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Purpose of review

This review aims to explore the different imaging modalities, such as chest radiography (CXR), computed
tomography (CT), ultrasound, PET/CT scan, and MRI to describe the main features for the evaluation of the
chest in COVID-19 patients with ARDS.

Recent findings

This article includes a systematic literature search, evidencing the different chest imaging modalities used in
patients with ARDS from COVID-19. Literature evidences different possible approaches going from the
conventional CXR and CT to the LUS, MRI, and PET/CT.

Summary

CT is the technique with higher sensitivity and definition for studying chest in COVID-19 patients. LUS or
bedside CXR are critical in patients requiring close and repeated monitoring. Moreover, LUS and CXR
reduce the radiation burden and the risk of infection compared with CT. PET/CT and MRI, especially in
ARDS patients, are not usually used for diagnostic or follow-up purposes.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) pandemic
has affected millions of people worldwide causing
a wide spectrum of clinical manifestation [1], rang-
ing from asymptomatic forms to acute respiratory
distress syndrome (ARDS) requiring mechanical
ventilation [2]. An incidence of ARDS between 20
and 67% in hospital-admitted patients, and up to
100% in mechanically ventilated ones has been
reported [3

&

]. Severe disease is associated with male
sex, advanced age, obesity, diabetes, chronic lung
disease, hypertension, and sarcopenia [4]. SARS-
CoV-2 has a cytopathic effect on lung AT2 cells with
alveolar damage and reduction of surfactant expres-
sion that may result in diffuse alveolar–capillary
barrier dysfunction and ultimately in the develop-
ment of ARDS [5–7]. Given the high contagiousness
of the disease and the rapid spread of the infection,
healthcare systems had to face a profound reorgani-
zation with the aim for protecting healthcare work-
ers and at the same time ensuring the best care for
patients. Dedicated pathways for COVID-19
patients were created and many departments were
turned into sub-intensive or ICU in order to increase
the number of available beds [8]. The relative lack of
t © 2021 Wolters Kluwe
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resources and hospital beds in the very first period of
the pandemic created the need for hospitals to
establish, which patients to admit with priority,
and the selection often depended on an accurate
patient evaluation performed in the emergency
department [9,10

&

]. In this setting, chest imaging
had a key role in the diagnosis, evaluation, and risk
stratification of patients. As first choice imaging
modality, the Fleischner Society suggested com-
puted tomography (CT), whereas the American Col-
lege of Radiology and the Society of Thoracic
Radiology recommended a two-view chest
r Health, Inc. All rights reserved.
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KEY POINTS

� During COVID-19 pandemic, chest imaging played a
crucial role for hospitalized patients like the ones
in ARF.

� This review evidence the advantages and
disadvantages of the different imaging modalities used
during the pandemic for COVID-19 patients.

� CT scan is the imaging technique with higher sensitivity
and reliability for ARF patients.

� LUS and bedside CXR represent useful tools in the
monitoring of critically ill patients for the reduced
radiation exposure and the minimized risk of infection
spread if compared to the CT but they have
lower sensitivity.

Respiratory system
radiography (CXR) [11,12]. Other authors proposed
a lung ultrasound (LUS) examination [13,14].

Chest imaging played a crucial role also for
hospitalized patients, on one hand to monitor treat-
ment effects in the most severe cases, on the other to
assess the risk of deterioration in less critical ones.

Aim of this work is to give an overview of the
different imaging techniques used for chest evalua-
tion in COVID-19 patients with ARDS.
LITERATURE SEARCH

Two authors (S.C and L.D.M) independently con-
ducted a systematic review using EMBASE (Elsevier)
and PubMed databases to evaluate the most rele-
vant articles on chest imaging in patients with
ARDS from COVID-19. The systematic literature
search was performed on 9 September 2020 and
updated on 14 October 2020. Search terms used
were ‘acute respiratory distress syndrome’, ‘com-
puted tomography’, ‘ARDS’, ‘X-ray’, ‘COVID-19’,
‘chest radiography’, and ‘ultrasound’. Articles pub-
lished from 1 January 2020 in English language,
which included patients diagnosed with COVID-
19 and ARDS, and had adequate imaging findings
were included in the review. Two investigators (S.C.
and L.D.M.) independently separately analyzed and
evaluated all articles for eligibility. Additional
articles were collected by analyzing the references
of the selected studies. The total number of articles
screened was 232, of which 56 were selected for
this review.
CHEST X-RAY

As previously mentioned, the American College of
Radiology and the Society of Thoracic Radiology
 Copyright © 2021 Wolters Kluwer H
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have suggested the use of CXR for the diagnosis
and monitoring of COVID-19 patients, although
literature data report a lower sensitivity (69%) of
CXR compared with CT in detecting abnormalities
in the initial stages of COVID-19 [15

&

,16
&

]. Indeed,
CXR is easily available, carries lower radiation bur-
den and can be performed directly at the bedside,
limiting the workforce needed for transporting the
patients outside the wards and, most importantly,
reducing the risk of contagion for patients and
healthcare workers [10

&

,17]. Typical findings in
patients with SARS-CoV-2 infection at CXR are
ground-gloss opacities (GGOs), reticular pattern,
and consolidations [10

&

,15
&

,16
&

]. According to the
Fleischner Society, GGOs are areas of hazy increased
lung opacity less dense than consolidation, and in
such areas, pulmonary vessels images are not distin-
guishable. Reticular pattern consists in a sum of
many small linear opacities, which appears as a
net [18]. Finally, consolidations are described as
areas of high attenuation that erases both vessels
and airways walls margins. In the initial stages of the
disease, the most frequent pattern at baseline CXRs
was GGO, either isolated or associated to other
patterns, with a peripheral distribution prevailingly
in inferior lobes [15

&

,16
&

].
Many authors proposed the use of severity score

indexes for the evaluation of CXR, based on the type
and extension of lung alterations, and demon-
strated that higher scores correlated with worse
clinical conditions and outcomes. More extended
consolidations on initial CXR are associated with a
higher rate of hospitalization and invasive mechan-
ical ventilation [9,16

&

,19,20].
In mild COVID-19 infection, typical CXR find-

ings consist of bilateral peripheral, multifocal
GGOs. Conversely, in critical patients with acute
respiratory failure and ARDS, multiple, bilateral con-
solidations are usually observed. Consolidations
appear in most cases after 10–12 days from the onset
of symptom and are frequently bilateral, preferen-
tially localized in the lower lung fields [10

&

,15
&

,16
&

]
(Figs. 1c, 2, and 3b)

In patients with ARDS undergoing invasive
mechanical ventilation, the execution of multiple
bedside CXRs is a very useful tool to monitor the
disease progression and treatment response. In
patients with progressive disease, serial CXRs show
a progressive extension of parenchymal consolida-
tions, reaching the ‘white lung’ pattern, with bilat-
eral confluent consolidations, in more critical cases
[10

&

,21] (Fig. 3a and b).
Interestingly, Artificial Intelligence models have

been applied to CXRs with the aim of improving
diagnostic accuracy and lowering the need of
human workforce during the pandemic [9,22].
ealth, Inc. All rights reserved.
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FIGURE 1. Acute respiratory failure in a 70-year-old patient. Chest imaging of a 70-year-old patient with acute respiratory
failure because of COVID-19 treated with invasive mechanical ventilation (endotracheal tube in the trachea). (a) Coronal view
of chest CT scan showing bilateral GGOs and consolidations with central and peripheral distribution. (b) Axial view of chest
CT scan showing bilateral GGOs and consolidations with central and peripheral distribution.(c) Bedside CXR showing
bilateral GGO and peripheral consolidations. COVID-19, coronavirus disease 2019; CT, computed tomography; CXR, chest
radiography; GGOs, ground-gloss opacities.
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COMPUTED TOMOGRAPHY

CT is the gold-standard for the evaluation of patho-
logical chest finding in COVID-19 patients [23].

When compared with CXR, CT is a longer and
more expensive examination, characterized by a
higher radiation burden, requires a higher workload
and carries a higher risk of contagion spread but is
much more sensitive in the early stage of the disease
[20,23].

In the early phases of the pandemic character-
ized by a rapid increase in the number of patients,
some authors advocated the use of CT scan as an aid
for early diagnosis as CT findings can forerun the
 Copyright © 2021 Wolters Kluwe

FIGURE 2. Acute respiratory failure in a 60-year-old patient.
Bedside CXR of a 60-year-old patient with acute respiratory
failure because of COVID-19, showing bilateral peripheral
confluent consolidations. COVID-19, coronavirus disease
2019; CXR, chest radiography.
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onset of symptoms and can help to reduce the rate of
false-negative nucleic acid tests [6,17,24,25]. The
most frequent findings at CT are GGOs, consolida-
tions, reticular interlobular septal thickening, pleu-
ral thickening, air bronchograms, bronchus
distortion, and crazy paving [6,26,27] (Figs. 4 and 5).

Pleural, pericardial effusion, and lymphadenop-
athy are usually absent [28]. Opacities are peripheral
and subpleural, typically have a peribronchovascu-
lar distribution and are more represented posteriorly
in the lungs [27]. In the very early stages of the
disease, these changes might be limited and show a
unilateral distribution but they rapidly become
bilateral [26]. Halo sign, defined as the presence of
a GGO around a solid nodule, is present in a quarter
of patients. Additionally, in some patients, a
reversed-halo sign, defined a soft tissue density
around a central GGO, has been described [29]. In
addition, both bronchial wall thickening and air
bronchograms are detected [17] (Fig. 1a and b and
Fig. 4). In regions with high prevalence of SARS-
CoV-2 infection, the sensitivity of chest CT for the
diagnosis of COVID-19 reaches 97%, and this exam-
ination is important for the identification of other
causes of respiratory failure [17,25]. As an example,
bacterial pneumonia is characterized at CT scans by
patchy shadows distributed along the bronchi or by
large lobe consolidation with air bronchogram [17].

CT findings of viral pneumonia are similar to
those of COVID-19; however, the latter is character-
ized by GGO and reticular interlobular septal thick-
ening, which are preferentially peripheral, and
pleural effusion and lymphadenopathy are less
likely [29].

The Coronavirus disease 2019 Reporting and
data System CT (CO-RADS) has been proposed to
r Health, Inc. All rights reserved.
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FIGURE 3. The evolution of chest radiography findings in a 40-year-old patient with coronavirus disease 2019. Bedside CXRs
of a 40-year-old patient with COVID-19. (a) Baseline CXR showing bilateral GGOs with a peripheral predominant distribution
in medium-lower lobes. (b) CXR at day 5 showing bilateral, multifocal consolidations, more evident in the right lung. CXR,
chest radiography; GGOs, ground-gloss opacities.

Respiratory system
classify chest CT findings into 5 grades with 1 being
unlikely to represent COVID and 5 being typical for
the disease [30].

CT is a fundamental tool in the assessment of
disease progression and severity. Pan et al. summa-
rized in four CT-based stages the course of the
disease [1,24,31]. The early-stage or stage 1 (from
0 to 4 days after symptoms onset) is characterized by
subpleural unilateral or bilateral GGO distributed in
the lower lobes. In the second or progressive stage
 Copyright © 2021 Wolters Kluwer H

FIGURE 4. Reticular thickening, bronchiectasis, and
pseudonodular opacities. CT of the chest showing diffuse
inter-intralobular reticular thickening with concomitant
thickened wall bronchiectasis. Millimetric pseudonodular
opacities of inflammat.ory type are observed in the
peripheral region in the left lower lobe. CT, computed
tomography.

20 www.co-criticalcare.com
(from 5 to 9 days from symptoms onset), GGO are
found in a diffuse fashion and septal thickening
becomes more obvious, leading to the so-called
‘crazy-paving’ pattern; moreover, consolidations
can be seen. Stage 3, the peak stage (from 9 to
13 days after symptoms onset), is the most radiolog-
ically severe, characterized by diffuse parenchymal
pathological changes, with dense consolidations
becoming prevalent. Stage 4 is the absorption stage
ealth, Inc. All rights reserved.

FIGURE 5. Reticular thickening, bronchiectasis, and ground-
gloss opacity. CT of the chest showing inter-intralobular
reticular thickening in the right lobe with concomitant
thickened wall bronchiectasis bilaterally. Right lower lobe
shows GGO-type parenchyma opacity in submantellar
location. CT, computed tomography; GGO, ground-gloss
opacity.
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(from the 14th day after symptom onset), in which
consolidations are slowly absorbed [31–33].

Dual Energy CT has demonstrated to be able to
recognize small pulmonary embolism, not detect-
able with conventional CT angiography and to
identify parenchymal perfusion deficits in COVID-
19 patients [34].

Henkel et al. correlated CT patterns of ARDS in
COVID-19 patients and postmortem pathologic
lung features. In all patients, diffuse alveolar damage
and capillary congestion was seen on autopsy,
whereas microthrombi and superimposed acute
bronchopneumonia were observed in 38 and 24%
of the cases, respectively but no histopathologic
pattern was associated to a specific CT pattern
[35]. However, areas of GGOs reflected capillary
dilatation, congestion, interstitial edema, and acute
exudative diffuse alveolar damage, while consolida-
tions reflected microthrombosis and leukocytoclas-
tic vasculitis [35]. Bronchial wall thickening and
consolidation reflected bacterial superinfection
and bronchopneumonia [35].

The frequent involvement of the pulmonary
circulation in COVID-19, with diffuse pathophysio-
logic drivers of hypoxemia, capillary microthrombo-
sis, and thromboembolism [4,35], has been
extensively described. At CT scan, vascular altera-
tions are seen as vascular thickening, pulmonary
artery enlargement, and vascular congestion [36,37].

Finally, CT plays an important role in monitor-
ing ARDS progression and severity [6,38]. Wu et al.
performed a semi-quantitative analysis of pulmo-
nary CT findings and proposed a score for the pre-
diction of severe/critical ARDS, based on the
quantification of pulmonary involvement. This
study highlights that CT findings like consolidation,
crazy-paving pattern, linear opacities, bronchial
wall thickening, high CT score, and extrapulmonary
lesions were characteristic of severe/critical ARDS
[39,40].
LUNG ULTRASOUND

LUS is a noninvasive, well tolerated, feasible, repeat-
able, radiation-free, and low-cost imaging technique
[41].

In recent years, it has been widely used for the
study of lungs through the evaluation and quantifi-
cation of B-lines, consolidations, and pleural alter-
ations. B-lines are defined as hyperechoic artefacts
originating perpendicularly from the pleura, reach-
ing the bottom of the image and moving concomi-
tantly with lung movements [42]. These artefacts are
a sign of loss of lung ventilation and interstitial
alterations, corresponding to the GGOs observed
at CT and CXR [42,43]. Several studies suggest a
 Copyright © 2021 Wolters Kluwe
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LUS evaluation of COVID-19 patients for its repeat-
ability and safety [13,14]. LUS can be easily per-
formed at the bedside, and this may be
particularly useful in mechanically ventilated
patients or in patients on extracorporeal membrane
oxygenation, who might be difficult to move to the
radiology department [44].

There are multiple approaches for the execution
and evaluation of LUS, and different scores have
been proposed, all based on the subdivision of the
lungs into sections and on the semiquantitative
analysis of the findings in each section [43]. Li
et al. demonstrated a prognostic role of a LUS score,
with patients presenting with a higher score having
worse outcomes [45]. In ARDS patients, typical LUS
findings include a high number of B-lines, consol-
idations, and reduced lung sliding [41,46]. The pres-
ence of such findings is indeed a marker of critical
respiratory conditions that frequently require inva-
sive ventilation [46].

LUS can be used to monitor ARDS evolution and
the effects of mechanical ventilation as LUS scores
are related to lung aeration. For example, Conway
et al. [44] suggested the use of LUS scores in mechan-
ically ventilated COVID-19 patients for adjusting
the positive end-expiratory pressure (PEEP) and
recruitment maneuvers [47,48].

In ICU patients, other important applications of
LUS are the recognition of complications, like pneu-
mothorax, the guiding of invasive procedures, and
the assessment of the correct position of the endo-
tracheal tube [47,48].

Of note, all authors have emphasized the impor-
tance of an accurate training of the operator, which
is frequently a nonradiologist before performing
LUS [49–51].

Data regarding diagnostic performance of LUS
demonstrate high accuracy (93.3%), sensitivity
(100.0%), and specificity (92.9%) for severe lung
lesions, confirming its usefulness in the diagnosis
and monitoring of critical COVID-19 patients [17].
PET/COMPUTED TOMOGRAPHY

Patients with ARDS because of COVID-19 have
peripheral GGOs and lung consolidation with a
high inflammatory activity that is reflected by a
high 18F-FDG uptake [17].

Quin et al. described 18F-FDG avid foci of path-
ological radiotracer uptake in lung parenchyma and
in regional lymph nodes in a series of COVID-19
patients who underwent occasional PET/CT exami-
nations. They stated that PET/CT findings were
attributable to SARS-CoV-2 tropism as there were
no inflammatory lesions in other body segments
[52].
r Health, Inc. All rights reserved.
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FIGURE 6. Reticular thickening pattern, bronchiectasis, and pleural thickening. MRI (a) and CT (b) images of the chest,
showing a diffuse pattern of inter-intralobular reticular thickening with contextual thickened walled bronchiectasis. Minimal
signs of pleural thickening in the right lower lobe, in the posterior region. CT, computed tomography.

Respiratory system
F-FDG PET/CT may also yield further data on
ongoing inflammatory pathological alterations:
areas with higher 18F-FDG uptake may correspond
with higher erythrocyte sedimentation rates and
take longer to recover [53].

The drawbacks of PET/CT are the long acquisi-
tion time, the high radiation burden, and the higher
cost when compared with CXR or CT. For these
reasons, it cannot be considered as a diagnostic tool
alone but rather as a completion in combination
with other modalities [54].
MRI

MRI chest findings in COVID-19 patients are mainly
‘incidental’, as MRI is usually performed for other
indications [53].

Findings as GGOs, consolidation, reticulation,
and reverse halo sign have been described by Tor-
kian et al.
 Copyright © 2021 Wolters Kluwer H
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Yang et al. showed a high concordance between
CT and MRI in the detection of characteristically
COVID-19 findings, including GGOs and consoli-
dation. (Fig. 6 a and b). However, fair-to-moderate
agreement was observed for the evaluation of sec-
ondary findings, such as pseudocavities, crazy pav-
ing pattern, and air bronchograms [55,56].

A good sequence to detect MRI COVID-19 alter-
ations are T2-weighted turbo spin-echo turbo inver-
sion recovery magnitude (T2W TSE-TIRM) as lesions
appear brighter than in the other sequences [55].
Another useful sequence is T2 PROPELLER that is
obtained with respiratory gating triggered by the
expiration phase of the respiratory cycle and were
completed with MIP reconstruction (10 mm of slice
thickness).

Moreover, MRI could provide an alternative for
high-risk patients, such as pregnant women and
pediatric patients who should stave off radiation
exposure.
ealth, Inc. All rights reserved.
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Finally, it has been proposed that MRI could
play a role in the follow-up of COVID patients.
CONCLUSION

Chest CT scan is the imaging technique with higher
sensitivity and reliability. In critically ill patients,
who require close and repeated monitoring, the use
of LUS or bedside CXR, although of lower sensitiv-
ity, can reduce the radiation dose exposure and the
risk of infection spread when compared with CT.
Other modalities, like PET/CT and MRI, especially in
ARDS patients, are not routinely used for diagnostic
or follow-up purposes, even though in the latter
setting, MRI could indeed have a role [11,16

&

,
51,53,55].
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