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Abstract

Coronavirus disease 2019 (COVID-19) has reached a pandemic stage in March 2020 and currently more than 220 million
patients worldwide are infected. The characteristic findings of COVID-19 pneumonia are bilateral, peripheral, rounded
ground-glass opacities (GGO) which are dominantly located in the lower lobes and that may be accompanied by
consolidation. The distribution of the parenchymal lesions was reported to be bilateral (88%), multi-lobar (78%) and
peripheral (76%), with a tendency to involve the posterior regions of the lungs (80%). Several other chest CT findings,
such as interlobular septal thickening, bronchiectasis, “crazy paving” and halo sign, have also been reported but with a
lower frequency.

RSNA has published consensus statements to reduce report variability among radiologists and defined 4 main categories:
typical, indeterminate, atypical, and negative, to provide a relative likelihood that these findings are attributable to
COVID-19 pneumonia.

It is vital to understand that imaging may be normal in the early stages of COVID-19, and many conditions may present
with imaging findings mimicking COVID-19 pneumonia. Chest CT may be also used as a useful tool for better identification
of patients who will benefit from more aggressive therapy. In addition, CT may be used to evaluate patency of pulmonary
and coronary vascular structures and myocardial damage.

Although CT scan is not recommended as a diagnostic and screening tool, it can be helpful to clinician for a fast and
accurate decision-making and has a crucial role in the diagnosis, risk stratifying, and follow-up of the progression of
COVID-19 pneumonia.
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COVID-19 Pnémonisinde Radyoloji
0z
Korona viriis hastaligi (COVID-19) Mart 2020 itibariyle pandemi olarak kabul edildi ve diinya ¢apinda yaklasik 220
milyondan fazla insan infekte oldu. Radyolojik bulgular bilateral periferik, agirlikli olarak alt loblarda yerlesim gosteren
yuvarlak buzlu cam alanlari ve eslik edebilen konsolidasyon alanlari ile karakterizedir. Parankimal lezyonlarin dagilimi
bilateral (%88), multilobar (%78), ve periferik (%76) olarak bildirilmis olup, akcigerlerin arka alanlarini tutma

egilimindedir. Diger bilgisayarli tomografi (BT) bulgular1 arasinda interlobuler septal kalinlasma, bronsektazi, Arnavut
kaldirimi gériiniimi, halo bulgusu ve ters halo gériiniimii sayilabilir.

RSNA, radyologlar arasi raporlama farkliliklarini1 azaltmak amaciyla bir uzlasi bildirisi yayinladi ve radyolojik bulgular:
COVID-19 pnémonisine benzerligi agisindan tipik, belirsiz, atipik ve negatif olmak iizere 4 gruba ayirdi.

Goriintiilemenin baslangi¢c evresinde goriintiilemnin normal olabilecegini, ayrica bulgularin pek ¢ok baska hastaligin
benzer bulgular gosterecegini bilmek olduk¢a 6nemlidir. Toraks BT, daha agresif tedaviden fayda gérecek hasta grubunu
belirlemede 6nemlidir. Ek olarak pulmoner ve koroner vaskiiler yatak acikligi, myokard hasari gibi diger bulgulari ortaya
koymada degerlidir.

COVID-19 pnémonisinde, BT rutin tarama i¢in dnerilmese de klinisyenin hizli karar vermesine yardima ve tani, risk

siniflandirmasi ve hastalik progresyonunun takibinde kritik 6neme sahiptir.

Anahtar kelimeler: COVID-19, pnémoni, Toraks BT.

INTRODUCTION
Coronavirus disease 2019 (COVID-19), caused
by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2), has become

increasingly prevalent worldwide, reaching a
pandemic stage in March 2020. After that more
than 220 million patients worldwide by
September 2021 were reported to be infected?.
The American College of Radiology and the
Society of Thoracic Radiology do not
recommend chest computed tomography (CT)
for screening or diagnosis of COVID-192. In
addition, World Health Organization (WHO)
consensus guidelines, recommend to use of
reverse-transcription polymerase chain
reaction (RT-PCR) over chest imaging for the
diagnosis of COVID-193. However, a low
sensitivity of 60-70% for the gold standard RT-
PCR test* and barriers to access the test has left
alarge area to Chest CT for diagnosis of COVID-
19 in this pandemic.

Indications for Imaging

The indications for imaging in COVID-19 have
evolved since the first diagnosis in China.

Although in early period of the disease some
Chinese authors suggested routine diagnostic
CT imaging in patients’ with probable COVID-
19 pneumonia, medical societies in the United
States and Europe, recommended a more
conservative approach®. Finally, the precise
role of imaging in COVID-19 pneumonia
remains somewhat arguable and varies
according resources, and preferences of health
authorities.

The  Fleischner Society published a
multinational consensus paper to guide on the
use of imaging modalities in COVID-19
pneumonia®. They recommended to not use
routine imaging as a screening test for COVID-
19 in asymptomatic individuals, and stated no
indication for daily chest X-ray in stable
intubated patients. CT was suggested solely in
patients  with  functional = impairment,
hypoxemia, or both after recovery from COVID-
19 infection. The American College of Radiology
and World Health Organization also do not
recommend the use of routine chest imaging
for the diagnosis of COVID-1923,
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Chest radiograph

Although, chest radiograph is widely used in
radiology practice of chest diseases, it is not
routinely recommended in pandemic clinical
practice because of insensitivity in detecting
lesions of COVID-19 in the early stages.
However, chest radiography may have some
utility, such as a screening tool on the frontlines
in areas with limited resources or in cases
where the patient’s physical condition does not
allow transporting to the radiology department
for CT scanning. In later stages of the disease,
chest x-ray can detect multiple patchy opacities
which eventually become confluent and severe
cases may appear as a “white lung”7:8.

Chest CT

The first report describing the chest CT findings
in 41 patients with confirmed COVID-19 was
published in February 2020°. After that, the
scientific evidence on COVID-19 has been
rapidly growing and the role of chest CT is
continuously evolving. CT has been used in
diagnosis, staging, determination of severity,
and progression of the disease.

CT Findings of COVID-19 pneumonia

The radiology literature has successfully
reported the characteristic findings of COVID-
19 pneumonia, which most commonly include
bilateral, peripheral, rounded ground-glass
opacities (GGO) which are dominantly located
in the lower lobes and that may be
accompanied by consolidation?0.

The distribution of the parenchymal lesions
was reported to be bilateral (88%), multi-lobar
(78%) and peripheral (76%), with a tendency
to involve the posterior regions of the lungs
(80%)11. Several other chest CT findings, such
as interlobular septal thickening,
bronchiectasis, “crazy paving” and halo sign,
have also been reported but with a lower

frequency!1.12, However, pleural and
pericardial effusions, mediastinal
lymphadenopathy and pulmonary nodules
have been rarely reported?1.

Peripheral GGO

The lung area with the increased lung opacity
without obscuring bronchovascular markings
is defined as GGO (13) (Figure 1). It is the most
common reported imaging finding of COVID-19
pneumonia (40-83%). Posterior areas of lower
lobes are most commonly involved regions of
lung. However, COVID-19 pneumonia may start
as unilateral GGO then progress to diffuse,
bilateral diseasel4.

Figure 1: Bilateral multifocal peripherally ground glass
opacities are seen.

Crazy paving pattern

Crazy paving refers to the appearance of diffuse
ground-glass attenuation with superimposed
interlobular septal thickening and intralobular
septal thickening on CT images'>. It has been
reported in 5-36% of patients with COVID-19
pneumonial® (Figure 2). Crazy paving pattern
may be accepted as a marker of disease
progress or it may be recognized at peak of the
diseasel’.
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Figure 2: Bilateral ground glass opacities and
superimposed interlobular septal thickening (crazy
paving pattern)

Reversed halo appearance

Reversed halo sign (also called as the Atoll sign)
is defined as a round/ovoid ground-glass
attenuation with complete or crescent ring of
consolidation at its periphery!3. It has been
reported in 11.1% of COVID-19 literature!81°
(figure 3). Moreover, it may be accepted as
maker of disease progression, resulting
consolidation around GGO or lesion absorption
with the consequent decreased central
density?9.

[ -
Figure 3: Reversed halo sign is seen in the right lower
lobe. In addition, bilateral ground glass opacities and left
lower lobe consolidation are observed.

Findings of organizing pneumonia

Organizing pneumonia is a non-infectious
inflammatory pulmonary condition that
classically appears as a nodular or mass-like
consolidation with predilection to
peribronchovascular and subpleural areas.
These lesions are more severe in the lower
lobes13. Reversed halo sign is highly suggestive
for diagnosis of OP13 (Figure 4). Organizing
pneumonia not specific to COVID-19 and may
also be secondary to the connective tissue
disease, drug toxicity, infection, immunologic
disorders, toxic inhalation, and graft versus
host disease®.

Figure 4: A solid nodil in the right middle lobe with
peripheral ground glass opacity (halo sign)

Halo sign

Halo sign is defined as a condition in which
central nodule or consolidations surrounded by
ground-glass opacities. This sign has been
reported in up to one - third in some series of
COVID-19 diseasel819 (Figure 5). However, the
main  pathological stimulus of this
manifestation still remains unknown.
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Figure 5: Consolidation areas in form of reversed halo
represents organizing pneumonia in right lower lobe.
Also bilateral ground glass opacities are present.

Consolidation

It refers to area of the increased opacity obscuring
underlying bronchovascular lines!3. Multifocal and
patchy distributed consolidation in subpleural and
peribronchovascular regions has been reported in
2-64% of cases infected with COVID-19
pneumonia!81® (Figure 6). In those older than 50
years age, or with longer time duration of the
disease before CT scan acqusition, may have a more
consolidative appearance20. Unilateral lesions can
also be observed, especially in early period and in
asymptomatic patients or minimal symptoms.
Accordingly, unilateral lesion were reported in
18.7% of cases in a meta-analysis of 4121 patients?1.
T

[

Figure 6: Peripheral and posteriorly located multifocal
consolidations are seen in both lungs.

Diagnosis of the disease

The sensitivity and specificity of CT varies
widely, and there are many limitations. Values
from individual patient cohorts ranged
between 61% and 99%22. Only few studies
reported the specificity of CT in the diagnosis of
COVID-19, with values ranging between 24%
and 94%:22

Extreme caution must be taken when ruling-out
COVID-19 disease on the basis of a negative CT
scan. Indeed, false negative CT scans may be
encountered, especially when performed
within first two days. Bernheim et al.23
reported that normal CT findings were
observed for 56%, 9%, and 4% of patients at 0-
2, 3-5, and 6-12 days after onset of symptom,
respectively. High variable results from
diagnostic studies may be stemmed from low
reliability of RT-PCR in different conditions,
timing of sampling and patients and low
specificity of CT signs of COVID-19 pneumonia.

CT structured reporting proposals

The Radiological Society of North America
(RSNA) has recently published an expert
consensus statement to reduce report
variability among radiologists and to be helpful
in the management of patients with COVID-19
(Table 1)24 In this consensus statement,
imaging findings are divided into 4 main
categories: typical, indeterminate, atypical, and
negative, to provide a relative likelihood that
these findings are attributable to COVID-19
pneumonia.

[t is vital to understand that imaging may be
normal in the early stages of COVID-19, and
that many conditions may present with imaging
findings mimicking those that have been
reported in COVID-19 pneumonia.
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Table I: RSNA Chest CT Classification Sysytem for Reporting COVIT-19 Pneumonia

C2ONTTEN- 1% Pocurmonia Tionog-

T ClassiBcariomn Rarbomals

[ Fin:‘llngi

Typival appoarance

Indercrminare appearances

Arvpical appeanince

l."J:lll:'I.I.lI::ll:'\ll:l i

TMegarive for pocumaonia

Commarnly ropaaried imagging
features of greater specificine
for CIIR- 149 poeumionia

MNonspecific imaging fearures of
CAONTR1Y prncuamaonia

Ulnicamumonly or ot reporoed
feartures of COW L 19

Mo feamures of poeumonia

Heverse halo sign or other findings of organie-
ing preewnsonia (seernn laver in the disease)
Absence of rypical fearures AND presence of:

Mulrifocal. diffuse, perihilan, or unilac-
eral Y with or without consolidation
lacking a specific disteiburion amd are
nanrounded or nonperiphoral

Few, very small €000 with a nonnouwndoed
and nonperpherl disoribsuabon

Absence of tvpical or indecorminare feamures
ALY presence alz

Isalared Lobaar or segroennal corsoliclaciomn
wirhasur L0005

I Fiscrore smmall modoles {conorilobulan Ytrec-
in-laned ™}

LLI:I:IE Cavitationn

Smooth interlobular scpal thickening with
plewsral cdlusion

Mo T Fearures fo 8 ugeest Pncumo i

Periphicrmal, bilavomal, GO swith o withasut
conscldation or visible inealobular lines
["q.'r.\:r:}"—i'\-.ll.'il'ug"r

Pl pifiscal C00300 of romsnded marphology
wirth or withowr consolidation or visible
intrlabalar lines (Ceramye- praving ™)

[doape.

Aclopred, with permission, from reference 16, GO0 - ground-glass opacity.

In addition to RSNA various classification systems
are proposed such as CO-RADS, COVID-RADS,
BTSI classification.

Table II: CO-RADS?5

Table IV: Guidance document of the BTSI?7

Disease pattern

Imaging appearance

Lower lobe and peripheral predominant,
bilateral, multifocal, round, GGO With or
without:

10

CT findings Grade |Level of suspicion Typical or classical
s T e (near 100% |* Reticular interstitial thickening (crazy
can ecnnically msufricien or . . * avin
assigning a score Not interpretable confidence) p g)
 Reverse Halo (Organizing pneumonia)
Normal or non-infectious 1 Very low
* Peripheral Consolidation
Typical for other infection but not 2 Low
COVID-19 Lower lobe predominant peripheral
Features compatible with COVID-19 3 Equivocal /unsure consolidation with:
but also other diseases 4 Probable (71-99% |e Bronchocentric disease
— - confidence) *

Suspicious for COVID-19 4 High e Less GGO
Typical for COVID-19 5 Very high  Reverse Halo (Organizing pneumonia)
RT-PCR positive for SARS-CoV-2 6 Proven Indeterminate T}{pical or probabl.e. ima.ging pattern

- % (<70% confidence) without clinical suspicion Disease pattern
Table III: COVID-RADS that doesn’t fit into typical or probable
CT findings Grade |Level of suspicion « Lobar consolidation

—— Atypical (70%
Atypical findings 1 Low confidence for |* Tree-in-bud or centrilobular nodules
Fairly typical findings 2A Moderate alternative e Cavitary lesions
diagnosis)

Combination of atypical e Lymphadenopathy or effusions
with typical-fairly typical |2B Moderate
findings
Typical findings 3 High
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Findings of disease progression

In particular, Pan et al.1” reported four different
stages of the disease according to the time from
beginning of symptoms.

Table V: Different stages of the disease progression

Time period CT Findings

The early phase (0-4

days) GGOs

increasing number and size of GGOs

The progressive |transformation of GGOs into multifocal,
phase (5-8 days) consolidative areas and the
development of a “crazy-paving”
pattern.

The peak stage (9- |more extensive pulmonary involvement
13 days and dense consolidations

reabsorbed consolidations and
appearance of repaired lung signs, such
as fibrotic bands

The absorption stage
(>14 days)

In a similar longitudinal study, Wang et al.28
also confirmed that pure GGOs were the most
common CT findings after symptom onset
whereas the prevalence of a mixed pattern of
GGOs and irregular linear opacities peaked at
6-11 days. Lung abnormalities usually persist
for along time on chest imaging

In “Expert Recommendations from the Chinese
Medical Association Radiology Branch,” chest
CT findings of COVID-19 are similarly divided
into three stages: early, advanced, and severe
based on the extent of lesion involvement®8. In
the early phase, the patients have moderate
clinical manifestations of the disease, and CT
lesions are limited to single or multiple areas
commonly at subpleural areas or bronchial
areas. In the progressive phase, most of the
lesions progressed rapidly, move parallel to the
severe clinical disease. In the severe phase of
COVID-19, the lung lesions generally peaked at
14 days after the symptoms, but a few cases
rapidly progresses leading bilaterally with
diffuse infiltration of all of the lung, and
manifesting as "white lung." The dissipative
phase was seen most commonly after 14 days
after the symptoms. The gradual absorption of

the lesions, progress to fibrotic cord-like high-
density shadows.

Extent of pulmonary involvement

Several semi-quantitative scores have been
developed in radiology literature to evaluate
the extent of pulmonary involvement and to
objectively monitor the course of the disease.

Pan et al.17 visually scored the involvement of
each of the five lung lobes as follows: 0,
indicating no involvement; 1, less than 5%; 2,
5-25%; 3, 26-49%; 4, 50-75%; and 5, 75-
100%. They report that the total CT score
progressively increased until 10 days after
symptoms with a median peak score of 6.

Differential diagnosis of radiologic findings
of COVID-19 Pneumonia

The CT appearance of COVID-19 pneumonia
shares some similarities with other diseases’.

Typical findings: Common conditions with
similar imaging features with those that are
typical of COVID-19 include other viral
pneumonias, chronic eosinophilic pneumonia
(CEP), and disease processes that result in an
organizing pneumonia pattern of pulmonary
injury

Indeterminate category: including diffuse,
multifocal, perihilar or unilateral GGO, with or
without consolidation, and lacking a specific
distribution pattern are imaging findings of this
stage of the disease. In addition, few very small
nonrounded and nonperipheral GGO are
defined in this category?*. These imaging
findings have also been described in
hypersensitivity pneumonitis, pneumocystis
pneumonia (PCP), diffuse alveolar hemorrhage
(DAH), pulmonary edema, and pulmonary
alveolar proteinosis (PAP), which may present
a diagnostic challenge in COVID19 radiology.

Atypical imaging findings of COVID-19 are
findings that are rarely reported with the
disease and accepted as sign of other lung
disease. Atypical CT findings may include
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isolated lobar or segmental consolidation
without GGO, discrete nodules (tree-in-bud or
centrilobular nodules), cavitation, and pleural
effusion. These findings are more commonly
detected in bacterial pneumonia, some forms of
community-acquired pneumonias, and
aspiration pneumonia?°.

CT findings and disease severity

Chest CT may provide information beyond the
diagnostic utility. It may be used as a useful tool
for better identification of patients who will
benefit from more aggressive therapy and close
monitoring. Unfortunately, only limited
evidence is available on the role of imaging
findings in prognosis of patients with COVID-
19. It has been reported that non-survivors and
patients admitted to the intensive care unit
(ICU) had significantly more consolidation, air-
bronchograms, “crazy-paving” and central
involvement of the lungs compared to other
hospitalized patients with COVID 1930, The
most common imaging finding is consolidation
rather than GGO, with an extensive lung
involvement characterized by a bilateral and
multilobar distribution in clinically severe
patients31.

Li et al32 and Yang et al.33 evaluated the
performance of a semi-quantitative score
calculating the extent of lung opacification as a
marker for disease severity. The CT-score of the
patients group with severe disease was
significantly higher compared to the group of
patients with mild symptoms. Colombi et al.34
investigated the association between the
percentage of well-aerated lung (WAL) as a
marker of residual respiratory function and a
composite end-point of admission to ICU and
death in 236 patients with COVID-19. They
found that the percentage of WAL was an
independent predictor of ICU admission/death
after adjusting for age and other clinical risk
factors.

12

In addition to the evaluation of lung
parenchyma, CT may be used to evaluate
patency of pulmonary and coronary vascular
structures and myocardial damage?2.

CONCLUSION

The COVID-19 pneumonia is characterized
bilateral, peripheral, rounded GGO which are
dominantly located in the posterior of lower
lobes and that may be accompanied by
consolidation. The imaging features in this
pneumonia showed a broad spectrum, which
indicate a wide differential diagnosis including
various infectious and non-infectious
causatives. Although CT scan is not
recommended as a diagnostic and screening
tool, it can be helpful to clinician for a fast and
accurate decision-making. The radiology
literature demonstrated that Chest CT has an
important role in the diagnosis, risk stratifying,
and follow-up of the progression of COVID-19
pneumonia.
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