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Purpose: The aim of this study was to determine the effectiveness of two different lung
ultrasonography (LUS) methods that can be used in the diagnosis of coronavirus disease 2019
(COVID-19) and to investigate their correlations with computed tomography (CT).

Methods: In this prospective, randomized, and single-blind study, 60 patients with COVID-19
were included. The patients were randomized to either the 12-zone LUS group (n=30) or the 14-
zone LUS group (n=30). The correlation between LUS and thoracic CT scores was evaluated. As
a secondary outcome measure, the characteristic features of the findings of thoracic CT and LUS
were examined.

Results: The study was completed with a total of 59 patients. Moderate and high correlations
were found between the total CT and LUS scores in the 12-zone and 14-zone study groups.
There were no statistically significant differences in the lesion types detected in patients using
LUS and CT (P>0.05). The left lung lower lobe CT scores were statistically significantly lower in
the 14-zone study group than in the 12-zone group (P=0.019). The left lower lobe CT and LUS
scores were highly correlated in the 14-zone group (P<0.001, r=0.902).

Conclusion: The results of our study indicated that the two different LUS examination methods
performed in different patients had similar findings in terms of the diagnosis and their
correlations with CT results.
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Key points: There is a strong role of lung ultrasonography (LUS) in the diagnosis of pneumonia
associated with coronavirus disease 2019. The results of different LUS examination methods had
similar findings in terms of diagnosis and correlation with computed tomography results.

Introduction

Severe acute respiratory syndrome coronavirus 2 infection, which causes coronavirus disease 2019
(COVID-19), has continued as a pandemic posing major health issues in many countries worldwide
for over a year [1]. COVID-19 can be transmitted by droplets. It can be treated on an outpatient
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Lung ultrasound in COVID-19

basis in many patients, although approximately 20% may need to
be hospitalized. COVID-19 primarily involves respiratory system
symptoms, which progress from mild symptoms to pneumonia
and acute respiratory distress syndrome, with the risk of severe
outcomes depending on patients’ demographic characteristics
and comorbidities [2]. Lung imaging methods are important
in the context of COVID-19, as the disease mainly affects the
respiratory tract, and pulmonary findings are common. In addition
to the conventional methods of computed tomography (CT) and
chest radiography, lung ultrasonography (LUS) can be used in the
diagnosis and follow-up of COVID-19 [3]. The sensitivity of CT was
found to be 90%-97.2%. While the early-stage finding specific to
COVID-19 is ground-glass opacity, this finding may be accompanied
by interlobular septal thickening and a paving stone appearance in
advanced stages [4-6].

The role of LUS during the COVID-19 pandemic has been
described in various studies in the literature, which have
demonstrated that it can be used for diagnosis and follow-up
[7]. The main advantages of LUS over CT have been reported in
the literature as its portability, the lack of a radiation dose, the
ability to perform LUS without the need for auxiliary personnel,
and its reproducibility [7]. The ultrasonographic findings related to
COVID-19 are similar to those of viral pneumonia; however, pleural
irregularities, abnormalities in B lines, and unique findings have also
been detected [8]. As a result of differences in the areas observed
in previous studies and the type of probe used, standardization
has yet to be achieved. A few authors have presented methods
and discussed the necessity of administering standard procedures
[9]. Evaluation of 12- and 14-zone study areas are two prominent
methods. It is thought that the 14-zone examination method can
provide a more detailed examination of the posterior lung regions.
The fact that pneumonia caused by COVID-19 mostly affects the
lower lung regions may underscore the importance of this method
[9l.

The present study aimed to determine the effectiveness of two
different LUS methods for the diagnosis of COVID-19 and to
investigate their correlations with CT.

Materials and Methods

Compliance with Ethical Standards

This prospective, randomized, single-blind study included 65 patients
who were admitted to the intensive care unit with the diagnosis of
COVID-19, with approval from the ethics committee (No. 2021/01-
21). Informed consent was obtained from all individual participants
included in the study. All procedures performed in studies involving
human participants were in accordance with the ethical standards
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of the institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or comparable
ethical standards.

Patients

The study included patients between 18 and 85 years of age
who were hospitalized in the intensive care unit, administered a
reverse-transcription polymerase chain reaction (RT-PCR) test, and
underwent thoracic CT due to suspected COVID-19. A medical
history of lung operation, thoracic wall abnormalities, and interstitial
lung disease were used as the exclusion criteria. Subsequently, 60
patients who agreed to participate in the study and provided written
consent were randomized using a table of random numbers to the
12-zone (n=30) and 14-zone (n=30) groups (Fig. 1).

Radiological Evaluation: CT Procedure

CT imaging was performed on patients using a standard method
in the supine position with a 128-row detector (120 kVp, with a
reference mAs setting of 81, a range of 1.0-1.5, and a collimated
width of 0.625-1.0 mm) (SOMATOM Definition AS+, Siemens
Healthineers, Erlangen, Germany) [10]. The evaluation of thoracic
CT was reported by the radiology department, unaware of the LUS
findings, and it was scored by physicians in the Anesthesiology and
Reanimation clinic (DKY, ES, and CSA). Thin-section CT was used to
determine the CT scores [11]. Individual calculations were made for
each lung lobe. During the calculation, the finding of no lesions was
scored as 0% (0 points,) the presence of lesions involving 1%-5%
of the lobe was scored as 1 point, the presence of lesions involving
5%-25% of the lobe was scored as 2 points, the presence of

Enrollment

|65 Assessed for eligibility|

10 Excluded
2 Not meeting inclusion criteria
3 Declined to participate

\4

60 Randomized

+ | Allocation |

30 14-zone LUS [ 3012-zonelLUS |

v Follow-up v
30 Follow-up 29 Follow-up
Lost follow up (n=1)
v Analysis A

30 Analyzed | 29 Analyzed |

Fig. 1. CONSORT diagram.
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lesions involving 25%-50% of the lobe was scored as 3 points, the
presence of lesions in more than half of the lobe (50%-75%) was
scored as 4 points, and the presence of lesions in more than 75%
of the lobe was scored as 5 points. Calculations were made for each
lung lobe, the right and left lungs, and both lungs [11].

LUS Protocol

LUS was performed with a convex ultrasound probe (2-6 MHz)
after protective measures were taken by the researcher, who was
experienced in lung ultrasonography. The period of time between
LUS and CT was 12 hours. The specialist who performed the LUS,
did not have information about laboratory test values, the medical
history of the patient, the results of the CT scan results, or the
results of the RT-PCR test.

The examination of the 12 zones consisted of a 12-zone protocol
including six zones in the right lung and six zones in the left lung,
as previously defined [12] (Fig. 2, Supplementary Data 1). The
measurements involved zones 1, 3, and 5 for the right upper lobe
LUS score, zones 2 and 4 for the right middle lobe LUS score, zones
4 and 6 for the right lower lobe LUS score, zones 1, 3, and 5 for the
left upper lobe LUS score, and zones 2, 4, and 6 for the left lower
lobe LUS score.

Upper lobe
Middle
lobe
Lower lobe
Anterior Lateral Posterior
Right lung
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The examination of the 14 zones consisted of a 14-zone protocol
including seven zones in the right lung and seven zones in the
left lung [9] (Fig. 2, Supplementary Data 1). The measurements
involved zones 1, 3, and 5 for the right upper lobe LUS score, zones
2 and 4 for the right middle lobe LUS score, zones 4, 6, and 7 for
the right lower lobe LUS score, zones 1, 3, and 5 for the left upper
lobe LUS score, and zones 2, 4, 6, and 7 for the left lower lobe
LUS score. Pleural lines, B lines, consolidations, pleural effusion,
and all abnormal findings were recorded during the examination
of each zone. A score between 0 and 3 was given for each zone. In
scoring, A lines and less than three B lines were scored as 0 points,
conjoined B lines in less than 50% of the intercostal region were
scored as 1 point, B lines (white lung) covering more than 50% of
the intercostal region was scored as 2 points, and the detection of
consolidation or pleural effusion was scored as 3 points (Figs. 3, 4)
[13].

Outcome Measures

The primary outcome measure was the correlation between the
results of LUS and thoracic CT. The secondary outcome measures
were the characteristic features of the findings on thoracic CT and
LUS, as well as correlations between physical examination findings

Upper lobe

Lower lobe

Posterior

Lateral

Anterior

Left lung

Fig. 2. Lung examination areas. Areas 1-5 are common areas for the 12- and 14-zone evaluations: number 1, upper part of the internipple
line in the midclavicular line (area 1); number 2, lower part of the internipple line in the midclavicular line (area 2); number 3, upper part
of the internipple line above the midaxillary line (area 3); number 4, lower part of the internipple line above the midaxillary line (area 4);
number 5, above the line joining the lower ends of the scapula in the paravertebral line (area 5). In the 12-zone group, the posterior-inferior
lung region (black number 6) is below the line joining the lower ends of the scapula in the paravertebral line (area 6). In the 14-zone group,
the posterior-inferior lung region is divided into multiple areas: the middle area along the paravertebral line at the inferior angle of the
shoulder blade (white number 6, area 6) and the basal area along the paravertebral line above the curtain sign (white number 7, area 7).
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(Acute Physiology and Chronic Health Evaluation Il score) and
laboratory results (ferritin, C-reactive protein, saturated oxygen [%],
and lymphocyte count) with the LUS score.

Statistical Analysis

Data are presented as mean+standard deviation, and categorical
data are presented as percentages. The distribution of the data was
evaluated using the Shapiro-Wilk test. The independent-samples
t-test was used for comparing the normally distributed data. The
Pearson correlation test was used to evaluate the correlations
between LUS scores and CT scores. The relationship was considered

ULTRASONOGRAPHY

significant if the P-value was <0.05. SPSS version 22.0 (IBM Corp.,
Armonk, NY, USA) statistical software was used for data analysis.

Power Analysis

In studies that previously evaluated 12 zones of the lung, a strong
correlation of 0.85 was found between the LUS score and the CT
score [10]. Considering a bilateral value of a=0.05 and a power of
85%, the number of patients required to detect a 10% difference
between group correlations was determined to be 58. It was
planned to enroll 60 patients in the study, anticipating the possibility
of some deaths during the study.

Fig. 3. Lung ultrasonography (LUS) and thoracic computed tomography (CT) images of a
54-year-old woman with coronavirus disease 2019 related pneumonia.

A-C. LUS image (A) of the irregular and thickened pleural line (arrow) of the suppleural
lesion (arrow) detected on Thorax CT (B); at the level of the fourth—fifth intercostal space in
the middle axillary region (C) is shown.
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Results

The study was completed with a total of 59 patients (14-zone
examination group, n=30; 12-zone examination group, n=29) (Fig. 1),
since one patient in the 12-zone examination group died before
LUS was performed. The demographic characteristics, physical
examination findings, and laboratory results of the patients are
presented in Table 1. There was no statistically significant difference
in the values between the groups (P>0.05). All patients were
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Fig. 4. Lung ultrasonography (LUS) and thoracic computed tomography (CT) images of a
64-year-old man with coronavirus disease 2019 related pneumonia.

A-C. An irregular and thickened pleural line starting from the subpleural hypoechoic area
on LUS (A) is matched to a subpleural consolidation (white arrow) on CT (B). A ground-glass
opacity (black arrow) detected in a larger area in the left hemithorax (B) is matched with
diffuse B lines of the white lung appearance covering the entire intercostal space on LUS (C).

classified as having been diagnosed with COVID-19 based on RT-
PCR, CT, and clinical findings before hospitalization.

When the thoracic CT results were examined, bilateral lung
involvement was found in 54 patients and single lung involvement
in five patients (three patients with right lung involvement, two
patients with isolated left lung involvement). The CT and LUS
findings of the 12-zone and 14-zone study groups are presented in
Table 2. There were no statistically significant differences between
the groups in terms of the lesion types detected in patients using
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Table 1. Comparison of the demographic characteristics of the
groups

Demographic characteristic 1(2n2=02r19<;s 13‘2:(;?)?5 P-value
Age (year), mean+SD 62.1£17.9 60.2+11.6 0816
Body mass index (kg/m?), 264+6.8 27.3%5.2 0320
mean+SD
Sex (male:female), n (%) 19 (65.5)/ 20(66.7)/ 0440

10 (34.5) 10 (33.3)

Physical exam and laboratory

results
Apache score, mean+SD 23.8+53 22456 0.706
Ferritin (ng/mL), mean+SD 1,126£326 1,093+£298 0.704
C-reactive protein (mg/dL) 90.3 86.4 0.354
SpO, (%), mean 91.0 912 0.534
Lymphocytes (x10°/L) 0.58 061 0.969

RT-PCR, n (%)

Positive 20 (68.9) 21(70.0) 0.805
Negative 9(31.1) 9(30.0) 0932
Comorbidities
No comorbidities 9 11
Hypertension 13 12
Diabetes 14 10
Cardiovascular disease 5 3
Renal disease 1 1
COPD 1 1
Other 8 8

SD, standard deviation; SpO,, saturated oxygen; RT-PCR, reverse-transcription
polymerase chain reaction; COPD, chronic obstructive pulmonary disorder.

Table 2. CT and LUS findings

ULTRASONOGRAPHY

P>0.05. The total CT score of 59 patients included in the study
was calculated as 11.9+6.3. The total CT score of the left lung was
found to be significantly lower in the 14-zone examination group
(3.9+2.5) than in the 12-zone group (5.8+2.9, P=0.013) (Table
3). The CT score of the left lower lobe was found to be significantly
lower in the 14-zone examination group than in the 12-zone
group P=0.019 (Table 4). The correlations between the CT and LUS
scores, both for the total scores and for each of the lung lobes, are
presented in Tables 3 and 4. Moderate and high correlations were
found between the CT and LUS scores in the 12-zone and 14-
zone examination groups, respectively. The left lower lobe CT and
LUS scores were highly correlated in the 14-zone group (P<0.001,
r=0.902). The physical examination and laboratory results were
moderately and strongly correlated, respectively, with the LUS score
in both groups (P<0.05) (Table 5).

A receiver operating characteristic curve analysis showed that the
area under the curve (AUC) for LUS was higher than that for RT-PCR
for the detection of CT abnormalities in both groups. In the 12-zone
group, the AUC of LUS was 0.895 (95% confidence interval [Cl],
0.711 to 1.000; P<0.001), while that of RT-PCR was 0.703 (95%
Cl, 0.457 to 0.949; P=0.132), and in the 14-zone group, the AUC
of LUS was 0.908 (95% Cl, 0.746 to 1.000; P<0.001), while that of
RT-PCR was 0655 (95% Cl, 0.412 to 0.899; P=0.132) (Fig. 5).

For the total CT scores, inter-observer variability showed good
consistency, with an intraclass correlation coefficient of 0.968 (95%
Cl,0.933t0 0.985).

12 Zones 14 Zones
- - - - P-value” P-value”
CT finding No. (%) LUS finding No. (%) CT finding No. (%) LUS finding No. (%)
Ground-glass 29(100) Irregular pleural line 27 (93.1)  Ground-glass opacities 30 (100) Irregular pleural line 30 (100)  0.905 0.780
opacities
Compound Blines 27 (93.1) Compound B lines 26 (86.7) 0.774
Diffuse B lines 17 (58.6) Diffuse B lines 14 (46.7) 0.560
Crazy paving sign 14 (48.2) Irregular pleural line 14 (100) Crazy paving sign 17 (56.7) Irreqular pleuralline  17(100)  0.444 0.574
Compound B lines 12 (85.7) Compound B lines 14 (82.4) 0423
Diffuse B lines 7 (50.0) Diffuse B lines 8(47.1) 0.854
Subpleural lines 8(27.5) Irregular pleural line 8 (100) Subpleural lines 10(33.3) Irregular pleural line 10 (100)  0.205 0.886
Compound B lines 8 (100) Compound B lines 8 (80.0) 0.543
Pleural effusion 1(34) Pleural effusion 1(100) Pleural effusion 1(3.4)  Pleural effusion 1(100) 0823 -
Consolidations 5(17.2) Consolidations 4(80.0) Consolidations 5(0.8)  Consolidations 5 (100) = =
CT, computed tomography; LUS, lung ultrasonography; Compound B lines, less than 50% of the intercostal space; diffuse B lines, white lung.
IComparison of CT findings of the 12-zone and 14-zone study groups. ®Comparison of LUS findings of the 12-zone and 14-zone study groups.
e-ultrasonography.org Ultrasonography 41(1), January 2022 217


http://www.e-ultrasonography.org

ULTRASONOGRAPHY

Discussion

A moderate and high degree of agreement was found between
LUS and thoracic CT scores using 12 and 14 zones, respectively. The
ground-glass appearance detected on CT can be screened for using
both imaging protocols with findings such as pleural lines and B-line
abnormalities in LUS.

Three major radiological methods can be used in the diagnosis
and follow-up of COVID-19 pneumonia. Among these methods,
the routine use of chest radiography has not found a major place
in clinical practice during the pandemic, since it has weaknesses in
the early-stage diagnosis of COVID-19 [14]. CT, the second method,
is considered to be the most sensitive technique for diagnosing the
disease at an early stage, evaluating the size and morphology of
the detected lesions, and identifying small lesions that cannot be

Table 3. CT and LUS scores according to the evaluation areas

CT score LUS score P-value”
Total score
12 Areas (n=29) 129463 184174 P<0.001, r=0.827
14 Areas (n=30) 119463 21.0+7.7 P<0.001, r=0.840
P-value” 0215
Right lung
12 Areas (n=29) 71432 10.3+£3.9 P<0.001, r=0.707
14 Areas (n=30) 7.0+3.7 11.8+£35 P<0.001, r=0.849
P-value” 0.128
Left lung
12 Areas (n=29) 58429 8.043.7 P<0.001, r=0.808
14 Areas (n=30) 39425 9.24+4.6 P<0.001, r=0.954
P-value” 0013

Korgtin Okmen, et al.

detected on chest radiography [15]. LUS, as the third method, has
been reported to have a high sensitivity for diagnosing pulmonary
interstitial involvement associated with COVID-19 [16,17]. When
compared to CT, the main reason for its high sensitivity is thought
to be the ability of LUS to detect the subpleural lesions in COVID-19
pneumonia, especially involvement in the lower and middle lobe
of the lung [16,17]. In the literature, studies have used the BLUE

Table 4. CT and LUS scores by lobes in the evaluation areas

CT score LUS score P-value”

Right upper lobe
12 Areas (n=29) 1.0+1.2 34+75 P<0.001, r=0.787
14 Areas (n=30) 1.2+0.9 2.8+2.0 P<0.001,r=0.933
P-value” 0.878

Right middle lobe
12 Areas (n=29) 32411 2.5¢09 P<0.001, r=0.630
14 Areas (n=30) 31414 24+14 P<0.001, r=0.757
P-value” 0568

Right lower lobe
12 Areas (n=29) 31414 3.7¢70 P=0.024,r=0.518
14 Areas (n=30) 36+14 59+04 P=0.015,r=0.538
P-value” 0.648

Left upper lobe
12 Areas (n=29) 34+15 26+2.7 P<0.001, r=0.902
14 Areas (n=30) 34+13 32426 P<0.001, r=0.850
P-value” 0.205

Left lower lobe
12 Areas (n=29) 24+1.6 504391  P=0.020,r=0.521
14 Areas (n=30) 14+12 6.9+24 P<0.001, r=0.902
P-value” 0019

Values are presented as mean=+standard deviation.

CT, computed tomography; LUS, lung ultrasonography.

?The Pearson correlation test was used to calculate the correlation coefficient. "P-value
from the independent-samples t-test.

Values are presented as mean=standard deviation.

CT, computed tomography; LUS, lung ultrasonography.

“The Pearson correlation test was used to calculate the correlation coefficient. "P-value
from the independent-samples t-test.

Table 5. Correlations of the LUS scores in the 12-zone and 14-zone groups with physical examination findings and laboratory results

LUS score P_value” LUS score P_value?
12 zones (n=29) 14 zones (n=30)

LUS score 21.0+7.7 184+74

APACHE Il score 23.8453 P<0.001 r=0.656 224456 P<0.001 r=0.685
Ferritin (ng/mL) 1,126+326 P<0.001 r=0.703 1,093+£298 P<0.001 r=0.727
C-reactive protein (mg/dL) 90.3 P<0.001 r=0.691 86.4 P<0.001 r=0.679
SpO, (%) mean 91.0 P<0.001 r=0.806 912 P<0.001 r=0.842
Lymphocytes (x10°/L) 0.58 P<0.001 r=0.925 0.61 P<0.001 r=0.950

Values are presented as mean=+standard deviation unless otherwise indicated.

LUS, lung ultrasonography; APACHE, Acute Physiology and Chronic Health Evaluation; SpO,, saturated oxygen.

“The Pearson correlation test was used to calculate the correlation coefficient.
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Fig. 5. Receiver operating characteristic curve of reverse-transcription polymerase chain reaction (RT-PCR) test and lung
ultrasonography (LUS) for detecting computed tomography abnormalities.
A. In 12-zone group, area under the curve (AUC) of LUS (0.895) is higher than that of RT-PCR (0.703). B. In 14-zone group, AUC of LUS (0.908)

is also higher than that of RT-PCR (0.655).

protocol and modified versions of LUS in the diagnosis and follow-
up of pulmonary involvement of COVID-19 [8]. The differences in the
examination zones used in these protocols are noteworthy. Similar
results were obtained in studies of LUS examinations performed
with different protocols in previously defined zones of the lung.
Methods involving 8, 10, 12, and 14 zones have been used to
examine the anterior, lateral, and posterior lung areas in the thoracic
wall [8,9,16,17].

Dacrema et al. [18] used a rapid and simplified scanning method
referred to as LUSCOP, which includes six regions (apex, middle, and
basal), to evaluate 130 patients. They reported an achievement rate
of 99.2% in identifying COVID-19 pneumonia [18]. Other research
using the 12-zone examination method compared the diagnostic
success of LUS to CT [19]. The mean LUS score was determined to
be 10.6 in a study that included 51 patients. In the same study,
the CT score was calculated as 7.48, and its correlation with the
LUS score was found to be 0.803. The researchers reported that
the LUS findings observed in their study included pleural line and
B-line abnormalities, similar to the results of other studies [19]. In a
study using the same number of examination zones in intensive care
patients, the correlation between LUS scores and CT scores was 0.87,
and it was found that there was a good degree of agreement [20].
In addition, the researchers reported that LUS yielded similar results

e-ultrasonography.org
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regardless of whether six or 12 zones were evaluated. Although
these results need to be confirmed, the researchers stated that
the results were similar to data in the literature and the results of
studies using the BLUE protocol [20]. Due to the presence of studies
in the literature using different methods of examination, Soldati et
al. created a LUS protocol with the aim of developing international
standardization and presented their opinions about a 14-zone
imaging method as part of their protocol. It was emphasized that
the imaging method should definitely include the posterior regions,
since the posterior lung is more extensively involved in COVID-19
pneumonia [9]. Mento et al. investigated the results of different
protocols when administered to the same patients. They analyzed
the results of LUS protocols involving 4, 8, 12, and 14 zones in
data obtained from 88 patients, who had been diagnosed with
COVID-19, and reported that the 12-zone LUS protocol achieved a
good balance between the duration of the procedure and accuracy.
They found that the inclusion of posterior areas in the protocols
increased the level of agreement between the modified systems.
As mentioned in the literature, they emphasized the importance of
examining the posterior areas in order to detect important findings
in patients with COVID-19 [21]. A study analyzing a protocol using
14 landmarks during the admission and follow-up of intensive care
patients reported that this protocol could be used in intensive care
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units to predict the clinical course of COVID-19 pneumonia and
decide upon a treatment strategy [22].

In the present study, a score was calculated for each lobe by
matching the lung lobes with the imaging zones. The authors
suggest that this strategy enabled a more detailed examination of
the scores and lesions of each lobe. The 14-zone examination has a
greater scope for the evaluation of the lesions in the lower lobe of
the lung. The higher incidence of COVID-19 pneumonia in the lower
lung lobes is the reason why this method is advantageous [9]. In
addition, despite the lower CT scores detected in the left lower lobe
in patients who underwent 14-zone examinations, higher correlation
values were found with the LUS scores in the same zones. This
finding supports the view that has been presented in the literature
that reducing the number of imaging zones in patients affected
by COVID-19 would increase the probability of missing important
findings [23,24]. In diseases with a high risk of transmission such
as COVID-19, the balance between the duration of the procedure
and the level of data collection during LUS can make it difficult for
clinicians to decide which protocol to use. We believe that further
data will clarify the principles of the LUS procedure over time.

The fact that LUS examinations were performed only during
hospitalization led the researchers to select only patients diagnosed
with COVID-19 who were receiving treatment in the intensive care
unit. The limitations of this study include the general weaknesses of
ultrasonography such as its technical characteristics, the variability
depending on the specialist responsible for performing LUS, and
the use of only a convex probe during the examination. In addition,
since LUS was performed one time in each patient by a single user,
the inability to measure intra- and inter-observer variability is a
limitation.

The results of our study indicated that the two different LUS
examination methods performed in different patients had similar
findings in terms of the diagnosis and their correlations with CT
results. Extensive data in the literature have been reported regarding
the role of LUS in the diagnosis of pneumonia associated with
COVID-19. The authors suggest that the method to be selected
and the procedure will become clearer with further studies and the
inclusion of learning-based systems [11].
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