
Abstract
Coronavirus disease 2019 (Covid-19), caused by a novel

enveloped RNA betacoronavirus, has recently been declared a pub-
lic health emergency by the World Health Organization (WHO).
The lack of knowledge at the beginning of the pandemics, associ-
ated with the inherent risk of infective spreading, makes initial
recognition and management particularly complex, in terms of
defining effective diagnostic and therapeutic protocols. In the
Emergency setting, Lung Ultrasound (LUS) can play an important
role in the management of patients with SARS-CoV2-related
pneumonia, expanding from the initial diagnosis to the subsequent
monitoring and follow-up. Among many other potential advan-
tages (such has the absence of ionizing radiation, its inherent cost-
effectiveness, and bedside repeatability), LUS provides immediate
diagnostic response and might prevent the risk of spreading the
infection by moving the patient from the Emergency Room to the
Radiology facilities. Aim of this short review is to define the
potential role of lung ultrasound in Covid-19 patients, according to
the evidence in the medical literature.

Introduction
Coronavirus disease 2019 (Covid-19) is a mainly respiratory

infectious disease caused by a novel enveloped RNA betacoron-
avirus, that has currently been named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). As declared by the World
Health Organization (WHO), Covid-19 is a public health emergen-
cy, reaching a pandemic diffusion.1

The first cases of Covid-19 have been detected in December
2019 in Wuhan, China. Since then, the infection has rapidly
spread. In Italy, the first case of secondary transmission of Covid-
19 was confirmed on February 21, 2020 in Codogno (Lodi) in a
patient transferred to the San Matteo Hospital in Pavia. The last
update on Covid-19 by the Italian Ministry of Health (Apr 6th,
2020) reported 132.547 confirmed cases in Italy, with 16.523
deaths.2

The clinical manifestations of Covid-19 can vary from a mild
self-limiting flu-like syndrome to an interstitial pneumonia that
can evolve into Acute Respiratory Distress Syndrome (ARDS),
multiorgan failure and potentially death.3 As a disease that predom-
inantly affects the respiratory tract, Lung Ultrasound (LUS) could
reasonably play a role in the recognition and management of
patients with SARS-Cov2-related pneumonia, from the initial
diagnosis to the subsequent follow-up. In the emergency setting,
LUS has shown to have greater diagnostic accuracy in differentiat-
ing the underlying causes of acute dyspnoea when compared to
other traditional methods.4-6

Several major advantages of LUS over other radiological tech-
niques can be identified. In general, LUS is a bedside technique,
applicable also to unstable patients, ionizing radiation free, cheap,
fast, and easy to repeat. Moreover, it can provide an immediate
diagnostic response, and is often performed by the Emergency
Medicine Doctor as an invaluable complement to clinical assess-
ment.7 The learning curve is steep, and therefore it can be applied
in different clinical settings and by different specialists.

During the 2009 Influenza A (H1N1) epidemic, LUS was test-
ed and proposed as a tool to be integrated in the clinical evaluation,
useful for differential diagnosis of bacterial pneumonia, especially
when chest X-ray does not result diagnostic, as in the early phase
of the disease.8

Basis for lung ultrasound
LUS has significantly evolved over the last years and it is

widely used in the emergency setting for the management of criti-
cally ill patients. In general, LUS provides a lung representation
based both on images and artefacts. Through the alterations affect-
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ing the ratio between air and fluid in the superficial lung, LUS
allows to define the distinction between solid and fluid lesions and
to identify the alveolar-interstitial syndrome.9 Care should be taken
in the probe choice, machine setting and acquisition protocols, as
they could influence the interpretation of the LUS images. LUS
must be performed according to a systematic protocol of examina-
tion. Although different probes might be suitable for LUS, convex
and linear probes are most widely used. The linear probe (9-12
MHz) has high superficial definition and low penetration capacity
due to its high frequency. It is therefore useful in the evaluation of
superficial structures, especially the pleural line. The convex probe
(2.5-5 MHz) has higher capacity of penetration, being ideal for the
study of the parenchymal structure, although less precise in the
evaluation of more superficial structures such as the pleura. 

Specific settings of the machine are required to obtain a correct
execution of LUS: removal of harmonic-imaging and lowering of
the total gain (which otherwise would diminish the presence of
artefacts); elimination of multi-focus modality and focus setting at
the level of the pleural line; depth setting at 6-10 cm from the pleu-
ral line (for full appreciation of the extension of B-lines).10
Different LUS acquisition protocols have been validated so far.11
One of these, that is frequently used in emergency setting, consists
in performing LUS acquisition of twelve areas, after systematic
scan of each hemithorax in six regions: two anterior, two lateral
and two posterior regions, according to anatomical landmarks set
by anterior and posterior axillary lines (Figure 1).12

When performing LUS we can find different scenarios with a
progressive evolution of the presence of artefacts concomitant with
the increase of the lung ‘liquid’ component. The ‘normal lung’ pat-
tern is characterized by A lines, reverberation of horizontal arte-
facts parallel to the pleural line, which are repetitive at a constant
distance equal to the distance between the pleural line and the
probe surface. Lung aeration approaches 100%.  As the air/fluid
ratio decreases, B lines artefacts start to appear. B-lines are vertical
laser-like, hyperechoic image, arising from the pleural line,
extending to the bottom of the screen without significant fading,
and synchronously moving with lung-pleural sliding. When the
lung aeration decreases, the number of vertical artefacts progres-
sively increase, until they become more and more coalescent up to
the ‘white lung sign’. When the air content of the lung is approach-
ing 0%, the acoustic pattern is such that the lung appears similar to
an intra-abdominal parenchymal organ, that is defined as “tissue-
like”13 (Figure 2). Since LUS provides a regional representation of
the different lung areas, it is possible to make a qualitative estima-
tion of the extent of aeration loss, regardless the etiology. An ultra-

sound grading system, that is mainly used in the Intensive Care
Unit (ICU) setting, identifies four patterns of progressive loss of
aeration, providing the following scores:
- Pattern 0 (score 0): A lines on the whole field or up to 2 sepa-

rate B lines.
- Pattern 1 (score 1): Three or more well-spaced B lines. 
- Pattern 2 (score 2): Coalescent B lines.
- Pattern 3 (score 3): “Tissue-like pattern”.

The sum of the regional scores represents the LUS SCORE,
ranging from 0 (well-aerated lung) to 36 (all regions are consoli-
dated). This score represents a useful tool to monitor the lung sta-
tus, and it has been shown that in patients with ARDS regional
LUS score is strongly correlated with the tissue density as assessed
by CT scan.14

Although interpretation of ultrasound vertical artifacts repre-
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Figure 1. Hemithorax division. PSL: parasternal line; AAL: ante-
rior axillary lines; AAP: posterior axillary lines; PL: paravertebral
line.

Figure 2. Evolution of lung artefacts in relation to the reduction of lung aeration.
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sents the differential diagnosis element standing between a nor-
mally aerated lung and a lung with an interstitial disease, many
studies considered only the number of vertical artifacts as a sign of
severity. Multiple ultrasound signal reflections, when trapped
inside the channels created by interaction between the air spaces,
when a pathologic condition afflicts the lung, create vertical arti-
facts.15, 16 Different lung diseases in different stages determine dif-
ferent acoustic traps in terms of configuration, volume and shape,
therefore vertical artifacts look different. Recent observations sug-
gest that the description of the artefacts in term of variability and
internal structure could have an important role in the characteriza-
tion of the lung surface, directing the diagnosis, and identifying
different groups of lung diseases. Despite its extensive clinical use,
up to now ‘B-lines’ is a term that simplifies a wide variety of
acoustic interactions over the pleural plane, because many mecha-
nisms and lung configurations are able to generate these artifacts.16

Bedside lung ultrasound in Covid-19 patients
Chest computerized tomography (CT) plays an important

role in screening suspected Covid-19 patients, since it may iden-
tify lung lesions before clinical manifestation and nucleic acid
detection.17, 18

The use of traditional imaging such as Chest X-Ray or CT

scan, in most centre, require patient’s transfer to the radiology unit
with the potential risk of exposure to the high contagiousness of
Covid-19.  In different settings, LUS has been shown to be superi-
or (or at least not inferior) to standard Chest X-Ray in the
Emergency Room evaluation of pneumonia and/or adult respirato-
ry distress syndrome (ARDS), with some extra advantages such as
bedside use, repeatability, radiation-free, and low cost.19

Some preliminary data show that LUS features of Covid-19
pneumonia/ARDS are related to disease’s stage and to lung injury
severity. In a recent letter, Peng et al.20 observed that in 20 Covid-
19 patients LUS finding range from mild alveolar interstitial pat-
tern, to severe bilateral interstitial pattern, to lung consolidation.
Soldati et al.21 have considered the LUS patterns of subjects with
Covid-19 pneumonia as quite characteristic. They described that
the first pulmonary manifestations are represented by a patchy dis-
tribution of interstitial artefactual signs (single and/or confluent
vertical artefacts, small white lung regions). Subsequently, these
vertical artefacts extend to multiple areas of the lung surface.
Another aspect is represented is represented by the presence, still
patchy, of small subpleural consolidation with associated areas of
white lung (Figure 3). Lung lesions can evolve in consolidation,
especially in a gravitational position, with or without dynamic air
bronchograms, increasing their extension and being related to a
progressive worsening of respiratory insufficiency, that may even-
tually need invasive ventilatory support. The advanced Covid-19
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Figure 3. Pulmonary manifestations of Covid-19. a-c) Small subpleural consolidation with associated areas of white lung; b) Small white
lung regions and normal lung pattern; d) Consolidation with associated dynamic air bronchograms (blue arrows).
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pneumonia features are similar to ARDS, and show evident consol-
idation, especially in the postero-basal regions, with widespread
and irregular vertical artefactual changes.21

In a recent communication by Huang et al.,22 the ultrasonic
manifestations of 20 peripulmonary lesions of non-critical Covid-
19 are in agreement with Soldati et al.21 The lesions are mostly
located in the posterior fields of both lungs, with continuous or dis-
continuous or coalescent (White lung sign) vertical artefacts.
Compared with the B lines caused by cardiogenic pulmonary oede-
ma, the B lines here were more likely to be fused and fixed and
irregular 14.

In summary, the Covid-19 foci are mainly observed in the pos-
terior fields bilaterally, especially the

posterior and inferior fields.  Vertical artefacts visible are sin-
gle and/or fused, with small white lung regions.  The pleural line
is discontinuous or interrupted with spared areas. The subpleural
lesions appear patchy, in

which air bronchogram sign can be seen and can be associated
with areas of withe lung. In the Supplementary data link, we here
report a quick guide to LUS in this setting.

Conclusions
The similarities in other pathologies, the current clinical evi-

dence, the theoretical bases of LUS and its widespread use in dif-
ferent clinical setting suggest a potential diagnostic accuracy of
LUS. Application of LUS has allowed to identify patients with
lung involvement and to stage their severity. The possibility of per-
forming LUS bedside minimizes the potential risk of infection
spreading within the healthcare personnel. In conclusion, recent
literature evidence in Covid-19 patients together with the current
practical experience endorse LUS as a useful diagnostic tool for
the fight against the current pandemic disease.
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