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A B S T R A C T   

Purpose: The capability of lung ultrasound (LUS) to distinguish the different pulmonary patterns of COVID-19 and 
quantify the disease burden compared to chest CT is still unclear. 
Methods: PCR-confirmed COVID-19 patients who underwent both LUS and chest CT at the Emergency Depart-
ment were retrospectively analysed. In both modalities, twelve peripheral lung zones were identified and given a 
Severity Score basing on main lesion pattern. On CT scans the well-aerated lung volume (%WALV) was visually 
estimated. Per-patient and per-zone assessments of LUS classification performance taking CT findings as reference 
were performed, further revisioning the images in case of discordant results. Correlations between number of 
disease-positive lung zones, Severity Score and %WALV on both LUS and CT were assessed. The area under 
receiver operating characteristic curve (AUC) was calculated to determine LUS performance in detecting % 
WALV ≤ 70 %. 
Results: The study included 219 COVID-19 patients with abnormal chest CT. LUS correctly identified as positive 
217 (99 %) patients, but per-zone analysis showed sensitivity = 75 % and specificity = 66 %. The revision of the 
121 (55 %) cases with positive LUS and negative CT revealed COVID-compatible lesions in 42 (38 %) CT scans. 
Number of disease-positive zones, Severity Score and %WALV between LUS and CT showed moderate correla-
tions. The AUCs for LUS Severity Score and number of LUS-positive zones did not differ in detecting % 
WALV ≤ 70 %. 
Conclusion: LUS in COVID-19 is valuable for case identification but shows only moderate correlation with CT 
findings as for lesion patterns and severity quantification. The number of disease-positive lung zones in LUS 
alone was sufficient to discriminate relevant disease burden.   

1. Introduction 

Coronavirus Disease 2019 (COVID-19), caused by the Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), was firstly reported 
in the Chinese province of Wuhan and then rapidly spread worldwide, 

being declared a pandemic on March 11, 2020 [1,2]. Since the beginning 
of the COVID-19 outbreak, many diagnostic approaches were attempted 
to early and reliably identify patients suspected of infection and to 
stratify them according to disease severity. 

In this context, chest CT scan played a central role because of its high 

Abbreviations: COVID-19, Coronavirus Disease 2019; IQR, interquartile range; LUS, lung ultrasound; NLR, negative likelihood ratio; PLR, positive likelihood ratio; 
SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; SE, sensitivity; SP, specificity; %WALV, well-aerated lung percentage. 
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sensitivity (91–96 %) [3]. Typical, although non-specific, CT findings of 
COVID-19 include ground-glass opacities, crazy-paving patterns and 
areas of consolidation [4,5]. These alterations in COVID-19 are usually 
multiple, bilateral, patchy, segmental or sub-segmental, and mostly 
distributed along the bronchovascular bundles and the subpleural space 
[6,7]. With the progression of the disease, the lesions tend to increase 
and merge giving extensive lung involvement, up to provoke Acute 
Respiratory Distress Syndrome [8]. 

The typically peripheral distribution of COVID-19 makes lung ul-
trasound (LUS) particularly suitable to investigate this disease. Contrary 
to CT scan, which has high sensitivity but also limitations related to 
scanner availability, disinfection procedures and X-rays exposure, LUS is 
a quick, non-invasive, radiation risk-free and portable technique that 
can be obtained at the patient’s bedside [9]. Consequently, it gained an 
increasing role in the early diagnosis and monitoring of patients with 
suspected or ascertained SARS-CoV-2 infection. The LUS of COVID-19 
patients shows the same signs described in other lung diseases, such as 
B-lines and consolidations, but peculiar findings, like the “light beam” 
artifact, have also been described [10,11]. However, the attenuation of 
sound waves by the aerated pulmonary parenchyma hinders the possi-
bility to study the central aspect of the lung, limiting the assessment to 
the peripheral zones [12,13]. Therefore, the actual capability of LUS to 
quantify lung involvement and disease severity and to stratify patients 
accordingly is still unclear. 

The purpose of this study was to determine the correlation between 
LUS and CT findings in SARS-CoV-2 infection, to assess the performance 
of LUS to classify lung abnormalities and to evaluate the possibility of 
using this technique to provide a quantitative assessment of pulmonary 
involvement in COVID-19 patients. 

2. Materials and methods 

2.1. Patients 

This study was retrospectively conducted in a single high-volume 
referral hospital for the management of the COVID-19 outbreak. The 
study was approved by the Local Ethics Committee (decision number: 
188-22042020). Since data were collected retrospectively and processed 
anonymously, informed consent was waived. 

Patients with COVID-19 who underwent both chest CT imaging and 
LUS within 24 h on admission to the Emergency Department from March 
3, 2020 to April 4, 2020 were consecutively enrolled. Considering the 
high community prevalence of the disease in the period of enrolment 
[14] and the high specificity of nuclear acid amplification test [15], 
SARS-CoV-2 infection was confirmed through reverse-transcriptase po-
lymerase chain reaction in at least one nasopharyngeal swab performed 
on admission or during hospitalisation. 

2.2. Chest CT scanning protocol 

Chest CT was performed with a dedicated 128-channel multidetector 
scan (Somatom Definition Edge VB10, Siemens Healthineers, Germany) 
with patients in supine position, during a single breath-hold, in keeping 
with the patient compliance. The main scanning parameters were: tube 
voltage = 100− 120 kV (automatic kV setting, on basis of patient size – 
“Care kV”); automatic tube current modulation; pitch = 1; ma-
trix = 512 × 512; collimation = 0.6 mm. 

All images were reconstructed with slice thickness = 3 mm using a 
pulmonary BI57 kernel and a mediastinal Br38 kernel. 

After every examination, the CT equipment and all positioning ac-
cessories were disinfected using damp cloths impregnated with a 75 % 
ethanol solution, according to the manufacturer recommendation. 
Three-time per day major disinfection of the surfaces of the whole CT 
room was also performed, including cleaning the floor with 2000 mg/L 
chlorine. Besides, an air disinfector was used for continuous disinfection 
of the equipment room. 

2.3. CT image analysis 

CT scans were analysed by three radiologists with 15, 14 and 9 years 
of experience in thoracic radiology, blinded to the clinical and LUS data. 
Three regions for each lung were considered: upper region (from apex to 
aortic arch), middle region (from aortic arch to right middle bronchus) 
and lower region (from right middle bronchus to the diaphragm). For 
each region, a peripheral area (outer one-third of lung) and a central 
area (inner two-third of lung) were distinguished on the axial slices, as 
previously suggested [16]. The peripheral areas were also divided into 
two zones (anterior and posterior) based on a coronal plane passing 
through the tracheal carina. Each of the 12 peripheral zones thus 
identified was assigned a Severity Score from 0 to 3 based on the 
prevalent lesion patterns as defined by the Fleischner Society Glossary 
[17,18]: normal = 0; ground-glass opacity = 1; crazy-paving = 2; 
consolidation = 3 (Fig. 1). 

The scores of the single zones were summed and the resulting total 
CT Severity Score was reported. A zone with a score >0 was defined as a 
CT-positive zone. 

The radiologists also performed a visual estimation of the well- 
aerated lung volume expressed as percentage (%WALV) of the total 
lung volume, rounded to the nearest 10 %. 

Each radiologist evaluated approximately one-third of the total pa-
tients; moreover, in a randomly chosen subset of 54 patients, the CT 
Severity Score and the %WALV were independently assessed by all three 
radiologists to evaluate inter-reader reproducibility. 

2.4. Lung ultrasound protocol 

A wheeled ultrasound machine (MyLab™Alpha, Esaote Italia, Gen-
ova, Italy) dedicated only to patients suspected of having COVID-19 
infection was used. The machine was prepared using a single plastic 
cover for the probe and cleaning the tablet with a 75 % ethanol solution. 
Convex probes (3.5 MHz) and single focal point modality set on the 
pleura line were used to allow a quick overall evaluation of the entire 
chest and provide more depth penetration [19]. 

The patients were examined preferably in a seated position, or supine 
when sitting was impossible, having the care to rotate them to evaluate 
the posterior fields. 

Scans orthogonal to the ribs were firstly used to find the best loca-
tion; then, the probe was turned to perform intercostal scans, in order to 
cover the widest surface. 

2.5. Lung Ultrasound image analysis 

LUS was performed at admission in the Emergency Department by 31 
experienced clinicians. 

Three regions (upper, middle and lower) of the lung were consid-
ered, each one divided in an anterior and a posterior zone, on both sides. 
The protocol to divide the lung zones was similar to that used in the 
emergency setting to investigate the entire chest surface with a limited 
number of scans [20,21]. For the anterior region, the upper zone was 
acquired on the midclavicular line above the inter-nipple line, the 
middle zone on the anterior axillary line below the inter-nipple line, and 
the inferior zone on the medium axillary line. The zones of the dorsal 
region were divided using as reference the scapular spine and the infe-
rior scapular angle. 

The resulting 12 zones were scored considering the number and 
morphology of B-lines [22,23] as follows: normal A lines = 0; separated 
B-lines = 1; coalescent B-lines = 2; consolidation = 3 (Fig. 2), as re-
ported by Volpicelli et al. [10]. 

The total LUS Severity Score resulting from the sum of single-zone 
scores was reported. 

A zone with a score >0 was defined as a LUS-positive zone. 
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2.6. Assessment of the CT-LUS disagreements 

In case of disagreement between CT and LUS, i.e. when a lung zone 
had a LUS Severity Score > 0 and a CT Severity Score = 0, one of the 
radiologists carefully performed an unblinded revision of the CT imag-
ing to assess the reason for disagreement. Findings were classified as 
follows: confirmed LUS false positive (i.e. no lesions detectable in CT); 
non-COVID-19 lesions (e.g. interstitial fibrosis, emphysema, nodules, 
etc.); COVID-compatible lesions; and topographic misinterpretation (i.e. 
presence of lesions at the border between two zones whose location 
assignment may have been ambiguous). 

2.7. Statistical analysis 

Categorical variables were expressed as counts and percentage, 
while median and interquartile range (IQR) were reported for discrete 

and continuous variables. 
LUS ability to identify COVID-19 patients with lung alterations was 

evaluated by considering the number of patients classified as positive (at 
least one positive lung zone) or negative (no positive lung zones) by both 
LUS and CT scan. 

Sensitivity (SE) and specificity (SP) of LUS for the different lung 
zones of each patient were assessed taking chest CT findings as a 
reference since the latter is considered the standard for studying pul-
monary lesions. Chi-square test was used to assess the null hypothesis 
that there were no differences between different lung zones in terms of 
LUS SE and SP and CT Severity Score. 

After the revision of the cases of disagreement between CT and LUS, 
SE and SP were recalculated, considering as LUS false positive results 
only the zones without lung abnormalities or with non-COVID-19 lesions 
in the CT imaging. 

The inter-reader agreement for both the CT Severity Score and % 

Fig. 1. Examples of CT patterns: a) normal pulmonary parenchyma (Severity Score = 0) in the anterior and posterior zones of the right lung, while GGOs (Severity 
Score = 1) are visible in the anterior zone of the left lung; b) bilateral diffuse GGOs (Severity Score = 1); c) two examples of crazy paving pattern (Severity Score = 2), 
with predominant septal thickening on the left panel and in progression to consolidation on the right panel; d) two examples of consolidations (Severity Score = 3), 
localized to the posterior lung zone on the left panel and widely distributed on the right panel. 
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WALV was tested using the intra-class correlation coefficient (ICC) based 
on a single rater 2-way random-effects model, following Koo et al. for its 
interpretation [24]. 

Spearman’s rho correlation coefficient was used to evaluate the 
correlation between: number of CT-positive zones and LUS-positive 
zones; CT Severity Score and LUS-Severity Score; %WALV and number 
of LUS-positive zones; %WALV and LUS Severity Score. A rho coefficient 
>0.7 was considered strong [25]. 

Receiver operating characteristic (ROC) curve analysis was calcu-
lated to assess the performance of the number of LUS-positive zones and 
LUS Severity Score to help differentiate patients with %WALV above or 
below 70 %. This %WALV was chosen since previously reported as 
correlated with severe outcome in COVID-19 patients [16,26]. 

The areas under the ROC curves (AUCs) were calculated and 
compared with Delong method [27]. For each number of LUS-positive 
zones and each LUS Severity Score, SE, SP, positive likelihood ratio 
(PLR) and negative likelihood ratio (NLR) for identifying patients with 
%WALV ≤ 70 % were calculated. The cut-offs providing NLR < 0.1 
(discard point) and PLR > 10 (confirmation point) were selected [28]. 

Statistical significance was established at the p < 0.05 level, applying 
Bonferroni’s correction for multiple comparisons when appropriate. 
Considering α = 0.05 and at least a low correlation (rho>0.30) between 
CT and LUS findings, a sample size of 195 patients provides a study 
power = 99 %. 

The data analysis was generated using the Real Statistics Resource 

Pack software (Release 6.8) (www.real-statistics.com) and R software 
(v.3.5.1). 

3. Results 

A total of 238 patients were initially enrolled, of whom 11 were 
excluded because of artifacts in the chest CT and 8 were excluded 
because the LUS Severity Score was not recorded. The 219 patients 
finally included were 152 (69 %) males and 67 (31 %) females and had a 
median age of 58 years (IQR: 49− 71 years) and a median Body Mass 
Index of 26 kg/m2 (IQR: 24− 29 kg/m2), with 46 (21 %) obese patients 
(Body Mass Index >30 kg/m2). Pre-existing pathologies, including car-
diovascular diseases, active neoplastic disease and chronic kidney dis-
ease, were reported for 145 (66 %) patients. The median time between 
the onset of patients’ symptoms and the execution of imaging proced-
ures was 7 days (IQR: 5− 10 days). Demographic data are reported in 
Table 1. 

All 219 (100 %) patients had visible pulmonary involvement at the 
chest CT. Lesions in at least one central lung area without involvement 
of the corresponding periphery were observed in 26 (12 %) patients, 
while only 2 (1%) patients had exclusively central involvement. 

The median number of CT-positive zones was 9 (IQR: 6–11), the 
median CT Severity Score was 13 (IQR: 9–18) and the median %WALV 
was 60 % (IQR: 40–80 %). Posterior zones of middle and lower lung 
regions showed higher CT Severity Score than the corresponding 

Fig. 2. Example of lung ultrasound patterns in COVID-19: a) lines A (Severity Score = 0); b) separated lines B (Severity Score = 1); c) coalescent lines B (Severity 
Score = 2); d) consolidations (Severity Score = 3). 
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anterior zones (p < 0.001). The per zone distribution of the assigned CT 
scores was illustrated in Fig. 3. Inter-reader agreement for both CT 
Severity Score and %WALV was good to excellent, with an ICC of 0.84 
(95 %CI: 0.75− 0.90) and 0.93 (95 %CI: 0.90− 0.96), respectively. 

The median number of LUS-positive zones was 8 (IQR: 5− 10) and the 
median LUS Severity Score was 12 (IQR: 6–17). 

The LUS failed to detect lung involvements in only 2 (1%) patients, 
while it correctly classified all the other patients. However, when 
assessing the different lung zones independently, the overall SE and SP 
of LUS taking the CT findings as reference were 75 % (1348/1801; 95 % 
CI: 73–77 %) and 66 % (549/827; 95 %CI: 63–70 %), respectively. 
Comparing SE and SP for each zone (Fig. 4), a significantly better LUS SE 
was found for the posterior zones of the medium and lower lung regions 
bilaterally. In particular, SE in these posterior zones ranged between 87 
% and 88 % while it ranged between 66 % and 69 % in the corre-
sponding anterior ones. A lower SE was observed for the left upper zones 
(62 % anteriorly and 64 % posteriorly), although only slightly below the 
corrected p-value cut-off. SP between different zones varied from 53 % 
to 78 %, but differences were not statistically significant. 

A total of 121 (55 %) patients had at least a lung zone with a LUS 
Severity Score >0 and a CT Severity Score = 0. The second unblinded 
reading of these zones revealed that there were no abnormalities of the 
pulmonary parenchyma (i.e. confirmed LUS false positive) in only 8 
(6%) cases. For the rest of these patients, 71 (59 %) showed lung ab-
normalities, 42 (38 %) of which COVID-compatible, mainly represented 
by micro-areas of ground-glass opacity or very faint low-contrast lesions 
(Fig. 5). In the remaining 42 (35 %) out of 121 patients, the disagree-
ment between CT and LUS was related to lesions at the border between 
two zones, which likely led to a not-corresponding location assignment 
of the disease findings. 

Based on the result of this revision, the overall SE and SP recalculated 
on all lung zones were 77 % (1539/1991; 95 %CI: 75–79 %) and 86 % 
(550/637: 95 %CI: 83–89 %), respectively. 

Only a moderate positive correlation was found between the 
numbers of CT- and LUS-positive zones (rho = 0.59, p < 0.001) and be-
tween the CT and LUS Severity Score (rho = 0.60, p < 0.001) (Fig. 6a and 
b). Considering the %WALV, a moderate negative correlation with both 
the number of LUS-positive zones (rho=–0.67, p < 0.001) and LUS 
Severity Score (rho=–0.69, p < 0.001) was found (Fig. 6c and d). 

The diagnostic performance of LUS in identifying COVID-19 patients 
with a %WAL ≤ 70 % was reported in Fig. 7, considering both the LUS 
Severity Score and the number of LUS-positive zones. The AUCs for the 
two evaluations were of 0.87 (95 %CI: 0.81− 0.93) and 0.86 (95 %CI: 
0.80− 0.92), respectively. These values were not significantly different 
(p = 0.882). 

The sensitivity and specificity for each consecutive cut-off point, 
including the corresponding PLR and NLR, were reported in Table 2. For 
the LUS Severity Score a discard point of 4 (SE: 97 %; SP: 37 %; NLR: 
0.09) and a confirmation point of 17 (SE: 40 %; SP: 97 %; PLR: 13.51) 
were found. For the number of LUS-positive zones, the discard point was 
3 (SE: 97 %; SP: 35 %; NLR: 0.09) and the confirmation point was 11 (SE: 
34 %; SP: 99 %; PLR: 22.97). 

4. Discussion 

The overwhelming burden placed on health systems by the COVID- 
19 pandemic prompted the use of LUS since more rapid and manage-
able to assess patients suspected of infection than chest CT. In the cur-
rent study, almost all patients with lung abnormalities on the chest CT 
scan were correctly classified as positive by LUS, showing its reliability 
for case identification. This corresponds with the current results of the 
literature, which reports a very high sensitivity (89–100 %) for the 
diagnosis of COVID-19 [29–31]. 

The fact that central lung involvement without peripheral lesions 
was only rarely found further supports the role of LUS in the evaluation 
of COVID-19 patients. With the progression of the SARS-CoV-2 infection, 
the quantity of air in the involved pulmonary parenchyma decreases and 
the lesions tend to spread and become confluent [32]. Accordingly, the 
higher sensitivity of LUS observed for the posterior zones could be 
explained by the greater severity of the lesions in these sites that are 
usually first and peripherally involved by the disease [33,34]. 

Moreover, the revision of the zonal disagreements between CT and 
LUS revealed that in almost all cases there were underlying abnormal-
ities. Regarding the COVID-compatible lesions initially missed on CT, 
they were very small or low-contrast areas of parenchymal opacifica-
tion, easy to be overlooked or to be misinterpreted as motion artifacts or 
dystelectasis. These findings seemed to corroborate the hypothesis that 
LUS is able to reveal COVID-19 lesions even in a very early stage thanks 
to its tissue resolution superior to CT scan [35]. However, these results 
should be interpreted with caution, since the lesions identified were 
compatible with COVID-19 but they were not specific [36] and no 
follow-up imaging was available to confirm their nature. Also, it must be 

Table 1 
Clinical data of patients at admission in the Emergency Department. Median and 
interquartile range are reported for continuous variables.  

Variables All patients (n = 219) 

Age (years) 58 (49− 71) 
Gender  

Male 152 (69 %) 
Female 67 (31 %) 

Smoking history  
Unknown 79 (36 %) 
Never 122 (54 %) 
Former 9 (4%) 
Current 9 (4%) 

Body Mass Index (kg/m2) 26 (24− 29) 
Body Mass Index >30 kg/m2 (obesity) 46 (21 %) 

Comorbidities 145 (66 %) 
Cardiovascular disease 29 (13 %) 
Pulmonary disease 5 (2%) 
Oncological disease 9 (4%) 
Hypertension 91 (42 %) 
Diabetes 32 (15 %) 
Chronic kidney disease 12 (5%) 
Other 61 (28 %) 

Time between symptoms onset and imaging (days) 7 (5− 10)  

Fig. 3. Distribution of the CT Severity Score values in the different zones of the lungs expressed as percentage of the total scores (n = 219) assigned to each zone. The 
lung zones were named after the following three-letter code: first letter: Right (R) or Left (L); second letter: Upper (U), Middle (M) or Lower (L); third letter: Anterior 
(A) or Posterior (P). 
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Fig. 4. Sensitivity and specificity (95 % confidence interval in parentheses) of lung ultrasound for each of the 12 peripheral zones identified in the lungs. CT findings 
were used as reference. The p values adjusted after Bonferroni’s correction were reported, referring to the null hypothesis that there were no differences between 
different lung zones in terms of sensitivity and specificity. The lung zones were named after the following three-letter code: first letter: Right (R) or Left (L); second 
letter: Upper (U), Middle (M) or Lower (L); third letter: Anterior (A) or Posterior (P). 

Fig. 5. Examples from different patients of reviewed lung zones with discordant findings between lung ultrasound (Severity Score>0) and chest CT (Severity 
Score = 0): a) bilateral emphysema and interstitial fibrosis of the upper lung zones (non-COVID-19 lesions); b) a small round COVID-compatible opacity (arrow) is 
visible in the lower posterior zone of the right lung, despite confusable with the motion artifacts; c) a very low-contrast COVID-compatible opacity (arrows) is present 
in the upper posterior zone of the left lung, barely visible in the routine preset lung window (left panel) but more evident narrowing the window (right panel). 

Fig. 6. Correlation between number of CT-positive zones and number of LUS-positive score (a), CT Severity Score and LUS Severity Score (b), percentage of well- 
aerated lung volume (%WALV) and LUS-positive zones (c) and %WALV and LUS Severity Score (d). Spearman’s rho coefficient and p values are reported. 
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underlined that the post-analysis revision could have been biased by the 
“reader expectation” [37], so that those findings that would have been 
otherwise classified as non-specific or even non-pathological were 
considered true lesions. 

Additionally, LUS has to face the limited penetration of the ultra-
sound beam in the central pulmonary zones and the constraint of 
studying the lungs only through specific acoustic windows, which may 
leave unexplored regions. Actually, in the per patient analysis LUS per-
formed very well since the detection of just one lung zone was sufficient 
to classify the COVID-19 patient as positive. On the contrary, the per 
zone performance was lower due to false positive and false negative 
findings that affected the LUS scoring system, which is congruent with 
previous works that demonstrated only a fair-to-moderate localization 
agreement between LUS and CT findings [31,38]. This may explain why 
CT and LUS severity indices appeared to be correlated but with a 
considerable dispersion of the values around the hypothetical trendline. 
For each number of CT-positive zones, a wide range of LUS-positive 
zones was found, so that for equal CT Severity Score the LUS Severity 
Score fluctuated, weakening the correlation between the two. 

The same occurred with regard to the %WALV and, remarkably, no 
difference in performance was observed using the number of LUS- 
positive zones or the LUS Severity Score to discriminate patients with 
%WALV above or below 70 %. This finding is not surprising considering 
that the Severity Score is primarily dependent on the correct identifi-
cation of the zones involved by the disease, but it is also consistent with 
the hypothesis that interstitial patterns and consolidations contribute 
similarly to the severity of lung impairment in COVID-19 patients [9]. 

Accordingly, the LUS cut-offs needed to confirm a relevant lung 
disease were very high (i.e. 11 LUS-positive zones or LUS Severity 
Score≥17), which may limit their application in clinical practice. On the 
contrary, a discard cut-off corresponding to LUS-positive zones ≤3 could 
be implemented to support the stratification of the patients and the 
detection of already advanced disease, even though other cut-offs with 
poorer NLR but better SP could even be considered (e.g., with 5 LUS- 
positive zones there would be 8% false positive cases but SP would 
rise from 35 % to 59 %). 

The main limitation of this study is the possible existence of selection 
bias since only COVID-19-confirmed patients were retrospectively 
enrolled. Related to this, only per zone and not per patient SE and SP of 
LUS could be assessed. However, this study did not focus on the 

diagnostic performance but aimed to assess the correlation of LUS 
findings with ascertained COVID-19 lesions whose pattern was defined 
through CT imaging. Already in this setting, the misclassification of lung 
zones by LUS limited its ability to provide a reliable quantitative 
assessment of pulmonary involvement and, if patients without COVID- 
19 had been included, the impact would likely have been even greater. 

Also, the analysed CT scans had a slice thickness of 3 mm, whereas 
the ideal thickness to study pulmonary interstitium is 1 mm; however, 
this was meant to improve the signal-to-noise ratio of low-contrast le-
sions and face the high-volume flow of patients to examine in the 
emergency setting. Another limitation was the number of CT and LUS 
readers involved in the study. According to the ICC, the reproducibility 
of the CT Severity Score and the visual estimation of the %WALV was 
high between the three radiologists, so that it can be assumed inter- 
reader variability did not affect the observed results. By contrast, the 
inter-reader agreement between LUS operators could not be estimated. 

Fig. 7. Receiver Operator Curves of lung ultrasound (LUS) Severity Score and 
number of LUS-positive zones for detecting COVID-19 patients with % 
WALV ≤ 70 %. 

Table 2 
Cut-off points of the LUS Severity Score and the number of LUS-positive zones 
with corresponding diagnostic indicators for identifying COVID-19 patients with 
a %WALV ≤ 70 %.  

LUS Severity Score 

Cutoff SE SP PLR NLR 

0 100 % 0% 1.00 – 
1 100 % 9% 1.10 – 
2 100 % 16 % 1.19 – 
3 97 % 28 % 1.35 0.09 
4 97 % 37 % 1.53 0.09 
5 95 % 51 % 1.95 0.10 
6 92% 62 % 2.41 0.13 
7 91 % 65 % 2.59 0.13 
8 91 % 71 % 3.08 0.13 
9 84% 75 % 3.36 0.21 
10 79 % 78 % 3.60 0.26 
11 72 % 81 % 3.74 0.35 
12 68% 81 % 3.53 0.40 
13 60 % 90 % 5.85 0.44 
14 54 % 91 % 6.15 0.50 
15 47% 93 % 6.39 0.57 
16 44% 96 % 9.91 0.59 
17 40 % 97 % 13.51 0.62 
18 34 % 99 % 22.97 0.67 
19 28 % 100 % – 0.72 
20 26% 100 % – 0.74 
21 23% 100 % – 0.77 
22 19% 100 % – 0.81 
23 12 % 100 % – 0.88 
24 11% 100 % – 0.89 
25 7% 100 % – 0.93 
26 7% 100 % – 0.93 
27 4% 100 % – 0.96 
28 3% 100 % – 0.97 
29 3% 100 % – 0.97 
30 1% 100 % – 0.99  

Number of LUS-positive zones 

Cutoff SE SP PLR NLR 

0 100 % 0% 1.00 – 
1 100 % 9% 1.10 0.00 
2 99 % 16 % 1.19 0.04 
3 97 % 35 % 1.49 0.09 
4 95 % 43 % 1.66 0.11 
5 92% 59 % 2.24 0.14 
6 88 % 72 % 3.15 0.17 
7 80 % 78 % 3.63 0.25 
8 70 % 81 % 3.67 0.37 
9 56% 91 % 6.30 0.49 
10 46% 93 % 6.21 0.59 
11 34 % 99 % 22.97 0.67 
12 28 % 100 % – 0.72 

LUS: lung ultrasounds; SE: Sensitivity; SP: Specificity; PLR: Positive Likelihood 
Ratio; NLR: Negtaive Likelihood Ratio. 
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However, since a high number of operators was involved it is reasonable 
to believe this provided a realistic picture of LUS performance in real-life 
clinical practice. A multicentre assessment of the influence of different 
LUS machines on the results is also mandatory. 

Finally, the relationship between CT and LUS findings was investi-
gated but no correlation with patients’ outcomes was considered, which 
requires further studies to demonstrate the diagnostic and prognostic 
impact of the reported results. 

In conclusion, LUS has a great per patient performance in identifying 
pulmonary alterations but, when moving to the per zone evaluation, it 
did not seem able to replicate the same quantitative information about 
lung involvement in COVID-19 provided by the CT imaging, especially 
in terms of lesion patterns. The number of LUS-positive zones alone can 
still be sufficient to discriminate patients with a relevant pulmonary 
burden and may facilitate their management and clinical stratification. 
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