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Abstract

COVID-19 pneumonia represents a global threatening disease, especially in severe cases. Chest imaging, with X-ray and
high-resolution computed tomography (HRCT), plays an important role in the initial evaluation and follow-up of patients
with COVID-19 pneumonia. Chest imaging can also help in assessing disease severity and in predicting patient’s outcome,
either as an independent factor or in combination with clinical and laboratory features. This review highlights the current
knowledge of imaging features of COVID-19 pneumonia and their temporal evolution over time, and provides recent evi-

dences on the role of chest imaging in the prognostic assessment of the disease.
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Introduction

Since December 2019, a novel coronavirus, the SARS-
CoV-2 (Severe Acute Respiratory Syndrome Coronavirus
2) has spread across the globe [1].

Despite a potential multi-systemic involvement, lung
is by far the organ most commonly involved by SARS-
CoV-2 infection [2]. The so-called coronavirus disease
2019 (COVID-19) pneumonia may present various degrees
of severity and respiratory impairment, ranging from mild
cases with flu-like symptoms to severe forms with acute res-
piratory distress syndrome (ARDS), requiring intensive care
support [3]. Mortality rates of about 40% have been reported
in the latter cases [4].

Chest X-ray (CXR) and high-resolution computed tomog-
raphy (HRCT) provide a fundamental contribute in the
diagnostic work-up and management of patients affected
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by COVID-19 pneumonia. Indeed, apart from diagnostic
purposes [5], imaging plays a key role in the assessment of
disease burden and evolution over time. CXR is particularly
helpful in the serial evaluation of hospitalized patients, espe-
cially in those requiring intensive care unit (ICU) admission
[6]. On the other hand, HRCT is the modality of choice in
providing prognostic information in patients with COVID-
19 pneumonia [7] and in assessing eventual complications
[8-10].

Due to the predisposition to thrombotic and thromboem-
bolic events caused by SARS-CoV-2 [11, 12], the associa-
tion between COVID-19 pneumonia and the occurrence of
acute pulmonary embolism (PE) has been recently docu-
mented in a non-negligible number of patients [13, 14].
Hence, the use of CT pulmonary angiography (CTPA) might
be advised, when clinically appropriate.

The aim of this review is to depict the evolution over time
of COVID-19 pneumonia findings, from the acute to the
late phase, and to underline the role of thoracic imaging in
the prognostic evaluation of this global threatening disease.

Phases of COVID-19 pneumonia
Autoptic specimens of deceased patients with COVID-19

pneumonia revealed the presence of diffuse alveolar dam-
age (DAD) at different stages as the major pathologic finding
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[15-17]. DAD tends to evolve through three progressive
phases [18]. The first phase is the exudative phase, character-
ized by capillary congestion and edema, alveolar haemorrhage,
and hyaline membrane formation. Approximately 7 days after
the start of injury, a proliferative phase occurs, consisting of
fibroblast proliferation within the interstitium and alveoli,
thickening of the interlobular septa, type 2 pneumocyte hyper-
plasia, parenchymal remodelling and appearance of organizing
pneumonia (OP) foci. Finally, after 2 weeks, the fibrotic phase
may develop, with collagen deposition and progressive fibrotic
changes [18]. Each phase is associated with different imaging
findings, which correlate well with the progression of DAD
over time [19]. These phases correspond to the evolution of
imaging features in COVID-19 pneumonia.

Pan et al. identified on HRCT four consecutive temporal
stages in patients who recovered from COVID-19 pneumo-
nia: the early stage (0—4 days from the onset of symptoms),
the progressive stage (5-8 days), the peak stage (9—13 days),
and the absorption stage (> 14 days) [20]. In another study by
Wang et al. a similar time course was described, even though
a delayed dissipation phase was noticed, possibly due to the
inclusion of more severe cases [21]. Comparable evolution of
radiological findings has also been reported on CXR [22, 23].

With a certain overlap, each stage is characterized by dif-
ferent imaging features and degrees of lung involvement. At
first, a progression in terms of density, number and extension
of lung abnormalities is observed [21, 24], followed by a grad-
ual resolution of the findings in cases of favourable disease
course. In the late phase, possible residual fibrotic abnormali-
ties or development of progressive interstitial fibrosis might
be observed [25, 26].

Some authors have recognized different patterns of the
temporal evolution of radiological abnormalities [27, 28].
In this regard, Shi et al. identified four different patterns of
longitudinal evolution on CT scans in patients with variable
disease severity [27]. Type 1 showed an initial progression of
the abnormalities till a peak level, followed by progressive
improvement, and this was the most common pattern (46% of
patients); type 2 characterized by a progressive radiological
deterioration despite medical treatment (32% of cases); type
3 demonstrated a progressive radiological improvement over
time and was found in 14% of patients. The last pattern (type
4), showing a stable radiological appearance over time, was
observed in a minority of patients (9%). Interestingly, type 2
was associated with a poorer prognosis when compared with
type 1 and 3 [27]. Likewise, Han et al. analyzed longitudinal
changes on CT for 4 weeks since hospital admission in patients
with favorable course of disease, observing similar patterns
of radiological evolution [28]; the dynamic evolution of chest
CT manifestations have been recently confirmed by a meta-
analysis by Zhou at el. [29].
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Imaging findings of COVID-19 pneumonia
by phase

Early phase

At the beginning of the disease, the main imaging findings
on HRCT are ground-glass (GG) opacities with a typi-
cal bilateral and multilobar distribution and middle-lower
lung predominance, mostly located in the subpleural and
dorsal regions of the lungs [30]. This appearance has been
described in the large majority of patients, with a preva-
lence of 83.3% and 81%, respectively, according to two
different systematic reviews and meta-analyses [31, 32].
Less commonly, a mixed pattern of consolidation and GG
opacities can be observed [30]. Another possible pres-
entation in this phase is a unilateral distribution of lung
abnormalities, with focal or few patchy unilobar rounded
GG opacities [6, 27], which has been described in 15% of
patients with COVID-19 pneumonia according to a meta-
analysis including 3.466 patients [32].

On CXR early lung involvement demonstrates a pre-
dominance of reticular opacities, which progressively
become hazy confluent GG opacities [23].

A typical finding of the early stage of COVID-19 pneu-
monia described on HRCT is the evidence of subsegmental
vessel enlargement (>3 mm diameter) within the areas of
GG [33-37]. This sign is possibly related to hyperaemia and
vessel wall injury induced by inflammation [34]. Indeed,
lung damage caused by SARS-CoV-2 infection is linked to
the development of a “cytokine storm”, which can cause
lung endothelial cells injury and apoptosis [38], ultimately
leading to diffuse endothelial damage and the development
of vascular microthrombosis [17]. Described in more than
80% of cases in some cohorts [35, 37] and with a pooled
prevalence of 72.9% according to Adams et al. [32], this
sign may help to differentiate COVID-19 from other viral
pneumonia [39] (Fig. 1). Later in the progressive phase, as
consolidation replaces the areas of GG, this sign becomes
barely visible due to the obscuration of the pulmonary vas-
culature, while during absorption vessel caliber returns nor-
mal. Therefore, vessel enlargement can be used not only to
assess the diagnosis of COVID-19 pneumonia, but also as a
marker of the early stage of disease.

It has to be considered that, in the early phase, imag-
ing can be negative even in symptomatic subjects [40].
When assessing patients by the time of symptoms onset,
Bernheim et al. reported a 56% rate of false negative (FN)
on HRCT between 0 and 2 days and noted a progressive
rate decline of FN over time (9% at 3-5 days and 4% at
6—12 days) [41]. The same decreasing trend of FN has
been reported for CXR, from 36.7% (0-2 days from the
onset of symptoms) to 16.1% (after 9 days) [23].
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Fig. 1 a Patient with COVID-19 pneumonia. The CT scan shows a
crazy-paving pattern with typical predominant subpleural and bilat-
eral distribution at the lung bases; note the presence of "enlarging
vessel" sign within the areas of increased lung density (arrows). b
Patient with HIN1 influenza-associated pneumonia. The CT scan

Progressive and peak phases

As described in a recently published systematic review [24],
the progressive phase is associated with an increase in size
and number of lung parenchymal abnormalities, leading to
an overall rise of the total disease extent [21, 42].

Particularly, GG opacities increase in size, with a possible
diffuse distribution of the lesions. Smooth interlobular sep-
tal thickening can appear within the GG areas, leading to a
crazy paving pattern on HRCT [30], which has been reported
in up to 34.9% of patients [32]. At the same time, GG opaci-
ties progressively turn into consolidation, thus determining
the development of a mixed pattern with a combination of
consolidative and GG areas [21, 24] (Fig. 2).

The presence of hyperlucent areas within the consoli-
dation has been described on HRCT during the progres-
sive phase and has been indicated as the “vacuolar” sign.
This finding is possibly caused by the inhomogeneous

shows multifocal small areas of consolidation and perilobular opaci-
ties with bilateral subpleural distribution at the lung bases, associated
with some GG areas in the left lower lobe; note the normal caliber of
pulmonary vessels in the proximity of the pulmonary abnormalities
(arrowheads)

involvement and/or by the incomplete filling of the alveoli
by edema and fibrinous exudates [43].

All the abovementioned HRCT features continue to pro-
gress up to day 9-13 of illness, reaching a peak of lung
involvement around day 10, as reported by some authors
who used a semiquantitative CT scoring system to quan-
tify lung involvement [20, 21, 43]. At this time, the extent
of GG abnormalities continues to decline, leading to a
multifocal consolidative appearance of the lungs [21, 24]
(Fig. 2). In this phase, due to parenchymal remodelling,
traction bronchiectasis and bronchiolectasis may appear
within the consolidation; these findings have been reported
with a pooled prevalence of 24.2% [32].

CXRs show the same temporal evolution as described
on HRCT, with a progressive increase of confluent alveo-
lar opacities having a typical predominant peripheral dis-
tribution, bilaterally [22, 23] (Fig. 3).

Fig.2 CT scans of a patient with COVID-19 pneumonia demon-
strating the typical evolution of the disease by phases. a In the early
phase, GG opacities are the predominant finding. b 10 days after the
onset of symptoms (progressive to peak phase) more extensive GG

areas with crazy paving appearance and typical distribution at the
lung periphery are observed. ¢ One week later, GG areas decline and
lead to the appearance of multifocal consolidation with mild paren-
chymal distortion
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Fig.3 Bedside chest radiograms
of a patient with a severe condi-
tion of COVID-19 pneumonia
showing the temporal lung
changes from the early phase
(a), characterized by bilat-

eral interstitial opacities with
peripheral mid-lower lung
distribution, to the peak phase
(b) with bilateral and more
extensive confluent alveolar
opacities. Note the presence of
endotracheal tube and central
venous catheter in both radio-
graphs

In patients developing an ARDS (up to 40% of COVID-
19 pneumonia cases, 20% of whom experiencing a severe
form) [44], lung involvement is usually diffuse, and massive
bilateral alveolar opacities and consolidation can be seen
on CXR and HRCT respectively (‘“white lung” appearance)
[45].

In advanced cases, uncommon ancillary findings can be
observed, such as pleural or pericardial effusion (usually
mild to moderate in extent); these have been described in
5% and 3.6% of patients, respectively, by Ojha et al. [24].
Mediastinal lymph node enlargement can also occur [30].

In this phase, other imaging findings, such as perilobular
opacities, subpleural lines and reversed halo sign [46] might
become visible on HRCT, usually with patchy bilateral sub-
pleural and peribronchovascolar distribution [30, 41]; in
two meta-analyses, the reversed halo sign showed a pooled
prevalence of 2.4% and 11.1%, respectively [24, 32]. These
features are typically associated with the OP pattern [47],
and are an expression of the proliferative phase of DAD
occurring in COVID-19 pneumonia [48, 49].

Fig.4 Axial HRCT scans of
COVID-19 pneumonia in the
absorption phase. Image in b
nicely demonstrates a decrease
in density of the multifocal GG
opacities observed in a, with a
more extensive bilateral lung
involvement (“tinted” sign)
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Absorption phase

Starting from day 14 of illness, a decrease in the extent of
lung involvement can be seen [20, 24, 43], which becomes
more evident after the 3rd week of illness [43].

In this stage, a progressive reduction in size and number
of the abnormalities (consolidation, mixed consolidation and
GG and crazy paving) is observed, with residual persistence
of GG areas [24, 43], which might be misinterpreted as a
persistent disease.

A decrease in density of the consolidation and GG opaci-
ties coupled with an increase in the extent of the involved
areas has been described as an HRCT sign of absorption
(Fig. 4). Defined as “tinted” sign, this feature might be
related to the gradual resolution of the inflammation fol-
lowed by re-expansion of the alveoli [50].

Other CT features, namely subpleural lines, bronchial
distortion, and parenchymal bands, are expressions of
parenchymal injury repair. Even though previously evident
in some degrees, they become almost constantly visible dur-
ing this phase [43]. This is probably due to a progressive
but asynchronous repair process of the SARS-CoV-2-related
lung injury, where lung portions with progressive involve-
ment coexist with other areas characterized by dissipative
phenomena [43].
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The absorption phase usually shows a long temporal
course and can continue even after complete patient recov-
ery and discharge [42, 50, 51] with HRCT findings, such as
residual consolidation, faint GG opacities, and bands still
evident after 4 weeks from symptoms onset [20, 21]. Resid-
ual HRCT findings have been observed in this phase in up
to 98.1% of cases, according to Ding et al. [40]. In another
cohort of 149 patients undergoing longitudinal HRCT evalu-
ation after recovery [50], only 8.1% showed complete resolu-
tion of the abnormalities at the end of hospitalization. On
the 3rd week after discharge, still more than 40% of patients
demonstrated residual findings, in most of the cases showing
GG opacities [50]. In this regard, Huang et al. reported that
a prompt treatment is correlated with a more rapid clearance
of the abnormalities on HRCT [52].

Late phase

Despite the removal of the cause of lung injury, the eradi-
cation of SARS-CoV-2 does not assure the absence of any
long-term sequelae, such as the development of progressive
fibrotic abnormalities [25].

Indeed, fibrotic changes, with the almost complete
destruction of areas of lung parenchyma, have been

demonstrated on pathological specimens of patients
deceased because of COVID-19 pneumonia [16].

It is possible that the majority of patients with mild dis-
ease (80%) will not be affected by any residual abnormali-
ties, which are conversely expected in patients who expe-
rienced severe illness, with the development of ARDS and
need for advanced respiratory support [53]. Nevertheless,
due to the huge viral spread, even if rare, this late complica-
tion may represent a major healthcare issue [25].

After discharge, various degrees of respiratory impair-
ment related to fibrotic abnormalities have been described
in almost half of the patients, with 25% showing reduced
total lung capacity; this latter was more pronounced in those
patients who sustained a severe condition of COVID-19
pneumonia [54].

HRCT is the imaging modality of choice in the assess-
ment of fibrotic changes [55]. In a study by Wei et al., 39%
of patients developed signs of fibrosis on HCRT after recov-
ering from COVID-19 pneumonia [56]. The fibrotic abnor-
malities described during the late evaluation of COVID-19
pneumonia include irregular interstitial thickening, coarse
reticulation, traction bronchiectasis/bronchiolectasis, irregu-
lar interfaces, and parenchymal bands [57] (Fig. 5). How-
ever, some of these features, especially irregular interfaces

Fig.5 Axial CT scans of a COVID-19 patient with acute pulmo-
nary embolism (arrowhead in b), showing the temporal evolution of
the lung abnormalities till the late phase. CT scans in a and b were
performed 16 days after the onset of symptoms; CT scans in ¢ and
d 30 days after; CT scans in e and f 45 days after. Note the progres-
sive reduction of the areas of consolidation and GG—more extensive

in the left lung—and the appearance of fibrotic changes with traction
bronchiectasis/bronchiolectasis and irregular interstitial thickening in
the lingula (arrows in ¢ and e) and in the left lower lobe (arrow in f),
mainly in the area of the previously detected lung infarction (arrow
ind)
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and parenchymal bands, may be gradually absorbed over
time [57].

The development of fibrotic abnormalities correlates
with older age, longer hospitalization, severe disease with
ICU admission, and a higher extend of parenchymal abnor-
malities on HRCT [56, 57]. These evidences have been
confirmed in a recently published study by Han X et al., in
which 35% (40/114) of patients experiencing a severe form
of COVID-19 pneumonia showed fibrotic changes (namely
traction bronchiectasis, fibrotic bands and honeycombing) in
the follow-up CT scan performed 6 months after the disease
onset [58]. The development of fibrotic abnormalities was
associated with older age, non-invasive mechanical ventila-
tion requirement, ARDS, longer hospitalization, tachycardia,
extensive parenchymal involvement on initial chest CT, and
carbon monoxide diffusion lung capacity (DLCO) impair-
ment [58].

Apart from fibrotic abnormalities, other findings can
be observed on the CT scans of patients in follow-up after
COVID-19 pneumonia. These include the development of
new areas of cavitation and/or emphysematous changes
3 months after discharge, reported in 25% of surviving
patients who required mechanical ventilation [59].

Nonetheless, considering the multi-organ involvement of
COVID-19 and due to the unknown possible evolution and
sequelae even in patients fully recovered [60], a multidis-
ciplinary post-acute and late approach becomes mandatory
to define clinical needs and ensure a global evaluation [53].

Prognostic implications of imaging findings

Chest imaging plays a fundamental role in patients with
COVID-19 pneumonia not only for assessing the presence
and evolution of pulmonary abnormalities but also for defin-
ing the severity of disease and predicting patient outcome.

The pivotal role of chest imaging in COVID-19 patients
has been evaluated and confirmed in numerous studies; some
of them aimed at correlating imaging findings with clinical
features and the severity of disease, whereas others focused
on the correlation between imaging findings at admission
(or in the emergency department) and patients’ outcome
to identify factors predictive of disease progression, ICU
admission, or death. A common limitation of these stud-
ies is their retrospective design, even though they usually
involved a re-reading of imaging exams by expert radiolo-
gists blinded to patients’ conditions and outcome. Further-
more, the impact of treatment or confounding logistical fac-
tors due to health care overload in epidemic areas could not
be assessed. Nevertheless, these studies provide evidence
on the role of chest imaging for both assessment of severity
of disease and prediction of outcome in the various clinical
conditions of COVID-19 patients.
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Chest imaging as an indicator of disease severity
and patient outcome

The distribution, extent, and type of pulmonary abnormali-
ties as seen on thin-section CT scans of the chest correlate
with the severity of COVID-19 pneumonia [45, 61-64]. In
general, patients with severe or critical disease show bilat-
eral lung involvement and a more diffuse distribution of
pulmonary abnormalities that tend to extend from the lower
to the upper lobes [45, 62, 65] and from the peripheral to
the parahilar zones of the lung [62, 64]. Furthermore, areas
of consolidation, crazy paving, air bronchogram, and bron-
chial wall thickening have been reported more frequently in
severe/critical patients than in those with a mild course of
the disease [45, 61, 64].

When a CT severity score based on semi-quantitative
assessment of the extent of pulmonary abnormalities is
used, patients with severe/critical disease show significantly
higher scores than patients with a mild disease [45, 61-63].

A severity score helps in quantifying the pulmonary
involvement and has been used in other clinical conditions
such as pulmonary edema and acute respiratory infection
in hospitalized patients [66, 67]. Different scoring systems
have been tested in various studies including COVID-19
patients and have resulted in a good correlation with the
severity of disease and good inter-reader agreement. A few
examples are included in the present review.

In one study of 102 COVID-19 patients, including 84
with mild disease and 18 with severe disease, the CT sever-
ity score was defined as the sum of individual scores from
20 lung regions; scores of 0, 1, and 2 were assigned to each
region if parenchymal opacification involved 0%, less than
50%, or equal or more than 50% of that region, respectively
[63]. Study results showed a significantly higher severity
score in patients with severe COVID-19 disease than in
patients with mild disease (median scores of 23.5 and 13.0,
respectively; P <0.001). The optimal score threshold for
identifying severe patients was 19.5, with 83.3% sensitivity
and 94% specificity. Inter-observer agreement was excellent
between the two radiologists who retrospectively assessed
the CT scans.

In the study by Li et al., clinical data and CT findings of
83 patients with COVID-19 pneumonia (25 severe/critical
patients and 58 ordinary patients) were reviewed and com-
pared [45]. To quantify the extent of lesions on CT scans,
each pulmonary lobe was assigned a score of 0-5 on the
basis of the percentage of involvement (0%, less than 5%,
5-25%, 26-49%, 50-75%, and greater than 75%); a total
score was then calculated. A software was applied to obtain
3D visualization by automatically segmenting the whole
lung and pulmonary lesions. Similar to the previously
described studies, the CT severity score in severe/critical
patients was significantly higher than the score in ordinary
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patients (median score, 11 vs 5; P <0.001). When the cutoff
value of CT score was 7, the sensitivity and specificity for
the ordinary versus severe/critical patients discrimination
were 80.0% and 82.8%, respectively.

A different approach for the definition of the CT sever-
ity score was used by Yuan et al. [64]. Each lung is divided
into 3 zones: upper (above the carina), middle (between the
carina and the inferior pulmonary vein), and lower (below
the pulmonary vein). Each lung zone is assigned a lesion
score (1 as normal attenuation; 2 as GG attenuation; 3 as
consolidation) and an abnormality extent score (0 as normal;
1 as less than 25% abnormality; 2 as 25-50% abnormality;
3 as 50-75% abnormality; 4 as greater than 75% abnormal-
ity). The two scores are then multiplied to obtain the score
for each zone; the sum of the 6 lung zones provides the total
cumulative CT severity score (Fig. 6). In a validation study
of 27 patients with COVID-19 pneumonia, the median CT
score was significantly higher among patients who died than
among those who recovered (30 vs 12; P=0.021). In the
ROC analysis, an optimal cutoff value of 24.5 for the CT
score had a sensitivity of 85.6% and a specificity of 84.5%
for the prediction of mortality.

Quantitative analyses of lung abnormalities on baseline
CT scans can correlate with clinical course in patients with
COVID-19 pneumonia and could be effectively used in
association with clinical and laboratory features to predict
patient outcome. Numerous studies have been published in
the last few months demonstrating that CT findings at admis-
sion and their quantification help predict in-hospital mortal-
ity [68], risk for ICU admission [65, 69], or progression to
severe illness [70, 71]. In most cases, a deep-learning-based
quantitative CT imaging was used for automatic segmenta-
tion and quantification of the extent of lung involvement
[65, 68-70].

In one study, the extent of well-aerated lung at base-
line chest CT performed in the emergency department was

Fig.6 HRCT scans from the upper (a), middle (b), and lower
(c) zones in a 54-year-old man who developed a severe course of
COVID-19 pneumonia. The total CT severity score is 30, based on
the scoring system proposed by Yuan et al. [64]: a right upper, 3

assessed and quantified to determine its relationship with
prognosis [68]. Patients with COVID-19 pneumonia who
were admitted to ICU or died showed involvement of 4
or more lobes at baseline chest CT more frequently than
patients without ICU admission or death (16% versus 6% of
patients, P < 0.04). After adjustment for patient demograph-
ics and clinical parameters, visually assessed well-aerated
lung parenchyma on admission CT less than 73% was an
independent predictor of ICU admission or death (odds ratio
5.4, P<0.001); software-based quantification of the extent
of well-aerated lung showed similar results. As described
by the authors, CT quantification of well-aerated lung was
shown to help estimating the alveolar recruitment during
ventilation and to predict the prognosis of patients with
ARDS [72, 73]. Quantification of the extent of well-aerated
lung, rather than of parenchymal abnormalities, would avoid
including underlying lung diseases, such as emphysema or
fibrosis, in the estimate; it could also represent a surrogate
of residual respiratory function [68].

Although the sensitivity of CXR for diagnosis of COVID-
19 is relatively low, the utility of initial CXR on predicting
clinical outcome represents an unmet need, especially in a
clinical context with a high influx of patients [74].

The value of the initial CXR in young adults
(21-50 years) with a confirmed diagnosis of COVID-19
was reported by Toussie et al. using a very simple scoring
system [74]. Each lung was divided into 3 zones (lower
from the costophrenic sulcus to inferior hilar markings,
middle from inferior hilar markings to superior hilar mark-
ings, upper from superior hilar markings to the apices).
Each zone was given a binary score, depending on the
presence (1) or absence (0) of opacities, which were then
summed for a total score (0—6). This scoring system was
tested in a retrospective study of 338 patients who pre-
sented to the emergency department at a hospital in NYC
[74]. After adjusting for demographics and co-morbidities,

2)2 2

(consolidation) X 3 (extent 50-75%); left upper, 3 (consolidation) X 2
(25-50%); b right middle, 3 (consolidation) X3 (50-75%); left mid-
dle, 2 (ground-glass) x 1 (<25%); ¢ right lower, 2 (ground-glass)x 1
(<25%); left lower, 2 (ground-glass) X 1 (<25%)
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the severity of opacification on the initial CXR was associ-
ated with the need for hospitalization and need for intuba-
tion. Patients with opacities in at least 2 lung zones were
more likely to require hospitalization and those with opac-
ities in at least 3 lung zones were more likely to require
intubation. The authors also found that age, male gender,
and obesity were associated with an increased risk of a
higher CXR score (>2) and need for hospitalization and
intubation.

Three studies from the same site in Italy correlated
CXR findings at admission with patients’ outcome to
identify in-hospital mortality; all patients had a confirmed
diagnosis of COVID-19 [67, 75, 76]. The authors designed
a dedicated scoring system (called Brixia score) for semi-
quantitative assessment of lung disease in COVID-19
patients based on the extent and characteristics of lung
abnormalities [67]. Each of 6 lung zones (upper, middle,
inferior) is assigned a score as follows: O to indicate the
absence of lung abnormalities, 1 if interstitial infiltrates
are present, 2 if interstitial and alveolar infiltrates are
present with a predominance of interstitial opacities, 3 if
interstitial and alveolar infiltrates are present with a pre-
dominance of alveolar opacities. The scores of each lung
zone are then added to obtain an overall CXR score (0-18)
(Fig. 7). In the multivariable logistic regression model,
Brixia score, patient age, and conditions that induced
immunosuppression were the only significant predictive
factors for in-hospital mortality. The optimal cutoff val-
ues for Brixia score and patient age were 8 points and
71 years, respectively [75]. The authors also found that
males > 50 years and females > 80 years showed the high-
est score (median > 8) and were at higher risk for develop-
ing severe lung disease [76].

Fig.7 Bedside chest X-ray performed at the emergency department
admission in a 62-years-old male affected by COVID-19 pneumo-
nia (a), showing a Brixia score of 9 [67]. Note that the upper line is
drawn at the level of the inferior wall of the aortic arch, while the
lower line is drawn at the level of the inferior wall of the right inferior
pulmonary vein. Based on the chest X-ray severity score (>8) and

CXR Score: 9
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Other chest imaging findings associated
with prognosis

Other chest CT findings that seem to be associated with
prognosis of patients with COVID-19 include pulmonary
embolism (PE) and enlargement of mediastinal lymph nodes.

Thrombotic complications, including PE, are emerging as
important sequelae that contribute to significant morbidity
and mortality in patients diagnosed with COVID-19 [71].

In recently published studies, the incidence of PE among
hospitalized COVID-19 patients who underwent CT angi-
ography ranged between 21 and 30% [13, 77-80]. This inci-
dence is higher than that reported in critically ill patients
without COVID-19 infection (1.3%) or in the emergency
department (3—10%) [13]. In most studies, patients with
PE were more frequently in the ICU, required mechani-
cal ventilation more often, and had a longer delay between
onset of symptoms and CT scan than patients without PE
[13, 78, 79]. They also showed higher levels of D-dimer.
In one study, a significant difference in C-reactive protein
and D-dimer between PE positive and PE negative patients
was observed, which may suggest that COVID-19 positive
patients with higher levels of inflammation and D-dimer val-
ues are more susceptible to developing pulmonary embolism
[77].

Acute PE was also described in 13 of 72 (18%) non-hos-
pitalized COVID-19 patients, referred to CT angiography
from the emergency department [14]. In this study, patients
with PE were older and had higher D-dimer levels than
patients without PE, whereas no significant difference was
found in the severity of pulmonary involvement at CT.

Given the high incidence of PE in patients with COVID-
19 pneumonia, some authors suggested a larger use of

age (=50 years-old), this patient had an increased risk of develop-
ing a severe disease course. Indeed, the chest X-ray performed 6 days
later (b) depicts a clear disease progression, with increase in den-
sity and extent of the abnormalities in both lungs. Lately, the patient
recovered after ICU admission
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contrast-enhanced CT in these patients, especially for those
with marked elevation of D-dimer [14, 78, 79]. According
to the advice paper from the European Society of Radiology
and the European Society of Thoracic Imaging, contrast-
enhanced CT may be indicated to rule out PE if supplemen-
tary oxygen is needed in COVID-19 patients with limited
disease extension [6].

Recent reports have highlighted the relatively high num-
ber of COVID-19 patients showing mediastinal lymphad-
enopathies larger than 10 mm in short axis to the point that
the authors questioned the initial classification of lymphad-
enopathies as an atypical feature of COVID-19 [81, 82].Ina
cohort of 410 COVID-19 patients who underwent CT at the
time of admission to the emergency department, Sardanelli
et al. found a prevalence of mediastinal lymph node enlarge-
ment of 19%, higher than the pooled prevalence previously
reported in two systematic reviews (3.4% and 5.4%) [31,
83]. The prevalence increased to 27% in those patients who
died during hospitalization, indicating that mediastinal lym-
phadenopathies may be considered a predictor of a worse
outcome [81]. In a smaller cohort of 15 patients in the ICU,
the prevalence of mediastinal lymphadenopathies was even
higher (66%) [82].

Conclusions

Chest imaging plays a crucial role in the initial evaluation
and follow-up of patients with COVID-19 pneumonia. Chest
imaging can also help in the assessment of disease severity
and prediction of patient outcome, either as an independ-
ent factor or in combination with clinical and laboratory
features.
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