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Abstract. – OBJECTIVE: We aimed to assess 
the correlation between LUS Soldati proposed 
score and clinical presentation, course of dis-
ease and the possible need of ventilation sup-
port/intensive care.

PATIENTS AND METHODS: All consecutive 
patients with laboratory confirmed SARS-CoV-2 
infection and hospitalized in two COVID Centers 
were enrolled. All patients performed blood gas 
analysis and lung ultrasound (LUS) at admis-
sion. The LUS acquisition was based on stan-
dard sequence of 14 peculiar anatomic land-
marks with a score between 0-3 based on im-
pairment of LUS picture. Total score was com-
puted with their sum with a total score ranging 0 
to 42, according to Soldati LUS score. We eval-
uated the course of hospitalization until either 
discharge or death, the ventilatory support and 
the transition in intensive care if needed.

RESULTS: One hundred and fifty-six patients 
were included in the final analysis. Most of pa-
tients presented moderate-to-severe respirato-
ry failure (FiO2 <20%, PaO2 <60 mmHg) and con-
sequent recommendation to invasive mechan-
ic ventilation (CPAP/NIV/OTI). The median ul-
trasound thoracic score was 28 (IQR 18-36) and 
most of patients could be ascertained either in 
a score 2 (40%) or score 3 pictures (24.4%). The 
bivariate correlation analysis displayed statisti-
cally significant and high positive correlations 
between the LUS score and the following pa-

rameters: ventilation (rho=0.481, p<0.001), lac-
tates (rho=0.464, p<0.001), dyspnea (rho=0.398, 
p=0.001) mortality (rho=0.410, p=0.001). Con-
versely, P/F (rho= –0.663, p<0.001), pH (rho = 
–0.363, p=0.003) and pO2 (rho = –0.400 p=0.001) 
displayed significant negative correlations.

CONCLUSIONS: LUS score improve the work-
flow and provide an optimal management both 
in early diagnosis and prognosis of COVID-19 re-
lated lung pathology.

Key Words:
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care, Blood gas analysis.

Introduction

The SARS-COV-2 infection (COVID-19) de-
termining Severe Acute Respiratory Syndrome 
represented a serious challenge to public health, 
especially in the emergency department (ED) 
for almost one year1-2. COVID-19 clinical pre-
sentations may vary from mild/asymptomatic to 
critical illness, being characterized by acute re-
spiratory failure, according to different clinical 
presentation3. Although standard imaging meth-
ods still remain a gold standard, point-of-care 
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ultrasound (POCUS) has been revealing to be 
a unique faster, safer and costs-saving strate-
gy for both diagnosis and risk stratification of 
COVID-19 patients4. 

Lung ultrasound (LUS) has remarkably been 
evolved over the last years with interesting 
results in internal medicine being able to de-
fine the alterations affecting the ratio between 
tissue and air in the superficial lung5,6. Usually, 
lung surface mainly consists of air, with in-
cident ultrasound (US) waves generally com-
pletely reflected by the visceral pleural plane, 
especially in healthy people. In this context, 
the scattering of US waves produces artifactual 
images with typical horizontal reverberations 
of the pleural line (A-lines) and mirror effects. 
When the contact between air, tissue, fluid, 
or other biological components is reduced, 
lungs no longer serve as a specular reflector7. 
Hence, various types of localized vertical ar-
tifacts appear on the US images in relation to 
the alterations of the subpleural tissue, com-
monly called as B-lines, whose heterogeneity 
may be exploited as a way to characterize the 
alterations of the lung surface8. The study of 
these patterns displays a very high sensitivity 
in cases of interstitial and alveolar-interstitial 
lung diseases, which have a peripheral dis-
tribution, as confirmed by some studies9,10 on 
acute respiratory distress syndrome (ARDS) in 
COVID-19 disease setting.

Despite Computed Tomography (CT) rep-
resents the gold standard in the lung imaging, 
the role of LUS may acquire a relevant role in the 
context of the COVID-19 pandemic. Therefore, 
LUS capability to identify changes in the physical 
state of superficial lung tissue, may be useful to 
correlate to possible histopathologic alteration, 

as well as their evolution or regression over 
time, determining clinical presentation. Further, 
in experimental models of ARDS, LUS has been 
proven to be able to detect lung lesions before the 
development of hypoxemia11-13. 

Recently, an Italian study group has proposed 
a standardization for the international use of LUS 
for the management of COVID-19 patients in or-
der to validate the terminology related to image 
artifacts and to adopt objective clinical standards 
for their interpretation. In this view, Soldati et al14 
have computed a specific LUS score.

In this brief report, we describe our experience 
with lung ultrasonography in a COVID-19 setting, 
looking more in depth at correlations between Sol-
dati LUS Score and the severity of hospital course. 

Patients and Methods

Patients
This prospective observational cohort study 

involved consecutive patients admitted to two 
COVID Centers in the South of Italy (Campan-
ia region), “Ospedale del Mare” and University 
of Campania Luigi Vanvitelli, respectively. We 
included only adult patients (≥ 18 years) with 
laboratory confirmed SARS-CoV-2 infection, 
hospitalized in the period between November 15, 
2020 and January 31, 2021. SARS-CoV-2 diag-
nosis was performed by nucleic acid test by Re-
al-Time Reverse Transcription Polymerase Chain 
Reaction (RT-PCR), obtained either by a nasal or 
oropharyngeal swab. 

All patients were evaluated and treated in 
a dedicated room. Anamnestic, epidemiological 
and demographic data were recorded either from 
the patients themselves or from their families. As 

Figure 1. Clinical phenotypes of COVID-19 infection.
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well, also all symptoms, whether present (e.g., 
fever, cough, dyspnea, diarrhea), comorbidities, 
basal biochemistry, were recorded. 

We classified the patients in four subgroups 
based on the different severity of symptoms 
(phenotypes 1-4) (Figure 1). We evaluated the 
course of hospitalization until either discharge or 
death, the ventilatory support and the transition 
in intensive care, if needed, based on the degree 
of respiratory failure. Given that only 4.4% of pa-
tients required intubation, we merged the patients 
undergoing invasive and non-invasive ventilation 
into a single group in order to have a statistically 
more suitable comparison. 

The administered pharmacological therapies 
and any collateral effect were further collected.

The study was approved by local Ethics Com-
mittee and is in accordance with 1976 Declara-
tion of Helsinki and its later amendments. All 
patients gave their written consent. 

Laboratory and Blood Analysis Test
Venous blood samples were collected mainly 

to assess inflammatory indices, blood counts, 
renal and hepatic function. 

All patients performed blood gas analysis at 
admission, performed at the radial artery. The 
oxygenation status was assessed by O2 partial 
pressure value (pO2), CO2 partial pressure value 
(pCO2) and hemoglobin oxygen saturation (SO2). 
We used the P/F ratio to compare different val-
ues of arterial pO2 in patients receiving different 
fraction of inspired oxygen (FiO2). P/F ratio was 
obtained dividing the pO2 by the percent of FiO2, 
expressed as decimals. Moreover, we computed 
pH and bicarbonate concentration (HCO3−) to 
evaluate acid-base disorders. Finally, lactate lev-
els were also recorded to evaluate possible degree 
of tissue necrosis. 

Lung Ultrasound
All patients underwent to lung ultrasound ex-

amination on admission in emergency or in a 
COVID ward within 3 days from the onset of 
symptoms. LUS were performed by four expert 
operators in each Center (trained by a dedicated 
Course and previous clinical practices in LUS) 
blinded for any other imaging technique or clin-
ical data. The acquisition was based on standard 
sequence of 14 peculiar anatomic landmarks in 
sitting position (three posterior, two lateral and 
two anterior for each hemithorax) using a pro-
gressive numbering starting from right posterior 
basal regions. We used either high frequency 

probe (8-15 mHz) and low frequency probe (2-5 
mHz).

The findings were classified according to the 
Soldati scoring proposed method14, ranging 0 
to 3: 
Score 0: the pleural line is continuous and regu-

lar, with presence of horizontal artifacts, usu-
ally referred to as A-lines. 

Score 1: indented pleural line. Below the indent, 
vertical areas of white, due to local alterations 
in the acoustical properties of the lung.

Score 2: The pleural line is broken. Below the 
breaking point, we observe small-to-large, 
consolidated areas (darker areas) with asso-
ciated areas of white below the consolidated 
area (white lung). Beyond consolidations, the 
appearance of areas of white lung establishes 
the presence of areas not yet fully de-aerated, 
where air inclusions are still present but em-
bedded in tissue-like material.

Score 3: the scanned area also shows dense and 
largely extended white lung either with or 
without larger consolidations.

The total score was computed with their sum 
observed in each region, with a total score rang-
ing 0 to 42, according to Soldati LUS score14-15.

End Point of Study
The primary endpoint was the correlation be-

tween LUS score, the course of disease and the 
possible need of ventilation support/intensive care.

Statistical Analysis 
Categorical data were expressed as number 

and percentages, whilst continuous variables ei-
ther as mean and standard deviation (SD) or 
median and interquartile range (IQR), according 
to their distribution, previously tested by the Sha-
piro-Wilk test.

The degree of association between Ultra-
sound thoracic score and other parameters were 
calculated using Spearman correlation coeffi-
cient. A p-value <0.05 will be considered as 
statistically significant. All analyses were per-
formed by SPSS software (IBM, Armonk, NY, 
USA), version 24.

Results

One hundred and fifty-six consecutive patients 
positive for COVID-19 were included in the final 
analysis, mainly males (64.4%), with a median 
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age of 73 years (IQR: 59.5-78 years). Demograph-
ic characteristics are listed in Table I.

On admission, the most common symptoms 
were fever (80%) and cough (80%), followed by 
dyspnoea (77.8%) and tachycardia (71.1%), whilst 
vomiting and diarrhoea were less frequent.

Most of hospitalized patients presented either 
a type 2 (31.1%) or a type 3 COVID-19 pheno-
type (44.4%), this latter characterized by moder-

ate-to-severe respiratory failure (PaO2 <60 mmHg, 
P/F <200) and multiple lung thickenings and con-
sequent recommendation to non-invasive or inva-
sive mechanic ventilation (CPAP/NIV/OTI). 

As for pre-existing comorbidities, almost all of 
patients were affected by hypertension (91.1%), 
whilst almost half of the study population had 
Chronic obstructive pulmonary disease (COPD; 
51.1%), were obese (46.7%) and smoker (51.1%). 

Abbreviations: IQR: Interquartile Range; SD: Standard Deviation; M: Male; F: Female; BMI: Body Mass Index.

Table I. Anthropometric, demographic, clinical and laboratory characteristics of the study population (n=156).

	 Parameters

Age (years), median [IQR]	 73 [59.5-78]
Sex, n (%)
    M/F	 100 (64.4)/56 (35.6)
Signs and Symptoms	
Presence of fever, n (%)	 125 (80)
Presence of cough, n (%)	 125 (80)
Hyperemia pharyngeal, n (%) 	 66 (42.2)
Asthenia, n (%)	 90 (57.8)
Vomiting, n (%)	 17 (11.1)
Diarrhea, n (%)	 34 (22.2)
Dyspnea, n (%)	 121 (77.8)
Tachycardia, n (%)	 111 (71.1)
Phenotype, n (%)
    Type 1	 21 (13.3)
    Type 2	 49 (31.1)
    Type 3	 69 (44.4)
    Type 4 	 17 (11.1)
Pre-existing comorbidities	
Hypertension, n (%)	 142 (91.1)
Diabetes mellitus, n (%)	 52 (33.3)
Atrial fibrillation, n (%)	 10 (6.7)
Ischemic heart disease, n (%)	 52 (33.3)
Ictus, n (%)	 10 (6.7)
Dementia, n (%)	 45 (28.9)
Chronic obstructive pulmonary disease (COPD), n (%)	 80 (51.1)
Active cancer in the last five years, n (%)	 17 (11.1)
Smoke, n (%)	 80 (51.1)
Obesity, n (%)	 73 (46.7)
Chronic liver disease, n (%)	 7 (4.4)
Chronic Kidney Disease, n (%)	 66 (42.2)
Mortality, n (%)	 40 (25.6)
Pulmonary embolism, n (%)	 7 (4.7)
Days of hospitalization, median [IQR]	 15 [5-30]
Ultrasound thoracic, median [IQR]	 28 [18-36]
Ultrasound Score, n (%)	
    Score 0	 3 (2.2)
    Score 1	 28 (17.8)
    Score 2	 62 (40)
    Score 3 	 38 (24.4)
    Missing	 24 (15.6)
Oxygen interface, n (%)	
    Nasal cannula/glasses	 56 (35.6)
    Venturi Mask	 59 (37.8)
    CPAP/Bi-level	 34 (22.2)
    Orotracheal Intubation	 7 (4.4)
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The 42.2%, indeed, is affected by Chronic Kid-
ney Disease (CKD).

Moreover, consistent with the phenotypes of 
disease observed, almost the 60% of patients were 
either under Venturi mask or CPAP/BiLevel ox-
ygen therapy, whilst only the 4.4% required oro-
tracheal intubation (OTI). As for the biochemical 
panel (Table II), patients were characterized by a 
marked lymphopenia (mean lymphocytes count 
801.21), altered levels of glycemia (mean 114.8 mg/
dL), iron profile, as well as of fibrinogen, d-dimer, 
NT-proBNP, troponin and procalcitonin. 

As for ultrasound evaluation, the median ul-
trasound thoracic score was 28 (IQR 18-36) and 
most of patients could be ascertained either in 
a score 2 or score 3 pictures per scan (40% and 
24.4%, respectively) (Figure 2). 

The relationship between LUS score and the 
other parameters recorded in our COVID-19 
study population was assessed by the Spearman 
correlation coefficient.

The bivariate correlation analysis displayed sta-
tistically significant and high positive correlations 
between the composite LUS score and the follow-

Abbreviations: IQR: Interquartile Range; SD: Standard Deviation; Hb: hemoglobin; PLT: platelets; AST: Aspartate 
Aminotransferase; ALT: Alanine Aminotransferase; CRP: C-reactive protein; LDH: lactate dehydrogenase; CPK: Creatine 
phosphokinase. Reference ranges: Hb - F=12-16/ M=12-18 g/dL; WBCs: 4500-11000, Neutrophils: 1500-7000; Lymphocytes:  
1500-7000; PLT: 150000-450000; BUN: blood urea nitrogen; 15-50 mg/dL; Serum Creatinine: 0.51-0.95 mg/dL; Sodium: 135-
145 mmol/l; Potassium: 3.5-5 mEq/l; AST (F=8-43 U/L - M=8-48 U/L); ALT (F=7-45 U/L - M=7-55 U/L); Glycemia: 60-110 
mg/dL; CRP: 5-10 mg/dL; INR: 0.9-1.3; aPTT: 28-40 sec; Fibrinogen: 200-400 mg/dL; NT-proBNP: ≤ 900 pg/mL; D -Dimer: 
< 500 pg/mL; LDH: 80-300 mU/mL; Troponin: <0.1; procalcitonin: 0-1; ferritin: M:20-200 ng/mL - F: 20-120 ng/mL; Iron:  
M: 31-144 μg/dL - F: 25-156 μg/dL; CPK: 60-190 U/L. Blood gas ranges: pH: 7.35-7.45; pO2: 80 -100 mmHg; pCO2: 35 -45 
mmHg; HCO3-: 22 -26 mmol/L; spO2: 95%-100%; Lactates: <2 mmol/L.

Table II. Laboratory characteristics of the study population (n=156).

	 Parameters

Laboratory	
Hb (mg/dL), mean (SD)	 11.91 (2.4)
White blood cells (×103), median [IQR]	 8150 [4975-10050]
Lymphocytes (a.v.), mean (SD)	 801.21 (346.17)
Neutrophils (a.v.), median [IQR]	 6615 [4525-8635]
Platelets, median [IQR]	 177000 [144500-255500]
BUN (mg/dL), median [IQR]	 49.50 [37.25-80.50]
Creatinine (mg/dL), median [IQR]	 1.01 [0.70-1.79]
Sodium (mmol/L), median [IQR]	 140 [135.8-142.3]
Potassium (mmol/L), mean (SD)	 4.18 (0.62)
AST (U/L), median [IQR]	 27 [16.25-46.75]
ALT (U/L), median [IQR]	 24 [15.25-42.25]
Glycemia (mg/dL), mean (SD)	 114.8 (41.6)
CRP (mg/dL), mean (SD)	 8.70 (7.35)
INR, median [IQR]	 1.15 [1.08-1.20]
aPTT (sec), mean (SD)	 33.88 (5.35)
Fibrinogen (mg/dL), mean (SD)	 466.62 (144.24)
NT-proBNP (pg/mL), median [IQR]	 2000 [920-6840]
D -Dimer (pg/mL), median [IQR]	 2430 [885-4495]
LDH (mU/mL), mean (SD)	 401.88 (146.65)
Troponin (ng/mL), mean (SD)	 0.18 (0.65)
Procalcitonin (ng/mL), mean (SD)	 2.35 (5.42)
Ferritin (ng/mL), median [IQR]	 442 [239.5-629]
Iron (µg/dL), mean (SD)	 43.75 (19.97)
CPK (U/L), median [IQR]	 109 [30-190]
Blood Gas Analysis	
pH, mean (SD)	 7.45 [7.43-7.47]
pO2 (mmHg), mean (SD)	 74.95 (27.65)
pCO2 (mmHg), mean (SD)	 36 [30.15-39.50]
HCO3- (mmol/L), mean (SD)	 24.51 (3.64)
spO2 (%), mean (SD)	 94 [89-97]
Lactates (mmol\L), mean (SD)	 1.25 [1-2]
FiO2 at admission, median [IQR]	 0.24 [0.21-0.33]
P/F, median [IQR]	 250 [157.7-308.9]
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ing parameters: ventilation (rho=0.481, p<0.001), 
lactates (rho=0.464, p<0.001), COVID-19 pheno-
type (rho=0.527, p<0.001), tachycardia (rho=0.411, 
p=0.001), dyspnea (rho=0.398, p=0.001) and mor-
tality (rho=0.410, p=0.001). These positive cor-
relations demonstrated that a higher composite 
LUS score corresponds to a higher mortality 
rate and a more severe COVID-19 phenotype. 
As well, there was a direct proportionality be-
tween an increase in LUS score and elevated 
lactates levels and need for ventilation. Correla-
tions with age (rho=0.275, p=0.023) and d-dimer 
(rho=0.247, p=0.044), indeed, though statistically 
significant, were remarkably lower. Conversely, 
P/F (rho= –0.663, p<0.001), pH (rho = –0.363, 
p=0.003) and pO2 (rho = –0.400 p=0.001) instead 
displayed significant negative correlations, which 
means that a higher LUS scores corresponded to 
decreased levels of both pH and pO2. However, 
the most relevant and clinically important inverse 

proportionality regards P/F, i.e., a decrease in P/F 
levels is indicative of higher levels of LUS score. 
All data are shown in Table III.

Discussion

COVID-19 pandemic is characterized by a 
variety of signs and symptoms, which make 
challenging both its management and treatment16. 
Whilst patients with mild disease may show 
signs of recovery after the first week, others 
may display either persistent symptoms or organ 
deteriorations rapidly thereafter17. The most char-
acteristic clinical course of severe COVID-19 
patients is the development of ARDS. Despite 
such intensive efforts, ARDS was burdened with 
a significant rate of mortality18. 

In this perspective, LUS has becoming a clini-
cal practice tool for risk prediction in COVID-19 

Figure 2. LUS imaging related to score 1 (A), 2 (B), 3 (C).

Table III. Univariate analysis about relationship between Ultrasound thoracic score and other parameters in patients infected 
by COVID-19.

	 Parameters	 Correlation coefficient 	 p

Age (years)	 0.275	 0.023
Dyspnea 	 0.398	 0.001
Tachycardia  	 0.411	 0.001
COVID-19 phenotype	 0.527	 < 0.001
Dementia 	 0.147	 0.235
Platelets	 -0.157	 0.205
Prothrombin time  	 0.015	 0.902
NT-proBNP	 0.144	 0.402
D-Dimer	 0.247	 0.044
pH 	 -0.363	 0.003
pO2	 -0.400	 0.001
spO2	 -0.113	 0.366
P/F	 -0.663	 < 0.001
Death patients	 0.410	 0.001
Ventilation	 0.481	 < 0.001
Lactates	 0.464	 < 0.001
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setting, thanks to its possibility to be performed 
bedside, the low cost, absence of radiations, 
and noninferiority to CR, which indeed could 
not detect abnormalities in the early phase of 
illness19. 

Based on our findings, most patients had disease 
phenotypes 2 and 3, with hypoxia and a prevalence 
of comorbidities related to respiratory problems 
(e.g., COPD). The prevalence of more advanced 
phenotypes indicates a tendency to a late hos-
pitalization, often being in an already advanced 
lung condition, chronic inflammation and possible 
interference with respiratory mechanics20. 

As expected, the onset clinical picture was 
characterized by the alteration of inflammato-
ry parameters, including fibrinogen, d-dimer, 
NT-proBNP (brain natriuretic peptide), tropo-
nin and procalcitonin. These data detected the 
prominent role of the inflammatory component 
in determining the main clinical manifestations 
with a more severe course. Moreover, in our 
study population, 60% of patients underwent to 
intensive care accordingly with the prevalence of 
phenotype 3 (44%). 

We also found a significant share of increased 
glycemic values. Although the hypothesis of an 
interference of the virus on the insulin activity 
of pancreatic cells, it seems however that the 
diagnosis of diabetes is not by itself associated 
with a worsening prognosis if not related to the 
presence of obesity and metabolic syndrome21. 
However, a recent meta-analysis22 on more than 
6000 COVID-19 patients with hyperglycemia on 
admission found a strong increase in the risk of 
both mortality and several/critical complications. 
Anyway, the identification of impaired glucose 
metabolism or new onset diabetes may be useful 
as it allows the early identification of complica-
tions and factors exacerbating the prognosis of the 
disease23-25.  

The correlation analysis between LUS score 
and clinical parameters showed a significant di-
rect proportionality with more complicated phe-
notypes, tachycardia and dyspnea. In addition, 
both ventilation/intensive care and mortality also 
significantly correlated with the LUS score, with 
an inverse proportional trend. 

The analysis on blood gas analysis parame-
ters has also revealed very interesting findings. 
In particular, the inverse correlation between 
pO2, pH, P/F and LUS score further confirmed 
the diagnostic value of this tool. The highly 
significant correlation of P/F (rho = –0.663, 
p<0.001) is of particular note, as the dynam-

ics of this result provides the most important 
parameters in the therapeutic management of 
patients with moderate-to-severe COVID-19. 
In fact, a ratio between the partial pressure of 
oxygen and the inspiratory fraction <100 or its 
non-increase in response to non-invasive venti-
lation can force to intubation. 

Globally, our findings indicated the usefulness 
of LUS in clinical practice. Moreover, a rapid case 
identification, classification of disease severity, 
monitoring disease progression and correct treat-
ment allocation are crucial to enhance care abil-
ity, reduce waiting times in the emergency room 
and initiate drug treatment and/or early ventila-
tory support. Unfortunately, currently there is no 
eradicating antiviral therapy for COVID-19 and 
the only drug currently recommended in the early 
stages of infection (remdesevir) has demonstrated 
only a partial efficacy. At the same time, the early 
use of dexamethasone can help in limiting the 
onset of the inflammatory cascade26,27. 

Recently, other studies28,29 have prospective-
ly evaluated the accuracy of the LUS score 
both on the ability to diagnose COVID-19 in 
suspected patients28, and to stratify the risk of 
invasive mechanical ventilation29. In both cas-
es, the results obtained on small series seem 
promising. In addition, Rubio-Gracia et al30, in 
a cohort of 130 COVID-19 patients identified 
by LUS established a cut-off of 22 as score pre-
dictive of in-hospital death and/or admission to 
the intensive care unit30. These recent literature 
data seem consistent with our findings obtained 
with the LUS score proposed by Soldati et al14 
especially in the management of hospitalized 
patients, though these should be validated in a 
larger population. 

Conclusions

The implementation of bedside LUS will vary 
based on ED volume, availability of resources, 
and workflows specific to institutional needs. 
Having an experienced ultrasound team to diag-
nose and risk-stratify the patients may improve 
the workflow and provide an optimal manage-
ment both in early diagnosis and prognosis of 
COVID-19 related lung pathology.
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