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A B S T R A C T   

Purpose: Chest computed tomography (CT) is considered a reliable imaging tool for COVID-19 pneumonia 
diagnosis, while lung ultrasound (LUS) has emerged as a potential alternative to characterize lung involvement. 
The aim of the study was to compare diagnostic performance of admission chest CT and LUS for the diagnosis of 
COVID-19. 
Methods: We included patients admitted to emergency department between February 21-March 6, 2020 (high 
prevalence group, HP) and between March 30-April 13, 2020 (moderate prevalence group, MP) undergoing LUS 
and chest CT within 12 h. Chest CT was considered positive in case of “indeterminate”/“typical” pattern for 
COVID-19 by RSNA classification system. At LUS, thickened pleural line with ≥ three B-lines at least in one zone 
of the 12 explored was considered positive. Sensitivity, specificity, PPV, NPV, and AUC were calculated for CT 
and LUS against real-time reverse transcriptase polymerase chain reaction (RT-PCR) and serology as reference 
standard. 
Results: The study included 486 patients (males 61 %; median age, 70 years): 247 patients in HP (COVID-19 
prevalence 94 %) and 239 patients in MP (COVID-19 prevalence 45 %). 
In HP and MP respectively, sensitivity, specificity, PPV, and NPV were 90–95 %, 43–69 %, 96− 72 %, 20–95 % for 
CT and 94− 93 %, 7–31 %, 94− 52 %, 7–83 % for LUS. CT demonstrated better performance than LUS in diagnosis 
of COVID-19, both in HP (AUC 0.75 vs 0.51; P < 0.001) and MP (AUC 0.85 vs 0.62; P < 0.001). 
Conclusions: Admission chest CT shows better performance than LUS for COVID-19 diagnosis, at varying disease 
prevalence. LUS is highly sensitive, but not specific for COVID-19.   

1. Introduction 

Lung ultrasound (LUS) has emerged as a potential imaging technique 
for first-line (screening) modality with low costs and widespread 
availability in Coronavirus disease 2019 (COVID-19) [1]. LUS findings 
described for COVID-19 pneumonia are single or confluent interstitial 
artifactual signs, small hyperechoic lung regions, thickened pleural 
lines, and consolidations. Several studies describing LUS findings in 
COVID-19 were recently published, with a report that suggest pivotal 

role of LUS, reserving the use of CT when LUS is not sufficient to answer 
clinical question [2–5]. However, it is not known how accuracy of LUS 
might vary across disease prevalence, namely different phases of severe 
acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) epidemic [6]. 
Additionally, the risk of disease transmission represents an issue for 
sonographers and other patients [7,8]. 

Unenhanced chest computed tomography (CT) was shown as a rapid 
tool to suggest diagnosis of COVID-19 pneumonia in patients with 
moderate-severe respiratory symptoms, with high sensitivity and 
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potential for stratification of disease severity [9,10]. However, high 
workload of CT and scanner cleaning procedure are main issues for the 
widespread use of CT in diagnosis of COVID-19 [11–13]. Furthermore, 
the diagnostic performance of CT for COVID-19 remains not fully clear. 
In particular, variations in disease prevalence could influence either 
negative or positive predictive positive values (NPV and PPV), with 
potential concerns about its utility also in patients with moderate to 
severe symptoms 

In the present study, we aimed to compare LUS and chest CT per-
formance for COVID-19 diagnosis in two cohorts with different preva-
lence, at the beginning of the outbreak and after three weeks of 
lockdown. 

2. Materials and methods 

2.1. Study population 

The present retrospective study was approved by the Local Ethics 
Committee (institutional review board -IRB- approval number 481/ 
2020/OSS*/AUSLPC). The informed consent was waived by the IRB. 
The study included consecutive patients presenting at emergency 
department and undergoing admission chest CT and LUS in two periods: 
1. during the outbreak of COVID-19 epidemic, from February 21 to 
March 6, 2020 (high prevalence group, HP); 2. After three weeks of 
lockdown, from March 30 to April 13, 2020 (moderate prevalence 
group, MP). During these two periods the indication to test subjects with 
real-time reverse transcriptase polymerase chain reaction (RT-PCR) test 
for SARS-CoV-2 by nasal-pharyngeal swabs was based on the guidelines 
drafted by local authorities: cases with symptoms (body temper-
ature>37.5 ◦C, cough, and dyspnea) or asymptomatic subjects exposed 
to ascertained positive patients during 48 h before symptoms onset [14]. 
Differences were applied between the HP and MP groups, first of all the 
capacity of RT-PCR was insufficient during HP period and was appro-
priate during MP; for this reason, priority was given to most severe cases 
in HP (for prompt isolation and clinical management). Second, clinical 
presentation was overall more severe in HP compared to MP, which 
could have contributed in further clinical disparity between the two 
groups (see results). 

In the emergency department, LUS was performed to complete 
clinical evaluation in patients with fever or respiratory symptoms. 
Indication for CT was based on current guidelines described in the 
Consensus statement of the Fleischner Society [7]. Considering the 
environment of high community disease burden and critical resource 

limitations, patients underwent CT in case of significant pulmonary 
dysfunction or damage (eg, hypoxemia, moderate-to-severe dyspnea) 
[7]. Exclusion criteria were: 1. patients without clinical and epidemio-
logical suspicion of COVID-19 who did not perform RT-PCR test for 
SARS-CoV-2 by nasal-pharyngeal swabs; 2. unavailable clinical data. 
The diagram showed in Fig. 1 summarizes the patients enrollment 
process. Two hundred and thirty-six patients of this population were 
analyzed in a previous study [10]. 

Epidemiological history, clinical features, and laboratory findings 
were recorded at admission. CT was performed within 12 h after clinical 
evaluation and LUS; the time elapsed between LUS and CT was recorded 
in all cases. CT was performed within 12 h after clinical evaluation and 
LUS. All patients were categorized in four clinical types: mild, moderate, 
severe, or critical [15]. The patient admission to intensive care unit 
(ICU) or death was recorded in all cases. 

2.2. LUS protocol and interpretation 

Bedside LUS was performed with Esaote MyLab X7 (Esaote Group, 
Genova, Italy) or Philips Affiniti 70 (Philips, Amsterdam, Holland) with 
both convex array probe (1− 8 MHz) and linear array probe (3− 17 MHz) 
by an emergency physician. The probe was protected by single-use 
plastic cover; after the examination of each patient the cover was 
changed and the probe was disinfected by a 70 % ethanol solution [16]. 
Each patient was investigated in supine, lateral decubitus, and prone 
positions. The anterior and posterior axillary lines divided each hemi-
thorax in three zones: anterior, lateral and posterior. Each zone was 
divided in upper and lower by a horizontal circumferential line passing 
through the nipples. As a consequence the two lungs were divided in a 
total of 12 zones (Fig. 2), which were explored with both the convex and 
linear probes, using longitudinal and transverse plane as follows:  

- pleura was assessed for smooth, continuous or interrupted pleural 
line [2]; 

- interstitial syndrome was defined by B-lines (Fig. 3) defined as ver-
tical artifactual hyperechoic lines arising from the pleura and 
continuing in the depth of the image [17]. Three or more B-lines 
between two adjacent ribs in longitudinal plane or close together in 
transverse image was considered pathological [17]; 

- “white lung”, when no horizontal reverberation (A-lines) or sepa-
rated B-lines are visible, and the density of peripheral lung increases 
without reaching true consolidation [1]; 

Fig. 1. Diagram showing the patient selection process. 
Abbreviations: COVID-19, coronavirus disease 2019; CT, computed tomography; HP, high prevalence; LUS, lung ultrasound; MP, moderate prevalence; RT-PCR, 
reverse-transcription polymerase chain reaction; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2. 
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- consolidation, in case of complete filling of the alveoli with pus or 
inflammatory changes, the echo-structure of the lung itself become 
visible as hypoechoic lesion (“liver-like”) with air bronchogram [1, 
18];  

- pleural effusion. 

Type and distribution of LUS findings were obtained by emergency 
physician report and recorded by zone, in each lung. When no clear 
distribution predominance was observed, the pattern was considered 
diffuse. The overall number and the years of experience of emergency 
physician performing LUS in the two periods was also registered. 

As previously described, a thickened pleural line with pathological B- 
line pattern associated or not with consolidations or white lung 
appearance in at least one zone was considered positive for COVID-19 
pneumonia [1]. In addition, to quantify COVID-19 pneumonia extent, 
a semiquantitative score was calculated for each patients (minimum 0, 
maximum 4), dividing each lung in two zones (upper and lower) and 
giving 1-point if LUS abnormalities occurred in at least two quadrant of 
the upper or lower zone explored (e.g LUS abnormalities in anterior and 
posterior lower zone = 1-point). 

When consolidations were not accompanied by pathological B-lines, 
was considered the alternative diagnosis of pneumonia other than 
COVID-19. The coexistence of bilateral pathological B-lines in ≥1 zone 
without pleural abnormalities, associated with pleural effusion was in 
accordance with pulmonary edema [19]. 

2.3. Chest CT protocol and interpretation 

Chest CT protocol was described in a previous study [10]. Unen-
hanced chest CT was performed in the supine position during an inspi-
ratory breath hold, moving from the apex to the lung bases, with a 
16-slice scanner (Emotion 16; Siemens, Forchheim, Germany). 
Low-dose CT acquisition was performed with the following parameters: 
tube voltage, 110 kV if body weight was 80 kg or less and 130 kV if 
patients weighed more than 80 kg; tube current, 40 mAs; pitch, 1; and 
collimation, 0.625 mm. After each examination the room was decon-
taminated by a solution at 62–71 % of ethanol or 0.1 % of sodium hy-
pochlorite [16]. The scanner cleaning procedure required around 
15− 20 minutes for each patient. Image data sets were reconstructed 
with 1–2 mm slice thickness using both sharp kernels (B70f) with stan-
dard lung window settings (window width, 1500 HU; window center, 
-500 HU) and medium-soft kernels (B40f) with soft-tissue window set-
tings (window width, 300 HU; window center, 40 HU). 

Chest CT interpretation was independently performed by two radi-
ologists (D.C. and G.D.V.) blinded to clinical data, respectively with 5 
and 14 years of experience. Patients with “indeterminate” or “typical” 
(Fig. 3) features at CT as described by the Radiological Society of North 
America (RSNA) classification system for reporting COVID-19 pneu-
monia (e-Table 1) were considered positive [20]. The total extent of 
COVID-19 pneumonia (visual CT score) was expressed as percentage of 
total lung volume and estimated to the nearest 5% in three lung zones 

Fig. 2. The 12 zone investigated with lung ul-
trasound. In the antero-lateral view (a) each 
hemithorax was divided by the anterior and 
posterior axillary line in anterior and lateral 
zone divided by an horizontal zone passing 
through nipples, identifying four zones: anterior 
upper zone, anterior lower zone, lateral upper 
zone, and lateral lower zone. In the postero- 
lateral view (b) the spinal line, the posterior 
axillary line and the horizontal nipples lines 
depicted two additional zone for each hemi-
thorax: posterior upper zone and posterior lower 
zone. 
Abbreviations: ALZ, anterior lower zone; AUZ, 
anterior upper zone; DL, diaphragmatic line; 
LLZ, lateral lower zone; LUZ, lateral upper zone; 
PLZ, posterior lower zone; PUZ, posterior upper 
zone.   

Fig. 3. A 67 years old male of the early 
outbreak group admitted to the emergency 
department for persistent fever and cough from 
three days. (a) Lung ultrasound performed with 
convex probe showed in the right lateral lower 
zone, three B-lines (arrows) and thickened 
pleural line (arrowheads) considered positive 
for COVID-19 interstitial pneumonia. (b) Axial 
unenhanced CT image at the level of inferior 
pulmonary veins confluence in left atrium, 
showed pure ground-glass opacities in the 
middle lobe and right inferior lobe (arrows) 
while in the left lower lobe depicted a ground- 
glass opacity with visible intralobular lines, 
known as “crazy-paving” appearance (arrow-
heads). Chest CT findings were considered 
“typical” for COVID-19 pneumonia [20]. 
Abbreviations: COVID-19, coronavirus disease 
2019; CT, computed tomography.   
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showed in a previous report and averaged to produce a global per-
centage of abnormalities extent [10,21,22]. For each lung, the preva-
lence of CT abnormalities in the upper-middle zone or in the 
middle-lower zone was recorded; when a clear predominant 
cranio-caudal distribution pattern was absent, abnormalities were 
classified as diffuse. Consensus formulation for the visual scores was 
obtained as reported in the study by Cottin et al. [23]. The 5 % most 
divergent observations for CT abnormalities global extent and discor-
dance over the categorical CT assessment were resolved by consensus. 
Chest CT interpreted as alternative diagnosis other than COVID-19 
pneumonia were also recorded. 

2.4. Reference standard 

Nasal and pharyngeal swabs were sampled within 12 h after CT and 
LUS, and tested with RT-PCR for SARS-CoV-2. In cases of negative RT- 
PCR results and persistent clinical suspicion of COVID-19, the patients 
were retested. Positive RT-PCR defined a patient “positive” for COVID- 
19. Conversely, double negative RT-PCR swabs defined a patient 
“negative” for COVID-19. In patients with only a single negative RT-PCR 
swab, the presence of serum IgG anti- SARS-CoV-2 (Abbott SARS-CoV-2 
IgG; Abbott Diagnostics, IL, USA) based on the chemiluminescence 
enzyme immunoassays (CLIA) performed >14 days after symptoms 
onset were used to reclassify the case (“negative” in absence of signifi-
cant serum IgG title or “positive” when present) [24]. 

2.5. Statistical analysis 

Categorical variables were expressed as counts and percentage, with 
corresponding 95 % confidence interval (95 %CI) using Wilson method. 
Continuous variables were showed as median and 95 %CI for the me-
dian. The difference between patients of the two different epidemic 
periods were assessed by Chi-square test or Fisher’s exact test for cate-
gorical variables and Mann-Whitney U test for continuous variables, as 
appropriate. 

The agreement between CT and LUS was tested using the weighted 
Cohen’s kappa (K) [25]. The agreement using K value was interpreted as 
follows: <0.20, poor; 0.21− 0.40, fair; 0.41–0.60, moderate; 0.61–0.8, 
substantial; 0.81–1, excellent [26]. 

Primary outcome analysis: sensitivity, specificity, PPV, NPV, and ac-
curacy (and their 95 %CI) were calculated for chest CT and LUS against 
RT-PCR and serology standard of reference. Receiver operating char-
acteristic (ROC) curve analysis was performed for CT and LUS. The area 
under the ROC (AUC) was used to assess the performance of the two 
techniques for the diagnosis of COVID-19 pneumonia. The ROC curves 
of CT and LUS were compared by the methodology of DeLong et al. [27]. 
An additional analysis calculated the same metrics for LUS using as 
standard of reference the combination of RT-PCR, serology, and the 
presence of an “indeterminate” or “typical” pattern at CT [20]. 

Secondary outcome analysis: in COVID-19 patients (using as standard 
reference RT-PCR and serology) ICU admission and death (related to 
COVID-19) were merged into binary composite “clinical outcome”. The 
ROC curve were calculated for age, visual CT score, and LUS score in 
relation to “clinical outcome”. The highest value of the Youden Index was 
obtained to determine an appropriate cutoff in relation to the “clinical 
outcome” in order to transform continuous variables to categorical 
variables. Visual CT score and LUS score were correlated with “clinical 
outcome” using the Kaplan-Meier method (product-limit). The “clinical 
outcome” functions were compared between independent groups of 
patients by means of the log-rank test. Multivariable Cox proportional 
hazards regression analysis was used to examine the association be-
tween age, gender, comorbidities, visual CT score, and LUS score with 
“clinical outcome” to estimate hazard ratios (HRs) and 95 % confidence 
intervals (CIs). 

A P value <0.05 was considered statistically significant. Statistical 
analysis was performed using MedCalc software (version 14.8.1, 

MedCalc Software Ltd, Ostend, Belgium). 

3. Results 

3.1. Study population characteristics 

In the referring local population (about 287,000 residents) the pos-
itivity rate of SARS-CoV-2 during HP period was 42.5 % (positive swabs 
607/1429 performed; 95 %CI 40–45 %) while was 18 % (positive swabs 
599/3262 performed; 95 %CI 17–20 %) in the MP period. Table 1 
summarizes patients demographics, clinical, and laboratory findings. A 
total number of 486 patients (males 298/486, 61 %, 95 %CI 57− 65%; 
median age 70 years old, 95 %CI 68− 72 years) were included in the 
study. The HP group comprised 247/486 (51 %; 95 %CI 46–55 %) pa-
tients, while the MP cohort 239/486 (49 %; 95 %CI, 45–54 %) patients. 
Patients diagnosed with COVID-19 were 233/247 (94 %; 95 %CI 
91− 97%) in the HP group and 108/239 (45 %; 95 %CI 39− 52%) in the 
MP group. In the HP group, median age (68 years vs 73 years, P = 0.003) 
and female proportion (30 % vs 48 %, P < 0.001) were lower as 
compared to the MP group. Conversely, the frequency of subjects with 
known exposure to COVID-19 patients was higher in HP group (36 %, 95 
%CI 31− 43%) compared to MP (18 %, 95 %CI 14− 24%; P < 0.001) as 
well as the frequency of subjects with temperature above 37.5◦C (54 %, 
95 %CI 48− 60%; 16 %, 95 %CI 12− 22%; P < 0.001) and cough (63 %, 
95 %CI 57− 69%; 30 %, 95 %CI 25− 36%; P < 0.001). Percentage of 
peripheral oxygen saturation (%SpO2) was lower in HP group (median 
value 92 %, 95 %CI 91− 92%) compared to MP group (median value 97 
%, 95 %CI 96− 97%; P < 0.001) as well as the white blood cell count 
(WBC) (6.3 vs 8.6  × 103/μL, P<0.001). Conversely, C-reactive protein 
(CRP, 8.2 vs 3.8 mg/dl; P < 0.001) and lactate dehydrogenase (LDH, 355 
vs 286 U/L; P < 0.001) levels were higher in HP group. Considering 
patients diagnosed with COVID-19, higher frequency of a severe or 
critical disease was observed in HP group (160/233, 69 %, 95 %CI 
62–74 %) compared with MP group (34/108, 31 %, 95 %CI 23–41 %; 
P < 0.001). 

3.2. LUS and chest CT findings 

Lung ultrasound – In HP, LUS identified pathological B-lines in 179/ 
247 (72 %; 95 %CI 67–78 %) patients, consolidation and pathological B- 
lines in 44/247 (18 %; 95 %CI 13–23 %) cases, while white lung was 
observed in 9/247 (4%; 95 %CI 2–7 %) patients; consolidations without 
pathological B-lines was found in 8/247 (3%; 95 %CI 2–6 %) patients. 
No significant differences in the rate of LUS findings was demonstrated 
in MP: pathological B-lines were identified in 150/239 (63 %; 95 %CI 
56–68 %; P=0.22) patients, consolidations and pathological B-lines in 
32/239 (14 %; 95 %CI 10− 18%; P=0.19) cases, white lung in 9/239 
(4%; 95 %CI 2–7 %; P=0.86) observations, while consolidations without 
pathological B-lines in 4/239 (2%; 95 %CI 1–4 %; P=0.41) LUS. Similar 
rate of pleural effusion was demonstrated between HP (33/247, 13 %; 
95 %CI 10− 18%) and MP (32/239, 13 %; 95 %CI 10− 18%; P=0.9). LUS 
was considered positive for COVID-19 pneumonia more frequently in HP 
group (232/247, 93 %, 95 %CI 90–96 %) compared with MP group 
(191/239, 80 %, 95 %CI 74–84 %; P < 0.001). In COVID-19 patients, the 
median LUS score was similar in the two groups (median 4, 95 %CI 3–4 
for both groups; P = 0.53). A similar rate of pneumonia other than 
COVID-19 (HP 3 % vs MP 2 %, P = 0.38) was observed in both groups. 
No difference in the rate of pulmonary edema was found between HP 
and MP (respectively 2 % vs 3 %, P = 0.37). The number of reporting 
emergency physician was higher in the MP as compared to the HP (45 vs 
38 physicians); in addition the median years of experience was lower in 
the MP as compared to HP (11 years vs 15 years, P = 0.001). 

Chest CT - Time elapsed between LUS and CT was not significantly 
different in the two periods (HP 1 h and 30 min vs MP 1 h and 35 min; 
P = 0.53). Frequency of CT categories for COVID-19 pneumonia are 
detailed in e-Table 2. CT positive (“typical” or “indeterminate”) for 
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COVID-19 were more frequent in the HP group as compared to MP group 
(217/247, 88 %, 95 %CI 83− 91 %; 143/239, 60 %, 95 %CI 53–66 %; 
P < 0.001). In COVID-19 patients the median extent of CT pulmonary 
involvement was similar in the two groups (HP 30 %, 95 %CI, 25–30 %; 
MP 30 %, 95 %CI, 25–35 %; P=0.63). A significant difference in CT 
alternative diagnosis was demonstrated between HP and MP (0.4 % vs 
9%, P < 0.001). During HP only 1/247 (0.4 %; 95 % CI 0.1− 2 %) patient 
manifested pneumonia other than COVID-19, while in the MP were 
identified 6/239 (3 %; 95 % CI 1–5 %) patients with pneumonia other 
than COVID-19, 4/239 (2%; 95 % CI 1–4 %) CT scans with cancer, 8/239 
(3%; 95 % CI 2–6 %) cases with pulmonary edema, and 3/239 (1%; 95 % 
CI 0.4–4 %) patients with interstitial lung disease. 

The agreement between chest CT and LUS (Table 2) for the detection 
and localization of parenchyma abnormalities considering all patients 
was only fair (K 0.29, 95 % CI 0.24− 0.34); this finding was confirmed 
both in HP and MP groups (HP K 0.23, 95 %CI 0.15− 0.3; MP K 0.27, 95 
% CI 0.2− 0.34). For both CT and LUS, the main distribution pattern was 
diffuse (CT 60 %, 95 %CI 57− 63%; LUS 52 %, 95 %CI 49− 55%), fol-
lowed by middle-lower zone predominance (CT 17 %, 95 %CI 15− 20%; 
LUS 28 %, 95 %CI 25− 31%). The agreement between CT and LUS for the 
diagnosis of COVID-19 was poor in both periods (HP K 0.05, 95 %CI 
0.08− 0.19; MP K 0.16, 95 % CI 0.04− 0.28). In particular, LUS consid-
ered positive patients with CT negative for COVID-19 in 27/30 (90 %; 95 
%CI 74–96 %) cases during HP and in 68/96 (71 %; 95 %CI 61–79 %) 
cases of MP. 

Table 3 shows the performance of both LUS and chest CT for diag-
nosis of COVID-19. In HP the sensitivity, specificity, PPV, and NPV were 
94 % (95 %CI, 90− 97%), 7% (95 %CI, 0.2− 34%), 94 % (95 %CI, 
91− 97%), and 7% (95 %CI, 0.2− 32%) for LUS while 90 % (95 %CI, 
85− 93%), 43 % (95 %CI, 18− 71%), 96 % (95 %CI, 93− 98%), and 20 % 
(95 %CI, 8− 38%) for CT. In MP the sensitivity, specificity, PPV, and NPV 
were 93 % (95 %CI, 86− 97%), 31 % (95 %CI, 23− 39%), 52 % (95 %CI, 

Table 1 
Patients demographics, clinical, and laboratory findings at admission.  

Variable Total 
(n = 486) 

High 
prevalence 
period 
(n = 247) 

Moderate 
prevalence 
period 
(n = 239) 

P value 

Disease prevalence 341 (70 %, 
66-74 %) 

233 (94 %, 
91–97%) 

108 (45 %, 
39–52 %) 

<0.001 

Age 70 (68–72; 
57–80) 

68 (65–70; 
57–76) 

73 (69–76; 
57–82) 

0.003 

Gender  
• Males 298 (61 %, 

57–65 %) 
173 (70 %, 
64-75 %) 

125 (52 %, 
46–59 %) <0.001  

• females 
188 (39 %, 
34–43 %) 

74 (30 %, 25- 
36%) 

114 (48 %, 
41–54 %) 

Smoking history  

• never 
110 (23 %, 
19-27 %) 

61 (25 %, 
20–30%) 

49 (20 %, 16- 
26 %) 

0.05  
• former 52 (11 %, 

8–14 %) 
34 (14 %, 
10–19%) 

18 (8 %, 5- 
12%)  

• current 
23 (4 %, 
3–7%) 

12 (5 %, 3–8 
%) 

11 (5 %, 3–8 
%)  

• unknown 
301 (62 %, 
58–66 %) 

140 (56 %, 
50–63 %) 

161 (67 %, 
61-73 %) 

Exposure to subject 
with known 
COVID-19 
infection 

134 (28 %, 
24–32 %) 

90 (36 %, 
31–43 %) 

44 (18 %, 14- 
24 %) 

<0.001 

Comorbidity  

• cardiovascular 
281 (58 %, 
54–62 %) 

137 (55 %, 
49–62 %) 

144 (60 %, 
54-66 %) 0.33  

• pulmonary 
67 (14 %, 
11–17 %) 

37 (15 %, 
11–20 %) 

30 (13 %, 9- 
17 %) 0.51  

• oncological 73 (15 %, 
12–18 %) 

33 (13 %, 
10–18 %) 

40 (17 %, 13- 
22 %) 

0.36  

• neurological 68 (14 %, 
11–17 %) 

35 (14 %, 
10–19 %) 

33 (14 %, 10- 
19 %) 

0.99  

• hepatic failure 
8 (2 %, 1–3 
%) 

4 (1 %, 0.6–4 
%) 

4 (2 %, 0.6-4 
%) 0.59  

• chronic kidney 
failure 

24 (5 %, 3–7 
%) 

11 (4 %, 3–8 
%) 

13 (5 %, 3-9 
%) 

0.52  

• diabetes 85 (17 %, 
14–21 %) 

46 (19 %, 
14–24 %) 

39 (16 %, 12- 
22 %) 

0.48 

Symptom  

• fever 
388 (79 %, 
76-83 %) 

235 (95 %, 
92-97 %) 

153 (64 %, 
58-70 %) <0.001  

• cough 
228 (47 %, 
43-51 %) 

156 (63 %, 
57-69 %) 

72 (30 %, 25- 
36 %) <0.001  

• dyspnea 230 (47 %, 
43-52 %) 

115 (47 %, 
40-53 %) 

115 (48 %, 
42-54 %) 

0.94  

• asthenia 55 (11 %, 9- 
14 %) 

31 (13 %, 9- 
17 %) 

24 (10 %, 7- 
14 %) 

0.68  

• other 
162 (33 %, 
29-38 %) 

58 (23 %, 19- 
29 %) 

104 (44 %, 
37-50 %) <0.001 

Symptoms onset 
(days) 7 (6-7; 3-10) 7 (5-8; 3-8) 7 (6-7; 2-10) 0.27 

Respiratory rate 
(acts/minute) 

20 (20-20; 
18-24) 

20 (18-20; 
18-24) 

20 (20-20; 18- 
24) 

0.54 

SpO2 (%) 95 (94-95; 
90-97) 

92 (91-92; 
87-95) 

97 (96-97; 94- 
98) 

<0.001 

Body temperature at 
admission (◦C) 

37 (36.9- 
37.2; 36-38) 

37.7 (37.5- 
38; 37-38.4) 

36.4 (36.2- 
36.5; 36-37.2) <0.001 

Body temperature >
37.5 ◦C 

172 (35 %, 
31-40 %) 

133 (54 %, 
48-60 %) 

39 (16 %, 12- 
22 %) 

<0.001 

Red blood cell count 
(x 106/μL) 

4.7 (4.6-4.8; 
4.3-5.1) 

4.8 (4.6-4.9; 
4.3-5.2) 

4.7 (4.6-4.7; 
4.2-5) 

0.11 

Hemoglobin level 
(g/dl) 

13.6 (13.5- 
13.9; 12.3- 
14.8) 

13.8 (13.5- 
14.2; 12.6- 
14.9) 

13.4 (13.3- 
13.7; 12.1- 
14.7) 

0.02 

Hematocrit (%) 
42.5 (41.9- 
43; 38.6- 
45.7) 

42.7 (41.9- 
43.5; 38.8- 
45.8) 

42 (41.5-43; 
38.3-45.3) 

0.19 

White blood cell 
count (x 103/μL) 

7.4 (7.1-7.9; 
5.4-10.4) 

6.3 (5.9-7; 
4.7-9.3) 

8.6 (8-9.3; 
6.2-11.5) 

<0.001 

Lymphocytes count 
(x 103/μL) 

1 (1-1.1; 
0.7-1.4) 

1 (0.9–1; 
0.7–1.3) 

1.1 (1-1.2; 
0.7–1.6) 0.005 

<0.001  

Table 1 (continued ) 

Variable Total 
(n = 486) 

High 
prevalence 
period 
(n = 247) 

Moderate 
prevalence 
period 
(n = 239) 

P value 

Platelet count (x 
103/μL) 

202 
(196–216; 
160–267) 

183 
(176–192; 
145-233) 

235 (224-253; 
179–313) 

CRP (mg/dl) 6.1 
(5.4–7.1; 
1.6–13.6) 

8.2 (6.6-9.2; 
3-14.8) 

3.8 (2.6–5.9; 
0.7–11.1) 

<0.001 

Lactate 
dehydrogenase 
(U/L) 

324 
(308–341; 
242–444) 

355 (332- 
385; 
273–480) 

286 
(257–311; 
223-407) 

<0.001 

eGFR (ml/min/ 
1.73 m2) 

76 (74–79; 
56-93) 

76 (71–79; 
57–92) 

78 (73–85; 
54-96) 

0.37 

Blood Urea level 
(mg/dl) 

40 (38–44; 
31-61) 

40 (38–45; 
31-60) 

41 (38–46; 
30-63) 

0.89 

Blood Sodium level 
(mEq/l) 

138 
(137–138; 
135–140) 

137 
(136–137; 
134-138) 

139 
(138–139; 
136–141) 

<0.001 

Blood Glucose level 
(mg/dl) 

122 
(119–125; 
106–149) 

121 (117- 
125; 107- 
149) 

123 (119-130; 
105–149) 

0.94 

GOT (U/L) 37 (36–39; 
26–60) 

42 (38–46; 
31–64) 

31 (28-36; 
22–50) 

<0.001 

GPT (U/L) 27 (25–30; 
18–45) 

30 (27–34; 
20–49) 

24 (21–27; 
16–42) 

0.002 

Categorical variables are expressed as counts and percentage, with corre-
sponding 95 % confidence interval (95 %CI) using Wilson method in paren-
thesis. Continuous variables are showed as median with 95 %CI for the median 
and interquartile range in parenthesis. Significant P values (<0.05) obtained are 
showed in bold type. 
Abbreviations: COVID-19, coronavirus disease 2019; CRP, C-reactive protein; 
eGFR, estimated glomerular filtrate rate; GOT, glutamic oxaloacetic trans-
aminase; GPT, glutamic pyruvic transaminase; SpO2, peripheral oxygen 
saturation. 
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45− 60%), and 83 % (95 %CI, 70− 92%) for LUS while 95 % (95 %CI, 
89− 98%), 69 % (95 %CI, 61− 77%), 72 % (95 %CI, 64− 79%), and 95 % 
(95 %CI, 88− 98%) for CT. CT performance for diagnosis of COVID-19 
was significantly better than LUS both in HP (AUC 0.75 vs 0.51; 
P < 0.001) and MP (AUC 0.85 vs 0.62; P < 0.001) (Fig. 4, Table 3). The 
performance for the diagnosis of COVID-19 of CT was similar in the two 
periods (P = 0.13), while was significantly better for LUS in the MP as 
compared to HP (P = 0.01). 

Considering as reference standard RT-PCR, serology, and “typical”/ 
”indeterminate” CT pattern, the LUS performance showed similar results 

both in the HP group (sensitivity 94 %, specificity 8%, PPV 85 %, NPV 
20 %, AUC 0.51) and MP group (sensitivity 93 %, specificity 30 %, PPV 
50 %, NPV 85 %, AUC 0.62), as showed in e-Table 3. 

3.3. Clinical outcome analysis 

In both groups, the rate of COVID-19 patients that reached the 
clinical outcome was similar (HP 106/233, 45 %, 95 % CI 39− 52%; MP 
39/108, 36 %, 95 % CI 28–45 %; P = 0.14). E-table 4 shows the best 
cutoff obtained by the ROC curves analysis in relation to clinical 
outcome: LUS score>2 and visual CT pneumonia extent>30 % in HP; 
LUS score>3 and visual CT pneumonia extent>35 % in MP. Significant 
shorter mean time of ICU admission or death (Fig. 5) was demonstrated 
for patients with visual CT pneumonia extent>30 % (35 vs 91 days, 
P < 0.001) in HP group, and >35 % (36 vs 74 days, P < 0.001) in the MP 
group. LUS score>2 in the HP group was associated with shorter time of 
ICU admission or death (56 vs 85 days, P < 0.001), while a LUS score>3 
in the MP group failed to identify patients with better prognosis (55 vs 
68 days, P = 0.07). The multivariable Cox analysis (Table 4) confirmed 
the association between worse clinical outcome and both LUS score>2 
(HR 2.2, 95 %CI 1.4− 3.3; P<0.001), and visual CT pneumonia 
extent>30 % (HR 4, 95 %CI 2.7− 6; P<0.001) in the HP group; in the MP 
group visual CT pneumonia extent >35 % (HR 3.7, 95 % CI 1.9− 7.3; 
P<0.001) showed a significant association with worse clinical outcome 
while LUS score>3 was not significantly related with worse prognosis. 

4. Discussion 

In the present study we aimed to compare chest CT and LUS per-
formance in two periods of COVID-19 epidemic with disease prevalence 
varying from 94 % in early phase to 45 % in late phase. In both periods, 
chest CT was significantly more accurate than LUS for the diagnosis of 
COVID-19. Furthermore, chest CT granted better risk stratification of 
clinical outcome compared with LUS in both early and late phase. 

Table 2 
Agreement between chest computed tomography and lung ultrasound for the diagnosis of COVID-19 interstitial pneumonia in 486 patients.  

Lung ultrasound 
Chest computed tomography 

No alterations Upper-middle zone Middle-lower zone Diffuse Total 

No alterations 74 15 27 57 173 (18 %, 16− 20 %) 
Upper-middle zone 3 1 4 16 24 (2 %, 2− 4 %) 
Middle-lower zone 56 14 58 141 269 (28 %, 25− 31 %) 
Diffuse 35 23 77 371 506 (52 %, 49− 55 %) 
Total 168 (17 %, 15− 20 %) 53 (6%, 4− 7%) 166 (17 %, 15− 20 %) 585 (60 %, 57− 63 %)  

Values in parenthesis correspond to 95 % confidence interval (95 %CI). The agreement between computed tomography and lung ultrasound is fair, with a weighted K 
Cohen value of 0.29 (95 % CI, 0.24− 0.34). 
Abbreviations: COVID-19, coronavirus disease 2019. 

Table 3 
Chest computed tomography and lung ultrasound performance for diagnosis of 
COVID-19 infection.  

Metrics 

High prevalence group 
(prevalence 94 %) 

Moderate prevalence group 
(prevalence 45 %) 

CT LUS CT LUS 

Sensitivity 
(%) 

90 (85− 93) 94 (90− 97) 95 (89− 98) 93 (86− 97) 

Specificity 
(%) 

43 (18− 71) 7 (0.2− 34) 69 (61− 77) 31 (23− 39) 

PPV (%) 96 (93− 98) 94 (91− 97) 72 (64− 79) 52 (45− 60) 
NPV (%) 20 (8− 38) 7 (0.2− 32) 95 (88− 98) 83 (70− 92) 

AUC P value 
* 

0.75 
(0.61− 0.88) 

0.51 
(0.43− 0.58) 

0.85 
(0.81− 0.9) 

0.62 
(0.57− 0.66) 

<0.001 <0.001 

Abbreviations: AUC, are under the ROC curve; COVID-19, coronavirus disease 
2019; CT, computed tomography; LUS, lung ultrasound; NPV, negative predic-
tive value; PPV, positive predictive value; ROC, receiver operating characteristic 
curve. 
Sensitivity, specificity, positive predictive values, negative predictive values, 
and area under the ROC curve are expressed as percentage and values, with 
corresponding 95 % confidence interval (95 %CI) in parenthesis. Significant P 
values (<0.05) obtained are showed in bold type. 

* ROC curves were compared by the methodology of DeLong et al. [27]. 

Fig. 4. Comparison of ROC curves for diagnosis 
of COVID-19 in both high prevalence and mod-
erate prevalence groups. Chest CT showed a 
significant (P < 0.001) better performance in 
comparison to lung ultrasound in both periods 
(AUC in the HP 0.75 vs 0.51; AUC in the MP 
0.85 vs 0.62). 
Abbreviations: AUC, area under the ROC curve; 
COVID-19, coronavirus disease 2019; CT, 
computed tomography; HP, high prevalence 
group; MP, moderate prevalence group; ROC, 
receiver operating characteristic.   
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LUS has been proposed and implemented in the diagnostic work-up 
of COVID-19 [2,4,5]. This is a rapid, repeatable, bedside test that can 
help risk stratification and management of patients with respiratory 
symptoms [28]. LUS was reported with a characteristics pattern in 
COVID-19, with thickened pleural line and a large number of B-lines, 
representing interstitial pneumonia, distributed mainly in the lower and 
dorsal zone of both lungs [2,17]. LUS is an highly sensitive technique, 
for instance the sensitivity of LUS for the diagnosis of pulmonary edema 
reached 88 % [19]. Even in COVID-19 LUS was demonstrated in pre-
liminary study very sensitive [29]. We found high sensitivity for 
COVID-19 diagnosis, ranging from 93 % to 94 %, similar to chest CT. 
However, pattern for COVID-19 at LUS are characteristic but 
non-specific [17]. The presence of artifactual B-lines is reported in 
several other pathologies, such as pulmonary edema, interstitial fibrosis, 

and asthma [19,30,31]. In addition B-lines can occur even in healthy 
individuals and should be interpreted in relation with the age of the 
observed patient [32,33]. Thus, specificity was low in both populations 
(7% and 31 % in HP and MP, respectively). PPV was very high (94 %) in 
a disease prevalence population of around 90 %, but the reduction of 
disease prevalence (in our sample around 50 %) determines a decrease 
to 52 %. NPV is very low (7%) in the HP but increases to 83 % in MP. In 
addition the use of LUS is limited in several conditions, particularly in 
obese patients. Moreover, LUS is highly dependent on operator experi-
ence, without clear evidence-based guidelines about the training 
required to achieve adequate skills [28,34]. Our results support this 
statement, demonstrating that despite significant lower experience of 
the readers in MP (11 years vs 15 years), LUS performance in diagnosis 
of COVID-19 was significantly better in MP as compared with HP, 
proving the relevance of specific training to assess pulmonary abnor-
malities related to COVID-19. 

Furthermore, to reduce the risk of virus transmission to other pa-
tients and to operators, rigorous and standardized procedures are 
required to protect operators and for decontamination during and at the 
end of examination [8]. 

We showed fair agreement in abnormalities localization between CT 
and LUS. Lu et al. demonstrated higher agreement (K Cohen of 0.529) 
between CT and LUS, however considering only patients positive for 
COVID-19 [35]. The fair agreement could be explained by the difficulty 
of LUS to detect interstitial pneumonia distant from pleura or in the 
apical regions [2]. 

According with previous studies, in both cohorts chest CT sensitivity 
was high, included between 90 % and 95 % depending on disease 
prevalence [9,11,36]. The specificity (HP group 43 %, MP group 69 %) 
was similar to the reported by Caruso et al. (56 %), however higher than 
showed by Ai et al. (25 %) [9,36]. One reason for the lower specificity of 
this study is that radiologists used low threshold for diagnosing 
COVID-19 at CT, considering positive patients with patterns seen in 
COVID-19 but less typical; conversely, we considered positive patients 
with typical or indeterminate chest CT pattern, as defined by the RSNA 

Fig. 5. Kaplan-Meier estimates (with 95 % confidence interval) of ICU/death admission for COVID-19 pneumonia extent assessed by LUS and CT. In HP a LUS score 
>2 (a) and a visual CT score >30 % (b) were significantly associated with shorter ICU admission or death occurrence (both P < 0.001). In MP, a CT visual score>35 % 
was significantly associated with shorter ICU admission or death occurrence (P < 0.001), while a LUS score >3 (d) failed to identify patients with better prognosis 
(P = 0.07). 
Abbreviations: COVID-19, coronavirus disease 2019; CT, computed tomography; HP, high prevalence group; ICU, intensive care unit; LUS, lung ultrasound; MP, 
moderate prevalence group. 

Table 4 
Multivariable Cox proportional hazard results for age, gender, comorbidities, 
pneumonia extent assessed by CT and LUS to predict ICU admission/death 
(“clinical outcome”) in COVID-19 patients.  

Variables 
High prevalence group (94 %) 

Hazard ratio (95 % CI) P value 

Age >70 years old 1.8 (1.2− 2.7) 0.003 
Oncological comorbidities 1.7 (1.1− 2.8) 0.03 
CT pneumonia extent >30 % 4 (2.7− 6) <0.001 
LUS pneumonia extent score >2 2.2 (1.4− 3.3) <0.001   

Moderate prevalence group (45 %) 

Hazard ratio (95 % CI) P value 

Age >79 years old 3.1 (1.6− 6) 0.001 
Male gender 2.4 (1.2− 4.6) 0.01 
CT pneumonia extent >35 % 3.7 (1.9− 7.3) <0.001 

Values in parenthesis correspond to 95 % confidence interval (95 %CI). Signif-
icant P values (<0.05) obtained are showed in bold type. 
Abbreviations: COVID-19, coronavirus disease 2019; CT, computed tomogra-
phy; ICU, intensive care unit; LUS, lung ultrasound. 
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classification system [9,20,36]. As expected by the huge difference in 
disease prevalence, PPV and NPV of CT were different in the two groups 
[6]. The PPV in the HP cohort was very high (96 %), while it declined 
(72 %) after three weeks lockdown. The opposite was observed for NPV, 
which raised from 20 % in the initial outbreak to 95 % in the late 
outbreak. 

As previously reported, CT stratified COVID-19 patients with worse 
outcome in both periods explored in the present study, particularly a 
pneumonia extent >30 % of whole lung volume was a predictor of ICU 
admission or death [10]. LUS quantification of pneumonia extent 
showed prognostic value in the HP group, but failed to identify patients 
with better prognosis in the MP group. This finding reflects the LUS 
peculiarity to assess only peripheral lung zones, which represent around 
only 1/16 of the total lung volume [37]. Bonadia et al. have recently 
demonstrated an higher proportion of involved area by COVID-19 
pneumonia assessed by LUS in patients who subsequently died [38]. 
However, this report was conducted on only 36 patients without 
considering other potential predictors of death (e.g. age, sex, and 
comorbidities) additional to LUS evaluation of COVID-19 pneumonia 
extent [38]. 

The present study has several limitations. First, it is based on a 
retrospective design, in a single hospital. Second, the interobserver 
agreement of LUS was not evaluated; however our study reflects a daily 
practice scenario, and it is well known that ultrasound depends on 
observer skills and experience. Third, in several patients more than two 
RT-PCR tests for SARS-Cov-2 in nasal-pharyngeal swab are needed to 
confirm the diagnosis of COVID-19; thus the definition of a patient 
“negative” on the basis of only two negative nasal-pharyngeal swabs 
could affect imaging performance, by increasing the number of false 
positive CT or LUS which actullay were true positive[39]. However, the 
rate of patients that require three or more RT-PCR tests in 
nasal-pharyngeal swab is quite low, around 5% of the patients [39]. 

In conclusion, admission chest computed tomography shows a better 
performance than LUS for diagnosis of COVID-19, both in population 
with very high (94 %) and lower (45 %) disease prevalence. Lung ul-
trasound is an highly sensitive technique, however it requires specific 
training and is limited by extremely low specificity and unreliable 
positive predictive value with disease prevalence below 50 %. There-
fore, LUS for COVID-19 diagnosis should not be considered as a 
screening tool and represent an expanded clinical evaluation to rule out 
major pulmonary involvement; yet it seems safe to integrate positive 
LUS with CT for more accurate risk stratification. 
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T. Marcianò, M. Silva, A. Vercelli, A. Magnacavallo, Can lung us help critical care 
clinicians in the early diagnosis of novel coronavirus (COVID-19) pneumonia? 
Radiology 295 (2020) E6, https://doi.org/10.1148/radiol.2020200847. 

[6] John Eng, David A. Bluemke, Imaging publications in the COVID-19 pandemic: 
applying new research results to clinical practice, Radiology (2020), 201724, 
https://doi.org/10.1148/radiol.2020201724. 

[7] G.D. Rubin, L.B. Haramati, J.P. Kanne, N.W. Schluger, J.-J. Yim, D.J. Anderson, 
T. Altes, S.R. Desai, J.M. Goo, Y. Inoue, F. Luo, M. Prokop, L. Richeldi, 
N. Tomiyama, A.N. Leung, C.J. Ryerson, N. Sverzellati, S. Raoof, A. Volpi, I.B. 
K. Martin, C. Kong, A. Bush, J. Goldin, M. Humbert, H.-U. Kauczor, P.J. Mazzone, 
M. Remy-Jardin, C.M. Schaefer-Prokop, A.U. Wells, The role of chest imaging in 
patient management during the COVID-19 pandemic: a multinational consensus 
statement from the Fleischner Society, Radiology (2020), 201365, https://doi.org/ 
10.1148/radiol.2020201365. 

[8] A. Gogna, P. Yogendra, S.H.E. Lee, A. Aziz, E. Cheong, L.P. Chan, 
N. Venkatanarasimha, Diagnostic ultrasound services during the coronavirus 
disease (COVID-19) pandemic, Am. J. Roentgenol. (2020) 1–6, https://doi.org/ 
10.2214/ajr.20.23167. 

[9] T. Ai, Z. Yang, L. Xia, Correlation of chest CT and RT-PCR testing in coronavirus 
disease, Radiology 2019 (2020) 1–8, https://doi.org/10.14358/PERS.80.2.000. 

[10] D. Colombi, F.C. Bodini, M. Petrini, G. Maffi, N. Morelli, G. Milanese, M. Silva, 
N. Sverzellati, E. Michieletti, Well-aerated lung on admitting chest CT to predict 
adverse outcome in COVID-19 pneumonia, Radiology (2020), 201433, https://doi. 
org/10.1148/radiol.2020201433. 

[11] H. Kim, H. Hong, S.H. Yoon, Diagnostic performance of CT and reverse 
transcriptase-polymerase chain reaction for coronavirus disease 2019: a meta- 
analysis, Radiology (2020), 201343, https://doi.org/10.1148/radiol.2020201343. 

[12] M.P. Revel, A.P. Parkar, H. Prosch, M. Silva, N. Sverzellati, F. Gleeson, A. Brady, 
COVID-19 patients and the radiology department – advice from the European 
Society of Radiology (ESR) and the European Society of Thoracic Imaging (ESTI), 
Eur. Radiol. 30 (9) (2020) 4903–4909, https://doi.org/10.1007/s00330-020- 
06865-y. 

[13] American College of Radiology (ACR), ACR Recommendations for the Use of Chest 
Radiography and Computed Tomography (CT) for Suspected COVID-19 Infection, 
2020. March 11, Available at: www.acr.org/Advocacy-and-Economics/ACR-Positi 
on-Statements/Recommendati, (n.d.). 

[14] M. della Salute, Circolare del 3 Aprile, Gazz. Uff. (2020) 1–6. 
[15] C. Guideline, Diagnosis and treatment protocol for novel coronavirus pneumonia 

(Trial version 7), Chin. Med. J. (Engl.) 133 (2020) 1087–1095, https://doi.org/ 
10.1097/CM9.0000000000000819. 

[16] G. Kampf, D. Todt, S. Pfaender, E. Steinmann, Persistence of coronaviruses on 
inanimate surfaces and their inactivation with biocidal agents, J. Hosp. Infect. 104 
(2020) 246–251, https://doi.org/10.1016/j.jhin.2020.01.022. 

[17] A. Miller, Practical approach to lung ultrasound, BJA Educ. 16 (2016) 39–45, 
https://doi.org/10.1093/bjaceaccp/mkv012. 

[18] M. Riccabona, Ultrasound of the chest in children (mediastinum excluded), Eur. 
Radiol. 18 (2008) 390–399, https://doi.org/10.1007/s00330-007-0754-3. 

D. Colombi et al.                                                                                                                                                                                                                                

http://10.1016/j.ejrad.2020.109344
https://doi.org/10.1016/j.ejrad.2020.109344
https://doi.org/10.1016/j.ultrasmedbio.2020.05.012
https://doi.org/10.1007/s00134-020-05996-6
https://doi.org/10.1016/j.ejro.2020.100231
https://doi.org/10.1016/j.ejro.2020.100231
https://doi.org/10.1148/radiol.2020200847
https://doi.org/10.1148/radiol.2020201724
https://doi.org/10.1148/radiol.2020201365
https://doi.org/10.1148/radiol.2020201365
https://doi.org/10.2214/ajr.20.23167
https://doi.org/10.2214/ajr.20.23167
https://doi.org/10.14358/PERS.80.2.000
https://doi.org/10.1148/radiol.2020201433
https://doi.org/10.1148/radiol.2020201433
https://doi.org/10.1148/radiol.2020201343
https://doi.org/10.1007/s00330-020-06865-y
https://doi.org/10.1007/s00330-020-06865-y
http://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendati
http://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendati
http://refhub.elsevier.com/S0720-048X(20)30533-7/sbref0070
https://doi.org/10.1097/CM9.0000000000000819
https://doi.org/10.1097/CM9.0000000000000819
https://doi.org/10.1016/j.jhin.2020.01.022
https://doi.org/10.1093/bjaceaccp/mkv012
https://doi.org/10.1007/s00330-007-0754-3


European Journal of Radiology 133 (2020) 109344

9

[19] A.M. Maw, A. Hassanin, P.M. Ho, M.D.F. McInnes, A. Moss, E. Juarez-Colunga, N. 
J. Soni, M.H. Miglioranza, E. Platz, K. DeSanto, A.P. Sertich, G. Salame, S. 
L. Daugherty, Diagnostic accuracy of point-of-care lung ultrasonography and chest 
radiography in adults with symptoms suggestive of acute decompensated heart 
failure: a systematic review and meta-analysis, JAMA Netw. Open. 2 (2019), 
e190703, https://doi.org/10.1001/jamanetworkopen.2019.0703. 

[20] S. Simpson, F.U. Kay, S. Abbara, S. Bhalla, J.H. Chung, M. Chung, T.S. Henry, J. 
P. Kanne, S. Kligerman, J.P. Ko, H. Litt, Radiological society of North America 
expert consensus statement on reporting chest CT findings related to COVID-19. 
Endorsed by the society of thoracic radiology, The American College of Radiology, 
and RSNA, Radiol. Cardiothorac. Imaging. 2 (2020), e200152, https://doi.org/ 
10.1148/ryct.2020200152. 

[21] K. Ichikado, H. Muranaka, Y. Gushima, T. Kotani, H.M. Nader, K. Fujimoto, 
T. Johkoh, N. Iwamoto, K. Kawamura, J. Nagano, K. Fukuda, N. Hirata, 
T. Yoshinaga, H. Ichiyasu, S. Tsumura, H. Kohrogi, A. Kawaguchi, M. Yoshioka, 
T. Sakuma, M. Suga, Fibroproliferative changes on high-resolution CT in the acute 
respiratory distress syndrome predict mortality and ventilator dependency: a 
prospective observational cohort study, BMJ Open 2 (2012) 1–11, https://doi.org/ 
10.1136/bmjopen-2011-000545. 

[22] A.J. Edey, A.A. Devaraj, R.P. Barker, A.G. Nicholson, A.U. Wells, D.M. Hansell, 
Fibrotic idiopathic interstitial pneumonias: HRCT findings that predict mortality, 
Eur. Radiol. 21 (2011) 1586–1593, https://doi.org/10.1007/s00330-011-2098-2. 

[23] V. Cottin, D.M. Hansell, N. Sverzellati, D. Weycker, K.M. Antoniou, M. Atwood, 
G. Oster, K.U. Kirchgaessler, H.R. Collard, A.U. Wells, Effect of emphysema extent 
on serial lung function in patients with idiopathic pulmonary fibrosis, Am. J. 
Respir. Crit. Care Med. 196 (2017) 1162–1171, https://doi.org/10.1164/ 
rccm.201612-2492OC. 

[24] T. Nicol, C. Lefeuvre, O. Serri, A. Pivert, F. Joubaud, V. Dubée, A. Kouatchet, 
A. Ducancelle, F. Lunel-Fabiani, H. Le Guillou-Guillemette, Assessment of SARS- 
CoV-2 serological tests for the diagnosis of COVID-19 through the evaluation of 
three immunoassays: two automated immunoassays (Euroimmun and Abbott) and 
one rapid lateral flow immunoassay (NG Biotech), J. Clin. Virol. 129 (2020), 
104511, https://doi.org/10.1016/j.jcv.2020.104511. 

[25] J. Cohen, Weighted kappa: nominal scale agreement with provision for scaled 
disagreement or partial credit, Psychol. Bull. 70 (1968) 213–220, https://doi.org/ 
10.1037/h0026256. 

[26] M.L. McHugh, Interrater reliability: the kappa statistic, Biochem. Medica 22 (2012) 
276–282. 

[27] E.R. DeLong, D.M. DeLong, D.L. Clarke-Pearson, Comparing the areas under two or 
more correlated receiver operating characteristic curves: a nonparametric 
approach, Biometrics 44 (1988) 837–845. 

[28] M. Di Serafino, M. Notaro, G. Rea, F. Iacobellis, V. Delli Paoli, C. Acampora, 
S. Ianniello, L. Brunese, L. Romano, G. Vallone, The lung ultrasound: facts or 

artifacts? In the era of COVID-19 outbreak, Radiol. Medica 125 (2020) 738–753, 
https://doi.org/10.1007/s11547-020-01236-5. 

[29] N. Narinx, A. Smismans, R. Symons, J. Frans, A. Demeyere, M. Gillis, Feasibility of 
using point-of-care lung ultrasound for early triage of COVID-19 patients in the 
emergency room, Emerg. Radiol. (2020), https://doi.org/10.1007/s10140-020- 
01849-3. 

[30] A. Del Colle, G.E. Carpagnano, B. Feragalli, M.P. Foschino Barbaro, D. Lacedonia, 
G. Scioscia, C.M.I. Quarato, E. Buonamico, M.G. Tinti, G. Rea, C. Cipriani, 
E. Frongillo, S. De Cosmo, G. Guglielmi, M. Sperandeo, Transthoracic ultrasound 
sign in severe asthmatic patients: a lack of “gliding sign” mimic pneumothorax, 
BJR Case Rep. 5 (2019), 20190030, https://doi.org/10.1259/bjrcr.20190030. 

[31] M. Gutierrez, M. Tardella, L. Rodriguez, J. Mendoza, D. Clavijo-Cornejo, A. García, 
C. Bertolazzi, Ultrasound as a potential tool for the assessment of interstitial lung 
disease in rheumatic patients. Where are we now? Radiol. Med. 124 (2019) 
989–999, https://doi.org/10.1007/s11547-019-01053-5. 

[32] G. Rea, G.M. Trovato, A farewell to B-lines: ageing and disappearance of ultrasound 
artifacts as a diagnostic tool, Respiration 90 (2015) 522, https://doi.org/10.1159/ 
000441010. 

[33] D.A. Lichtenstein, Current misconceptions in lung ultrasound: a short guide for 
experts, Chest 156 (2019) 21–25, https://doi.org/10.1016/j.chest.2019.02.332. 

[34] C. Mozzini, A.M. Fratta Pasini, U. Garbin, L. Cominacini, Lung ultrasound in 
internal medicine: training and clinical practice, Crit. Ultrasound J. 8 (2016) 6–12, 
https://doi.org/10.1186/s13089-016-0048-6. 

[35] W. Lu, S. Zhang, B. Chen, J. Chen, J. Xian, Y. Lin, H. Shan, Z.Z. Su, A clinical study 
of noninvasive assessment of lung lesions in patients with coronavirus disease-19 
(COVID-19) by bedside ultrasound, Ultraschall Der Medizin – Eur. J. Ultrasound. 
19 (2020), https://doi.org/10.1055/a-1154-8795. 

[36] D. Caruso, M. Zerunian, M. Polici, F. Pucciarelli, T. Polidori, C. Rucci, G. Guido, 
B. Bracci, C. de Dominicis, A. Laghi, Chest CT features of COVID-19 in Rome, Italy, 
Radiology (2020), 201237, https://doi.org/10.1148/radiol.2020201237. 

[37] M. Sperandeo, M.G. Tinti, G. Rea, Chest ultrasound versus chest X-rays for 
detecting pneumonia in children: why compare them each other if together can 
improve the diagnosis? Eur. J. Radiol. 93 (2017) 291–292, https://doi.org/ 
10.1016/j.ejrad.2017.05.038. 

[38] N. Bonadia, A. Carnicelli, A. Piano, D. Buonsenso, E. Gilardi, C. Kadhim, E. Torelli, 
M. Petrucci, L. Di Maurizio, D.G. Biasucci, M. Fuorlo, E. Forte, R. Zaccaria, 
F. Franceschi, Lung Ultrasound findings are associated with mortality and need of 
intensive care admission in COVID-19 patients evaluated in the Emergency 
Department, Ultrasound Med. Biol. 46 (11) (2020) 2927–2937, https://doi.org/ 
10.1016/j.ultrasmedbio.2020.07.005. 

[39] T.H. Lee, R.J. Lin, R.T.P. Lin, T. Barkham, P. Rao, Y.S. Leo, D.C. Lye, B. Young, 
Testing for SARS-CoV-2: can we stop at two? Clin. Infect. Dis. 19 (2020) https:// 
doi.org/10.1093/cid/ciaa459 ciaa459. 

D. Colombi et al.                                                                                                                                                                                                                                

https://doi.org/10.1001/jamanetworkopen.2019.0703
https://doi.org/10.1148/ryct.2020200152
https://doi.org/10.1148/ryct.2020200152
https://doi.org/10.1136/bmjopen-2011-000545
https://doi.org/10.1136/bmjopen-2011-000545
https://doi.org/10.1007/s00330-011-2098-2
https://doi.org/10.1164/rccm.201612-2492OC
https://doi.org/10.1164/rccm.201612-2492OC
https://doi.org/10.1016/j.jcv.2020.104511
https://doi.org/10.1037/h0026256
https://doi.org/10.1037/h0026256
http://refhub.elsevier.com/S0720-048X(20)30533-7/sbref0130
http://refhub.elsevier.com/S0720-048X(20)30533-7/sbref0130
http://refhub.elsevier.com/S0720-048X(20)30533-7/sbref0135
http://refhub.elsevier.com/S0720-048X(20)30533-7/sbref0135
http://refhub.elsevier.com/S0720-048X(20)30533-7/sbref0135
https://doi.org/10.1007/s11547-020-01236-5
https://doi.org/10.1007/s10140-020-01849-3
https://doi.org/10.1007/s10140-020-01849-3
https://doi.org/10.1259/bjrcr.20190030
https://doi.org/10.1007/s11547-019-01053-5
https://doi.org/10.1159/000441010
https://doi.org/10.1159/000441010
https://doi.org/10.1016/j.chest.2019.02.332
https://doi.org/10.1186/s13089-016-0048-6
https://doi.org/10.1055/a-1154-8795
https://doi.org/10.1148/radiol.2020201237
https://doi.org/10.1016/j.ejrad.2017.05.038
https://doi.org/10.1016/j.ejrad.2017.05.038
https://doi.org/10.1016/j.ultrasmedbio.2020.07.005
https://doi.org/10.1016/j.ultrasmedbio.2020.07.005
https://doi.org/10.1093/cid/ciaa459
https://doi.org/10.1093/cid/ciaa459

