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Chest CT in COVID-19: What the 
Radiologist Needs to Know

Chest CT has a potential role in the diagnosis, detection of 
complications, and prognostication of coronavirus disease 2019 
(COVID-19). Implementation of appropriate precautionary safety 
measures, chest CT protocol optimization, and a standardized re-
porting system based on the pulmonary findings in this disease will 
enhance the clinical utility of chest CT. However, chest CT exami-
nations may lead to both false-negative and false-positive results. 
Furthermore, the added value of chest CT in diagnostic decision 
making is dependent on several dynamic variables, most notably 
available resources (real-time reverse transcription–polymerase 
chain reaction [RT-PCR] tests, personal protective equipment, CT 
scanners, hospital and radiology personnel availability, and isolation 
room capacity) and the prevalence of both COVID-19 and other 
diseases with overlapping manifestations at chest CT. Chest CT is 
valuable to detect both alternative diagnoses and complications of 
COVID-19 (acute respiratory distress syndrome, pulmonary em-
bolism, and heart failure), while its role for prognostication requires 
further investigation. The authors describe imaging and managing 
care of patients with COVID-19, with topics including (a) chest CT 
protocol, (b) chest CT findings of COVID-19 and its complications, 
(c) the diagnostic accuracy of chest CT and its role in diagnostic 
decision making and prognostication, and (d) reporting and com-
municating chest CT findings. The authors also review other specific 
topics, including the pathophysiology and clinical manifestations of 
COVID-19, the World Health Organization case definition, the value 
of performing RT-PCR tests, and the radiology department and per-
sonnel impact related to performing chest CT in COVID-19. 
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After completing this journal-based SA-CME 
activity, participants will be able to:

	�Discuss the role of chest CT in diag-
nostic decision making.

	�Describe the precautionary safety mea-
sures and chest CT protocol for imaging 
patients with COVID-19.

	�Recognize the chest CT appearance 
of COVID-19 and apply standardized 
reporting methods.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
Coronavirus disease 2019 (COVID-19) is an infectious disease caused 
by the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) (1). The first human cases of COVID-19 were first reported 
by officials in Wuhan, China, in December 2019 (2). The disease rap-
idly spread throughout the world and was declared a pandemic by the 
World Health Organization (WHO) on March 12, 2020 (3). On June 
13, 2020, there were nearly 8 million confirmed cases and more than 
425 000 confirmed deaths due to COVID-19 worldwide (4). There 
are currently no specific treatments or vaccines for COVID-19 (1). 
However, there are many ongoing clinical trials evaluating potential 
treatments (1), and many efforts are underway to develop vaccines (5).

The chest imaging findings of COVID-19 were first published in 
January 2020 and included bilateral lung involvement and ground-
glass opacities in the majority of hospitalized patients (6). Since 
then, a myriad of articles on chest CT findings in COVID-19 have 
been published at a rapid pace. The appropriate use of chest CT in 
patients with COVID-19 should be based on experience and, above 
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angiotensin converting enzyme 2 (ACE2) for cell 
entry and the serine protease transmembrane 
protease serine 2 (TMPRSS2) for S protein 
priming (7,8). ACE2 is highly expressed on the 
epithelial cells of the oral mucosa and lungs but 
also in the heart, blood vessels, intestine, kidney, 
bladder, and brain (7,9,10).TMPRSS2 is highly 
expressed with a broader distribution, suggest-
ing that ACE2 rather than TMPRSS2 may be a 
limiting factor for viral entry at the initial infec-
tion stage (11). The nasal epithelium is one of the 
first sites of infection with SARS-CoV-2 (11,12). 
Interestingly, it was reported that ACE2 gene ex-
pression is lower in the nasal epithelium of chil-
dren than that of adults, which may help explain 
why COVID-19 is less prevalent in children (13).

Clinical Manifestations of COVID-19
A wide spectrum of clinical manifestations can 
be seen with COVID-19. Fever (80.4%), cough 
(63.1%), fatigue (46%), and expectoration 
(41.8%) are the most common manifestations of 
COVID-19 (14). Other common symptoms in-
clude anorexia (38.8%), chest tightness (35.7%), 
shortness of breath (35%), dyspnea (33.9%), and 
muscle soreness (33%) (14). Olfactory dysfunc-
tion (41.0%) and gustatory dysfunction (38.2%) 
also appear to be relatively frequent symptoms 
(15). Other less frequently reported symp-
toms include headache (15.4%), pharyngalgia 
(13.1%), diarrhea (12.9%), shivering (10.9%), 
nausea and vomiting (10.2%), and abdominal 
pain (4.4%) (14). The list of potential symptoms 
for COVID-19 is so long that anything can be 
considered a symptom. In addition, the list of po-
tential symptoms may expand as we learn more 
about COVID-19. 

To our knowledge, there is no uniform defini-
tion of what constitutes symptomatic COVID-19. 
Most symptomatic patients with COVID-19 
experience mild to moderate respiratory illness 
and recover without requiring special treatment 
(1). Importantly, more than half of patients with 
a positive RT-PCR test result may be asymp-
tomatic at the time of testing (16,17). Reported 
fatality rates vary widely, ranging from 0.3% to 
13.1% (18) and are probably dependent on sev-
eral variables, including the demographics of the 
population, intensity of testing, available health 
care resources, and completeness and accuracy 
of mortality data. Older patients and patients 
with underlying disease (including diabetes mel-
litus, cardiovascular disease, respiratory disease, 
hyperlipidemia, obesity, and chronic kidney and 
liver disease) may be more susceptible to severe 
disease (7,19). Otherwise-healthy children tend 
to have milder symptoms (7,19). The long-term 
sequelae of COVID-19 are still largely unknown.

all, the scientific evidence that has emerged 
since the outbreak of this disease, which keeps 
accumulating. 

In this article, we provide an overview of chest 
CT in imaging and managing care of patients with 
COVID-19 and discuss topics including (a) chest 
CT protocol, (b) chest CT findings in COVID-19 
and its complications, (c) the diagnostic accuracy 
of chest CT and its role in diagnostic decision 
making and prognostication, and (d) reporting 
and communicating chest CT findings. Additional 
specific topics outlined in this article include the 
pathophysiology and clinical manifestations of 
COVID-19, the case definitions of COVID-19 
according to the WHO, the value of perform-
ing real-time reverse transcription–polymerase 
chain reaction (RT-PCR) tests, and the radiol-
ogy department and personnel impact related to 
performing chest CT for COVID-19. Knowledge 
of these topics is important for all radiologists to 
optimize their care to patients with suspected or 
proven COVID-19 and to those without known 
COVID-19 amid the ongoing pandemic.

Pathophysiology of COVID-19
Coronaviruses have a single-stranded positive-
sense RNA genome of ~30 kb (7). Cell entry of 
coronaviruses is dependent on the binding of the 
viral spike (S) proteins to cellular receptors and 
on S protein priming by host cell proteases (7,8). 
SARS-CoV-2 uses the severe acute respiratory 
syndrome coronavirus (SARS-CoV) receptor 

TEACHING POINTS
	� Several chest CT findings have been reported in more than 
70% of RT-PCR test–proven COVID-19 cases, including 
ground-glass opacities, vascular enlargement, bilateral abnor-
malities, lower lobe involvement, and posterior predilection.

	� Chest imaging is not indicated as a screening test for 
COVID-19 in asymptomatic patients or in patients with mild 
respiratory symptoms of COVID-19 (ie, absence of significant 
pulmonary dysfunction or damage). 

	� Chest imaging is indicated in patients with moderate to se-
vere respiratory symptoms (ie, presence of significant pulmo-
nary dysfunction or damage) and any pretest probability of 
COVID-19 infection, when RT-PCR test results are negative, 
and in any patient for whom an RT-PCR test is not performed 
or not readily available.

	� A negative chest CT examination result certainly does not 
exclude COVID-19. The proportion of false-positive chest CT 
examination results is substantial and due to overlapping im-
aging features with numerous other diseases, including other 
viral pneumonias.

	� It is important to realize that CT is not the standard for the 
diagnosis of COVID-19, but its findings help suggest the diag-
nosis in the appropriate setting. It is crucial to correlate chest 
CT findings with epidemiologic history, clinical presentation, 
and RT-PCR test results.
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The specificity of most of the RT-PCR test 
results is theoretically 100% because the primer 
design is specific to the genome sequence of 
SARS-CoV-2 (21). However, occasional false-
positive results may occur owing to technical 
errors and reagent contamination (21). Fur-
thermore, it should be realized that a positive 
RT-PCR test result reflects only the detection of 
viral RNA and does not necessarily indicate the 
presence of viable virus (21,24). 

Another disadvantage of the RT-PCR test is 
that it takes some time before results are avail-
able (25–28), with estimated testing times rang-
ing from 50 minutes to 4 hours for semiauto-
mated to fully automated, walk-away assays and 
6–14 hours for manually performed assays (29). 
Finally, although rapid point-of-care immuno-
diagnostic tests are being developed and investi-
gated, their use for patient care is currently not 
recommended (25–28).

Radiology Department and  
Personnel Preparedness

SARS-CoV-2 is optimized to disseminate 
rapidly and widely (30), primarily through the 
respiratory tract by droplets, respiratory secre-
tions, and direct contact (31,32). It has been 
described that small particles containing the vi-
rus may diffuse in indoor environments covering 
distances up to 10 m from the emission source 
(33). Furthermore, SARS-CoV-2 may remain 

WHO Case Definitions of COVID-19 
and RT-PCR Tests

The WHO has provided definitions for suspect, 
probable, and confirmed cases of COVID-19 
(Table 1) (20). These definitions can be used 
as a guide for undertaking appropriate actions, 
including infection control measures. A con-
firmed case is defined as a patient with RT-PCR 
test–proven COVID-19, irrespective of clinical 
signs and symptoms (20). The RT-PCR test 
can be performed by using nasopharyngeal 
swabs to obtain nasopharyngeal specimens 
or by obtaining other upper respiratory tract 
specimens by using a throat or saliva swab (21). 
Unfortunately, the sensitivity of RT-PCR tests is 
imperfect, with a pooled estimate of 89% (95% 
CI: 81%, 94%) (22), and one or more negative 
results do not rule out COVID-19 (23). 

A number of factors can lead to a false-
negative result, including (a) poor quality of 
the specimen; (b) collecting the specimen too 
early (eg, between exposure to SARS-CoV-2 and 
symptom onset, which may take up to 1 week) or 
late in the course of infection (eg, grossly esti-
mated in week 4 after symptom onset and beyond 
[21]); (c) inappropriate handling and shipping of 
the specimen; and (d) technical reasons inherent 
in the test (23). If a negative result is obtained 
from a patient with a high index of suspicion for 
COVID-19, additional specimens should be col-
lected and tested (23). 

Table 1: WHO Definitions for Suspect, Probable, and Confirmed Cases of COVID-19

Term Definition

Suspect 
case

(a) A patient with acute respiratory illness (fever and at least one sign or symptom of respiratory 
disease, such as cough, shortness of breath) AND a history of travel to or residence in a location 
reporting community transmission of COVID-19 during the 14 days before symptom onset; OR

(b) A patient with any acute respiratory illness AND has been in contact* with a confirmed or 
probable COVID-19 case in the last 14 days before symptom onset; OR

(c) A patient with severe acute respiratory illness (fever and at least one sign or symptom of respi-
ratory disease, such as cough, shortness of breath; AND who requires hospitalization) AND in 
the absence of an alternative diagnosis that fully explains the clinical presentation

Probable 
case

(a) A suspect patient for whom test results reported by the laboratory for the COVID-19 virus are 
inconclusive; OR      

(b) A suspect patient for whom testing could not be performed for any reason
Confirmed 

case
A person with confirmed laboratory test results of COVID-19, irrespective of clinical signs and 

symptoms

Source.—Adapted and reprinted under a CC BY-NC-SA 3.0 IGO license from reference 20.
*Contact is defined as any one of the following types of exposure during the 2 days before and the 14 days after the 
onset of symptoms in a probable or confirmed case: (a) face-to-face contact with a probable or confirmed case within 
1 m and for more than 15 minutes; (b) direct physical contact with a probable or confirmed case; (c) direct care for 
a patient with probable or confirmed COVID-19 without the use of proper personal protective equipment (PPE); or 
(d) other situations as indicated by local risk assessments. For confirmed asymptomatic cases, the period of contact 
is measured as the 2 days before through the 14 days after the date on which the sample was taken that led to a CO-
VID-19 confirmation.
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viable in aerosols for 3 hours and on plastic and 
stainless steel for up to 72 hours (34). 

Chest CT should be performed with strict 
precautions to minimize hazardous exposure of 
patients and health care professionals to SARS-
CoV-2 (35,36). When possible, chest CT is per-
formed at sites with less traffic to avoid exposure 
of other patients and staff (35). Where more 
than one fixed CT scanner is available, dedi-
cated use of only one CT scanner for patients 
with COVID-19 may be ideal. Another option is 
the use of a mobile CT scanner. 

Patients who are referred for chest CT 
should be screened for COVID-19 symptoms, 
and symptomatic patients should be provided 
with a surgical mask and placed in an isola-
tion room (35,36). The same applies to patients 
with proven COVID-19. A strong case can also 
be made for all patients to wear face masks, 
whether they are symptomatic or not (37). Dis-
tances between patients in waiting areas near the 
CT scanner should be maximized; maintaining 
an interpersonal distance of 2 m in combination 
with wearing a face mask has been reported to 
be effective protection (33). 

Radiology personnel should use appropri-
ate PPE, including face masks, eye protection, 
gown, and gloves. Following correct donning 
and doffing procedures of PPE is essential 
(35,36). Increasing the air-exchange per hour 
or using high-efficiency particulate air (HEPA) 
filtration in CT examination rooms are poten-
tial supplemental mitigation measures (35,36). 
Deep cleaning of the CT examination room 
is necessary before imaging the next patient 
(35,36). All material coming into or near con-
tact with a patient with (suspected) COVID-19 
should be disinfected. After chest CT is per-
formed, the CT examination room downtime 
may be between 30 minutes to 1 hour to al-
low for room decontamination and passive air 
exchange, according to a policy implemented 
by the University of Washington (35,36). As a 
result, patient throughput will be limited. 

Depending on local circumstances, such as 
the number of patients with proven or suspected 
COVID-19 who require chest CT, the number 
of patients who require CT for reasons other 
than COVID-19, and available CT scanners and 
radiology staff, this limited patient throughput 
may cause considerable planning and logistic 
challenges that need to be addressed. Of inter-
est, a 2014 study at a hospital in Saudi Arabia 
that treated patients with Middle East respira-
tory syndrome coronavirus (MERS-CoV) infec-
tion (which has around 50% similarity to SARS-
CoV-2, according to genome sequencing [38]) 
reported that among all health care personnel, 

radiology technicians were most frequently 
infected with MERS-CoV (39). Although these 
findings may not be entirely applicable to the 
current SARS-CoV-2 outbreak or in other 
hospital settings, they underline the need to take 
precautionary measures seriously.

Chest CT Protocol
Patients referred for CT should undergo non–
contrast material–enhanced chest CT (40) 
unless CT pulmonary angiography is required 
to detect pulmonary embolism (PE). Patients 
of all ages can become infected with SARS-
CoV-2 and may need to undergo chest imaging. 
In addition, although chest radiography is most 
frequently used for follow-up imaging, some 
patients with COVID-19 may need to undergo 
follow-up chest CT. Therefore, nonenhanced 
chest CT should preferably be performed by 
using a low-radiation-dose protocol to minimize 
radiation burden. 

Low-radiation-dose CT images can be 
obtained by using lower kilovoltage settings, 
iterative or more recently developed deep learn-
ing–based reconstructions for noise reduction, 
and spectral shaping of the x-ray beam to reduce 
the low-energy component of the x-ray spec-
trum (41,42), dependent on the local availability 
of these technologies. For CT examinations at 
risk for motion artifact, lowering the rotation 
time of the tube detector system with high pitch 
and wide collimation values may be considered 
(41,42). Low-radiation-dose chest CT per-
formed on the basis of these principles has been 
shown to be feasible for imaging patients with 
COVID-19, with noninferior diagnostic qual-
ity and a radiation dose reduction of around 
90% compared with those of a standard CT 
acquisition (42). Therefore, performing low-
radiation-dose CT instead of full-radiation-dose 
CT as standard for the evaluation of the lung 
parenchyma in COVID-19 can be defended on 
the basis of the ALARA (as low as reasonably 
achievable) principle. 

CT images should be acquired during a 
single inspiratory breath hold. Expiratory phase 
CT increases radiation dose, and evaluation 
for air trapping has not been reported to in-
crease the suspicion for COVID-19 at chest CT. 
Whether expiratory phase CT has any value in 
the follow-up of patients with COVID-19 and 
prognostication remains unclear. Acquired CT 
data should be reconstructed by using a sharp 
kernel.

Chest CT Appearance of COVID-19
Several studies have been published reporting 
chest CT findings in COVID-19 (43). However, 
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Figure 2.  Chest CT abnormalities of relatively high 
prevalence in COVID-19. Axial nonenhanced chest 
CT image (lung window) shows bilateral ground-glass 
opacities and dilated segmental and subsegmental ves-
sels, mainly on the right, in a 70-year-old man with posi-
tive RT-PCR test results for SARS-CoV-2.

Figure 1.  COVID-19 pneumonia with typical imaging features according to the Radiological Society of North America 
(RSNA) chest CT classification system (51). Axial nonenhanced chest CT images (lung window) in a 59-year-old man (a) 
and a 47-year-old man (b), each with positive RT-PCR test results for SARS-CoV-2, show bilateral areas of ground-glass 
opacities (arrows) in a peripheral distribution. 

many studies are limited by selection bias, po-
tential blinding issues, and potential confound-
ing of chest CT findings owing to the simultane-
ous presence of other lung diseases (43). Nearly 
all authors of studies who investigated the chest 
CT appearance of COVID-19 investigated CT 
performed in symptomatic patients (43). The 
pulmonary histologic findings of COVID-19, 
which are characterized by acute and organizing 
diffuse alveolar damage, resemble those ob-
served in other coronavirus infections, including 
severe acute respiratory syndrome coronavirus 
1 (SARS-CoV-1) and MERS-CoV (44,45). 
Accordingly, the reported chest CT abnormali-
ties in COVID-19 are similar to those seen in 
infections with SARS-CoV-1 and MERS-CoV 
(46). The prevalence of chest CT abnormalities 
in COVID-19 is dependent on the stage and 
severity of the disease. There is currently a lack 
of radiologic-pathologic correlation studies in 
the literature.

Normal Chest CT Findings
The incidence of normal chest CT findings in 
symptomatic patients with COVID-19 is esti-
mated at about 10.6% (95% CI: 7.6%, 13.7%) 
(43). Although normal chest CT findings are 
more frequently visualized during the first 4–5 
days after symptom onset (in 13.9%–33.3% of 
patients), a nonnegligible number of symptom-
atic cases with normal chest CT findings are ob-
served during the later stage of the infection (in 
1.2%–4.0% of patients) (47–49). The incidence 
of normal chest CT findings in asymptomatic 
patients with COVID-19 is considerably high 
(an estimated 46% of patients) (50). Low viral 

loads and confinement to the upper respiratory 
tract are plausible explanations for false-negative 
chest CT findings for COVID-19 on a patient 
level (21,24). In addition, there are likely host 
factors that lead to false-negative chest CT 
findings. Many patients simply do not elicit the 
pulmonary inflammatory response needed to 
produce the chest CT findings of lung injury.

Chest CT Abnormalities with High 
Incidence (>70%)
Several chest CT findings have been reported in 
more than 70% of RT-PCR test–proven CO-
VID-19 cases, including ground-glass opaci-
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Figure 5.  Halo sign in a 55-year-old man with RT-PCR-test–proven COVID-19. Axial nonenhanced chest CT images 
show consolidations surrounded by ground-glass opacities (arrows) in both upper lobes, findings consistent with the 
halo sign. There is a ground-glass opacity in the right upper lobe (arrowhead in a) and consolidation in both lower 
lobes (arrowheads in b).

ties (Figs 1, 2), vascular enlargement (Fig 2), 
bilateral abnormalities, lower lobe involvement, 
and posterior predilection (43). In COVID-19–
endemic regions, the observation of these chest 
CT findings should raise the suspicion of pos-
sible COVID-19 diagnosis (43).

Chest CT Abnormalities with 
Intermediate Incidence (10%–70%)
Several chest CT findings have been reported in 
10%–70% of RT-PCR test–proven COVID-19 
cases, including consolidation (51.5%), linear 
opacity (40.7%) (Fig 3), septal thickening and/
or reticulation (49.6%), crazy-paving pattern 
(34.9%) (Fig 4), air bronchogram (40.2%), 
pleural thickening (34.7%), halo sign (34.5%) 
(Fig 5), bronchiectasis (24.2%), nodules 
(19.8%), bronchial wall thickening (14.3%), 
and reversed halo sign (11.1%) (43). The fol-

lowing lesion distributions have been reported: 
unilateral (15.0%), multifocal (63.2%), diffuse 
(26.4%), single and/or focal (10.5%), middle or 
upper lobe involvement (49.3%–55.4%), periph-
eral location (59.0%), and central and periph-
eral location (36.2%) (43).

Chest CT Abnormalities with Low 
Incidence (<10%)
Several chest CT findings have been reported to 
be uncommon in RT-PCR test–proven CO-
VID-19 cases, and these include pleural effusion 
(5.2%), lymphadenopathy (5.1%), tree-in-bud 
sign (4.1%), central lesion distribution (3.6%), 
pericardial effusion (2.7%), and cavitating lung 
lesions (0.7%) (43). The isolated observation of 
one or more of these findings is more sugges-
tive of another diagnosis than of COVID-19, 
although COVID-19 cannot be completely 

Figure 3.  Chest CT abnormalities of relatively intermedi-
ate prevalence in COVID-19, shown in a 63-year-old man 
with positive RT-PCR test results for SARS-CoV-2. Axial non-
enhanced chest CT image shows a subpleural curvilinear 
opacity (arrow) and an area of ground-glass opacity (ar-
rowhead) in the right upper lobe.

Figure 4.  Crazy-paving pattern in a 66-year-old man 
with COVID-19. Axial nonenhanced chest CT image shows 
ground-glass opacities, with superimposed septal thicken-
ing (arrows) in the middle lobe and left lower lobe.
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eliminated from the differential diagnosis (43). 
Furthermore, some of these chest CT findings 
may only occur in some patients later in the 
course of disease. 

For instance, cavitating lung lesions can mani-
fest in patients with COVID-19 (Fig 6), which 

may be due to mechanical ventilator–induced lung 
injury. Of interest, authors of a study (52) reported 
that barotrauma (pneumothorax, pneumomedi-
astinum) occurs in approximately 15% of patients 
with COVID-19 who require invasive mechanical 
ventilation, and that it is more likely to occur in 

Figure 6.  Development of cavitating lung lesions in a 47-year-old man with COVID-19. (a, b) Axial nonen-
hanced CT images (lung window) obtained at hospital admission show ground-glass opacities in both lungs 
(early progressive stage). (c, d) Axial nonenhanced CT images (lung window) obtained after 10 days show 
progressive organizing consolidation (peak stage). (e, f) Axial nonenhanced CT images (lung window) obtained 
40 days after the baseline CT images (a, b) show cavitating lesions in both lower lobes (arrow) (late stage).
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Figure 7.  Transition from progressive stage to peak stage in a 69-year-old man with COVID-19. (a) Axial non-
enhanced chest CT image (lung window) obtained at hospital admission shows bilateral areas of ground-glass 
opacities and crazy-paving appearance. (b) Axial contrast-enhanced chest CT image (lung window) obtained 
after 7 days shows progression from ground-glass opacities to multifocal organizing consolidation.

younger patients. Pericardial effusion may be seen 
as a complication in the setting of cardiac injury.

Temporal Evolution of Lung 
Abnormalities at Chest CT
Knowledge of the natural temporal evolution of 
lung abnormalities in COVID-19 may be help-
ful to radiologists in determining the stage of 
disease and in distinguishing them from potential 
complications when evaluating chest CT exami-
nations. However, it should be noted that there 
are relatively few studies that have evaluated se-
rial temporal changes in patients who underwent 
repeat CT examinations (43). In addition, these 
studies are limited by selection bias and potential 
confounding of the natural course of lung abnor-
malities owing to medical interventions (such as 
the administration of antimicrobial agents, fluid, 
or steroid therapy).

Roughly four stages of COVID-19 at chest CT 
have been described: (a) early stage (0–5 days after 
symptom onset), which is characterized by either 
normal findings or mainly ground-glass opacities; 
(b) progressive stage (5–8 days after symptom 
onset), which is characterized by increased ground-
glass opacities and crazy-paving appearance (Fig 
4); (c) peak stage (9–13 days after symptom onset), 
which is characterized by progressive consolida-
tion (Figs 6, 7); and (d) late stage (≥14 days after 
symptom onset), which is characterized by a 
gradual decrease of consolidation and ground-glass 
opacities, while signs of fibrosis (including paren-
chymal bands, architectural distortion, and traction 
bronchiectasis) may manifest (Fig 8) (47,53–56). 
It has been reported that unilateral involvement 
is only present in the early and late phases (47). It 

should also be noted that the temporal evolution 
and extent of lung abnormalities are heterogeneous 
among different patients, dependent on the severity 
of the disease (53,54,57). 

The temporal evolution of lung abnormalities 
in COVID-19 likely parallels that of other inflam-
matory lung injuries (58), and there are definitely 
patients with chest CT abnormalities that simply 
resolve after the acute phase. The long-term 
sequelae of COVID-19 and their associated lung 
abnormalities remain to be investigated.

Role of Chest CT in Diagnostic 
Decision Making

The Fleischner Society published a consensus 
statement on the use of chest imaging (including 
radiography and CT) for certain scenarios during 
the COVID-19 pandemic (59). The Fleischner 
Society provided a consensus statement rather 
than a guideline given the limited evidence at 
the time of writing. Its aim is to guide medical 
practitioners in the use of chest imaging in the 
management of COVID-19 (59).

Asymptomatic Patients and Patients with 
Mild Respiratory Symptoms
According to the Fleischner Society consensus 
statement, chest imaging is not indicated as a 
screening test for COVID-19 in asymptomatic 
patients or in patients with mild respiratory symp-
toms of COVID-19 (ie, absence of significant pul-
monary dysfunction or damage) (59). The state-
ment noted that uncertainty still exists whether 
chest CT should be used as a screening tool, either 
as a stand-alone screening tool or as an adjunct to 
RT-PCR tests, to exclude occult infection before 
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surgery or intensive immunosuppressive therapy in 
regions with a high prevalence of COVID-19 (59). 
If used as a stand-alone screening tool in these 
settings, chest CT should have a near-perfect sen-
sitivity because a false assumption of COVID-19–
negativity may have a major negative impact on 
patient and personnel safety. However, a negative 
chest CT examination does not exclude CO-
VID-19 (as discussed in a later section). Another 
disadvantage of using chest CT as a screening test 
is the nonnegligible number of incidentalomas that 
can be expected (60). 

Preliminary data from The Netherlands show 
that the yield and added value of chest CT in the 
preoperative screening of asymptomatic patients 
is low (61). Therefore, the Dutch Association of 
Medical Specialists practice guidelines for preop-
erative workup for patients with COVID-19 infec-
tion do not recommend performing chest CT as a 
screening tool in asymptomatic patients scheduled 
for surgery for which they will undergo general 
anesthesia (61).

Patients with Moderate to Severe 
Respiratory Symptoms
According to the Fleischner Society consensus 
statement, chest imaging is indicated in patients 
with moderate to severe respiratory symptoms (ie, 
presence of significant pulmonary dysfunction or 
damage) and any pretest probability of COVID-19 
infection, when RT-PCR test results are nega-
tive, and in any patient for whom an RT-PCR test 
is not performed or not readily available (59). It 
should be emphasized that the Fleischner Society 
consensus statement did not specify whether chest 
imaging should be preferably performed with 

radiography or CT. The speed of CT may sup-
port rapid triage, which is desirable in a resource-
constrained environment (eg, limited access to 
personnel, PPE, RT-PCR testing ability, hospital 
beds, and/or ventilators and the urgent need to 
rapidly triage patients) (59). 

Chest imaging can help suggest an alterna-
tive diagnosis to explain the patient’s clinical 
features, or it may demonstrate features of CO-
VID-19 infection (59). If no alternative diagnosis 
is determined or if images demonstrate features of 
COVID-19 infection, then a subsequent clini-
cal evaluation would be dependent on the pretest 
probability of COVID-19 infection and RT-PCR 
test availability (59). False-negative RT-PCR 
test results are more prevalent in high-pretest-
probability circumstances (eg, high background 
prevalence of disease associated with community 
transmission) (59). In these cases, repeat RT-PCR 
tests should be considered (23,59).

Additional Chest CT in Patients Who 
Undergo CT of Other Body Regions
This scenario was not addressed in the Fleischner 
Society consensus statement (59). CT is widely 
used in the emergency department, with the head 
and abdomen being among the most commonly 
imaged body regions (62,63). In COVID-19 
endemic areas, additional chest CT may be per-
formed to help detect COVID-19 in patients who 
undergo extrathoracic CT. The results of several 
studies in COVID-19 endemic regions have shown 
that incidental chest CT findings suggestive of 
COVID-19 pneumonia can be detected in the vi-
sualized lung parenchyma in patients who under-
went CT of other body regions, such as CT angi-

Figure 8.  Occurrence of lung fibrosis in a 75-year-old man with COVID-19. (a) Axial nonenhanced CT image 
(lung window) obtained at hospital admission shows bilateral ground-glass opacities, which are mainly peripherally 
located. (b) Axial contrast-enhanced CT image (lung window) obtained after 8 weeks shows bilateral curvilinear 
parenchymal bands with distortion of lung architecture. Focal traction bronchiectasis (not shown) also manifested.
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ography of the head and neck (64–66), CT of the 
cervical or thoracic spine (64,65), and CT of the 
abdomen (67–69). These patients should undergo 
subsequent RT-PCR tests before the diagnosis of 
COVID-19 can be confirmed (59). 

Of interest, gastrointestinal symptoms may pre-
dominate or may even manifest without respira-
tory symptoms in COVID-19 (67–70). Therefore, 
it has been advocated in the surgical community 
to perform additional chest CT for COVID-19 
screening in patients with acute abdomen who un-
dergo abdominal CT in the severe acute pandemic 
scenario (69). 

Similarly, in patients with stroke owing to acute 
ischemic large vessel occlusion, it has been sug-
gested that performing low-radiation-dose chest 
CT at the same time as head CT with CT angiog-
raphy of the head and neck should be considered, 
provided that pulmonary symptoms have mani-
fested and the addition of chest CT does not cause 
5 minutes or more delay to endovascular treat-
ment (71). However, before deciding to imple-
ment additional chest CT in these settings, several 
factors have to be taken into account, including 
the diagnostic performance and yield of chest CT 
for COVID-19 (which is affected by both the prev-
alence of COVID-19 and that of other diseases in 
the community, such as other viral and [atypical] 
bacterial pneumonias [72]) and the local availabil-
ity of RT-PCR tests.

Diagnostic Accuracy of Chest CT
A meta-analysis, which included six studies com-
prising a total of 1431 patients who were mainly 
symptomatic and at high risk for COVID-19, 
reported a chest CT pooled sensitivity of 94.6% 
(95% CI: 91.9%, 96.4%) and a pooled specificity 
of 46.0% (95% CI: 31.9%, 60.7%) in the detec-
tion of COVID-19 (73). However, the published 
diagnostic accuracy studies to date have meth-
odologic quality issues, which may have led to an 
overestimation of sensitivity (73,74). 

The results of another meta-analysis showed 
that 10.6% of symptomatic patients with RT-PCR 
test–proven COVID-19 have normal chest CT 
findings (73), which suggests that true sensitiv-
ity may be considerably lower than that reported 
by many of the initial studies on this topic. Thus, 
a negative chest CT examination result certainly 
does not exclude COVID-19. The proportion 
of false-positive chest CT examination results 
is substantial and due to overlapping imaging 
features with numerous other diseases, including 
other viral pneumonias (72,75). The interpretation 
of chest CT examinations may become particu-
larly challenging during influenza season. Some 
studies suggest that a peripheral distribution of 
ground-glass opacities is a more typical finding of 

COVID-19 pneumonia (76–78), whereas other 
studies did not find these features helpful in dis-
criminating COVID-19 pneumonia from influenza 
pneumonia (79). 

Importantly, however, the differentiation be-
tween different types of viral pneumonias at chest 
CT may not be relevant from a practical point of 
view, because the in-hospital infection control pre-
caution requirements for these various types are 
basically identical (80). At present, there are not 
much data on other alternative diagnoses (eg, PE, 
acute interstitial pneumonitis, drug-induced lung 
disease, alveolar hemorrhage) that may produce 
false-positive findings and further limit the speci-
ficity of chest CT. 

The diagnostic accuracy of chest CT is depen-
dent on reader experience and the diagnostic cri-
teria that are used as the threshold value (76,81). 
However, there are currently no uniformly ac-
cepted diagnostic criteria (73,82). Furthermore, 
the diagnostic accuracy of chest CT is dependent 
on a variety of other factors, including the study 
population, COVID-19 prevalence, COVID-19 
stage and disease severity at the time of imaging, 
and coexisting lung disease (82,83). It is impor-
tant to realize that CT is not the standard for 
the diagnosis of COVID-19, but its findings help 
suggest the diagnosis in the appropriate setting. 
It is crucial to correlate chest CT findings with 
epidemiologic history, clinical presentation, and 
RT-PCR test results.

Reporting and Communicating  
Chest CT Findings

The RSNA has provided guidance in report-
ing chest CT findings potentially attributable to 
COVID-19 pneumonia (51). Four categories for 
standardized COVID-19 reporting were proposed 
(Table 2), with the aim to help radiologists recog-
nize the findings of COVID-19, decrease reporting 
variability, reduce uncertainty in reporting findings 
potentially attributable to COVID-19 infection, 
and improve communication with referring physi-
cians (51). The four categories include “typical 
appearance” (Fig 1), “indeterminate appearance” 
(Figs 9, 10), “atypical appearance” (Fig 11), and 
“negative for pneumonia.” Adherence to the 
American College of Radiology Practice Param-
eter for Communication of Diagnostic Imaging 
Findings is highly recommended (84). 

When typical or indeterminate features of 
COVID-19 pneumonia are visualized as incidental 
findings in patients in endemic areas, the referring 
physician should be urgently contacted to discuss 
the possibility of COVID-19 pneumonia (51). In 
addition, personnel in the CT examination room 
should be notified to initiate standard operating 
procedures for potential exposure (51). Incidental 
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findings do not necessarily need to be reported as 
COVID-19 pneumonia, as the use of the term “vi-
ral pneumonia” is a reasonable and inclusive alter-
native (51). Nonroutine communication of typical 
or indeterminate features of COVID-19 pneumo-
nia is less relevant in patients under investigation 
for COVID-19, as clinical suspicion already exists. 
It should be noted that the presence of mixed 
chest CT findings may complicate the interpreta-
tion and categorization of imaging observations 
(Fig 12) (51). In these cases, the radiologist will 

have to determine whether these findings may be 
part of the same process or are unrelated (51). 

Interobserver agreement of the RSNA chest 
CT classification system for reporting COVID-19 
pneumonia is moderate to substantial (85). 
However, a nonnegligible number of cases with 
RT-PCR test–proven COVID-19 are classified in 
the categories “atypical appearance” and “negative 
for pneumonia” (85). Again, correlation of chest 
CT findings with epidemiologic history, clinical 
presentation, and RT-PCR test results is essential, 

Table 2: Imaging Classification and CT Features of COVID-19 Pneumonia

Imaging  
Classification Rationale CT Features

Typical  
appearance

Commonly reported 
imaging features 
of greater specific-
ity for COVID-19 
pneumonia

Peripheral, bilateral, ground-glass opacities with or without consolida-
tion or visible intralobular lines (“crazy-paving” pattern)

Multifocal ground-glass opacities of rounded morphology with or with-
out consolidation or visible intralobular lines (crazy-paving pattern)

Reverse halo sign or other findings of organizing pneumonia (seen later 
in the disease)

Indeterminate 
appearance

Nonspecific imaging 
features of COV-
ID-19 pneumonia

Absence of typical features AND the presence of the following features: 
multifocal, diffuse, perihilar, or unilateral ground-glass opacity with 
or without consolidation lacking a specific distribution and that are 
nonrounded or nonperipheral

Few small ground-glass opacities, with a nonrounded and nonperiph-
eral distribution

Atypical  
appearance

Uncommonly or not 
reported features of 
COVID-19 pneu-
monia

Absence of typical or indeterminate features AND the presence of the 
following features: isolated lobar or segmental consolidation without 
ground-glass opacities; discrete small nodules (centrilobular, “tree-
in-bud” appearance); lung cavitation; smooth interlobular septal 
thickening with pleural effusion

Negative for 
pneumonia

No features of pneu-
monia

No CT features to suggest pneumonia.

Source.—Adapted and reprinted under a CCBY 4.0 license from reference 51.

Figures 9, 10.  (9) Findings classified as indeterminate appearance of COVID-19 pneumonia in a 26-year-old woman. Axial 
nonenhanced chest CT image (lung window) shows an area of ground-glass opacity (arrow) in the posterior basal segment 
of the left lower lobe. No other lung abnormalities were visualized. The RT-PCR test results were positive for SARS-CoV-2. 
(10) Findings classified as indeterminate appearance of COVID-19 pneumonia according to the RSNA chest CT classifica-
tion system (51) in a 24-year-old woman. Axial nonenhanced chest CT image (lung window) shows ground-glass opacities 
(arrow) in the right upper lobe. In addition, there are discrete centrilobular opacities in the upper lobes. The RT-PCR test 
results were negative for SARS-CoV-2 but positive for influenza type A.
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Figure 12.  Mixed chest CT findings in an 86-year-old man. (a) Axial nonenhanced CT image (lung window) 
obtained at hospital admission shows sublobar consolidation (arrow) in the posterior segment of the right 
upper lobe, a finding more consistent with lobar pneumonia than COVID-19. (b) Axial CT image obtained 
at a more superior level shows the presence of ground-glass opacities (arrows). Altogether, the findings were 
classified as indeterminate for COVID-19 pneumonia, according to the RSNA chest CT classification system 
(51). The RT-PCR test results were positive for SARS-CoV-2.

which may be performed in a multidisciplinary 
team meeting.

Chest CT of COVID-19 Complications
In cases of clinical worsening, chest imaging is 
advised to assess for COVID-19 progression or 
secondary cardiopulmonary complications such as 
acute respiratory distress syndrome (ARDS), PE, 
superimposed pneumonia, or heart failure that can 
potentially be secondary to COVID-19–induced 
cardiac injury (59).

Acute Respiratory Distress Syndrome
COVID-19 may rapidly progress to ARDS (86), 
with older patients being at higher risk (87). 
ARDS seen with COVID-19 is a cytokine release 
syndrome, in which immune and nonimmune 
cells release large amounts of proinflammatory 
cytokines that cause damage to the host (88). 
ARDS is characterized by an acute onset of non-
cardiogenic pulmonary edema, hypoxemia, and 

the need for mechanical ventilation (89). Diffuse 
alveolar damage is the pathognomonic histologic 
finding (89). ARDS is the most common reason 
for patient admission to the intensive care unit 
and the main cause of mortality in patients with 
COVID-19 (90). 

ARDS is diagnosed according to the Berlin 
definition (91). The imaging criterion for ARDS 
is fulfilled if bilateral opacities consistent with 
pulmonary edema manifest (Fig 13) (91). How-
ever, it should be noted that the clinical features 
of COVID-19–related ARDS are not fully under-
stood and may be different from those of ARDS 
caused by other factors (86). For instance, it has 
been reported that COVID-19–related ARDS 
can develop after 8–12 days after symptom onset 
(86,92), which is longer than the 1-week onset 
limit according to the Berlin definition (91). 
Furthermore, clinical manifestations may be rela-
tively mild, with respect to the severity of imaging 
findings in COVID-19 (86).

Figure 11.  Findings classified as atypical 
appearance of COVID-19 pneumonia in a 
94-year-old woman. Axial nonenhanced 
chest CT image (lung window) shows 
subtle centrilobular tree-in-bud opacities 
(arrows) in the left lower lobe. The RT-
PCR test results were negative for SARS-
CoV-2 but positive for influenza type A.
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Figure 13.  Development of ARDS in a 60-year-old man with COVID-19. (a) Axial nonenhanced CT image 
(lung window) obtained at hospital admission shows peripherally located ground-glass opacities (arrow), mainly 
in the right lung. Note the preexisting centrilobular and paraseptal emphysema. (b) Axial contrast-enhanced CT 
image (lung window) obtained after 3 days shows a marked progression of lung abnormalities (arrows).

Pulmonary Embolism
Patients with COVID-19 are at risk for devel-
oping thromboembolic complications (93,94), 
which may be caused by activation of the co-
agulation cascade by SARS-CoV-2 or by local 
or systemic inflammation (95). Patients with 
thromboembolic complications have a more 
than fivefold higher risk of all-cause death (93). 
However, at present, there are insufficient data 
to recommend for or against the routine use of 
prophylactic thrombolytic therapy or increas-
ing anticoagulant therapy doses in hospitalized 
patients with COVID-19 (96). The incidence of 
PE in patients with COVID-19 who underwent 
CT pulmonary angiography has been reported 
to range between 17% and 35% (93,97–101). 
Prevalence may be highest in critically ill patients 
(99), but even patients with milder disease can 
develop acute PE (98). 

The exact contribution of PE to mortality in 
patients with COVID-19 is still unknown because 
not all patients routinely undergo CT pulmonary 
angiography and because of the limited number 
of autopsy studies available (94). In patients with 
suspected COVID-19 and a high clinical suspicion 
for PE (eg, determined on the basis of hemoptysis, 
unexplained tachycardia, or signs and symptoms 
of deep venous thrombosis and acute deterioration 
on patient mobilization), CT pulmonary angiogra-
phy should be considered (Fig 14) (95). 

There are no established age-adjusted d-dimer 
cutoff levels to rule out venous thromboembolism 
in patients with COVID-19 at this time (102). 
Furthermore, patients with severe COVID-19 
pneumonia have markedly elevated d-dimer levels 
(103,104). Nevertheless, d-dimer levels have been 
reported to be associated with both the presence 
of PE and the degree of pulmonary artery obstruc-
tion in patients with COVID-19 (101). Therefore, 

d-dimer levels may be useful in the risk stratifica-
tion of patients for PE workup (101).

Superimposed Pneumonia
Patients with COVID-19 are vulnerable to 
superimposed pneumonia, which occurs in ap-
proximately 10% of hospitalized patients (6,105). 
Patients with COVID-19 and ARDS may die ow-
ing to superimposed bacterial or fungal infection 
(92,106–108). Therefore, if during COVID-19 
treatment secondary respiratory worsening 
occurs, one should think of the possibility of 
superimposed pneumonia and consider obtaining 
lower respiratory tract cultures and performing 
chest imaging (105). Lobar consolidation at chest 
imaging may reflect a superimposed bacterial 
pneumonia (Fig 15) (51).

Cardiac Injury
Cardiac injury occurs in 12.5%–19.7% of 
hospitalized patients with COVID-19 and is an 
independent risk factor for in-hospital mortal-
ity (6,109). Pericardial effusion manifests in an 
estimated 5.2% of patients with COVID-19 (43), 
with a higher incidence in those with severe or 
critical illness (90,110). Pericardial effusion may 
also be a sign of cardiac injury in COVID-19 
(111–114). Although pericardial effusion is a 
nonspecific finding (115), radiologists should 
suggest the possibility of COVID-19–related car-
diac injury when pericardial effusion is depicted 
on chest CT images.

Role of Chest CT for Prognostication
The Fleischner Society recommends performing 
imaging (a) to establish a baseline pulmonary 
status; (b) to identify underlying cardiopulmo-
nary abnormalities, which may facilitate risk 
stratification for clinical worsening in patients 
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Figure 15.  Superimposed pneumonia in a 69-year-old man with COVID-19. (a) Axial nonenhanced CT image 
(lung window) at baseline shows ground-glass opacities (arrows) posteriorly located in the left upper lobe and 
both lower lobes and an area of consolidation (arrowhead) in the right lower lobe. (b) Axial contrast-enhanced 
CT image (lung window) obtained after 22 days shows increased consolidation in both lower lobes (red arrows) 
and consolidation with central cavitation in the left upper lobe (yellow arrow). The culture of puslike bronchial 
fluid was positive for Staphylococcus aureus. Note the presence of pneumomediastinum (arrowhead), which is 
probably due to long-lasting positive-pressure ventilation.

Figure 14.  PE in a 73-year-old man with COVID-19. (a) Axial nonenhanced CT image (lung window) at base-
line shows peripherally diffuse ground-glass opacities in both lungs. (b) Axial contrast-enhanced CT image (lung 
window) obtained after 10 days shows increased consolidation in both lungs. Note the bronchial dilatation 
within involved portions of the lungs. (c, d) Axial contrast-enhanced CT image (mediastinal window) (c) and 
sagittal reconstruction (d) obtained 10 days after the baseline images show a filling defect (arrow) in a segmen-
tal pulmonary artery branch in the right lower lobe, consistent with PE.
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with mild symptoms of COVID-19, and risk fac-
tors for disease progression (eg, age >65 years, 
comorbidities such as cardiovascular disease, 
diabetes, chronic respiratory disease, hyperten-
sion, and immunocompromised status); and (c) 
in patients with moderate to severe symptoms of 
COVID-19 (59). Again, the Fleischner Society 
consensus statement does not specify whether ra-
diography or CT is preferred in this setting (59). 

The use of a chest CT severity score may be 
useful for standardized assessment of the de-
gree of pulmonary involvement in COVID-19 
for prognostication purposes (116). However, 
currently proposed prediction models for CO-
VID-19, including the ones that include chest 
CT features, are poorly reported and are at 
high risk of bias, and their reported perfor-
mance is probably optimistic (117). Therefore, 
it is currently not recommended to use any of 
the reported prediction models for use in clini-
cal practice (117). More research is needed to 
further clarify the value of chest CT for prognos-
tication in COVID-19, including correlation with 
patient outcome.

Conclusion
The clinical presentation, course, and outcome 
of COVID-19 are heterogeneous, and this also 
applies to the degree of pulmonary involvement. 
Performing CT in patients with suspected or 
proven COVID-19 requires comprehensive pre-
cautionary safety measures. Low-radiation-dose 
chest CT is recommended unless CT pulmo-
nary angiography is required to evaluate for PE. 
Several chest CT features are commonly seen in 
COVID-19 (including ground-glass opacities, 
vascular enlargement, bilateral abnormalities, 
lower lobe involvement, and posterior predilec-
tion), whereas others are not, and this may help 
in diagnostic decision making. 

The appearance of COVID-19 on chest CT 
images follows a somewhat predictable pattern 
over time. Notably, asymptomatic patients with 
SARS-CoV-2 infection frequently have normal 
chest CT examination results, and the proportion 
of symptomatic patients with COVID-19 and a 
normal chest CT examination is nonnegligible. 
Furthermore, lung abnormalities on chest CT 
images are nonspecific for COVID-19. Owing to 
these limitations, chest CT should not be used 
as an independent diagnostic tool to exclude or 
confirm COVID-19. RT-PCR test results are the 
standard for diagnosis and key component in 
clinical decision making. 

Nevertheless, chest CT has been suggested 
to have potential value as a rapid triaging tool 
in patients with moderate to severe respiratory 
symptoms in a resource-constrained environ-

ment where COVID-19 is highly prevalent. 
In addition, chest CT may be performed if an 
alternative diagnosis is suspected. Typical or in-
determinate features of COVID-19 pneumonia 
may be incidentally detected at CT performed 
for other reasons. In these cases, the interpret-
ing radiologist should discuss the possibility 
of COVID-19 with the referring physician in 
a timely manner. Standardized reporting ac-
cording to guidelines such as those proposed 
by the RSNA can facilitate this information 
transfer. Furthermore, chest CT may be valu-
able to evaluate patients with clinical deteriora-
tion for COVID-19 progression or secondary 
cardiopulmonary complications such as ARDS, 
PE, superimposed pneumonia, or heart failure. 
Future studies that define the prognostic role of 
chest CT in COVID-19 are needed.
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Page 1859, second column, first full paragraph: The second sentence should read as follows: 
The imaging criterion for ARDS is fulfilled if bilateral opacities consistent with pulmonary edema manifest (Fig 
13) (91).
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