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Abstract
In December 2019, the severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) spread worldwide, challenging 
emergency departments (EDs) with the need of rapid diagnosis for appropriate allocation in dedicated setting. Many authors 
highlighted the role of lung ultrasound (LUS) in management of the novel coronavirus disease 2019 (COVID-19). The study 
aims to analyze the performance of LUS in the early identification of COVID-19 patients in ED during a SARS-CoV-2 out-
break. We prospectively collected consecutive adult patients admitted to a first-level ED in Powered by Editorial  Manager® 
and ProduXion  Manager® from Aries Systems Corporation Florence with history or symptoms suggestive for COVID-19 
that underwent LUS during the ED management. LUS findings were categorized in 6 discrete main etiological patterns. “A”, 
“Cardiogenic B” and “Typical C” patterns were referred as non-COVID-19-suggestive, while “Atypical” B or C patterns, 
“Multiple Consolidations” pattern and “ARDS” pattern were referred as COVID-19-suggestive. The primary outcome was 
the diagnosis of SARS-CoV-2 infection. From 12 March to 12 May 2020, 360 patients were enrolled. COVID-19 suggestive 
LUS findings were significantly associated with final COVID-19 diagnosis (86% in COVID-19 vs 29% in non-COVID-19, 
p < 0.001). The presence in ED of at least one in positive swab OR a COVID-19-suggestive LUS showed a sensitivity of 
97% and a negative predictive value (NPV) of 98%. In patients with known SARS-CoV-2 exposition in the last 14 days, a 
COVID-19-suggestive pattern at LUS had a positive predictive value (PPV) of 97% for COVID-19 diagnosis. Point-of-care 
ultrasound (PoCUS) is a valuable tool for diagnostic stratification during COVID-19 outbreaks. LUS can help physicians in 
identifying false-negative RT-PCR, improving its diagnostic sensitivity in ED.
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Introduction

In December 2019, a new coronavirus family, now named 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), was found in the city of Wuhan, in China’s Hubei 
province. Within a few months from the first report, 
it has spread rapidly worldwide, assuming pandemic 
characteristics.

The novel coronavirus disease 2019 (COVID-19) is char-
acterized by a wide range of signs and symptoms ranging 
from asymptomatic or poorly symptomatic cases to severe 
pneumonia and, in about 20% of infected patients, acute res-
piratory distress syndrome (ARDS) [1, 2], with high morbid-
ity and mortality.

The gold standard for SARS-CoV-2 infection diagnosis is 
the real-time reverse transcription polymerase chain reaction 
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(RT-PCR), mainly performed on naso-pharyngeal swab. RT-
PCR showed a suboptimal sensitivity, and infection should 
not be ruled out on the basis of RT-PCR alone [3–5]. Two 
main strategies were suggested to deal with the high rates 
of false-negative RT-PCR: multiples swabs can improve the 
sensitivity of the test, and, as suggested by many authors, 
the routine use of chest computed tomography (CT) or lung 
ultrasound (LUS) among with clinical and blood exams in 
patients with suspected COVID-19 [6, 7].

Chest CT has often been chosen as the routine imag-
ing technique for diagnosis and monitoring of COVID-19. 
Patients with confirmed COVID-19-related pneumonia 
showed characteristic CT features like unilateral or bilat-
eral ground glass opacities (GGO), which refers to areas of 
misty pulmonary opacity with conservation of parenchymal 
architecture, reticular pattern, crazy-paving pattern, lung 
consolidations, pleural abnormalities, such as thickening and 
effusion, airway abnormalities including bronchiectasis and 
bronchial wall thickening, air bronchogram and lymphad-
enopathy (Fig. 1) [8–12].

LUS may support the identification and the clinical man-
agement of patients with COVID-19. The main abnormali-
ties found at LUS in patients with COVID-19 are dense or 
confluent B lines, small multiple subpleural consolidations 
and pleural line abnormalities. “White lung” areas with con-
fluent and melted B lines and absence of A lines can be seen 
in severe cases. Most patients showed bilateral involvement. 
Large consolidations with air bronchogram and pleural effu-
sions were usually associated with alternative diagnosis [13]. 
A challenging sonographic differential diagnosis is between 
interstitial B pattern and cardiogenic pulmonary oedema. An 
integrated bedside point-of-care ultrasound (PoCUS) assess-
ment performed by emergency physicians (EPs) can help 
to determine interstitial syndrome etiology. Homogeneous 
distribution of B lines, smooth pleura, intact sliding, pleural 
effusions, inferior vena cava (IVC) dilatation with absence 
of respiratory variations and left ventricular dysfunction are 

usually present in cardiogenic lung congestion, while irregu-
lar multifocal B lines distribution, subpleural consolidations 
and spared areas are suggestive for lung interstitial diseases, 
like COVID-19 [14].

Many authors highlighted the role of LUS in field and 
hospital management and in identifying lung involvement 
in patients concerning SARS-COV2 infection and whom 
RT-PCR and radiological findings are inconclusive [15–18].

Aim of the study

The study aims to analyze the performance of PoCUS in 
the early identification of COVID-19-related pneumonia in 
a population of patients referring to a first-level italian ED 
during a SARS-CoV-2 outbreak.

Materials and methods

Setting

In Italy, during COVID-19 outbreak, dedicated pathways to 
confirmed or suspected COVID-19, defined as “COVID-19 
pathway”, were identified in all hospitals. In particular, all 
patients admitted to the emergency department (ED) under-
went a Pre-Triage outside the ED, and patients who met 
inclusion criteria for COVID-19-suspicion were sent by a 
dedicated pathway in a physically separated section of the 
ED with dedicated personnel and equipment. The criteria for 
the “COVID-19-pathway” included patients referring to the 
ED with known history of high risk contact with a COVID-
19 patient, or either one among cough, fever or shortness of 
breath of any cause in the last 14 days and patients with out-
of-hospital diagnosis of pneumonia (even if asymptomatic) 
whom were sent in ED for further evaluation.

Fig. 1  Chest CT scan showing ground glass opacities (left) and crazy-paving pattern (right)
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Study design

The study was a single-center prospective cohort study 
conducted in a first-level, urban ED with an approximate 
annual volume of 38,000 visits/year. We prospectively col-
lected consecutive adult, nonpregnant patients admitted 
to COVID-19 pathway of the ED of Santa Maria Nuova 
Hospital in Florence, who underwent LUS during the ED. 
We selected a threshold age of 16 years old due to the Cen-
tral Tuscany Emergency Service centralization protocols: 
in absence of contraindications (for instance, the need for 
emergency time-dependent treatments), trauma patients 
under 14 years of age are primarily admitted to the local 
children hospital, as well as non-traumatic patients under 
the age of 16 [19, 20].

Inclusion criteria (at least one):

high-risk exposition to known COVID-19 case accord-
ing to the World Health Organization (WHO) defini-
tions [21] in the last 14 days;
at least one clinical criteria for SARS-CoV-2 suspected 
infection in the last 14 days, namely: cough, fever, or 
shortness of breath;
any radiological finding of pneumonia.

Additional mandatory inclusion criteria:

at least one LUS evaluation in ED.

Exclusion criteria:

age < 16 years;
pregnancy;
known SARS-CoV-2 active infection. Patients with 
known positive RT-PCR for SARS-CoV-2 were con-
sidered actively infected until demonstration of 2 con-
secutive negative RT-PCR testing on naso-pharyngeal 
swab at 48 h according to WHO definition at enrollment 
time [22].

The study was conducted in accordance with the 1964 
Helsinki declaration and its later amendments, and was 
approved by the institutional review board (protocol 
CEAVC 17260). Each patient gave informed consent to to 
take part in the study and agreed to the publication of their 
personal data. An agreement with their legal representative 
or guardian was executed for patients legally or physically 
unable to give informed consent.

Patients data were anonymized and collected in a 
strictly confidential electronic database according to 
national and international privacy laws.

Sample size calculations

The aim of the study was to analyze the diagnostic power 
of LUS in patients admitted to the ED with suspicion of 
COVID-19 infection. When the study was designed the 
known prevalence of COVID-19 in Tuscany was 0.0016% 
[8]. Considering a suspected high prevalence of asympto-
matic patients, we estimated a 20-times higher real preva-
lence (0.032%). With a desired statistical power of 95%, a 
supposed prevalence of COVID-19 in the study population 
of 10% and an alpha error of 0.05 we estimated a sample 
size of 310 patients. The final study population counted 370 
patients with a 39% of COVID-19 prevalence and accom-
plished the requests for statistical analysis.

Patients and data sources

We prospectively collected and reviewed the clinical records 
of eligible patients. We registered demographic character-
istics of patients, such as age, sex, comorbidities, home 
therapy, vital signs, triage priority code, blood and imaging 
tests performed (including venous blood samples, arterial 
blood gas analysis, SARS-CoV-2 antibodies, LUS, chest 
X-ray and chest computed tomography [CT]), respiratory 
support therapy (including oxygen delivery, non-invasive or 
invasive mechanical ventilation).

Tuscany EDs use a five-level triage system, which is 
divided into five code (no urgent matter, evaluation within 
240  min), four code (minor urgency, evaluation within 
120 min), three code (standard urgency, evaluation within 
60 min), two code (severe illness or injury, evaluation within 
15 min) and one code (life threatening, immediate treatment) 
[23]. Similar five-graded triage systems, i.e. Manchester Tri-
age System (MTS) [24] can be found in literature.

Data on symptoms, time from onset, comorbidities 
and pharmacological treatment were self-reported and 
confirmed after reviewing clinical charts. Cardiovascular 
diseases were defined as known coronary artery diseases 
or previous ischaemic stroke. Siddiqi et al. proposed a 
3-class clinical staging of COVID-19 clinical patterns 
[25]. Patients were categorized according to Thoracic 
Ultrasound Academy (AdET) severity classification for its 
better discrimation of patients medical needs (home treat-
ment and follow-up vs hospital admission vs intensive care 
unit (ICU) needs). Clinical patterns were lately grouped 
according to the WHO definition in mild, moderate, severe 
and critical, as shown in Table 1 [26–28]. SARS-CoV-2 
swabs were collected by trained physicians or professional 
nurses and analyzed in the nearest laboratory licensed by 
National Health Authority for SARS-CoV-2 testing (Car-
eggi University Hospital Laboratory, Florence). An expert 
radiology specialist blinded from clinical data revised 
chest CT scan images using a viewing console. GGO were 
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defined as hazy increased lung attenuation with preserved 
bronchial and vascular margins, while consolidations were 
defined as opacities involving vessels and airways walls 
[27]. Different scenarios have been found and classified as 
COVID-19 suggestive or not suggestive. Multiple, bilat-
eral, peripherally distributed GGO with crazy-paving pat-
tern in absence of other non-COVID-suggestive lesions 
(as pleural effusion or lymphadenopathy) were considered 
as COVID-19 suggestive. GGO with atypical distribution 
for COVID-19 (not bilateral, not peripheral) or associ-
ated with lesions suggestive for different diagnosis were 
defined as COVID-19 compatible but non typical (nondi-
agnostic exam). Images without criteria for COVID-19, 
nonpathologic images and eventually images suggestive 
for alternative diagnosis alone (blooming tree or excavated 
lesions, large consolidation with air bronchogram, etc.) 
were considered as COVID-19 not suggestive. For sensi-
tivity analysis COVID-19 possible but not typical images 
were considered as COVID-suggestive.

To avoid compilation bias, different researchers were 
involved in patient management, data collection, follow-
up and statistical analysis. Moreover, PoCUS data were 
immediately reported in a clinical chart by the sonographer, 
and prospectively collected at enrollment time before the 

availability of swabs and follow-up results, to grant research-
ers blinding and to prevent observer bias.

Point‑of‑care ultrasound (PoCUS)

PoCUS were performed by physicians with expertise in 
LUS, proved by completion of a LUS training course accred-
ited by the Italian Society of Emergency Medicine (SIMEU) 
or by the Italian Society of Medical and Biology Ultrasound 
(SIUMB), and performance and interpretation of at least 50 
LUS examinations. A preliminar collegial theoretical–prac-
tical briefing was performed among investigators before 
enrollment, to standardize the technique of execution and 
the LUS report, with special attention for posterior fields 
scan and pleural line abnormalities description. LUS scans 
were performed with linear or convex probes according to 
body size. A complete 12-field LUS [28] was performed 
when possible (Figs. 2, 3). In obese uncompliant patients 
that could not be moved anterior and lateral ultrasound 
scansions were performed, together with at least a partial 
view of the posterior basal areas. IVC size and respiratory 
variations and LV function were eventually evaluated with 
a sectorial probe according to clinician needs for a correct 
PoCUS evaluation, particularly for interstitial syndrome 

Table 1  Patient’s clinical 
phenotype [25, 26, 30]

AdET Thoracic ultrasound academy; WHO World Health Organization; ARDS acute respiratory distress 
syndrome; ICU intensive care unit

AdET [26] Siddiqi et.al 
[27]

WHO [28] Clinical features

0 I – Asymptomatic patient
1 I Mild Fever (with or without respiratory symptoms), no 

signs of pneumonia, no hypoxia
2 II Moderate Pneumonia without hypoxia
3 III Severe Pneumonia and tachypnea/hypoxia
4 III Critical Pre-ARDS, non-invasive mechanical ventilation need
5 III Critical ARDS or mechanical ventilation or ICU admission

Fig. 2:  LUS evaluation windows
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differential diagnosis. Ultrasound devices complete steri-
lization with alcoholic solution was performed before and 
after every use. As since the beginning of disease, even if 
similarly to other interstitial pneumonia, COVID-19 pneu-
monia shows uncommon LUS findings compared to those 
seen in common practice, POCUS findings were detailed 
in clinical charts and categorized in six discrete main etio-
logical patterns as reported in Table 2. “A”, “Cardiogenic 
B” and “Typical C” patterns were referred as COVID-19 
not suggestive, while “Atypical” B or C patterns, “Multiple 
Consolidations” pattern and “ARDS” pattern were referred 
as COVID-19 suggestive. Some explanatory examples are 
given in Figs. 4 and 5.

Endpoint

The primary outcome was the diagnosis of SARS-CoV-2 
infection according to WHO definitions at any time during 
hospital management or at clinical follow-up. All RT-PCR 
positive cases were considered true positive [21].

Follow‑up

Clinical follow-up was routinely performed at 28-days from 
hospital discharge by reviewing the ED archives and other 
medical charts; a phone follow-up was also performed when 
needed. In case of nonconclusive diagnosis, a further follow-
up was subsequently performed.

Statistical analysis

Continuous variables were reported as mean ± standard 
deviation (SD) or medians and interquartile ranges (IQR), 
while categorical variables were reported as counts and per-
centages. Statistical comparisons of demographic and clini-
cal features were performed using the χ2 test and Pearson’s 
exact test for categorical variables (with normal and non-
normal distribution, respectively), whereas the Student’s t 
test and Fisher exact test were used for continuous variables. 
p values < 0.05, from a two-sided test, were considered to 
indicate statistical significance.

Fig. 3  LUS showing a pattern (left), b pattern (middle), lung consolidation (c pattern, right)

Table 2  PoCUS etiological patterns and interpretation

LUS Lung ultrasound; COVID-19 SARS-CoV-2 disease; ARDS acute respiratory distress syndrome

Pattern LUS findings Interpretation

A Normal LUS: A lines, absence of significative B lines (< 3/field), absence of lung 
consolidations

Alternative diagnosis suggestive

Cardiogenic B Heart failure suggestive B lines: diffuse homogeneous B pattern with base-apical 
typical progressive distribution, regular pleural line, eventually with enlarged 
inferior vena cava and/or left ventricular dysfunction and/or pleural effusion (when 
assessed)

Typical C Presence of a single large basal lung consolidation, eventually with air bronchogram 
and/or focal perilesional interstitial syndrome

Atypical B/C Presence of apical lung consolidations and/or atypical distribution of B lines (for 
example non-homogeneous distribution with blurred pleural line, focal apical B 
lines, eventually with inferior vena cava collapsibility and absence of pleural effu-
sion)

COVID-19 suggestive

Multiple consolidations Multiple small lung consolidations, with or without focal perilesional B pattern
ARDS Multiple lung consolidations and white lung and/or bilateral multifocal B pattern 

with shattered areas of A pattern
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Using RT-PCR results as reference, sensitivity, speci-
ficity, positive predictive value (PPV), negative predic-
tive value (NPV), and accuracy of diagnostic testing were 
calculated.

Cohen’s kappa were estimated for evaluation of inter-
rater reliability for LUS findings.

Calculations were performed by a dedicated researcher 
that was not involved in data collection or patient man-
agement. SPSS version 24 (SPSS Inc., Chicago, Illinois, 
USA) was used for all analysis.

Main results

From 12th March to 12th May 2020, during a COVID-
19 outbreak, 474 patients were admitted to Santa Maria 
Nuova ED COVID-19 pathway. In 100 patients LUS was 
not feasible, not performed, not adequate or not reported 
for revision. Most of these patients were asymptomatic and 
were referred to ED only to perform naso-pharyngeal swab 
because they were close contact to COVID-19 cases. Eight 

Fig. 4  Examples of LUS patterns not suggestive for COVID-19. Post posterior; Lat lateral; ant anterior; IVC inferior vena cava
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patients could not be enrolled because they denied their 
consent to study participation. Three hundred and sixty-
six patients were finally enrolled. Six patients (1,6%) were 
lost to follow-up and excluded from analysis. The study 
population counted 360 patients, median age was 72 years 
(IQR 51–85), 73 years (IQR 60–82) in COVID-19 and 
71 years (IQR 44–85) in non-COVID-19). Most patients 
(70%) had standard urgent symptoms at Triage, 19% had 
severe or life-threatening symptoms, and 11% had minor 
or non-urgent matters. No differences were shown between 
COVID-19 and non-COVID-19 groups (p = NS). Median 
onset-to-ED admission time was 3 days (IQR 1–7), no 
differences were shown according to final COVID-19 
diagnosis (5 [IQR 2–10] in COVID-19 vs 3 [IQR 1–7] 

in non-COVID-19, p = NS). More than half of enrolled 
patients (n = 240, 67%) were admitted to ED within 5 days 
from symptom onset. Baseline population characteristics 
are shown in Tables 3 and 4. Overall 28-days mortality 
was 16% (24% in COVID-19 vs 12% in non-COVID-19, 
p = 0.001). A diagnosis of COVID-19 was performed in 21 
(18%) patients with first negative RT-PCR testing in ED. 
Overall RT-PCR sensitivity was 85% (95% CI 79–91%). 
In subgroups analysis, false-negative RT-PCR were not 
related with days from symptoms onset (20% in asymp-
tomatic group vs 21% in 0–3 days vs 18% in 4–6 days vs 
14% in 7–9 days vs 5% in 10–12 days vs 17% in > 12 days 
group, p = NS). False-negative first RT-PCR was found in 
24% of mild COVID-19, in 13% of moderate COVID-19 

Fig. 5  Examples of LUS patterns suggestive for COVID-19. Post posterior; Lat lateral; Ant anterior; IVC inferior vena cava; ARDS acute respira-
tory distress syndrome
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but in none of severe COVID-19 (p = NS). One hundred 
and fifteen patients (32%) were discharged after ED evalu-
ation, 226 (63%) were admitted in non-intensive wards 
and 20 (5.5%) were admitted in ICU. Five (1.4%) patients 
died in ED.

A preliminary inter-rater observer reliability analysis for 
LUS showed good correlation for mere pattern recognition 

(mean Cohen’s kappa 0.74, p < 0.001), but a very good 
correlation for the final COVID-19-suggestive interpre-
tation according to the study protocol (mean Cohen’s k 
0.80, p < 0.001). LUS patterns and TC results according to 
COVID-19 diagnosis are reported in Table 5.

A complete 12-field LUS was performed in 298 
patients (83%). COVID-19 suggestive LUS findings were 

Table 3  Population baseline 
characteristics

COPD Chronic obstructive pulmonary disease; NR do not resuscitate; COVID-19 SARS-CoV-2 infection 
disease

Total (n = 360) Not COVID-19 
(n = 220)

COVID-19 (n = 140) p

Male sex 180 (50%) 77 (55%) 103 (45%) 0.146
COPD 55 (15%) 34 (14%) 21 (15%) 0.453
Cardiovascular disease 44 (12%) 35 (16%) 9 (6,4%) 0.005
Active smoking 52 (14%) 46 (21%) 6 (4,3%)  < 0.001
Obesity 25 (6,9%) 21 (10%) 4 (2,9%) 0.015
Diabetes 52 (14%) 32 (15%) 20 (14%) 0.972
Immunodeficit 7 (1.9%) 4 (1.8%) 3 (2.1%) 0.833
Hypertension 145 (41%) 89 (41%) 56 (40%) 0.655
Chronic kidney disease 40 (11%) 24 (11%) 16 (11%) 0.973
Neoplastic disease 27 (7.5%) 15 (6.8%) 12 (8.6%) 0.214
DNR conditions 36 (10%) 18 (8.2%) 18 (13%) 0.154
Known COVID-19 contact 59 (16%) 15 (6.8%) 44 (31%)  < 0.001
Nursing home resident 59 (16%) 17 (7.7%) 42 (30%)  < 0.001

Table 4  Symptoms and severity 
ad ED admission

AdET Accademia di Ecografia Toracica; WHO World Health Organization; COVID-19 SARS-CoV-2 infec-
tion disease

Total (n = 360) Not COVID-19 
(n = 220)

COVID-19 (n = 140) p

Triage priority (code)
 Urgent (1–2) 70 (19%) 43 (19%) 27 (19%) 0.132
 Differible (3) 250 (70%) 144 (64%) 106 (76%)
 Minor (4–5) 40 (11%) 33 (15%) 7 (5,0%)

Symptoms (multiple symptoms possible for each patient)
 Fever 241 (67%) 130 (59%) 111 (79%)  < 0.001
 Cough 103 (29%) 55 (25%) 48 (34%) 0.057
 Dyspnea 100 (28%) 66 (30%) 34 (24%) 0.238
 Sore throat 9 (2.5%) 8 (3.6%) 1 (0.7%) 0.083
 Hemoptysis 4 (1.1%) 2 (0.9%) 2 (1.4%) 0.647
 Enteritis 16 (4.4%) 11 (5.0%) 5 (3.6%) 0.521
 Neurological 15 (4.2%) 14 (6.4%) 1 (0.7%) 0.009

AdET [26] (WHO [28]) Clinical phenotype
 Asymptomatic 10 (2.8%) 8 (3.6%) 2 (1.4%)  < 0.001
 1 (mild) 94 (26%) 79 (36%) 15 (11%)
 2 (moderate) 122 (34%) 73 (33%) 49 (35%)
 3 (severe) 88 (24%) 40 (18%) 48 (34%)
 4 (critical) 31 (8.6%) 15 (6.8%) 16 (11%)
 5 (critical) 15 (4.2%) 5 (2.3%) 10 (7.1%)



201Internal and Emergency Medicine (2022) 17:193–204 

1 3

significantly associated with final COVID-19 diagnosis 
(86% in COVID-19 vs 29% in non-COVID-19, p < 0.001). 
Sensitivity, specificity, positive and negative predictive 
values and accuracy of each diagnostic testing in the entire 
study population and in different severity subgroups is 
reported in Table 6.

Fifteen (83%) patients with false-negative RT-PCR in 
ED had a COVID-19-suggestive pattern at LUS, among 
them 10 (56%) showed a typical ARDS pattern. Six (33%) 
patients with false-negative RT-PCR in ED performed 
chest CT scan, of whom two (33%) did not show COVID-
19 suggestive CT alterations. The presence in ED of at least 
one of positive SARS-CoV-2 naso-pharyngeal swab OR a 

Table 5  Imaging results according to COVID-19 infection

LUS Lung ultrasound; CT computed tomography; COVID-19 SARS-CoV-2 infection disease
All p values < 0.001

Total Not COVID-19 COVID-19 p
LUS n = 360 n = 220 n = 140

A pattern 107 (30%) 95 (43%) 12 (8.6%)  < 0.001
Cardiogenic B pattern 46 (13%) 43 (20%) 3 (2.1%)
Typical C pattern 24 (6.7%) 19 (8.6%) 5 (3.6%)
Atypical pattern 63 (18%) 34 (16%) 29 (21%)
Multiple lung consolidations 8 (2.2%) 2 (0.9%) 6 (4.3%)
ARDS pattern 112 (31%) 27 (12%) 85 (61%)

CT scan n = 87 n = 63 n = 24 p

COVID-19 not suggestive 63 (72%) 55 (87%) 8 (33%)  < 0.001
Not typical for COVID-19 13 (15%) 7 (11%) 6 (25%)
COVID-19 suggestive 11 (13%) 1 (1.6%) 10 (42%)

Table 6  Sensitivity, specificity, positive and negative predictive values and accuracy of diagnostic testing for COVID-19 (%, 95CI%)

PoCUS Point-of-care ultrasound; PPV positive predictive value; NPV negative predictive value; CT computed tomography; RT-PCR reverse tran-
scription polymerase chain reaction
a On naso-pharyngeal swab

Total Nonsevere Severe or critical
PoCUS n = 360 n = 164 n = 196

Sensitivity 86% (80–91%) 70% (56–84%) 92% (87–97%)
Specificity 71% (65–77%) 84% (77–90%) 55% (45–65%)
PPV 65% (58–72%) 58% (49–67%) 68% (56–80%)
NPV 89% (84–93%) 90% (81–98%) 87% (81–93%)
Accuracy 77% 80% 74%

Chest CT scan n = 87 n = 28 n = 59

Sensitivity 67% (48–86%) 67% (29–100%) 67% (45–84%)
Specificity 86% (77–94%) 100% 80% (68–93%)
PPV 64% (52–76%) 100% 60% (45–75%)
NPV 87% (74–100%) 92% (65–100%) 85% (69–100%)
Accuracy 80% 93% 75%

RT-PCRa n = 360 n = 104 n = 256

Sensitivity 85% (79–91%) 80% (68–92%) 87% (80–94%)
Specificity – – –
PPV – – –
NPV 94% (86–96%) 94% (86–100%) 88% (81–95%)
Accuracy 94% 95% 93%
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COVID-19-suggestive LUS showed a sensitivity of 97% 
(95% CI 94–100%) and a NPV of 98% (95% CI 96–100%). 
In severely symptomatic patients, combined LUS/swab 
sensitivity was 99% (95% CI 97–100%) and NPV was 98% 
(95%CI 96–100%). In patients with known SARS-CoV-2 
exposition in the last 14 days, a COVID-19-suggestive pat-
tern at LUS showed a PPV of 97% (95% CI 90–100%) for 
COVID-19 diagnosis.

Discussion

From March to May 2020, SARS-CoV-2 spread widely 
through Italy, requiring a massive re-planning of ED, Hos-
pital and National Health System organization. The main 
complaints were answering to the sudden lack of resources 
(in terms of individual protection devices, hospital admis-
sion capability and intensive care unit capability), and avoid-
ing nosocomial SARS-CoV-2 spreading. A reliable tool to 
select which patients needed hospital isolation was critically 
important, especially for patients needing intensive or sub-
intensive care. RT-PCR on respiratory tract swabs, despite 
being the gold standard for the diagnosis, has insufficient 
sensitivity to rule out SARS-CoV-2 infection, as multiple 
false-negative swabs are reported even in severely ill patients 
[29]. Moreover, in first-level EDs multiple RT-PCR testing 
actually requires a long process time: every test swab has 
to be sent to the hub centre for analysis, and actually the 
machine process time lasts hours. During this time, patients 
need to be kept in ED, resulting in increasing number of 
patients simultaneously present, otherwise they has to be 
sent in a “COVID-19-like” ward waiting for a definitive 
diagnosis. During SARS-CoV-2 or seasonal flu outbreaks a 
high number of COVID-19-like patients in ED is challeng-
ing for preventing nosocomial spreading and affecting other 
urgent ED activities.

In our study, PoCUS was reliable and reproducible in 
identifying patients with COVID-19, allowing its use in ED 
together with RCT-PCR for early identification of SARS-
CoV-2 infection in patients with suspect features. COVID-19 
LUS findings are well described in previous literature [8, 13, 
15]. As COVID-19 manifestations range from asymptomatic 
infection to ARDS, a large number of COVID-19 patients 
could not show typical LUS findings. COVID-19 lung 
involvement typically starts from peripheral areas, allow-
ing LUS to detect the disease even in the early stage. In our 
study population, only 61% of COVID-19 patients showed 
a typical ARDS pattern at LUS. We defined a more sensi-
tive LUS interpretation based on basic and easily identifi-
able findings for COVID-19 diagnosys. In our study, PoCUS 
showed a good sensitivity for COVID-19 during a SARS-
CoV-2 outbreak and improved the diagnostic yield in ED.

Currently, the standard of care for early COVID-19-
like patients identification is chest CT scan. Chest CT scan 
demonstrated to be sensitive and specific [3]. Nevertheless 
PoCUS has the advantages to be widely available, repro-
ducible and non-invasive and could be routinely used for 
first-line diagnostic stratification in ED together with RT-
PCR. The logistical difficulties related to the use of CT 
scan are reduced or even eliminated with PoCUS: patients 
can be evaluated bedside avoiding movement from and to 
the COVID pathway, device sanitization is fast and cheap, 
allowing the execution of a large number of test without 
affecting other ED activities, and the absence of ionizing 
radiations make even repeated evaluation safe also in young 
patients. In our study, PoCUS proved to have a high diag-
nostic accuracy and to be helpful in early identification of 
patients that needed to be managed in COVID-19-like areas 
even in presence of a negative RT-PCR testing in a non-
selected COVID-suspected population in ED. That was 
particularly true in patients that needed hospitalization. 
Combined naso-pharyngeal swab and PoCUS sensitivity in 
critical patients was 99%. Mild COVID-19 patients without 
clinical pneumonia and with low oral viral load are still very 
challenging to be identified with current testing possibili-
ties. Non-severely ill patients needing hospital admission, 
especially if hypoxic, often show lung involvement that can 
be quickly detected by LUS. In our study, LUS was able to 
detect most patients with false-negative RT-PCR, empower-
ing the diagnostic yield of ED evaluation. This could allow 
EPs to perform chest CT scan in selected patients with dif-
ficult or non diagnostic PoCUS only, with considerable 
sparing of time, money and viral contamination risk. In our 
study population, chest CT scan was performed according 
to EP judgement only in unclear clinical cases, generating a 
selection bias that prevents chest CT scan diagnostic yield 
evaluation. Anyway, a relevant percentage of nonconclusive 
(13/87, 15%) and false-negative (8/24, 33%) were found also 
in CT scan.

In most Italian hospitals, patients referring to ED must 
have a negative SARS-CoV-2 naso-pharyngeal swab before 
being accepted in any hospital ward [29]. During respiratory 
virus spreading seasons patients waiting for SARS-CoV-2 
RT-PCR swab result can cause ED overcrowding, making it 
difficult to maintain patients distancing and avoiding noso-
comial SARS-CoV-2 (as other airborne infectious diseases) 
spreading. According to our results, during a SARS-CoV-2 
outbreak, patients with suggestive LUS findings cannot be 
ruled out for COVID-19 even in the occurrence of a negative 
RT-PCR in ED. These patients could be admitted in COVID-
19-like ward until RT-PCR and wait for further testing results, 
reducing ED process time and preventing overcrowding. This 
is particularly true for patients who need intensive care: critical 
and mechanically ventilated patients waiting for SARS-CoV-2 
swab usually need to continue medical and nurse care and 
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could be challenging for a low-resource setting. In our study 
population, severely ill patients COVID-19 suggestive PoCUS 
during a SARS-CoV-2 outbreak is suspicious for COVID-19 
(PPV 68%, 95%CI 56–80%).

Limits

Despite the prospective enrollment, not every COVID-
19-suspected patient could be evaluated with LUS in ED, 
causing a possible selection bias.

COVID-19 diagnosis is actually accepted only after dem-
onstration of SARS-CoV-2 infection at RT-PCR, even in 
presence of strongly suggestive clinical and imaging pat-
terns [23]. Due to the suboptimal sensitivity of RT-PCR, 
some patients with SARS-CoV-2 infection could result nega-
tively even on multiple swab testing, overestimating other 
diagnostic test sensitivity and NPV of other diagnostic tests, 
as PoCUS. A Hawthorne-like effect could affect mild cases 
analysis due to possible less further testing. In our study LUS 
were performed by physicians with LUS expertyze. Even 
if LUS has a quick learning curve [14], beginners’ exams 
could show a lower diagnostic accuracy. We described the 
accuracy of ED diagnostic test combinations comprehending 
RT-PCR itself to reproduce real ED diagnostic pathways. 
The presence of RT-PCR in the diagnostic pathway and the 
absence of a reliable diagnostic test as gold standard could 
probably overestimate the real diagnostic accuracy (incorpo-
ration bias). We found a significant difference in cardiovas-
cular diseases among COVID and non-COVID subgroups 
(16% in COVID vs 6.4% in non-COVID, p = 0.01). As at the 
best of our knowledge actually there is no data in literature 
suggesting a different exposure or different SARS-CoV-2 
infection resistance in these subgroups or according to ongo-
ing treatments, we assume that this could be related to an 
unintentional selection bias. Due to the possibility of lung 
ultrasound alteration in patients with previous cardiovascular 
diseases, this statistical abnormality could have affected our 
sensitivity analysis in this subset of patients.

Conclusion

PoCUS is a valuable tool for diagnostic stratification during 
COVID-19 outbreaks. LUS can help physicians in identify-
ing false-negative RT-PCR, improving its diagnostic sensi-
tivity in ED.
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