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 Abstract

Aims: Despite widely used, the ability of lung ultrasound (LUS) to predict oxygen needs in patients with COVID-19 pneumonia 
is still unclear. The aim of this study is to evaluate the performance of LUS findings for the assessment of oxygen require-
ments among patients admitted through the emergency department (ED) with COVID-19 pneumonia.

Material and methods: Between 1st November 2021 and 20th November 2021, 80 consecutive patients admitted to the 
ED of the “Madre Giuseppina Vannini” general hospital with COVID-19 pneumonia underwent bedside LUS within 24 h of 
admission. A total LUS score, graded 0 (best)-36 (worst) was computed. According to their oxygen requirements, patients 
were stratified into three groups, as follows: no-oxygen therapy group, venturi mask (VMK) oxygen therapy group, helmet 
continuous positive airway pressure (CPAP) treatment group. Primary endpoint was the association between LUS score and 
the need for oxygen therapy.

Results: Overall, 68 (85%) required oxygen therapy, and nearly 60% needed helmet CPAP treatment. Patients in the hel-
met CPAP group presented significantly higher LUS score compared to the others (CPAP vs VMK: 26.10 ± 3.6 vs 19.5 ± 5.3; 
p<0.0001; CPAP vs no-O2: 26.10 ± 3.6 vs 10.5 ± 5.6; p<0.0001). 

Conclusions: Among patients with COVID-19 related pneumonia, the LUS score performed at ED admission is associated with 
the patient’s oxygen requirements, further studies are needed to establish the prognostic role of LUS in prediction of bad 
outcomes.

  Keywords: Lung ultrasound; COVID-19 pneumonia; oxygen requirements.

Introduction

The novel severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has been causing a severe disease, named COV-
ID-19, whose rapidly spread worldwide resulted in a pandem-
ic, currently constituting a dire public health emergency [1]. 
The major morbidity and mortality from COVID-19 is largely 
due to the viral pneumonia causing severe hypoxia and poten-
tially evolving into acute respiratory distress syndrome (ARDS). 
At present, available reports suggest that among patients in-
fected with SARS-CoV-2, up to 20% develop a severe disease, 
depicted by hypoxic respiratory failure and consequent need 
for oxygenation support, with up to 12% of patients requiring 
mechanical ventilation [2-9]. Continuous positive airway pres-
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sure therapy and mechanical non-invasive ventilation have 
been used, even if the optimal approach to treatment of se-
vere COVID-19 remains uncertain. [3, 7-9]. 

In this context of critically ill of COVID-19 patients’ overflow, 
promptly classification is essential to identify the most appro-
priate therapeutic intervention and follow-up. Consequently, 
lung ultrasound (LUS), whose role as a helpful and accurate 
tool in diagnosis of pneumonic alveolar-interstitial syndrome 
is well known, has become common practice in the clinical 
management of COVID-19 patients [9-12]. At LUS evaluation, 
the injured lung patterns in COVID-19 patients may vary from 
mild to severe interstitial pattern (patchy single to confluent B 
lines, white lung [13-15]), to alveolar involvement, with small 
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and large consolidations, suggestive of either hypo-ventilated 
or non-ventilated parenchyma. Therefore, some experts have 
strongly encouraged and developed standardized approaches 
regarding equipment and LUS acquisition protocol for the 
management of patients with COVID-19 [14-17].

However, despite since the beginning of the pandemic LUS has 
been widely used both for diagnosis and evolution monitor-
ing of SARS-CoV-2 pneumonia, few data are currently available 
on the role of a systematic LUS evaluation for risk stratifica-
tion, as well as to predict oxygen requirements and outcome 
in COVID-19 patients [13, 15, 18]. The aim of this study is to 
evaluate the association between LUS findings at Emergency 
Department (ED) admission and clinical features, including the 
need for oxygen therapy, among patients hospitalized with 
COVID-19 related pneumonia. 

Material and Methods

Study design

This is a single-center, prospective study conducted in the 
ED of “Madre Giuseppina Vannini” General Hospital, a refer-
ral center for COVID-19 in Rome, center Italy. We enrolled all 
the consecutive adult patients admitted to the ED between 
November 1th 2020 and November 20th 2020 with diagno-
sis of COVID-19, confirmed by a positive reverse transcriptase 
polymerase chain reaction assay for SARS-CoV-2 of nasal and 
pharyngeal swab specimens [19]. All patients underwent to 
LUS examination and chest computed tomography (CT) scan 
within 24 hours since ED admission and, to be definitively in-
cluded in the analysis, had to be received ultrasound and/or 
radiologic diagnosis of COVID-19-related pneumonia. Patients 
were not considered if already on orotracheal intubation at ED 
arrival or who required orotracheal intubation at ED admis-
sion, and patients for whom a do not resuscitate order was 
in place. Patients who did not present ultrasound and/or ra-
diologic signs of pneumonia on chest CT scan were excluded. 
The study was conducted in accordance with the principles 
expressed in the Declaration of Helsinki and was approved by 
the local ethical committee. All patients provided written in-
formed consent.

Study variables

Baseline clinical characteristics at ED admission of each patient 
included in the analysis were prospectively collected, and in-
cluded: gender; age; physiological parameters - systolic and 
diastolic blood pressure, heart rate, respiratory rate, level of 
consciousness estimated with Glasgow coma scale; major co-
morbid conditions - diabetes, coronary artery disease (CAD), 
chronic obstructive pulmonary disease (COPD), malignancies; 
laboratory tests - C-reactive protein (CRP), procalcitonin, cre-
atinine, sodium, and potassium levels, hematocrit and white 
blood cell (WBC) count; blood gas analysis, that was obtained 
in room air when possible, and in case of severe respiratory 
distress at a fraction of inspired oxygen (FiO2) adequate for 
keeping peripheral oxygen saturation (SpO2) at least ≥ 90%. 
In cases needing ventilator support, the first blood gas sample 
obtained before ventilation or soon after ventilation start was 

considered.

Oxygen requirements at ED admission and patient’s stratifica-
tion

Patients included in the analysis were stratified according to 
their oxygen requirements at ED admission. The evaluations 
were provided by the emergency physicians, and were based 
on a set of standardized parameters, including physical exami-
nation and blood gas analysis results, as follows: no oxygen 
therapy for SpO2 ≥ 95% and/or partial pressure of oxygen 
(PaO2)/FiO2 ratio > 350; venturi mask (VMK) oxygen therapy 
in the case of PaO2 <70 mmHg, SpO2 <95%, and a RR >24/min; 
helmet continuous positive airway pressure (CPAP) treatment 
for a pO2/FiO2 < 200 after at least 1 hour of VMK oxygen ther-
apy with FiO2 of 50%. Thus, enrolled patients were divided in 
three groups: those who did not need oxygen therapy – no O2 
therapy group; those who needed VMK oxygen therapy – VMK 
group; and those who needed a non-invasive ventilation with 
helmet CPAP – helmet CPAP group. 

Lung Ultrasound

All patients enrolled in the study underwent to bedside LUS 
within 24 hours of ED admission. The LUS examinations were 
performed using a six-zone method for each lung, that includ-
ed a scan of the anterior, antero-lateral, posterior and poste-
rior-lateral segments of the thorax, resulting in a sequence of 
ultrasound scans of 12 anatomical chest landmarks [18]. LUS 
was performed with a portable device (Vivid I GE healthcare, 
Milan, Italy), equipped with a convex transducer (3.5-5 MHz), 
by four emergency physicians with expertise in LUS recording 
and interpretation, using a fixed standard 10-cm depth. For 
every single scan was reported a LUS scoring system ranging 
from 0 to 3 [14, 20, 21]: 

-	 Score 0: presence of continuous pleural line and reg-
ular and horizontal artefacts (A line) 

-	 Score 1: presence of sporadic vertical artefacts, as-
suming the appearance of bright B lines or small bands of 
white lung. 

-	 Score 2: B lines and white lung areas are predomi-
nant (Figure 1); 

-	 Score 2b: presence of small subpleural consolidation 
(darker area) (Figure 2) in the context of predominance of B 
lines and white lung areas.

-	 Score 3: presence of largely extended white lung with 
or without larger consolidations (Figure 3).

Moreover, we further attempted to study whether this LUS 
score was able to predict the need for non-invasive mechani-
cal ventilation with helmet CPAP at ED admission. To this aim, 
we decided retrospectively to further classify patients into 
two groups: “risk echo” in which we considered patients who 
have been attributed a LUS score ≥ 2 in all the 12 segments of 
the thorax (total score ≥24) and a score of 2b/3 in at least one 
of these segments; “no-risk echo”, in which were included the 
other patients.



Follow-up and outcome

Outcome analysis started at the time of LUS exams. The pri-
mary endpoint was the association between the LUS score 
performed at ED admission and the need for oxygen therapy. 
Secondary endpoints were to test the association between 
LUS score and blood gas analysis values, including the PaO2/
FiO2 ratio. Electronic health records were used to retrieve in-
formation about follow-up (death vs discharge).

Statistical analysis

Data are shown as number and percentage for categorical vari-
ables, and mean and standard deviation for continuous vari-
ables, as appropriate according to the normal distribution by 
the Shapiro-Wilk normality test. Differences between groups 
were assessed either by Fisher’s exact test or Chi-square test 
for categorical variables. Mann–Whitney U test or Kruskal–
Wallis test were performed to compare continuous variables. 
The Pearson correlation coefficient was used to describe the 
bivariate correlation between variables. P values below 0.05 
were considered statistically significant. All analyses were per-
formed with the SPSS software (IBM, Armonk, New York), ver-
sion 24.

Results

During the study period, 80 patients met the inclusion criteria 
and were included in the study cohort. Overall, 68 patients 
(85%) required oxygen therapy, the half of whom needed 
helmet CPAP treatment. Fourteen patients (17.5%) died dur-
ing in-hospital stay. Of these, 11 (65%) were on helmet CPAP 
treatment. None of deceased patients died in ED prior than 
ward admission. (Table 1) documents the baseline character-
istics of patients in each respective group. Patients in helmet 
CPAP group were older than patients in the other groups, 
even if the difference was not significant. Not unexpected, 
most of patients enrolled had higher respiratory rate at ad-
mission, that was even higher in helmet CPAP group (18.9 ± 
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Figure 1: Pattern 2 with vertical artifacts and white lung confluent area.

Figure 2: Pattern 2b with vertical artifacts and anechoic subpleural areas.

Figure 3: Pattern 3 with vertical confluent artifact and large lung consolida-
tion.

Study popula-
tion

(n=80)

CPAP helmet 
(n=40)

VMK
(n=28)

No O2 therapy
(n=12) p* p** p***

Age (yrs.), mean (SD) 64(14) 67 (12) 61.8 (17) 59.1 (12.2) 0,16 0,1 0,7

Sex, n (%)
M
F

58(72,5)
22(27,5)

30 (75)
10 (25)

20 (71)
8 (29)

8 (67)
4 (33)

0,7 0,5 0,4

Hypertension, n (%) 27(33,75) 17 (42.5) 8 (28.5) 2 (16.7) 0,4 0,08 0,1

Diabets, n(%) 17(21,25) 10(25) 4(14) 3(25) 0,4 0,5 0,8

COPD, n (%) 4(5) 4 (10) 0 (-) 0 (-) 0,01 0,01 1

Coronary artery disease,n(%) 4(5) 2 (5) 1 (3.5) 1 (8.3) 0,7 0,5 0,5

Malignancies, n (%) 5(6,25) 2 (5) 2 (7.1) 1 (8.3) 0,7 0,8 0,7

GCS/15, mean (SD) 15 15 15 15 NS NS NS

Blood pressure (mmHg), mean (SD)
Systolic

Diastolic 125,4±12,7
74,9±8,1

125 ± 13.8
74 ± 8.3

125.4 ± 11.7
76.3 ± 7

126.8 ± 11.9
74.5 ± 9.8

0.7
0.4

0.6
0.4

0.7
0.4

Heart rate (beats per minute), mean (SD) 83±15 82 ± 18.5 85.4 ± 11.8 82.8 ± 9.2 0.4 0.7 0.5

Respiratory rate (breaths per minute), 
mean (SD) 18±2,4 18.9 ± 2.6 17.6 ± 2.3 16.9 ± 1.4 0.1 0.01 0.7

Hematocrit (%), mean (SD) 39,5±4,2 38.7 ± 4.7 40.4 ± 3.8 40.2 ± 3.2 0.2 0.2 1

WBC (x10^3/µL), mean (SD) 7,9±3,4 8.4 ± 3.5 8.3 ± 3.3 5.4 ± 2.3 0.9 0.01 0.02

Sodium mEq/L, mean (SD) 132±3,7 132 ± 3.5 132 ± 3.9 134 ± 3.4 0.5 0.4 0.2

Table 1: General characteristic of the study population according to the respiratory support (n=80).



2.6; p 0.01 for CPAP vs no-oxygen therapy group). Patients in 
helmet CPAP group were more commonly hypertensive and 
more frequently had diagnosis of COPD compared to other pa-
tients. Among comorbidities, diabetes, CAD and malignancy 
were homogeneously distributed between the three groups. 
Considering laboratory values, patients who required oxygen 
therapy, either with VMK or helmet CPAP, showed higher WBC 
count compared to those who did not require oxygen therapy. 
Furthermore, patients in helmet CPAP group showed a statis-
tically significant increase in procalcitonin levels compared to 
the other groups (Table 1). CRP mean levels were higher than 
normal (n.v. 5 mg/L) in all the patients enrolled, with no differ-
ences among the groups.

LUS score and oxygen requirements

In our cohort, a higher LUS score was associated with the pa-
tient’s need for oxygenation support, as well as the need for 
helmet CPAP treatment (CPAP vs VMK: 26.10 ± 3.6 vs 19.5 ± 
5.3; p<0.0001; CPAP vs no-oxygen therapy: 26.10 ± 3.6 vs 10.5 
± 5.6; p<0.0001; (Table 2, Figure 4). Furthermore, we found 
also that attributing a LUS score of 2b-3 at least at one single 
scan of the chest correlated with the oxygen needs (100% of 
patients in CPAP helmet group and nearly 70% of patients in 
VMK oxygen therapy) (Table 2). Moreover, a regression anal-
ysis showed a linear inverse correlation between mean LUS 
score and PaO2/FiO2 ratios, as shown in the dispersion dia-
gram in (Figure 5). 

Potassium mEq/L, mean (SD) 3,9±0,5 4 ± 0.57 3.8 ± 0.6 4 ± 0.3 0.3 0.2 0.3

Creatinine mg/dl, mean (SD) 0,99±0,3 1.03 ± 0.3 0.9 ± 0.2 0.9 ± 0.2 0.1 0.1 0.3

C-reactive protein (mg/dl), mean (SD) 8,7±6,5 10.75 ± 8 7.3 ± 4.7 6 ± 3.4 0.2 0.1 0.5

Procalcitonin (µg/dl), mean (SD) 0,27±0,4 0.34 ± 0.4 0.23 ± 0.4 0.1 ± 0.05 0.07 0.05 0.9

Mortality, n (%) 13(16,25) 11(27,5) 2(7.1) 0(-) 0,08 0,001 0,1

* CPAP vs VMK; ** CPAP vs noO2; *** VMK vs no oxygen therapy

Abbreviations: CPAP: Continuous Positive Airway Pressure; VMK: Venturi Mask; SD: Standard Devia-
tion; M: Male; F: Female; COPD: Chronic obstructive Pulmonary Disease; GCS: Glasgow Coma Scale; 

WBC: White Blood Cells.

Study population
(n=80)

CPAP helmet 
(n=40)

VMK
(n=28)

No O2 therapy
(n=12) p* p** p***

Lus score mean(SD) 21,4±7,1 26 ± 3.6 19.5 ± 5.3 10.5 ± 5.6 < 0.001 < 0.001 <0.001

P/F mean(SD) 230±108 149.4 ± 41.9 287 ± 79.5 394 ± 49.6 <0.001 <0.001 <0.001

pH mean(SD) 7,47±0,05 7.46 ± 0.06 7.48 ± 0.04 7.44 ± 0.02 0.5 0.3 0.4

2b/3 n(%) 61(76,25) 40(100) 19(67) 2(16.6) 0.005 <0.001 <0.001

Table 2: Respiratory and LUS characteristics in the study population (n=80).

Figure 4: Boxplot illustrating the distribution of LUS score with respect to the 
different oxygen therapies patients underwent.

Figure 5: Dispersion diagram of the relation between LUS total score and 
PaO2/FiO2 ratio values.

PaO2, partial pressure of oxygen; FiO2, fraction of inspired 
oxygen; ROC, receiver operating characteristics; LUS, lung ul-
trasound; CPAP, continuous positive airway pressure.

Discussion

The main finding of the present study is that, among patients 
hospitalized with COVID-19 related pneumonia, the LUS score 
at ED admission is feasible for detecting oxygen require-
ments, including the need for non-invasive mechanical ven-
tilation with helmet CPAP. The novel SARS-CoV-2 is causing 
a viral pandemic, whose most relevant clinical feature is the 
development of hypoxemic lung failure due to the interstitial 
bilateral pneumonia, with the consequent need for oxygen-
ation support [2-9]. Arterial hypoxemia is mainly due either to 
ventilation-perfusion mismatch and intrapulmonary shunting, 
as result of an extensive alveolar damage and exudation, en-
dothelial lesions and coagulation disorders typically depicted 
in ARDS [22].

Up to date, LUS has emerged as a rapid, unexpensive and easy-
to-use tool for evaluation of lung involvement in patients with 

Figure 6: ROC Curve analysis of LUS score mean ≥ 24 with respect to patients’ 
need for helmet CPAP treatment.
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suspected or confirmed COVID-19 [13, 16, 20, 21]. However, 
studies evaluating the sensitivity and specificity of LUS in COV-
ID-19 pneumonia and its ability in detecting patients who will 
require oxygen therapy are still lacking [18,23]. Furthermore, 
even if several authors have already assessed the good perfor-
mance of LUS to detect COVID-19 pneumonia [13-17, 20], very 
few reports were available on its ability to predict outcomes in 
COVID-19 patients [15, 18, 23, 24].

In the present study, patients requiring oxygenation support 
actually had several predictive characteristics of a more severe 
course of SARS-CoV-2 infection. Indeed, they were older and 
more commonly hypertensive [2, 3, 5]. Moreover, considering 
laboratory values, these patients showed higher procalcitonin 
and CRP levels compared to those who did not require oxygen 
therapy. In fact, both these markers correlate to inflammation 
and are not only well-known indexes of severity of pulmonary 
infections [25], but also of COVID-19 severe respiratory dis-
ease, as revealed by recent reports [26, 27]. The LUS score 
used in this study, performed by Soldati et al. [14] and already 
validated by an Italian task force of LUS independent experts 
[28], is actually the first score proposed to assess the severity 
of lung involvement in COVID-19 related pneumonia. Further-
more, this score is based on LUS patterns already employed in 
the diagnosis of several lung conditions.

Our analysis showed that patients with higher LUS score at ED 
admission presented more often oxygen requirements, either 
with VMK or non-invasive mechanical ventilation with helmet 
CPAP, as well as higher degree of lung hypoxemic failure, de-
picted by a lower PaO2/FiO2 ratio. Our results are broadly in 
accordance with those of Perrone et al. [23] who found that 
in a cohort of 52 consecutive patients with confirmed SARS-
CoV-2 infection, a LUS protocol evaluating 14 anatomic land-
marks was associated with established end points of clinical 
worsening, including need for high-flow oxygen support or 
ICU admission, and death. Similarly, Lichter et al. [18] showed 
that a LUS evaluation performed in 120 consecutive patients 
admitted to a single Center in Tel Aviv due to COVID-19, was 
not only strongly correlated with the need for invasive me-
chanical ventilation, but also a strong predictor of mortality in 
patients hospitalized with COVID-19.

Furthermore, Bonadia et al. [24] in a recent report conducted 
in an ED setting of 41 COVID-19 patients showed an association 
between LUS severity at admission and the subsequent need 
for ICU admission, invasive ventilation and death. The asso-
ciation found in our study between oxygen requirements and 
LUS findings in COVID-19 patients is in line with what has been 
found in previous studies conducted by Falgarone et al. [29] 
who demonstrated that the extension of the lung involvement 
evaluated by LUS was able to predict with good sensitivity the 
need for oxygen therapy in setting of 50 patients admitted in 
a single center in Paris. Our results may really have important 
clinical implications. Indeed, the use of a relatively simple, un-
expensive and non-invasive diagnostic tool, such as LUS, could 
reliably help to guide early the most appropriate ventilatory 
support in these patients. Importantly, LUS evaluation may be 
useful to prioritize ICUs admission of those patients who are at 
higher risk of requiring mechanical ventilation.

There are several limitations of this study that have to be con-
sidered. Firstly, and needless to say, we did not perform the 
analysis to evaluate the independent predictors of clinical de-

terioration and death of enrolled patients, as this was not an 
endpoint of our study. Thus, we definitively could not estab-
lish the independent role of LUS in prediction of in-hospital 
mortality. However, in our cohort, patients who required hel-
met CPAP treatment since ED admission showed a higher LUS 
score and higher mortality rate compared to those underwent 
to VMK oxygen therapy or who do not require oxygen therapy. 
Therefore, we could speculate that a higher LUS score was as-
sociated with higher risk of in-hospital mortality. 

Secondly, this is a single-center study which enrolled a small 
cohort of the only patients with confirmed LUS or chest CT 
COVID-19-related pneumonia. Patients without signs of lung 
involvement within 24 hours from ED admission were exclud-
ed, and a second LUS examination protocol was not foreseen 
during ED stay. Thus, on one hand LUS score could have been 
over-estimated, being evaluated only in patients with signs 
of lung involvement at ED admission. On the other hand, LUS 
score could have been under-estimated, since the analysis did 
not include those patients who developed pneumonia during 
ED stays. Thirdly, as given for any mono-centric study, both 
selection and attention bias may have affected our results. 
On the other hand, the strengths of our study include its pro-
spective design, the standardized ultrasound examination and 
scoring system used.

Conclusions

Among patients with COVID-19 related pneumonia the LUS 
score performed at ED admission well correlates with the pa-
tients’ oxygen requirements. Moreover, in these patients, a 
standardized and easy-to-use LUS protocol has proven to be 
a feasible tool not only for the diagnosis and assessment of 
pulmonary involvement, but also for risk stratification of pa-
tients with COVID-19 pneumonia. Further studies are needed 
to confirm these findings, also to investigate for the presence 
of an optimal cut-off value of LUS score for clinical use. Lastly, 
the prognostic performance of LUS will need to be proved by 
larger studies, in order to definitively establish its indepen-
dent role in predicting bad outcomes. 
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