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Abstract Chest CT scan is currently used to assess the

extent of lung involvement in patients with the coronavirus

disease 2019 (COVID-19). The aim of this study was to

evaluate the diagnostic performance of lung ultrasound in

the diagnosis of COVID-19 pulmonary manifestations in

comparison to CT scan. Thirty-three symptomatic patients

with suspected COVID-19 pneumonia were evaluated by

lung ultrasound and then, at a short interval, chest CT scan.

In the anterior chest, each hemithorax was divided into four

areas. In the posterior chest, eight zones similar to the

anterior part were examined. The axillary areas were also

divided into upper and lower zones (20 zones were deter-

mined per patient). Mean age of the patients was

58.66 years. The sensitivity (95% CI) and specificity (95%

CI) of lung ultrasound for the diagnosis of parenchymal

lesions were 90.5% (69.6–98.8%) and 50% (21.1–78.9%),

respectively. In the evaluation of pleural lesions, the sen-

sitivity (95% CI) and specificity (95% CI) of lung ultra-

sound were 100% (71.5–100%) and 22.7% (7.8–45.4%),

respectively. Owing to the high sensitivity of ultrasound in

identifying lung lesions in patients with COVID-19 pneu-

monia, it can be recommended to use lung ultrasound as a

tool for initial screening of patients with high clinical

suspicion for SARS-CoV-2 infection during the pandemic.
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Introduction

In December 2019, a group of patients was confirmed to be

infected with a new type of coronavirus. The world is

currently embroiled in a crisis caused by the COVID-19

pandemic. As of January 20, 2021, 85,552,571 confirmed

cases and 1,851,706 deaths from COVID-19 had been

reported (https://www.worldometers.info/coronavirus).

Symptoms of COVID-19 pneumonia include fever or

respiratory illness, lymphopenia, and radiologic abnor-

mality [1–3]. Currently, most patients suspected of having

COVID-19 undergo low-dose non-contrast chest computed

tomography (CT) scan [4]. However, this imaging method

may have some limitations. A normal appearance of chest

CT in asymptomatic patients and non-specific findings are

limitations of chest CT scanning [5]. The high transmission

ability of severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) and restriction in moving patients with

hypoxia and unstable hemodynamics limit the use of CT

scans.
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The use of lung ultrasound for diagnosis or screening of

pulmonary lesions in suspected COVID-19 patients seems

reasonable due to ease of use, repeatability, low cost, and

lack of radiation [6–8]. Some studies have reported the use

of lung ultrasound to differentiate acute cardiogenic pul-

monary edema from respiratory distress syndrome in crit-

ically ill patients [9, 10]. Lung ultrasound also showed

results with the same accuracy as a chest CT scan in

diagnosing pneumonia. However, the diagnosis of pneu-

monia is never confirmed by imaging results alone and

requires considering patients’ medical history, clinical

symptoms, and physical examination [11, 12]. In addition,

the use of lung ultrasound to evaluate patients with acute

dyspnea, pulmonary embolism, and pulmonary edema has

been reported [13–15]. In some studies, it has been

reported that ultrasound can detect pulmonary lesions of

COVID-19, and it can be performed at any stage of the

disease [16, 17]. Protocols for lung ultrasound in patients

with COVID-19 have been proposed [18]. However,

information on the consistency of lung ultrasound results

with chest CT scans in patients with COVID-19 is limited.

This study aimed to evaluate the diagnostic performance

of lung ultrasound in comparison with CT scan in the

diagnosis of lung parenchymal and pleural lesions in

patients with COVID-19.

Materials and methods

Patient selection and design

Consecutive patients with suspected COVID-19 with fever

and respiratory symptoms (cough and shortness of breath)

who presented to a referral university hospital from March

20 to April 2, 2020 were eligible to be included. At

emergency department, patients underwent lung ultrasound

by a single radiologist; then low-dose chest CT scan

without contrast was scheduled for the patients. The radi-

ologist who examined and interpreted the results of one

imaging modality was blinded to the results of the other

imaging method. Exclusion criteria included hematologic

diseases (such as acute or chronic leukemia), immunode-

ficiency, and lymphoma. Clinical and laboratory data of the

patients were collected by reviewing their medical records.

Imaging

Lung ultrasound was performed using the portable GE

LOGIQ e R7 ultrasound machine (GE Healthcare, USA).

Each anterior hemithorax (distance between the mid-ster-

nal and the anterior axillary lines) was divided into four

equal parts by the mid-clavicular line and an assumed

transverse line on the anterior chest wall. Each posterior

hemithorax was divided into four sections by a mid-

scapular line and an assumed transverse line. Therefore, the

anterior and posterior thorax were each divided into eight

different zones. In addition, the left and right axilla were

each divided into upper and lower parts (Supplementary

Table 1). B and M modes were used for lung ultrasonog-

raphy. A 12-MHz linear probe was used, and each zone

was scanned from top to bottom. Four items were evaluated

on ultrasound: parenchyma, pleura, M mode, and the

presence or absence of B lines. In two patients, due to

mechanical ventilation, it was not possible to evaluate the

posterior zones. Subpleural echogenic foci and consolida-

tions were considered abnormal findings in the lung par-

enchyma. Pleural thickness, irregularity, or effusion were

abnormal findings of the pleura. Observing ‘‘seashore sign’’

on M mode that indicates normal lung sliding was con-

sidered a normal finding. Absence of this sign was con-

sidered abnormal M mode. Abnormal parenchymal

findings, B lines, and an abnormal M mode were catego-

rized together.

Chest CT scans of the patients were performed with a

16-slice scanner (Siemens sensation; Siemens Healthi-

neers, Erlangen, Germany) in supine position and full

inspiration. The findings were interpreted by another

radiologist who was unaware of the results of the lung

ultrasound. The diagnosis of pneumonia was confirmed by

low-dose chest CT scans with typical imaging features for

COVID-19 pneumonia during the outbreak of the infection.

These included peripheral and bilateral ground-glass

opacity (GGO) with or without consolidation, visible

intralobular lines (‘‘crazy-paving’’), multifocal GGO of

rounded morphology with or without consolidation, and

‘‘reverse halo’’ sign [19]. We examined the lung par-

enchyma and pleura separately. Predominant lesion in each

zone was considered as the final abnormal CT finding of

that zone. These were recorded in the form of GGO, con-

solidation, a mixture of GGO and consolidation, and

reticulation. Abnormalities of the pleura were pleural

thickening, irregularity, and effusion. On CT scan, the

considered zones were similar to the ultrasound. Thus,

ultrasound findings and diagnostic performance were

compared to the CT findings in each zone.

Statistical analysis

Descriptive indices including mean and standard deviation

(for continuous variables) and frequency (percentage) for

quantitative variables were used to present the data. Chest

CT scan was considered as the reference standard method

to diagnose the location and type of the parenchymal and

pleural lesions. Using ‘‘diagt’’ command in Stata version

14 (StataCorp, College Station, TX, USA), the diagnostic

performance of the lung ultrasound was evaluated.
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Sensitivity, specificity, positive likelihood ratio (LR?), and

negative likelihood ratio (LR-), positive predictive value

(PPV), and negative predictive value (NPV) with their 95%

confidence intervals (95% CI) were calculated.

Ethical statement

The study was approved by the University Ethical Com-

mittee. The study process was described for all patients,

and informed consent was obtained.

Results and discussion

Characteristics of the patients

Initially, 45 patients with suspected COVID-19 were

included and underwent lung ultrasound. For 12 patients,

consequent chest CT scanning was not performed. There-

fore, they were excluded from the study, since no chest CT

was available. As a result, 33 patients remained for the

analyses. The mean (± SD) age of the patients was 58.66

(± 20.65) years and 14 patients were over 60 years old.

The most common clinical symptoms at the time of

admission were dyspnea, fever, and weakness. Two

patients died. Supplementary Table 2 shows the clinical

and laboratory data of the patients.

Diagnostic accuracy of lung ultrasound in each lung

zone

Diagnostic accuracy of lung ultrasound in lung lesions in

COVID-19 was compared with chest CT scan (Fig. 1, 2).

In Table 1, the results of ultrasound of the anterior and

posterior zones of the lungs were compared with the results

obtained by CT scan in the same zones. The highest and

lowest sensitivities obtained in the anterior zones of the

lung were 100% and 33%, respectively. The level of

specificity in the anterior zones was in the range of

85.2–100%. Also, in the posterior zones of the lung, the

sensitivity and specificity were in the range of 25–71.4%

and 81.5–96.3%, respectively. In axillary zones, the max-

imum and minimum sensitivities were 85.7% and 55.6%,

respectively. The percentage of these variables related to

specificity was reported to be 80.8–100%, respectively

(Table 1). CT scan did not detect any abnormalities in

some anterior zones. The sensitivity and specificity of

ultrasound in the evaluation of posterior pleural lesions

were calculated in the range of 60–100% and 68–96.3%,

respectively.

Diagnostic accuracy of lung ultrasound in all zones

together

Overall, 21 patients out of 33 had abnormal findings on CT

scans (parenchymal, B lines, and/or an abnormal M mode).

Of this, lung ultrasound detected 19 cases. Abnormalities

in pleura was detected in 11 patients on CT scan. Lung

ultrasound could detect all 11 abnormal cases. Table 2

presents the diagnostic performance of the lung ultrasound

for diagnosis of abnormal findings (parenchyma, abnormal

M mode, and B lines) and pleural lesions in all zones

combined. It had a sensitivity of 90.5% (95% CI of

69.6–98.8%) and specificity of 50% (95% CI of

21.1–78.9%) for diagnosing abnormal lesions. For diag-

nosis of pleural lesions, ultrasound showed a sensitivity of

100% (95% CI, 71.5–100%) and a specificity of 22.7%

(95% CI, 7.8–45.4%).

Significance of the findings

The COVID-19 pandemic is now affecting the world.

COVID-19 incidence and mortality is rising every day. No

definitive cure has been found for this disease. Coronavirus

infection can cause a cytokine storm, resulting in immune

dysfunction and death [20]. The use of chest CT scans to

Fig. 1 a A 55-year-old man presented with fever and a dry cough. On

admission, CT images showed bilateral diffuse ground-glass opacities

(arrow) with a slight consolidation; b Ultrasound of the same patient

showed subpleural echogenic foci (arrows) and B line (arrowhead).

Subpleural echogenic foci on the ultrasound correspond to ground-

glass opacities on the CT scan
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detect the early stages of COVID-19 pneumonia has now

been established [21]. However, conducting routine CT

scan for screening purposes has not been advocated by

some medical and imaging societies [19]. In contrast, some

authors have recommended chest CT scan in patients with

highly clinical suspicion for COVID-19 even in the pres-

ence of a negative reverse-transcription polymerase chain

reaction (RT-PCR) result [22, 23]. In addition, abnormal

CT scan findings were observed in all patients who tested

positive for RT-PCR [2]. Although CT scan is the most

sensitive method for early detection of COVID-19, it has

little specificity to differentiate COVID-19 pulmonary

lesions from SARS (severe acute respiratory syndrome)

and MERS (Middle East respiratory syndrome) [24]. In

addition, it increases the risk of transmitting the infection

to other patients and health-care providers. Therefore,

intensive cleaning is required, which requires a relatively

long time and the use of personal protective equipment

[25]. For this reason, the American College of Radiology

(ACR) does not recommend the use of CT scans as a

first-line diagnostic test for COVID-19 (https://www.acr.

org/Advocacy-and-Economics/ACR-Position-Statements/

Recommendations-for-Chest-Radiography-and-CT-for-Sus

pected-COVID19-Infection). Therefore, investigating other

imaging modalities that can be specifically used for

screening purposes would be important.

In this study, we decided to investigate the diagnostic

performance of lung ultrasound in patients with suspected

clinical symptoms and signs for COVID-19 during the

pandemic of this viral infection. In contrast to chest CT

scan, studies assessing the performance of lung ultrasound

in this particular clinical setting are not frequent. Thus,

more studies are required for better clarification of the role

of lung ultrasound in this regard. There is evidence about

the use of lung ultrasound in respiratory diseases. For

instance, lung ultrasound was found to have an accuracy of

about 90% in diagnosing the etiology of acute respiratory

failure [8]. In a study on children with community-acquired

pneumonia (CAP), consolidations detected by ultrasound

were smaller (on average, 5–15 mm) than those detected in

patients with bacterial pneumonia [26].

We compared the sensitivity and specificity of the lung

ultrasound with chest CT scan as the reference standard for

the diagnosis of lung (parenchymal and pleural) lesions in

COVID-19. The diagnostic function of lung ultrasound in

parenchymal and pleural lesions was evaluated. The sen-

sitivity and specificity of ultrasound for the diagnosis of

pulmonary lesions of COVID-19 pneumonia were 90.5%

and 50%, respectively. In addition, in pleural lesions, the

sensitivity and specificity were 100% and 22.7%, respec-

tively. Similar results was observed in another study on

patients with suspected COVID-19 who underwent point-

of-care ultrasound (POCUS) of six zones per each lung

[27]. The mentioned study [27] reported a sensitivity of

89% and specificity of just 59% for diagnosing COVID-19

pulmonary lesions when compared to CT scan results. The

high sensitivity of ultrasound in detection of pulmonary

lesions of the COVID-19 makes it possible to use it as a

screening tool to rule out the COVID-19. This highlights

the application of lung ultrasound during the pandemic in

particular in emergency/intensive care settings and medical

centers where access to CT scanning is difficult due to

large number of patients. Another important consideration

is the repeatability of ultrasound that can help in follow-up

of COVID-19 patients. Even scoring systems have been

proposed for ultrasound findings that have been shown to

predict outcome of the patients and the need for invasive

ventilation [28]. Another application of ultrasound relates

to pregnant women when radiation-free methods become a

priority [29]. However, definitive diagnosis of COVID-19

pneumonia by ultrasound is not possible due to its low

specificity.

Research has been conducted to use ultrasound instead

of chest radiography or CT scan in pneumonia. Although

the sensitivity of lung ultrasound has been reported to be

acceptable, the use of this method in the diagnosis of

pneumonia is still not commonly recommended. In a study

aimed at comparing the diagnostic accuracy of ultrasound

and chest radiography in acute pneumonia, it was found

that the sensitivity of ultrasound in the diagnosis of this

condition is significantly higher than that of chest radiog-

raphy (95% vs. 60%, P\ 0.001). Therefore, the use of

ultrasound instead of chest radiography was recommended

Fig. 2 a A 68-year-old man

presented with fever, dry cough,

and dyspnea. On admission, CT

images showed subtle patchy

ground-glass opacities (long

arrows); b Ultrasound results

showed multiple subpleural

echogenic foci (long arrows)

and B line (short arrow)

Diagnostic performance of lung ultrasound compared to CT scan in the diagnosis... 677

123

https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection


for patients with acute pneumonia [30]. In a review article,

Long et al. [31] reported the sensitivity and specificity of

ultrasound in the diagnosis of acute pneumonic lung

lesions at 88% and 86%, respectively. In addition, positive

likelihood ratio and negative likelihood ratio were 5.37 and

0.13, respectively. It was found that lung ultrasound has a

high accuracy in diagnosing adult pneumonia. In another

review, Xia et al. [32] reported that the sensitivity and

specificity of ultrasound in the diagnosis of lung lesions in

pneumonia were 90% and 88%, respectively. It was also

observed that ultrasound sensitivity was higher than chest

radiography for the diagnosis of pneumonia.

The reason for the decrease in ultra-sonographic speci-

ficity in this study could be due to the high number of zones

studied. Also, the semi-sitting position of patients during

ultrasound and raising the diaphragm in these conditions

can cause the lung lesions to be hidden. Finally, patients’

failure to perform deep inhalation during the ultrasound

procedure in 20 lung zones may be the reason for the

decrease in sonographic specificity.

Limitations

First, the number of the patients studied was small. To

assess the sensitivity and specificity of lung ultrasound in

the diagnosis of COVID-19 pulmonary lesions more

accurately, further studies with higher number of patients

with different severities of lung involvement are required.

Second, the ultrasound examination was not repeated to see

any temporal changes in the appearance of the lesions. We

think that by comparing lung ultrasound findings at the

time of admission and later during the course of the

infection, a more accurate evaluation of the findings pro-

vided by ultrasound will be obtained. This repetitive

ultrasound examination will enable to describe progression

or resolution of the lesions and explore the predictive

values of ultrasound findings in terms of the infection

outcome. Herein, only a single radiologist performed the

ultrasound examinations. As a result, we were unable to

determine the reliability and reproducibility of this method.

It is recommended that in future research performance of

lung ultrasound be investigated by junior and senior radi-

ologists/sonographers to determine the reliability of this

technique.

Table 1 Diagnostic accuracy of lung ultrasound in comparison to

chest CT scan in 20 parenchymal and pleural zones

Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Anterior parenchymal zones

1 75 96.6 75 96.6

2 60 100 100 93.3

3 33.3 92.6 50 86.2

4 60 85.7 49.2 92.3

5 80 96.4 80 96.4

6 50 85.2 42.9 88.5

7 100 88.5 66.7 100

8 66.7 90 40 96.4

Posterior parenchymal zones

9 50 81.5 28.6 91.7

10 50 92.6 50 92.6

11 45.5 89.5 71.4 73.9

12 58.3 94.7 87.5 78.3

13 25 96.3 50 89.7

14 50 95.7 80 84.6

15 71.4 88.2 83.3 78.9

16 61.5 88.2 80 75

Axillary parenchymal zones

17 62.5 92 71.4 88.5

18 85.7 80.8 54.5 95.5

19 71.4 100 100 92.9

20 55.6 95.8 83.3 85.2

Pleural zonesa

5 100 84.4 16.7 100

7 100 83.9 28.6 100

9 100 90 25 100

10 100 93.3 33.3 100

11 100 85.2 42.9 100

12 100 75.9 22.2 100

13 100 89.7 40 100

14 100 96.3 80 100

15 83.3 80 50 95.2

16 60 68 27.3 89.5

18 100 81.3 14.3 100

20 100 81.3 14.3 100

aSince CT scan findings were normal in some pleural zones, diag-

nostic statistics were not calculated for them

Table 2 Diagnostic performance of the lung ultrasound in diagnosis

of parenchymal and pleural lesions in all zones among 33 patients

Lung parenchyma Pleura

Sensitivity 90.5% (69.6–98.8%) 100% (71.5–100%)

Specificity 50% (21.1–78.9%) 22.7% (7.8–45.4%)

PPV 76% (54.9–90.6%) 39.3% (21.5–59.4%)

NPV 75% (34.9–96.8%) 100% (47.8–100%)

LR (?) 1.81 (1.01–3.24) 1.29 (1.03–1.62)

LR (-) 0.19 (0.05–0.8) 0

PPV, positive predictive value; NPV, negative predictive value; LR,

likelihood ratio

Data presented in the parentheses are 95% confidence intervals
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Conclusions

Lung ultrasound is highly sensitive in diagnosing

parenchymal and pleural manifestations of SARS-CoV-2

pneumonia. On the other hand, this modality had a rela-

tively low specificity. High sensitivity of this method can

be translated to the fact that this diagnostic tool could be

used in routine healthcare settings when a substantial

number of patients present to emergency services or

admitted to intensive care units during the pandemics. In

such circumstances, access to an easy to use and rapid

diagnostic method is essential for screening of the patients

with clinical suspicion for viral infections such as COVID-

19. The body of evidence concerning the clinical applica-

tion of lung ultrasound in SARS-CoV-2 infection is

growing. In order to recommend routine performance of

lung ultrasound in such settings, further evidence is

required regarding the reliability and validity of this radi-

ation-free imaging method in larger sample sizes.
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