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Lung ultrasound (LU) has a multitude of features and capacities that make it a useful medical tool to assist physicians contending with the pandemic

spread of novel coronavirus disease-2019 (COVID-19) caused by coronavirus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Thus,

an LU approach to patients with suspected COVID-19 is being implemented worldwide. In noncritical COVID-19 patients, 2 new LU signs have been

described and proposed, the “waterfall” and the “light beam” signs. Both signs have been hypothesized to increase the diagnostic accuracy of LU for

COVID-19 interstitial pneumonia. In critically ill patients, a distinct pattern of LU changes seems to follow the disease’s progression, and this informa-

tion can be used to guide decisions about when a patient needs to be ventilated, as occurs in other disease states similar to COVID-19. Furthermore, a

new algorithm has been published, which enables the automatic detection of B-lines as well as quantification of the percentage of the pleural line asso-

ciated with lung disease. In COVID-19 patients, a direct involvement of cardiac function has been demonstrated, and ventilator-induced diaphragm

dysfunction might be present due to the prolonged mechanical ventilation often involved, as reported for similar diseases. For this reason, cardiac and

diaphragm ultrasound evaluation are highly important. Last but not least, due to the thrombotic tendency of COVID-19 patients, particular attention

also should be paid to vascular ultrasound. This review is primarily devoted to the study of LU in COVID-19 patients. The authors explain the signifi-

cance of its “light and shadows,” bearing in mind the context in which LU is being used—the emergency department and the intensive care setting.

The use of cardiac, vascular, and diaphragm ultrasound is also discussed, as a comprehensive approach to patient care.

� 2020 Elsevier Inc. All rights reserved.
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FROM THE Wuhan district in China—where the first cases

of novel coronavirus disease-2019 (COVID-19) were isolated

in early January 2020—the coronavirus called “severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2)” quickly

spread to many other countries around the world.1 The organ

most affected by COVID-19 is the lung, where the virus enters
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Fig. 1. The “light beam” LU sign has been proposed as a characteristic sign of

COVID-19. Corresponding to ground glass opacification in computed tomog-

raphy scans, it is represented by a shining band-form artifact spreading down

from a large portion of a regular pleural line (white star). See also Video 1.

Table 1

Summarizing Lung Ultrasound Findings in COVID-19 Patients.

- Separate B-line

-Fuse B-lines (white lung)
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the host’s cells via the plasma membrane receptor protein

angiotensin-converting enzyme 2, expressed most abundantly

in the alveolar type II cells of the lungs.2 Although SARS-

CoV-2 also affects other body systems,3 the pulmonary

involvement of COVID-19 is of particular concern, because

the leading cause of COVID-19-related death is severe acute

respiratory failure.4 The proper examination of a COVID-19

patient’s entire respiratory system is therefore of utmost

importance. Direct cardiac involvement also has been demon-

strated, and diaphragm dysfunction is possible, as in other dis-

eases similar to COVID-19.5,6 The characteristics of COVID-

19 patients, who as a result of their pathology must be isolated

and whose transfers must be limited, make ultrasound a useful

tool for the bedside management of these patients.7 In fact, in

the early phase of the disease, lung ultrasound (LU) seems to

show similar findings compared with computed tomography

(CT), and its data are superior compared with that obtained by

chest x-ray.8 The ultrasound machine is also easy to clean—an

essential characteristic during a pandemic. In marked contrast,

the use of chest x-rays and CT scans may increase the risk of

contamination and infection spread.9 Notwithstanding, LU

sonographers are divided into 2 groups: those who believe in a

specific LU pattern of COVID-19 interstitial pneumonia and

those who reject this hypothesis.10-11

This review is primarily devoted to the study of LU in

COVID-19 patients. The authors explain the significance of its

“light and shadows,” bearing in mind the context in which LU

is being used—the emergency department and the intensive

care setting. The use of cardiac, vascular and diaphragm ultra-

sound also is discussed in the context of a comprehensive

approach to patient care.
- Fixed B-lines (waterfall sign)

-Shining on-off band (light beam)

- Irregular, disrupted pleural line

-Small consolidation

-Large consolidation

-Air bronchogram

Abbreviation: COVID-19; coronavirus disease-2019.
LU ’’Signs’’ in Covid-19 Patients

In the present context of the COVID-19 pandemic, Huang Y

et al12 and Volpicelli et al13 described 2 new B-line signs using

LU. In patients with respiratory symptoms, these signs are sup-

posed to have a high probability of detecting COVID-19 inter-

stitial pneumonia. The authors have coined the terms

’’waterfall’’ and ’’light beam’’ to describe these artifacts,

respectively; however, these signs may be equivalent. The

waterfall sign constitutes fused B-lines (note, the authors did

not describe any other particular characteristic), which are

localized more frequently in the posterior and inferior areas of

the lungs. On the other hand, the light beam sign, which has

been described in more depth, is ’’a shining band-form artifact

spreading down from a large portion of a regular pleural line,

often appearing and disappearing with an on-off effect in the

context of a normal A-line lung pattern visible in the back-

ground’’14 (Fig 1 and Supplemental Video 1).

From the pathophysiologic standpoint, Volpicelli et al stated

that the light beam matches the ground glass opacification seen

on the CT scan. This sign seems to correspond to the com-

mencement of interstitial syndrome (B-lines) in the context of

a normal lung profile. An international observational multicen-

ter study on this subject is ongoing.13,14
The entire spectrum of LU signs in COVID-19 interstitial

pneumonia is reported in Table 1.

LU for Triage of COVID-19- Positive Patients Within the

Emergency Department

As stated above, the ultrasound characteristics of COVID-19

pneumonia have been extensively described and mainly

include morphologic alterations of the pleural line, the pres-

ence of multiple B lines, ’’white lung’’ areas, and consolida-

tions.12-15 However, the diagnostic approaches used in Italy

during the COVID-19 outbreak have been highly heteroge-

neous,16 reflecting the organization of each individual hospital

and the radiologic imaging tools (LU, chest radiography, and

CT scanners) and expertise at their disposal—all of which will

have influenced the decisions regarding the first diagnostic

approach to apply.17 Furthermore, the combination of specific

and differentiated routes for patients suspected or not of
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COVID-19 could have played a decisive role in determining

the diagnostic path to take.

Although obtaining sufficient access to radiologic diagnos-

tics has been complicated for many hospitals, the ongoing pan-

demic has certainly fostered a rise in the awareness about LU.

The LU 12 zones approach (6 for each hemithorax) in patients

with suspected COVID-19 infection has been implemented in

many situations.18 Its primary objective has been to “rule in”

or “rule out” COVID-19 pneumonia.16,17,19,20 Determination

of the absence or presence of hypoxemia, and its degree,

together with the LU findings, presents a quick and straightfor-

ward approach that is also sufficiently accurate and feasible,

even in logistically difficult contexts.

The flowchart in Figure 2 summarizes a triage hypothesis,

based mainly on a clinical and ultrasonography approach to

the adult patient arriving in the emergency department with

clinically suspected COVID-19. The nasopharyngeal swab is

performed in all patients, and despite the nonoptimal sensitiv-

ity of the test, its specificity is in fact absolute.21 An accurate

diagnostic gold standard is currently lacking, and the diagnosis

can only be confirmed with certainty if the swab is positive.

Indeed, a negative LU exam only rules out COVID-19 pneu-

mopathy, but it does not exclude infection or, therefore, the

contagiousness of a patient. Thus, in the case of a patient

requiring hospitalization, if their swab is negative and LU
Fig. 2. The flowchart summarizes the clinical and LU approach to the adult patien

ultrasound; RT-PCR, reverse transcription-polymerase chain reaction via nasal swab
cannot confirm clinically suspected COVID-19, the patient

can be safely admitted to a non-COVID-19 ward.

Three categories of patients with known or suspected

COVID-19 can be shown: patients without hypoxemia (SpO2

� 95%), patients with mild hypoxemia (SpO2 between 90%

and 95%), and patients with severe hypoxemia (SpO2 � 90%).

Thanks to the high sensitivity of LU, a normal LU picture

(A-profile with lung sliding) in a nonhypoxic patient can safely

rule out COVID-19 pneumopathy. The presence of ultrasound

signs compatible with COVID-19 pneumopathy allows these

patients to be discharged, although under a strict surveillance

program. It is recommended to perform the walking-test in

these patients if possible. The patient can be discharged safely

if saturation does not fall by more than 3 points following

physical exertion.22

In the case of hypoxemia (mild or severe), a negative LU

means that COVID-19 can be excluded as the cause of pneu-

monia, requiring that an alternative diagnosis be identified. If

LU detects signs compatible with a COVID-19 lung infection,

the patient needs to be hospitalized (in the ward with the most

appropriate intensity of care) following more detailed clinical

evaluations. With that said, given the high pretest probability

of infection in a pandemic context, like that for SARS-CoV-2,

the specificity of the LU signs becomes much higher, but is

still low and often not sufficient to confirm the diagnosis

alone.11
t with suspected COVID-19 arriving in the emergency department. LU, lung

.
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Roles of LU in Covid-19- Positive Patients Within the

Intensive Care Unit

The LU pattern in COVID-19 patients requiring intensive

care may include any or all of the following signs demon-

strated in other forms of interstitial pneumonia and acute respi-

ratory distress syndrome (ARDS): B-line patterns with

multiform vertical artifacts ranging from well-spaced B-lines,

coalescent B-lines, and the so-called “white lung.”23 In the lat-

ter, multiple coalescent B-lines tend to merge, providing a

homogenous white shining pattern, implicating severe aeration

loss (Fig 3 and Supplemental Video 1). LU also is useful for

monitoring the appearance of consolidations suggestive of

atelectasis or superimposed pneumonia.24,25

Following a definite COVID-19 diagnosis, the proportion of

the affected subpleural lung can be inferred from the extent of

the pleural line involved, and this quantification permits

assessment of the severity and extension of the disease. In this

scenario, emerging ultrasound methods based on computer-

aided diagnosis are now available26-28 and provide a further

and potentially promising option in terms of faster data analy-

sis and applicability to large sets of data, especially for novice

sonographers with little or no previous LU experience.29,30

From the pathophysiologic standpoint, severe COVID-19 is

a disease with biphasic evolution, and 2 main phenotypes have

been recognized, “type 1” and “type 2,” reflecting different

parenchymal alterations.31 LU can help differentiate between

the 2 types by demonstrating the degree of heterogeneity of

aeration loss.24 In “type 1,” the aeration loss is homogeneously

distributed among lung regions, with a more diffuse LU B-pat-

tern, whereas in “type 2” loss of aeration and consolidations

prevail in the dependent lung regions. In ARDS patients (but

yet to be proven in COVID-19), a simple LU has been shown

to be able to predict the response to positive end-expiratory

pressure-induced lung recruitment32,33 and pronation in terms

of effective re-aeration of the dorsal lung. The evolution of the

disease and the response to treatments can be inferred from

LU aeration and re-aeration scores that are associated with

extravascular lung water content and the average lung tissue
Fig. 3. (A) Bilateral B-lines are visualized both in separate and coalescent form

arrows) and spread down like rays, maintaining their brightness until the edge of the
density, as evaluated by CT scan.8,34 Moreover, LU can diag-

nose secondary complications of mechanical ventilation, such

as pneumothorax, and detect central venous line malposition-

ing,35 thus reducing the need for chest radiography.36
Light and Shadows in the Use of LU in the COVID-19
Outbreak

As outlined above, LU has the capacity to answer precise

questions, depending on the setting in which it is used. In the

emergency department, its high sensitivity allows for the rapid

ruling in or out of COVID-19, as in other diseases similar to

COVID-19. In particular, it has very high sensitivity in relation

to the diagnosis of interstitial syndrome and ARDS.37 Further-

more, the ’’light beam sign’’ seems to be associated with a

high percentage of patients with COVID-19 pneumonia with a

high pretest probability, and may lean toward the diagnosis of

lung involvement by COVID-19 in patients suspected of being

infected.14

LU allows for the clinical progress of patients admitted to

the intensive care unit (ICU) to be monitored (eg, by ultra-

sound profiling and the LU score) and can predict the probabil-

ity of successful extubation (the possibility of heart and

diaphragm involvement and their ultrasound evaluation are

discussed below).18,38,39 The LU strategy also may allow for

the transfer of a patient from the ICU to departments with a

lower level of patient care intensity.

However, some aspects of LU still require more detailed

assessment. As mentioned above, the specificity of the signs

detected by LU in relation to SARS-CoV-2 infection is not

very high.11 This constitutes a real risk of misdiagnosis or the

lack of recognition of other pathologies persisting during this

pandemic. Pulmonary edema, bacterial pneumonia, other

forms of viral pneumonia (eg, cytomegalovirus or H1N1

virus), and pulmonary fibrosis continue to be causes of acute

respiratory failure and must be kept in mind when making a

differential diagnosis. Finally, it needs to be mentioned that

LU cannot detect lesions deep within the lung parenchyma.40
s. (B) They can arise from small peripheral subpleural consolidations (white

screen. See also Video 1.



Table 2

Summarize Cardiac Findings in COVID-19 Patients

ECG

-mild ST-elevation

- acute ST-elevation myocardial infarction

-T-wave inversions

- complete heart-block

- nonspecific intraventricular conduction delay

-multiple premature ventricular complexes

- sinus node dysfunction

Cardiac ultrasound

-moderate left ventricular systolic dysfunction

- severe left ventricular systolic dysfunction

- pulmonary arterial hypertension

- left ventricular apical ballooning syndrome
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It also should be noted that although numerous papers have

been published dealing with the use of LU during this

COVID-19 pandemic, very few (if any) offer evaluations of

diagnostic accuracy in terms of sensitivity and specificity. It is

the authors’ opinion that lung abnormalities may develop

before clinical manifestations. A patient with respiratory

symptoms compatible with COVID-19 pneumonia and a sus-

pect ultrasound pattern should be treated as COVID-19- posi-

tive until proven otherwise. However, the specificity of the

nasopharyngeal swab is currently probably higher than any

imaging test. Therefore, the only current test (pending the

serologic tests under development) is positivity to the reverse

transcription-polymerase chain reaction assay.21
- left ventricular inverse ballooning syndrome;

- acute venous thromboembolism

- pericardial effusion

- cardiac tamponade

Coronary angiography

- nonthrombotic stenosis

- thrombotic stenosis

- plaque rupture

Reported diagnosis

- spontaneous coronary artery disease

-myocardial infarction

- pulmonary embolism

- thrombotic coronary occlusion

- typical takotsubo syndrome

- reverse taktsubo syndrome pattern

-myocarditis

-miopericarditis

Abbreviations: COVID-19; coronavirus disease-2019; ECG,

electrocardiogram.
Cardiac and Vascular Ultrasound in COVID-19- Positive
Patients Within the Intensive Care Unit

Cardiac Ultrasound

Echocardiography and vascular ultrasound also should be

applied in the management of critical COVID-19 patients. As

reported in Table 2, cardiac involvement may occur in these

patients, either as a direct effect of the SARS-CoV-2 virus or

as a consequence of lung disease and ventilatory

management.5,41,42 Vascular involvement also has been

reported in COVID-19, and vascular ultrasound may be

required for the clinical management of these patients.43

Direct cardiac involvement may manifest as dilated cardio-

myopathy, as a severe decrease in ventricular systolic function

and pericardial effusion in the case of viral myocarditis, or as

localized wall motion abnormalities or global ventricular

depression in the case of ST-elevation myocardial

infarction.41,42

When looking at the effects of the virus on the lung, the fol-

lowing 2 pulmonary phenotypes of COVID-19 can be

observed: the L phenotype, which shows preserved compli-

ance; and the H phenotype, with high pulmonary ela-

stance.44,45 The cardiac abnormalities related to these 2 types

are likely to be distinct. In the L phenotype, less severe right

heart impairment would be expected because the pressure to

deliver tidal volume should be lower, even in the setting of

nonabsolute protective ventilation; whereas in the H pheno-

type, repercussions on the right heart are more probable.

In L-type dyspneic patients, either spontaneously breathing

or on noninvasive respiratory support, the cardiac ultrasound

exam may reveal ventricular interdependence elicited by the

increased respiratory effort, causing considerable pleural nega-

tive pressure and showing diastolic ventricular septal shift,

leading to left ventricular hypodiastole and reduced stroke vol-

ume. At the other end of the spectrum, in a COVID-19 H-type

patient under positive- pressure mechanical ventilation, the

cardiac ultrasound exam can detect cardiac insults directly

connected to ventilation. In this case, the previously reported

alterations secondary to mechanical ventilation46 are found,

with particular involvement of the right ventricle, leading to

ventricular dilation, tricuspid insufficiency, reduced systolic

right heart function, and possible secondary left heart
compression (Fig 4). Ventilator-induced heart dysfunction

might even be present in a patient with no previous cardiac

dysfunction.47

A cardiac ultrasound examination should assess right ven-

tricular dimensions and function (usually by recording tricus-

pidal annular plane excursion), tricuspid regurgitation, systolic

pulmonary arterial pressure, and the ratio of tricuspidal annular

plane excursion over systolic pulmonary arterial pressure, a

surrogate of right ventricular-arterial coupling.47

Left ventricular function, although less influenced by inspi-

ratory pressures, can be directly altered by right heart dysfunc-

tion and needs to be evaluated. Considering that 50% of

COVID-19 pneumonia patients are reported to suffer from sys-

temic arterial hypertension,4 diastolic evaluation always

should be assessed carefully. Particular attention also should

be paid to the diastolic profile of COVID-19 patients in whom

LU reveals a pattern of increased extravascular lung water,

especially when associated with reduced left ventricular func-

tion.

In COVID-19, increased thromboembolic risk has been

reported 48 in the form of venous thrombosis and pulmonary

embolism. This can lead to acute pulmonary hypertension,

right heart enlargement, and severe tricuspid regurgitation,

besides the presence of thrombi in the venous system, right

atrium or ventricle—all of which can be seen using transeso-

phageal echocardiography (Supplemental Video 2).



Fig. 4. Dilated right heart ventricle with a small left ventricle secondary left heart compression. See also Video 2; a transesophageal 55 Hz probe showing an intra-

hepatic inferior vena cava thrombus. LV, left ventricle; RV, right ventricle.
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Vascular Ultrasound

In critically ill COVID-19 patients, a prothrombotic status

seems to be frequently observed, leading to venous thrombosis

and pulmonary embolism.49 A vascular ultrasound assessment,

with the routine use of compression ultrasonography to rule-

in the presence of deep vein thrombosis, seems reasonable in

mechanically ventilated critically ill subjects. Compression

ultrasonography should be performed in the presence of neuro-

muscular blocking agent infusion, especially before pronation

or changing postures, or before vascular cannulation.50

Central venous cannulation in such patients may be tricky

due to the physical interference caused by personal protective

equipment, which could impair smooth maneuvers and finger

perceptual sensitivity. This may result in the rapid deteriora-

tion of a patient’s condition, deep vein thrombosis, or the use

of more low- molecular- weight heparin. Furthermore,

although specific guidelines on central venous cannulation

have yet to be published, to the best of the authors’ knowledge,

the need to avoid complications in patients ventilated with ele-

vated positive pressure, as required in pneumothorax, is clear;

hence, it seems rational to prefer the routine use of ultrasonog-

raphy to guide the cannulation procedure rather than relying

on landmark approaches.

What About the Diaphragm and the Weaning Process?

Identifying the right time to wean COVID-19 patients from

mechanical ventilation is of critical importance. Although

this invasive support used in severe forms of COVID-19 is to

be considered as lifesaving, prolonged use in this particular

type of patient is directly associated with further complica-

tions (ventilator-associated pneumonia, pneumothorax and
pneumomediastinum, and ventilator-induced diaphragmatic

dysfunction, to name few).51,52

The decision to complete the weaning process must be made

with caution because extubation failure carries serious compli-

cations.53,54 Recently published case series showed that length

of stay in the ICU and the duration of mechanical ventilation

in severe cases of COVID-19 were almost always more than

7 days, despite the fact that most of the patients were not

elderly (mean age 63 years) and had few comorbidities other

than COVID-19 respiratory distress.4,52

A long length of ICU stay and duration of mechanical venti-

lation (especially with prolonged use of neuromuscular block-

ing agents) can make weaning particularly challenging and

increase the risk of ventilation-induced diaphragm dysfunc-

tion.55 In patients deemed difficult to wean due to ultrasound-

diagnosed ventilation-induced diaphragm dysfunction, the

possibility of performing a tracheostomy also must be taken

into consideration. Therefore, although the role of tracheos-

tomy in COVID-19-related ARDS is still unknown, there are

several reasons why it may be helpful in this setting. First, a

lower level of sedation is required, due to improved patient

comfort, putting the patient in the best possible condition to

generate effort. Furthermore, the reduction in airway resis-

tance leads to reduced respiratory work; both of which may

facilitate the reduction in, and ultimately the liberation from,

ventilatory support.56,57 However, these advantages must be

weighed against the risks related to this aerosol-generating

procedure. With that said, a recently published case series

reported no cases of medical team infection with the virus after

the performance of 28 tracheostomies in COVID-19 patients.58

In recent years, much emphasis has been placed on the study

of diaphragmatic dysfunction as a predictor of weaning failure

(in non-COVID-19 patients), and 2 sonographic indexes have



Fig. 5. Right diaphragm excursion. DE, diaphragmatic excursion; Slope, diaphragmatic contraction speed; Tinsp, inspiration time.
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been studied and validated for this purpose, diaphragmatic

excursion (DE) and the diaphragm thickening fraction (DTF).

DE is the maximum displacement of the diaphragm during

breathing, quantified in M-Mode with a low-frequency probe

(2-5 MHz), preferentially in the right subcostal area (Fig 5).59

An excellent diaphragm excursion measured with ultrasound

and a long inspiratory time during the spontaneous breathing

trial may help predict successful weaning. At the same time,

DE <10 mm has been proved to be linked to a prolonged

weaning period and increased weaning failure.60-62

Because DE is associated only with lung volume during the

inspiratory phase, and it cannot discern whether the excursion

rate is due to the contractile activity of the diaphragm or to the

ventilator’s positive pressure, its application is only reliable

during a T-piece or low-level Continuous positive airway pres-

sure (CPAP) spontaneous breathing trial.6

Diaphragm thickness can be assessed using a 10- to 15-

MHz linear array transducer in the zone of apposition

between the mid-axillary or anterior-axillary line, in the 8th-

to- 11th intercostal space.6,63 The DTF is calculated as the

difference between the end-inspiration thickness and end-
Fig. 6. Diaphragm thickening fraction (DTF) assessment in a difficult to wean

52-year-old man affected by COVID-19 respiratory distress following 10 days

of invasive ventilation (see also supplemental video 3). Legend: AB (end of

expiration thickness); CD (end of inspiration thickness).
expiration thickness divided by the end-expiration thickness

(Fig 6, Supplemental Video 3). The DTF also is known as

the ’’ejection fraction’’ of the diaphragm and can provide a

reliable indicator of diaphragm function and its actual contri-

bution to respiratory effort. For this reason, the DTF can be

helpful in choosing the appropriate time for weaning (a DTF

�30% is a robust predictor of weaning success in both spon-

taneous breathing trials and pressure support tests) and in the

daily assessment of the ventilation support tailored to the

patient. During mechanical ventilation, both decreases and

increases from baseline DTF (due to excessive or insufficient

muscle unloading) are strongly connected to the risk of pro-

longed ventilator dependence.64 After the first few days,

when total support in COVID-19 severe patients is often

needed, targeting an inspiratory effort level may accelerate

liberation from ventilation.65
Conclusion

Lung ultrasound—when in the hands of experts—is a useful

bedside tool for the care of COVID-19 patients, and its capac-

ity to rule out involvement of the respiratory system is of par-

ticular value. LU experts can presently be divided into 2

categories, those who believe in a ’’specific’’ LU pattern in

COVID-19 versus those who are skeptics. Thus, LU consti-

tutes an evolving area of interest—one in urgent need of fur-

ther, accurate data. Assessing diaphragmatic function with

ultrasound undoubtedly supports the clinical management of

COVID-19 patients during the weaning process. In ventilated

patients, cardiac, vascular and LU always should be evaluated

together in order to gain a more comprehensive understanding

of the relationship between lung and potential cardiac and vas-

cular abnormalities.
Declaration of Competing Interest

Luigi Vetrugno received travel support for Congress Lecture

by Cook Medical. The other authors declare no conflict of

interest.



F. Guarracino et al. / Journal of Cardiothoracic and Vascular Anesthesia 35 (2021) 1866�1874 1873
Supplementary materials

Supplementary material associated with this article can be

found, in the online version, at doi:10.1053/j.jvca.2020.06.013.
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