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1. Introduction

Coronavirus disease 19 (COVID-19) has become a global threat. Its
clinical course is different from other common illnesses and mortality
remains high [1]. It is a challenge for clinicians to provide early diag-
nosis and to stratify patients at high risk of acute respiratory distress and
death [2].

In order to diagnose Covid-19, clinicians initially had to rely on lung
auscultation, chest x-ray, oxygen saturation, and reverse transcriptase-
polymerase chain reaction (PCR) obtained from respiratory tract spec-
imens [3] but their diagnostic accuracies are limited.

During the Covid-19 pandemic, lung ultrasound (LUS) has emerged
as a useful tool, helping in different aspects of management. It is
portable, quick, repeatable, easy to learn and with a high reproducibility
[4]. It can reduce patient’s exposure to ionizing radiation and contribute
to the safety of healthcare providers by minimizing the need for moving
the patient, therefore reducing the incidence of cross-contamination and
the number of healthcare professionals exposed to the patient.

Although there are different guidelines and recommendations about
the use of LUS in patients with Covid 19 pneumonia, there is only
emerging robust evidence about it and many recommendations are
based on expert opinions [5-6]. In this article, we will review the role of
LUS in the evaluation of COVID-19 pulmonary involvement and its

applications for triaging, monitoring, and prognostic management of
these patients.

2. How to perform LUS exam in Covid 19 patients

Coronaviruses can persist on inert surfaces for up to 3 days, facili-
tating autoinoculation when in contact with these surfaces [7]. Ultra-
sound machines vary in size from pocket size or handheld through to
cart size machines. Handheld ultrasound devices can be easily covered
with a sterile transducer sheath commonly used for ultrasound-guided
central line placement and may be easier to maneuver, protect, and
clean after use, minimizing viral contamination and spread.

Centers with the availability of more than one ultrasound machine
could also designate one system for the evaluation of patients in whom
risk of aerosolization is the highest in the COVID-19 area, to avoid
contamination and nosocomial transmission (intubations, etc.). Unnec-
essary equipment should be removed from the ultrasound machine to
minimize surface exposures. We should avoid transporting ultrasound
machines across areas, unless an exhaustive cleaning protocol is fol-
lowed, and avoid the use of the same machine for suspected and
confirmed patients.

Fortunately, despite a significant level of contamination in the
environment of patients affected by SARS-CoV-2, the samples obtained
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Table 1
Definition and interpretation of the main findings on Lung Ultrasound and Lung
Score quantification.

LUS Finding Definition Score
A-lines Horizontal reverberation artifacts parallel to the 0
pleural line
B-lines Hyperechoic vertical artifacts that arise from the
pleural line, extending to the bottom of the screen
without fading that erases the A-line artifact
Isolated Discrete, well demarcated B-lines; irregular/ 1
fragmented pleural line can be present
Confluent Multiple converging or coalescent B-lines. 2
Small subpleural consolidations < 1cm and
irregular/fragmented pleural line can be present
Subpleural Hypoechoic area/consolidation greater than 1 cm 3
consolidation in diameter
Lung Score Sum up highest score of each of the 12 areas 0-36
Quantification (superior and inferior of anterior, lateral, posterior

right and left hemithorax)

LUS: Lung ultrasound

after cleaning with low-level hospital disinfectants have been negative
and suggest adequate elimination of the virus [8]. A list of common
disinfectants, how to use and the time required to be effective can be
consulted from the provider of the ultrasound equipment, to ensure
compatibility.

In addition to standard infection control recommendations, a “dou-
ble step” wipe-down should be employed, initially by the provider
involved in care of the patient then a second time by a clean provider
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outside the COVID-19 area.
3. Machine setting and technique

The exam can be performed with any probe taking into account its
limitations. Linear, curvilinear, and phased array probes may be used,
ideally using lung presets to enhance artifacts. If a dedicated preset is not
available, machines should be set as follows: low mechanical index (0.7
or less); a single focus, positioned on the pleural line; no harmonic
modality; no persistence. Lung ultrasound involves scanning the pleural
line between the ribs, typically in multiple areas. Images are very easy to
obtain, and there are fewer poor or difficult acoustic windows when
compared to echocardiography or abdominal ultrasound.

In the past months, several imaging protocols have been proposed,
based on the number of areas to explore. Contrasting the relevant role of
LUS, there is no validated scanning protocol in COVID-19 patients.
Currently, the main recommendation is to use previously validated
schemes in conditions other than COVID-19. Whenever possible, a lower
number of acquisition areas is preferred, but this could lead to un-
derestimations. We suggest performing a 12-zone protocol including the
inferior and superior aspects of the anterior, lateral and posterior areas
of each hemithorax (Table 1).

4. Image interpretation

Lung parenchyma involvement due to COVID-19 will initially start at
the distal subpleural space and progress to more central lobar regions.

Fig. 1. Lung ultrasound patterns in patients with Covid-19 pneumonia.
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The different findings we will be able to detect are as follows (Fig. 1):

- A-lines: horizontal reverberation artifacts parallel to the pleural
line.

- B-lines: hyperechoic vertical artifacts that arise from the pleural

line, extending to the bottom of the screen without fading that

erases the A-line artifact.

Isolated B-lines: discrete, well demarcated B-lines.

Confluent B-lines: multiple converging or coalescent B-lines.

Irregular pleural line: indented or broken pleural line.

Subpleural consolidations: hypoechoic areas. Small subpleural

consolidation with diameter <lcm are frequently present in asso-

ciation with an interstitial pattern. Wider consolidation with or

without air bronchogram are not common in the early phase of the

disease and are more frequently observed in the lower posterior

lung regions.

Pleural effusion:. Although small entity of fluid are frequently

detected, a significant pleural effusion is not commonly present

and should raise concern of a comorbid disease [9].

Although these typical findings are easy to distinguish, LUS is still
operator dependent. There are different clinical indications that might
prompt its use and might pose a challenge to correctly interpret and
integrate these findings. Therefore, patient disposition should be an
integration based on the whole patient evaluation and not only the lung
ultrasound findings.

Moreover, given that Covid-19 is a systemic disease, in some patients
a multiorgan ultrasonographic approach rather than solely lung ultra-
sound should be considered. In addition to lung ultrasound, focused
cardiac ultrasound and venous compression ultrasonography of the
lower limbs can be performed in order to detect or discard deep venous
thrombosis and right ventricular dysfunction in the context of an acute
pulmonary embolism, or a left ventricular dysfunction due to an acute
myocarditis [10].

5. Quantification (Lung score)

The lung ultrasound score is a formula that can help us objectively
quantify COVID-19-associated lung injury. This score may also be used
to monitor the degree of lung aeration [10]. According to the severity of
lung injury a different score is given to each lesion. Although different
methods have been described, most of the studies used a scoring system
based on 12 regions and a 0 to 3 grading: 1 point for focal B lines, 2
points for confluent B lines (small subpleural consolidation <1cm can be
present), 3 points for subpleural consolidation > lcm. Pleural irregu-
larity/fragmentation -that is commonly found in association with B
lines, is considered per-se in some studies. By summing the highest score
at each zone, we obtain the patient’s Lung Score, ranging from 0 to 36. A
score of 1-7 is considered a mild involvement of the lungs, 8-18 mod-
erate and 19-36 severe [11].

Table 1 sumarizes US findings and an example of LUS scoring system.

5.1. Pitfalls

LUS is non-specific, and the described findings may be consistent
with COVID-19 but also may be found in other conditions including
other viral or bacterial pneumonias, heart failure, malignancy, pulmo-
nary infarction and preexisting interstitial lung disease.

Although auscultation or chest radiographs correlate poorly with the
clinical picture as compared with computed tomography or ultrasound
imaging, LUS has some caveats. For instance, it reflects only the lesions
in the lung surface, and not necessarily, the degree of the whole lung
aeration, as there are certain lobes that do not have contact with the
pleura or only in a small area.
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6. Utility: discarding other diseases and complications

LUS can help to determine the presence of synchronous or comorbid
diseases, such as heart failure or lobar pneumonia (viral or bacterial).
While not typical of COVID-19, LUS may also identify and exclude other
pulmonary complications including pneumothorax, due to barotrauma,
and significant pleural effusions. These findings should trigger the
initiation or adjustment of therapy [6].

6.1. Standardization is needed

Additionally, the development of a more standardized approach,
detailing the landmarks, image settings, acquisition protocol and lung
scoring system, will allow comparisons and reproducibility across
different studies and exams, as well as facilitate research on pattern
recognition with artificial intelligence algorithms and telematic appli-
cations [12].

6.2. The value of LUS in a pandemic setting

Since the beginning of the pandemic of SARS-COV-2, people have
been searching for methods to obtain a fast and reliable diagnosis of
infection in order to isolate and treat the infected patients, and prevent
nosocomial transmission.

The SARS-CoV-2 reverse transcriptase polymerase chain reaction
(PCR) assay is the gold standard for COVID-19 diagnosis. Although it is
highly specific, it has limited sensitivity, long turnaround times and
there is a worldwide shortage of test capacity. Serological tests are not
useful in acute cases, and reliable rapid antigen tests have their limita-
tions. This hampers immediate triage and decision-making. Moreover,
microbiological tests do not give insight into lung involvement. Correct
assessment of lung involvement is thus crucial for appropriate triage,
clinical management and efficient allocation of scarce medical re-
sources. The World Health Organization (WHO) recently advocated
chest imaging, especially when PCR results are not readily available, or
the initial PCR is negative but clinical suspicion of COVID-19 remains
high. However, chest radiography (CXR) sensitivity is low [13, 14].

There has been a lot of interest in the role of CT-scanning (low dose)
in diagnosing viral pneumonia and grading the amount of lung
involvement. Dutch radiologists developed a grading system (CO-RADS)
which assesses the suspicion for pulmonary involvement of COVID-19
on a scale from 1 (very low) to 5 (very high). The system is meant to
be used in patients presenting with moderate to severe symptoms of
COVID-19 [15].

There are some reports about diagnostic accuracy of LUS in Covid-19
patients. Recently, Volpicelli et al proposed a lung ultrasound
(LUS)-based diagnostic approach to patients suspected of COVID-19,
combining the LUS likelihood of COVID-19 pneumonia with patient’s
symptoms and clinical history, obtaining a high sensitivity in identifying
patients with positive RT-PCR [16].

We can also highlight a multicenter study on the role of Lung Ul-
trasound Scanning in SARS-COV-2 infection performed by Lieveld et al.
Patients who were referred to the Emergency Department for evaluation
underwent CT-scanning with CO-RADS grading and a Lung Ultrasound.
The ultrasound operator was unaware of the CT-scan result and the
radiologist was unaware of the lung ultrasound result. In lung ultra-
sound both sides of the chest were scanned in a systematic manner (6
sides on each hemithorax and the scan results were graded). In keeping
with pre-specified criteria LUS was deemed positive if there were three
or more B-lines and/or consolidation in two or more zones unilaterally
or in one or more zones bilaterally. When COVID-19 features were not
found or just in one zone unilaterally, the scan was deemed negative.
With this approach SARS-COV-2 pneumonia was diagnosed accurately,
with a sensitivity of 91.9%. More importantly, this study was able to
exclude pneumonia very reliably with a Negative Likelihood ratio of 0.1
for comparison of Lung Ultrasound vs PCR. This means that if the lung
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Table 2
Studies assessing the diagnostic accuracy of LUS.

Author N° Setting  Primary Outcome Protocol Main Results

patients (note)

Tung-Chen 51 ED LUS vs Chest CT 12 regions/0-36 score LUS has similar accuracy compared with chest CT in the detection of lung
et al. abnormalities. PPV of 92.5% and NPV of 100.0%.

[11] Good correlation between LUS score and CT total severity score (intraclass
correlation coefficient: 0.803, p < 0.001).

Volpicelli 1462 ED LUS pattern + clinical 4 patterns of probability: HighLUS and IntLUS showed a sensitivity of 90.2% in identifying patients
et al. phenotype vs RT-PCR High LUS, Intermediate LUS, with positive RT-PCR. Higher values in the mixed (94.7%) and severe
[16] swab test Alternative LUS, and Low LUS  phenotype (97.1%). The HighLUS showed a specificity of 88.8%. At

multivariate analysis, the HighLUS was a strong independent predictor of
RT-PCR positivity (odds ratio 4.2, confidence interval 2.6-6.7, p<0.0001).

Lieveldetal. 187 ED LUS vs Chest CT 12 regions/qualitative LUS and CT had comparable diagnostic accuracy for COVID-19 pneumonia;
[17] evaluation AUROC was 0.81 (95% CI 0.75-0.88) for LUS and 0.89 (95% CI 0.84-0.94)

for CT.

Sorlini et al. 384 ED LUS vs RT-PCR swab test 12 regions/ qualitative A suggestive LUS evaluation predicts COVID-19 pneumonia and swab test
[18] evaluation positivity with a sensitivity of 92% and a specificity of 64.9%. in patients

with suspected respiratory infection.
PPV: 88.6%; NPV: 73.3%

LUS: Lung ultrasound; AUROC: area under the receiver operating characteristic; PPV: positive predicted value; NPV: negative predicted value; RT-PCR: real time -

polymerase chain reaction

ultrasound was negative, SARS-COV-2 pneumonia was improbable.
Furthermore, patients with a normal or only slightly abnormal scan
could be sent home safely, if they had no other reason for admission
[17].

To conclude, in a pandemic setting lung ultrasound can diagnose and
grade SARS-COV-2 pneumonia with excellent reliability. Lung ultra-
sound has many advantages compared to CT-scanning. It is cheaper, the
handheld device is easy to clean and the lung scanning can be integrated
into the anamnesis and physical examination of the patient. Further-
more, the images can be discussed immediately, even with the patient
present.

Table 2 presents a schematic summary of studies assessing the
diagnostic accuracy of LUS in Covid-19 patients.

6.3. Prognostic value of LUS in Covid-19 patients

Literature assessing a possible prognostic role of LUS in COVID-19

Table 3

has been growing quickly in the last few months. Risk stratification in
the ED could aid early recognition of patients who will develop an
adverse event or, conversely, furnish parameters for safe discharge.
Three studies analyzed the association between LUS scores and
adverse events in patients admitted to the ED. The studies were con-
ducted in three hospitals in hard-hit areas during the first ‘wave’ of the
COVID-19 pandemic. Garcia de Alencar et al performed LUS in 180
patients admitted to the ED [19]. In this context, they observed a sig-
nificant association between LUS score and either mortality, ICU
admission or endotracheal intubation. Nevertheless, important possible
confounders, for example indexes of clinical severity, were not consid-
ered in the predictive analysis model. The prognostic value of LUS was
confirmed by Secco et al showing in 312 ED admitted patients that a LUS
score > 13 had a 77.2% sensitivity and a 71.5% specificity (AUC 0.814; p
< 0.001) in predicting mortality [20]. In a recently published study
conducted in the ED of a large hospital in Milan, Italy, Tombini and
co-authors performed LUS in 255 patients. The categorized value of LUS

Studies assessing the prognostic value of LUS in the Emergency Department and in non-ICU wards.

Author N° Setting Primary Outcome N° of considered Main Results
patients regions/Score (note)
range
Garcia de 180 ED Death from any cause 12/0-36 LUS score predicts death, OR 1.13.
Alencar J. Secondary outcomes: ICU admission (LUS score OR 1.14),
etal. [19] endotracheal intubation (LUS score OR 1.17)
(47 patients already intubated at admission; P/F median 120)
Secco et al. 312 ED 30-days mortality 12/0-36 LUS score > 13 had a 77.2% sensitivity and a 71.5% specificity
[20] in predicting mortality. Discharged patients had LUS score < 7, no
readmission.
(P/F mean 306 (37-704))
Tombini et al. 255 ED Composite of endotracheal 12/0-36 LUS score > 20 predicts primary outcome with OR 2.52.
[21] intubation, no active further LUS score < 10 predicts secondary outcome (discharge from the ED)
management, or death with OR 20.9
Jietal. [22] 280 Non-ICU In-hospital mortality 12/0-36 LUS + age + lymphocyte count + comorbidities better predict primary
wards or secondary (ARDS) outcomes than clinical variables only.
LUS score > 12 predicts primary or secondary outcomes with 91.9%
sensitivity and 90.5% specificity
Rubio-Gracia J 130 Non-ICU Composite of in-hospital death and ~ 12/0-48 LUS score > 22 independently predicts primary outcome
et al. [23] wards ICU admission
Casella et al. 190 Non-ICU Composite of in-hospital death and  11/0-33 LUS score at admission predicts primary outcome in the univariate
[24] wards ICU admission model but in the multivariate model P/F is the only predictive
variable. At 72 hours a LUS score predicts the primary outcome with
OR 1.36. A LUS score of 9 at admission rule out death and ICU transfer
with sensitivity 100%,; specificity 45%
Lieveld et al. 114 ED Composite of 30-days mortality or 12/0-36 LUS score > 12 was associated with a primary outcome within 30 days
[25] ICU admission with HR 5.59. LUS score <12 was associated with shorter admission

duration with HR 2.24 (secondary outcome)

LUS: Lung ultrasound; OR: odds ratio; HR: hazard ratio; P/F=arterial oxygen partial pressure/fractional inspired oxygen ratio
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score (LUS score >20) was independently associated with the composite
outcome of death, need for mechanical ventilation and dispatch for no
active further management, together with age, body mass index, P/F
and cardiovascular morbidity/hypertension. On the other hand, a LUS
score <10 was an independent predictor for a safe discharge from the ED
[21].

Some data are now available regarding the prognostic value of LUS
when performed in patients hospitalized in non-ICU wards, either at
admission or in repeated sessions after 48-72 hours. In a prospective,
single-center, observational study including 280 consecutive patients, Ji
and co-workers showed that adding the LUS score to Age, Lymphocytes
count and comorbidity allowed to predict adverse events (death, ARDS)
with a better accuracy with respect to clinical variables alone [22].

A Spanish study reported an unchanged LUS score at 48-72 hours,
while a significant reduction was detected at discharge. These authors
found that categorized LUS score at admission (>22) independently
predicted the composite death/ICU outcome in a multivariate model
where some comorbidities and clinical/laboratory variables were also
considered [23].

In a prospective study conducted in an Italian Internal Medicine
ward, Casella et al reported in this Journal data collected in 190
consecutive patients. Although LUS score at admission was not retained
in the multivariate analysis where only P/F predicted death/ICU
admission outcome, it independently predicted the development of
respiratory failure needing treatment with continuous positive airway
pressure. Moreover, LUS performed after 72 hours seemed to be a reli-
able prognostic tool allowing identification of patients likely to die or be
transferred to ICU, as demonstrated by an independent association with
the primary outcome. Interestingly, data were confirmed even when a
LUS score derived from the anterolateral region evaluation was used;
this finding suggests that a limited approach, easily applicable even in
bedridden, difficult to mobilize patients, can be sufficient when moni-
toring the evolution of COVID-19 pneumonia. When performing ROC
analysis, a total LUS score of 9 at admission was a reliable cut-off value
to rule out death and ICU transfer (sensitivity 100%; specificity 45%),
while at 72 hours a cut-off value of 17 accurately predicted the primary
outcome (sensitivity 89%; specificity 85%). These data support a
possible role of LUS in the choice of the best intensity care setting for the
patient [24].

All these data seem to indicate LUS as a promising prognostic tool in
COVID-19. Nevertheless, some important considerations are needed.
First, studies in general show some relevant methodological differences,
mainly regarding the protocol used to perform the examinations and,
thus, to compute the LUS score. As an example, almost all the six studies
here presented show some differences either in the number of examined
regions or in grading severity so it is beyond doubt that standardization
is paramount and metanalyses are needed for a step towards unequiv-
ocal evidence-based use of LUS in the prognostic stratification of COVID
patients.

Table 3 presents a schematic summary of studies assessing the
prognostic value of LUS in Covid-19 patients evaluated in the emergency
department and in non-ICU wards.

7. Conclusions

LUS can help in triage, diagnosis and prognostic evaluation in pa-
tients with Covid-19 and therefore help in guiding the patients location,
intensity of care and treatment adjustments. It may be used at the ED but
also in wards and nursing homes. More studies and research, including
clinical trials and metanalysis are needed to keep on defining the role of
LUS in Covid-19. Moreover, a standardized examination protocol is also
needed. But one thing is for sure: handheld LUS is here to stay.
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