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ARTICLE INFO ABSTRACT

Keywords: Purpose: To investigate the imaging features of emerging COVID-19 pneumonia on chest ultrasound (US),
coronavirus disease radiographs (CXR) and computed tomography (CT) examinations performed at admission and to provide a
COVID-19 comprehensive radiological literature review on ongoing radiological data from recent publications.

Comp“te‘.i Tomography (CT) Materials and methods: In this retrospective single-center study, we enrolled consecutive patients from February
g:;usr_nc(;‘gz 15, 2020, to March 15, 2020, with laboratory-confirmed SARS-CoV-2 hospitalized in Valduce Hospital (Como,

Italy). Multi-modality imaging findings were evaluated and compared. Literature research was conducted
through a methodical search on Pubmed and Embase databases.

Results: Fifty-eight patients (36 men, 22 women; age range, 18-98 years) were included in the study. Among
these, chest US, CXR, and CT were performed respectively in twenty-two, thirty-two and forty-two patients. Lung
US findings were consistent with diffuse B lines (100%) and subpleural consolidations (27.3%). CXR showed
prevalent manifestations of consolidations (46.9%) and hazy increased opacities (37.5%). Typical CT features
included bilateral and multilobar ground-glass opacities (GGO) with (59.5%) and without (35.7%) consolida-
tions having a predominantly peripheral distribution (64.3%). Other imaging features included crazy paving
pattern (57.1%), fibrous stripes (50%), subpleural lines (35.7%), architectural distortion (28.6%), air bronch-
ogram sign (26.2%), vascular thickening (23.8%) and nodules (2.4%). Also, enlarged lymph nodes (14.3 %) and
pleural effusion (7.1%) were observed. The literature review identified twenty-six original studies supporting
our imaging chest findings.

Conclusion: The spectrum of chest imaging manifestations of COVID-19 pneumonia upon admission includes B-
lines and consolidations on US, consolidations and hazy increased opacities on CXR, and multifocal GGO with
consolidations on CT.

ultrasound (US)
radiographic chest examination (CXR)

1. Introduction

Coronavirus disease-19 (COVID-19) is the first pandemic infectious
disease caused by a novel coronavirus, known as severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2). Its genome arises
from the same group of RNA-viruses that caused severe acute re-
spiratory syndrome (SARS) and Middle East respiratory syndrome
(MERS) [1]. Infection can result in a range of clinical outcomes, from
asymptomatic to severe life-threating course. Dominant clinical

presentation is characterized by high temperature and cough [2].

At present, the diagnostic strategy is based on the combination of a
history of exposure, clinical characteristics and RT-PCR (real-time
polymerase chain reaction) assay from specimens obtained by or-
opharyngeal or nasopharyngeal swab, bronchoalveolar lavage, or tra-
cheal aspirate, followed by imaging tests including ultrasound (US),
Chest X-Ray (CXR) and Computed Tomography (CT) [3].

In this study we aimed to systematically assess the chest imaging
manifestations of COVID-19 pneumonia with the description and
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comparison of CXR, US and CT findings detected in 58 patients ad-
mitted in our hospital. Furthermore, we provided a comprehensive in-
sight into the literature to compare our results to the recent evidence
regarding the radiological key features of this novel respiratory in-
fectious disease.

2. Material and methods
2.1. Patients

This retrospective study was approved by our local institutional
review board.

From February 15, 2020, to March 15, 2020, a total of fifty-eight
patients (36 men, 22 women,; age range, 18 to 98 years; mean age 66.3
years + 16.6 standard deviation) with confirmed COVID-19 by RT-PCR
assay and hospitalized in Valduce Hospital (Como, Italy), were in-
cluded. All patients underwent a chest radiological examination upon
admission to our emergency department including US, and/or CXR,
and/or CT. Clinical data, symptoms and laboratory results were also
observed.

2.2. Image acquisition

Bedside US was performed in the emergency room using linear or
convex probes. For each exam, B-mode evaluation was performed and
serial images and video clips were saved.

Digital CXR was acquired in the routine posteroanterior projection
at full inspiration or in the anteroposterior projection in the case of
supine patients.

CT examinations were performed using a multi-detector CT scanner
with 64 channels. The detailed parameters for CT acquisition were as
follows: tube voltage, 120 kVp; tube current, standard (reference mAs,
60-120); slice thickness, 1.0 mm; reconstruction interval, 1.0 mm. All
CT images were acquired at full inspiration with the patient in the su-
pine position and without contrast medium.

2.3. Image analysis

All US, CXR and CT images were stored and reviewed by two
thoracic radiologists in consensus (C.B. and A.M. with 12 and 32 years
of experience in thoracic imaging).

US images were examined for the assessment of the following signs:
thickened pleural line, A-lines, B-lines, consolidation and pleural effu-
sion.

Chest CXR and CT manifestations were classified according to the
Fleischner Society Glossary [4]. CXR images were evaluated for the
presence and distribution of the following abnormalities: hazy in-
creased lung opacity, consolidation, and pleural effusion. CT images
were evaluated on a PACS workstation using a width of 1500 Houns-
field units (HU) and a level of -600 HU for the pulmonary window and,
a width 350 HU and a level of 50 HU for the mediastinal window. The
following CT characteristics were evaluated: distribution (peripheral,
central, or both), involved lung lobes (right upper, middle, lower lobes
and left upper, lower lobes), number of lobes involved (one, two, three,
four or five), appearance (ground-glass opacity, consolidation, or
ground-glass opacity with consolidation), specific signs (“crazy-paving”
pattern, air bronchogram sign, architectural distortion, fibrous stripes,
subpleural lines, vascular thickening, and nodules), and extra-
pulmonary manifestations (mediastinal enlarged lymph nodes and
pleural effusion).

2.4. Literature search and data extraction
We aimed to provide an updated and exhaustive literature review of

imaging manifestations of COVID-19 pneumonia including CXR, ultra-
sound and CT examinations. We performed a literature search using the
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terms “coronavirus”, “SARS-CoV-2” and “COVID-19” on Pubmed and
Embase, to identify fitting original research studies published up to
16th March 2020. We included studies with more than 10 patients with
COVID-19 infection and we excluded studies on pediatric populations.

Consistent data were extracted from articles using a standardized
form. This included clinical data (i.e. number of patients, age, sex), CXR
findings (i.e. consolidation, pleural effusion), chest CT data (time be-
tween onset and the first scan, consolidation, lesion predominant dis-
tribution, ground-glass opacity, crazy paving, interstitial thickening or
reticulation, air bronchograms, reversed halo sign, vascular enlarge-
ment, vacuolar sign, fibrotic streaks or linear opacities, spider web sign,
lymphadenopathy, pleural effusion, pleural retraction sign and/or
pleural thickening).

2.5. Statistical Analysis

Continuous variables were presented as mean *+ standard devia-
tion (SD) values. Categorical variables were reported as whole numbers
and percentages in brackets.

3. Results
3.1. Patient population and radiological examinations

All the fifty-eight patients presented clinical symptoms at admis-
sion, with fever in fifty-eight patients (100%), cough in thirty-three
patients (57%), dyspnea in twenty-four patients (41%) and fatigue in
eighteen patients (31%). Laboratory results showed a low lymphocyte
count in forty-eight patients (83%) and the elevated C-reactive protein
in fifty-six patients (96.5%).

Available radiological examinations for each patient were retrieved
as follows: CXR alone from eleven patients, CT alone from fifteen pa-
tients, whereas a combination of CXR and CT were performed in ten
patients, US and CXR in five patients, US and CT in eleven patients and
US, CXR and CT in six patients.

3.2. US findings

Lung US was performed in a total of twenty-two patients. In all cases
(100%), US showed various B lines patterns (focal, multifocal, and
confluent) due to interlobular septa thickening or hazy opacities that
did not obscure the underlying bronchial structures or pulmonary, with
the bilateral distribution. Subpleural consolidation was observed in six
patients (27.3%) and a thickened pleural line in three patients (13.6%).
In only one case (4.5%), US examination showed a mixed pattern with
A- and B-lines. Among these patients, CXR was performed in eleven
patients and chest CT examination in seventeen patients; CXR showed
bilateral consolidations or hazy increased opacities (Fig. 1) while CT
demonstrated bilateral ground-glass opacities (GGO) with consolida-
tions (Figs. 2 and 3). Detailed results about US findings are reported in
Table 1.

3.3. CXR manifestations

A total of thirty-two patients had CXR. Of these, five patients ex-
hibited normal CXR despite chest CT scan acquired on the same day
demonstrated bilateral ground-glass opacities (GGO). In the remaining
twenty-seven cases, we observed consolidation in fifteen patients
(46.9%) and hazy increased opacity in twelve patients (37.5%); no
pleural effusion was identified. The distribution of these findings was
bilateral in twenty-five patients (78.1%) and unilateral in two patients
(6.2%). Besides, CXR showed a lower zone involvement in fifteen pa-
tients (52%), a similar lower and upper zone involvement in eleven
patients (34.4%) and an upper involvement in one patient (3.1%).
Moreover, eleven patients of this cohort performed CT along CXR on
the same day and showed correlated findings such as bilateral GGO
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Fig. 1. Ultrasound evaluation of lung parenchyma using the convex transducer in a patient with Coronavirus disease-19 (A) shows the simultaneous co-existence of
multiple lung B-lines and A-lines. Chest x-ray (B) shows bilateral lung opacities which appear more evident in the peripheral areas.

with consolidations (Fig. 4) and a predominant lower zone localization.
The CXR findings and distribution results are reported in Table 2.

3.4. CT features

Chest CT examinations were obtained in a total of forty-two pa-
tients. Among these cases, two chest CT showed no abnormalities and
no previous US or CXR were available for comparison. The most
common chest CT features of the remaining cases were characterized by
GGO in 40 patients (95.2%), of whom 25 (25.9%) presented con-
comitant consolidations (Fig. 5); in all cases lesions were bilateral,
showing lung involvement, of two or more lobes (right lower lobe,
92.9% and left upper lobe, 92.9%) with a predominantly peripheral
distribution in twenty-seven patients (64.3%) whilst a diffuse dis-
tribution was depicted in twelve patients (28.6%). Additional lung CT
manifestations were observed such as “crazy paving” (Fig. 6) pattern in
twenty-four patients (57.1%), fibrous stripes (Fig. 7) in twenty-one
patients (50%), subpleural lines (Fig. 7) in fifteen patients (35.7%),
architectural distortion (Fig. 8) in twelve patients (28.6%), air
bronchogram sign (Fig. 5) in eleven patients (26.2%), perilesional
vascular thickening (Fig. 9) in ten patients (23.8%) and scattered no-
dules in one case (2.4%). Among extrapulmonary abnormalities, en-
larged mediastinal lymph nodes were encountered in six cases (14.3 %)
and pleural effusion in three cases (7.1%). The distribution and ap-
pearance of CT imaging findings are shown in Table 3.

3.5. Literature review synthesis

We identified 26 articles [2,5-29] with more than 10 patients re-
porting the CXR or CT findings of SARS-CoV-2 infected patients. The
search encompassed a total of 3886 patients, with a mean age of 49.39
years old, male: 2059 and female: 1827. All revised articles reported
chest CT abnormalities and only two studies [16,27] included CXR
findings; besides, no original studies regarding lung US were found,
with exception of two letters to the editor [30,31].

CXR manifestation: Chen et al. [16] reported bilateral pneumonia as
the most common finding on chest radiograph. In NG Ming-Yen et al.
[27] study only five patients underwent CXR and of these, three had
parenchymal consolidations, two showed no alterations, none had
pleural effusion. The CXR findings of the included studies are sum-
marized in Table 4.

Chest CT abnormalities: data regarding the time between symptom
onset and 1 st CT were not available for all included studied, therefore
an estimated time range was calculated as from 1 to 14 days. The most
common described chest CT findings associated with COVID-19 pneu-
monia were: isolated GGO, followed by consolidations and GGO in
combination with consolidative opacities; the predominant distribution
was bilateral, peripheral, subpleural and of the lower lobes. Among all
the analyzed CT abnormalities, it was interesting to note that the pre-
sence of the air bronchogram was identified in few studies, resulting in
percentages up to 80% with an interval between 8% to 80%.
Heterogeneous results were found in works describing the crazy-paving
pattern, which showed very large values ranging from 5% to 75% and

Fig. 2. Ultrasound lung evaluation using a convex and linear transducer (A) of a patient with Coronavirus disease-19 shows compact B-line without horizontal
reverberation (white lung sign), with tiny areas of subpleural consolidation. Axial CT evaluation of the same region shows bilateral and diffuse ground-glass opacities
(B). Coronal and sagittal chest CT images (C and D) also demonstrate the diffuse extension of these findings.
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Fig. 3. Ultrasound thoracic examination using a linear transducer of a Patient with Coronavirus disease-19 (A) shows the irregular appearance of the pleural line with
multifocal B-line. Axial CT image of the same region shows patchy bilateral ground-glass opacities and consolidations (B) with air bronchogram (arrow in B).

Table 1
US findings and results.

Table 2
Chest X-Ray (CXR) findings and results.

US findings (No. of Patients: 22)

CXR findings (No. of Patients: 32)

Appearance of the lesions No. % Distribution of the lesions No. %
Thickened pleural line 3 13.6 Bilateral 25 78.1
A-lines 1 4.5 Unilateral 2 6.2
B-lines in various patterns 22 100 Neither bilateral or unilateral® 5 15.6
Consolidation 6 27.3
Pleural Effusion 1 4.5 Lobes
Upper 1 3.1
Lower 15 46.9
interstitial thickening or reticulation pattern with ranging from 17.5% Similar Upper or Lower 1 34.4
Neither upper or lower” 5 15.6

to 81.8%. A further result showing diversified values was pleural in-
volvement with values ranging from 8.4% to 56.5%. Of note, the re-
versed halo sign was described in only three studies: Bernheim et al.
found it in 2% [10], Yan Li et al. in 3.9% [12], Harrison X. Bai in 5%
[20]. According to the revised studies, lymphadenopathy and pleural
effusion were rarely shown. Detailed CT characteristics of the included
studies are reported in Table 5.

4. Discussion

Since December 2019, the COVID-19 started in Wuhan, China and
rapidly spread outside China with cases confirmed in several countries
being officially declared as pandemic by the World Health Organization
(WHO) on March 11, 2020 [32]. At present, Italy is the second most
affected SARS-CoV-2 country in the world with 35713 total confirmed

Appearance of lesions

Hazy increased opacity 12 37.5
Consolidation 15 46.9
Pleural Effusion 0 0

No abnormalities 5 15.6

2 CXR showed no abnormalities.

cases up to 19 March 2020 [33]. In a setting of high clinical suspicion,
due to typical clinical symptoms and previous exposure to other in-
dividuals with SARS-CoV-2, a combination of chest imaging elements
and repeat laboratory RT-PCR may help to increase the COVID-19 di-
agnosis. For this reason, it is of crucial importance to define imaging
patterns of COVID-19 pneumonia in order to promptly diagnose the

Fig. 4. 18-year-old female with a fever and
cough for 7 days non-responsive to antibiotic
therapy, without other known comorbidities
neither relatives with similar symptoms. Chest
x-ray shows bilateral opacities mainly periph-
eral and more evident in the left lung. Axial
chest CT shows peripheral ground-glass opa-
cities in the right upper lobe and consolidation
in the left upper lobe (B). These findings are
more evident in the lower lobes (C), especially
in the left lower lobe, which appears almost
completely consolidated. Air bronchogram
sign is also evident (arrows in C). Diagnosis of
Coronavirus disease-19 with the atypical pre-
sentation was confirmed with an orophar-
yngeal swab.
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Fig. 5. A 67-year-old male with a history of fever for 12 days. An oropharyngeal swab performed a couple of days after the onset of symptoms was negative for
Coronavirus disease-19. He was hospitalized for the persistence of symptoms and the onset of dyspnea. Axial chest CT images show patchy bilateral ground-glass
opacities in the upper lobes mainly peripheral (A and B) and more consolidated areas along with ground glass opacities in the lower lobes (C). A new oropharyngeal
swab confirmed Coronavirus disease-19. A follow-up CT performed 8 days after his hospitalization shows consolidation of the involved lung parenchyma. Air
bronchogram sign is also evident (arrow in E).

Fig. 6. 61-year-old female with a history of
fever, cough and mild pharyngodynia for 2
days. Axial chest CT images show ground-glass
opacities (arrows, A and B). Coronal CT image
clearly shows the thickness of interlobular and
intralobular septa, “crazy paving” (arrow, C).
Coronavirus disease-19 was confirmed on the
oropharyngeal swab.

Fig. 7. Axial CT image shows fibrous stripes in the right lower lobe (arrow, A). Axial CT scan shows subpleural lines in bilateral lower lobes (arrow, B).
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Fig. 9. Axial chest CT images of four different patients with confirmed coronavirus disease-19 show ground-glass opacities with perilesional vascular thickening

(arrows in A-D).

Table 3

Computed Tomography (CT) Chest Findings and results.

CT findings (No. of Patients: 42)

Distribution of the lesions No. %
Peripheral 27 64.3
Central 1 2.4
Peripheral and Central 12 28.6
Neither peripheral or central® 2 4.8

Lobes
Right upper lobe 39 92.9
Right middle lobe 35 83.3
Right lower lobe 39 92.9
Left upper lobe 39 92.9
Left lower lobe 39 90.5

No. of lobes
1 0 0
2 1 2.4
3 2 4.8
4 3 7.1
5 34 85.7

Appearance of the lesions
Ground-glass opacity 15 35.7
Consolidation 0 0
Ground-glass opacity with consolidation 25 59.5
No abnormalities® 2 4.8

Specific signs
“Crazy-paving” pattern 24 57.1
Air bronchogram sign 11 26.2
Architectural distortion 12 28.6
Fibrous stripes 21 50
Subpleural lines 15 35.7
Vascular thickening 10 23.8
Nodules 1 2.4

Extrapuls Y ife ions
Mediastinal enlarged lymph node 6 14.3

Pleural effusion 3 7.1

2 CT scans showed no lesions.

Table 4
Literature review of chest radiological examination (CXR) findings of COVID-19
pneumonia.

First author, No. of CXR Findings
Publication data Patients
[Reference No.] Consolidation  Pleural Normal CXR
Effusion
Chen, 29 January 2020 99 99 (100%) N.R. 0
[16]
NG Ming-Yen, 13 5 3 (60%) 0 2 (40%)

February 2020 [27]

viral infection in acute stages and to lead to the correct work-up. We
retrospectively evaluated multi-modality imaging hallmarks of 36 pa-
tients with laboratory-confirmed COVID-19, during the early phases of
the disease.

The salient manifestations on CXR were consolidations in fifteen
patients and hazy increased opacities in twelve patients with bilateral
lower lobe predominant distribution; as reported in the literature re-
view, CXR lacks sensitivity in the early stages of lung disease [16,27].

Lung US was performed on twenty-two patients and showed thick-
ened pleural lines, B lines organized in different patterns and patchy
consolidations; among these patients, seventeen had US along with CT
scans, demonstrating an association with CT findings such as GGO and
consolidations. These findings were consistent with the experience
provided by Peng et al and Poggiali et al. [30,31], confirming the im-
portant role of lung US on the management of patients with SARS-CoV-
2 allowing to rapidly diagnose and monitor COVID-19 pneumonia and
its evolution toward ARDS, in critically ill patients.

Chest CT key findings in our case series were GGO with or without
consolidations and crazy-paving appearances composed by GGO with
reticular and/or interlobular septal thickening with predominant per-
ipheral distribution; it was interesting to note in some cases the si-
multaneous presence of these patterns in the same patient suggesting a
progression of the pulmonary involvement. Our findings were con-
sistent with the collected data described in recent studies. Regarding
lesions distribution, we confirmed the bilateral and multifocal lung
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involvement, concordant with data of previous works. In six cases we
found lymphadenopathy and in three cases pleural effusion considered
uncommon findings based on recent literature. Furthermore, we noted
the presence of perilesional vascular thickening in ten patients (23.8%),
representing a peculiar CT manifestation of COVID-19; this sign was
observed in the studies of Yan Li 82.4% [12], Zhao 71.3% [8] and Zhou
45.2% [9], and it has been correlated to the hyperemia induced by an
acute inflammatory response, expression of temporal changes.

Accordingly, different CT manifestations have been associated with
the disease progression, based on the physiopathology of the acute lung
injury induced by viral pneumonia; of note Jin et al [34] recognized
five temporal stages classified as ultra-early, early, rapid progression,
consolidation, and dissipation stages. In details, in the ultra-early stage,
CT elements may be single or multiple focal GGO, nodules enclosed by
GGO, patchy consolidations, and air-bronchogram signs; the early stage
is characterized by multiple GGO, patchy consolidations, or a combi-
nation of GGO and interlobular septal thickening expression of in-
creased interlobular interstitial edema, alveolar capillary congestion
and exudate fluid in alveolar sac [34]. During the rapid progression,
there is a worsening of the inflammatory damage corresponding to CT
features such as large consolidative opacities and contextual air
bronchograms; these findings gradually may decrease in size and den-
sity during the consolidation stage. Finally, in the dissipation stage,
lesions may be reduced of number and extension, with remaining small
ill-defined consolidative opacities, reticular opacities and interlobular
septal thickening [34].

This proteiform spectrum of CT imaging elements could overlap
with other viral pneumonia especially within the same Coronaviridae
family because of the similar pathogenesis resulting in diffuse inter-
stitial and alveolar damage [35]; nevertheless, bilateral and multilobar
lung involvement of SARS-CoV-2 depicted in our study and prior works
differs from unifocal lung disease of patients with SARS and patients
with MERS [36]. Furthermore, among the associated COVID-19 pneu-
monia signs, the reversed halo-sign and pulmonary nodules with a halo
sign observed in recent studies [9,10] were not described in the lit-
erature regarding SARS and MERS. In addition, the described chest CT
appearance of COVID-19 pneumonia of bilateral peripheral GGO could
resemble other processes such as influenza pneumonia and organizing
pneumonia, either idiopathic or secondary to drug toxicity and con-
nective tissue disease [20,37].

Limitations of our study were related to the retrospective design, the
small size sample and the lack of follow-up studies. Indeed, we included
in our analysis solely imaging examinations performed at admission to
the hospital, without assessing the imaging changes of the disease along
with temporal phases.

In conclusion, we provided an overview of multi-modality lung
imaging lesions encountered in patients with COVID-19 pneumonia
supplemented by an exhaustive review of the current literature; hence,
we highlighted the typical CT features observed at admission to de-
lineate an informative picture helping radiologists to early recognize
this emerging severe infectious disease.
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