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Background: Lung ultrasound (LUS) is a bedside imaging tool that has proven useful in identifying and assessing the
severity of pulmonary pathology. The aim of this study was to determine LUS patterns, their clinical significance, and
how they compare to CT findings in hospitalized patients with coronavirus infection.
Methods: This observational study included 62 patients (33 men, age 59.3±15.9 years), hospitalized with pneumonia
due to COVID-19, who underwent chest CT and bedside LUS on the day of admission. The CT images were analyzed
by chest radiographers who calculated a CT visual score based on the expansion and distribution of ground-glass opac-
ities and consolidations. The LUS score was calculated according to the presence, distribution, and severity of anoma-
lies. 
Results: All patients had CT findings suggestive of bilateral COVID-19 pneumonia, with an average visual scoring of
8.1±2.9%. LUS identified 4 different abnormalities, with bilateral distribution (mean LUS score: 26.4±6.7), focal areas
of non-confluent B lines, diffuse confluent B lines, small sub-pleural micro consolidations with pleural line irregular-
ities, and large parenchymal consolidations with air bronchograms. LUS score was significantly correlated with CT
visual scoring (rho = 0.70; p<0.001). Correlation analysis of the CT and LUS severity scores showed good interclass
correlation (ICC) (ICC =0.71; 95% confidence interval (CI): 0.52–0.83; p<0.001). Logistic regression was used to
determine the cut-off value of ≥27 (area under the curve: 0.97; 95% CI: 90-99; sensitivity 88.5% and specificity 97%)
of the LUS severity score that represented severe and critical pulmonary involvement on chest CT (CT: 3-4).
Conclusion: When combined with clinical data, LUS can provide a potent diagnostic aid in patients with suspected
COVID-19 pneumonia, reflecting CT findings.
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Introduction
Lung ultrasound (LUS) is a readily available bedside technique

to diagnose and monitor the presence and severity of lung pathol-
ogy and may be of value in patients with COVID-19 infection
[1,2]. Computed tomography (CT) of the chest is the gold standard
for diagnosing pulmonary involvement in patients who are admit-
ted to the hospital with fever and respiratory symptoms. The high
transmissibility of SARS-CoV-2 and the high risk of complications
during transport of unstable patients with hypoxia or hemodynam-
ic instability may limit our ability to perform CT scans on patients
with likely or verified COVID-19 infection. The major advantages
of LUS are: low cost, ready availability, and the possibility of per-
forming it at bedside. LUS can also be performed both in patients
breathing independently and those being mechanically ventilated.
LUS is also safe if repeated imaging is necessary since there is no
ionizing radiation.

Lung involvement in COVID-19 pneumonia is generally seen
in the subpleural areas, which can be easily visualized with ultra-
sound. Several studies have shown that in SARS-CoV-2 pneumo-
nia, ultrasound findings may include multifocal B-lines, bilateral
subpleural thickening and pleural thickening, which correspond
with changes seen on CT imaging [1,3]. Unfortunately, there is
only a handful of studies that explore the correlation between LUS
and CT findings. The aim of the current study was to determine the
performance of LUS in diagnosing severe SARS-CoV-2 pneumo-
nia in comparison with chest CT. 

Methods
This prospective observational study was performed at City

Clinical Hospital named after V.V. Vinogradov (Moscow, Russia)
with subjects from both the medical floors and the intensive care
unit (ICU) with suspected COVID-19 infection. The study includ-
ed individuals aged 18 and older with either verified or likely coro-
navirus related pneumonia. Verified patients were those in whom
SARS-CoV-2 was positive on PCR and also had characteristic pul-
monary involvement. Patients considered likely to have the infec-
tion were those with a negative PCR but characteristic pulmonary
findings. The study was approved by the local Ethics Committee
number 3 (Ethics Approval Letter number N3; dated: 09.07.2020).
Exclusion criteria included patients with inadequate lung visuali-
zation on ultrasound due to either obesity or emphysema, decom-
pensated congestive heart failure, prior interstitial lung disease,
tuberculosis, lung neoplasm, pulmonary embolism, extremely ill
patients with very poor prognosis.

Disease severity was classified according to criteria proposed
by Interim Guidance on COVID-19 developed by World Health
Organization (WHO), which classified patients into four groups of
severity: mild, moderate, severe, and critical [4]. The diagnosis of
SARS-CoV-2 infection was made by identification of viral RNA
via PCR from upper respiratory tract mucosal samples (combined
naso-oropharyngeal swab). Non-contrast chest CT was performed
using the Aquilion CXL with the patient in supine position. Images
were retrieved and reconstructed as axial images with the follow-
ing parameters: slice thickness 1.0 mm, interval 0.7 mm, 120 kV.
The following findings that were considered characteristic of
SARS-CoV-2 pneumonia include: bilateral ground glass opacities,
reticular changes overlying ground glass opacities, peripheral con-
solidation and perilobular thickening [5] (Figure 1).

The severity of lung involvement was classified according to
the quantity and quality of involvement of lung parenchyma: CT-1

(ground glass opacities in ≤25% of lung parenchyma); CT-2
(ground glass opacities in 26-50% of lung parenchyma); CT-3
(ground glass opacities and consolidations in 51-75% of lung
parenchyma); CT-4 (ground glass opacities and consolidations
with reticular changes in ≥76% of lung parenchyma). The lesions
extent within each lung lobe were evaluated by scoring from 0 to
4 (Table 1). Summation of scores from all 5 lobes provided the
total CT severity score ranging from 0 to 20 [6-9]. 

LUS was performed using the portable VIVID iq (GE)
machine with 3.5-5 MHz convex probes. Special covers were used
for the probes and the machine during the procedure. We followed
an established ultrasound algorithm to minimize the risks of infec-
tion transmission and the duration of the procedure. During the
ultrasound examinations all images were recorded and analyzed
off-line. The person performing the ultrasound was blinded to the
CT scan results. LUS was performed with patients in a seated or
supine position depending on the clinical status. A modified 16-
lung zones scanning protocol was used. A detailed description of
the zones is described in Table 2 and in Figure 2. Each chest area
includes 2-3 intercostal spaces. The lesions extent was evaluated
semi-quantitatively using the modified scale [10]. Each of the 16
examined areas was evaluated by scoring 0 to 3 (Table 3).
Summation of the scores determined the severity of lung involve-
ment: a score of 0 represented the normal lung, whereas the score
of 48 represented very severe damage. The results were registered
in the protocol (Figure 3).

Statistical analysis 
Numerical variables with normal distribution were presented

as mean and standard deviation. Variables that were not normally
distributed were reported as median and interquartile range.
Categorical variables were presented as frequencies and percent-

Table 1. Scale for assessing the severity of lung damage in COVID
-19 according to the computer tomography of the chest organs.

Points                                               Degree of lung damage, %

0                                                                                                     0
1                                                                                                 1-25%
2                                                                                                26-50%
3                                                                                                51-75%
4                                                                                                 >76%

Figure 1. High-resolution computed scan: a,d) ground-glass
opacities; b) perilobular thickening, reticular changes overlying
ground glass opacities (crazy-paving pattern); c) consolidations.
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ages. Comparisons between groups were made by the non-para-
metric Mann–Whitney U test for numerical variables and by
Pearson’s chi-squared test for categorical variables. The correla-
tion of the LUS score with the CT score and oxygen saturation in
room air was calculated with Spearman correlation index. The intr-
aclass correlation coefficient (ICC) was used to assess similarity of
LUS and CT scores. An ICC index <0.4, 0.4–0.75 and >0.75 rep-
resented low, moderate and high similarity between values, respec-
tively. Receiver operating characteristic (ROC) analysis with area
under the ROC-curve (AUC) measurement was used to assess
diagnostic efficacy of the calculated scores. The most appropriate
cut-off value with the highest sum of sensitivity and specificity
was determined. A p<0.05 was considered statistically significant.
Statistical analysis was performed using Statistica Version 20.0
and MedCalc Software’s VAT Version 19.0.

Results
In total 62 patients were included with a mean age of 59±16

and 53% were male. Every third patient was obese. Comorbidities
were present in 71% patients; most common were arterial hyper-
tension (93%), heart failure (48%), diabetes mellitus (30%) and
coronary artery disease (23%). Clinical, demographic and labora-
tory characteristics are presented in Tables 4 and 5. 

The most common presenting symptoms were dyspnea
(100%), fever (97%) and cough (87%) (Table 4). Out of the 62
patients with COVID-19 disease, 46 (74%) had moderate disease
and 16 (26%) had severe disease. A total of 85% of patients

required oxygen supplementation including high-flow nasal oxy-
gen (3.2%), non-invasive ventilation (4.8%) and 6.5% of patients
required mechanical ventilation. All patients had bilateral lung
involvement on chest CT. The most common types of lesions
included ground glass opacities and consolidation; the majority of
patients had lung involvement that corresponded to severity stages
CT-2 and CT-3 (Table 6). The most common LUS patterns includ-
ed patches of B-lines, pleural thickening with multiple sub-pleural
lesions and an irregular pleural line (Figure 4). Pleural effusion
was identified in 3 (4.8%) patients. Mean CT severity score was
7.9±3.2 and mean LUS severity score was 26.4 ±6.7. The compar-
ison of lung involvement severity according to the chest CT and
the total CT and LUS severity scores is presented in Table 7 and

Table 2. Anatomical landmarks and zones when using a 16-zone lung ultrasound protocol.

Chest surface    Vertical lines                                                 Horizontal lines                                         Zones
                                                                                                                                                                             Left lung (L)      Right lung (R)

Front                             From parasternal to anterior axillary line                          From the supraclavicular region to 4 ribs                                                         Upper zone
                                                                                                                                                                                                                                                                       L1                                      R1
                                                                                                                                             From 4 ribs to phrenic sinus                                                                                Lower zone
                                                                                                                                                                                                                                                                       L2                                      R2
Anterolateral               Anterior axillary to mid-axillary line                                     From axillary fossa to 4 ribs                                                                                 Upper zone
                                                                                                                                                                                                                                                                       L3                                      R3
                                                                                                                                             From 4 ribs to phrenic sinus                                                                                Lower zone
                                                                                                                                                                                                                                                                       L4                                      R4
Posterior-lateral         Mid-axillary line to posterior axillary line                           From axillary fossa to 4 ribs                                                                                 Upper zone
                                                                                                                                                                                                                                                                       L5                                      R5
                                                                                                                                             From 4 ribs to phrenic sinus                                                                                Lower zone
                                                                                                                                                                                                                                                                       L6                                      R6
Back                               From the posterior axillary to the paravertebral line      From the inferior angle of the scapula to the phrenic sinus                       Upper zone
                                                                                                                                                                                                                                                                       L7                                      R7
                                                                                                                                                                                                                                                                                  Lower zone
                                                                                                                                                                                                                                                                       L8                                      R8

Figure 2. Proposal for lung ultrasound scanning scheme in
COVID-19 patients. Each chest area includes 2-3 intercostal
spaces. The lesions extent was evaluated semi-quantitatively using
the modified scale [10]. Each of the 16 examined areas was eval-
uated by scoring 0 to 3 (Table 3).

Table 3. US scale for assessing the severity of lung injury in COVID-19.

Points         Loss rate airiness of the lungs         Ultrasound pattern

0                       Norm                                                                    Horizontal A-lines or B-lines <3 in the scan area
1                       Moderate degree                                              Multiple B-lines (B-lines ≥ 3 or confluent B-lines ≤ 50 in the scan area) without subpleural lesions
1s                     Moderate degree                                              Multiple B lines (confluent B lines ≤ 50% in the scanned area) with subpleural lesions
2                       Severe degree                                                    Multiple B-lines (confluent B-lines> 50% in the scan area) without subpleural lesions
2s                     Severe degree                                                    Multiple B lines (confluent B lines> 50% in the scan area) with subpleural lesions
3                       Complete loss of airiness                               Consolidation (aerobronchogram +/-)
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Figure 5. 
Correlation analysis of the CT and LUS severity scores

showed good ICC (0.71; 95% confidence interval (CI): 0.52–0.83;
p<0.001). These results signify that both LUS and CT severity
scores are similarly reliable for evaluating lung involvement in
patients with COVID-19. LUS severity scores also strongly corre-
lated with CT severity classes (rho=0.70; p<0.001) (Figure 6).
LUS severity scores were stratified into two groups: above and
below the median (≥26 and <26). Patients in the first group (≥26)
had more lung involvement on the CT scans compared with the
patients in the second group (<26) (rho=0.62; p<0.001) (Figure 7).

Total LUS severity scores correlated more strongly with disease
severity classification (rho=0.502; p<0.000), C-reactive protein
(rho=0.442; p<0.001) and d-dimer levels (rho=0.28; p=0.02) than
total CT severity score (rho=0.39; p=0.001: rho=0.38; p=0.002:
rho=0.28; p=0.03, respectively). We also found negative correlation
between the total LUS severity scores and blood oxygen saturation
at admission that was statistically significant (rho=-0.25; p=0.04).
Meanwhile, the correlation between total CT scores and oxygen sat-
uration was not statistically significant (rho=-0.21; p=0.09). Logistic
regression was used to determine the cut-off value ≥27 (AUC, 0.967;
95%CI: 90%-99%; sensitivity 89%; specificity 97%) of the LUS
severity score that represented severe and critical pulmonary
involvement on chest CT (CT 3-4) (Figure 8).

Table 4. Clinical and demographic characteristics of patients.

Characteristic                                                              Value

Number of patients                                                                                62
Gender (m/f), n (%)                                                               33 (53%)/29 (47%)
Age, mean±SD, years                                                                         59±16 
BMI, mean±SD, kg/m2                                                                      30.1±6.0 
Systolic blood pressure, median (IQR), mmHg                         133±20 
Diastolic blood pressure, median (IQR), mmHg                        80±12 
Heart rate, mean±SD, bpm                                                              91±13 
Respiratory rate, mean±SD, rpm                                                   21±2.0 
SO2, mean±SD, %                                                                               93±3.2 
Temperature, mean±SD, ºС                                                            38±0.8 
Disease severity

Moderate, n (%)                                                                          46 (74%)
Severe, n (%)                                                                                16 (26%)

Comorbidities (n=44)
Hypertension, n (%)                                                                   41 (93%)
Chronic heart failure, n (%)                                                     21 (48%)
Diabetes mellitus 2, n (%)                                                        13 (30%)
Ischemic cardiomyopathy/CAD, n (%)                                    10 (23%)
Atrial fibrillation, n (%)                                                               6 (14%)
COPD, n (%)                                                                                  6 (14%)
Stroke, n (%)                                                                                 4 (9.1%)
Malignancy, n (%)                                                                         4 (9.1%)

Symptoms
Dyspnea, n (%)                                                                             62 (100)
Fever, n (%)                                                                                  60 (96,8)
Cough, n (%)                                                                                 54 (87,1)
Anosmia/ageusia, n (%)                                                               7 (11,3)
Diarrhea, n (%)                                                                              3 (2,4)

SD, standard deviation; IQR, interquartile range; bpm, beats per minute; rpm, respiratory rate per
minute; SO2, oxygen saturation; CAD, coronary artery disease; COPD, chronic obstructive airways
disease. 

Table 5. Laboratory characteristics of patients.

Characteristic                                                             Value

Number of patients                                                                               62
Hemoglobin, mean±SD, g/L                                                        128.4±19.4
WBC, mean±SD, x109/L                                                                   7.0±3.3 
Lymphocytes, mean±SD, x109/L                                                     1.1±0.5
Neutrophils, mean±SD, x109/L                                                       5.3±3.2
Platelets, median (IQR), x109/L                                              205 (159-289)
ESR, median (IQR), mm                                                              48 (40-60)
PTT, mean±SD, sec                                                                           36±8.2
PT, mean±SD, sec                                                                              14±1.7
D-dimer, median (IQR), ng/mL                                               351 (126-726)
INR, mean±SD                                                                                   1.2±0.2
Creatinine, median (IQR), mmol/L                                           84 (73-99)
Urea, median (IQR), mcg/L                                                      4.5 (3.7-6.9)
eGFR, median (IQR), mL/min/1.73 m2                                     80 (60-96)
Glucose, median (IQR), mmol/dL                                            5.4 (4.8-6.3)
Sodium, mean±SD, mmol/L                                                           139±4.9
Potassium, mean±SD, mmol/L                                                      4.1±0.6 
ALT, median (IQR), IU/L                                                               28 (17-49)
AST, median (IQR), IU/L                                                              37 (27-58)
C-Reactive Protein, median (IQR), mg/dL                              79 (42-120)
Ferritin, median (IQR), ng/mL                                              378.1 (204-642)
Albumin, median (IQR), g/dL                                                     34 (30-37)
Total Protein, mean±SD, mmol/L                                                  64±6.3
Direct bilirubin, median (IQR), mmol/L                                 1.7 (0.9-3.0)
Total bilirubin, median (IQR), mmol/L                                     11 (7.7-16)
SARS-CoV-2 (RT-PCR) test

Positive, n (%)                                                                             37 (60%)
Negative, n (%)                                                                            25 (40%)

SD, standard deviation; WBC, white blood cell count; IQR, interquartile range; ESR, erythrocyte
sedimentation rate; PTT, partial thromboplastin time; PT, prothrombin time, INR, international
normalized ratio; eGFR, estimated glomerular filtration rate; ALT, alanine aminotransferase; ASR,
aspartate aminotransferase. 

Table 6. The degree of lung lesions by CT and ultrasound of the
lungs.

Nature and extent of the lesion on CT

Proportion of persons with bilateral lesions, n (%)             62 (100)
CT- 1, <25%, n (%)                                                                         10 (16%)
CT- 2, 26-50%, n (%)                                                                       26 (42%)
CT -3, 51-75%, n (%)                                                                      24 (39%)
CT- 4, >75%, n (%)                                                                         2 (3.2%)
Points total                                                                                      8.1±2.9
Ultrasound of the lungs, patterns

Bilateral defeat, n (%)                                                               62 (100%)
Subpleural consolidations, n (%)                                           60 (97%)
Consolidation, n (%)                                                                 48 (77%)
Points total                                                                                  26.4±6.7
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Figure 3. Protocol of ultrasound examination of patients with COVID-19 using a 16-zone protocol. Score=34.

Table 7. Comparison of the severity of lung lesions on CT thorax (%) with the sum of scores for assessing the severity of the lesion on
CT and ultrasound of the lungs.

Lung lesion on chest CT                  CT thorax (points total)                                       Ultrasound of the lungs (points total)

1-25%                                                                                   4.2±1.7**                                                                                                   17.0±3.9**
26-50%                                                                                 6.6±1.4**                                                                                                   23.9±2.8**
≥51%                                                                                   10.7±2.8**                                                                                                   29.9±6.3*

*p<0.05; **p=0.001.
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Discussion
In our study out of the 62 patients who participated, only 60%

had positive SARS-CoV-2 PCR test at admission. Other patients
had seropositive rates of IgM antibodies to SARS-CoV-2. The use
of standardized scanning protocol evaluates general lung aeration
via the summation of scores given to each lung area. Higher LUS
scores were associated with more severe lung involvement. At the
same time, patients with COVID-19 can present with various LUS
patterns that can also affect management approaches. The cut-off
value of 27 that was determined in our study by ROC-analysis was
highly sensitive (89%) and specific (97%) and corresponds to CT
3-4 stages of lung involvement. Importantly, LUS scores show

Figure 4. Appearance of COVID-19-related alveolar-interstitial
pneumonia at bedside lung ultrasound. a) Spared area showing A
lines corresponding to a region of normally ventilated lung
parenchyma without alveolar-interstitial involvement. b)
Confluent B lines with “white lung” pattern and spared areas of
normal lung parenchyma showing A lines. c) Overt subpleural
consolidation with air bronchograms. d) Subpleural microcon-
solidations with indentation of pleural line, associated with a
nonconfluent focal B-line pattern.

Figure 5. Spearman correlation between lung ultrasound (LUS)
score and CT score.

Figure 6. Median B-lines (ultrasound of the lungs), depending on
the severity of lung lesions on CT. The CT score was significantly
different (p=0.016) between patients with LUS score below and
above the median value.

Figure 7. The CT score was significantly different (p< 0.001)
between patients with LUS score below and above the median
value.

Figure 8. ROС-curve of the sensitivity and specificity of ultra-
sound of the lungs in assessing the severity of lung damage more
than 50% in COVID-19 on a 16-zonal scale (AUC 0.98, thresh-
old value ≥27).
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direct and significant correlation with disease severity classifica-
tion, concentrations of C-reactive protein and d-dimer. 

The COVID-19 infection is associated with high levels of trans-
mission and increased mortality. Early diagnosis is essential to iden-
tify and rapidly isolate affected individuals to prevent further trans-
mission and prevent disease progression. COVID-19 diagnosis is
confirmed by PCR testing that detects viral RNA. However, this
method has low sensitivity and in some cases the diagnosis is made
based on clinical presentation alone in the absence of positive PCR
test results. Out of  all the 62 patients included in our study only 60%
had positive SARS-CoV-2 PCR test at admission. Low sensitivity of
PCR test for SARS-CoV-2 infection detection was previously
described in multiple studies [11,12].  

Chest CT is considered a gold standard diagnostic investiga-
tion for COVID-19-associated pneumonia [13-16]. However, this
type of imaging has limited availability, requires patient trans-
portation and can produce long-term effects due to radiation expo-
sure. Bedsides, LUS for COVID-19 diagnosis has some important
benefits. It is readily available, portable machines can be used and
it is not expensive. Common features of pulmonary involvement
that are detectable on LUS include pleural thickening with sub-
pleural consolidations, patches of single or confluent B-lines, and
consolidations that are especially prominent in the lower lobes.
Preliminary results of some studies indicate a strong correlation
between LUS results and chest CT findings. [17-21]. The results of
our study also show a good correlation between the LUS and chest
CT scores. Yale Tung-Chen et al. also described a strong correla-
tion of LUS and CT scores in 51 patients with COVID-19 (ICC,
0.803; 95% CI: 0.60-0.90;  p<0.001), which is similar to our find-
ings [5,9,22]. 

At this time there is no single established algorithm for per-
forming LUS to evaluate lung involvement in patients with
COVID-19 disease. Several approaches have been proposed,
including scanning 12, 14 or 16-lung zones. In our study we used
16-lung zones scanning protocol as it has been shown to be highly
effective and informative in the earlier studies of patients with
acute respiratory distress syndrome (ARDS) [10,18,23]. 

LUS is operator-dependent and should be performed and ana-
lyzed by a highly qualified professional. Furthermore, LUS mostly
evaluates pleural changes and deeper lesions could be missed since
ultrasound waves cannot penetrate highly aerated lungs.
Ultrasound findings also depend on clinical characteristics of the
patient; obesity and subcutaneous emphysema can interfere with
passage of US waves and make the assessment more difficult. 

Conclusion
LUS is a useful tool to detect and monitor lung involvement in

patients with COVID-19 related lung disease. However, currently
there are only limited data regarding its precision as a diagnostic
test and its overall clinical significance. Due to its ready availabil-
ity, low cost and avoidance of ionizing radiation, LUS has value in
the rapid assessment of severely ill patients in the ICU and identi-
fying early signs of COVID-19 related pulmonary involvement,
which is very important for triaging patients in the emergency
department. Despite these reports and the widespread use of LUS
in patients with COVID-19 related lung involvement, it is impor-
tant to keep in mind the potential drawbacks of this method and
correlate LUS data with clinical findings. As such, in order to stan-
dardize and refine the use of LUS in patients with coronavirus
infection further studies and analyses are needed.
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