS examinations. Complete blinding was impossible
for practical reasons. The convenience sampling creates a risk of sampling bias and may threaten the internal
validity of the study. Moreover, not all laboratory tests were performed on all patients, as the investigator (AB)
was not the treating physician. We collected data on co-morbidities only from hospital records, and co-
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morbidities treated by ED physicians only might not be registered in the hospital data. A LUS was insufficient in
four COVID-19-negative patients who had no posterior scan performed because they were unable to sit up.
Furthermore, the SARS-CoV-2 RNA test was a new test without a fully diagnostically proven value, and only 12
patients tested positive. Depending on the prevalence in our study population, this may be an undercounting of
positive cases as the false negative test rate may be high. Finally, the relatively low incidence of critical outcomes
may limit the conclusions concerning the prognostic power of LUS.

Several questions remain unanswered. Does LUS help our understanding of COVID-19 presentation in EDs, as
well as in other settings, with different patterns of existing ultrasound pathologies in patients from different
regions with different COVID-19 prevalences? Is abnormal LUS generally linked to a severe outcome? Is LUS as
good as or even superior to chest X-ray in the assessment of suspected COVID-19 patients? Only a portion of those
with abnormal LUS findings and critical outcomes had COVID-19. Our study findings may possibly be explained
by an abnormal LUS alone serving as a negative prognostic indicator.

CONCLUSIONSCONCLUSIONS

LUS seems to be a valuable tool for the upfront ED evaluation of adult patients clinically suspected of COVID-19 as
a normal LUS is associated with a low risk of critical outcomes over the next 14 days. LUS might be considered in
the future for routine use as a prognostic tool for patients in whom COVID-19 is suspected.
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