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The “pandemic” increase in lung ultrasound 
use in response to Covid‑19: can we 
complement computed tomography findings? 
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Abstract 

Coronavirus disease of 2019 (COVID-19) is a highly infectious disease caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), which has rapidly spread to a global pandemic in March 2020. This emergency condition 
has been putting a severe strain on healthcare systems worldwide, and a prompt, dynamic response is instrumental 
in its management. While a definite diagnosis is based on microbiological evidence, the relationship between lung 
ultrasound (LU) and high-resolution computed tomography (HRCT) in the diagnosis and management of COVID-19 
is less clear. Lung ultrasound is a point-of-care imaging tool that proved to be useful in the identification and severity 
assessment of different pulmonary conditions, particularly in the setting of emergency and critical care patients in 
intensive care units; HRCT of the thorax is regarded as the mainstay of imaging evaluation of lung disorders, enabling 
characterization and quantification of pulmonary involvement. Aims of this review are to describe LU and chest HRCT 
main imaging features of COVID-19 pneumonia, and to provide state-of-the-art insights regarding the integrated role 
of these techniques in the clinical decision-making process of patients affected by this infectious disease.
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Introduction
In the ongoing battle against the disease caused by SARS-
CoV-2 (COVID-19), which first broke out in the city of 
Wuhan, China, in December 2019, lung ultrasound (LU) 
[1] has quickly been recognized as a useful tool in the 
diagnosis and monitoring of the disease [2]. Ultrasound 
cannot replace lung computed tomography (CT) when 
examining the whole lung to choose a ventilator strategy 
[3], but point-of-care ultrasound (POCUS) may comple-
ment CT thanks to ease of access and general safety.

In this review, we summarize the main LU findings in 
COVID-19 pneumonia next to the equivalent CT signs 
[4], in the hopes that a correlation can be established to 
facilitate patient care. In clinical practice, the two imaging 
modalities can be integrated with great benefits for both 
patients and clinicians. Although limited in the extent 
of lung tissue it can explore, LU is particularly advanta-
geous when confronting a COVID-19 outbreak: for one, 
ventilated patients need to be transferred to a CT suite, 
which can be outright dangerous in the face of severely 
impaired gas exchange commonly seen in COVID-19 
intensive care unit (ICU) patients. We are not yet aware 
of LU signs specific for COVID-19, but signs of intersti-
tial pneumonia are well recognized and have been found 
to be applicable in these cases, with some exhibiting high 
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sensitivity [5, 6]. Additionally, it is now sufficiently clear 
that LU outperforms plain chest radiography in terms of 
sensitivity for acute respiratory symptoms in critical ill-
ness [7, 8].

A reasonable approach may be to perform CT scans 
on ICU admission to finalize diagnosis and to better 
inform the choice of ventilation (lung phenotyping) [3]; 
in order to reduce radiation and viral exposure, it could 
be repeated after a reasonable interval of time for prog-
nostic information, whereas POCUS could be used to 
reduce ionizing radiation load and device contamination 
in many situations where it has been shown to be supe-
rior to chest x-ray and (in selected cases) as useful as CT 
[9]. Another setting in which LU is becoming essential is 
that of community outreach by specialized teams screen-
ing residents of nursing homes and long-term care facili-
ties, which may have acted as a reservoir for SARS-CoV-2 
[10]. Conversely, LU may not explore the entirety of the 
organ, and one should always consider CT when point-
of-care monitoring fails to explain the current clinical 
respiratory status, especially in COVID-19, where throm-
botic complications are increasingly found to be pivotal 
in the disease [11]. The aim of this review is thus to help 
physicians become familiar with LU and CT imaging in 
COVID-19.

Lung ultrasound and COVID‑19
Patients with interstitial syndromes usually display two 
types of artifacts. A-lines are the ‘default’ artifacts in 
healthy lung tissue, caused by soundwaves reverberating 
between pleura and the transducer, as the air-tissue inter-
face reflects almost all the ultrasound packets. The sliding 
motion of the hyperechoic line in the near field depicts 
the movement of visceral over parietal pleural. The pres-
ence of A-lines and lung sliding signifies normal lung aer-
ation (Fig. 1 and Additional file 1: Clip S1) [12].

B-lines are hyperechoic artifacts arising from single 
points along the pleural line and projecting to the bottom 
of the screen. They are thought to originate from locally 
increased tissue density which enhances reverberation 
from alveoli and distal airways [9] (Fig. 2 and Additional 
file 2: Clip S2).

The clinical significance of B-lines depends mostly on 
quality and quantity: ≤ 2 B-lines per intercostal space, 
interspersing A-line, and a sliding pleural line rule out 
pneumothorax and are considered normal variation. 
Three or more well-spaced B-lines (a “B-profile”) are 
associated with interstitial syndromes [12, 13].

The pleural line is normally thin and bright but, when 
inflamed, it can become thickened and less mobile, with 
B-lines arising from it and arcing slowly. The pleural line 
can also be interrupted by lung consolidation and loss of 
aeration (the “shred sign”) [14]. At the beginning of lung 

Fig. 1  Anterior parasagittal lung ultrasound scan of the thorax. The 
parietal and visceral pleura appear as a hyperechoic line with sliding 
movements (also see Additional file 1: Clip S1). A lines are thought 
to be mirror artifacts from the near-total ultrasound reflection by the 
pleura-alveolar gas interface

Fig. 2  B-lines. Hyperechoic artifacts descending from the pleural line 
to the bottom of the screen are called “B lines” (black asterisks); by 
definition, a B line obscures any A line along its path. Two B lines per 
scan field are considered normal; ≥ 3 lines are associated with varying 
degrees of interstitial syndrome
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involvement in COVID-19, B-lines (with lung sliding) 
are distributed heterogeneously between spared regions 
of A-lines (Fig.  3). As the disease progresses, lung den-
sity increases, as does the amount of B-lines, leading 
to coalescence of the artifacts into “glass-rockets” and 
then “white lung” (Figs.  3 and 4, respectively; see also 
Additional file 3: Clip S3 and Additional file 4: Clip S4), 
equivalent ground-glass opacities (GGO) in CT scans 
[1]. Amid a pandemic with a very high prevalence of the 
disease, high density of B-lines with spared areas and 
lung sliding plus fever and cough is high suspicious for 
COVID-19 infection, and these patients should be man-
aged accordingly [15, 16]. Glass rockets or white lung are 
typically associated with impaired oxygenation requiring 
supplemental oxygen.

Finally, in advanced disease, lung density further 
increases as alveoli fill up with inflammatory cells and 
Lung ultrasound findings in patients with COVID-19 
pneumonia byproducts, with loss of aeration and a cor-
responding LU aspect called “tissue-like” (Fig.  5). This 
is equivalent to consolidation as seen in CT scans. The 
appearance of consolidations in LU is similar to that of 
liver tissue, with hyperechoic inclusions corresponding 
to distal bronchi which may or may not be filled with 
secretions [14].

What is new in this context?
Recently, Volpicelli et al. have described some aspects of 
B-lines that seem to increase the diagnostic probability 

Fig. 3  Confluent B-lines. Multiple confluent B-lines (asterisks) and 
occupying ≥ 50% of the field of view define the “rocket launch” 
sign or “glass rockets.” This is associated with more overt interstitial 
syndrome. Additional file 1: Clip S1: Anterior parasagittal scan of the 
thorax. The parietal and visceral pleura appear as a hyperechoic line. 
Pleural sheaths are seen sliding with respiration

Fig. 4  White lung. In this parasagittal scan, the whole intercostal 
space is occupied by continuous hyperechoic artifact commonly 
referred to as “white lung.” The pleural line also appears coarser 
and thicker than normal. This image is associated with advanced 
interstitial syndrome and may precede complete loss of aeration 
(consolidation)

Fig. 5  Subpleural consolidations and “light beam”. Two artifacts 
frequently seen in COVID-19 with significant respiratory symptoms: 
small subpleural consolidation (asterisk), with white lung-like 
artifact projecting from its interface with aerated lung (between 
black arrows); and a “light beam”, a hyperechoic artifact (between 
white arrows), also similar in quality to white lung, but arising from 
a discrete region of normal pleura. The light beam is so called also 
because it is “turned off and on” (i.e., disappears and reappears) 
repeatedly, even in a single respiratory cycle
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in patients suspected of COVID-19 pneumonia [5], in 
combination with clinical phenotype, blood tests and 
nasal-pharyngeal swab. They report on a sonographic 
sign named “light beam” and described as a shining verti-
cal band artifact arising from a wide portion of a regu-
lar pleura, as opposed to the discrete points of origin of 
B-lines. The artifact is thought to be present in the earlier 
phase of viral spread in the peripheral lung and associ-
ated with the early GGO alterations visible at CT scan. 
This sign has also been described by Huang et  al. in 
patients with COVID-19 infection as a “waterfall” sign 
[17]. In COVID-19, the light beam artifact is typically 
interspersed among areas of normal lung aeration or dis-
crete B-lines, often alternating with areas of pleural line 
irregularity and peripheral consolidations. These signs 
identify affected regions, with patchy distribution in the 
two lungs [17–19] (Additional file 5: Clip S5).

In COVID-19, two pathological phenotypes have been 
described. One is the L-type, with normal or minimally 
reduced respiratory system compliance; these patients 
have been dubbed by some Authors as “happy hypoxic”, 
and a prospective multicenter study is currently investi-
gating whether the light beam sign could be an early sign 
of disease in these cases. On CT, they show diffuse infil-
trates but a low margin of recruitability (hence the name), 
defined as a relatively minor volume of de-aerated lung 
tissue [3]. The H-phenotype is characterized by low- to 
very low respiratory system compliance with high poten-
tial for recruitment with higher mean airway pressures; 
CT of these patients typically shows extensive consolida-
tion with or without superimposed bacterial pneumo-
nia. While L-type COVID-19 is intuitively characterized 
by the presence of LU signs such as those we described 
above (a multicenter study is ongoing to confirm this 
hypothesis), LU of H-type COVID-19 might have more 
in common with bacterial pneumonia and atelectasis. 
On CT, up to three different profiles can be described 
according to the distribution of consolidations [20].

From their characteristics, it has been proposed that 
different phenotypes require distinct respiratory man-
agement strategies, based on recruitment potential [3]. 
However, not all experts concur with this view, promot-
ing instead the concept of a continuous disease which 
may worsen with mechanical ventilation itself and/or 
opportunistic infection [21].

What is known about LU?
Certain characteristics of B-lines can help rule out 
COVID-19 infection, for example when B-lines are uni-
lateral, which is more typical of initial pneumonia of likely 
bacterial origin, although underlying COVID-19 pneu-
monia cannot be ruled out [12]: theoretically, H-type 
COVID-19 pneumonia might share these features on 

LU. A unilateral consolidation within a large pleural effu-
sion suggests bacterial pneumonia rather than COVID-
19 pneumonia [22]. Pleural effusion is a well-known sign 
that appears as a hypo- or anechoic space in LU, distrib-
uted in gravity-dependent fashion [23, 24]. Pleural effu-
sion is easy to see, and it may be possible to be estimate 
its volume with simple calculations (Balik formula) [22]. 
Sometimes septa can be seen floating in effusions, which 
is more typical of bacterial or fungal infection. However, 
in COVID-19, we have observed that large pleural effu-
sions are rarely present and an alternative diagnosis, or 
superimposed infection, should be considered when con-
fronted with such sign.

Lung ultrasound score (LUS)
When performing LU, it is customary to divide the chest 
into 8 to 16 regions. We will describe an approach where 
the chest is divided into 12, defined by the intersections 
of the anterior and posterior axillary lines with a trans-
verse plane passing through both nipples (Fig. 6). These 
regions can be scanned with different probes, depend-
ing on personal experience and preference, the most 
common being convex low-frequency and phased array 
(echocardiography) transducers [25].

Lung ultrasound score is a system in which each of 12 
lung zones is assigned points, which are then added up 
[26]. One point is assigned to zones with A-lines and 
pleural sliding, or ≤ 2 B-lines; 1 point is for ≥ 3 well-
spaced B-lines (interstitial syndrome); and 2 points are 
calculated for coalescent B-lines or “glass-rockets”—
equivalent to GGO in CT; finally, consolidation with 
“tissue like-sign” has a score of 3. Therefore, the total 
score may range between 0 (normal lungs) and 36, in 

Fig. 6  Representation of the 6-zone model for lung ultrasound score 
(see Ref. [21]). The parasagittal lines are the midclavicular, anterior 
and posterior axillary lines; the transverse line is at the 4th intercostal 
space, roughly equivalent to hilar lines
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the worst-case scenario of completely de-aerated lungs 
[25]. We do not know how the “light beam” sign or small 
superficial lung consolidations may affect this score.

Diagnostic performance of LU
Ultrasound distinction between acute cardiogenic pul-
monary edema and acute respiratory distress syndrome 
(ARDS) in a critically ill patient can be difficult [27]. As 
is the case in every interstitial syndrome, non-infectious 
causes of pulmonary edema are always a differential diag-
nosis [28, 29].

The presence of bilateral B lines is associated with an 
interstitial syndrome, as previously reported [30], but it 
is poorly specific (while sensitivity is close to 100%). On 
the one hand, the presence of some ultrasound signs such 
as abnormalities of the pleural line, the reduction of pleu-
ral sliding, interspersed sparing areas, and the presence 
of consolidations can suggests ARDS over cardiogenic 
pulmonary edema (sensitivity 83–100% and specificity 
45–100%) [29]. On the other hand, evidence on the diag-
nostic value of LU in ARDS is still very discordant. Diag-
nostic accuracy of LU for interstitial syndrome suffers 
considerably from variability between different research 
groups [area under the curve (AUC) of the receiver oper-
ating characteristic curve (ROC) from 85 to 95%] [31, 32]. 
The diagnosis of pneumonia by detection of lung con-
solidations (typical of bacterial pneumonia) was found to 
have sensitivity and specificity approaching those of CT 
(up to 95% and 91%, respectively). Ultimately, the diag-
nostic accuracy of LU seems to be greater than 90% [24, 
25]. In viral pneumonia, LU has shown good sensitivity 
(94.1%) but inferior specificity (84.8%), with positive and 
negative predictive values of 86.5% and 93.3%, respec-
tively [33]. Again, signs of interstitial syndromes can be 
present in a host of different conditions. [34], and at the 
time of this writing only anecdotal reports have been 
published for LU diagnosis of COVID-19.

Chest CT and COVID‑19
Imaging features
The spectrum of chest CT findings encountered in viral 
pneumonias reflects variable combinations of a few his-
topathologic features (i.e., diffuse alveolar damage, intra-
alveolar hemorrhage, and interstitial inflammatory cell 
infiltration), and include: (i) mosaic attenuation pattern 
(caused by hypoventilation of alveoli distal to bronchiolar 
obstruction and secondary vasoconstriction of the same 
areas); (ii) ground-glass opacity (GGO) and consolida-
tion (related to the coexistence of airspaces partial filling 
and thickening of interstitial tissue); (iii) nodules, micro-
nodules, and tree-in-bud opacities (indicative of centri-
lobular bronchioles that are dilated and impacted with 
mucus or fluid, along with peribronchiolar interstitial 

inflammation, infiltration, or fibrosis); (iv) interlobular 
septal thickening (due to the presence of interstitial fluid, 
cellular infiltration, or fibrosis); and (v) bronchial and/
or bronchiolar wall thickening (due to inflammation or 
fibrosis) [35].

As a general rule, all the viruses of the same family 
causing pneumonia share the main pathological changes 
and, consequently, show similar CT findings [36]. For this 
reason, pneumonias due to SARS-CoV-2 show HRCT 
features that resemble SARS-CoV and MERS-CoV pneu-
monias (all viruses belonging to Coronaviridae fam-
ily), caused by injury to pulmonary epithelial cells with 
hyaline membrane formation in the alveoli, along with 
proliferative fibrous tissue blocking alveoli and small 
airways, and interstitial inflammatory infiltrates (mainly 
lymphocytes) [36, 37]. These pathologic alterations are 
supposed to be the causes of most typical CT findings of 
COVID-19 pneumonia, namely GGO and consolidation, 
with a prevalence range of 36–86% for GGO alone, and of 
36–64% for the combination of GGO and consolidation. 
Their distribution is usually bilateral (87%), peripheral (in 
56–97% of cases) and multifocal (76%), often with lower 
lung predominance (54%) [38–41] (Fig.  7). GGO may 
have round morphology and, in up to 5–36% of cases, 
configures a “crazy-paving” pattern (defined as thickened 
interlobular septa and intralobular lines superimposed 
on a background of GGO, resembling irregularly shaped 
paving stones; see Fig. 8) [42–44]. The prevalence of con-
solidation tends to increase later in the course of the dis-
ease, possibly reflecting an inflammatory reaction of the 
lung tissue (Fig. 9) [40, 43].

The presence of GGO and/or consolidation with a typi-
cal pattern of distribution in patients with high clinical 

Fig. 7  Typical chest CT imaging appearance of COVID-19 
pneumonia. High-resolution CT image of a female COVID-19 patient 
presenting fever with cough for 5 days shows bilateral, multifocal, and 
peripheral areas of pure ground-glass opacity (GGO) (arrows)
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likelihood of disease helps consolidating the suspicion of 
COVID-19 pneumonia in clinically borderline cases (e.g., 
when the results of RT-PCR are still unavailable on ini-
tially negative) [45].

Other CT findings have been reported in COVID-
19 pneumonia, including: air bronchogram (in up to 
90%), bronchial wall thickening (in up to 30%), bron-
chus deformation (in up to 32%), pulmonary nodules (in 
up to 23%, mainly centrilobular, with or without tree-
in-bud pattern), bubble-like air-containing spaces (in 
80% of advanced-stage disease cases), and dilatation of 

pulmonary vessels around and/or within the lesions (in 
almost half cases) (Fig. 10) [38, 40, 46].

Those findings are of limited significance in patients 
with confirmed diagnosis and presence of GGO and con-
solidation. When presenting alone in less defined clinical 
situations (e.g., patients with negative RT-PCR results), 
they can act as confounders in imaging interpretation, or 
suggest alternate diagnosis.

Of note, GGO and consolidation in COVID-19 pneu-
monia can reflect an organizing pneumonia (OP) pattern 
[47]; OP is usually part of the normal repair process of 
an acute or subacute lung injury [e.g., diffuse alveolar 
damage, (DAD)], mainly infectious in origin, displaying 
characteristic plugs of fibroblasts and myofibroblasts that 
organize both in airspaces and interstitial tissue [48]. In 
COVID-19 pneumonia chest CT may show certain fea-
tures that, albeit nonspecific, may suggest coexistence of 
DAD in its fibrotic phase and OP pattern of lung injury 
(e.g., reverse halo sign, consolidation with perilobu-
lar pattern, peribronchial or peribronchiolar nodules) 
(Fig. 11). It has been supposed that the pathological path-
way of COVID-19 pneumonia is sustained by two con-
secutive and overlapping stages, triggered by the virus 
itself in the earlier phase, and by the host response in 
the second phase [49]. Consequently, when chest CT is 
performed in patients with clinical signs of viral pneumo-
nia, pulmonary findings presumably reflect a combina-
tion of concurrent viral and host inflammatory response. 
One may argue that, in case of predominant OP features, 
chest CT may hint at a self-reinforcing systemic inflam-
matory process, thus potentially suggesting the use of 
immunosuppressant drugs.

In order to aid radiologists in recognizing CT find-
ings of COVID-19 pneumonia and improving their 
communication with referring clinicians, the Radiologi-
cal Society of North America (RSNA) has grouped the 
above-described CT findings into four categories (typi-
cal, indeterminate, atypical or negative), according to 
their reported incidence in COVID-19 pneumonia [50]. 
However, radiologists should always keep in mind that 
patients who have underlying lung pathologies (e.g., 
extensive emphysema, lung fibrosis), or are immunocom-
promised might present with atypical chest CT pattern, 
thus reducing the diagnostic confidence [51, 52].

Diagnostic performance and role in clinical practice
The role of imaging in the clinical decision-making of 
COVID-19 should be tailored depending on locally avail-
able resources, with the aim of assisting referring physi-
cians in clinical decision-making, while guaranteeing the 
safety of healthcare professionals performing examina-
tions, and minimizing the risk that themselves become 
vectors of infection [51, 53, 54].

Fig. 8  Typical chest CT imaging appearance of COVID-19 
pneumonia. High-resolution CT image of a COVID-19 patient 
presenting fever with dry cough and myalgia for 10 days shows 
bilateral, multifocal, peripheral, and confluent areas of ground-glass 
opacity (GGO) with “crazy-paving” pattern, along with perilobular 
consolidation in the right lower lobe (arrow)

Fig. 9  Chest CT imaging appearance of severe COVID-19 pneumonia 
and acute respiratory distress syndrome (ARDS). High-resolution 
CT image of a COVID-19 patient admitted to intensive care unit 
shows bilateral areas of consolidation predominantly affecting the 
dependent areas of both lungs, along with ground-glass opacity 
(GGO) with “crazy-paving” pattern in the right middle lobe (arrow)
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A Multinational Consensus Statement from the 
Fleischner Society, involving a panel of experts in dif-
ferent fields (e.g., thoracic radiologists, pulmonologists, 
and anesthesiologists), stated that radiological imaging 
(plain x-ray or CT, depending on local resources and 
expertise): (i) has generally no role in patients with no 
symptoms or mild features of COVID-19; (ii) is advised 
when a patient present with moderate-to-severe fea-
tures suggesting COVID-19 infection (regardless 
of COVID-19 testing results), since it can establish 

baseline pulmonary status, help in risk stratification for 
clinical worsening, assess complications (e.g., pulmo-
nary embolism, superimposed bacterial pneumonia, or 
heart failure due to myocardial injury), or reveal alter-
native diagnoses explaining patient’s clinical features; 
(iii) can provide a presumptive diagnosis of COVID-19 
for rapid triage and consequent decisions about clinical 
management and measures of epidemic control, when 
the pre-test probability of COVID-19 is high and the 
healthcare setting is resource-constrained (with poten-
tial limited availability of viral testing kits) [45].

Fig. 10  Organizing pneumonia pattern of lung injury in COVID-19 pneumonia. High-resolution CT images of a male COVID-19 patient presenting 
fever with cough and dyspnea for 15 days (a) and of a different male COVID-19 patient 14 days after the clinical onset (b) show perilobular 
thickening and parenchymal opacities (both ground-glass opacity and consolidation), along with superimposed signs of distortion, in the posterior 
subpleural regions of both lower lobes (arrows)

Fig. 11  Ancillary chest CT imaging findings in COVID-19 pneumonia. a High-resolution CT image of a 73-year-old male COVID-19 patient 
presenting fever with dry cough for 5 days shows bilateral, multifocal, peripheral areas of ground-glass opacity (GGO) with mosaic appearance, 
along with superimposed fibrous stripes in the lower lobes (arrowheads), bronchial wall thickening (curved arrow) and bubble-like air-containing 
spaces (straight arrows). b 8-mm Min-IP coronal CT image of a 73-year-old female COVID-19 patient presenting fever for 5 days shows bilateral, 
multifocal, peripheral GGO, along with consolidation in the left lower lobe presenting with air bronchogram and bronchus deformation (arrows). 
c High-resolution CT image of the same patient as inset (a) shows dilatation of pulmonary vessels within one of the multiple GGO in the left lower 
lobe (arrow)
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Concerning the latter scenario, a valuable complemen-
tary role for CT has been reported by Ai et  al. [4] in a 
cohort of 1014 COVID-19 patients in Wuhan, Hubei, 
China. With RT-PCR as reference standard, sensitivity, 
specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and accuracy of chest CT in diag-
nosing COVID-19 were 97%, 25%, 65%, 83%, and 68%, 
respectively [4]. At the beginning of February 2020, the 
National Health Committee of China (NHC) established 
for Hubei Province the equivalence between COVID-
19 RT-PCR-confirmed cases and clinically diagnosed 
cases, the latter identified only by means of clinical his-
tory, physical and laboratory findings, and “chest imaging 
revealing abnormalities”, preferably CT [55]. Neverthe-
less, such an approach may be less suitable in other sce-
narios, especially with lower prevalence of disease (i.e., 
lower pretest probability) [56]. According the Royal 
College of Radiologists “the CT appearances alone will 
not obviate the need for viral testing and should not be 
viewed as equivalent to or replacing this” [57]. Reconsid-
ering the data expressed by Ai et al. [4], we may expect a 

PPV lower than 65%, implying that even more than 35% 
of patients with positive CT are actually false positive. 
Such an image-centric approach poses serious decision-
making problems, since non-COVID patients hospital-
ized in a COVID-dedicated healthcare floor are at high 
risk to become infected soon, as highlighted in a com-
munication by the Italian Society of Radiology to the 
members on March 26, 2020 (Sardanelli F, personal com-
munication). In addition, chest CT can be negative for 
pneumonia in symptomatic patients with RT-PCR-con-
firmed COVID-19. As an example, in a cohort of cruise 
ship passengers and crewmembers, Inui et al. reported a 
20% of symptomatic cases having no CT findings consist-
ent with viral pneumonia [39]. Of note, according to the 
American College of Radiology (ACR) recommendations, 
“a normal CT should not dissuade a patient from being 
quarantined or provided other clinically indicated treat-
ment when otherwise medically appropriate” [58]. Con-
versely, RT-PCR should be repeated whenever initially 
negative in the face of a chest CT suggestive of COVID-
19 (Fig. 12) [59].

Fig. 12  A proposal for a LU-based approach to triage and admission during outbreaks with high-volume influx of patients. There is not enough 
evidence, yet, to recommend specific LU criteria over others, but we hypothesize these may be the most useful ones. During resource constraint 
phases, feasibility and throughput volume can be maximized by the use of LU, followed by CT when appropriate. LU lung ultrasound, CT computed 
tomography, ICU intensive care unit, RT-PCR real-time polymerase chain reaction, Dx diagnosis
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Conclusion
In conclusion, chest CT in patients with COVID-19 has 
a high potential to give valuable help to clinicians, as 
long as it is used in accordance with existing guidelines 
and recommendations. Further studies, particularly on 
a radio-pathological correlation basis, are warranted in 
order to tailor the CT to different clinical scenarios.

In a recent interview, Dr. Roberto Cosentini, the head 
of the Emergency Department at the main hospital the 
Bergamo province of Italy (one of the most stricken by 
the epidemic), mentioned up to 60–80 COVID-19 admis-
sions, mostly concentrated in afternoon hours. Such cir-
cumstances may force even major hospitals into resource 
constraints,1 and when that happens, it may be conceiv-
able to sacrifice diagnostic specificity in exchange for 
increased sensitivity and patient throughput through 
triage units; experience at one of our institutions led to 
the proposal of a LU-based algorithm for faster admis-
sion of patients with pneumonia during a possible future 
COVID-19 outbreak (Fig.  12). In such emergency con-
texts, LU may temporarily be the most feasible imaging 
modality, by allowing high-throughput patient assess-
ment without transportation throughout the hospital; 
its high sensitivity when screening patients in the admis-
sion area may avert the risk of inappropriate discharges 
(i.e., compensating but sick patients). In the ICU, daily 
monitoring including LU allows for early detection of 
deterioration and/or improvement, which may influence 
the decision to transfer patients to lower-intensity units, 
although a correlation between LU findings and disease 
evolution over time has not been established [60]. LU 
is an interdisciplinary tool that can be used throughout 
the acute care hospital, with a common language when 
treating (COVID-19) lung pathology. However, for this to 
happen, definitions and skills need to be shared, diffused 
and consolidated in prospective evidence.
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Additional file 1: Clip S1. Anterior parasagittal scan of the thorax. From 
top to bottom, the first (most superficial) hyperechoic line is the pleural 
line, characterized by its sliding layers. Further down, multiple A lines 
“mirror” the pleural shape and move together with it as the transducer is 
slightly tilted and rocked.

Additional file 2: Clip S2. Anterior parasagittal scan of the thorax. Up to 3 
B lines appear on screen throughout respiratory cycles (white asterisks). A 
lines are erased where B lines appear.

Additional file 3: Clip S3. Coalescing B-lines with distinct points of origin 
in the pleural line and moving with it, while filling ≥ 50% of the field of 
the view. This artifact can be described as a “rocket launch” or “glass rocket”. 
Note how A lines become visible again as B lines slide out of view with 
respiratory cycles (spared areas).

Additional file 4: Clip S4. White lung artifact arising from an irregular 
(“shredded”) pleural line, just next to a spared area of the lung. No single 
B line is detectable. Also note how the visceral pleura appears detached 
from the chest wall: a millimetric effusion (shown as a thin hypoechoic 
line just above the visceral pleura) is quite common in severe interstitial 
syndrome.

Additional file 5: Clip S5. Two artifacts frequently seen in COVID-19 
with significant respiratory symptoms. A small subpleural consolidation, 
indicated by the white caret (’^’) projects a white-lung artifact from its 
interface with deeper aerated tissue. To the right, a similar artifact arising 
instead from normal pleura disappears an reappears multiple times: a 
“light beam”.

Abbreviations
ARDS: Acute (or adult) respiratory distress syndrome; AUC​: Area under the 
curve; CT: Computed tomography; DAD: Diffuse alveolar damage; GGO: 
Ground-glass opacity; HRCT​: High-resolution computed tomography; ICU: 
Intensive care unit; LU: Lung ultrasound; NPV: Negative predictive value; OP: 
Organizing pneumonia; PPV: Positive predictive value; RT-PCR: Reverse-tran-
scription polymerase chain reaction.

Acknowledgements
The authors would like to thank Katia Zatorri, MS, for her technical help anno-
tating images and videoclips.

Authors’ contributions
LV and DO conceived the paper and wrote the first draft; MB finalized the 
manuscript and annotated ultrasound pictures; RG and LC wrote about 
computed tomography, collected and analyzed relevant pictures; AB and FS 
made ultrasound recordings; EB and TB revised the manuscript and oversaw 
the work. All authors read and approved the final manuscript.

Funding
Ordinary departmental funding.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Ultrasound and computed tomography images were published in accord-
ance with institutional policies which state that unidentifiable images can be 
used for scientific purposes, provided the report does not contain information 
about individual persons or cases.

Competing interests
The authors declare that they have no competing interests with regards to the 
present work.

Author details
1 Anesthesia and Intensive Care Clinic, Department of Medicine, University 
of Udine, University Hospital S. Maria della Misericordia, Udine, Italy. 2 Anesthe-
sia, Critical Care and Pain Medicine Unit, Department of Medicine and Surgery, 
University of Parma, Viale Gramsci, 14, 431236 Parma, Italy. 3 Institute of Radiol-
ogy, Department of Medicine, University of Udine, University Hospital S. Maria 
della Misericordia, Udine, Italy. 

Received: 1 May 2020   Accepted: 4 August 2020

1  “Like an earthquake.” Interview with Dr. Roberto Cosentini. The Italian Soci-
ety of Emergency Medicine Official Website. https​://www.simeu​.it/w/artic​oli/
leggi​Artic​olo/3977/leggi​ [in Italian]. Last accessed June 16, 2020.

https://doi.org/10.1186/s13089-020-00185-4
https://doi.org/10.1186/s13089-020-00185-4
https://www.simeu.it/w/articoli/leggiArticolo/3977/leggi
https://www.simeu.it/w/articoli/leggiArticolo/3977/leggi


Page 10 of 11Vetrugno et al. Ultrasound J           (2020) 12:39 

References
	1.	 Lichtenstein DA (2019) Current misconceptions in lung ultrasound. A 

short guide for experts. Chest 156:21–25. https​://doi.org/10.1016/j.chest​
.2019.02.332

	2.	 Vetrugno L, Bove T, Orso D, Barbariol F, Bassi F, Boero E, Ferrari G, Kong 
R (2020) Our Italian experience using lung ultrasound for identification, 
grading and serial follow-up of severity of lung involvement for manage-
ment of patients with COVID-19. Echocardiography 37:625–627. https​://
doi.org/10.1111/echo.14664​

	3.	 Gattinoni L, Chiumello D, Caironi P, Busana M, Romitti F, Brazzi L, Camp-
orota L (2020) COVID-19 pneumonia: different respiratory treatments for 
different phenotypes? Intensive Care Med. https​://doi.org/10.1007/s0013​
4-020-06033​-2

	4.	 Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, Tao Q, Sun Z, Xia L (2020) 
Correlation of chest CT and RT-PCR testing in coronavirus disease 2019 
(COVID-19) in China: a report of 1014 cases. Radiology. https​://doi.
org/10.1148/radio​l.20202​00642​

	5.	 Volpicelli G, Gargani L (2020) Sonographic signs and patterns of COVID-
19 pneumonia. Ultrasound J 12:22. https​://doi.org/10.1186/s1308​9-020-
00171​-w

	6.	 Vetrugno L, Bove T, Orso D, Bassi F, Boero E, Ferrari G (2020) Lung 
ultrasound and the COVID-19 “Pattern”: not all that glitters today is gold 
tomorrow. J Ultrasound Med. https​://doi.org/10.1002/jum.15327​

	7.	 Maw AM, Hassanin A, Ho PM, McInnes MDF, Moss A, Juarez-Colunga E, 
Soni NJ, Miglioranza MH, Platz E, DeSanto K, Sertich AP, Salame G, Daugh-
erty SL (2019) Diagnostic accuracy of point-of-care lung ultrasonography 
and chest radiography in adults with symptoms suggestive of acute 
decompensated heart failure: a systematic review and meta-analysis. 
JAMA Netw Open 2:e190703. https​://doi.org/10.1001/jaman​etwor​kopen​
.2019.0703

	8.	 Alzahrani SA, Al-Salamah MA, Al-Madani WH, Elbarbary MA (2017) 
Systematic review and meta-analysis for the use of ultrasound versus 
radiology in diagnosing of pneumonia. Crit Ultrasound J 9:6. https​://doi.
org/10.1186/s1308​9-017-0059-y

	9.	 Brogi E, Bignami E, Sidoti A, Shawar M, Gargani L, Vetrugno L, Volpicelli 
G, Forfori F (2017) Could the use of bedside lung ultrasound reduce the 
number of chest x-rays in the intensive care unit? Cardiovasc Ultrasound 
15:23. https​://doi.org/10.1186/s1294​7-017-0113-8

	10.	 Nouvenne A, Zani MD, Milanese G, Parises A, Baciarello M, Bignami E, 
Odone A, Sverzellati N, Meschi T, Ticinesi A (2020) Lung ultrasound in 
COVID-19 pneumonia: correlations with chest CT at hospital admission. 
Respiration. https​://doi.org/10.1159/00050​9223

	11.	 Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers DAMPJ, 
Kant KM, Kaptein FHJ, van Paassen J, Stals MAM, Huisman MV, Ende-
man H (2020) Incidence of thrombotic complications in critically ill ICU 
patients with COVID-19. Thromb Res. https​://doi.org/10.1016/j.throm​
res.2020.04.013

	12.	 Lichtenstein DA, Mezière GA (2008) Relevance of lung ultrasound in 
the diagnosis of acute respiratory failure: the BLUE protocol. Chest 
134:117–125. https​://doi.org/10.1378/chest​.07-2800

	13.	 Lichtenstein DA (2014) Lung ultrasound in the critically ill. Ann Intensive 
Care 4:1. https​://doi.org/10.1186/2110-5820-4-1

	14.	 Lichtenstein DA, Lascols N, Mezière G, Gepner A (2004) Ultrasound 
diagnosis of alveolar consolidation in the critically ill. Intensive Care Med 
30:276–281. https​://doi.org/10.1007/s0013​4-003-2075-6

	15.	 Lu W, Zhang S, Chen B, Chen J, Xian J, Lin Y, Shan H (2020) A clinical study 
of noninvasive assessment of lung lesions in patients with coronavirus 
disease-19 (COVID-19) by bedside ultrasound. Ultraschall Der Medizin 
Stuttgart Ger 41:300–307. https​://doi.org/10.1055/a-1154-8795

	16.	 Xing C, Li Q, Du H, Kang W, Lian J, Yuan L (2020) Lung ultrasound findings 
in patients with COVID-19 pneumonia. Crit Care 24:174. https​://doi.
org/10.1186/s1305​4-020-02876​-9

	17.	 Huang Y, Wang S, Liu Y, Zhang Y, Zheng C, Zheng Y, Zhang C, Min W, Zhou 
H, Yu M, Hu M (2020) A preliminary study on the ultrasonic manifestations 
of peripulmonary lesions of non-critical novel coronavirus pneumonia 
(COVID-19). SSRN Electron J. https​://doi.org/10.2139/ssrn.35447​50

	18.	 Nazerian P, Volpicelli G, Vanni S, Gigli C, Betti L, Bartolucci M, Zanobetti 
M, Ermini FR, Iannello C, Grifoni S (2015) Accuracy of lung ultrasound 
for the diagnosis of consolidations when compared to chest computed 
tomography. Am J Emerg Med 33:620–625. https​://doi.org/10.1016/j.
ajem.2015.01.035

	19.	 Volpicelli G, Lamorte A, Villén T (2020) What’s new in lung ultrasound dur-
ing the COVID-19 pandemic. Intensive Care Med. https​://doi.org/10.1007/
s0013​4-020-06048​-9

	20.	 Robba C, Robba C, Battaglini D, Ball L, Patroniti N, Loconte M, Brunetti 
I, Vena A, Giacobbe D, Bassetti M, Rocco PRM, Pelosi P (2020) Distinct 
phenotypes require distinct respiratory management strategies in 
severe COVID-19. Respir Physiol Neurobiol. https​://doi.org/10.1016/j.
resp.2020.10345​5

	21.	 Tobin MJ, Laghi F, Jubran A (2020) Caution about early intubation and 
mechanical ventilation in COVID-19. Ann Intensive Care 10:78. https​://doi.
org/10.1186/s1361​3-020-00692​-6

	22.	 Brogi E, Gargani L, Bignami E, Barbariol F, Marra A, Forfori F, Vetrugno L 
(2017) Thoracic ultrasound for pleural effusion in the intensive care unit: a 
narrative review from diagnosis to treatment. Crit Care 21:325. https​://doi.
org/10.1186/s1305​4-017-1897-5

	23.	 Vetrugno L, Guadagnin GM, Barbariol F, D’Incà S, Delrio S, Orso D, 
Girometti R, Volpicelli G, Bove T (2019) Assessment of pleural effusion 
and small pleural drain insertion by resident doctors in an intensive care 
unit: an observational study. Clin Med Insights Circul Respir Pulm Med 
13:117954841987152. https​://doi.org/10.1177/11795​48419​87152​7

	24.	 Vetrugno L, Brogi E, Barbariol F, Forfori F, Bignami E (2018) A message in 
the bottle. Anesthesiology 128:677. https​://doi.org/10.1097/aln.00000​
00000​00203​9

	25.	 Bouhemad B, Mongodi S, Via G, Rouquette I (2015) Ultrasound for “lung 
monitoring” of ventilated patients. Anesthesiology 122:437–447. https​://
doi.org/10.1097/aln.00000​00000​00055​8

	26.	 Bouhemad B, Liu Z-H, Arbelot C, Zhang M, Ferarri F, Le-Guen M, Girard 
M, Lu Q, Rouby J-J (2010) Ultrasound assessment of antibiotic-induced 
pulmonary reaeration in ventilator-associated pneumonia. Crit Care Med 
38:84–92. https​://doi.org/10.1097/ccm.0b013​e3181​b08cd​b

	27.	 Pesenti A, Musch G, Lichtenstein D, Mojoli F, Amato MBP, Cinnella G, 
Gattinoni L, Quintel M (2016) Imaging in acute respiratory distress 
syndrome. Intensive Care Med 42:686–698. https​://doi.org/10.1007/s0013​
4-016-4328-1

	28.	 Soldati G, Copetti R, Sher S (2009) Sonographic interstitial syndrome: 
the sound of lung water. J Ultrasound Med 28:163–174. https​://doi.
org/10.7863/jum.2009.28.2.163

	29.	 Copetti R, Soldati G, Copetti P (2008) Chest sonography: a useful tool 
to differentiate acute cardiogenic pulmonary edema from acute 
respiratory distress syndrome. Cardiovasc Ultrasound 6:16. https​://doi.
org/10.1186/1476-7120-6-16

	30.	 Mayo PH, Copetti R, Feller-Kopman D, Mathis G, Maury E, Mongodi S, 
Mojoli F, Volpicelli G, Zanobetti M (2019) Thoracic ultrasonography: a nar-
rative review. Intensive Care Med 45:1200–1211. https​://doi.org/10.1007/
s0013​4-019-05725​-8

	31.	 Pisani L, Vercesi V, van Tongeren PSI, Lagrand WK, Leopold SJ, Huson 
MAM, Henwood PC, Walden A, Smit MR, Riviello ED, Pelosi P, Dondorp 
AM, Schultz MJ, Consortium LU (2019) The diagnostic accuracy for ARDS 
of global versus regional lung ultrasound scores—a post hoc analysis 
of an observational study in invasively ventilated ICU patients. Intensive 
Care Med Exp 7:44. https​://doi.org/10.1186/s4063​5-019-0241-6

	32.	 Huang D, Ma H, Xiao Z, Blaivas M, Chen Y, Wen J, Guo W, Liang J, Liao X, 
Wang Z, Li H, Li J, Chao Y, Wang XT, Wu Y, Qin T, Su K, Wang S, Tan N (2018) 
Diagnostic value of cardiopulmonary ultrasound in elderly patients with 
acute respiratory distress syndrome. BMC Pulm Med 18:136. https​://doi.
org/10.1186/s1289​0-018-0666-9

	33.	 Ye X, Xiao H, Chen B, Zhang S (2015) Accuracy of lung ultrasonography 
versus chest radiography for the diagnosis of adult community-acquired 
pneumonia: review of the literature and meta-analysis. PLoS ONE 
10:e0130066. https​://doi.org/10.1371/journ​al.pone.01300​66

	34.	 Testa A, Soldati G, Copetti R, Giannuzzi R, Portale G, Gentiloni-Silveri N 
(2012) Early recognition of the 2009 pandemic influenza A (H1N1) pneu-
monia by chest ultrasound. Crit Care 16:R30. https​://doi.org/10.1186/
cc112​01

	35.	 Franquet T (2011) Imaging of pulmonary viral pneumonia. Radiology 
260:18–39. https​://doi.org/10.1148/radio​l.11092​149

	36.	 Koo HJ, Lim S, Choe J, Choi S-H, Sung H, Do K-H (2018) Radiographic and 
CT features of viral pneumonia. Radiographics 38:719–739. https​://doi.
org/10.1148/rg.20181​70048​

	37.	 Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao P, Liu H, 
Zhu L, Tai Y, Bai C, Gao T, Song J, Xia P, Dong J, Zhao J, Wang F-S (2020) 

https://doi.org/10.1016/j.chest.2019.02.332
https://doi.org/10.1016/j.chest.2019.02.332
https://doi.org/10.1111/echo.14664
https://doi.org/10.1111/echo.14664
https://doi.org/10.1007/s00134-020-06033-2
https://doi.org/10.1007/s00134-020-06033-2
https://doi.org/10.1148/radiol.2020200642
https://doi.org/10.1148/radiol.2020200642
https://doi.org/10.1186/s13089-020-00171-w
https://doi.org/10.1186/s13089-020-00171-w
https://doi.org/10.1002/jum.15327
https://doi.org/10.1001/jamanetworkopen.2019.0703
https://doi.org/10.1001/jamanetworkopen.2019.0703
https://doi.org/10.1186/s13089-017-0059-y
https://doi.org/10.1186/s13089-017-0059-y
https://doi.org/10.1186/s12947-017-0113-8
https://doi.org/10.1159/000509223
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1378/chest.07-2800
https://doi.org/10.1186/2110-5820-4-1
https://doi.org/10.1007/s00134-003-2075-6
https://doi.org/10.1055/a-1154-8795
https://doi.org/10.1186/s13054-020-02876-9
https://doi.org/10.1186/s13054-020-02876-9
https://doi.org/10.2139/ssrn.3544750
https://doi.org/10.1016/j.ajem.2015.01.035
https://doi.org/10.1016/j.ajem.2015.01.035
https://doi.org/10.1007/s00134-020-06048-9
https://doi.org/10.1007/s00134-020-06048-9
https://doi.org/10.1016/j.resp.2020.103455
https://doi.org/10.1016/j.resp.2020.103455
https://doi.org/10.1186/s13613-020-00692-6
https://doi.org/10.1186/s13613-020-00692-6
https://doi.org/10.1186/s13054-017-1897-5
https://doi.org/10.1186/s13054-017-1897-5
https://doi.org/10.1177/1179548419871527
https://doi.org/10.1097/aln.0000000000002039
https://doi.org/10.1097/aln.0000000000002039
https://doi.org/10.1097/aln.0000000000000558
https://doi.org/10.1097/aln.0000000000000558
https://doi.org/10.1097/ccm.0b013e3181b08cdb
https://doi.org/10.1007/s00134-016-4328-1
https://doi.org/10.1007/s00134-016-4328-1
https://doi.org/10.7863/jum.2009.28.2.163
https://doi.org/10.7863/jum.2009.28.2.163
https://doi.org/10.1186/1476-7120-6-16
https://doi.org/10.1186/1476-7120-6-16
https://doi.org/10.1007/s00134-019-05725-8
https://doi.org/10.1007/s00134-019-05725-8
https://doi.org/10.1186/s40635-019-0241-6
https://doi.org/10.1186/s12890-018-0666-9
https://doi.org/10.1186/s12890-018-0666-9
https://doi.org/10.1371/journal.pone.0130066
https://doi.org/10.1186/cc11201
https://doi.org/10.1186/cc11201
https://doi.org/10.1148/radiol.11092149
https://doi.org/10.1148/rg.2018170048
https://doi.org/10.1148/rg.2018170048


Page 11 of 11Vetrugno et al. Ultrasound J           (2020) 12:39 	

Pathological findings of COVID-19 associated with acute respiratory dis-
tress syndrome. Lancet Respir Med 8:420–422. https​://doi.org/10.1016/
s2213​-2600(20)30076​-x

	38.	 Zhao W, Zhong Z, Xie X, Yu Q, Liu J (2020) Relation between chest CT 
findings and clinical conditions of coronavirus disease (COVID-19) pneu-
monia: a multicenter study. AJR Am J Roentgenol 214:1–6. https​://doi.
org/10.2214/ajr.20.22976​

	39.	 Inui S, Fujikawa A, Jitsu M, Kunishima N, Watanabe S, Suzuki Y, Umeda S, 
Uwabe Y (2020) Chest CT findings in cases from the cruise ship “Diamond 
Princess” with coronavirus disease 2019 (COVID-19). Radiol Cardiothorac 
Imaging 2:e200110. https​://doi.org/10.1148/ryct.20202​00110​

	40.	 Zhou Z, Guo D, Li C, Fang Z, Chen L, Yang R, Li X, Zeng W (2020) Coro-
navirus disease 2019: initial chest CT findings. Eur Radiol. https​://doi.
org/10.1007/s0033​0-020-06816​-7

	41.	 Salehi S, Abedi A, Balakrishnan S, Gholamrezanezhad A (2020) Coronavi-
rus disease 2019 (COVID-19): a systematic review of imaging findings in 
919 patients. AJR Am J Roentgenol. https​://doi.org/10.2214/ajr.20.23034​

	42.	 Hansell DM, Bankier AA, MacMahon H, McLoud TC, Müller NL, Remy J 
(2008) Fleischner society: glossary of terms for thoracic imaging. Radiol-
ogy 246:697–722. https​://doi.org/10.1148/radio​l.24620​70712​

	43.	 Bernheim A, Mei X, Huang M, Yang Y, Fayad ZA, Zhang N, Diao K, Lin B, 
Zhu X, Li K, Li S, Shan H, Jacobi A, Chung M (2020) Chest CT findings in 
coronavirus disease-19 (COVID-19): relationship to duration of infection. 
Radiology. https​://doi.org/10.1148/radio​l.20202​00463​

	44.	 Pan Y, Guan H, Zhou S, Wang Y, Li Q, Zhu T, Hu Q, Xia L (2020) Initial CT 
findings and temporal changes in patients with the novel coronavirus 
pneumonia (2019-nCoV): a study of 63 patients in Wuhan, China. Eur 
Radiol. https​://doi.org/10.1007/s0033​0-020-06731​-x

	45.	 Rubin GD, Haramati LB, Kanne JP, Schluger NW, Yim J-J, Anderson DJ, 
Altes T, Desai SR, Goo JM, Inoue Y, Luo F, Prokop M, Richeldi L, Tomiyama 
N, Leung AN, Ryerson CJ, Sverzellati N, Raoof S, Volpi A, Martin IBK, Kong 
C, Bush A, Goldin J, Humbert M, Kauczor H-U, Mazzone PJ, Remy-Jardin 
M, Schaefer-Prokop CM, Wells AU (2020) The role of chest imaging in 
patient management during the COVID-19 pandemic: a multinational 
consensus statement from the Fleischner Society. Radiology. https​://doi.
org/10.1148/radio​l.20202​01365​

	46.	 Ye Z, Zhang Y, Wang Y, Huang Z, Song B (2020) Chest CT manifestations of 
new coronavirus disease 2019 (COVID-19): a pictorial review. Eur Radiol. 
https​://doi.org/10.1007/s0033​0-020-06801​-0

	47.	 Kong W, Agarwal PP (2020) Chest imaging appearance of COVID-19 infec-
tion. Radiol Cardiothorac Imaging 2:e200028. https​://doi.org/10.1148/
ryct.20202​00028​

	48.	 Kligerman SJ, Franks TJ, Galvin JR (2013) From the radiologic pathology 
archives: organization and fibrosis as a response to lung injury in diffuse 
alveolar damage, organizing pneumonia, and acute fibrinous and organ-
izing pneumonia. Radiographics 33:1951–1975. https​://doi.org/10.1148/
rg.33713​0057

	49.	 Siddiqi HK, Mehra MR (2020) COVID-19 illness in native and immuno-
suppressed states: a clinical-therapeutic staging proposal. J Heart Lung 
Transplant. https​://doi.org/10.1016/j.healu​n.2020.03.012

	50.	 Simpson S, Kay FU, Abbara S, Bhalla S, Chung JH, Chung M, Henry TS, 
Kanne JP, Kligerman S, Ko JP, Litt H (2020) Radiological Society of North 
America Expert Consensus Statement on Reporting Chest CT findings 
related to COVID-19. Endorsed by the Society of Thoracic Radiology, the 

American College of Radiology, and RSNA. Radiol Cardiothorac Imaging 
2:e200152. https​://doi.org/10.1148/ryct.20202​00152​

	51.	 Sverzellati N, Milone F, Balbi M (2020) How imaging should properly be 
used in COVID-19 outbreak: an Italian experience. Diagn Interv Radiol 
26:204–206. https​://doi.org/10.5152/dir.2020.30320​

	52.	 Jin Y-H, Cai L, Cheng Z-S, Cheng H, Deng T, Fan Y-P, Fang C, Huang D, 
Huang L-Q, Huang Q, Han Y, Hu B, Hu F, Li B-H, Li Y-R, Liang K, Lin L-K, Luo 
L-S, Ma J, Ma L-L, Peng Z-Y, Pan Y-B, Pan Z-Y, Ren X-Q, Sun H-M, Wang Y, 
Wang Y-Y, Weng H, Wei C-J, Wu D-F, Xia J, Xiong Y, Xu H-B, Yao X-M, Yuan 
Y-F, Ye T-S, Zhang X-C, Zhang Y-W, Zhang Y-G, Zhang H-M, Zhao Y, Zhao 
M-J, Zi H, Zeng X-T, Wang Y-Y, Wang X-H, (CPAM) for the Zhongnan Hos-
pital of Wuhan University Novel Coronavirus Management and Research 
Team, Evidence-Based Medicine Chapter of China International Exchange 
and Promotive Association for Medical and Health Care (2020) A rapid 
advice guideline for the diagnosis and treatment of 2019 novel coronavi-
rus (2019-nCoV) infected pneumonia (standard version). Mil Med Res 7:4. 
https​://doi.org/10.1186/s4077​9-020-0233-6

	53.	 Hope MD, Raptis CA, Shah A, Hammer MM, Henry TS, Signatories on 
Behalf of Six (2020) A role for CT in COVID-19? What data really tell us so 
far. Lancet 395:1189–1190. https​://doi.org/10.1016/s0140​-6736(20)30728​
-5

	54.	 Raptis CA, Hammer MM, Short RG, Shah A, Bhalla S, Bierhals AJ, Filev PD, 
Hope MD, Jeudy J, Kligerman SJ, Henry TS (2020) Chest CT and corona-
virus disease (COVID-19): a critical review of the literature to date. Am J 
Roentgenol. https​://doi.org/10.2214/ajr.20.23202​

	55.	 Li R, Liu G, Zhang X, Li H (2020) Letter to the Editor: Chest CT and RT-PCR: 
radiologists’ experience in the diagnosis of COVID-19 in China. https​://
www.europ​ean-radio​logy.org/opini​ons/chest​-ct-and-rt-pcr-radio​logis​ts-
exper​ience​-in-the-diagn​osis-of-covid​-19-in-china​/. Accessed 28 Apr 2020

	56.	 Sardanelli F, Leo GD (2020) Assessing the value of diagnostic tests in the 
new world of COVID-19 pandemic. Radiology. https​://doi.org/10.1148/
radio​l.20202​01845​

	57.	 The Royal College of Radiologists (2020) RCR position on the role of CT in 
patients suspected with COVID-19 infection. https​://www.rcr.ac.uk/colle​
ge/coron​aviru​s-covid​-19-what-rcr-doing​/clini​cal-infor​matio​n/rcr-posit​
ion-role-ct-patie​nts. Accessed 28 Apr 2020

	58.	 American College of Radiography (2020) ACR recommendations for the 
use of chest radiography and computed tomography (CT) for suspected 
COVID-19 infection. https​://www.acr.org/Advoc​acy-and-Econo​mics/
ACR-Posit​ion-State​ments​/Recom​menda​tions​-for-Chest​-Radio​graph​
y-and-CT-for-Suspe​cted-COVID​19-Infec​tion. Accessed 28 Apr 2020

	59.	 Winkler M, Touw H, Pm Ven, Twisk J, Tuinman P (2018) Diagnostic 
accuracy of chest radiograph, and when concomitantly studied lung 
ultrasound, in critically ill patients with respiratory symptoms. Crit Care 
Med 46:e707–e714. https​://doi.org/10.1097/ccm.00000​00000​00312​9

	60.	 Guarracino F, Vetrugno L, Forfori F et al (2020) Lung, heart, vascular, and 
diaphragm ultrasound examination of COVID-19 patients: a compre-
hensive approach. J Cardiothorac Vasc Anesth. https​://doi.org/10.1053/j.
jvca.2020.06.013 (published online ahead of print, 2020 Jun 1)

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/s2213-2600(20)30076-x
https://doi.org/10.1016/s2213-2600(20)30076-x
https://doi.org/10.2214/ajr.20.22976
https://doi.org/10.2214/ajr.20.22976
https://doi.org/10.1148/ryct.2020200110
https://doi.org/10.1007/s00330-020-06816-7
https://doi.org/10.1007/s00330-020-06816-7
https://doi.org/10.2214/ajr.20.23034
https://doi.org/10.1148/radiol.2462070712
https://doi.org/10.1148/radiol.2020200463
https://doi.org/10.1007/s00330-020-06731-x
https://doi.org/10.1148/radiol.2020201365
https://doi.org/10.1148/radiol.2020201365
https://doi.org/10.1007/s00330-020-06801-0
https://doi.org/10.1148/ryct.2020200028
https://doi.org/10.1148/ryct.2020200028
https://doi.org/10.1148/rg.337130057
https://doi.org/10.1148/rg.337130057
https://doi.org/10.1016/j.healun.2020.03.012
https://doi.org/10.1148/ryct.2020200152
https://doi.org/10.5152/dir.2020.30320
https://doi.org/10.1186/s40779-020-0233-6
https://doi.org/10.1016/s0140-6736(20)30728-5
https://doi.org/10.1016/s0140-6736(20)30728-5
https://doi.org/10.2214/ajr.20.23202
https://www.european-radiology.org/opinions/chest-ct-and-rt-pcr-radiologists-experience-in-the-diagnosis-of-covid-19-in-china/
https://www.european-radiology.org/opinions/chest-ct-and-rt-pcr-radiologists-experience-in-the-diagnosis-of-covid-19-in-china/
https://www.european-radiology.org/opinions/chest-ct-and-rt-pcr-radiologists-experience-in-the-diagnosis-of-covid-19-in-china/
https://doi.org/10.1148/radiol.2020201845
https://doi.org/10.1148/radiol.2020201845
https://www.rcr.ac.uk/college/coronavirus-covid-19-what-rcr-doing/clinical-information/rcr-position-role-ct-patients
https://www.rcr.ac.uk/college/coronavirus-covid-19-what-rcr-doing/clinical-information/rcr-position-role-ct-patients
https://www.rcr.ac.uk/college/coronavirus-covid-19-what-rcr-doing/clinical-information/rcr-position-role-ct-patients
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://www.acr.org/Advocacy-and-Economics/ACR-Position-Statements/Recommendations-for-Chest-Radiography-and-CT-for-Suspected-COVID19-Infection
https://doi.org/10.1097/ccm.0000000000003129
https://doi.org/10.1053/j.jvca.2020.06.013
https://doi.org/10.1053/j.jvca.2020.06.013

	The “pandemic” increase in lung ultrasound use in response to Covid-19: can we complement computed tomography findings? A narrative review
	Abstract 
	Introduction
	Lung ultrasound and COVID-19
	What is new in this context?
	What is known about LU?
	Lung ultrasound score (LUS)
	Diagnostic performance of LU

	Chest CT and COVID-19
	Imaging features
	Diagnostic performance and role in clinical practice

	Conclusion
	Acknowledgements
	References




