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Abstract

Available information on chest Computed Tomography (CT) findings of the 2019 novel coronavirus disease (COVID-19)
is constantly evolving. Ground glass opacities and consolidation with bilateral and peripheral distribution were reported
as the most common CT findings, but also less typical features could be identified. All radiologists should be aware of the
imaging spectrum of the COVID-19 pneumonia and imaging changes in the course of the disease. Our aim is to display the
chest CT findings at first assessment and follow-up through a pictorial essay, to help in the recognition of these features for

an accurate diagnosis.
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Introduction

In December 2019, the outbreak of an epidemical pneumo-
nia, of initially unidentified origin occurred in Wuhan, Hubei
Province, China [1]. Its cause was identified in a new virus,
the “2019 novel coronavirus (2019-nCoV)” or “severe acute
respiratory syndrome (SARS)-CoV-2”, which was subse-
quently named coronavirus disease (COVID-19) [2].

On January 30, 2020, the World Health Organization
(WHO) declared a global public health emergency; on
March 11, 2020, the pandemic declaration was made [3].
As of May 5, 2020, a total of 3,435,894 confirmed cases and
239,604 deaths have been reported [4].

Due to the current absence of specific therapies and vac-
cines for this infection, the detection of the disease at an
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early stage, with the isolation of the infected subjects from
the healthy population, is crucial.

The diagnosis of COVID-19 is based on viral nucleic
acid test, through the reverse transcription-polymerase chain
reaction (RT-PCR) on throat swab, however, the results of
this test are not immediately available and some patients can
show false-negative results at the onset of the symptoms [5].

Chest X-Rays showed little diagnostic value in early
stages [6], whereas chest Computed Tomography (CT)
showed a high sensitivity for the diagnosis of COVID-19,
particularly important in COVID-19 patients with false-
negative RT-PCR result, assuming a role for the CT as a
primary tool for COVID-19 diagnosis in the epidemic areas
[5, 7-9]. The 6th version of the diagnosis and treatment pro-
gram published by the National Health Commission of the
People’s Republic of China [10], confirmed the pivotal role
of Chest CT, including the radiological confirmation of viral
pneumonia in the diagnostic criteria for COVID-19, and sug-
gesting CT examination in monitoring disease progression
and assessing treatments effectiveness.

Bilateral evidence of ground-glass opacities (GGO) with
or without consolidation with posterior and peripheral dis-
tribution represents the most characteristic appearance of
COVID-19 pneumonia [11, 12]. However, different imaging
findings have also been described, including crazy paving
pattern, linear opacities, reversed halo sign, etc. [13, 14],
and the need to raise awareness for this disease among the
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imaging community, analyzing the spectrum of the disease
has already been stated [15].

Due to the essential role of chest CT, radiologists should
be familiar with the imaging features of this infection.

Our aim is to propose a review of the CT imaging find-
ings described in COVID-19 pneumonia, and their modifi-
cations in different stages of the disease, based on relevant
articles found in the literature.

The search was conducted by 2 radiologists and 2 radiol-
ogy residents on PubMed (including Medline), Sciencedirect
and Google Scholar databases, using the key-words as fol-
lows: “nCoV,” “2019-nCoV,” SARS-CoV-2”, “COVID-19”
in all possible combinations with the key-words, “computed
tomography”, “CT”. The WHO database on COVID-19 and
the reference list of the included articles were also checked
for potentially relevant papers, not including in the previous
search [16].

We considered as eligibility criteria: articles published
in 2020, articles written in English, articles regarding adult
patients with RT-PCR confirmed diagnosis of COVID-19
infection, studies including > 2 patients, articles focused on
chest CT features of the infection. Two radiologists inde-
pendently checked the titles and abstracts of the articles
found according to the eligibility criteria. An agreement was
reached by consensus.

For each article, the following data were collected, when
available: patient demographics, lobar involvement, distribu-
tion pattern, chest CT findings, evolution of chest CT find-
ings. The collected data have been summarized in Tables in
Supplementary Materials.

CT findings first assessment

A wide variety of findings have been reported in different
studies (Supplementary Material 1). GGO are the most
observed abnormalities (Fig. 1a, b), typically with a periph-
eral and subpleural distribution, followed by consolidations
(Fig. 2) and mixed patterns characterized by consolidation
and GGO (Fig. 3).

GGO were reported in up to 97.6% of cases [26], and were
frequently associated with other imaging manifestations,

Fig.2 A 78-year-old COVID-19 positivewoman presenting fever and
dry cough for 10 days, and dyspnea in the last 3 days. CT scan shows
bilateral areas of GGO and consolidation with linear opacities and
bronchial wall thickening (arrows)

Fig.1 a, b A 75-year-old COVID-19 positive woman presenting fever and dry cough for 8 days. Unenhanced CT scan shows multiple bilateral
areas of GGO (arrows). A reticular pattern is visible in the lower right lobe (frame in b)
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Fig.3 A 61-year-old COVID-19 positive man presenting with cough
and fever up to 39° for 4 days. CT scan shows a mixed pattern of con-
solidation and GGO in the upper right lobe

such as consolidations and interlobular septal thickening
[31].

Consolidations were described as patchy, multifocal, or
segmental [25, 26]; they were also considered as a possible
indicator of disease progression [31].

Crazy paving pattern (Fig. 4), which consists of GGO
with reticular interlobular septal thickening, and reticular
opacities were reported in highly variable rates, up to 70%
[5] and up to 81% [21], respectively; interlobular septal
thickening was described in up to 70% of cases [5]. Some
studies reported the presence of nodules with [5, 18-20] and
without the halo sign (Fig. 5) [5, 7, 14, 18, 19, 21, 22, 25,
26, 29]. Fibrotic streaks (Fig. 6) and linear opacities were
observed in some studies, with a rate of up to 33% [30] and
to 33.9% [17], respectively. The reverse halo sign was rarely
found [5, 14, 19].

Air-bronchogram sign was detected in up to 72.7% of
cases [21] (Fig. 7, 8). Pleural thickening [17, 19, 24, 25, 34,
36] and effusion [5, 14, 17, 19, 23, 26, 31, 34-38, 41-44]
were reported in few patients.

Reticular pattern with thickened pulmonary interstitial
structures located in the subpleural space has been observed
in different studies [7, 12, 19, 21, 26, 31, 43, 45] (Fig. 9).

@ Springer

Fig.4 A 63-year-old COVID-19 positive woman presenting chest
pain, fever, and dry cough for 3 days. CT scan shows a “crazy paving
pattern” peripherally located in the upper right lobe

Two studies highlighted the evidence of triangular or
GGO, located under the pleura, with internal interlobular
septa thickened in a net-appearance has also been named
“the spider-web” sign [23, 26].

Fig.5 A 50-year old COVID-19 positive man presenting with cough
and fever for 6 days. Bilateral presence of halo signs in the lower
lobes, mainly with peri-bronchovascular distribution, with central
dense components surrounded by GGO. In the middle and superior
left lobes patchy GGO are recognizable
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Fig.6 A 38-year-old COVID-19 positive man with cough and fever
up to 38° for 3 days. CT scan shows bilateral presence of fibrous
streaks (arrows) in the lower lobes. Patchy GGO, more represented in
the subpleural site, are bilaterally recognizable (thin arrows)

Fig.7 A 61-year-old COVID-19 positive man presenting with cough
and fever. CT scan shows an extensive consolidation with central dis-
tribution, with evidence of air-bronchogram sign (arrow). Peripheral
presence of GGO

Fig.8 A 60-year-old COVID-19 positive man presenting with cough
and fever up to 39°. Coronal reconstruction of his chest CT showing
bilateral extensive areas of GGO and consolidations, with prevalent
peripheral distribution. Air bronchogram signs are bilaterally rec-
ognizable. Interlobular septal thickening is bilaterally visible in the
upper lobes in the subpleural areas (arrows)

Fig.9 A 68-year-old man COVID-19 positive man presenting fever
and dry cough for 7 days. CT scan shows multiple areas of panlobu-
lar GGO. In the posterior lower right lobe, an area of lung alteration
with interlobular septal thickening resulting in a reticular pattern is
present. Air bubble sign (arrows) is bilaterally recognizable. Air bub-
ble sign consists of a small air-containing space, that can result from
a dilatation of a physiological space or from lung cystic changes [24]
or can be related to consolidation resorption

Mediastinal lymphadenopathies (mediastinal lymph
nodes with short-axis diameter > 1 cm) were detected in
0-8% of cases [5, 27] and were considered a significant risk
factor for severe disease [26].
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According to CT abnormalities distribution, most abnor-
malities are peripherally located.

The disease extent is widely variable, ranging from mild
involvement, affecting less than 10% of the lung parenchyma
to severe pneumonia with a “white lung” appearance on CT.
The majority of studies observed an involvement of 5 pul-
monary lobes in most of the patients [5, 12, 14, 20-22, 26,
31,33, 34,36-39, 42, 43, 45] (lobar involvement and lesion
distribution in the different studies are listed in Supplemen-
tary Materials 2,3).

CT evolution during the course of COVID-19
pneumonia

COVID-19 pneumonia CT features change over time. Some
studies described imaging modifications according to dif-
ferent timings (Supplementary Material 4). Wang et al. [46]
described the CT findings according to 5 illness periods
(0-5 days, 6-11 days, 12—-17 days, 18-23 days, > 24 days)
and assigned a CT score dividing the lungs into six zones
[47]. CT scores and the number of involved lung zones
increased rapidly, with a peak on stage “days 6-11". The
most common finding was GGO, which increased in the late
stages, whereas consolidation was the second most observed
finding in the first 11 days. Distribution was mostly bilateral
and peripheral (Fig. 10).

Jin et al. [48] divided the most frequent imaging findings
according to a classification in 5 stages: ultra-early, early,
consolidation, and the dissipation stage. GGO were char-
acteristics of the first two phases, consolidations of phases
three and four, whereas the last stage showed a progressive

Fig. 10 Chest CT of a 63-year old COVID-19 positive man executed
at 36 days from the onset of symptoms. CT shows bilateral diffuse
GGO with peripheral distribution and interlobular septal thickening.
Presence of bilateral bronchiolectasis (arrows)
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increase of thickening of the interlobular septa and bronchial
walls.

In another study, Pan et al. [49] classified CT findings
according to 4 temporal stages. GGO was recognizable in
all the disease stages; crazy paving in the first three stages;
consolidation was the most common finding in stage 3. In
the second stage, the pneumonia rapidly worsened, with dif-
fuse bilateral multilobar distribution. After day 14, imaging
improvement was observed in 75% of patients. They stated
that GGO and consolidations, often with a bilateral and
peripheral lung distribution, could be considered as the CT
hallmark of COVID-19 pneumonia. The evidence of con-
solidations, extension of lung involvement, linear opacities,
appearance of the “reverse halo” sign and “crazy-paving”
pattern, increased in patients scanned after a long time after
symptoms onset (Fig. 11a, b), representing the CT correlate
for the underlying pathophysiology of the infective process
as it organizes.

Signs of fibrosis have been identified in the late stage of
the disease, after patients discharge from the hospital, with
a higher rate in older patients [52] (Figs. 12, 13). Even if
the data are inhomogeneous, we can deduce that the imag-
ing appearance of COVID-19 pneumonia can change widely
over time, with the occurrence of new lesions in previously
unaffected lung areas, and with variation in density. The
appearance of fibrotic stripes could be a characteristic of
the late CT stage.

Repeated CT scans can help patient management by iden-
tifying disease progression and implementing proper treat-
ment, but a precise timing still needs to be established.

Conclusions

In conclusion, imaging presentations of COVID-19 pneu-
monia are mostly GGO, bilaterally located in the peripheral
lung areas under the pleura with an increase in consolida-
tions number in the course of the disease, followed by reab-
sorption, and formation of fibrotic stripes. The lesion may
have quick changes with new lesions may appear.

The accurate and early identification of COVID-19 pneu-
monia on chest CT plays an essential role, both in control-
ling this outbreak, especially in patients with false-negative
RT-PCR results, but also in the management of patients
affected by this disease. Currently, there are no scientifi-
cally proven therapies for the treatment of COVID-19, but
some treatments are under investigation: we can guess that
chest CT will become an important tool in the assessment
of their effectiveness.

In this scenario, the radiologists are protagonists and
should be aware of the typical and atypical CT manifesta-
tions of this infection, as well as of the modifications of
images findings in the course of the disease.
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Fig. 11 CT images of a 73-year-old COVID-19 positive man at 10 (a)
and 23 days (b) from the onset of symptoms. Bilateral evidence of
extensive areas of consolidation and crazy paving pattern (a); in b,

CT scan shows marked improvement of imaging findings, with bilat-
eral reduction of lung abnormalities, patchy consolidations, fibrotic
stripes, and interlobular septal thickening

Fig. 12 Coronal MPR image of chest CT executed by a 65-year-old
man at 32 days from the onset of symptoms showing diffuse thicken-
ing of the interlobular septa, with fibrotic appearance, pleural irregu-
larities, thickening of the bronchial wall

Compliance with ethcical standards

Conflict of interest The authors declare that they have no conflict of
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Fig. 13 Coronal MPR image of chest CT executed in a 72-year-old
man at 38 days from the onset of symptoms. CT shows reticular opac-
ities and septal thickening in bilateral lower lobes. Note bronchial dis-
tortion in right lower lobe (arrow)
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