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Abstract

Purpose The purpose of our study was to determine the usability of lung ultrasonography (LUS) in the diagnosis of COVID-
19, and to match the morphological features of lesions detected on computed tomography (CT) with the findings observed
on LUS.

Methods Sixty patients with COVID-19 were included in this prospective study. Patients were examined by radiology and
anesthesia clinic specialists for a visual CT score. A LUS 12-zone ultrasonography protocol was applied by the investigator
blinded to the CT and PCR test results. The characteristics of abnormal findings and the relationship of lesions to the pleura
and the distance to the pleura were investigated.

Results Forty-five males and 25 females evaluated within the scope of the study had an average age of 61.2 +15.3 years. The
total CT score was calculated as 14.3 +5.3, and the LUS score was found to be 19.9 +7.6. There was a statistically significant
positive correlation between the measured LUS and CT scores (r=0.857, p<0.001). The mean distance of these lesions
to the pleura was 5.2 +1.76 cm. LUS findings in 51 areas corresponded to non-pleural lesions on CT. There was a negative
correlation between the measured distance to the pleura and the LUS scores (p <0.001, r=—0.708).

Conclusion The results of this study showed that the correlation between CT and LUS findings may be used in the diagnosis
of COVID-19 pneumonia, although there are some limitations.

ClinicalTrials.gov identifier: NCT04719234.
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Introduction

With the recognition of SARS-CoV-2 infection as a pan-
demic infection by the World Health Organization (WHO),
many countries began to work on the diagnosis and treat-
ment of this disease [1].

The coronavirus, which is recognized as the cause of this
infection, can be transmitted via droplets and progress to
severe acute respiratory distress syndrome (ARDS), sep-
sis, and septic shock, which may require intensive care in
patients with comorbidities by reaching a life-threatening
dimension from a mild upper respiratory tract infection [2].
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During the pandemic period, the effect of this coronavirus-
related disease on the respiratory tract and the observation of
pulmonary findings in the foreground have required greater
use of high-resolution computed tomography (HR-CT) [3].
The reliability of CT used in thoracic imaging was found to
be 97% compared to the PCR test. Ground-glass opacities
(GGO), crazy paving pattern, and interlobular septal thick-
ening are the main findings identified on CT [4, 5]. Even
though HR-CT is accepted as the gold standard imaging
technique, the difficulty of moving patients being treated in
intensive care units, the use of radiation, and the application
of different treatments (mechanical ventilation or even extra-
corporeal membrane oxygenation, etc.) in ICU treatments
limit its re-application [6]. In many studies in the literature,
it was shown before the COVID-19 pandemic that lung ultra-
sonography (LUS) could be used for diagnosis and follow-
up by many departments such as intensive care units and
emergency departments [7, 8]. Considering the prevalence
of pneumonia and the emergence of a condition like ARDS
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caused by COVID-19 in the lungs along with the disadvan-
tages of CT, it started to be used more often in the diagnosis
and follow-up of COVID-19. Even though LUS findings of
the disease have similarities with viral pneumonia, they also
have some differences. Pleural irregularity, abnormalities
in B lines, and fused B lines are some of the LUS findings
that have been found in COVID-19 patients. Studies have
reached conclusions about the advantages of LUS and areas
where it may be limited [9].

The aim of this study was to determine the usability
of LUS in the diagnosis of COVID-19, and to match the
morphological features of lesions observed on CT with the
abnormal findings identified on LUS.

Materials and methods
Patients

Following the ethics committee’s approval, 60 patients who
were hospitalized in the intensive care unit with a diagnosis
of COVID-19 pneumonia were evaluated within the scope
of this prospective study (Ethical number 2011-KAEK-25
2020/05-21). Patients between 18 and 85 years of age, who
were hospitalized in the intensive care unit with the suspi-
cion of COVID-19 and who had a PCR test and thoracic
CT, were included in the study. Patients with previous lung
and thoracic wall surgery, anatomically having thoracic wall
abnormalities, and who did not consent to participate in the
study were not included in the study.

Interventions
CT procedure

HR-CTs were performed with a 128-row scanner
(SOMATOM Definition AS+; Siemens Healthineers,
Erlangen, Germany) in the supine position during patient
inspiration. The evaluation parameters of all the HR-CT
scans with the 128-row scanner were as follows: 120 kVp,
81 reference mAs. Reconstruction parameters for the lung
images were as follows: slice thickness 3 mm, sharp recon-
struction algorithm (3.0 B157 and lung window width,
1,200 HU; level, — 600 HU). Reconstruction parameters
for mediastinal images were as follows: slice thickness
5.0 mm, reconstruction algorithm (5.0 Bf37), and medi-
astinal window (width, 350 HU; level, 350 HU). Thoracic
CT was performed before the intensive care hospitalization
with the indication of the emergency department, and was
reported and scored by the radiology department, which
was unaware of the lung ultrasonography, in company
with the staff of the anesthesiology and reanimation clinic
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(DKY and ES). For the scoring method, the validated thin-
section CT examination method of Chang et al. was used
[10].

Each of the five lobes of the lung was scored in terms
of involvement of ground-glass opacities, consolidation,
interstitial opacity, and air trapping: 0% (0 points), 1-5%
(1 point), 5-25% (2 points), 25-50% (3 points), 50-75%
(4 points), or>75% (5 points). Values ranging between 0
and 25 were recorded for each lung lobe and as total CT
score data [11].

Moreover, the COVID-19 Reporting and Data System
(CO-RADS), which is a categorical evaluation schema
for pulmonary involvement of COVID-19 on non-contrast
chest CT, was used, and CT results were recorded in the
areas defined for the LUS scoring system [12, 13].

LUS protocol

Ultrasonography evaluations were carried out by a
researcher who was experienced in LUS and performing
ultrasonography, and the evaluation was recorded with the
convex ultrasound probe (2-6 MHz). The investigator was
blinded to patient information such as medical history,
PCR test result, laboratory measurements, and CT scan
results.

LUS was performed within a maximum of 6 h of the
patient’s hospitalization in the intensive care unit. Exami-
nations in the intensive care unit, which was allocated to
infection, were performed after all the protective precau-
tions were taken. Together with the 12-area protocol as
6 areas for the right lung and 6 areas for the left lung,
lung areas were separated into six areas for convenient
scanning: anterior-superior (upper part of the internipple
line in the midclavicular line), anterior-inferior (lower
part of the internipple line in the midclavicular line),
middle-superior (upper part of the internipple line above
the midaxillary line), middle-inferior (upper part of the
internipple line above the midaxillary line), rear-superior
(above the line joining the lower ends of the scapula in the
paravertebral line), and posterior-inferior (below the line
joining the lower ends of the scapula in the paravertebral
line) [12].

All the abnormal findings, primarily pleural line abnor-
malities, B lines, consolidations, and pleural effusion, were
recorded in each chest area examination. A scoring system
was used for each area. Scores ranged from 0 to 3 (0 points:
B lines, including A lines and < 3, 1 point: less than 50% of
the intercostal space combined B line, 2 points: B lines cov-
ering more than 50% of the intercostal space (white lung),
3 points: recorded as consolidation or pleural effusion). A
score of 0-36 points in total was collected for 0—18 points
for right and left lung [13].
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Evaluation parameters
Outcome measures

The primary outcome measure was to investigate the rela-
tionship between thoracic CT imaging results and LUS
results. Accordingly, visual CT scores were used for thoracic
CT images, and the visual LUS score algorithm was used for
LUS. The secondary outcome measures were to identify the
characteristics of the abnormal findings detected on thoracic
CT and LUS, the relation of the lesions with the pleura, and
their distance to the pleura.

Statistical analysis

SPSS 22.0 statistical software was used for data analysis.
Data were presented as mean + standard deviation, and the
quantitative data were presented as the percentage. The Sha-
piro—Wilk test was used to evaluate whether or not the data
were normally distributed. Student’s # test was used to com-
pare normally distributed data. Spearman’s rho correlation
test was used to evaluate the correlation between the LUS
score and the CT score. In cases where the P value was
found to be less than 0.05, the relationship was considered
significant.

Power analysis

In our pilot study, we determined the correlation value
between CT scores and LUS scores as r: 0.339. The neces-
sary sample size was determined as 60 patients to obtain an
85% study power.

Results

Sixty patients (45 males and 25 females) evaluated within the
scope of the study had an average age of 61.2+ 15.3 years.
Other descriptive data of patients are presented in Table 1.
All patients were diagnosed with COVID-19 based on PCR
test and CT and clinical findings before hospitalization.
Forty-two patients were classified as CO-RADS 5, and
18 patients were classified as CO-RADS 4. Bilateral lung
involvement was observed in 54 patients based on examina-
tion of the thorax tomography data, and single lung involve-
ment was detected in six patients (four and two patients with
isolated right and left lung involvement, respectively).

The most common lesions on CT images were ground-
glass opacities, crazy paving sign, and consolidation
(Table 2) (Fig. 1). The mean LUS score was found to be
19.9+7.6, and the most common findings were pleural
line abnormalities and B line abnormalities (Table 2)
(Fig. 2). The total CT score was 14.3 +£5.3, and CT scores

Table 1 Comparison of the demographic characteristics of the
patients (n: 60)

Age (years) 61.2+17.3
BMI (kg/m?) 26.3+5.25
Gender

M/F 45 (%75)/25 (%25)
Apache score 244+5.6

Smoke+ 25 (%41)/35 (%58)

Comorbidity
No comorbidities 12
Hypertension 24
Diabetes 14
Cardiovascular disease 13
Renal disease 1
COPD 7
Cancer 4
Other 8

Mean+SD

BMI body mass index, M male, F' female, COPD chronic obstructive
pulmonary disease

Table2 CT and LUS findings

CT findings Right (n=58) Left (n=56)
Ground-glass opacities 58 (%100) 56 (%100)
Crazy paving sign 24 (%41) 20 (%35)
Subpleural lines, 8 (%13) 10 (%17)
Consolidation 8 (%13) 8 (%14)
Pleural effusion 2(%3.4) 1(%1.7)
LUS findings

Irregular pleural line 58 (%100) 56 (%100)
B lines

Compound B lines (less than 23 (%39.6) 22 (%39.2)

50% of the intercostal space)

Diffuse B lines (white lung) 28 (%39.6) 30

Subpleural consolidation 14 (%24) 12 (%21.4)

Pleural effusion 2 (%3.4) 1(%1.7)

Consolidation 1(%1.7) 3 (%5.3)

categorized by right- and left-side values and lung seg-
ments are presented in Table 3.

There was a statistically significant positive correla-
tion between the measured LUS and CT scores (r=0.857,
p <0.001). When the right and left lung scores were evalu-
ated separately, no correlation was found between the right
LUS and CT scores (Table 3).

The CT scores of the right upper lobe (1.36+1.08) and
the left upper lobe (1.75 +1.37), which were calculated
according to the lung lobes, were statistically significantly
lower when compared to the other lobes (Fig. 3).
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Fig. 1 Thoracic CT images of
COVID-19-related pneumonia.
a Black arrows: halo sign, b
non-pleural lesion and distance
to the pleura, ¢ white arrows:
ground-glass opacities, d non-
pleural hilar lesion and distance
to the pleura

A comparison of the most frequently detected lesions on
CT and LUS findings detected in the same region in the
patients evaluated are presented in Table 4.

When the relation of the lesions detected in the areas
scanned on CT with the pleura was evaluated, lesions that
were not related to the pleural were found in 51 areas (6.9%)
of a total of 720 areas examined. The mean distance of these
lesions to the pleura was 5.2+ 1.76 cm. LUS findings in the
51 regions with non-pleural lesions on CT are presented in
Table 4. There was a negative correlation between the meas-
ured distance to the pleura and the LUS scores (p <0.001,
r=-0.708) (Fig. 4).

Discussion

The results of this study showed that the scores obtained
with LUS were highly consistent with the scores obtained
by thoracic CT evaluation. It was revealed that the ground-
glass appearance detected on CT imaging could be displayed
as different findings such as different B lines and pleural
line abnormalities on LUS. Furthermore, it was shown that
there might be limitations in detecting non-pleural lesions
detected on CT via LUS.

LUS has been used in different types of lung diseases,
including pneumonia, for a long time. In their study com-
paring thoracic CT results, which are considered to be the
gold standard, and LUS results, Lichtenstein et al. evaluated
118 lungs and found that the sensitivity and specificity of
LUS were 90 and 98%, respectively. In their study, in which
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alveolar consolidations were evaluated, it was reported that
LUS was poor at detecting small lesions that did not reach
the pleura [14]. In two different studies carried out with
patients diagnosed with community-acquired pneumonia,
211 patients and 342 patients were evaluated. While sensi-
tivity and specificity were found to be above 95%, lesions
detected by other radiological methods were not identified
by LUS in 8% of lesions in both studies [15, 16]. There are
also studies in the literature on how lesions detected on chest
tomography appear on LUS. In those studies, it was reported
that different lesions were detected on LUS in patients who
had diffuse ground-glass opacification on tomography; how-
ever, there were more B line abnormalities [17]. Other study
results indicate that ground-glass opacities in patients diag-
nosed with viral pneumonia can predominantly be observed
as pleural line abnormalities on LUS [18].

The high transmission rate of COVID-19 and the hospi-
talization of many COVID-19 cases have led to an increased
burden on hospitals. Even though thoracic CT has a high
diagnostic value, its disadvantages in practice have increas-
ingly necessitated the use of LUS. Researchers have inves-
tigated the usefulness and accuracy of LUS in the diagnosis
and follow-up of COVID-19 with different types of studies
[9]. In their study, Volpicelli et al. obtained image results
of COVID-19 pneumonia, such as B line abnormalities
and irregular or fragmented pleural lines, similar to those
detected in other types of pneumonias. The two findings
that they thought might be specific to COVID-19 pneumonia
were combined B lines, which they referred to as a "light
beam" forming a multiform vertical artifact and vertical
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Fig.2 LUS images of COVID-19-related pneumonia. a White
arrows: diffuse B lines, b white star: lesion-free zone, white triangle:
B lines (on—off effect), ¢ black circle: irregular pleural line, d white

Table3 CT and LUS score

CT score LUS score Px[E*
Total 14.5+5.3 199+7.6 <0.001/r: 0.857
Right (n=58) 5+25 10.6+4.4 0.113/r: 0.207
Left (n=56) 9.3+3.6 9+54 <0.001/r: 0.551

Mean + SD. Spearman’s rho correlation test was used

*Correlation coefficient, **P value

artifacts created by the combined B lines, which they said
could be observed in the early phase of the ground-glass
image found on CT (on—off effect) [19]. In another study
that found different B line abnormalities (focal, multifo-
cal, confluent) in patients with COVID-19 pneumonia, it
was mentioned that the reversed halo sign seen on CT was
not observed in SARS and MERS and could be specific to
COVID-19 [20]. A study in which LUS was performed in

arrows: sub-pleural consolidation, e white arrow: halo sign (Fig. 1,
same patient), f white star: pleural effusion, white arrows: consolida-
tions
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Fig.3 The CT scores of lobes
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Table 4 Comparison of CT and

- CT findings (n: 720)
LUS findings

LUS findings

Ground-glass opacities n: 502 (%82)

Crazy paving sign n: 86 (%11.9)

Consolidation n: 6 (%0.8)

Irregular pleural line 222 (%37)

Compound B lines (less than 50% of the 201 (%33)
intercostal space)

Diffuse B lines (white lung) 169 (%28)

Irregular pleural line 26 (%30.3)

Compound B lines (less than 50% of the 25 (%29.7)
intercostal space)

Diffuse B lines (white lung) 25 (%40)

Consolidation 6 (%100)

8001 ©

6,007

Distance to pleura
@
8
i

4,001

00 *=-0708p<0001 & &

T T
00 1,00 2,00

LUS scores

Fig.4 Correlation between the measured distance to the pleura and
the LUS scores

12 regions using a technique similar to that in our study
yielded an LUS score of 10.6. In that study, which was found
to be perfectly correlated with CT, the visual findings were
intense B line and pleural line abnormalities, similar to other
studies [21].

Even though there was positive feedback on the use of
LUS for the diagnosis of COVID-19 pneumonia in these
studies, there were also studies that highlighted the limi-
tations of LUS. In a study by Huang et al., the presence
of continuous or discontinuous B lines and absence of A
lines on LUS in COVID-19 patients were reported, which
were similar to other results in the literature. They found a
higher probability of B line fusion and fixation compared to
cardiogenic pulmonary edema. Moreover, they stated that
LUS could not substitute for CT and should be used as an
additional method for diagnosis [22].

In another study involving 26 patients, they found that
CT scores and LUS scores were highly correlated and
could be used in diagnosis. They stated that although LUS
scores were found to be higher in patients with diffuse
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ground-glass opacification than those with patchy ground-
glass opacification, CT may be required to classify the
severity of (lung) involvement. They surmised that pleural
line abnormalities and B line abnormalities could be asso-
ciated with idiopathic / pulmonary fibrosis, and that diffuse
B line findings could also be seen in treatment-responsive
pulmonary congestion [23]. The fact that the research-
ers used different techniques (number of areas scanned,
probe type used, LUS scoring method) during LUS limits
the possibility of discussion. Studies have found excel-
lent consistency with CT results via different methods of
diagnosis, and they seem to agree on B line and pleural
line abnormalities, which are dominant findings.

Our study results yielded satisfactory LUS scores with
CT, similar to the results of the studies in the literature.
The abnormalities of the B lines on LUS and pleural line
abnormalities, which are frequently seen in the literature,
are also included in the results of this study. In contrast,
the results of this study were that CT lesions did not cause
a single finding on LUS, and the ground-glass opacifi-
cation appearance could lead to combined/continuous B
lines and pleural irregularities. It supports the idea that
the intensity of the opacification may affect the B line
morphology on LUS [19-23]. While the rate of detecting
pleural effusion was observed in only two patients (one
patient bilateral) in our study, it was obtained at higher
rates in different studies [22, 23]. We assume that the
density of the lesions and the stage of the disease may
be effective in this situation. Although a high correlation
was found between thoracic CT scores and LUS scores
in our study and in the literature, there are some reserva-
tions about the use of LUS in pneumonia. The negative
correlation between the contact and distance to the pleura
of the lesions identified in thoracic CT, which we evalu-
ated within the context of our study, and the LUS findings
supports these concerns [15]. LUS was poor at defining
lesions without contact with the pleura, and close lesions
that were not in contact with the pleura could cause pleural
line abnormalities, whereas 70.5% of the lesions could
never be identified.
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Limitations

Except for the fact that only the convex probe was used and
the LUS evaluations were not repeated, hospitalization of the
patients in the intensive care unit might have caused versatil-
ity in establishing a diagnosis for researchers. In addition,
the main disadvantages of ultrasonography, such as the tech-
nical features of ultrasonography and user-dependent vari-
ables, are among the limitations of our study.

Conclusion

Under the current circumstances, LUS seems to be usable as
an auxiliary method in establishing the diagnosis with dif-
ferent techniques. We believe that the difficulty in defining
lesions not related to the pleura is a disadvantage of LUS.
To better assess the lesion morphology, it may be necessary
to combine convex and linear probes and to examine pleural
lesions better. The fact that LUS scoring and assessment
techniques are not standardized makes comparisons among
researchers difficult. On the other hand, the advantages of
ultrasonography compared to CT include portability, no
exposure to radiation (pregnant women and patients with
extra risk for radiation use), low cost, no need for auxiliary
personnel, and repeatability [24].
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