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Abstract—There is growing evidence regarding chest X-ray and computed tomography (CT) findings for corona-
virus disease 2019 (COVID-19). At present, the role of lung ultrasonography (LUS) has yet to be explored. The
main purpose of this study was to evaluate the correlation between LUS findings and chest CT in patients con-
firmed to have (positive reverse transcription polymerase chain reaction [RT-PCR]) or clinically highly suspected
of having (dyspnea, fever, myasthenia, gastrointestinal symptoms, dry cough, ageusia or anosmia) COVID-19.
This prospective study was carried out in the emergency department, where patients confirmed of having or clin-
ically highly suspected of having COVID-19 were recruited and underwent chest CT and concurrent LUS exam.
An experienced emergency department physician performed the LUS exam blind to the clinical history and
results of the CT scan, which were reviewed by two radiologists in consensus for signs compatible with COVID-
19 (bilateral ground-glass opacities in peripheral distribution). A compatible LUS exam was considered a bilat-
eral pattern of B-lines, irregular pleural line and subpleural consolidations. Between March and April 2020, 51
patients were consecutively enrolled. The indication for CT was a negative or indeterminate RT-PCR test
(49.0%) followed by suspicion of pulmonary embolism (41.2%). Radiologic signs compatible with COVID-19
were present in 37 patients (72.5%) on CT scan and 40 patients (78.4%) on LUS exam. The presence of LUS find-
ings was correlated with a positive CT scan suggestive of COVID-19 (odds ratio: 13.3, 95% confidence interval:
4.5�39.6, p< 0.001) with a sensitivity of 100.0%, specificity of 78.6%, positive predictive value of 92.5% and neg-
ative predictive value of 100.0%. There was no missed diagnosis of COVID-19 with LUS compared with CT in
our cohort. The correlation between LUS score and CT total severity score was good (intraclass correlation coef-
ficient: 0.803, 95% confidence interval: 0.60�0.90, p < 0.001). LUS exhibited similar accuracy compared with
chest CT in the detection of lung abnormalities in COVID-19 patients. (E-mail: yale.tung@salud.madrid.
org) © 2020 World Federation for Ultrasound in Medicine & Biology. All rights reserved.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a highly conta-

gious illness caused by the severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2). On March 11,

2020, the World Health Organization declared a pan-

demic caused by SARS-CoV-2, with spread to more

than 180 countries; 2,954,106 cases were confirmed and
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205,398 deaths occurred (Johns Hopkins Coronavirus

Resource Center 2020).

In this emergency, the ability to quickly confirm

and characterize a suspected case is critical, as almost

any emergency department (ED) will struggle to keep up

with the increasing number of patients and the shortage

of health resources. The main diagnostic method, reverse

transcription polymerase chain reaction (RT-PCR) of the

nucleic acid of SARS-CoV-2, has many limitations, such

as low sensitivity and technical difficulties in performing

the test (Ai et al. 2020).
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There is growing evidence regarding the imaging

findings of COVID-19. The most common form of radio-

graphic presentation is the presence of a local or bilateral

patchy shadowing infiltrate on chest X-ray, although

with low sensitivity (absent in more than 40% of cases)

(Guan et al. 2020). Computed tomography (CT) scan

reveals with higher sensitivity ground glass opacities

(GGOs) (Shi et al. 2020), which is why it has been pro-

posed as the main imaging test, incorporated in different

therapeutic and triage strategies since the outbreak

started (Zhang et al. 2020).

The use of chest CT remains very limited because

of some notable drawbacks. For mild illness, radiation

exposure, overuse of health care resources or inability to

get a CT scan seem to overshadow the need. In the criti-

cally ill, the transport of unstable patients and exposure

of infected patients may also outweigh the clinical bene-

fit. Therefore, we require alternative modalities to

quickly characterize our patients.

Ultrasound machines are widely available; there-

fore, lung ultrasonography (LUS) can be performed in

few minutes, in mild or even unstable patients and in dif-

ferent hospital settings (American College of Emergency

Physicians 2017). Although there is ongoing debate

about how it should be applied, there is a general consen-

sus on its usefulness (Kruser et al. 2020;

Walter et al. 2020). In this pandemic, the usefulness of

LUS has been suggested in small case reports

(Buonsenso et al. 2020a, 2020b; Soldati et al. 2020b).

The presence of subpleural consolidations, an irregular

pleural line and B-lines are highly suggestive of

COVID-19 pneumonia (Kruser et al. 2020; Li et al. 2020).

In this global public health emergency, the evidence

for the role of this technique as compared with chest CT

is limited and needs to be further defined, to minimize

the infectious risks.
METHODS

This prospective study was carried out in the ED of

an academic hospital in Spain. The study was conducted

in accordance with the Declaration of Helsinki and was

approved by the Research Ethics Committee of our Uni-

versity Hospital (PI-4089). Informed consent was

obtained from each enrolled patient.
Patient selection

Patients admitted to the ED had RT-PCR-proven

COVID-19 or negative or indeterminate RT-PCR but a

clinically high suspicion of COVID-19 (dyspnea, fever,

myasthenia, gastrointestinal symptoms, dry cough, ageu-

sia or anosmia) that required chest CT for evaluation.
The main indication for CT was a negative or inde-

terminate RT-PCR but clinically high suspicion of

COVID-19 or pulmonary embolism (PE).

We excluded patients <18 y and patients who

refused to participate. A convenience sample of 51

patients who met these inclusion criteria were consecu-

tively enrolled and prospectively studied.

Initial patient assessment

Initial evaluation of the patients included a medical

history (demographic data, comorbidities, symptoms);

physical exam (temperature, blood pressure, heart rate,

respiratory rate, oxygen saturation); laboratory tests

(hemogram, basic metabolic panel [glucose, electrolytes,

kidney function, liver enzymes, etc.], lactate dehydroge-

nase, ferritin, interleukin-6, C-reactive protein [CRP]

procalcitonin, coagulation [D-dimer, international nor-

malized ratio, prothrombin time, fibrinogen]).

Chest CT data collection

Non-contrast chest CT scans were obtained using

multidetector CT (SOMATOM go.Up, Siemens Health-

liners, Erlangen, Germany). Scanning was performed

with the patient in the supine position and at end inspira-

tion. The scans were acquired and reconstructed as axial

images using the following parameters: 1.5-mm section

thickness, 0.7-mm interval, 130 kVp. A low-dose proto-

col was implemented with an average CT dose index

volume (CTDIvol) of 2 mGy

Our routine protocol for patients suspected of having

a PE was multidetector pulmonary CT angiography using

an 80-slice multi-detector CT (Prime SP Aquileon, Canon

Medical Systems, Tustin, CA, USA) after intravenous

injection of 70 mL of iodinated contrast agent (Iomeron

400 mg I/mL) at a flow rate of 4 mL/s, followed by a

25-mL saline flush. The automatic bolus-tracking tech-

nique had the region of interest positioned at the level of

the main pulmonary artery with a trigger threshold of 120

HU. CT scan settings were 120 kVp, 1-mm section thick-

ness, 0.5-mm interval, CTDIvol 4 mGy.

Blinded to the clinical information, two radiologist

trainees with 2�4 y of experience (S.A.F. and R.A.G.)

reviewed all images independently under the supervision

of a senior radiologist with more than 10 y of experience

(M.M.d.G). Each of the five lung lobes was assessed for

percentage of the lobar involvement and classified as

none (0%), minimal (1%�25%), mild (26%�50%),

moderate (51%�75%) or severe (76%�100%), with the

corresponding score of 0, 1, 2, 3 or 4. The CT Total

Severity Score (TSS) was obtained by summing the five

lobe scores (range: 0�20) (Li et al. 2020).

The images were interpreted using the lung and

mediastinum window settings. The CT images were

assessed, according to a standardized protocol, for the
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presence and distribution of the following abnormalities:

ground-glass opacities (GGOs), defined as hazy areas of

increased attenuation without obscuration of the underly-

ing vascular markings; interlobular septal thickening and

intralobular septal line; crazy paving; consolidations,

such as parenchymal opacities obscuring underlying ves-

sels; and other non-typical findings for COVID-19 pneu-

monia (pleural effusion, centrilobular, perilymphatic or

random distributed nodules, tree in bud, etc.).

We considered a compatible COVID-19 pneumonia

if multilobar or patchy GGOs, with or without interlobu-

lar septal thickening (crazy paving) or consolidation,

were present.

We also classified chest CT patterns according

to the three main phenotypes recently proposed

(Robba et al. 2020): (i) multiple, focal, possibly overper-

fused ground-glass opacities; (ii) inhomogeneously dis-

tributed atelectasis and peribronchial opacities; (iii) a

patchy, acute respiratory disease syndrome (ARDS)-like

pattern. Chest X-rays obtained during episodes were

recorded and analyzed.

Ultrasound data collection

An emergency physician (Y.T.C) with longstanding

experience in LUS (an experienced sonologist based on

the American College of Emergency Physicians’ [2020]

ultrasonographic guidelines who had performed more

than 10 ultrasound exams per week and had 5 y of expe-

rience in performing and interpreting point of care ultra-

sound) performed all ultrasound exams.

Participants underwent an LUS exam according to a

12-zone protocol (Soummer et al. 2012) (Fig. 1). Each

intercostal space of the upper and lower parts of the ante-

rior, lateral and posterior regions of the left and right

chest wall were carefully examined, and findings (pleural
Fig. 1. The 12 zones of the chest. (A) 1 and 2, right anterior; 3
9 and 10, left lateral, not represented. (B) 5 and
effusions, confluent and isolated B-lines, irregular

pleural line, consolidations) were recorded

(Cantinotti et al. 2020; Volpicelli et al. 2020). For each

of the 12 zones, a score from 0�3 was given depending

on the finding: irregular or isolated B-lines (1 point),

confluent B-lines (2 points), consolidations or pleural

effusion (3 points). The total LUS score was calculated

by summing the scores of all 12 zones (range of possible

scores: 0�36).

A compatible LUS exam was considered a bilateral

pattern of B-lines, isolated or confluent, irregular pleural

line and subpleural consolidations.

The examinations were performed using a Butterfly

IQ (Butterfly Network, Guilford, CT, USA), a hand-held

ultrasound system fitted with a curvilinear array trans-

ducer (1.5�4.5 MHz) and lung pre-set.

The physician was blinded to the patient’s past

medical history, vital signs, symptoms, laboratory meas-

urements and CT scan results.

Outcome measures and definitions

The main purpose of this study was to evaluate the

correlation between LUS findings and chest CT in

COVID-19 patients (Figs. 2 and 3).

We defined a confirmed case in patients with a posi-

tive RT-PCR test and clinically highly suspicion and

patients with dyspnea, fever, myasthenia, gastrointestinal

symptoms, dry cough and ageusia or anosmia but nega-

tive RT-PCR.

Statistical analysis

Baseline characteristics are expressed as the mean

and standard deviation (SD) for continuous variables and

count and proportion for categorical variables. Quantita-

tive parameters were compared using a Mann�Whitney
and 4, right lateral; 7 and 8, left anterior, not represented;
6, right posterior; 11 and 12, left posterior.



Fig. 2. Correlation of chest computed tomography (CT) with lung ultrasonography (LUS) images obtained with a curvi-
linear probe. (A) Normal A-line pattern on LUS. (B) Ground-glass opacification correlating with (D) confluent B-lines.

(C) Halo sign correlating with (E) isolated B-lines.
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test for continuous variables and the x2 or Fisher exact

test for categorical variables.

Cohen’s kappa (k) test was used to compare abnor-

mal chest CT findings with abnormal LUS and chest X-

ray findings. The intraclass correlation coefficients

(ICC) was used to assess the degree of agreement

between LUS score and CT TSS. An ICC <0.50 was

considered poor, that from 0.50�0.75 moderate, that

from 0.75�0.90 good and that from 0.90�1 excellent.

The diagnostic performance of LUS compared with the

RT-PCR test in detecting CT scan abnormalities was

evaluated through receiver operating characteristic

(ROC) curve analysis.

The correlations between continuous variables were

tested using Spearman’s r for categorical variables. The

sample size for correlation was calculated to detect a

20% difference between LUS and CT findings, assuming

a 95% confidence interval (CI) and power of 80%.

Mean values were reported along with 95% CIs.

Statistical significance was set at p < 0.05.

Statistical analyses were conducted with SPSS Soft-

ware v20.0 (IBM, Armonk, NY, USA).
RESULTS

Fifty-one patients were consecutively enrolled

between March and April 2020 (summarized in Table 1).

The mean age was 61.4 y (SD - 17.7). At the end of the

first week of follow-up, 34 patients were admitted to the

hospital (66.7%), 4 were admitted to an intensive care

unit (ICU, 7.8%), 6 patients had died (11.8%) and 17

were discharged home (33.3%).

Approximately half of the patients (54.9%) had a

chest X-ray, of which 33.2% were normal (Table 2).

GGOs were present in 37 patients (72.5%), with periph-

eral or diffuse involvement, followed by septal thicken-

ing (18 patients, 35.2%). There were 2 patients with only

central involvement on CT; one patient had a mild car-

diac failure and another patient had viral bronchiolitis.

The most common finding and affected zones on

LUS were subpleural consolidations on the posterior

lower lobes (Table 2). The mean LUS score was 10.6

(SD = 8.4). The mean CT TSS was 7.48 (SD = 6.32). The

LUS score correlated well with CT TSS (ICC = 0.803,

95% CI = 0.601�0.903, p< 0.001). The severity of lung



Fig. 3. Correlation of chest computed tomography (CT) with lung ultrasonography (LUS) images obtained with a curvi-
linear probe. (A) Crazy paving correlating with (D) subpleural consolidation. (B) Small pleural effusion seen in CT and

(F) LUS. (C) Septal thickening correlating with (G) isolated B-lines.
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lesions (Lu et al. 2020) in patients with COVID-19 eval-

uated by LUS and CT is outlined in Table 3.

Age was moderately correlated with LUS score

(r = 0.486, p < 0.001) but not with CT TSS (p = 0.247).

Oxygen saturation (SO2) correlated more strongly with

LUS score (r =�0.553, p < 0.001) than with CT TSS

(r =�0.360, p = 0.043). Respiratory rate correlated

more strongly with LUS score (r = 0.529, p < 0.001)

than with CT TSS (r = 0.429, p = 0.020). As well,

inflammatory markers such as CRP correlated better

with LUS score (r = 0.600, p = 0.004) than with CT TSS

(r = 0.479, p = 0.005).

Radiologic signs suggestive of or highly compatible

with COVID-19 were present in 37 patients (72.5%) on

CT scan and 40 patients (78.4%) on LUS exam. All 37

patients with abnormal findings on CT were correctly

diagnosed with LUS (odds ratio = 13.333, 95% CI:

4.490�39.591, p< 0.001) with a sensitivity of 100.0%,

a specificity of 78.6%, positive predictive value of

92.5% and negative predictive value of 100.0%.

Cohen’s k was run to determine if there was agree-

ment between chest X-ray, LUS and chest CT scan in

detecting COVID-19 abnormal lung findings. There was
strong agreement between chest CT and LUS (k = 0.842,

95% CI: 0.666�1.000, p< 0.001). Chest X-ray findings

did not statistically significantly agree with CT scan

results (k = 0.205, p = 0.161). LUS results were weakly

correlated with chest X-ray findings (k = 0.276, 95% CI:

0.002�0.550, p= 0.034).

Most patients had chest CT phenotypes 1 (47.1%)

and 2 (23.5%); only one patient had phenotype 3 (2%).

Analysis of ROC curves (Fig. 4) revealed that the area

under the curve (AUC) for LUS score was 86.4% (95%

CI: 76.7%�96.2%, p < 0.001) in identifying phenotype

2. The cutoff value for LUS score of 9.5 had a sensitivity

of 100% and specificity of 77.2% (p < 0.001).

Although, there were 3 patients with LUS findings

compatible with COVID-19, 2 of the 3 were found to

have a viral bronchiolitis and one had pulmonary meta-

static disease.

Analysis of ROC curves (Fig. 5) revealed that the AUC

for LUS (86.4%, 95% CI: 70.2%�100%, p < 0.001) was

better than that for RT-PCR (63.4%; 95% CI:

45.0%�81.8%, p= 0.181) for detection of CT abnormalities.

Therefore, there was no missed diagnoses of

COVID-19 with LUS compared with CT in our cohort.



Table 1. Demographic and clinical characteristics of patients
included on presentation (N = 51)

Demographics

Sex, female, N (%) 23 (45.1%)
Age, y, mean (SD) 61.4 (17.7)

Past medical history
Cardiovascular disease 14 (27.5%)
Pulmonary disease 12 (23.5%)
Diabetes mellitus 10 (19.6%)
Chronic kidney disease 6 (11.8%)
Immunosuppression 8 (15.8%)
Hypertension 20 (39.2%)
Malignancy 13 (25.5%)

Symptoms
Dyspnea 29 (56.9%)
Fever 23 (45.1%)
Myasthenia 22 (43.1%)
Gastrointestinal symptoms 10 (19.6%)
Cough 22 (43.1%)
Ageusia/anosmia 4 (7.8%)
Onset of symptoms, d 3.5 (5.6)

Physical exam
Systolic blood pressure (mm Hg) 123.8 (18.5)
Diastolic blood pressure (mm Hg) 72.8 (13.1)
Heart rate (bpm) 94.9 (17.3)
Temperature (˚C) 36.5 (1.1)
O2 saturation (%) 93 (5)
Respiratory rate (rpm) 14.3 (4.1)

Laboratory results
White blood cells,£ 109/L 7.22 (3.3)
Lymphocytes,£ 109/L 1.27 (0.8)
Creatinine, mg/ 0.93 (0.49)
Urea, mg/dL 45.2 (25.6)
Alanine transaminase, U/L 57.8 (128.5)
Lactate dehydrogenase, U/L 382.5 (291.9)
D-Dimer, ng/mL 6870.9 (14,324)
C-Reactive protein, mg/dL 72.0 (103.1)
Troponin I, ng/mL 296.4 (1,285.3)
NT-proBNP, pg/mL 2963.0 (2,837.9)
Interleukin-6, pg/mL 214.5 (351.8)
Ferritin, ng/mL 873.6 (1,567.5)
SARS-CoV-2 (RT-PCR) test 48 (94.1%)
Positive 23 (47.9%)
Negative 23 (47.9%)
Indeterminate 2 (4.2%)

Follow-up
Admission 34 (66.7%)
Intensive care unit 4 (7.8%)
Discharge 17 (33.3%)
Mortality 6 (11.8%)

NT-ProBNP = N-terminal pro-brain natriuretic peptide; RT-
PCR = reverse transcriptase polymerase chain reaction; SARS-CoV-
2 = Severe acute respiratory syndrome coronavirus 2.

Values are expressed as N (%) or mean (standard deviation).

Table 2. Imaging modalities (chest CT, lung ultrasonography
and chest X-ray) findings of patients included

Imaging modality N (%)

Chest computed tomography (N =51)
COVID-19 suggestive 37 (72.5)
Pleural thickening, % 1 (2)
Ground-glass opacity 37 (72.5)
Septal thickening, % 18 (35.2)
Crazy paving, % 10 (19.6)
Subpleural consolidation, % 10 (19.6)
Pleural effusion, % 12 (23.5)
COVID-19 phenotypes (N = 37)

Phenotype 1, % 24 (47.1)
Phenotype 2, % 12 (23.5)
Phenotype 3, % 1 (2)

Distribution (N = 51)
Peripheral 23 (45.1)
Diffuse 7 (13.7)
Central and peripheral 7 (13.7)
Central 2 (3.9)
Normal 12 (23.5)

CT total severity score, % 7.48 (6.32)
Mild 19 (37.3)
Moderate 4 (7.8)
Severe 14 (27.5)

CT pulmonary angiogram (N = 51) 21 (41.2)
Pulmonary embolism 7 (13.7)

Lung ultrasonography (N = 51)
COVID-19 suggestive, % 40 (78.4)

Affected zone IP/IBL CBL C
1 (right upper anterior) 9 4 8
2 (right lower anterior) 12 9 3
3 (right upper lateral) 10 10 4
4 (right upper lateral) 14 10 3
5 (left upper anterior) 11 4 6
6 (left lower anterior) 9 4 5
7 (left upper lateral) 8 8 6
8 (left lower lateral) 13 9 2
9 (right upper posterior) 8 6 9
10 (right lower posterior) 13 5 19
11 (left upper posterior) 7 5 6
12 (right lower posterior) 13 5 18

Right pleural effusion, % 8 (15.7)
Left pleural effusion, % 7 (13.7)
Pericardial effusion, % 13 (25.5)
Lung score, mean (SD) 10.6 (8.4)

Chest X-ray results, N = 28
COVID-19 suggestive, % 16 (57.1)
Ground-glass opacity, % 12 (42.9)
Interstitial pattern, % 13 (46.4)

C = subpleural consolidation; CBL = confluent B-lines; COVID-
19 = Coronavirus Disease 2019; CT = computed tomography; IBL = Iso-
lated B-lines; IP = irregular pleural line; SD = standard deviation.
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DISCUSSION

We observed an excellent correlation between CT

and LUS. All abnormal CT findings were detected on

LUS; therefore, no abnormal CT findings were labeled

as normal on LUS. In other words, with this technique,

the proportion of false-negative rates is really low, which

in this pandemic key to avoiding additional infections.

There is growing literature regarding the challenges

faced in diagnosis of COVID-19 patients
(Shi et al. 2020; Zhang et al. 2020). The positive rate of

RT-PCR has been quantified as 63% in nasal swabs and

32% in pharyngeal swabs (Wang et al. 2020), similar to

our results; we obtained a positive rate of only 47.9%.

Because of these limitations, diagnostic imaging plays a

key role in the management of these patients.

A study of 1049 patients undergoing chest CT scan

and RT-PCR testing determined that CT abnormalities

had high sensitivity for diagnosis of COVID-19 patients

(Ai et al. 2020), suggesting that CT scan should be



Table 3. Severity of lung lesions in patients with Coronavirus
Disease-19 assessed by lung ultrasonography and chest com-

puted tomography

Lung ultrasonography Computed tomography Total

None Mild Moderate Severe

None (LUS score 0) 9 0 0 0 9
Mild (LUS score 1�7) 3 7 1 1 12
Moderate (LUS score 8�18) 1 11 1 5 18
Severe (LUS score 19�36) 1 1 2 8 12

Total 14 19 4 14 51

LUS = lung ultrasonography.
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considered as a screening tool, especially in epidemic

areas with high pre-test probability. Therefore, in many

centers CT scans have replaced chest X-rays. However,

the use of CT scan in the ED has many limitations, such

as radiation exposure, especially for mild illness, low

availability and contraindication to its use in unstable

patients. Also, we found that the proportion of normal

chest CT scans was relatively high (27.4%), but similar

to previous reports (30.8%) (Li et al. 2020).

Preliminary reports in the COVID-19 era suggest

that LUS findings correlate with CT scan results

(Peng et al. 2020; Poggiali et al. 2020). These reports

have characterized LUS findings in COVID-19 patients.

Moreover, Soldati et al. (2020a) proposed a standardized

approach to performing LUS in these patients, including

a 14-zone technique and a scoring system to quantify

severity of lung involvement. Although we agree there

should be consensus on the LUS exam method, the
Fig. 4. Receiver operating characteristic (ROC) curve for lung
ultrasonography (LUS) score, revealing an area under the curve
(AUC) of 86.4% for detecting a computed tomography pheno-

type 2. Green line = reference line; blue line = LUS score.
12-zone technique has been used more extensively and

is validated (Cantinotti et al. 2020).

There have been reports regarding cardiac damage

ranges from 7.2%�14% in COVID-19 patients

(Huang et al. 2020). In our study, we found one young

patient with a normal LUS exam, which prompted a sono-

graphic focused cardiovascular assessment, revealing left

ventricular dysfunction and pericardial effusion, resulting in

immediate adjustment of therapy. His chest CT scan was

unremarkable.

There were 2 patients who did not have the typical

findings for COVID-19 (central distribution): one patient

had acute bronchiolitis and the other patient had a

decompensated heart failure episode. Although both had

mainly central involvement on CT, they both also had

some degree of peripheral involvement of the lungs,

which was detected on LUS and misidentified as findings

suspicious for COVID-19. This is one of the main limita-

tions of LUS (Volpicelli et al. 2012), low specificity, as

the findings might overlap with those for other lung dis-

ease etiologies, such as viral illnesses, pulmonary infarc-

tion and metastatic disease. The same limitation may

apply to CT scans, which can misidentify other viral

pneumonias as COVID-19. However, in this pandemic,

positive LUS or CT features, even in the presence of a

negative RT-PCR test, can still be highly suggestive of

COVID-19 infection.

There are several advantages of performing LUS

over CT scan, particularly for specific populations, such

as pregnant women (Buonsenso et al. 2020c; Inchin-

golo 2020) and children (De Rose 2020; Musolino 2020),

especially when LUS is performed with portable handheld

ultrasound devices, which provide an inexpensive, acces-

sible, portable, user-friendly and easy-to-disinfect method

for assessing progression of cardiopulmonary pathology

in patients with COVID-19 pneumonia. Moreover, it

avoids transport of the patient with suspected COVID-19

to radiology (exposing other patients or health care pro-

viders).

In our study we found a high correlation between

LUS findings and chest CT abnormalities suggestive of

lung involvement caused by SARS-CoV-2 infection. As

previously reported (Zhang et al. 2020), most of the

patients had a predominance of peripheral involvement

of both lungs (92.5%, 37 of 40 patients with abnormal

CT findings), which can be reached with ultrasound.

Notably, the LUS score was better correlated than the

CT TSS with demographic data (age), physical exam

(respiratory rate, SO2) and other established biomarkers

(CRP) with proven utility in this setting. This higher cor-

relation should be interpreted cautiously, although it

might suggest that a 12-zone LUS score, with representa-

tion of posterior lobes in at least half of the zones (in

comparison to a 5-lobe division, with representation of



Fig. 5. Green line: Receiver operating characteristic (ROC) curve for reverse transcription polymerase chain reaction
test; area under the curve (AUC) = 63.4%. Blue line: Lung ultrasonography (LUS) exam; area under the curve

(AUC) = 86.4% for detecting computed tomography abnormalities.
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posterior lobes in 2 zones) better reflects the physiologic

state of the patient.

Chest CT features differ among patients, making it

possible to establish distinct phenotypes that might guide

therapy and ventilator settings (Robba et al. 2020). In phe-

notype 1, there is high pulmonary compliance and severe

hypoxemia; these patients may benefit from use of low to

moderate positive end-expiratory pressure (PEEP) and are

likely to respond well to inhaled nitric oxide. In phenotype

2, moderate to high PEEP, as well as prone positioning,

may help recruit collapsed areas. Phenotype 3 resembles

typical ARDS and should be managed as such. In our

study, we found that a cutoff lung score of 9.5 had high

sensitivity and specificity for detecting phenotype 2.

Therefore, this technique could be more easily

replaced with LUS as it would be more accessible during

the pandemic, especially as artificial intelligence algo-

rithms to easily recognize COVID-19-related pathology

and telemedicine programs are developed.

Strengths

To our knowledge, this is the first study evaluating

the correlation of LUS with CT scan, with diagnostic

and prognostic implications. We evaluated the radiologic

burden (CT and LUS) with respect to clinical manifesta-

tions, laboratory results and outcomes.

Limitations

There are several limitations to consider. The main

limitation is that LUS in general has poor specificity; its
findings overlap with those for other pneumonia etiolo-

gies or incidental chronic findings (e.g., chronic heart

failure or pulmonary fibrosis). In epidemic areas, how-

ever, positive LUS features, even with negative RT-PCR

or chest X-ray, can still be highly suggestive of COVID-

19 infection. Thus, the results from this study provide an

opportunity to further investigate the use of ultrasound

in various settings and clinical scenarios, when the prev-

alence and incidence of COVID-19 infection decreases.

Another limitation is that selection bias might have

occurred. The expert sonographer performed all ultra-

sound scans on a consecutive sample selected based on

his availability (during his working hours), which limits

the generalizability of our results. This was mitigated by

the variable schedule and changing shifts, unpredictable

a priori (in continuous care). Additionally, false-nega-

tive ultrasound or CT results might be obtained in the

initial stage of the disease, before lung involvement;

consequently, imaging techniques should be considered

a complement to RT-PCR and laboratory tests.

We did not correlate the LUS or CT findings with

patient outcomes. Moreover, the study was not powered

to evaluate the performance of a diagnostic strategy

based on LUS exam; therefore, for this purpose, the

study can only be considered hypothesis generating.

Thus, the results from this study furnish an opportunity

to further investigate the use of ultrasound in different

settings and clinical scenarios, especially in follow-up.

We want to share our study findings, given the urgent

need for different strategies to better manage COVID-19
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patients and diminish the spread of SARS-CoV-2 and its

prognosis in the current pandemic context. As the short-

age of resources constitutes an undeniable public health

threat, we consider LUS to be a potential solution, and

recommend that it should be performed as first-line and

follow-up imaging tests for COVID-19 patients.
CONCLUSIONS

LUS had accuracy similar to that of chest CT in

detecting lung abnormalities in COVID-19 patients. In

this pandemic, as the shortage of resources constitutes an

undeniable public health threat, LUS can play a strategic

role that has the potential to affect the management of

these patients.
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