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Abstract

In December 2019 in Wuhan (China), a bat-origin coronavirus (2019-nCoV), also known as severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), was identified, and the World Health Organization named the related disease COVID-
19. Its most severe manifestations are pneumonia, systemic and pulmonary thromboembolism, acute respiratory distress
syndrome (ARDS), and respiratory failure. A swab test is considered the gold standard for the diagnosis of COVID-19
despite the high number of false negatives. Radiologists play a crucial role in the rapid identification and early diagnosis of
pulmonary involvement. Lung ultrasound (LUS) and computed tomography (CT) have a high sensitivity in detecting pul-
monary interstitial involvement. LUS is a low-cost and radiation-free method, which allows a bedside approach and needs
disinfection of only a small contact area, so it could be particularly useful during triage and in intensive care units (ICUs).
High-resolution computed tomography (HRCT) is particularly useful in evaluating disease progression or resolution, being

able to identify even the smallest changes.
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Introduction

In December 2019 in Wuhan (China), a bat-origin coronavi-
rus (2019-nCoV) was identified, also known as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [1], and
the World Health Organization named the related disease
COVID-19. COVID-19 is characterized by serious patholo-
gies, such as pneumonia, necrotizing encephalopathy, sys-
temic and pulmonary thromboembolism, acute respiratory
distress syndrome (ARDS), respiratory failure, systemic
inflammatory response, sepsis, and, rarely, gastro-intestinal
and cutaneous involvement [2]. The main clinical presenta-
tion includes fever, dry cough, dyspnea, malaise, and/or non-
specific upper respiratory tract infection symptoms. Some
patients develop ARDS, requiring ventilatory support. The
infection targets mainly the respiratory system, leading to
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interstitial pneumonia. The spike protein of the virus, also
known as the S protein, binds to the angiotensin-converting
enzyme 2 (ACE2) receptor expressed in the alveolar epi-
thelium; this physiopathology explains the predominance
of respiratory symptoms [3]. Histopathological studies in
patients with COVID-19 showed inflammatory pulmonary
changes characterized by alveolar edema, reactive alveolar
epithelial hyperplasia, prominent proteinaceous exudates,
and vascular congestion, as well as clusters with fibrin-
ous material, multinucleated giant cells, and fibroblastic
proliferation [4]. Laboratory findings of infected patients
include lymphopenia, elevated C-reactive protein, and an
elevated erythrocyte sedimentation rate. Genetic sequencing
of SARS-CoV-2 has enabled the rapid development of point-
of-care real-time reverse transcription-polymerase chain
reaction (RT-PCR) diagnostic tests specific for COVID-19
[5, 6]. Identification of the viral pathogen through nucleic
acid detection, usually from a swab test, is considered the
gold standard for the diagnosis of COVID-19 [7], despite
false negatives due to irregular sampling, laboratory error,
insufficient viral material in the specimen, improper extrac-
tion of nucleic acid from clinical materials [7]. Radiolo-
gists play a crucial role in the rapid identification and early
diagnosis of patients affected with COVID-19 pneumonia.
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Imaging features

Lung ultrasound (LUS) is an economic and easy tool, with
a bedside approach, that can be used to diagnose COVID-
19-related pulmonary involvement [8]. Computed tomog-
raphy (CT) is the most sensitive technique for detecting
early disease, assessing the nature and extent of lesions,
and discovering minor changes that are often not visible
on chest radiography [9]; it allows evaluating the disease’s
evolution and the therapy outcome. Chest radiography
of COVID-19 patients is not routinely recommended in
clinical practice because it cannot detect COVID-19 in
the early stage [7, 10]. Finally, 18F-fluorodeoxyglucose
(FDG) positron emission tomography (PET)/CT cannot
be routinely used in an emergency setting, and it is gener-
ally not recommended for infectious diseases, but it can
be useful for differential diagnosis [11].

Lung ultrasound

Ultrasound (US) can be used in the triage of symptomatic
patients, in the assessment of the severity of lung dam-
age, and in the assessment of the evolution of the disease
[8]. It is a radiation-free method and can be safely used in
children and pregnant women [8, 12, 13].

US needs disinfection of a small contact area and allows
a bedside approach, thus preventing the dislocation of
patients in the hospital, especially from the intensive care
unit (ICU). The ability of US to assess pulmonary involve-
ment is higher in severe cases, but it is reduced in mild
or moderate cases [14, 15]. The disadvantages of US are
the following: prolonged exposure of the examiner due
to the difficulty of maintaining adequate distance from
the patient, the use of uncomfortable personal protec-
tive equipment, specific disinfection of the transducers,
no standards for reporting US changes, and inter-operator
variability [16]. Furthermore, US examination is often
performed in a COVID division (usually an ICU) with
on-site available devices and not in a US laboratory with
high-end machines [16].

For the detection of the interstitial syndrome in non-
COVID patients, US has a sensitivity of 98% and a speci-
ficity of 88%, while chest radiography has a sensitivity of
60% and a specificity of 100% [17]. For consolidation, in
non-COVID patients, US has a sensitivity of 93% and a
specificity of 93%, compared with chest radiography that
has a sensitivity of 68% and a specificity of 95% [17, 18].

US can also distinguish between cardiogenic and non-
cardiogenic pulmonary edema and can exclude alternative
causes of hypoxia in intensive care [19].
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Technique

During LUS scanning, the transducer is usually placed longi-
tudinally, perpendicular to the ribs over the intercostal space.
Different US protocols for studying the lung parenchyma
are described in the literature. Some authors evaluate eight
zones of the chest, four at each side (two anterior and two
lateral), using low- and high-frequency probes [20]. Other
authors [21] evaluate 14 areas (three posterior, two lateral,
and two anterior) for 10 s, with an intercostal scan; for LUS
examinations of patients who are not able to maintain a sit-
ting position, the operator tries to have a partial view of the
basal and dorsal regions.

The most used protocol consists of the evaluation of three
areas in each hemithorax (anterior, lateral, and posterior),
using the anterior and posterior axillary lines as anatomical
landmarks in supine patients. Each area is divided into two
parts, superior and inferior. Therefore, six specific regions
for each lung are scanned for 60 s [22, 23] (Fig. 1).

The BLUE protocol used by other authors [4] consists
of the application of two hands side by side, without the
thumbs, over the anterior chest with the wrists in the ante-
rior axillary line and the upper little finger resting along the
clavicle, defining three points: (1) the upper anterior point,
corresponding to the base of the middle and ring fingers of
the upper hand, which lies over the upper lobe; (2) the lower
anterior point, corresponding to the middle of the palm of
the lower hand (close to the nipple of a man), which lies
over the middle or lingular lobe; and (3) the posterolateral
point, which lies behind the posterior axillary line over the
lower lobe [4].

Different probes are suitable for LUS [23]:

— Linear probes (with high superficial definition and low
penetration capacity), which are useful in patients with
a thin parietal wall, mainly in anterior fields, and in the
evaluation of pleural pathologies.

— Phased-array and convex probes, which are more suitable
for the examination of deep pathologies (consolidations
and pleural effusions) and for thick parietal wall areas,
mainly lateral and posterior.

— Microconvex probes, which are more flexible and are
suitable for both superficial and deep pathology evalua-
tion thanks to their wide frequency range [23].

US signals are not transmitted through normally aerated
lungs, and only the pleural line can be seen. It appears
as a hyperechoic and sliding line, 2 mm thick, moving
forward and backward with ventilation, resulting from the
movement of the visceral pleura against the parietal pleura
during the respiratory cycle [23]. The sliding line is an
indicator of lung ventilation in the inspected area [4, 23].
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Fig. 1 The 12-zone protocol

in the evaluation of pulmonary
parenchyma with US. Six zones
on each hemithorax: anterior—
superior (yellow), lateral-supe-
rior (beige), posterior-superior
(orange), anterior-inferior
(green), lateral-inferior (pink),
and posterior-inferior (blue)

arasternal line

Posterior a}i,llary line

Six regions for each hemitorax: right and left

Over the pleural line, horizontal reverberations are pro-
duced by the bouncing of the echo between the pleural line
and the probe, the so-called A-lines [4] (Fig. 2). The extent
of these artifacts varies depending on the ratio of air and
fluid in the lung. The diagnostic findings of LUS imaging
are based on the relative amounts of air and fluid present
in the lung [4]. The increase in extra-vascular lung water
produces vertical US artifacts resulting from the abnormal
gas—tissue interface, the so-called B-lines, which appear
as comet-tail vertical artifacts, arising from the pleural
line, with different shapes and lengths [4]. They appear
in US images when the lung loses normal aeration but is

Fig.2 Normal lung US: A-lines
are visible, indicating the pres-
ence of air below the pleural
line

not completely consolidated [4]. They represent a rever-
beration artifact through edematous interlobular septa or
alveoli [23]. Lung consolidation appears as a tissue-like
echotexture (so-called hepatization). Within the consolida-
tion, hyperechoic punctiform images can be seen, corre-
sponding to air bronchograms [23]. A-lines and B-lines are
determined by the degree of aeration, configuring different
patterns [23]:

— A-lines beyond the pleural line: normal pulmonary aera-
tion.
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— Multiple and well-separated vertical B-lines: moderate
decrease in lung aeration resulting from interstitial syn-
drome.

— Coalescent B-lines: more severe decrease in lung aeration
resulting from partial filling of alveolar spaces.

— Lung consolidation: complete loss of aeration with per-
sisting aeration of distal bronchioles (dynamic broncho-
grams) [23].

— Absence of A-lines and B-lines: a white lung.

The most used LUS score of aeration is the following. For
each given region of interest, points are allocated according
to the worst US pattern observed: normal =0, well-separated
B-lines =1, coalescent B-lines =2, and consolidation =3
points [21-23].

COVID-19 LUS findings

Although LUS is highly sensitive in detecting COVID-19
pneumonia, there are no pathognomonic signs related to
SARS-CoV-2 in the lungs. In fact, all the abnormal signs of
COVID-19 pneumonia are shared with all the interstitial and
alveolar-interstitial lung diseases, including viral pneumonia
of different etiologies, Pneumocystis jirovecii pneumonia,
idiopathic or secondary pulmonary fibrosis, hypersensitivity
pneumonitis, congestive heart failure, and diffuse alveolar
hemorrhage [24].

Although non-specific, B-lines are common in COVID-
19. Peng et al. [25] first reported their appearance, which
was later confirmed by other authors [26-29].

Characteristic findings of COVID-19 pulmonary involve-
ment are the following: thickening of the pleural line and
pleural line irregularity; B-lines in a variety of patterns
(focal, multifocal, and confluent); and consolidations with
occasional mobile air bronchograms; and, less frequently,
pleural effusions [25-34]. The presence of pleural effusions
may indicate that another diagnosis should be considered,
such as bacterial pneumonia, bacterial superinfection, or
congestive cardiac failure [33, 35]; the accuracy of US in
detecting pleural effusions is 93% [33].

In the early stage of COVID-19, lung changes are more
localized and are detected mainly in the subpleural regions
of one or both lungs. Later, the pathology involves multiple
lobes, leading to air loss and consolidations of some lesions
surrounded by several B-lines [18]. In ARDS, including
COVID-19-induced ARDS, US examination shows a white
area in which neither A-lines nor separated B-lines are vis-
ible. This presentation is called a “white lung” [31].

The echostructure of the lung itself becomes visible with
an air bronchogram, representing the air inside alveoli or
bronchi surrounded by inflammation or pus; the pleural lines
are so completely obscured [19, 31].
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In their study, Huang et al. used a 3—17 MHz high-
frequency linear array transducer and a 1-8 MHz convex
array and scanned the thorax in 12 lung areas. LUS findings
from 20 patients with confirmed COVID-19 were as fol-
lows: discontinuous or continuous/fused B-lines (37.9%),
an unsmooth and rough pleural line (15%), multiple small
patchy subpleural consolidations (22.1%), air bronchograms
(15.4%), local pleural effusions around the lung lesions
(18.8%), pleural thickening of 1-2 mm (14.6%), and poor
blood flow in lesions (94.3%); both the right and the left
posterior inferior lung were involved in 75% of cases [34].

Peng et al. studied 20 patients with COVID-19, dividing
the thorax in 12 areas. Lung findings were the following:
thickening and irregularity of the pleural line, B-lines in a
variety of patterns (focal, multifocal, and confluent), con-
solidations in a variety of patterns (multifocal, non-translo-
bar, and translobar), occasional mobile air bronchograms,
appearance of A-lines during the recovery phase, and pleural
effusions (uncommon) [25].

Lomoro et al. studied 58 patients in the emergency room
and found a thickened pleural line (13.6% of cases), various
patterns of B-lines (100%), consolidation (27.3%), pleural
effusions (4.5%), and A-lines in (4.5%) [36].

In their study, Poggiali et al. analysed 12 patients and
found thickening of the pleural line, an irregular pleural
line, B-lines (focal and confluent), consolidations with air
bronchograms, and pleural effusions (in a few cases) [37].

Yasukawa et al. analysed 10 patients using a bedside
phased-array transducer while the patients were sitting up.
US examinations were performed along the midclavicular
line in the bilateral anterior chest wall and along the scapular
line and in the interscapular regions of the posterior chest
wall. The most frequent findings were the following: five
or more B-lines (100%), a white lung (50%), three or four
B-lines between two ribs (20%), and thick and irregular
pleural lines (100%) [38].

Musolino et al. studied 10 patients with a wireless pocket
device connected to a probe. They analysed 14 areas (three
posterior, two lateral, and two anterior) per patient for 10 s
and obtained the following results: vertical artifacts (70%),
pleural irregularities (60%), areas of a white lung (10%), and
subpleural consolidations (10%); no cases of pleural effu-
sions were found [39].

Fonsi et al. [22] performed LUS examinations using the
12-zone method with the patients placed in both supine and
lateral positions, using convex and linear vascular transduc-
ers (2.5-5 and 7.5-12 MHz, respectively). Among the 44
patients with COVID-19, they found thickened pleural lines
(86% of cases), B-lines (100%; in different patterns), con-
solidations (45%), bilateral distributions (75%), and pleural
effusions (18%).

All these US findings are summarized in Table 1. All
the patients who underwent LUS were in an emergency
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Table 1 The most frequent chest US findings reported in mentioned studies and their relative frequency

A-lines

White lung  Consolidation  Pleural effusion ~ Broncho-grams  Pleuralthickening

B-Line  PleuralLine irreg

Type of Patient

N. of Patient

Author

14.%
NA*

15.4%
NA*

18.8%
NA*
4.5%
NA*

22.1%
NA*

15%

37.9%
NA*

NA*

ED**

20
20
58

Huang et al. [34]
Peng et al. [25]

NA*
4.5%

13.6%

NA*

27.3%
NA*

100%
NA*

ED#**

Lomoro et al. [36]
Poggiali et al. [37]

NA*

NA*

ED**

12
10
10
44

100%

50%

100%
60%

100%
70%

ED#**

Yusukawa et al. [38]

0%
0%

10%
45%

10%

ED#**

Musolino et al. [39]
Fonsi et al. [22]

20%

86%

39%

100%

ED**

*We entered NA (not available) in those cases where the authors didn’t provide a more accurate value for the findings

**We entered ED (Emergency Department) in those cases where patients have been subjected to LUS in the emergency Department

department with swab-confirmed COVID-19 infection.
Some authors evaluated the relationship between LUS
signs and CT findings. Lopes et al. [24] found that patients
with more than two B-lines on LUS had more ground-glass
opacity (GGO) areas on CT than those with fewer than two
B-lines on LUS. Patients with subpleural consolidations
on LUS had more areas of consolidation on CT than those
without subpleural consolidations on LUS, and patients with
higher LUS aeration scores had more extensive and more
advanced disease on CT. Similar results were obtained by
Peng et al. [25], Lomoro et al. [36], and Poggiali et al. [37]
(Fig. 3). Peng et al. and Huang et al. have demonstrated a
high correlation between LUS and chest CT scans in the
same patients [25, 34].

Computed tomography

CT is more sensitive and specific than X-ray spectroscopy
and can identify lung interstitial involvement in the early
stages of COVID-19. It is often used in patients with a high
clinical suspicion of COVID-19 in the screening and pre-
liminary diagnosis of pneumonia [40, 41], although a normal
chest CT scan does not exclude COVID-19 [2].

The typical high-resolution computed tomography
(HRCT) pattern consists of single or multiple GGOs, with
mainly a subpleural distribution, crazy paving, and patchy
pattern with segmental pulmonary consolidations [42, 43].

COVID-19 has different manifestations at different stages
of the disease. Most patients have single or multiple GGOs
in the early stages of the disease, which continue to expand
with disease progression. The reported prevalence of GGO
varies between 46 and 100%, and GGO is usually found in
the early phases of the disease and/or in mild pulmonary
infection [44—67] (Table 2). In the later stages of COVID-19,
GGO is often combined with other imaging features, such as
pulmonary consolidation, the appearance of crazy paving,
and pleural effusion [50, 68-72].

Pulmonary consolidation in patients with COVID-19 is
regarded as a sign of disease progression. Pan et al. found
that pulmonary consolidation is rare in the early stages of
COVID-19, but with the progression of the disease, it gradu-
ally appears. In the later stages of COVID-19, the range of
pulmonary consolidation becomes larger and diffuse [49, 52,
68—72]. The reported prevalence of a crazy-paving pattern in
COVID-19 patients varies between 5 and 89% [44-67, 73].

The reported prevalence of thromboembolic events in
patients with COVID-19 is higher than that in the healthy
population. Therefore, when CT shows peripherally located,
triangular-shaped consolidation areas, pulmonary thrombo-
embolism and infarction should be considered in the differ-
ential diagnosis [74, 75]. Grillet et al. reported a 23% preva-
lence of pulmonary embolism in COVID-19 patients with
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Fig.3 Imaging correlation between LUS and chest CT scans of the
same patients. a A-lines in normally aerated parenchyma. b Well-
separated B-lines, corresponding to subpleural GGOs. ¢ Coalescent

severe clinical features [74]. Leonard-Lorant et al. reported
that 22 of 106 patients (30%) with COVID-19 had acute
pulmonary thromboembolism [76].

Bai et al. [63] compared the CT findings in patients with
COVID-19 pneumonia with those in patients with non-
COVID-19 pneumonia, and they found that pulmonary vas-
cular enlargement (PVE) was significantly associated with
COVID-19. Moreover, PVE was reported in 45.2-89.2% of
COVID-19 patients and should be attributed to vascular wall
inflammatory infiltration [55, 56, 58, 63, 66].

Pleural pathologies, such as pleural effusion and focal
pleural thickening, have rarely been reported in cases with
COVID-19, and pleural pathologies are usually seen in the
later stages of the disease [52, 62]. The prevalence of pleural
effusion in COVID-19 patients has been reported to range
from 0 to 20% [44—67, 73] (Table 2).

The air bubble sign is a small air-containing space that
may be related to the pathological expansion of alveolar sacs
or bronchioles or the absorption process of consolidation;
the reported prevalence of air bubble signs in patients with
COVID-19 pneumonia ranges from 8.1 to 54.8% [54, 57,
62-66, 77].

The reversed halo sign (RHS) indicates a central GGO
surrounded by denser ring-like (crescentic shape) consoli-
dation, also known as the Atoll sign [78], and it has been
reported in several COVID-19 cases.

The spider web sign was defined by Wu et al. [48]; they
described it as an angular- or triangular-shaped peripheral
GGO with interstitial thickening, like a spider web in a
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B-lines, corresponding to more severe GGOs resulting from partial
filling of alveolar spaces. d Lung consolidation

corner. Li et al. [61] detected the spider web sign in 21
out of 83 (25.3%) patients with COVID-19 pneumonia.

Lymphadenopathies have been reported in 0%-29% of
patients with COVID-19 [48, 49, 54, 61].

Pericardial effusion has rarely been reported in COVID-
19 patients, which may indicate the occurrence of myo-
cardial and/or pericardial inflammation. Li et al. [61] have
reported that COVID-19 patients with severe and critical
diseases showed a higher frequency of pericardial effusion
than non-critical patients. Recently, Xu et al. [54] found
pericardial effusion in one out of 90 (1.1%) patients with
COVID-19 pneumonia.

An expert consensus statement by the Radiological
Society of North America (RSNA) suggested standard-
ized reporting and classification of imaging features for
COVID-19 pneumonia [79].

Salehi et al. have defined a new classification by ana-
lysing 37 published studies that examined the diagnostic
chest CT findings of COVID-19 patients. The classifica-
tion contains five categories [80]:

— COVID-RADS 0: normal CT findings,

— COVID-RADS 1: atypical CT findings (inconsistent
with COVID-19),

— COVID-RADS 2A: fairly typical findings,

— COVID-RADS 2B: a combination of atypical findings
and typical/fairly typical findings, and

— COVID-RADS 3: typical CT findings.
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Recently, the Dutch Radiological Society has defined a
new classification (CO-RADS) for pulmonary involvement
in cases presenting with moderate and severe symptoms of
COVID-19. In this standardized assessment (CO-RADS),
a substantial agreement was found among eight observers
(Fleiss’ kappa of 0.47, 95% CI [0.45, 0.49]), and the dis-
criminatory power of CO-RADS for diagnosing COVID-
19 was high (with an area under the curve of 0.91, 95% CI
[0.85,0.97]) [81].

For the staging of lung involvement, Chung et al.
[46] and Li et al. [82] used the same scoring, as follows:
none (0%) =score 0, minimal (1%-25%)=score 1, mild
(26%—-50%) = score 2, moderate (51-75%) =score 3, and
severe (76—100%) = score 4. An overall lung involvement
score was reached by summing the five lobe scores (0-20).

Chest radiographs

Although a chest X-ray is less sensitive than a CT scan, it
may be used as a first-line approach because of its availabil-
ity and easiness of decontamination. It is useful in cases in
which the patient cannot be moved to the CT scanner in a
radiology department [83]. A chest radiograph has low sen-
sitivity in the first days of COVID-19; in fact, it may be nor-
mal early in the clinical course and tends to peak 10—12 days
after the onset of clinical symptoms [83-85]. GGOs may not
be thick enough to be seen on radiographs, and if they have
a basal and retro-cardiac location, it may be difficult to see
them because they are obscured by the overlying diaphragm
in the frontal view and by mediastinal structures in the lat-
eral view [86]. As the disease progresses, chest radiographs
can detect multiple patchy opacities that become confluent
and, in severe cases, may appear as a white lung. In more
advanced cases, in addition to GGO and consolidation, even
pleural fluid has been reported [1, 7, 36, 85-92].

In their study, Wong et al. [85] analysed the chest radio-
graphs of 64 patients affected by COVID-19 infection, con-
firmed by RT-PCR on nasopharyngeal swabs and throat
swabs, revealing that 51 out of 64 patients had abnormali-
ties on their chest X-rays (CXRs) during illness. On baseline
CXR, consolidation was the most common finding (47%),
followed by GGO (33%). Peripheral (41%) and lower zone
distribution (50%) were the more common locations, and
most patients had bilateral involvement (50%). Pleural effu-
sion was found in two cases (3%). Out of 58 (91%) patients
who tested positive on the initial RT-PCR, 38 (59%) had
abnormalities on the first CXR. Six patients (9%) were nega-
tive on the initial RT-PCR but demonstrated abnormalities
on the first CXR. Of these six patients, five subsequently
tested positive after 24 h, and one tested positive after 48 h.
The detection rate of the first RT-PCR was 58/64, a 91%
sensitivity (95% CI [83, 96]), which was higher than that
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of the first CXR (44/64, a 69% sensitivity, 95% CI [56, 80])
(p=0.009).

In their study, Pakray et al. [93] performed imaging on
227 patients with either a positive RT-PCR or a high clini-
cal suspicion of COVID-19 infection. Out of the total 227
patients imaged, 174 (76.6%) were RT-PCR positive, 19
(8.3%) were RT-PCR negative, and 34 (15%) were not tested
or pending. Of the 173 RT-PCR positive patients, 155 had
abnormal imaging (89.6%), including 86% of the CXRs and
100% of the CTs. Among the abnormal findings, the most
common manifestations were mixed airspace and interstitial
opacities (74, 39.8%), multifocality (99, 53.2%), and bilat-
erality (165, 88.7%).

In their study with 99 patients, Chen et al. [89] found
that bilateral pneumonias were the most common findings
on chest radiographs.

Ming-Yen et al. [94] performed CXR examinations on
five patients; two patients showed normal CXR findings,
with CT examinations performed on the same day showing
GGOs. The other three CXR examinations showed consoli-
dation. One CXR examination showed lower zone predomi-
nance, while the other two CXR examinations did not show
any zonal predominance. In these three patients, the CXR
examinations did not demonstrate the peripheral predomi-
nance that was visible on their respective CT examinations.

Lomoro et al. [36] found a CXR sensitivity of 84% (27
out of 32). Of 170 non-hospitalized patients with mild symp-
toms, Bandirali et al. [94] found 100 (58.8%) abnormal
CXRs suggestive of COVID-19; however, RT-PCR confir-
mation was not performed.

All these chest radiograph findings are summarized in
Table 3.

MRI

Although it is not relevant for the evaluation of lung dis-
ease, magnetic resonance imaging (MRI) can contribute to
the diagnostic pathway of patients with symptoms from the
central nervous system, such as acute stroke, skeletal muscle
injuries, impaired consciousness, or acute necrotizing hem-
orrhagic encephalopathy.

MRI can have a role in the diagnosis of COVID-19 com-
plications, such as cardiac complications or persistent myosi-
tis [95, 96]. MRI can also demonstrate incidental findings
related to COVID-19 in the pulmonary parenchyma. The
pulmonary distribution of COVID-19 on MRI is consistent
with CT and CXR, including basilar and peripheral predomi-
nant disease. On MRI, parenchymal changes of COVID-19
pneumonia appear as regions of abnormally increased signal
intensity on both T1- and T2-weighted sequences, corre-
sponding to the GGOs or consolidative opacities seen on
CXR and CT [97].
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Table 3 The most frequent chest radiograph findings reported in mentioned studies and their relative frequency

Author N. of patient Abnormal Consolidation GGO Distribution Pleural effusion Bilateral Sensitivity
Chest
X-ray
Wong et al. [85] 64 80% 47% 33%  Peripheral/lower zone 50% 3% 50% 69%
Pakray et al. [93] 173 86% 39.8% - Multifocality 99.53% - 88.7% -
Chen et al. [89] 99 14% 76%
NG Ming-Yen et al. [94] 5 60% 60% - Lower zone 20% - - -
Lomoro et al. [36] 32 84% - - - - 100% 84%
Bandirali et al. [94] 170 58.8% - - - - - -
Yoon et al. [90] 9 56% NA* NA* Lower zone 50% - - 33%

*We entered NA (not available) in those cases where the authors didn’t provide a more accurate value for the findings.

FDG-PET

FDG-PET is not used in an emergency, but it is useful in
identifying inflammatory processes in the lungs, in moni-
toring disease progression, and in following treatment [97].

During viral infection, the host response triggers a rapid
surge in inflammatory mediators, including neutrophils,
monocytes, and chemokines. During acute infection, the
neutrophils depend on anaerobic glycolysis to maintain
cellular activity, and this increase in glucose requirement
causes an increase in FDG uptake on PET/CT [98].

Lung lesions in COVID-19 pneumonia have high 18F-
FDG uptake [11, 99, 100]. In their study, Chunxia et al.
[11] used 18F-FDG PET/CT on four patients admitted to
the hospital with respiratory symptoms and fever when the
COVID-19 outbreak was still unrecognized and virus infec-
tivity was unknown. All patients had peripheral GGOs and/
or lung consolidations in more than two pulmonary lobes,
characterized by a high 18F-FDG uptake (with a maximum
standardized uptake value [SUV] range of 2.2-4.6) with
lymph node involvement. Reported SUVs ranged from 4.6
to 12.2 [99, 100]. Tumors presenting as GGOs are unlikely
to be FDG-avid [11].

PET/CT also has the potential as a whole-body non-inva-
sive examination to assess chronic end-organ complications.

Conclusion

In COVID-19, imaging has an important role in the diagnos-
tic steps, as swabs can sometimes be negative. Chest X-ray
has low sensitivity, especially in the early phase of the dis-
ease and in mild cases. In contrast, LUS and HRCT have a
high sensitivity in detecting pulmonary interstitial involve-
ment. The greater sensitivity of LUS compared with CT can
be explained by the fact that SARS-CoV-2 often induces
lesions in the posterior and inferior areas of the lung, in

the subpleural region, which is particularly suitable for LUS
investigations. Moreover, COVID-19 pneumonia is charac-
terized by alveolar-interstitial damage with inflammatory
exudation/edema, and LUS is highly sensitive to variations
in the balance between air and fluids in the lung.

LUS is a low-cost and radiation-free method, useful in
children and pregnant women. It allows a bedside approach
and needs disinfection of only a small contact area, so it
could be particularly useful during triage and in ICUs.
Moreover, LUS might even be performed in patients’ homes,
reducing the waiting times for CT in emergency depart-
ments, which are often overcrowded.

The main disadvantages of LUS are the difficulty of
maintaining distance from the patient and the inter-operator
variability. HRCT is particularly useful in evaluating disease
progression or resolution, being able to objectively identify
even the smallest changes.
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