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STATEMENT

The role of lung ultrasound in COVID‑19 
disease
European Society of Radiology (ESR)* 

Abstract 

This statement summarises basic settings in lung ultrasonography and best practice recommendations for lung ultra-
sonography in COVID-19, representing the agreed consensus of experts from the Ultrasound Subcommittee of the 
European Society of Radiology (ESR). Standard lung settings and artefacts in lung ultrasonography are explained for 
education and training, equipment settings, documentation and self-protection.

Keywords:  COVID-19, Lung ultrasonography, Pneumonia, Point-of-care ultrasound (POCUS), Artefacts

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Keypoints

•	 Chest multislice-CT is still regarded as the gold-
standard imaging technique for thoracic evaluation.

•	 Lung ultrasonography can show typical pattern for 
interstitial pneumonia.

•	 COVID-19 lesions mainly involve the peripheral pul-
monary zones, which makes this disease accessible 
for pulmonary ultrasonography evaluation.

•	 Lung ultrasonography can make a substantial contri-
bution, as it allows direct bedside examination of the 
lung and pleural space.

•	 Lung ultrasonography in experienced hands can give 
results that are comparable to chest MS-CT and 
superior to standard chest radiography for assess-
ment of pneumonia and/or adult respiratory distress 
syndrome (ARDS).

Introduction
According to the Center for Systems Science and Engi-
neering (CSSE) at Johns Hopkins University (JHU), 
Coronavirus COVID-19 disease prevalence has 
increased globally day-to-day since early 2020, passing 
a total of more than 111 million infections worldwide in 

mid-February 2021, and more than 2.45 million deaths 
worldwide by this date. At the time of writing, the num-
ber of proven cases continues to rise, particularly in 
the USA, Russia, South America and Europe [1]. On 12 
March 2020, the World Health Organization labelled 
the outbreak as a pandemic infection with a previously 
unknown type of coronavirus named SARS-CoV-2 [2]. 
The infection, formally named COVID-19 (Coronavi-
rus disease 2019) by the WHO on February 11th. 2020, 
is usually fairly mild, but causes severe pneumonia in a 
minority of infected patients, potentially developing into 
respiratory failure and death due to bilateral pulmonary 
involvement [3]. The extensive and rapid spread of the 
infection, with the need of advanced health care support, 
has made this pandemic a serious health emergency.

Spreading mainly through the droplet route, the virus 
predominantly causes mild symptoms, the most com-
mon being temperature (80%), dry cough (56%), fatigue 
(22%) and muscle pain (7%); less common signs include 
a painful throat, a runny nose, diarrhoea, haemoptysis 
and chills [4]. A life-threatening difficulty of SARS-CoV-2 
contamination is an acute respiratory distress syndrome 
(ARDS) [5], which happens more frequently in older 
adults, persons with immune disorders and co-morbid-
ities. Severe forms of the infection (respiratory failure, 
ARDS, sepsis and septic shock) require management in 
the intensive care unit and, sometimes, mechanical ven-
tilatory support [4].
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Due to the continual development of their clinical 
condition, critically ill patients need thoracic imaging 
frequently [6]. Thoracic ultrasonography can make a sub-
stantial contribution, as it allows direct bedside exami-
nation of the lung and pleural space [7]. Patients with 
COVID-19 show typical CT patterns, such as diffuse 
bilateral interstitial pneumonia, with irregular, patchy 
lesions distributed mainly in the periphery of the lung 
[8–15].

Multislice-CT remains the gold standard imaging 
method for thoracic evaluation [16]. As pulmonary irreg-
ularities may develop before clinical appearances and 
confirmation of viral infection by polymerase chain reac-
tion (PCR), some have suggested primary lung CT for 
screening suspected patients [17], regardless of limited 
sensitivity. However, lung MS-CT examinations expose 
patients to ionising radiation, and should be reserved 
for specific purposes, for instance circumstances  estab-
lishing the baseline status of severely ill patients, con-
firmation of pulmonary embolism and evaluation of 
mediastinal pathologies [18–20]. The standard of care 
in the ICU is still bedside chest X-ray (CXR). Neverthe-
less, CXR has significant methodological limitations 
and is often of low accuracy in identifying disease [21]. 
Additionally, it is important to consider radiation pro-
tection issues [22]. Chest CT has limitations in unstable 
ICU patients with hypoxemia and hemodynamic fail-
ure. Additionally, there are risks of causing harm when 
transporting the patient, and the high contagiousness of 
SARS-CoV- 2 could induce spread of the infection in the 
hospital [16, 23].

Lung ultrasonography in experienced hands can give 
results comparable to chest CT and superior to stand-
ard chest radiography for evaluation of pneumonia and/
or adult respiratory distress syndrome (ARDS), with the 
additional benefit of ease of use, repeatability, absence of 
radiation exposure, and low cost [17, 24]. The appropriate 
practice of ultrasonography could decrease CXR and CT 
use in patients in the ICU [7].

Fundamentals of lung ultrasonography 
examinations
Thoracic and lung ultrasonography have increased in 
importance over the past decade [25–30], particularly 
in the setting of point of care ultrasonography (POCUS) 
[31].

A lung ultrasonography examination was first executed 
more than half century ago [32, 33]. Excepting echocar-
diography and obstetrical use, ultrasonography has pre-
dominantly been a tool used by radiologists and the lung 
wasn´t considered suitable for this imaging technology 
historically [34–36]. Nonetheless, since 1991, intensivists 
have been using ultrasonography in a variety of settings, 

including in vascular access, to detect free fluid in body 
cavities and, to a lesser extent, in lung assessment [37].

Severe dyspnoea is a common presenting initial sign in 
the emergency room and the ICU. The variety of think-
able differential diagnoses is extensive; after history-tak-
ing, physical examination and determination of the vital 
parameters, prompt bedside emergency ultrasonography 
can be helpful. Focused pulmonary ultrasonography is 
a significant component of emergency ultrasonography 
beside dedicated ultrasonography of the abdomen and 
heart. While recommendations exist for elective chest 
ultrasonography [38, 39] and point of care pulmonary 
ultrasonography [25], emergency pulmonary ultrasonog-
raphy has not yet been extensively adopted in everyday 
practice [40]. In experienced hands, pulmonary ultra-
sonography shows brilliant diagnostic accurateness in 
identifying pleural effusion, pneumothorax, pulmonary 
venous congestion and consolidation, compared to clini-
cal examination and CXR [21, 41, 42].

In the diagnosis of lung pathologies, ultrasonography 
artefacts arising from the chest wall and pleural surface 
can provide valuable information and may correlate with 
the existing lung pathophysiology. There are two major 
ultrasonographic artefact patterns that a clinician may 
detect: “A-lines” and “B-lines” in rare cases even “C-lines” 
are visible [43].

A-lines are reverberation artefacts triggered by oscillat-
ing tissue with an air interface, causing the ultrasonogra-
phy waves to be reflected strongly and to reverberate [22, 
44]. Among the probe and lung surface, the ultrasonog-
raphy waves bounce back and forth. A-lines are parallel 
horizontal repetition lines of the pleural surface, appear-
ing deeper on the display screen (Fig. 1). Due to the fact 
that this is a classic reverberation artefact, the distance 

Fig. 1  Ultrasonography detected A-lines using an abdominal probe. 
A-lines (white arrows) appears as bright horizontal lines deep to the 
pleural line (bold white arrow)
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from the skin to the pleural surface equals the distance 
from the pleural line to the first A-line, the first A-line to 
the second A-line, and so forth. The A-profile is shaped 
by intact (“dry”) lung parenchyma containing air when it 
is combined with normal lung sliding. If sliding is absent, 
it is intensely suggestive of a pneumothorax [45].

In 1982, Ziskin et  al. first described the “comet-tail” 
ultrasonographic sign, seen when an intrahepatic shot-
gun pellet was detected to generate an artefact like to 
what is seen in celestial comets [45]. On lung ultrasonog-
raphy, usual comet-tail artifacts originate at the pleura 
but fade before reaching the edge of the screen. Accord-
ing to the international consensus conference, B-lines 
are spreading to the bottom of the screen without fad-
ing, not only pronounced [25, 48]. B-lines seen as verti-
cal hyperechoic artefacts originating from the pleura or 
areas of consolidation [46]. B-lines indicate an accumula-
tion of fluid in the pulmonary interstitial space or alveoli. 
The presence of several B-lines is related with pulmonary 
oedema, of cardiogenic, noncardiogenic (acute respira-
tory distress syndrome) or mixed origin. Additionally 
multiple B-lines are reported in pulmonary fibrosis, and 
pneumonia [25, 48]. B-lines arise when sound waves pass 
through the superficial soft tissues and cross the pleural 
line, encountering a mixture of air and water [23]. The 
anatomic and physical basis of B-lines is not known with 
certainty at this time [25]. One or two B-lines may be 
normal, but when they increase in number or spread in 
one zone, they are a sign of severe pulmonary interstitial 
oedema [39, 47] (Fig. 2).

C-lines are small anterior lung consolidations suggest 
pneumonia; they are 18 times more often than pulmo-
nary embolism [34] (Fig. 3).

Transducer and system settings
For preoperative and postoperative transthoracic ultra-
sonography, most conventional US systems are suit-
able, using the "real-time B-mode" technique. There is a 
broad selection of different ultrasonography transduc-
ers which may be used for lung ultrasonography (LUS) 
[39, 48]. Each transducer has specific advantages and 
limits; transducer choice depends on numerous factors, 
principally patient anatomy, size and age and the depth 
and nature of the visualised structures [23].

Published studies on lung ultrasonography have used 
a variety of transducers, including high-frequency lin-
ear, low-frequency curvilinear and low-frequency sec-
tor transducers. In most of the cases, the use of convex 
and linear transducer will be sufficient [47]. Low-fre-
quency probes will offer greater depth penetration, 
but will sacrifice some image quality. High-frequency 
probes will offer better resolution to observe lesions in 
the pleural line, but will sacrifice depth penetration [47, 
48]. The performance and interpretation of lung ultra-
sonography is not probe-specific [48].

Convex transducers
The most suitable transducer for bedside lung ultra-
sonography (BLUE) will be low-frequency convex 
transducers, because they can visualise the deep pos-
tero-lateral structures and can reveal consolidation 
and pleural effusion [23, 45]. In patient with COVID-
19 disease, the whole lungs have to be scan because 
the process especially at the beginning can be visible in 
multiple places in order not to miss interstitial changes.Fig. 2  Lung ultrasonography, in comparison to Fig. 3, there is an 

increased density of B-lines (white arrows) indicating an interstitial 
syndrome of the lung with irregular, discontinuous pleural line with a 
small subpleural consolidation (bold white arrow)

Fig. 3  Examination of the lung using a curved array probe, detecting 
single C-lines (white arrows), they come out of tiny subpleural 
consolidations
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Linear transducers
High-frequency linear transducers, with more-shallow 
penetration, may be superior for identifying pneumo-
thorax and examining the superficial anterior structures. 
They are suitable for children and thin adults [39].

Phased‑array and microconvex transducers
Specialised phased-array and microconvex transducers 
can be used to detect a broad variety of abnormalities, 
such as consolidation and pleural effusion [47].

System settings
In order to evaluate vessels and the vascularisation 
of pathological findings, basic ultrasonography units 
should be equipped with pulsed and colour Doppler and 
M-mode [49].

The diagnostic value of B-mode ultrasonography can be 
enhanced by using the dynamic M-mode. In the M-mode 
setting, a solitary vertical line of the ultrasonography 
image is selected. The detected ultrasonography signals 
of this line are displayed over time in a separate diagram. 
By using this M-mode setting, tissue movements will be 
represented as curves. Structures which are not mov-
ing appear as a horizontal line. By using the M-mode 
technique, the system displays a representation of tissue 
motion over time during the lung examination [44].

In order to improve B-mode quality, most ultrasonog-
raphy manufacturers use Compound Imaging and Har-
monic Imaging. By disabling these modes, comet-tail 
artefacts or B-lines will be displayed more clearly [39, 44].

Standard settings such as focal zone, image depth and 
overall gain should be adjusted to improve visualisation 
of the pleural line [50].

Self‑protection, ultrasound machine 
and transducer cleaning
Self‑protection
Due to the extended exposure time of ultrasonogra-
phy operators scanning COVID-19 patients, the risk 
of coronavirus transmission will be increased. There-
fore adequate personal protective equipment should be 
worn while examination COVID-19 positive patients or 
patients with a high risk of being COVID-19 positive. 
According to Piscaglia et  al., personal protective equip-
ment should include FFP2 (N95) or FFP3 faces masks, 
gloves, disposable caps, shoe covers, protective glasses, 
goggles or face barriers in order to protect operators 
from potentially infectious patients, and also to protect 
patients from contracting COVID-19 from asymptomatic 
healthcare personal [39, 47, 51, 52].

Ultrasound system
Most ultrasonography systems are not designed for 
cleaning with liquid disinfectants. Extended disin-
fection with liquid disinfectant solutions will almost 
invariably damage the controls, knobs and keypad. To 
resolve this problem, the US machine should be cov-
ered entirely with transparent, thin, disposable nylon/
plastic bags. This may interfere with cooling of the 
ultrasonography system, and potential overheating 
should be monitored. An additional option is to only 
cover the screen and the main keyboard/controls [53, 
54]. Unfortunately, if no protective cover is used, it is 
difficult to be certain that every part of the scanner 
has been disinfected after use. Some recently devel-
oped ultrasonography scanners have adapted to these 
considerations, increasing machine resistance to disin-
fectants and making it easier to clean and disinfect the 
main body of the equipment [51].

Transducer cleaning
Under standard ultrasonography examination circum-
stances a cleaning tissue to wipe the probes might be 
adequate [55, 56]. Nevertheless, due to the increase 
in hazardous transmittable infections such as SARS-
CoV-2 or methicillin-resistant staphylococcus, most 
manufacturers and scientific societies tend to suggest 
procedures such as immersion of the transducer in a 
disinfectant solution for 1–5  min, or, alternatively, in 
a stronger disinfectant solution for at least 30  s [51]. 
Unfortunately, these procedures are complex and 
time-consuming, and therefore acceptance of these 
suggestions may be limited [15, 53]. Additionally, the 
immersion of probes in potent disinfectant could dam-
age some probes after as few as 50–100 disinfecting 
cycles, making such procedures impracticable. In order 
to avoid most of these problems, disinfecting proce-
dures should be of minimal complexity, while preserv-
ing patient and probe safety [51]. The use of a thin and 
disposable nylon/plastic cover for the transducer can 
minimise these problems [23, 47]. Advanced cleaning 
solutions must be discussed with local infection con-
trol and the vendors supplying the machine in order to 
avoid any damage to the system and transducer [53, 54].

Basic lung examination
Lung ultrasonography is used in emergency and ICU 
patients in recumbent (ventral thorax) and—depending 
on the clinical situation—in a sitting position (dorsal 
thorax). In order to cover the complete lung, the exami-
nation should be performed in a systematic manner 
that investigates the entire anterolateral and posterior 
lung surfaces bilaterally; if necessary, selective regional 
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lung ultrasonography can be performed with a patient-
focused abbreviated approach [39].

According to Lu et  al., each hemithorax should be 
divided into six regions [57]: anterior superior, anterior 
inferior, lateral superior, lateral inferior, posterior supe-
rior and posterior inferior. These areas should be marked 
as R1–R6 and L1–L6, respectively, a standard pictorial 
proforma could be used to fill so that response in follow-
up US studies can be accurately documented [23, 39, 47]

Usually, transthoracic scanning windows, using the 
intercostal spaces, will be used for the examination of 
the lung and pleura [40]. In most standard examinations, 
a convex array transducer will be used and should be 
placed at right angles to the ribs so that two adjacent ribs 
are captured. This setting allows the lung to slide, i.e. the 
movement of the visceral pleura can be reliably identified 
and distinguished from the anterior rib artefact. In order 
to cover the complete lung, this technique should be used 
for each intercostal space of the upper and lower parts of 
the anterior, lateral and posterior regions as well of the 
left and right chest wall [58]. If subsequently focusing on 
suspected subpleural lesions, a linear array transducer 
may improve the resolution of superficial structures [39].

Ultrasonography findings in patient 
with COVID‑lung disease
Ultrasonography can be useful in addition to CT and 
CXR, or on its own, for the primary diagnosis and follow-
up of COVID-19 disease [22]. COVID-19 pneumonia is 
more likely than non-COVID-19 pneumonia to have a 
peripheral distribution [59].

The morphology and variations of subpleural lesions, 
changes of air and water content in consolidated peri-
pulmonary tissues and air bronchograms, can be 
detected, using the low-frequency capability of curved 
transducers [23] (Fig. 4).

The findings and treatment of central lung diseases 
is currently limited in lung ultrasonography, due to the 
attenuation of sound waves by normal lung and bone 
tissues. The diagnosis of lung ultrasonography abnor-
malities relies on the artefacts created by peri-pulmonary 
lesions [60, 61]. An abnormal ratio of air and water con-
tent in alveoli and interstitial tissues created these arte-
facts. In lung ultrasonography of COVID-19 disease, we 
typically find thickening of the pleural line with pleu-
ral line abnormality. Additionally, the pleural line may 
appear discontinuous (interrupted) [17, 62] (Fig. 5).

The presence of B-lines artefacts (> 3 B-lines per 
intercostal space) will vary among focal, multifocal and 
confluent patterns of involvement [23]. The extent of 
consolidation may change in different patterns, from 
multifocal, small, subpleural consolidations up to non-
translobar and translobar involvement, with occasional 
air bronchograms [23, 63].

In COVID-19 lung disease, pleural effusions are 
uncommon; patients are generally more critically ill 
if pleural effusions are seen (Fig.  6). An indirect sign of 
recovery is the presence of ultrasonography A-lines 
through the recovery phase [23, 39, 47, 64] (Fig. 7).

Conclusions
Lung ultrasonography has substantial use in manage-
ment of COVID-19 pneumonia in the ICU, due to its 
non-invasive assessment and dynamic observation of 
lung lesions [39, 64]. Lung ultrasonography can show 
typical pattern for interstitial pneumonia; in COVID-
19, it is mainly involving the peripheral pulmonary 
zones [57]. Lung ultrasonography can be used for quick 
valuation of the severity of SARS-CoV-2 pneumonia, to 
track the evolution of disease during follow-up and to 
monitor lung recruitment manoeuvres. Additionally, 

Fig. 4  Follow-up examination in the Intensive Care Unit. Detection of 
consolidations with visible air bronchograms (white arrows)

Fig. 5  Lung ultrasonography using a linear probe. Discontinuous 
pleura (white arrows) with tiny round hypoechoic consolidations
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ultrasonography can track the response to prone-posi-
tion ventilation and the controlling of extracorpor-
eal membrane therapy [17]. Major advantages are the 
safety of lung ultrasonography, its repeatability and low 
cost [39, 51]. With enlarged use of bedside ultrasonog-
raphy in the ICU, patients can be protected from need-
less radiation and therapy delays. CT may be reserved 
for follow-up in cases where lung ultrasonography is 
unable to answer the clinical question. The transport 
of high-risk patients to CT examinations, with its asso-
ciated hazards, can be decreased by increasing use of 
lung ultrasonography.
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