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Abstract—Severe acute respiratory syndrome coronavirus 2 causes coronavirus disease 2019 (Covid-19), which
has been declared as a pandemic by the World Health Organization. The aim of the study described here was to
determine the severity of pneumonia and the clinical parameters related to a modified lung ultrasound score
(mLUS) in patients with COVID-19 pneumonia. The study included 44 patients with proven COVID-19 pneumo-
nia. Patients were divided into three groups on the basis of pneumonia severity: mild/moderate pneumonia
(group I), severe pneumonia (group II) and critically ill patients (group III). It was determined that mLUS values
in groups I�III were 6.51 § 4.12, 23.5 § 5.9 and 24.7 § 3.9, respectively. mLUS values were significantly higher
in group II and III patients than in group I patients. There was a positive relationship between mLUS and age
and N-terminal pro-brain natriuretic peptide level and a negative relationship with PaO2/FiO2 (p = 0.032,
b = 0.275 vs. p = 0.012, b = 0.315 vs. p = 0.001, b =�0.520, respectively). In patients with COVID-19 pneumonia,
mLUS increases significantly with the severity of the disease. (E-mail: razim01@gmail.com) © 2021 World
Federation for Ultrasound in Medicine & Biology. All rights reserved.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) causes coronavirus disease 2019

(COVID-19), which has been declared a pandemic by

the World Health Organization. According to the World

Health Organization report, 80% of those who contract

the disease have mild symptoms. Pneumonia occurs in

14% of patients and progresses in 6% of patients,
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causing serious illness (Liu et al. 2020; Mattiuzzi and

Lippi 2020). Pneumonia can progress to acute respira-

tory distress syndrome (ARDS), multi-organ dysfunction

and death (Liu et al. 2020). Many demographic, clinical,

laboratory and imaging method data related to disease

severity have been collected. These can be summarized

as advanced age, history of cardiovascular disease or

risk factors, increased high-sensitivity cardiac troponin I

(hs-cTnI), D-dimer, N-terminal pro-brain natriuretic

peptide (NT-proBNP), high-sensitivity C-reactive pro-

tein (hs-CRP) and inflammatory cytokine levels,

decreased lymphocyte level, hypoxia, hypotension, vaso-

pressor requirement, low peripheral oxygen saturation
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(SpO2) and thorax computed tomography (CT) findings

(Monastesse et al. 2017; Bhatraju et al. 2020; Du et al.

2020; Liu et al. 2020; Lyu et al. 2020)

Lung ultrasound (US) is an examination that can be

performed at the bedside in patients with COVID-19

pneumonia and provide information on the severity of

pneumonia. There are a few articles in the literature on

the evaluation of lung US in patients with COVID-19

pneumonia, many of which share experience and images

of their cases or suggest a review (Mongodi et al. 2020;

Musolino et al. 2020; Peng et al. 2020; Poggiali et al.

2020; Sofia et al. 2020; Vetrugno et al. 2020). We use

the lung US examination very frequently in both inten-

sive care and inpatient services in our own clinics, and

with this experience, after COVID-19 we obtained very

good follow-up results with this examination in these

patients. The lung ultrasound score (LUS) obtained as a

result of examination of both lungs in 12 zones with lung

US is a useful examination in the evaluation of patients

with ARDS and bacterial pneumonia. In some previous

publications, it has been reported that this examination

can also be used in COVID-19 patients (Zhao et al.

2015; Vetrugno et al. 2020). However, this LUS assess-

ment has not been evaluated in COVID-19 pneumonia.

Modified LUS (mLUS) is a more specific assessment

obtained by adding new parameters to the LUS score

(Monastesse et al. 2017). We considered the hypothesis

that the mLUS value, which is an objective parameter

obtained with 12-zone lung US, could be more useful in

terms of determining disease severity and follow-up,

especially in cases with COVID-19 pneumonia, because

of peripheral, bilateral and widespread lung involvement

and the presence of ARDS in a significant number of

cases. Therefore, our study was aimed at determining the

severity of pneumonia and the clinical parameters related

to the mLUS obtained with lung US in patients with

COVID-19 pneumonia.
METHODS

In this cross-sectional study, conducted between 15

March 2020 and 30 April 2020, 92 patients with pneu-

monia who were diagnosed with COVID-19, confirmed

by detection of SARS-CoV-2 RNA in nasopharyngeal

swab samples in the intensive care and inpatient services

of our hospital, were evaluated. Before being included in

the study, the patients were evaluated by two separate

internal disease, chest disease and infectious disease spe-

cialists. In the case of indecision on the diagnosis, opin-

ions of doctors with more experience from the relevant

branches were obtained. COVID-19 patients with mild

disease; pediatric patients (<18 y); those with a history

of pulmonary disease (e.g., asthma, chronic obstructive

pulmonary disease or restrictive pulmonary disease),
severe kidney and liver dysfunction, acute myocardial

infarction, heart failure, pulmonary embolism, previous

heart or lung surgery, thyroid diseases, pregnancy or pos-

sibility of pregnancy active malignancy; and those who

chose not to participate in the study were excluded from

the study. The study was conducted in accordance with

the Declaration of Helsinki and was approved by the

local ethics committee (Adana Health Practice and

Research Center, Ethics Committee, 2020). All patients

were included in the study after their written consent

was obtained. After exclusion of patients on the basis of

the criteria, 23 COVID-19 patients with mild to moder-

ate pneumonia (group I: 13 men, 10 women, mean age

58.8 § 5.1), 15 COVID-19 patients with severe pneumo-

nia (group II: 7 men, 8 women, mean age 70.7 § 9.2)

and 6 critically ill COVID-19 patients (group III: 6 men,

mean age 74.3 § 7.2) were grouped; a total of 44

COVID-19 patients were included in the study (Fig. 1).

Before the lung US and other examinations, the safety of

personnel and devices was ensured to prevent COVID-

19 contamination and spread in the light of the algo-

rithms reported by our country’s ministry of health.

These safety measures were repeated before and after

each lung US examination. Demographic features of all

patients were obtained. During the lung US examination,

all patients underwent for electrocardiography, pulse

oximetry and non-invasive blood pressure measure-

ments. At this stage, baseline heart rate, systolic blood

pressure, diastolic blood pressure and SpO2 were

recorded. Routine biochemistry parameters, white blood

cell count, hemogram, blood glucose level, kidney func-

tion tests, and aspartate aminotransferase, alanine amino-

transferase, hs-CRP, D-dimer, NT-proBNP and hs-cTnI

levels were measured using an automated chemistry ana-

lyzer (Aeroset, Abbott, St. Paul, MN, USA) with appro-

priate commercial kits (Abbott).
Arterial blood gas analysis

Patients were switched from the prone position to

the supine position before blood gas analysis. Then, the

area surrounding radial or femoral arteries was sterilized,

and a 2-cm3 arterial blood gas sample was taken into the

injector washed with 2 cm3 of heparin. The sampling

was repeated when there was a suspicion about obtaining

arterial blood gas or when a venous blood gas sample

was suspected in the blood gas analysis. The ABL90

FLEX machine and micromode measurement method

were used for blood gas analysis (Radiometer Medical

ApS, Brønshøj, Denmark). Arterial partial pressure of

carbon dioxide (PaCO2) and arterial partial pressure of

oxygen (PaO2) were measured, and the PaO2/FiO2 (par-

tial pressure of arterial oxygen/fractional inspired oxy-

gen) ratio was calculated.



Fig. 1. Study flowchart illustrating patient selection
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Reverse transcription real-time polymerase chain

reaction

We enrolled 30 patients with COVID-19, as con-

firmed by detection of SARS-CoV-2 RNA in nasopha-

ryngeal swab samples using a SARS-CoV-2 nucleic acid

detection kit according to the manufacturer’s protocol

(Bioeksen, _Istanbul, Turkey).

Lung ultrasound

All patients and controls underwent lung US screen-

ing using a portable US device (Philips EPIQ 7) with a 2-

to 5-MHz convex probe (Philips Health Care, Bothell,

WA, USA). Participants were evaluated by two
radiology specialists experienced in lung US. Specialists

had more than 5 y of experience in pulmonary disease

studies and had performed at least 500 lung US proce-

dures per year. US examinations were approximately

15�20 min long. Lung US was performed using the B-

mode technique, with the patient in sitting or supine

position. The anteroposterolateral approach from the

intercostal space was employed. Each hemithorax was

divided into six zones in the supine position. First, the

anterior and posterior axillary lines were identified, and

the thorax was divided into three separate zones: front,

middle and rear. A single line was drawn from the nipple

or fourth intercostal space perpendicular to the



Fig. 2. Each hemithorax was divided into six quadrants in
patients in the supine position. First, anterior axillary and pos-
terior axillary lines were determined; in this way, the thorax
was separated into three zones: anterior, lateral, posterior. A
single line was drawn from the nipple or fourth intercostal
space perpendicular to the anterior�posterior axillary line,
thus creating the upper and lower zones and resulting in a total
of six zones. When this was applied to both hemithoraxes, a

total of 12 zones were scored.
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anteroposterior axillary line. In this frame, a total of six

zones were obtained by creating upper and lower zones

(Fig. 2) (Soummer et al. 2012; Monastesse et al. 2017;

Koh et al. 2019; Liu et al. 2020). The presence of pleural

effusion was recorded. During the procedure, partici-

pants were asked to pause breathing for a few seconds to

minimize pulmonary movement occurring with respira-

tion. In each subject, 12 valid measurements from differ-

ent pulmonary zones were obtained.

In lung US, the mLUS score was used for simple

lung aeration loss assessment (Soummer et al. 2012;

Monastesse et al. 2017). The previously mentioned 12

zones were scored between 0 and 3 with a simple grad-

ing system: 0 points for normal aeration (0�2 B-lines), 1

point for mild loss of aeration (�3 B-lines or 1 or multi-

ple small subpleural consolidations separated by a nor-

mal pleural line), 2 points for moderate loss of aeration

(multiple coalescent B-lines or multiple small subpleural

consolidations separated by a thickened or irregular

pleural line) (Fig. 3a�d) and 3 points for severe loss of

aeration (consolidation or small subpleural consolidation

>1£ 2 cm) (Fig. 4a�d). A total of 12 pulmonary zone
scores were obtained for both lungs, with scores between

0 and 36. The total modified LUS score of 0 was

accepted as “no aeration loss,” and the modified LUS

score of 36 was accepted as “complete aeration loss.”

Statistical analysis

All analyses were performed using the SPSS 22.0

(SPSS for Windows 22.0, IBM, Armonk, NY, USA) sta-

tistical software package. Continuous variables in group

data were expressed as the mean § standard deviation.

Categorical variables were expressed as the number (%).

Continuous variables that were normally distributed

were compared using the analysis of variance test,

whereas the Kruskal�Wallis test was used to compare

non-normally distributed samples. The x2-test was used

to compare categorical variables. Pearson’s and

Spearman’s correlation analyses was performed to deter-

mine parameters related to mLUS. Linear regression

analysis was performed for parameters that were more

closely related to the parameters related to PaO2/FiO2

and mLUS score in the univariate analysis. Statistical

significance was accepted as p < 0.05 for all compari-

sons.

RESULTS

As previously mentioned, the study data were

divided into three groups and compared. Lung US meas-

urements were successfully obtained from all patients

included in the study. Inter-observer agreement was

determined as 96%.

Demographic and clinical data

When the demographic data were compared with

respect to study group, the gender distribution was simi-

lar between the groups, but the mean age for group I was

significantly lower than those for groups II and III.

Although the frequencies of hypertension and diabetes

mellitus were similar, the smoking rate in group III was

higher. It was determined that among the clinical param-

eters, systolic and diastolic blood pressures were the

lowest in group III and were significantly lower than

those for the other two groups (Table 1). The baseline

pulse increased from group I to group III, and group III

patients had significantly higher baseline pulse values

than group I (Table 1).

Laboratory data

Glucose, alanine aminotransferase and hs-CRP lev-

els were found to be the highest in group III, significantly

higher than the values in group I (Table 1). D-Dimer and

NT-proBNP levels were found to be the highest in group

III and were significantly higher than those in the other

two groups (Table 1). The hs-cTnI level increased from



Fig. 3. Patient with mild to moderate pneumonia and a modified lung ultrasound score of 7 on lung ultrasonography
examination. (a) Normal ventilation in the left upper anterior lung zone. (b) Two B-lines indicative of mild aeration dis-
order in the left lower posterior lung zone. (c) More than three B-lines indicative of mild aeration disorder in the left mid-
dle posterior lung zone. (d) Multiple small subpleural consolidations indicative of moderate aeration disorder in the right

lower posterior lung zone.
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group I to group III and was significantly higher in groups

II and III than in group I (Table 1). Other laboratory

parameters were found to be similar across all groups.
Blood gas and pulmonary ultrasonography data

When blood gas data were compared between study

groups, PaO2, PaO2/FiO2 and SpO2 values were found to

decrease from group I to group III, and these values sig-

nificantly differed among all groups (Table 2). PaCO2

values were found to increase from group I to group III

and significantly differed between groups (Table 2). On

the basis of the lung US data, mLUS and mean score val-

ues were higher in groups II and III, and the latter groups

significantly differed from group I (Table 2). These

parameters were similar in group II and III patients.
Determination of parameters related to mLUS score

Correlation analysis was performed to determine

the parameters associated with mLUS. These parameters
are summarized in Table 3. Linear regression analysis

was performed to determine the presence of closer rela-

tionships with the parameters associated with mLUS in

the correlation analysis (Table 3). As a result of this

analysis, a positive and significant relationship was

found between mLUS and age and NT-proBNP level.

mLUS was found to be significantly and negatively asso-

ciated with PaO2/FiO2 levels (Table 3). The relationship

between mLUS and PaO2/FiO2 level is illustrated in

Figure 5.

DISCUSSION

Our study has added important information to the

literature on COVID-19 pneumonia. First, in patients

with COVID-19 pneumonia, mLUS evaluation with lung

US was performed for the first time, and it was thought

that this examination may be useful in evaluating the

severity of the disease. It is determined that there is a

close and significant relationship between the PaO2/FiO2



Fig. 4. Patient with severe pneumonia and a modified lung ultrasound score of 23 on lung ultrasonography examination.
(a) Multifocal B-lines and severe aeration disorder in the left upper posterior lung zone. (b) Subpleural consolidations
indicative of severe aeration disorder in the left lower anterior lung zone. (c) Consolidation in right middle anterior lung

zone. (d) White lung pattern in the right lower posterior lung zone.
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value, which is an important parameter for ARDS and

respiratory support requirements, and mLUS. Another

important finding is the positive, significant relationship

between mLUS score and NT-proBNP level, which is

considered important for determining the severity and

prognosis of the disease in COVID-19 patients. Our

study is the first study to evaluate the mLUS score in

patients with COVID-19 pneumonia and share the

results.

Typical CT manifestations of the disease in cases

with pneumonia are ground-glass opacity (GGO) or

mixed GGO, consolidation and vascular dilatation

(Pan et al. 2020; Shi et al. 2020). For this reason,

lung CT is widely used in the diagnosis of COVID-

19 pneumonia in our country and hospital. In

COVID-19 pneumonia, lesions are characterized by

bilateral involvement and peripheral distribution, and

predominantly lower lobes are involved (Pan et al.

2020; Shi et al. 2020).
There is a general view and consensus that lung

CT and lung US examination may be useful in these

patients and there is growing evidence in the literature

that support this opinion (Mongodi et al. 2020; Muso-

lino et al. 2020; Poggiali et al. 2020; Peng et al. 2020;

Sofia et al. 2020; Vetrugno et al. 2020). Particularly

the disease’s involvement of peripheral lung tissue

more frequently is an important advantage for lung US

examination. Lung US is an easy-to-learn (�25 super-

vised exams) and safe examination that can be per-

formed in about 5 min and requires no advanced

software (Rouby et al. 2018). X-Ray and CT scans

used in this disease cannot be repeated because of the

problems involved with transport of critically ill

patients and to limit the spread of the disease by

patients infected with COVID-19. Because the latter

scans also use ionized radiation, their repetition would

cause further radiation exposure. Therefore, it is nec-

essary to use lung US examination more widely.



Table 1. Clinical, demographic and laboratory findings of the three study groups

Variable Group I (n = 23) Group II (n = 15) Group III (n = 6) p

Age (y) 58.8 § 5.1*,y 70.7 § 9.2 74.3 § 7.2 <0.001
Sex (male/female) 13/10 7/8 6/0 0.334
Hypertension, n (%) 12 (52%) 9 (60%) 4 (67%) 0.776
Diabetes mellitus, n (%) 4 (17%) 3 (20%) 4 (67%) 0.061
Current smoker, n (%) 12 (52%) 6 (40%) 6 (100%) 0.014
Systolic blood pressure (mm Hg) 131 § 21* 128 § 23z 94 § 15 0.002
Diastolic blood pressure (mm Hg) 76 § 15* 75 § 12z 71§ 7.4 0.038
Pulse (bpm) 73 § 12* 77 § 15 85 § 18 0.049
White blood cells (mL) 5787 § 1951 7673§ 1486 7458§ 1164 0.140
Hemoglobin (g/dL) 13.5 § 1.44 12.2 § 2.12 12.6 § 1.48 0.067
Glucose (mg/dL) 106 § 21* 143 § 42 186 § 124 0.012
Blood urea nitrogen (mg/dL) 33.9 § 15.1 36.2 § 18.9 50.7 § 6.6 0.358
Creatinine (mg/dL) 0.85 § 0.38 0.96 § 0.27 1.01 § 0.18 0.243
Aspartate aminotransferase (u/L) 27.8 § 6.6 29.1 § 7.39 31.7 § 15.1 0.595
Alanine aminotransferase (u/L) 20.9 § 4.1* 28.8 § 15.2 35.3 § 23.2 0.027
hs-CRP (mg/dL) 3.16 § 0.32* 4.23 § 0.93 6.9 § 4.5 0.012
D-Dimer (ng/mL) 445 § 225* 690 § 507z 3,090 § 1,500 <0.001
NT-proBNP (pg/mL) 75 § 8.1* 3,444 § 6,485z 18,733 § 15,147 <0.001
hs-cTnI (ng/L) 3.05 § 1.70*,y 9.07 § 6.7 10.1 § 9.74 0.019

hs-CRP = high-sensitivity C-reactive protein; hs-cTnI = high-sensitivity cardiac troponin I; NT-proBNP = N-terminal pro-brain natriuretic peptide;
group I = COVID-19 patients with mild to moderate pneumonia; group II = COVID-19 patients with severe pneumonia; group III = COVID-19 criti-
cally ill patients.

Values are expressed as the mean § standard deviation or n (%).
* Significant association between groups I and III (p < 0.05).
y Significant association between groups I and II (p < 0.05).
z Significant association between groups II and III p < 0.05).

Table 2. Comparison of arterial blood gas analyses and pulmonary ultrasonography findings with respect to study group

Variable Group I (n = 23) Group II (n = 15) Group III (n = 6) p

PaO2 (mm Hg) 96.1 § 2.3*,y 83.7 § 4.3z 64.3 § 2.9 <0.001
PaCO2 (mm Hg) 40.9 § 2.8*,y 55.8 § 5.5z 70.7 § 4.9 <0.001
PaO2/FiO2 (mm Hg) 425 § 17*,y 351 § 32z 254 § 33 <0.001
SpO2 (%) 98 § 1.7*,y 92 § 1.3z 76.3 § 4.6 <0.001
mLUS score 6.5 § 7.1*,y 23.5 § 5.9 24.7 § 3.9 <0.001
Mean score 0.54 § 0.58*,y 1.97 § 0.51 2.05 § 0.33 <0.001

mLUS =modified lung ultrasound; PaO2/FiO2 = partial pressure of arterial oxygen/fractional inspired oxygen ratio; PaCO2 = arterial partial pres-
sure of carbon dioxide; PaO2 = arterial partial pressure of oxygen; SpO2 = peripheral oxygen saturation; group I = COVID-19 patients with mild to
moderate pneumonia; group II = COVID-19 patients with severe pneumonia; group III = critically ill COVID-19 patients.

Values are expressed as the mean § standard deviation or n (%).
* Significant association between groups I and III (p < 0.05).
y Significant association between groups I and II (p < 0.05).
z Significant association between groups II and III (p < 0.05).

Table 3. Correlation and linear regression analysis for parameters significantly associated with modified lung ultrasound scores

Univariate analysis Multivariate analysis

p r p b

Age (y) <0.001 0.591 0.032 0.275 (0.114�0.674)
D-Dimer (ng/mL) 0.044 0.305 0.318 0.132 (0.098�0.451)
NT-proBNP (pg/mL) 0.005 0.415 0.012 0.315 (0.154�0.685)
hs-cTnI (ng/L) 0.022 0.344 0.184 0.158 (0.084�0.254)
PaO2/FiO2 (mm Hg) <0.001 ̶0.697 0.001 ̶0.520 (�0.354 to �0.760)

hs-cTnI = high-sensitivity cardiac troponin I; NT-proBNP = N-terminal probrain natriuretic peptide; PaO2/FiO2 = partial pressure of arterial oxygen/
fractional inspired oxygen ratio

R2
Adjusted ¼ 0:496 in multivariate analysis.
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In normal lung US evaluation, there is normal aera-

tion in the lungs and A-lines are observed. These A-lines

are parallel to the pleural line; the skin�pleural line and
pleural line�A-line distances are very close. The main

lung US finding in COVID-19 pneumonia is hyperechoic

artifacts resulting from acute interstitial damage,



Fig. 5. Scatterplot of the relationship of modified lung ultrasound scores to partial pressure of arterial oxygen/fractional
inspired oxygen ratio (PaO2/FiO2).
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perpendicular to the pleural line and extending deep and

exhibiting vertical extension; these are called B-lines

(Testa et al. 2012; Poggiali et al. 2020; Sofia et al. 2020;

Vetrugno et al. 2020). The number, thickness and shape

of B-lines are very important. For example, in lung US

evaluation, 0�2 B-lines are scored 0 points, while �3 B-

lines are scored 1 point (Monastesse et al. 2017; Koh

et al. 2019). The number of existing B-lines may

increase further, and multiple B-lines may form a single

hyperechoic image, which is specified as ’’white lung.’’

The white lung image in the lung US examination is the

equivalent of GGO, which is the CT finding in pneumo-

nia patients and is considered typical of COVID-19. The

next stage is lung consolidations and is specified as the

hepatization of the lung parenchyma. At this stage, lung

aeration also suffers a major loss. However, none of

these findings are specific for COVID-19. In the studies
conducted, the lung US examination has 80% sensitivity

in determining whether pneumonia is caused by bacterial

or viral pathogens. However, available data are limited

in terms of specific lung US examinations in viral pneu-

monia in patients with critical disease (Testa et al.

2012). In our study, all participants were considered

probable COVID-19 on admission to the emergency

department and confirmed with a positive nasopharyn-

geal swab specimen. For this reason, we did not perform

lung US evaluation for the diagnosis of COVID-19-

induced viral pneumonia in our study.

Very recently, a letter published by Peng et al.

(2020) mentions their experience with lung US in 20

patients with COVID-19 pneumonia. In this very valu-

able article, the importance of 12-zone lung evaluation

was mentioned (Koh et al. 2019; Peng et al. 2020).

Important findings for COVID-19 in these articles are as



2088 Ultrasound in Medicine & Biology Volume 47, Number 8, 2021
follows: (i) pleural line thickening accompanied by

irregularity; (ii) focal, multifocal and confluent B-lines;

(iii) multifocal small, non-translobar and translobar con-

solidation; (iv) presence of A-lines in the recovery

phase; and (v) infrequent pleural effusion. Although

these data are very valuable, there is no objective classi-

fication and no scoring system with 12 zones. However,

in the letter by Peng et al. (2020) and previous similar

articles (Poggiali et al. 2020; Sofia et al. 2020; Vetrugno

et al. 2020), only experience and case presentation infor-

mation was shared, and no objective algorithm and scor-

ing system was mentioned. In another study, Bonadia

et al. (2020) scanned a total of 14 areas (3 posterior, 2

lateral and 2 anterior for each lung) and found that LUS,

performed in the emergency department by emergency

physicians, is able to predict at first evaluation the over-

all prognosis of COVID-19 patients, recognizing those

needing ICU admission and those at higher risk of death.

In our study, we used the mLUS score as an objective

parameter. As a result, we obtained information on the

severity of lung involvement in COVID-19 pneumonia

over a 36-point scoring.

COVID-19 pneumonia generally progresses in four

stages, and with respect to these stages, we have expert

opinions and our own experience with lung US findings

(Poggiali et al. 2020). Stage I is the onset of the disease,

at which point lung US findings are normal. Stage II is

the period of mild pneumonia; these patients have multi-

ple B-lines, which is a simple lung US finding. Stage III

is severe pneumonia; in the clinical follow-up, tachyp-

nea, severe breathlessness and SpO2 <90% is observed

despite O2 support. During this period, there are diffuse

or multifocal B-lines and initial subpleural consolida-

tions on lung US. Stage IV is the ARDS or critical illness

period in which patients have PaO2/FiO2 values between

200 and 300 and require respiratory support. In stage IV,

there are diffuse or multifocal B-lines, in addition to lung

consolidation and white lung pattern, on lung US. However,

it would be more appropriate in COVID-19 disease to

obtain the lung US findings used in staging from all seg-

ments of both lungs. In our study, we did not include

patients with stage I COVID-19 pneumonia because of the

lack of lung US findings. We performed lung US evaluation

in stage II�IV patients. In addition, we performed the US

according to this pneumonia staging with 12-zone evalua-

tions, as COVID-19 pneumonia disseminates within the

whole lung. Thus, we obtained an objective parameter of

disease severity through mLUS evaluation.

There are data from COVID-19 patients indicating

that advanced age; male gender; low lymphocyte count;

increased CRP, inflammatory cytokine, NT-proBNP and

hs-cTnI levels; hypotension; hypoxia; vasopressor

requirement; concomitant cardiac disease; and cardio-

vascular risk factors are associated with disease severity
(Monastesse et al. 2017; Bhatraju et al. 2020; Liu et al.

2020; Lyu et al. 2020). In our study, we found that the

mLUS score increased significantly in critically ill

patients with severe pneumonia. In addition, we found

that there is a very close and significant relationship

between mLUS and PaO2/FiO2, NT-proBNP level and

advanced age, which are parameters proven to indicate

disease severity precisely. Considering the previous

studies on mLUS, our knowledge of the location and

course of lung involvement in COVID-19 infection and

our own experience in this study, we conclude that the

evaluation of mLUS would be a useful review in assess-

ing the severity of COVID-19 disease.
Limitations

There are some important limitations to our study.

One is the small number of patients in the study. Another

limitation is that LUS parameters cannot be re-evaluated

in patients who have clinically improved or worsened

because of lack of clinical follow-up. Prognosis evalua-

tion and studies involving more patients may provide

more significant information. In our study, the effect of

treatment of patients with COVID-19 pneumonia could

not be evaluated. In addition, lung US examination and

mLUS score were evaluated by a single physician for

each patient to reduce the risk of contact and transmis-

sion of the disease, and evaluation was not repeated.

Another limitation is that disease severity is already cap-

tured by respiratory parameters, age and comorbidities,

and this study was not designed to provide us with infor-

mation on the possible prognostic role of LUS. At the

time of the clinical study, we could not evaluate mLUS

because there were no patients with asymptomatic and

mild pneumonia in our hospital. These patients were fol-

lowed up in the outpatient clinic.
CONCLUSIONS

Bedside lung US and mLUS represent an effective

tool for determining the severity of pneumonia in the

intensive care unit. The mLUS value obtained with lung

US as a result of our examination may be useful in

patients with COVID-19 pneumonia and in the decision

to provide respiratory support. Lung US examination is a

safe, reproducible, easily applicable, radiation-free, low-

risk, easy-to-learn examination and can also reduce X-

ray and CT scan frequency; therefore, the frequency of

its use in diagnosis, follow-up and disease severity deter-

mination in COVID-19 pneumonia should be increased.

We think that lung US and mLUS values are useful

parameters in the evaluation of the severity of pulmonary

involvement in patients diagnosed with COVID-19. It

may be beneficial to carry out studies that involve more
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patients and evaluate the regression and progression of

the disease.
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