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ARTICLE INFO ABSTRACT

Keywords: Purpose: To identify the defining lung ultrasound (LUS) findings of COVID-19, and establish its association to the
SARS-CoV-2 initial severity of the disease and prognostic outcomes.

COVID-19 Method: Systematic review was conducted according to the PRISMA guidelines. We queried PubMed, Embase,
t?gzsoun d Web of Science, Cochrane Database and Scopus using the terms ((coronavirus) OR (covid-19) OR (sars AND cov

AND 2) OR (2019-nCoV)) AND ((“lung ultrasound”) OR (LUS)), from 31st of December 2019 to 31st of January
2021. PCR-confirmed cases of SARS-CoV-2 infection, obtained from original studies with at least 10 participants
18 years old or older, were included. Risk of bias and applicability was evaluated with QUADAS-2.

Results: We found 1333 articles, from which 66 articles were included, with a pooled population of 4687 patients.
The most examined findings were at least 3 B-lines, confluent B-lines, subpleural consolidation, pleural effusion
and bilateral or unilateral distribution. B-lines, its confluent presentation and pleural abnormalities are the most
frequent findings. LUS score was higher in intensive care unit (ICU) patients and emergency department (ED),
and it was associated with a higher risk of developing unfavorable outcomes (death, ICU admission or need for
mechanical ventilation). LUS findings and/or the LUS score had a good negative predictive value in the diagnosis
of COVID-19 compared to RT-PCR.

Conclusions: The most frequent ultrasound findings of COVID-19 are B-lines and pleural abnormalities. High LUS
score is associated with developing unfavorable outcomes. The inclusion of pleural effusion in the LUS score and
the standardisation of the imaging protocol in COVID-19 LUS remains to be defined.

Systematic review

1. Introduction

A new variant of coronavirus, SARS-CoV-2, has become responsible
for the worst global pandemic since the influenza A HIN1 pandemic in
1918 [1]. The first case of human infection was described on December
2019 in the Chinese city of Wuhan [2]. On account of that, SARS-CoV-2
has caused >100 million new cases and 2 million deaths globally from
coronavirus 19 disease (COVID-19) until January 31st [3]. Its effect on
society as well as the measures taken by governments to try to contain its
spread, have pushed the economy into its worst recession since World
War II, with an estimated contraction of 5.2% of the World Gross Do-
mestic Product by 2020 [4].

The impact of these statistics has forced researchers around the
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world into an accelerated search for the natural history of the disease to
develop possible tools for the management of the disease. The diagnosis
of COVID-19 and the establishment of prognostic markers have become
to major focus, in order to determine which patients require admission
and to adapt therapeutic measures accordingly. Real-time reverse
transcriptase polymerase chain reaction (RT-PCR) and antibody
serology have become the reference methods in the diagnosis of infec-
tion, but do not provide information on disease severity and prognosis
[5].

In this context, thoracic imaging has proven to be a useful diagnostic
tool. Although thoracic computed tomography (CT) has been the most
studied technique, there is evidence that lung ultrasound (LUS) may be
an effective alternative for diagnosing the disease [6]. This imaging
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modality is quick, cost-effective, and does not require ionising radiation.
In addition, it can be repeated as many times as necessary to monitor
disease progression, and be performed at the patient’s bedside (point-of-
care ultrasound, POCUS) [7]. However, this evidence remains weak,
with no up-to-date systematic review to support its use.

At present, there is an increasing literature on the LUS use in COVID,
both in the diagnosis and prognosis of the disease. However, the avail-
able information is dispersed, without a detailed compilation of COVID-
associated findings and their association with initial disease severity and
prognostic outcomes. The purpose of this article is to identify the
defining LUS findings of COVID-19, and to establish its association to the
initial severity of the disease and prognostic outcomes.

2. Material and methods
2.1. Search strategy

This study was designed according to the 2015 PRISMA (Preferred
Reporting Items for Systematic review and Meta-Analysis) guidelines
[8] and has been registered in the PROSPERO database under the
number CRD42021237210.

The information used in this article was extracted from the electronic
databases of PubMed, Embase, Web of Science, Cochrane Database of
Systematic Reviews and Scopus. A combination of MeSH and associated
terms (COVID-19, ultrasonography) with other methodological terms
(lung, LUS) were used in the search, resulting in the terms ((coronavirus)
OR (covid-19) OR (sars AND cov AND 2) OR (2019-nCoV)) AND ((“lung
ultrasound”) OR (LUS)). This has been enriched by the possibility to
analyse the bibliography of relevant studies to add additional
publications.

2.2. Articles selection

The studies included span the time frame from 31st of December
2019 to 31st of January 2021. We established as inclusion criteria
confirmed cases of SARS-CoV-2 infection in humans by SARS-CoV-2 RT-
PCR and/or serology or antigen test. Participants were adults aged 18
years or older, with no other limitations on the included population. As
exclusion criteria, we established the following: only original studies
conducted in a significant patient sample of at least 10 participants with
the characteristics described above were included; studies without a
significant sample (e.g. case report), non-original studies (e.g. reviews)
and secondary research (narrative review, systematic review and meta-
analysis) were excluded. No other limitations by article type, language
or publication status (preprint, peer-reviewed or already published) was
settled.

2.3. Extraction of data

For data processing, the reference and document management tool
Mendeley® and the calculation spreadsheet programme Microsoft
Excel® were used. Two independent operators (J.G. and E.G.), were
involved in the search, selection and inclusion, with no communication
of results between them during the process. In a first search, we screened
by title and abstract of the article, and in a second phase according to the
full text. Discrepancies between the two researchers were resolved by a
third researcher (A.B.).

Data were collected in a data template common to both investigators.
The variables collected from the selected studies were title, authors,
date, type of study, total number of participants and number of PCR-
confirmed COVID-19 cases, characteristics of the included patients
(age, sex, BMI, clinical severity, associated comorbidity or any other
selection criteria), setting (hospital, primary care, emergency depart-
ment), time of LUS acquisition, presence or absence of blinding evalu-
ation of LUS images, transducer used, number of fields scanned,
ultrasound findings (pulmonary B lines, pleural thickening, pleural
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irregularity, subpleural consolidation, pulmonary consolidation, pleural
effusion, lung ultrasound score (LUS score)) and LUS performance in
diagnosing COVID-19 cases and predicting clinical outcomes.

The LUS score is a severity score used in COVID-19 pneumonia,
assigning a range of 0-3 to each of the lung fields analysed. Soldati et al.
[9] made a standardisation proposal establishing the findings associated
with each point, being 0 normal, 1 presence of 3 or more B-lines or
pleural irregularity, 2 confluence of B-lines or subpleural consolidation
and 3 pulmonary consolidation. Only articles that met this definition
were pooled in the study, in order to make their results comparable. For
the purpose of comparison, in the cases where studies did not scan the 12
lung fields (dividing each hemithorax into 3 by the midclavicular
anterior and posterior line and subdividing each of these fields into
upper and lower fields) as proposed by Soldati et al. [9], but instead
chose to analyse a smaller or greater number of lung fields, an adapted
LUS score was calculated. Specifically, the LUS score of each individual
study was multiplied by 12/number of lung areas scanned, so as to
obtain the equivalent LUSS if 12 anatomical zones had been scanned.

Clinical outcomes were often varied among different studies, so we
collected the following: in-hospital death (or death after a certain
follow-up time), need for mechanical intubation, intensive care unit
(ICU) admission, development of acute respiratory distress syndrome
(ARDS). During the selection phase, in case of overlapping population
samples, the most recent study was chosen.

We assessed the quality of the studies included with the Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool [10].
Definitions and judgment criteria for each domain were established
according the guidelines of the Cochrane Collaboration’s “Cochrane
Handbook of Systematic Reviews of Interventions” [11]. Two indepen-
dent reviewers (P.L. and J.P.) evaluated the risk of bias in the included
studies by means of a tailored QUADAS-2 tool. Disagreements were
discussed and resolved with a senior reviewer (E.G.). Specifically, high
risk in each of the 4 domains assessed in QUADAS-2 was defined as
follows. In domain 1 (patient selection), high risk of bias was assigned if
study design was case—control or if enrolment was non-consecutive; and
high risk regarding applicability if the setting of the study or the severity
of COVID-19 disease was not clear in all patients of the study. Domain 2
(index test) was established as high risk of bias if LUS images were
interpreted without blinding to SARS-CoV-2 PCR, other imaging tech-
niques or clinical data, depending on the study approach, or if a
threshold was used that was not pre-specified; and high risk regarding
applicability if the LUS acquisition and analysis method was not clear or
was not the same for all patients. Domain 3 (reference standard) high
risk of bias was determinated if the reference standard was unlikely to
correctly classify COVID-19 patients; and high risk regarding applica-
bility if no alterations were made to the definition of a positive SARS-
CoV-2 PCR (in terms of cycle threshold or otherwise). Lastly, domain
4 (flow and timing) was settled as high risk of bias if LUS acquisition was
not performed within 5 days of the reference standard.

3. Results

According to the established search criteria, we found 1333 articles
in the 6 databases described above, to which 2 more articles were added
from the bibliography of these studies. 835 duplicate articles were
removed. Of the remaining 497 articles, 381 were excluded based on
title and abstract information. Finally, of the 115 full-text articles
assessed for eligibility, 66 articles were included in our qualitative
synthesis and 49 were excluded (Fig. 1).

Quality of included studies, as evaluated by QUADAS-2, is shown in
Fig. 2 and Appendix 1. Risk of bias was high in 2 articles ([12,13]) for
patient selection, in 2 articles for index test ([14,15]) and in 7 articles for
flow and timing ([16-22]). There were high applicability concerns only
in one study, specifically in the index test domain ([23]). All studies
were considered as low-risk in the reference standard domain, since all
of them used SARS-CoV-2 RT-PCR as gold standard. None of the articles
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Fig. 1. Article selection flow diagram according to PRISMA guidelines [8].
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Fig. 2. Quality of included studies as established in the QUADAS-2 tool [10].

included were classified as high risk in two or more categories of the 4
domains.

These 66 studies are distributed as follows: 41 were conducted in
Europe, 18 in Asia, 5 in North America and 2 in South America. Among
them, 25 (37.9%) were prospective cohorts, 24 (36.4%) retrospective
cohorts, 2 (3.0%) retrospective case-control studies and 2 (3.0%) cross-
sectional studies; while 13 (19.7%) of them did not make it explicit
(although it seems clear that these were also observational studies).
According to the area of acquisition, 22 (33.3%) were conducted in the
emergency department (ED), 13 (19.7%) in hospitalisation (ICU and
ward), 12 (18.2%) in hospitalisation ward, 11 (16.7%) in ICU, 3 (4.5%)

in pregnancy hospitalisation ward, 2 (3.0%) in nursing homes, 1 (1.5%)
in rehabilitation unit, 1 in ED and ICU and 1 in screening tents. Most
images were taken within 24 h of admission (40 articles, 60.6%). The
most commonly used protocol consisted in scanning 12 lung areas (35,
53.0%), scanning <12 areas in 16 studies (24.2%) and >12 in 8 studies
(12.1%), unspecified in the remaining 7 studies (10.6%). The convex
probe was the main probe most commonly used (41 articles, 62.1%),
followed by the linear probe (7, 10.6%) and the phased array probe (4,
6.1%); in 14 articles it was not detailed (21.2%). Only 34 (51.5%) ar-
ticles established a protocol for blinded ultrasound evaluators. The data
of the included studies are detailed in Table 1 and Appendix 2.
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Characteristics of included articles.
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Author and Country and COVID-19 cases Time of LUS Blinding Age Male BMI Scanned regions,
publication date study design and clinical acquisition (mean or cases (mean or main probe and
setting median, (%) median, kg/  frequency (Hz)
years) m?)
Lu [24], China, 30, Within 24 h Yes, NA 52 53 22.5 12,
15/04/2020 Retrospective Wards Convex, 5-2
cohort
Yasukawa [25], United States, 10, Within 24 h No 53 70 NA NA,
24/04/2020 Retrospective Wards Phased array
cohort
Xing [16], China, 20, After a median No NA 60 NA 10,
28/04/2020 NA Hospital time of >5 days NA
Tan [12], China, 12, Within 24 h No 61 33 NA 10,
05/06/2020 Retrospective ED Convex, 3.5-5
case—control
Bar [13], France, 31, Within 24 h Yes, PCR 67 35 30.0 6,
10/06/2020 Retrospective ED Convex
case—control
Pare [26], United States, 27, Within 24 h Yes, PCR 53 59 31.7 NA,
19/06/2020 Retrospective ED Convex
cohort
Nouvenne [27], Italy, 26, Within 24 h Yes, CT 64 54 NA 8,
22/06/2020 NA Wards Convex, 3.5-5
Yassa [28], Turkey, 43, Following a Yes, PCR and clinical NA 0 NA 14,
30/06/2020 Prospective cohort ~ Pregnancy ward routine fetal data Convex, 1-8
assessment
Mpgller-Sgrensen Denmark, 10, Within 24 h Yes, NA 53 60 NA 6,
[29], NA ICU Linear, 12
02/07/2020
Ye [17], China, 23, NA Yes, Clinical data 60 52 NA 12,
09/07/2020 Retrospective Wards Convex, 1-5.5
cohort
Deng [30], China, 128, Within 24 h Yes, Clinical data 65 59 NA 8,
14/07/2020 Retrospective Hospital Convex, 3.5-5
cohort
Bonadia [31], Italy, 41, Within 24 h No 60 78 NA 14,
15/07/2020 Prospective cohort ED Convex, 6
Dargent [32], France, 10, Within 24 h No 56 80 32.0 12,
21/07/2020 NA ICU NA
Zhang [18], China, 28, After a median No 60 50 NA NA,
22/07/2020 Retrospective Hospital time of >5 days Convex, 1-5
cohort
Yassa [33], Turkey, 23, Within 24 h No NA 0 NA 14,
28/07/2020 Prospective cohort ~ Pregnancy ward Convex, 1-8
Veronese [34], Italy, 48, Within 5 days No 84 19 NA 12,
29/07/2020 NA Nursing home NA
Zieleskiewicz France, 100, Within 24 h No 61 65 NA 12,
[35], Retrospective ED and ICU NA
29/07/2020 cohort
Favot [36], United States, 40, Within 24 h Yes, NA 69 60 31.0 8,
31/07/2020 Retrospective ED Convex
cohort
Gaspardone Italy, 70, At discharge No 68 69 25.6 12,
[19], Prospective cohort  Rehabilitation unit Convex
08/08/2020
Ottaviani [37], France, 21, NA Yes, CT and clinical 65 76 NA 12,
12/08/2020 Prospective cohort ~ Wards data Convex, 5-18
Alharthy [38], Saudi Arabia, 89, Within 24 h No 43 84 26.5 12,
14/08/2020 Prospective cohort  ICU Phased array, 2-4
Thomaz [39], Brazil, 409, NA No 41 33 NA 12,
21/08/2020 Cross-sectional Screening tents Linear, 7.5-10
Lichter [40], Israel, 120, Within 24 h Yes, NA 65 62 NA 12,
28/08/2020 Retrospective Hospital Phased array
cohort
Todice [41], Italy, 29, Within 24 h Ne. Yes, CT 60 90 NA NA,
01/09/2020 Prospective cohort ~ Hospital Convex, 3.5-5
Dini [42], Italy, 94, NA No NA NA NA 12,
02/09/2020 NA Nursing home Convex, 3.5
Gil [43], Spain, 27, Within 24 h No 48 33 NA 13,
04/09/2020 Cross-sectional ED Convex, 2-5
Battista [44], Italy, 44, Within 24 h Yes, PCR 66 66 NA 12,
07/09/2020 Prospective cohort ED Convex, 2.5-5
Narinx [45], Belgium, 15, Within 24 h Yes, PCR 50 60 NA 6,
10/09/2020 NA ED Convex, 5

(continued on next page)
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Table 1 (continued)
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Author and Country and COVID-19 cases Time of LUS Blinding Age Male BMI Scanned regions,
publication date study design and clinical acquisition (mean or cases (mean or main probe and
setting median, (%) median, kg/  frequency (Hz)
years) m?)
Kalafat [46], Turkey, 82, NA Yes, PCR 28 0 27.6 6,
11/09/2020 Retrospective Pregnancy ward NA
cohort
Li [47], China, 91, NA No 59 68 NA 12,
15/09/2020 Retrospective Hospital Linear, 4-12
cohort
Castelao [48], Spain, 63, Within 5 days Yes, Chest radiography 61 68 NA 12,
16/09/2020 Prospective cohort ~ Wards and clinical data, but Convex, 2-5
not PCR status
Cocconcelli [20], Italy, 102, After a median No 68 74 25.0 12,
16/09/2020 Retrospective Hospital time of >5 days Convex, 1-8
cohort
Brahier [49], Switzerland, 80, Within 24 h Yes, Clinical data 62 58 NA 10,
17/09/2020 Prospective cohort ~ ED NA
Ramos- Spain, 44, Within 5 days No 69 68 NA 8,
Hernandez Prospective cohort ~ Wards Convex
[501,
21/09/2020
Zhu [51], China, 27, Within 5 days No 63 59 NA 10,
21/09/2020 Prospective cohort ~ Hospital Convex, 1.5-5
Rojatti [52], Italy, 41, Within 24 h No 62 78 26.7 8,
25/09/2020 Retrospective ICU Convex
cohort
Marggrander Germany, 17, NA No 51 65 NA NA,
[23], Retrospective Hospital Convex, 3-5
01/10/2020 cohort
Bosso [14], Italy, 26, NA Yes, PCR 66 69 NA 12,
03/10/2020 NA ED Linear
Colombi [53], Italy, 341, Within 24 h No NA NA NA 12,
08/10/2020 Retrospective ED Convex, 1-8
cohort
Haaksma [54], Netherlands, 61, NA Yes, Clinical data 66 90 28.5 12,
08/10/2020 NA ICU Linear, 5-10
Pivetta [55], Italy, 107, Within 24 h Yes, PCR 63 55 NA 12,
12/10/2020 Prospective cohort ~ ED Convex, 3-5
Lieveld [56], Netherlands, 86, Within 24 h Yes, PCR and CT 63 58 NA 12,
15/10/2020 Prospective cohort ~ ED NA
Zhu [21], China, 48, After a median Yes, CT and clinical 63 54 NA 12,
16/10/2020 Retrospective Hospital time of >5 days data Convex, 3.5-5
cohort
Bosevski [57], Macedonia, 17, NA No 57 NA NA NA
22/10/2020 NA ICU
Sorlini [58], Italy, 287, Within 24 h No NA NA NA 12,
22/10/2020 Retrospective ED NA
cohort
Jalil [59], United States, 36, Within 24 h Yes, PCR, clinical data 63 53 30.5 8,
26/10/2020 Retrospective Hospital and chest radiography NA
cohort
Gibbons [60], United States, 83, Within 24 h No 56 43 NA 8,
29/10/2020 Prospective cohort ~ ED NA
Li [61], China, 42, Within 24 h No 68 43 NA NA,
03/11/2020 NA ICU Convex, 5
Zotzmann [62], Germany, 20, NA Yes, CT 62 70 28.3 8,
03/11/2020 Retrospective ICU Convex, 5-1
cohort
Perrone [63], Italy, 52, Within 24 h Yes, Clinical data 64 54 25.3 14,
06/11/2020 NA Wards Convex, 3.5-5
Alharthy [64], Saudi Arabia, 171, Within 24 h No 47 79 26.4 12,
13/11/2020 Prospective cohort ~ ICU Phased array, 2-4
Haak [65], Netherlands, 24, Within 24 h Yes, PCR and clinical NA NA NA 12,
18/11/2020 Prospective cohort ~ ED data Convex, 2-6
Allegorico [66], Italy, 42, Within 24 h No 69 69 NA 12,
01/12/2020 Retrospective ED NA
cohort
Recinella [67], Italy, 37, Within 24 h No 82 51 23.7 12,
03/12/2020 NA Wards Linear, 5-8
Schmid [68], Germany, 39, Within 24 h Yes, PCR, clinical data 61 56 26.3 12,
07/12/2020 Retrospective ED and CT NA
cohort
Zanforlin [69], Italy, 46, Within 24 h No 60 57 NA 20,
07/12/2020 Retrospective ED Convex, 5-2
cohort

(continued on next page)
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Table 1 (continued)
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Author and Country and COVID-19 cases Time of LUS Blinding Age Male BMI Scanned regions,
publication date study design and clinical acquisition (mean or cases (mean or main probe and
setting median, (%) median, kg/  frequency (Hz)
years) m?)

Wangiiemert Spain, 45, Within 24 h No 82 44 NA 12,
Pérez [70], Retrospective Wards Convex, 3-5
17/12/2020 cohort

Ji [22], China, 280, After a median Yes, Clinical data 55 50 23.1 12,
22/12/2020 Prospective cohort ~ Hospital time of >5 days Convex, 1-6

Speidel[15], Switzerland, 11, Within 24 h Yes, PCR and clinical 76 73 NA 12
25/12/2020 Prospective cohort ~ Wards data Convex, 4

Ibrahim [71], Kuwait, 77, Within 24 h Yes, PCR 53 83 NA 12,
04/01/2021 Prospective cohort ~ ICU Convex, 3.5

Bock [72], Denmark, 12, Within 24 h Yes, PCR and chest 68 58 NA 14,
07/01/2021 Prospective cohort ~ ED radiography but not to Convex, 1-5

clinical data

Garcia de Brazil, 180, Within 24 h Yes, CT and clinical 60 58 NA 12,
Alencar (73], Prospective cohort ~ ED data Convex, 2-5
11/01/2021

Boero [74], Italy, 274, Within 5 days No NA NA NA 12,
24/01/2021 Retrospective ED Convex, 2-9

cohort

Avdeev [75], Russia, 22, NA Yes, Clinical data 49 73 28.7 14,
25/01/2021 Prospective cohort ~ Wards NA

Heldeweg [76], Netherlands, 34, NA Yes, CT 63 88 28.2 12,
25/01/2021 Prospective cohort ICU Linear, 10-5

Seiler [77], Sweden, 72, Within 5 days No 65 60 28.0 12,
26/01/2021 Prospective cohort ~ Hospital Convex, 2-6

*BMI: Body Mass Index; ED: Emergency Department; ICU: Intensive Care Unit; NA: Not Available.

The pooled population studied included a total of 4687 patients with
confirmed COVID-19. Among them, 43.7% were male (data not avail-
able in 22.1%), the mean age was 58 years and the mean body mass
index (BMI) was 26.2 kg/mz. 64.6% were hospitalised (30.4% in ward or
intermediate care unit, 17.4% in ICU and 3.2% in pregnancy ward) and
15.5% were followed up outside the hospital (11.0% at home, 3.0% in
nursing home and 1.5% in rehabilitation units). In 19.9% of patients it
was not specified (ED patients that were either admitted to hospital or
followed at home) (Appendix 3).

The ultrasound findings in the included articles are summarised in
Table 2 and detailed in Appendix 4. The findings examined in the largest
number of patients were at least 3 B-lines (1828, 39.27%) and confluent
B-lines (1753, 37.40%), subpleural consolidation (1400, 29.87%),
pleural effusion (2055, 43.84%) and bilateral or unilateral distribution
(1615, 34.46%); while the least investigated were separated B-lines
(386, 8.24%), white lung (118, 2.52%), fragmented pleural line (341,
7.28%), air bronchogram (228, 4.86%), and pneumothorax (492,
10.50%). According to these studies, among the findings studied in more
patients, the most frequent findings in patients with COVID-19 were the
presence of B lines (91%), in particular in ICU patients (99%) as well as
their confluent presentation (80%), whereas at least 3 B-lines was more
common in the ED (83%); followed by pleural abnormalities (84%).
However, pleural abnormalities were even more common in ward pa-
tients (100%), but with a significant presence in ICU particularly
irregular pleural lines (88% and 81% respectively). Consolidations,
indicative of more severe disease, were less frequent in all studies (43%)
and in ED (38%), and more common in ward and ICU (77%); as were
subpleural (30% and 42% vs. 60% and 43% respectively) but not pul-
monary consolidations (33% and 0% vs. 36% and 0%). Pleural effusion
was an infrequent finding (14%), although slightly more frequent in
ward (20%) and ICU (26%) patients, and the distribution of abnormal
LUS findings was eminently bilateral (59% overall) in ED, ward and ICU
(83%, 92% and 79% respectively).

The adapted LUS score (assuming 12 anatomical zones were scan-
ned, as described above) was higher in ICU patients (22.52) and in the
ED (15.10) than in the ward (13.98). Even so, these three hospital ser-
vices had higher scores than the total number of patients including non-
hospital patients (11.27). The included studies also describe the utility

of the LUS findings and/or the LUS score in the diagnosis of COVID-19,
using RT-PCR as the gold standard. This indicator has a remarkable
sensitivity (from 89.48% in all patients to 97.4% in ICU patients) with a
moderate specificity (from 62.55% in the ED to 76.32% in the ward,
except in ICU with 90.63%). The resulting positive predictive value is
also moderate (from 52.63% in ward to 75.66% in overall patients,
excluding ICU with 96.15%), while the negative predictive value is
considerable (from 84.9% in ED to 93.55% in ICU) (Table 3 and Ap-
pendix 5).

A total 16 of the 66 included articles studied the role of LUS score in
the prediction of relevant clinical outcomes. Recinella et al. [67] found a
hazard ratio (HR) of death for total LUSS12 (LUS score for 12 quadrants)
in univariate analysis of 1.168 (95% CI 1.049-1.301). Lichter et al. [40]
also calculated the unadjusted HR of death for total LUSS12, which was
equal to 1.08 (95% CI 1.02-1.16). Moreover, Garcia de Alencar et al.
[74] found an odds ratio (OR) of death for total LUSS12 of 1.13 (95% CI
1.07-1.21), and adjustment by age did not change results and Wan-
giiemert Pérez et al. [71] found an OR of death for total LUSS12 of 1.57
(95% CI 1.10 -2.23) adjusted by sex and age-adjusted Charlson index.
All four of these results are similar and statistically significant. Another
way of presenting these results is by showing the mean LUS score in
patients who died and those who survived. Rojatti et al. [52] shows that
LUSS8 was 13.9 + 2.8 in non-survivors and 10.5 + 3.6 in survivors (p-
value = 0.029), Bosso et al. [14] shows that LUSS12 was 20.9 + 6.5 in
non-survivors and 15.6 + 4.5 in survivors (p-value < 0.01), and finally
Garcia de Alencar et al. [74] shows that LUSS12 was 21.6 + 4.9 in non-
survivors and 16.7 + 4.9 in survivors (p-value < 0.001). Rojatti et al.
results are surprisingly similar to those of Bosso, if we multiply the
LUSS8 presented in Rojatti et al. by 12/8 to obtain what the equivalent
LUSS12 might have been, we obtain a mean LUSS12 for non-survivors of
20.85 and 15.75 for survivors. Likewise, Bonadia et al. [31] a nLUSS
(normalized LUSS) median of 1.43 (IQR: 1.31-1.69) in patients who
died and of 1 (IQR: 0.27-1.4) in patients who were discharged. If we
multiply this result by 12, to obtain its equivalent LUSS12, we obtain
17.16 in dead patients and 12.00 in patients who were discharged.

Another common reported clinical outcome was the need for inva-
sive mechanical ventilation (IMV) or need for non-invasive respiratory
support (NIRS). Lichter et al. [40] reported a HR of mechanical
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Table 2
Lung ultrasound findings in COVID-19.
All studied Emergency Wards Intensive
patients” department N/n (%) care unit
N/n (%) N/n (%) N/n (%)
B-lines
Any 867/952 (91) 172/178 29/31 118/119 (99)
©97) 94)
At least 3 1158/1828 349/421 104/137 58/79 (73)
(63) (83) (76)
Separated 236/386 (61) 22/40 (55) 5/30 174/260 (67)
a7
Confluent 713/1753 88/132 (67) 32/56 223/280 (80)
(41) (57)
White lung 35/118 (30) 10/12 (83) 20/77 NA
(26)

Pleural abnormalities
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without NIRS (p-value < 0.001). Garcia de Alencar et al. [74] found the
mean LUSS12 in IMV patients to be 21.3 + 4.9 and in not-IMV patients to
be 15.2 + 7.1 (p-value < 0.001) and in Seiler et al. [78], the LUSS12 was
equal to 20.0 in IMV patients and 12.0 in non-IMV patients (p-value <
0.0001). Seiler et al. also found that a LUSS cut-off point of 19.5 had an
area under the curve (AUC) of 0.80 (95% CI 0.70-0.90), sensitivity 57%
(95% CI 34-77), specificity 82% (95% CI 68-91) for prediction of need
of IMV.

Finally, there are some articles, like Perrone et al. [63], which group
unfavourable outcomes into the same category, in this case: high-flow
oxygen support, ICU admission, death. For these 3 grouped events,
they find an adjusted HR of 1.17 (95% CI 1.05-1.29) for total LUSS14;
adjusted for comorbidities (>2), age (>65 years), sex (male), and body
mass index (>25 kg/mz). Boero et al. [75] considers need for IMV, ICU
admission, and death as unfavourable outcomes and finds a relative risk
(RR) of unfavourable outcome for LUSS12 > 15 of 2.05 (95% CI

Any 394/468 (84) 21/27 (78) 37/37 184/208 (88)
(100) 1.52-2.77).
Pleural thickening ~ 327/574 (57)  136/175 39/121 29/39 (74) According to index test risk of bias, among the studies assessing the
(78) (32) diagnostic accuracy of LUS (21 in total), 13 had “low” risk of bias and 8
Irregular pleural 293/623 (47)  36/95 (38) 10/10 83/102 (81) had “unclear” or “high” risk in one of the QUADAS-2 domains. To assess
lines (100) . . . .
Fragmented 79/341 (23) 15/24 (63) 33/37 NA whether the risk of bias could alter the results of this review, for each
pleural line (89) domain of QUADAS-2 we compared the diagnostic accuracy of LUS in
- studies that had “low” risk of bias and studies that had “high” or “un-
Consolidations
Any 304/707 (43)  161/423 65/84 40/52 (77) clear” risk of bias. As can be seen in Table 4, sensitivity and specificity
(38) 77) results were similar (p value < 0.05 only found in one comparaison,
Subpleural 424/1400 33/79 (42) 70/117 42/109 (39) where studies with “low” risk of bias in time and flow domain showed
(30) (60) higher sensitivity for COVID-19 diagnosis).
Pulmonary 221/66933) - 0/12(0) (3;6/)1 03 017 With regard to the comparison between CT scores and LUSS, 5 of the
included articles describe the Pearson’s r correlation between them.
212:1:11 effusion 288/2055 56/481 (12)  57/285 92/349 (26) These articles were Nouvenne [27] (r = 0.650), Deng [30] (0.891),
a4 ©0) Ottaviani [37] (0.935), Zhu [21] (0.820) and Heldeweg [77] (0.795). All
Air bronchogram 27,228 (12) 17/44 (39) 4/56 (7) NA these values correspond to moderate to high correlations and they also
Pneumothorax 30/492 (6) 0/12 (0) 1/30(3)  7/131(5) proved to be statistically significant, with all p values < 0.01. As for
Distribution studies that simultaneously evaluate LUS and CT diagnostic accuracy, in
Bilateral 956/1615 376/451 143/156 70/89 (79)
(59) (83) (92)
Unilateral 291/1615 37/451 (8) 10/156 19/89 (21) Table 4
18) ©) LUS diagnostic performance according to the QUADAS-2 risk of bias.
" Including pregnancy wards, nursing homes, rehabilitation units and patients Lowrisk  High or unclearrisk  p value
followed at home. n (%) n (%)
Patient selection Sensitivity 20 (89.3) 1 (96.8) 0.180
intubation for total LUSS12 in univariate analysis of 1.2 (95% CI Specificity  20(70.1) 1 (62.3) 0144
1.1-1.3), and Garcia de Alencar et al. [74] found an OR of 1.17 (95% CI Index test Sensitivity 13 (87.3)  8(90.9) 0.064
1.09-1.26). Ji et al. [22] found a HR of ARDS development for total Specificity 13 (71.0) 8 (69.3) 0.051
LUSS12 of 1.049 (95% CI 1.023-1.076); adjusted for age, lymphocytes Time and Flow Sensitivity 19 (90.5)  2(77.5) 0.001*
count and comorbidity. Meanwhile, Castelao et al. [48] found the mean Specificity 19 (70.2)  2(69.0) 0.803
LUSS12 in patients with NIRS 23.5 + 5.3 and of 13.0 + 7.2 in patients * p < 0.05.
Table 3
LUS findings and diagnostic performance.
All studied patients* Emergency Wards Intensive care unit
(n = 2543) department (n = 342) (n=179)
(n = 580)
LUS score (mean) 11.27 15.10 13.98 22.52
All studied patients* Emergency Wards Intensive care unit
(n = 2894) Department (n = 49) (n =109)
(n = 2169)
Sensitivity 89.48 90.83 90.91 97.40
% (95% CI) (87.80-91.00) (89.05-92.41) (58.72-99.77) (90.93-99.68)
Specificity 70.16 62.55 76.32 90.62
% (95% CI) (67.71-72.53) (59.44-65.59) (59.76-88.56) (74.98-98.02)
Positive Predictive Value % (95% CI) 75.66 74.64 52.63 96.15
(74.13-77.13) (73.04-76.17) (37.87-66.95) (89.48-98.66)
Negative Predictive Value % (95% CI) 86.55 84.90 96.67 93.55

(84.67-88.23)

(82.37-87.13) (81.61-99.48) (78.61-98.28)

" Including pregnancy wards, nursing homes, rehabilitation units and patients followed at home.
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most of them LUS has higher sensitivity but lower specificity. Sensitivity
and specificity between both of them were described in Battista [44] (CT
93.0% and 90.0% vs. LUS 68.0% and 79.0%), Narinx [45] (CT 80.0%
and 86.7% vs. LUS 93.3% and 21.3%) and Lieveld [56] (CT 90.0-95.0%
and 43.0-69.0% vs. LUS 93.0-94.0% and 7.0-31.0%) respectively.

4. Discussion

Lung ultrasound is a developing technique, not yet as widely
implemented as other thoracic imaging modalities (computed tomog-
raphy, X-ray or even echocardiography [78]) but increasingly used. In
particular, its use to study pulmonary involvement in COVID-19 has
increasingly risen. Recently, other systematic reviews have been pub-
lished in an attempt to synthesise the available information and estab-
lish stronger evidence in this field [79-82]. However, these studies have
only partially described lung ultrasound findings, focusing on the most
common findings without exploring the frequency of occurrence of
other phenomena. The association of each of these findings with the
clinical patient profile and the area of acquisition is yet to be described.

The data collected shows a predominance of B-lines, pleural alter-
ations and bilateral distribution in COVID-19, consistent with previous
studies that describe SARS-CoV-2 pneumonia as bilateral, peripheral
and patchy lung involvement with posterior and inferior predominance
[83,84]. Findings of confluent B-lines, irregularity and pleural thick-
ening are more frequent in ICU patients, which corresponds to higher
LUS scores. However, subpleural and pleural consolidations are more
frequent on ward. Although subpleural consolidation may reasonably be
more represented on the ward, as it is indicative of moderate-severe
infection, the higher proportion of pulmonary consolidation relative to
ICU is likely to be a bias in the selected articles, due to a variable
description of this finding. White lung is possibly over-represented in the
ED given the low sample of patients in which it was sought. Pleural
effusion is an infrequent finding but is more common in ward and ICU
patients, suggesting that its presence may be associated with more se-
vere disease (as the most severe patients are admitted to these two de-
partments and as described in other studies [85]) or with complications
of the disease and its management (such as superinfection, prolonged
ICU stay or need for mechanical ventilation). However, this finding is
not included in the LUS score.

LUS score has classically been the prognostic index used during the
COVID-19 pandemic, developed by Soldati [9] and in line with previous
work by Rouby [86] and Soummer [87]. However, the included studies
have also employed other protocols such as the original Bedside Lung
Ultrasound in Emergency (BLUE) protocol [88], the modified lung ul-
trasound (MLUS) scoring system [12] or adapted LUS scores at the
criteria of each author [29,33,63]. It is clear that the LUS score is higher
in the ICU, although the fact that it is higher in the ED than in the ward
may be due to the possibility that ED patients may be referred to one or
the other location, or be discharged. In all of the 16 articles that study
the role of LUS score in the prediction of relevant clinical outcomes, the
data shows that a higher value of baseline LUS scores is associated with a
higher risk of developing unfavorable outcomes, such as death, ICU
admission or need for mechanical ventilation. A good correlation be-
tween CT results and LUSS is also observed, as well as a higher sensi-
tivity but lower specificity.

It seems that LUS is most reliable to rule out severe lung involve-
ment, given its high sensitivity (89.5%) and negative predictive value
(86.6%). It must be considered that this negative predictive value was
calculated for an average prevalence of 50.9% of COVID-19 confirmed
cases in the pooled population of studies that assessed the validity of LUS
as a diagnostic tool in suspected cases, using PCR tests for SARS-CoV-2 as
the gold standard. This should not suppose a problem, however, given
that the lower expected prevalence of COVID-19 cases in the future will
only increase the negative predictive value of LUS. As LUS can reason-
ably rule out COVID-19 in hospitalised patients, it could enable early
detection of non-infected patients after an outbreak on the ward, for
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instance. Nonetheless, it is also true that LUS specificity (70.2%) and
positive predictive value (75.7%) might be too low for standardized
clinical practice. Furthermore, if COVID-19 prevalence falls below 25%
in suspected cases, the positive predictive value will be <50%. There-
fore, LUS could allow early management of a patient with indeterminate
radiographic findings or a high clinical suspicion of a false negative RT-
PCR, but this statement might only hold true in the pandemic context,
when the prevalence of COVID-19 was high.

It is worth mentioning the great variability in the way these data are
acquired and presented. Unfortunately, the lack of a standard in the type
of probe used, the number of lung fields to be analysed and the reference
severity index, have not made possible the quantitative synthesis of
these studies in a meta-analysis of prognostic variables as intended,
making it necessary to use narrative synthesis. Given the heterogeneity
in measurement of the LUS score, the selection of the prognostic factors
studied and the statistical method applied to calculate the final results,
we found no way to even group the prognostic results in a table.

Although it is important to note that, the 7 studies that assessed the
role of LUS score in predicting mortality all found a positive association,
which was significant when statistical inference tests where applied.
Similarly, the 4 studies that investigated the role of LUS score in pre-
dicting need for invasive ventilation or need for non-invasive respiratory
support, all found a significant association. These results support the
utility of LUS not only in early detection of pulmonary involvement in
the suspicion of COVID-19, but also in assessing the risk of complica-
tions. Therefore, it could potentially be a useful tool in bedside moni-
toring of disease severity in hospitalised patients.

Some of the potential limitations of this work are those inherent to
review studies, with the quality of a review being equal to the studies it
includes. In this case, only 25 of the included studies (37.9%) were
prospective, and the rest may incur biases such as selection bias. Also the
low sample of patients in which some of the findings are described (e.g.
separated B-lines, white lung, fragmented pleural line, air bronchogram
or pneumothorax) and the absence of an acquisition standard may lead
to information bias.

Among the strengths of the study, the fact that the results collected
include a wide variety of care areas and up to 4687 patients, showing a
more reliable picture of the different manifestations of COVID-19 (a
disease characterised by its high clinical variability) may be highlighted
[89]. These different areas have been analysed separately, allowing to
identify the ultrasound findings reported in each of them (not only the
most frequent ones) and the performance of the LUS score in these care
environments. The time of acquisition and the existence or not of
blinding in each of these studies has also been made explicit.

This study also raises some questions for future work and proposes
some recommendations based on the results obtained. Other studies
should homogenise the LUS study protocol in COVID: define the type of
probe to be used, establish the 12 lung fields as the study standard as
suggested [90], contrast the LUS score proposed by Soldati et al. with
other scoring systems and confirm its advantage over them. Also, it
should come towards an agreement on further studies about the best cut-
off points for LUS to categorise the severity of patients according to the
severity of initial lung involvement of the disease and expected prog-
nosis; and define the prognostic value of pleural effusion in COVID.
Furthermore, the utility of performing a radiological test after lung ul-
trasound in those patients in which lung ultrasound is less effective
(particularly to rule out false positives in phases of the pandemic with
low prevalence of COVID-19 infection), and other diagnosis are sus-
pected that require a more detailed anatomical studied should also be
studied. We propose the use of the variable death at 30 days and the
combined variable poor prognosis (non-invasive mechanical ventilation,
invasive mechanical ventilation, ICU admission and death at 30 days) as
main prognostic variables.
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5. Conclusions

The most frequent ultrasound findings of COVID-19 are the presence
of B-lines and pleural abnormalities. LUS score is associated with ICU
admission, need for mechanical ventilation and death. The inclusion of
pleural effusion in the LUS score and the standardisation of the imaging
protocol in COVID-19 LUS remains to be defined.
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Appendix 1. Quality of included studies as established in the four domains described in the QUADAS-2 tool

Author and publication date Risk of bias

Concerns regarding applicability

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Lu, Low Low Low Low Low Low Low
15/04/2020

Yasukawa, Low Unclear Low Low Low Low Low
24/04/2020

Xing, Unclear Unclear Low High Low Low Low
28/04/2020

Tan, High Unclear Low Low Unclear Low Low
05/06/2020

Bar, High Low Low Low Unclear Low Low
10/06/2020

Pare, Low Low Low Low Low Unclear Low
19/06/2020

Nouvenne, Low Low Low Low Low Low Low
22/06/2020

Yassa, Low Low Low Low Low Low Low
30/06/2020

Mgller-Sgrensen, Unclear Low Low Low Low Low Low
02/07/2020

Ye, Low Low Low High Low Low Low
09/07/2020

Deng, Low Low Low Low Low Low Low
14/07/2020

Bonadia, Low Unclear Low Low Low Low Low
15/07/2020

Dargent, Unclear Unclear Low Low Low Low Low
21/07/2020

Zhang, Low Unclear Low High Unclear Unclear Low
22/07/2020

Yassa, Low Unclear Low Low Low Low Low
28/07/2020

Veronese, Low Unclear Low Low Low Low Low
29/07/2020

Zieleskiewicz, Low Unclear Low Low Unclear Low Low
29/07/2020

Favot, Low Low Low Low Low Low Low
31/07/2020

Gaspardone, Low Unclear Low High Low Low Low
08/08/2020

Ottaviani, Low Low Low Unclear Low Low Low
12/08/2020

Alharthy, Low Unclear Low Low Low Low Low
14/08/2020

Thomaz, Low Unclear Low Unclear Low Low Low
21/08/2020

Lichter, Low Low Low Low Unclear Low Low
28/08/2020

Iodice, Low Low Low Low Unclear Unclear Low
01/09/2020

Dini, Low Unclear Low Unclear Low Low Low
02/09/2020

(continued on next page)



J. Gil-Rodriguez et al. European Journal of Radiology 148 (2022) 110156

(continued)
Author and publication date Risk of bias Concerns regarding applicability
Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Gil, Low Unclear Low Low Unclear Low Low
04/09/2020

Battista, Low Low Low Low Low Low Low
07/09/2020

Narinx, Low Low Low Low Unclear Low Low
10/09/2020

Kalafat, Low Low Low Unclear Low Low Low
11/09/2020

Li, Low Unclear Low Unclear Unclear Low Low
15/09/2020

Castelao, Low Low Low Low Low Low Low
16/09/2020

Cocconcelli, Low Unclear Low High Low Low Low
16/09/2020

Brahier, Low Low Low Low Low Low Low
17/09/2020

Ramos-Hernandez, Unclear Unclear Low Low Low Low Low
21/09/2020

Zhu, Low Unclear Low Low Unclear Low Low
21/09/2020

Rojatti, Low Unclear Low Low Low Low Low
25/09/2020

Marggrander, Low Unclear Low Unclear Unclear High Low
01/10/2020

Bosso, Low High Low Unclear Low Low Low
03/10/2020

Colombi, Low Unclear Low Low Unclear Low Low
08/10/2020

Haaksma, Low Low Low Unclear Low Low Low
08/10/2020

Pivetta, Low Low Low Low Low Low Low
12/10/2020

Lieveld, Low Low Low Low Low Low Low
15/10/2020

Zhu, Low Low Low High Low Low Low
16/10/2020

Bosevski, Unclear Unclear Low Unclear Low Unclear Low
22/10/2020

Sorlini, Low Unclear Low Low Unclear Low Low
22/10/2020

Jalil, Low Low Low Low Low Low Low
26/10/2020

Gibbons, 29/10/2020 Low Unclear Low Low Unclear Low Low

Li, Low Unclear Low Low Low Unclear Low
03/11/2020

Zotzmann, Low Low Low Unclear Low Low Low
03/11/2020

Perrone, Low Unclear Low Low Low Low Low
06/11/2020

Alharthy, Low Unclear Low Low Low Low Low
13/11/2020

Haak, Low Low Low Low Low Low Low
18/11/2020

Allegorico, Low Unclear Low Low Unclear Low Low
01/12/2020

Recinella, Low Unclear Low Low Low Low Low
03/12/2020

Schmid, Low Low Low Low Low Low Low
07/12/2020

Zanforlin, Low Unclear Low Low Unclear Low Low
07/12/2020

Wangiiemert Pérez, Low Unclear Low Low Low Low Low
17/12/2020

Ji, Low Low Low High Low Low Low
22/12/2020

Speidel, Low High Low Low Low Low Low
25/12/2020

Ibrahim, Low Low Low Low Low Low Low
04/01/2021

Bock, Low Low Low Low Low Low Low
07/01/2021

Garcia de Alencar, Low Low Low Low Unclear Low Low
11/01/2021

(continued on next page)
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(continued)
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Author and publication date

Risk of bias

Concerns regarding applicability

Patient selection Index test Reference standard

Flow and timing

Patient selection Index test Reference standard

Boero,
24/01/2021
Avdeev,
25/01/2021
Heldeweg,
25/01/2021
Seiler,
26/01/2021

Low Unclear Low
Low Unclear Low
Low Low Low
Low Unclear Low

Low

Unclear

Unclear

Low

Low Low Low
Low Low Low
Low Low Low
Unclear Low Low

Appendix 2. Characteristics of included articles

Characteristics Number of studies (%)
Continent
Europe 41 (62.1)
Asia 18 (27.3)
North America 5(7.6)
South America 2 (3.0)
Study design
Prospective cohort 25 (37.9)
Retrospective cohort 24 (36.4)
Retrospective case—control 2 (3.0)
Cross-sectional 2(3.0)
Not specified 13 (19.7)
Clinical setting where LUS was performed
ED 22 (33.3)
Hospital (wards and ICU) 13 (19.7)
Wards 12 (18.2)
ICU 11 (16.7)
ED and ICU 1(1.5)
Pregnancy wards 3(4.5)
Home 1(1.5)
Nursing home 2 (3.0)
Rehabilitation unit 1(1.5)
Number of COVID-19 patients included
10-29 23 (34.8)
30-99 31 (47.0)
100-500 12 (18.2)
Time of LUS acquisition
Withing 24 h of admission 40 (60.6)
Withing 5 days of admission 6(9.1)
After a median time of >5 days 5(7.6)
At discharge 1(1.5)
Following fetal assessment 1.5
Not specified 13 (19.7)
Blinded operators
Yes 34 (51.5)
No 32 (48.5)
Type of blinding
To clinical data 16 (47.1)
To PCR status 15 (44.1)
To CT scan or chest radiography 12 (35.3)
Not specified 4(11.8)
Chest anatomical areas scanned
<12 16 (24.2)
12 35 (53.0)
>12 8(12.1)
Not specified 7 (10.6)
Main type of ultrasound probe used
Convex 41 (62.1)
Linear 7 (10.6)
Phased array 4(6.1)
Not specified 14 (21.2)

*ED: Emergency Department, ICU: Intensive Care Unit specified
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Appendix 3. Pooled characteristics of COVID-19 confirmed patients

European Journal of Radiology 148 (2022) 110156

Characteristics

Results

COVID-19 confirmed cases (n)
Age (mean years; n)
Number of studies according to mean/median age (N, %)
>25 and <50 years
>50 and <70 years
>70 and <90 years
NA
Sex (N, %)
Male
Female
NA
BMI (mean kg/mz; n)
Hospitalised (N, %)
In wards or intermediate care unit
In ICU
Not specified (in wards or ICU)
In pregnancy wards
Not hospitalised (N, %)
Followed at home
In nursing home
In rehabilitation unit
Not specified (ED patients that were either admitted to hospital or followed at home) (N, %)

4687
58 (3581)

7 (10.4)
47 (70.1)
4 (6.0)
8(11.9)

2048 (43.7)
1602 (34.2)
1037 (22.1)
26.2 (1346)
3028 (64.6)
1423 (30.4)
816 (17.4)
641 (13.7)
148 (3.2)
727 (15.5)
515 (11.0)
142 (3.0)
70 (1.5)
932 (19.9)

*N: Number of articles, n: Number of patients, NA: Not available.

Appendix 4. Detailed data of lung ultrasound findings from the included studies.
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Study COVID- B- At Separated Confluent White Pleural Pleural Irregular Fragmented Consolidation Subpleural Pulmonary Pleural Air Pneumothorax Bilateral Unilateral LUS
19 lines least B-lines (%) B-lines (%) lung abnormalities thickening pleural pleural line (%) consolidation consolidation effusion bronchogram (%) (%) (%) score
cases (%) 3B- (%) (%) (%) lines (%) (%) (%) (%) (%) (%)

) lines
(%)

Lu 30 90 17 50 10 10 20 3 7 3 73 17 10.6

Yasukawa 10 100 50 100 100 50 10 0

Xing 20 100 55 90 100 50 10 100 0

Tan 12 100 33 83 100 75 50 42 0 8 0

Pare 27 89 85 78 78 37

Nouvenne 26 27 65 65 50 4 8 100 0 15.0

Mgller- 10 100 100 100 50

Sgrensen

Ye 23 17 6.8

Deng 128 100 66 95 50 9 5 2 12.6

Bonadia 41 13.4

Dargent 10 22.0

Zhang 28 100 61 68 4

Veronese 48 3.0

Zieleskiewicz 100 96 32 32 6 0 85 11 15.3

Favot 40 55 90 45 85 5

Gasparedone 70 7.5

Ottaviani 21 90 62

Alharthy 89 100 7 8 79 27 22 3 79 21

Thomaz 722 41 20 5 28 28 1.7

Lichter 120 83 78 8 15.0

ITodice 29 100 17 97 100 0

Battista 44 100 86 45 18 39 75 25

Narinx 15 93

Kalafat 82 9.2

Li 91 65 62 7 53 43 22

Castelao 63 83 5 94 6 15.3

Cocconcelli 25 7.0

Brahier 80 50 60 70 25 25 79 6 10.0

Ramos- 44 75 25 59 30 7.0

Hernandez

Zhu 27 11.8

Rojatti 34 11.2

Marggrander 17 53 29 18 18

Bosso 26 18.1

(continued on next page)
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(continued)

Study COVID- B- At Separated Confluent White Pleural Pleural Irregular Fragmented Consolidation Subpleural Pulmonary Pleural Air Pneumothorax Bilateral Unilateral LUS
19 lines least B-lines (%) B-lines (%) lung abnormalities thickening pleural pleural line (%) consolidation consolidation effusion bronchogram (%) (%) (%) score
cases (%) 3B- (%) (%) (%) lines (%) (%) (%) (%) (%) (%)

N) lines
(%)

Haaksma 24 19.0

Zhu 48 71 21 13 4 58 21 5.3

Bosevski 17 47 53 0 6

Sorlini 287 92 39 8 86 7

Jalil 36 67 92 92 58 0

Gibbons 83 98 33

Li 42 86 76 71 24 10

Zotzmann 20 95 70 55 95 90 50

Perrone 52 48 23.8

Alharthy 171 67 83 91 27

Allegorico 42 14.0

Recinella 37 100 32 100 41 89 59 46 27 97 3 12.0

Zanforlin 46 2

Wangiiemert 45 9.7

Pérez

Ji 280 89 63 12 35 11 16 2

Ibrahim 77 27.0

Bock 12 92 58 75 75 67 17

Garcia de 180 18.7

Alencar

Boero 211 13.4

Avdeev 22 17.8

Seiler 72 96 88 42 6 15.7
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Appendix 5. Sensitivity and specificity of LUS in the diagnosis of COVID-19 (using RT-RCP as the gold standard)

Study LUS LUS Criteria Population characteristics
sensitivity (%)  specificity (%) (mean n, age, BMI; % male)
COVID + COVID—
Bar 96.8% 62.3% >3 B-lines at the upper site; consolidation and thickened pleura at the lower site; and 31, 66.8 yr, 30.0 69, 68.7 yr, 26.4
thickened pleura. kg/mz; 35% kg/mz; 44%
Pare 88.9% 56.3% Any B-lines were detected. 27, 53.0 yr, 31.7 16, 50.0 yr, 31.3
kg/m?% 59.3% kg/m?% 31.3%
Yassa 72.1% 77.8% LUS score > 1. 43 pregnant 9 pregnant women
women
Yassa 73.9% 94.1% LUS score > 1. 23 pregnant 273 pregnant
women women
Favot 70.0% 75.0% Nondependent bilateral pulmonary edema (bilateral B-lines with superior count > 40, 69 yr, 31 kg/ 16, 63 yr, 29 kg/
inferior count and no pleural effusions). m?; 60% m?; 63%
Dini 78.7% 57.1% LUS score > 1. 94 56
Gil 100.0% 80.6% Any pattern not compatible with A-lines in all intercostal areas. 27, 48 yr; 33.3% 31, 45 yr; 16.1%
Battista 68.2% 78.9% Not specified. 44, 66 yr; 65.9% 19, 61 yr; 63.2%
Narinx 93.3% 21.3% > 3 B-lines. 15,49.9yr; 60.0% 75, 50.5 yr; 42.7%
Bosso 73.1% 90.3% LUS score > 12.5. 26, 66 yr; 69.2% 27, 65 yr; 70.4%
Colombi 93.5% 28.3% Not specified. 341 145
Pivetta 94.4% 95.0% Focal or diffuse interstitial syndrome plus with spared areas, subpleural 107, 62.8 yr; 121, 50.3 yr;
consolidations, and irregular or thickened pleural line. 54.1% 43.7%
Lieveld 91.9% 71.0% >3 or more B-lines and/or consolidation in two or more zones unilaterally or in one or 86, 63.4 yr; 58.1% 100, 64.1 yr;
more zones bilaterally. 58.0%
Sorlini 92.0% 64.9% (A) Interstitial lung syndrome1 (B) Interstitial lung pattem2 (C) White lung 287 97
(coalescent B lines) in two or more zones. (D) Subpleural consolidations.
Jalil 86.1% 90.9% Multifocal confluent B-lines, irregular pleura, and the absence of a moderate or large 36, 62.5 yr, 30.5 33, 65 yr, 29 kg/
pleural effusion. kg/m?% 52% m?%; 42%
Gibbons 97.6% 33.3% >3 B-lines was considered positive. Additionally, the presence of a single confluent B- 83, 56 yr; 43.4% 27, 64 yr; 55.6%
line encompassing a third or more of the visualized distal intercostal space was
considered positive®.
Haak 95.8% 59.4% Irregular pleural line, multiple or confluent B-lines, subpleural consolidations and 24 69
small pleural effusions.
Schmid 76.9% 77.1% Bilateral patchy distribution of one of the following: pleural line irregularity OR >3 39,61 yr, 26.3kg/ 96, 60 yr, 26.3 kg/
B-Lines per intercostal space OR small subpleural consolidation (<1.5 cm) OR no or m?; 56.4% m? 53.1%
small pleural effusion unilateral appearance of two or more of the criteria above.
Speidel 90.9% 76.3% LUS score > 8. 11, 76.0 yr; 73% 38, 69.5 yr; 47%
Ibrahim 97.4% 90.6% (A) Patchy distribution of multiple coalesced and separated B-lines with the light 77, 53 yr; 83% 32, 68 yr; 50%
beam sign, with bilateral and well-demarcated separation from large “spared” areas.
(B) The pleural is sliding and might appear irregular and fragmented. (C) Multiple
small subpleural consolidations are limited to the periphery of the lungs.
Bock 91.7% 64.8% Lung sliding, lung pulse, lung point, multiple B-lines (>3 per intercostal space), or 12, 68 yr; 58% 71, 63 yr; 46%
thickened or fragmented visceral pleura were present.
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