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( jOVID—19, the infectious disease
caused by SARS-CoV-2, has
had an immense global impact

since its emergence from Wuhan, China

in late 2019, and its declaration by the

World Health Organization as a pan-

demic in March 2020. As a result, the

scientific community has found itself in

a race against time to control the spread

of the disease with efforts aimed at

early disease recognition and isolation
of affected patients. Medical imaging
has emerged as a useful tool in this race.

Clinical Presentation

SARS-CoV-2 infection typically
presents with nonspecific symptoms,
ranging from fever, cough, shortness of
breath and fatigue,'? to gastrointestinal
manifestations such as nausea, vomit-
ing, and diarrhea (Table 1). The clinical
presentation of COVID-19 overlaps
with that of other respiratory viral ill-
nesses, highlighting the critical role
for diagnostic testing, including that of
medical imaging.

The “COVID-19 Guidelines for
Clinical Specimens” issued by the Cen-
ters for Disease Control and Prevention
(CDC) recommends viral nucleic acid
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testing of samples collected from the
upper or lower respiratory tract. The sen-
sitivities for reverse transcription poly-
merase chain reaction (RT-PCR) testing
are 32% for pharyngeal swab samples,
63% for nasal swab samples, and 93%
for bronchoalveolar lavage fluid sam-
ples# Yet turnaround times for results
range from hours to more than a week,
likely secondary to scarcity of laborato-
ries with PCR capabilities, and supply
shortages. As a result, the U.S. Food and
Drug Administration has issued multiple
emergency use authorizations (EUA) to
expedite development of faster diagnos-
tic tests. The infection control measures
necessary to isolate patients assumed to
have COVID-19 have already strained
the medical infrastructure, with critical
shortages of personal protective equip-
ment (PPE) described in the media
worldwide.

Given these circumstances, radiol-
ogists are being called upon to help
diagnose and treat suspected cases of
COVID-19 as quickly as possible, with
appropriate guidance from many of the
major radiologic societies.

Chest Radiography

Portable chest radiography (CXR) has
the advantage of eliminating the need
for patient transfer and may reduce the

use of PPE. However, CXR is insensi-
tive in the detection of early disease but
it can be useful to establish a baseline
and as follow-up imaging for disease
progression. Guan, et al,'! and Wong, et
al'® found CXR to have a sensitivity of
59% for initial detection of COVID-19-
related abnormalities. Radiographic ab-
normalities, when present, mirror those
of computed tomography (CT), with
bilateral lower zone- and peripherally-
predominant consolidation and hazy
opacities, described in detail below
(Figure 1).77

Chest CT

Much of the imaging focus is on CT.
In February 2020, Chinese studies re-
vealed that chest CT achieved a higher
sensitivity for the diagnosis of COVID-
19 compared with initial RT-PCR tests
of pharyngeal swab samples.>® Subse-
quently, the National Health Commis-
sion of China briefly accepted chest CT
findings of viral pneumonia as diagnos-
tic of COVID-19 infection.”$

The typical appearance of COVID-19
on chest CT consists of multi-lobar, bi-
lateral, predominantly lower lung zone,
rounded ground-glass opacities, with
or without consolidation, in a predom-
inantly peripheral distribution (Figure
2)89 A “reversed halo” pattern and crazy
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Table 1. Non-pulmonary Organ Systems Affected by COVID-19
Complications Symptoms
Cardiovascular Myocardial injury, demand ischemia, Chest pain, shortness of breath, hemoptysis
heart failure, myocarditis, pulmonary embolism,
deep vein thrombosis
Neurological Acute cerebrovascular disease, acute Central nervous system (CNS) -headache,
hemorrhagic necrotizing encephalopathy dizziness, impaired consciousness, ataxia,
acute cerebrovascular disease, and
epilepsy). Peripheral nervous system (PNS)
symptoms (hypogeusia, hyposmia, and
neuralgia), and skeletal muscular symptoms
Abdominal Alkalosis, hyperkalemia, acute renal injury, Nausea, vomiting, diarrhea, abdominal pain
abnormal liver function tests
Hematological Lymphocytopenia, leukocytosis, thrombocytosis,
disseminated intravascular coagulation,
hemophagocytic lymphohistocytosis
Musculoskeletal Rhabdomyolysis Myalgia

R

3
.

ot

w -
Lo :
4 ) 4

f g\ \“X\ MT!

AcquisitionTime: 18:¢

PORT-AP-

X

FIGURE 1. Chest radiograph (A) and coronal CT (B) images of patient with COVID-19. Chest radiograph shows bilateral, lower zone-predomi-
nant hazy opacities corresponding to peripheral ground glass and confluent consolidation (arrows) on CT.

paving (septal thickening) can also be
seen.’ However, such findings are non-
specific; the differential diagnosis in-
cludes organizing pneumonia and other
infections,'® drug reactions, and other
inflammatory processes. Consequently,
using CT to screen for COVID-19 may
result in false positives. Moreover,
the presence of abnormalities not typ-
ically associated with COVID-19 in-
fection, including pure consolidation,
cavitation, thoracic lymphadenopathy,

and nodules suggests a different etiol-
ogy (Figure 3).89

COVID-19-related chest CT abnor-
malities are more likely to appear after
symptom onset, though they may also
precede clinical symptoms. In a retro-
spective study by Bernheim et al, 44%
of patients presenting within 2 days of
symptom onset had an abnormal chest
CT, while 91% presenting within 3-5
days and 96% presenting after 6 days
had abnormal chest CTs.? Shi et al

found ground-glass opacities in 14 of
15 asymptomatic healthcare workers
with confirmed COVID-19.!! Similarly,
of 82 asymptomatic passengers with
COVID-19 on the Diamond Princess
cruise ship, 54% had findings of viral
pneumonia on CT.!?

In a prospective study by Wang et al,
meanwhile, pure ground-glass opaci-
ties were the only abnormalities seen
prior to symptom onset. Subsequently,
28% of patients developed superim-
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A

FIGURE 2. Axial (A, B) and coronal (C) CT images of the chest in a patient diagnosed with COVID-19 demonstrate bilateral, rounded ground-
glass (circles) opacities and peripheral consolidative opacities (arrow).

‘

FIGURE 3. Axial chest CT image of a patient with RSV pneumonia demonstrates bilateral
peribronchovascular ground glass opacities (circle). The central distribution of ground-glass
opacities should prompt consideration of diagnoses other than COVID-19.

posed septal thickening 6 to 11 days
after symptom onset.!3 Architectural
distortion evolving from ground-glass
opacities appeared later in the disease
course, likely reflecting organizing
pneumonia'?® and early fibrosis. Long-
term follow-up imaging also is needed
to determine the sequelae of SARS-
CoV-2 infection. In a retrospective
study by Das et al, 33% of patients who
recovered from MERS-CoV developed
pulmonary fibrosis;'# a similar outcome
following COVID-19 is likely.

Lung Ultrasound

Lung ultrasound offers low-cost,
point-of-care evaluation of the lung
parenchyma without ionizing radia-
tion. The modality is especially useful
in resource-limited settings.'> Peng et
al found that sonographic findings in
patients with COVID-19 correlated
with typical CT abnormalities.!® The
predominantly peripheral distribution
of lung involvement facilitates sono-
graphic visibility. Characteristic find-
ings include thickened and irregular

pleural lines, B lines (edema), and the
eventual appearance of A lines (air)
during recovery. Peng et al suggest that
ultrasound may be useful to monitor re-
cruitment maneuvers and guide prone
positioning.'®

Society Recommendations

Given the advantages and disadvan-
tages of each of these modalities, the
major radiologic societies generally ad-
vise taking a cautious approach to screen-
ing or diagnostic use of imaging in cases
of suspected COVID-19. The American
College of Radiology (ACR), for exam-
ple, recommends against using CT for
screening or as a first-line test. Instead,
the College recommends that CT “be
used sparingly and reserved for hospital-
ized, symptomatic patients with specific
clinical indications...” The ACR does
recommend portable CXR in ambulatory
care facilities when medically necessary.

More recently, the ACR has ac-
knowledged that “locally constrained
resources are a factor in decision-mak-
ing;” however, the ACR strongly cau-
tions against the use of chest CT to
“inform decisions on whether to test a
patient for COVID-19, admit a patient,
or provide other treatment.” The ACR
states, “a normal CT should not dis-
suade a patient from being quarantined
or provided other clinically indicated
treatment when otherwise medically
appropriate.”

Similarly, in a comprehensive con-
sensus statement published in the April
2020 issues of Radiology and Chest,
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Table 2. Proposed Reporting Language for CT Findings Related to COVID-19*
Routine screening CT for diagnosis or exclusion of COVID-19 is currently not recommended
by most professional organizations or the US Centers for Disease Control and Prevention.

COVID-19 Pneumonia  Rationale CT Findings Suggested Reporting
Imaging Classification Language
Typical appearance Commonly reported imaging * Peripheral, bilateral, GGO “Commonly reported

with or without consolidation
or visible intralobular lines
(“crazy-paving’).

+ Multifocal GGO of rounded
morphology with or without
consolidation or visible intra-
lobular lines (“crazy-paving”).

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

features of greater specificity
for COVID-19 pneumonia.

imaging features of
(COVID-19) pneumonia
are present.

Other processes such as
influenza pneumonia and
organizing pneumonia,
as can be seen with drug
toxicity and connective
tissue disease, can cause
a similar imaging pattern.”

Indeterminate appearance Nonspecific imaging features
of COVID-19 pneumonia.

+ Absence of typical features
AND presence of
Multifocal, diffuse, perihilar,
or unilateral GGO with or
without consolidation lacking a
specific distribution and are
non-rounded or non-peripheral.
* Few very small GGO with a
non-rounded and non-peripheral
distribution.

“Imaging features can be
seen with (COVID-19)
pneumonia, though are
nonspecific and can occur
with a variety of infectious
and noninfectious
processes.”

Atypical appearance Uncommonly or not reported
features of COVID-19

pneumonia.

+ Absence of typical or
indeterminate features AND
presence of Isolated lobar or
segmental consolidation
without GGO.

* Discrete small nodules.
(centrilobular, “tree-in-bud”).

* Lung cavitation
Smooth interlobular septal
thickening with pleural effusion.

“Imaging features are
atypical or uncommonly
reported for (COVID-19)
pneumonia. Alternative
diagnoses should

be considered.”

Negative for pneumonia No features of pneumonia No CT features to suggest

pneumonia.

“No CT findings present to
indicate pneumonia.
(Note: CT may be negative
in the early stages of
COVID-19.).”

*Used with permission from Radiological Society of North America Expert Consensus Statement on Reporting Chest CT Findings Related to COVID-19-
https://pubs.rsna.org/doi/pdf/10.1148/ryct.2020200152

the Fleischner Society, an international,
multidisciplinary medical society for
thoracic radiology, set down appro-
priate, limited circumstances under
which imaging may be used to evaluate
patients with suspected or confirmed

COVID-19, based on individual risk
factors, risk of disease progression, and
severity of symptoms. '8

“The value of an imaging test relates
to the generation of results that are clin-
ically actionable either for establishing

a diagnosis or for guiding management,
triage, or therapy,” the Fleischner Soci-
ety statement reads in part. “That value is
diminished by costs that include the risk
of radiation exposure to the patient, risk
of COVID-19 transmission to uninfected
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healthcare workers and other patients,
consumption of PPE, and need for clean-
ing and downtime of radiology rooms in
resource-constrained environments.”
The Fleischner Society statement
presents three scenarios with varying
levels of pretest probability, risk of dis-
ease progression, and patient symptom
severity, which guide the need for im-
aging. Mild respiratory disease is dif-
ferentiated from moderate-to-severe
respiratory disease based on the presence
or absence of significant pulmonary dys-
function or damage. Pretest probability
is classified as low (sporadic transmis-
sion), moderate (clustered transmission),
or high (community transmission). Risk
factors for disease progression include:
age > 65 years, cardiovascular disease,
diabetes, chronic respiratory disease, hy-
pertension, and immune-compromised
state. Importantly, imaging modality
(CXR or chest CT) is left to the discre-
tion of the clinical teams, given varying
degrees of resources and expertise.

Mild Features of COVID-19
Imaging should be obtained in pa-
tients with mild respiratory features
consistent with COVID-19 under a few
circumstances: 1) the patient has risk
factors for disease progression AND
positive COVID-19 testing OR high
pre-test probability in the absence of
COVID-109 testing; 2) patient with mild
symptoms clinically deteriorates, re-
gardless of COVID-19 test results.

Moderate-Severe Features of
COVID-19

Imaging should be obtained in pa-
tients with moderate-to-severe features
of COVID-19, regardless of the results
or availability of COVID-19 testing. Im-
aging allows for baseline analysis, risk
stratification, assessment of underlying
cardiopulmonary abnormalities, and
identification of an alternative diagnosis
in patients who have tested negative for
COVID-19. If an alternative diagnosis
is not revealed and CT findings are sug-
gestive of COVID-19, repeat COVID-19
testing should be performed if the pretest
probability is high.

Moderate-to-Severe Features
of COVID-19 in a Resource-
Constrained Environment

If point-of-care COVID-19 testing
is not available or results are negative,
imaging should be used to triage pa-
tients. If an alternative diagnosis is not
identified and imaging findings are
consistent with COVID-19, a diagno-
sis of COVID-19 should be presumed
in areas of high pretest probability. The
Fleischner Society paper recognizes
that this guidance differs from other
published recommendations; it is based
upon the panelists’ direct experience
with these clinical scenarios.

In addition to the above scenarios,
the Fleischner Society paper recom-
mends against the daily use of CXR in
stable intubated patients with COVID-
19, and supports the use of chest CT in
patients with pulmonary functional lim-
itations after resolution of COVID-19.

The Radiological Society of North
America (RSNA), together with the
ACR and Society of Thoracic Radiol-
ogy, issued a consensus statement that
although CT should not be used to diag-
nose COVID-19, radiologists must be
prepared to interpret CT performed on
patients suspected of having COVID-
19, as well as incidental pulmonary
findings consistent with COVID-19
infection. The RSNA has created a
standardized reporting template to help
improve communication with providers
and contribute to efficient patient care
(Table 2).1°

Other radiologic organizations have
also taken steps or issued guidelines to
ensure the safe, appropriate use of med-
ical imaging with respect to COVID-19.
The Society of Advanced Body Imag-
ing has posted to its website a webinar
on COVID-19, and the Society of Car-
diovascular Computed Tomography
recommends rescheduling non-urgent
imaging studies, in accordance with
CDC guidelines.? Similarly, the North
American Society for Cardiovascular
Imaging recommends consolidating
imaging studies and substituting non-
invasive tests for semi-invasive or in-
vasive tests. The American Journal of

Neuroradiology published an article,
“What Neuroradiologists as Citizens
of the World Need to Know,” summa-
rizing the virology, epidemiology, pre-
sentation, diagnosis, and treatment of
COVID-19.2! The ACR recommends
that nuclear medicine ventilation scans
not be used unless absolutely necessary
and only if appropriate infection control
precautions are met. It also advocates
postponement of elective magnetic res-
onance imaging studies.

Physician Resources and Future
Implications

With respect to COVID-19’s effects
on staffing, efforts have been made to
diminish crowding in reading rooms,
rotating staff across multiple sites when
possible and establishing home pic-
ture archiving communication system
(PACS) capability via actual PACS and
virtual desktop infrastructure. While
radiologists with risk factors for dis-
ease severity are working remotely
wherever possible, in areas of higher
COVID-disease prevalence, train-
ees and some attending physicians are
being re-deployed on the front lines of
patient care. The decrease in study vol-
ume related to cancellation of elective
services is requiring radiology prac-
tices to adjust their business plans.?? In
a recent article published in Radiology,
Cavallo and Forman state that minimiz-
ing staffing disruption will be necessary
to restore or exceed baseline capacity
in anticipation of a potential rebound
in imaging study volume in the after-
math of the pandemic.?? They suggest
devising strategies to reduce overhead
expenses, while noting that staffing ad-
justments such as furloughs, salary cuts,
bonus suspensions, and layoffs may be
unavoidable. While patients who have
had deferral of imaging studies will
predictably return to restore volume,
practices can expect to receive a lower
payout given a substantial decrease in
patients with private insurance.?? The
recently passed CARES Act and pend-
ing legislation will likely provide an
element of relief to practices through
loans and tax deferments.?
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Conclusion

The COVID-19 pandemic has con-
fronted the radiology community with
a series of challenges that are unprece-
dented in recent history. In promoting
the judicious use of imaging to facili-
tate and maximize the quality of patient
care, all radiologists play a critical role
in helping to prevent, control, and halt
the spread of the disease.
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