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Abstract

Novel coronavirus infection is predominantly manifests as lung tissue damage. Imaging methods, particularly, chest X-Ray and computed
tomography, are of great importance for detecting pulmonary changes and differentiate them with other diseases (mainly other viral pneumonias).
In the early disease stages the disease presents on CT with ground glass opacities, consolidations, crazy paving symptom. With time course, they
can gradually decrease, evolve into organizing pneumonia or stay stable and even increase in volume with the spread of consolidation and
formation of several signs of organizing pneumonia. Although radiological methods show high sensitivity in the detection of pulmonary changes,
their specificity and prognostic ability are not so good today. Novel coronavirus infection can be complicated with pulmonary embolism,
development thrombosis in situ in pulmonary small vessels, acute heart failure and subsequent development of cardiogenic pulmonary edema,
bacterial superinfection, exacerbation or worsening of chronic lung disease and several iatrogenic issues (pneumothorax, pneumomediastinum,
hematomas).
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Pesiome

OnHUM U3 IJIaBHBIX TIPOSIBIIEHUIT HOBOM KopoHaBupycHO# nHdekunu (KBW) siBasieTcst mopakeHue JIETOYHOM TKaHU, TTPU 3TOM ISl BBISIBJICHUS
M3MEHEHMI1 BJIErKUX U UX A depeHIIMalbHOM IMarHOCTUKY C IPYTUMU 3a00J1eBaHUSIMU (TTPEUMYILIECTBEHHO MHBIMU BUPYCHBIMU THEBMOHUSIMU )
OOJIBIIIYIO POJIb UTPAIOT METONIbI BU3yaIM3alluK, B TIEPBYIO ouepedb — 0030pHasi peHTreHorpadus U KoMmIibloTepHasi Tomorpadusi. B Hauane
3a00JieBaHUS B OOJIBIIMHCTBE CAy4YaeB ONpeAesisieTcsl YIUIOTHEHUE JIETOYHOM TKaHU TI0 TUITY «MaTOBOTO CTEKJIa» WM KOHCOIMAALUN, CUMITTOM
«OyJIBIKHOM MOCTOBOIM». JITaHHBIE U3MEHEHMSI TIPY IMHAMUUYECKOM MCCJIEJOBAHUM MOTYT YMEHBILUTHCSI B 00bEME C MOCTENEHHBIM BOCCTAHOBJIEHUEM
BO3IYIIHOCTH JIETOYHOM MapeHXUMbI WJIM HapacTaHWeM KOHCOJUIALMU U (DOPMUPOBAHUEM TUITUYHOM KapTUHBI OPTaHU3YIOLIEHCS] THEBMOHUU.
OHU MOTYT COXPAHSITBCSI M XK€ YBEJIUYMBAThCS C HAapacTaHUEM KOHCOJIMAAIUH, TIOSIBJICHUEM TUITUYHOM KaPTUHBI WJIM OTAETIbHBIX PU3HAKOB
opraHusyoleiicss THeBMOHMU. OTHAKO NP BbICOKOW YyBCTBUTEIbBHOCTH METO/IOB JIyY€BOI TMAarHOCTUKM Ha CETOMHSIIHUIA IeHb UX crieluduy-
HOCTb M TIPOTHOCTHYECKAsi CITOCOOHOCTb OCTAIOTCSI He CTOJIb BhIcOKMMU. OcnoxkHeHusmu KBU sBsitiorest TpoM003MO011sT JIETOYHOM apTepuH,
pa3BUTHE TPOMOO30B JIETOYHBIX COCYIOB i Sifu, OCTpasi cepeYHasi HEIOCTATOYHOCTh C Pa3BUTHEM KapAMOTeHHOTO OTeKa JIETKUX, OaKTeprualbHast
cyrnepuH@eKiusi, 000CTpEHUE WM YXYILIEHUE XPOHUYECKOro 3aboJieBaHUsl JIETKUX M TMOCJIEACTBUSI MPOBOAMMOI Tepanuu (MHEBMOTOPAKC,
ITHEBMOMEIMACTUHYM, TeMaTOMBI).

KuroueBble cioBa: HoOBasi KOpOHAaBUPYCHast MH(EKIINS, KOMITbIOTepHast ToMorpadusi, tuddy3Hoe aabBeoISIPHOE TTOBPEXKICHNUE, OPraHU3YIOLIAsICS
IMTHEBMOHMUSI, OCJIOXKHEHHE.

KongaukT uaTepecoB. ABTOPHI 3as1BJSIIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

st untuposanusi: Tropun U.E., CtpyreiHckast A.Jl. Busyanuzaius usMeHeHU B JIETKUX TIPU KOPOHABUPYCHOI MHOEKITNY (0030p JTUTEPATyphl
1 cobCTBeHHbIe TaHHbIe). [Tyasmononoeus. 2020; 30 (5): 658—670. DOI: 10.18093/0869-0189-2020-30-5-658-670

The world has been affected by the novel coronavirus in-
fection (COVID-19) since December 2019, when the
coronavirus SARS-CoV-2 was first isolated from patients
in the Chinese city of Wuhan. Since then, the number of
new cases worldwide has been increasing steadily. Lung
damage is the main manifestation of this infection, which
is seen almost in all cases and defined as “viral pneumo-
nia”. The need is clear for timely and accurate assessment

of abnormal chest findings, appropriate assessment of
these changes over time, and evaluation of the prognos-
tic value of the main radiographic signs of organ damage.
Imaging techniques are particularly important for detect-
ing pulmonary changes caused by SARS-CoV-2, differen-
tiating them from those caused by other disorders, assess-
ing the severity of abnormal findings and changes in them
over time, and evaluating the efficacy of treatment.
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Imaging techniques

Imaging techniques used to detect pulmonary abnormal-
ities in patients with COVID-19 include plain chest X-ray
and chest computed tomography (CT), and, in some cas-
es, pulmonary and pleural ultrasound. Magnetic reso-
nance imaging and radionuclide imaging have no diag-
nostic significance for acute respiratory infections and are
not used to detect lung damage in COVID-19.

During the first days of the disease, the sensitivity of
routine X-ray for early changes in the Iungs (ground-glass
opacities) is relatively low, and this technique cannot be
used to exclude COVID-19 during this period [1, 2]. At lat-
er stages, however, the diagnostic value of X-ray signifi-
cantly increases as the disease becomes more generalised
and pulmonary consolidation progresses. This method re-
liably detects severe viral lung disease and pulmonary oe-
dema of various etiologies. Portable chest X-ray obtained
using mobile units is the main diagnostic imaging modal-
ity for chest abnormalities in resuscitation and intensive
care units. This type of X-ray is recommended in most
clinical guidelines as the most readily available and epide-
miologically safe imaging technique.

Computed tomography is the most sensitive tool to de-
tect radiographic signs of COVID-19. CT is feasible for
initial chest evaluation in patients with severe, progres-
sive disease and patients with clinical signs of acute viral
respiratory infections and evident risk factors for a severe
course of infection. Also CT is necessary for differential
diagnosis of the findings revealed and, in some cases, for
follow-up evaluation. The main drawback of CT is its low
specificity, which rarely exceeds 60%, as it reveals multiple
unequivocal lesions, such as small ground-glass opacities
or reticular lesions. The specificity of CT also depends on
the prevalence of infection in a particular area [1, 3—6].
The higher percentage of people are infected, the more
specific CT becomes, and vice versa. The specificity of CT
scanning is also highly dependent on the probability of
the disease in an individual patient. The lower the clinical
probability is, the less specific CT findings are.

Due to their low specificity, none of imaging modal-
ities is recommended as a screening tool to detect respi-
ratory problems in asymptomatic persons and patients
with mild disease. In addition, imaging techniques cannot
identify the etiology of the disease and, therefore, cannot
replace routine laboratory tests.

Ultrasonography is an adjunctive imaging tool, which
does not replace or exclude CT scanning and X-ray. When
its technique is well respected and the examination is per-
formed by a qualified specialist, ultrasonography is highly
sensitive for the detection of subpleural interstitial chang-
es and consolidations in lung tissue, pleural effusion, and
pneumothorax [7—9].

The role of ultrasound in assessing pulmonary abnor-
malities in COVID-19 patients is controversial. Despite
their high sensitivity, ultrasound data are not helpful in
assessing the actual extent of lung injury. Ultrasound
findings do not always correlate with X-ray and CT da-
ta. Finally, ultrasonography is not a standard diagnostic
tool to diagnose pneumonia and not included in clinical
guidelines for the diagnosis and treatment of communi-
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ty-acquired pneumonia. Therefore, its diagnostic value
depends largely on the experience and qualifications of
physicians in a particular facility.

Comparison of radiographic morphological features

It has been established that SARS-CoV-2 binds to an-
giotensin-converting enzyme 2 (ACE2), a membrane re-
ceptor expressed mainly on the surface of nasal epithelial
cells, lower airway cells, particularly type II alveolar cells,
as well as cells in the upper third of the oesophagus, en-
terocytes of the colon, cholangiocytes, cardiomyocytes,
and epithelial cells in the proximal renal tubules and the
bladder. Therefore, the airway epithelium serves as the
standard entry point for this infection; from there the vi-
rus moves to the blood and affects the most susceptible
organs and tissues [ 11—13].

Viral exposure in the lungs usually triggers diffuse al-
veolar damage (DAD). This term is used to describe char-
acteristic changes in all layers of the alveolar-capillary
membrane, including its basal membrane [13—17]. DAD
typically is a biphasic process, and includes exudative (oe-
dematous) and proliferative phases.

The exudative phase develops within the first few days
and manifests as inflammation in the area damaged by the
virus. This is accompanied by breaches in alveolar epithe-
lium and, in some cases, sloughing of alveolar epithelial
cells from the basal membrane. Some histochemical reac-
tions and the loss of the integrity of the alveolar-capillary
barrier result in exacerbation of interstitial oedema and
filling of the alveoli with a fluid rich in proteins, particu-
larly fibrin. An important step of this process is the forma-
tion of hyaline membranes, one of the main morphologi-
cal markers of DAD, in the alveolar spaces.

Partial filling of the alveoli with exudate, cellular de-
bris, and hyaline membranes is responsible for ground-
glass opacities, the earliest and the most typical sign of vi-
ral lung damage detected by various imaging modalities.
As abnormal contents continues to accumulate in the al-
veolar spaces, images start to show consolidations, areas
of completely airless lung parenchyma, which are usually
surrounded by a peripheral ring of ground-glass opacity
(halo sign).

Viral damage to the alveolar-capillary membrane may
spread throughout the interstitial compartment and af-
fect pulmonary capillary endothelial cells. Breakdown of
capillary endothelial lining cells and those anchored to
the basal membrane results in the following two conse-
quences: damage to the capillary wall (basal membrane)
and an outpouring of haemorrhagic exudate directly into
the alveolar spaces and the interstitial compartment, on
the one hand, and thrombosis of small pulmonary ves-
sels [17].

Radiographically, accumulation of haemorrhagic ex-
udate in alveoli also manifests as ground-glass opaci-
ties, which relatively rapidly develop into consolidation.
Ground-glass opacity lesions often have areas of reticu-
lar abnormality seen as polygonal structures 5 to 15 mm
in diameter, which are actually thickened intralobular or
interlobular septa (Figure 1). This is the well-known crazy
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paving sign. It is not specific for viral lung damage. It can
also be seen in a number of other infections, as well as in
neoplasms, interstitial disorders, pulmonary oedema of
various etiologies, pulmonary haemorrhage, and in case
of blood aspiration in patients with pulmonary bleed-
ing [18—20]. Some studies showed that the crazy paving
sign predicts a poor prognosis for coronavirus infection,
which has been reflected in many recent guidelines [5].

On radiographic images, bleeding into the alveoli or
blood accumulation in the alveolar spaces, on the one
hand, and cellular debris with hyaline membranes in the
alveoli, on the other, manifest identically, i.e. as ground-
glass opacity and consolidation. Radiography does not
provide reliable evidence to distinguish between these
morphological changes. However, the prognostic value of
these imaging signs and clinical features associated with
them turn out to be completely different, even in patients
with similar extent of lung injury. Haemorrhagic suffusion
of lung tissue is often a harbinger of acute respiratory dis-
tress syndrome. Some authors believe that haemorrhagic
oedema is the cause of exceptionally fast progression of
pulmonary abnormalities in patients with an initially small
area of lung involvement [21—24].

On a chest radiograph, thrombosis of small pulmonary
vessels is seen as dilation of these vessels in areas of in-
creased density with the ground-glass pattern, but not in
consolidation areas, where vessels are not seen on a back-
ground of airless lung. This sign is most evident in the cor-
tical lung zones within the first few days (see Figure 1).

)

4D
Figure 1. Variants of manifestation of COVID-19 (computed tomography
on the 5 — 7" days of the disease): A, bilateral subpleural and peribroncho-
vascular ground glass foci (1) of irregular shape; B, bilateral ground glass
foci (1) with small consolidation areas (2) located subpleurally and in the

central areas of lungs; C, bilateral subpleural confluent round areas of
consolidation (2); D, crazy paving sign (3) in the upper left lobe

Puc. 1. Bapuantsl Mmanudecrauun COVID-19 (KoMIibloTepHasi TOMO-
rpacdust BBITIOTHEHA Ha 5—7-€ CYyTKM OT Havasia 3a0oyieBaHus1): A — Ou-
JlatepajibHble CyOrieBpajibHble U TIepUOPOHXOBACKYISIPHBIE YYACTKU
«MatoBoro crekia» (1) HempaBuiabHOU opmbl; B — OunarepaabHble
y4acTKM «MaTOBOro cTekia» (1) B coueTaHUM ¢ HEOOJIBIIMMU ydyacT-
KaM¥ KOHconmumanuu (2) okpyrmioil (opMbl, pacronoXeHHbIE CyO-
TUIEBPAJIbHO U B LIEHTPAIBHBIX oTaesnax Jerkux; C — ounarepaibHble
CJIMBHBIE YIACTKU KOHCOMUAAIUN (2), pacTiONOXXKeHHbIE TPEUMYIIIECT-
BEHHO CYyOIIeBpaibHO; D — cUMNTOM <«OyJIbIKHOM MOCTOBOI» (3)
B BepXHEIl 10JIe JIEBOTO JIETKOTO

The proliferative phase of DAD becomes more prom-
inent over the second or third week of the disease. This
period is marked by dissolution of hyaline membranes,
formation of immature connective tissue in the alveolar
spaces and respiratory bronchioles, hyperplasia of type 11
alveolar cells, and migration of fibroblasts, monocytes,
and macrophages to damaged alveoli. Morphologically,
this process is usually viewed as an organising pneumonia.
In this phase, the course of the disease depends on the
volume and depth of the affected parenchyma and the in-
tegrity of the alveolar-capillary membrane [18, 20]. When
all components are involved and the basal membrane is
degraded, which is typically seen in COVID-19, the con-
valescence phase is almost unavoidably manifests as orga-
nizing pneumonia (OP). When lung tissue is not so deeply
affected, complete restoration of lung parenchyma is pos-
sible without elements of OP, similar to how it happens in
common bacterial pneumonia [18, 20].

The radiographic findings of OP are well established
and frequently described in literature (Figure 2). These
often include signs of cryptogenic OP and OP of known
etiologies, such as drug exposure, viral and other infec-
tions, radiation damage, and systemic connective tissue
diseases [24—27]. A typical imaging sign of this disorder
is the presence of multiple patchy ground-glass density
lesions combined with consolidations. They can be lo-
cated in subpleural, perilobular, or peribronchial regions.
An obligatory feature is the air bronchogram sign, i.e. the
phenomenon of air-filled bronchi being made visible by

Figure 2. Common computed tomography signs of organizing pneumo-
nia: A, perilobular reticular pattern; B, reticulation; C, linear consolida-
tion; D, peribronchovascular consolidation; E, atoll sign (reversed halo
sign); F, fibrous band parallel to pleura

Puc. 2. TunuyHble KOMITbIOTEPHO-TOMOTpadUIecKie MpU3HAKK Opra-
HU3YIOLIEHCS THEBMOHUM: A — MepuoOyJISIpHBIN PETUKYJISIPHbIiA
natrepH; B — petukynspueriii martepH; C — TuHeTHAsS KOHCONMUIALINS;
D — nepuOpoHXUaIbHBIN y4acTOK KoHconauaaluuu; E — cumnrom
00paTHOTO 000Ka («CUMIITOM atosuiar); F — ¢hbubposHbIil TSK, mapari-
JICJIbHBI TUIeBpe
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the opacification of surrounding tissue. However, the
key, but not disease-specific, sing of OP is the reversed
halo sign, characterised by a central ground-glass opacity
surrounded by a ring of consolidation. It was earlier of-
ten referred to as the atoll sign due to its appearance sim-
ilar to that natural structure. It is typical to visualize on
plain radiographs a gradual relocation of opacities from
the visceral pleura towards deeper zones of lung paren-
chyma and apparent lung hyperinflation along the tho-
racic wall [26]. In some cases, it gives a false impression
of emerging cavitating lesions or emphysematous bullae
in the cortical regions.

So far, no evident temporal distinction has been de-
termined between the DAD phases in the coronavirus
infection. In many cases, it is just possible to note the
predominance of a particular pathological process at a
certain time point. Another specific feature of this in-
fection is a paradoxical prolongation of any phase up to
several weeks. Therefore, accurate evaluation of radio-
graphic findings is very meaningful in practice, including
in prognosis assessment.

In some patients SARS-CoV-2 specifically affects the
immune system, causing uncontrolled and, in most cases,
irreversible autoinflammatory response. This is accompa-
nied by a rapid progression of the exudative phase of lung
injury [22, 28, 29]. An X-ray examination reveals a rapid
increase in lung involvement coupled with a fast progres-
sion of consolidation toward subtotal lung involvement
(Figure 3) [30]. Pleural effusion is a frequent accompa-
nying sign. Clinically, these findings are associated with
acute respiratory distress syndrome (ARDS).

Prevalence of the primary radiographic signs

The radiographic signs of lung damage in COVID-19 pa-
tients have been described in many studies published in re-
cent months, including large systematic analyses [31, 32].
Evaluation of CT data of more than 1,000 patients with
verified coronavirus infection revealed the following most
typical changes: ground-glass opacities (88.0%), bilateral
lung involvement (87.5%), peripheral distribution in lung
parenchyma (76.0%), and multilobar involvement (dam-
age to more than one lobe) (78.8%) (Table 1). Isolated
ground-glass opacities or accompanied by consolidation
were the most common feature of the disease. Other, less
common features, included intralobular and interlobular
septal thickening, bronchiectasis, and pleural thickening.
Pleural effusion, pericardial effusion, lymphadenopathy,
cavitation, the halo sign, and pneumothorax were signifi-
cantly less common (Table 2).

Changes in the radiographic signs over time

In their study Y. H.Jin et al. |34] described CT findings ob-
served during five stages of COVID-19 infection, which
they defined as ultra-early stage, early stage, progres-
sion stage, consolidation stage, and dissipation stage: In
the ultra-early stage, one or two weeks after contraction,
when patients usually had no clinical manifestations, CT
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Figure 3. Patient S. 67 years old. Severe COVID-19 complicated by
ARDS on the 20" day of the disease. Computed tomography, axial
slices, 14" (A, B) and 20" (C, D) days of the disease; A, B, bilateral
consolidation (1) and ground glass (2) foci and linear consolidation
parallel to pleura (3); total lung involvement is more than 50%; C, D,
total bilateral ground glass (2) spread with air bronchogram (4); dam-
aged pulmonary area reaches 100%

Puc. 3. [Mauwment C., 67 ner. Tsoxenoe Teuenne COVID-19 ¢ pa3su-
THEM OCTPOTrO PECHUPATOPHOTrO MUCTpecc-cuHApoma Ha 20-e CyTKu
3a00JIeBaHMsI. AKCHATbHbIE KOMITbIOTEPHO-TOMOTpadrIecKue cpe3bl
Ha: A, B — 14-e cytku 3a6oneBanusi; C, D — 20-e cyTku 3a00j1eBaHus;
A, B — IBYCTOpOHHUME y4yacTKM KOHcoauaauuu (1) u «MaToBoro cre-
KJ1a» (2), TMHEWHBIN YYaCTOK KOHCONUAALIUU BIOJb IUIEBPHI (3); CyM-
MapHasl TUIOLIaab ITOPaKeHUs JIErOYHOI mapeHxumMsl > 50 %; C, D —
TOTAJILHOE PACIPOCTPAaHEHUE «MATOBOTO CTEKJa» (2) ¢ CUMIITOMOM
«BO3/IYIIHOW OpoHxorpaduu» (4); cyMMapHasi IUIOIIAAb MOPaKEHUs
JIETOYHOM TapeHxuMbl focturaet 100 %

scanning showed single or multiple ground-glass opaci-
ties, and patchy consolidations or nodules surrounded by
ground-glass opacities. In the early stage (early clinical
manifestations, 54% in this study), CT revealed single or
multiple ground-glass opacities, combined with the crazy
paving pattern. In the progression stage (3 — 7 days after
the onset of clinical symptoms), the disease manifested on
CT as large-scale consolidation with air bronchogram in-
side. In the consolidation stage (the second week of clin-
ical manifestations), CT features may include consoli-
dations in slighter density and smaller range. About two
or three weeks after the onset of symptoms, CT scanning
may show patchy consolidation, linear opacities, bronchi-
al wall thickening, and interlobular septal thickening.

F.Song et al. [35] showed that CT data reflect progres-
sion of the disease, including a higher incidence rate of
consolidations. Y. Pan et al. [36] examined 63 patients and
assessed their follow-up CT obtained 3 — 14 days after the
initial CT scans. In more than 85% of patients, they found
radiographic signs of disease progression, including larger
areas of ground-glass opacity and consolidation and inter-
lobular septal thickening. In some patients with lung le-
sions on the initial CT scans, re-examination CT showed
that the lesions increased and enlarged, and some of them
merged.
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Table 1

Frequent symptoms and distribution of changes

on computed tomography Images of patients (n = 919)
with coronavirus infection [32]

Tabauua 1

Yacmole cumnmombt u pacnpeoeienue KOMHbIOMEPHO-
momoepaghuueckux usmenenuil y nauuenmoe (n = 919)
¢ KoponaeupycHoil ungexuuerti [32]

S Fndngs | lcuions | cases () | of paints
Bilateral involvement 12 435 (87.5) 497
Peripheral distribution 12 92 (76.0) 121
e t wma s
Multilobar involvement 5 108 (78.8) 137
Ground-glass opacities 22 346 (88.0) 393
Consolidation 10 65 (31.8) 204

FPan et al. [37] reviewed the changes in CT find-
ings over time in 21 patients with confirmed COVID-19.
In most patients, CT performed at early stages revealed
more ground-glass lesions and involvement of fewer pul-
monary lobes than follow-up CT scans obtained at later
stages. However, when patients were re-examined some
time later, their CT showed progression of reticular chang-
es (increase in the crazy-paving pattern), involvement of
more pulmonary lobes, and consolidations. On average,
the CT features were most prominent on day 10 from
symptom onset. After day 14 positive changes were ob-
served in 75% of the patients and included involvement of
fewer pulmonary lobes, disappearance of the crazy-pav-
ing pattern, and resolution of consolidation.

Following the initial examination, the radiographic
features of viral lung damage can evolve in several ways,
including the following (Table 3) [3—5, 33, 39—42]:

* Reduction in lung involvement accompanied by im-
provement in pulmonary aeration and dissipation of
consolidations into ground-glass opacities and subse-
quent complete recovery of aerated lung volume. This
process is reminiscent of the typical resolution stage of
community-acquired pneumonia.

* Reduction in lung involvement accompanied by more
prominent consolidation and appearance of a typical
organising pneumonia pattern.

+ Stability or even an increase in lung involvement ac-
companied by more prominent consolidation and ap-
pearance of a typical organising pneumonia pattern or
separate signs of organising pneumonia.

The first variant is the most favourable because it indi-
cates resolution of viral lung damage usually without any
residual abnormalities. The second variant indicates a typ-
ical reparative process manifested by signs of organising
pneumonia that appear in the second phase of DAD. It is
a longer process, which may lead to residual pulmonary
abnormalities. The long-term prognosis for patients with

Table 2

Variants of radiological manifestation

of novel coronavirus infection [33]

Tabauua 2

Bapuanmut penmeenoaoeureckoli Kapmunol HOBOU
Kkoponasupychoil ungexuyuu [33]

Typical ‘ Equivocal ‘ Atypical

Multiple bilateral peripheral

(subpleural) ground-glass opacities: Lltet TRl

+ including those accompanied Ezgﬁuﬁf lotr;,i tree-in-
by consolidation bud sign)g

Space-occupying
lesions. Lung
cavitation and areas of
consolidation

and/or

Signs of pulmonary
oedema: uniform
interlobular septal
thickening and pleural
effusion

+ the crazy paving sign

Multiple bilateral rounded ground-
glass opacities deep in the lung -
parenchyma:

Subpleural reticulation
(a mesh pattern)

+ including those accompanied
by consolidation

Lymphadenopathy
without lung lesions

and/or

+ the crazy paving sign

Signs of organising pneumonia:

areas of increased density (ground-

glass opacities combined with -
consolidation) and the reversed

halo sign

such abnormalities is now difficult to predict due to little
evidence and requires further research. Until these radio-
graphic findings keep improving on follow-up CT scans,
they should not be interpreted as “fibrosis” or “sclerosis”,
i.e. disease resolution with sequelae. As in community-ac-
quired pneumonia, the duration of resolution of lung ab-
normalities is not limited and does not correlate with the
clinical manifestations of the disease.

The third variant of the evolution of radiographic find-
ings may cause difficulty in differentiating positive and neg-
ative changes (Figure 4). If the previous examination was
performed before the disease peaked, the time when peak
lung involvement is reached, a follow-up image may mis-
lead to a conclusion of disease progression. Clinical man-
ifestations are the key to the interpretation of radiographic
findings, which can be accurately assessed only in combina-
tion with the clinical picture. If respiratory failure does not
become more severe, it indicates regression of the disease,
even if the changes in radiographic findings seem to be neg-
ative. Radiographic signs have some value too. The signs
of OP may be suggestive of disease regression. Worsening
of ground-glass opacities, consolidations, reticular chang-
es, and, in many cases, pleural effusion without sings of OP
more likely suggests negative evolution.
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Figure 4. Patient N., 61 years. Moderate COVID-19. Computed tomog-
raphy, axial slices; A, B, 8", and C, D, 15" days of the disease. Clinically
the patient is stable. A, B, few subpleural inhomogeneous ground glass
foci (1) with sporadic secondary lobules with preserved aeration (2).
Damaged pulmonary area is about 40%; C, D, multiple confluent areas
of increased attenuation (3) predominantly on the periphery; crazy pav-
ing symptom (4), perilobular reticular pattern (5), dilated segmental
bronchi (6). The lung involvement is about 70%

Puc. 4. IMaumentka H., 61 rox. Cpennersixenoe Teduenre COVID-19.
KommnblotepHo-ToMorpaguueckre akcuaibHble cpesbl: A, B — 8-¢, C,
D — 15-e cyrku 3abosieBaHust. KIMHUYECKN COCTOSIHME MAllMEHTKU
cTabwibHoe. A, B — HeMHOrouucieHHble CyOrieBpaJbHble HETOMO-
TeHHbIE yYaCTKU «MaTOBOTO CTeKa» (1) ¢ eIMHUYHBIMY BTOPUYHBIMU
TOJTbKaMU C COXPAaHEHHO BO3MYLTHOCTBIO (2) B ux crpykrype. [1io-
aab MOpaXeHUsl IeTOYHOU TapeHXuMbl — okouto 40 %; C, D — MHO-
JKECTBEHHBIC CIMBHBIE (DOKYCHI CHVKEHUS BO3MYIIHOCTU JIETOYHOM
napeHxumsbl (3), MpeuMyIIeCTBEHHO B repudepruyeckrx OTaeax Jer-
KHUX; CUMIITOM «OYyJIbIKHOM MOCTOBOI» (crazy paving) (4), yIlOTHeHue
MEPUIOOYASIPHOTO MHTEpCTULIUsS (5), paclUIMpeHHbIe MPOCBETHI Cer-
MeHTapHbIX OpoHXx0B (6). Iliomanb MmopaxkeHus JIETOUHOW IapeH-
XuMbI — okoJio 70 %

Assessment of the extent of lung involvement

From the prognostic point of view, it is important to as-
sess not only the nature of radiographic findings, but al-
so their extent Assessment of the extent of lung involve-
ment in patients with coronavirus infection can be based
on:

* imaging data;

» data obtained using various semiquantitative scales;

+ data collected using software for lung density analysis
and generation of maps of lung density distribution,
including computer-aided design (CAD) and artificial
intelligence software solutions.

The literature describes a number of similar scales,
developed to improve the early diagnosis of the corona-
virus infection and assess its severity more accurately
(Tables 4, 5). These scales are almost identical in terms
of content and differ only in the total score [36, 40, 42].
It is worth noting that they do not usually consider the
type of lung abnormalities (ground-glass opacities and
consolidation), except for a 64-point scale developed by
F. Feng et al. [44]. Their practical application is, however,
hindered, because there is an increasing number of pub-
lications suggesting the absence of a direct correlation be-

Reviews « 0630pbI

tween the severity of clinical manifestations and the na-
ture and extent of lung injury as assessed by CT [45, 46].
It should also be emphasised that such scoring systems are
based on the experience of individual researchers, which
leads to some inaccuracy of the results when using them in
the general population.

Such semiquantitative assessment of the severity (vol-
ume and extent) of CT-diagnosed lung abnormalities as-
sociated with COVID-19 is possible, but it is not man-
datory. These scales can be used by medical facilities as
part of an agreed and approved treatment protocol for
COVID-19 patients.

A group of Dutch researchers has proposed an as-
sessment scheme for analysing pulmonary findings in
patients with suspected COVID-19, using likelihood
ratios (CO-RADS), and presented it on the Radiology
Assistant website [47] (Table 6). It was developed as
an analogue to previously existing scoring systems
(PI-RADS, BI-RADS, etc.), which aim to standardise
the assessment of likelihood of a certain diagnosis.
Since the CO-RADS is not well known to practitioners
and not widely used in inpatient facilities, it has no ad-
vantages over semiquantitative scales for assessment of
lung abnormalities.

Correlation between imaging findings
and infection severity

CT does not assess the severity of the disease and can only
provide indirect indicators of its prognosis. Although spe-
cialists widely use such terms as “severity of CT findings”,
“severity grading of CT findings”, and “severity grades
of CT features, such as CT0, CT1, CT2, CT3, CT4, and
sometimes CT5”, these data primarily reflect the extent of
lung involvement. They poorly correlate with the clinical
assessment of the severity of the patient’s condition at the
time of CT examination, including such key parameters as
the severity of respiratory failure and the degree of desat-
uration [45, 46].

Multiple publications have reported that patients
with severe disease more often have more widespread
lung involvement and more frequently develop certain
symptoms, for example, reticular changes or pleural ef-
fusion. This does not, however, mean that patients with
extensive CT or X-ray abnormalities are in critical con-
dition. Importantly, lung lesions can also be found in
a considerable number of asymptomatic patients. In the
study conducted by S. /nui et al., of 104 cases of corona-
virus infection, 76 (73%) were asymptomatic, 41 (54%)
of which had pneumonic changes on CT [49]. Our pi-
lot analysis of radiographic and clinical manifestations
of 92 patients with COVID-19 showed that two patients
(6.9%) with mild infection had extensive lung lesions on
a follow CT with > 50% lung involvement, while they
did not demonstrate any clinical signs of respiratory
failure.

In addition, our own unpublished data demonstrate
that bronchodilation on CT obtained at presentation
(6.7 = 2.8 days from onset of the disease) was the on-
ly sign that was strongly correlated with the severity
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Table 3

Typical dynamics of pulmonary X-Ray and Computed tomography changes COVID- 19 pneumonia [33]

Tabauua 3

Tunuunvte uzmenenus penmeenozpaguueckoil u momozpaguueckoll KapmMuHvl 1e2KUX 6 OUHAMUKEe PA36UMUS NHeGMOHUU,

Evolution of changes

Early signs observed in the first
few days

Improvement of changes (stable
disease)

Progression of changes
(worsening)

Respiratory distress syndrome

obycaoeaennoti COVID-19 [33]

Radiographic and CT features
Multiple bilateral peripheral (subpleural) ground-glass opacities, including those accompanied by consolidation

and/or
the crazy paving sign

Multiple bilateral rounded ground-glass opacities deep in the lung parenchyma, including those accompanied by consolidation
and/or the crazy paving sign

Areas of increased density (ground-glass opacities combined with consolidation) and the reversed halo sign

Development of ground-opacities into consolidation (an increase in density of the affected lung tissue) without evident increase in
total lung involvement (extent of disease)

Emerging signs of organising pneumonia

Reduction in size of lung opacities
Progressive changes (Figure 1):

+ expansion of ground-glass opacities (extent and volume of lung involvement)
+ appearance of new ground-glass lesions

+ fusion of some ground-glass opacities into larger lesions and progression to subtotal lung involvement in the most severe
cases

+ ground-glass opacities are still more extensive than consolidations
+ Development of new signs of other pathologies:
+ left ventricular failure (cardiogenic/hydrostatic pulmonary oedema, bilateral pleural effusion)
+ respiratory distress syndrome (pulmonary oedema)
+ bacterial pneumonia
+ lung abscess and multiple septic emboli
+ pneumothorax and pneumomediastinum
+ other
Common features include:
+ Bilateral subtotal opacities (consolidations and ground-glass opacities)
+ Involvement of the upper and middle lung zones
+ Hyperinflation of basal segments
+ Gradients in lung density, depending on the patient’s position (supine, prone)
+ The air bronchogram sign
The following signs are usually absent (in the absence of circulatory failure):
+ Kerley lines, peribronchial cuffs
+ Enlargement of the left heart and increased vascular pedicle width

+ Pleural effusion

Resolution Radiographic signs include:

+ Reduction in size of consolidations and ground-glass opacities (the signs of organising pneumonia may not be present)

+ Appearance of typical CT signs of organising pneumonia and changes in the size and configuration of ground-glass opacities

and consolidations

Additional signs:

+ Radiographic signs of resolution should correlate with the evolution of clinical manifestations

+ Radiographic features of lung damage may persist significantly longer than clinical manifestations of the infection

+ The presence of residual lung opacities cannot guide the duration of treatment for this infection and do not constitute an
indication for continued treatment if not accompanied by clinical signs of acute inflammation
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Table 4

Lung Severity Score scale [42]

Tabauua 4

Illkanra cmenenu nopasxcenus aeexux [42]

Degree of lung involvement, % Score

0 0
1-25 1
26 - 50 2
51-75 3
76 - 100 4

Table 5

Chest computed tomography severity score scale [43]

Tabauua 5

Ilxkara maxcecmu nopasxcenus aeekux no OAHHbIM
KomnvtomepHoi momoepaguu [43]

Findings Score
Normal attenuation 0
Ground-glass attenuation 1
Consolidation 2

20 segments (modified classification: 19 lung segments, with one segment
being divided into two)

Maximum total score: 40 points (20 x 2)
Interpretation:

The total score of 19.5 or above was predictive of a severe course with a 83.3%
sensitivity and a 94% specificity

Table 6

CO-RADS scale [47, 48]

Tabauua 6

1llkasa kamezopuaavroli cxemobl KOMNLIOMEPHOU

momozpaghuu 045 nauuenmos c nodosperuem
na COVID-19 [47, 48]

|
1 Very low Normal or non-infectious abnormalities
2 Low {\bnor.malities consistent with

infections other than COVID-19

3 Indeterminate Unclear whether COVID-19 is present
4 High Ql:ngavrtl)i-t:;s suspicious
5 Very high Typical COVID-19
6 PCR*
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of COVID-19 (p < 0.001), worsening of clinical status
(p <0.001), and an increase in the extent of pulmonary
involvement (p < 0.001). Other CT findings revealed at
initial examination (ground-glass opacity, consolida-
tion, and crazy paving sign) did not show any correla-
tion with the severity of clinical status and had no prog-
nostic value for predicting the worsening of the clinical
status. This is indirectly confirmed by some clinical ob-
servations of patients with radiographic patterns of simi-
lar nature and extent showed different clinical course of
COVID-19.

In literature, there is no consensus regarding the prog-
nostic value of separate CT findings. P.Lyu et al. showed
that the volume of areas with consolidation and the ex-
tent of the crazy-paving pattern were significantly great-
er in severe cases than in mild cases of COVID-19 [50].
The study by F Liu et al. demonstrated the prognostic
value of the extent of ground-glass opacities for predict-
ing the worsening of clinical status. The most common
sign reported in this study was a combined pattern (any
combinations of ground-glass opacities and consolida-
tion) [51].

Correlation between polymerase chain reaction results
and chest computed tomography findings

In most studies, CT findings were generally correlated
with PCR results [1, 4—6, 52]. There have been, howev-
er, some publications reporting positive CT findings de-
spite the negative result of the initial screening PCR test.
In the study by X. Xie et al. [52], five out of 167 patients
with negative initial PCR tests had typical CT features of
COVID-19 pneumonia. In all these five patients PRC be-
came positive 2 — 8 days after CT examination. In contrast,
seven out of the 167 patients had a normal initial CT, de-
spite a positive initial PCR. Within five days after the ini-
tial CT, imaging signs of viral pneumonia were observed in
one of these patients, while the follow-up data of the other
six patients were not reported. Similarly, M.Chung et al.
[40] reported that in their study three of 21 patients with
a confirmed diagnosis did not have ground-glass opacities
or consolidation on their initial CT scans but at the time
of re-examination two of them demonstrated positive CT
findings. No information was reported about the results of
their confirmatory laboratory tests.

H.Kim et al. [53] performed a meta-analysis to evalu-
ate diagnostic values of chest CT and PCR. For chest CT
scans, the positive predictive value (PPV) ranged from 1.5
to 30.7%, and the negative predictive value (NPV) ranged
from 95.4 to 99.8%. For PCR, the PPV ranged from 47.3
to 96.4%, whereas the NPV ranged from 96.8 to 99.9%.
The authors reported that the pooled sensitivity was 94%
for chest CT and 89% PCR. The pooled specificity for
chest CT was only 37% (95% CI: 26, 50%). The authors
suggested that considering a low specificity of CT there is
a large gap between PPV levels of chest CT and PCR in
low-prevalence regions, especially in areas with a preva-
lence less than 10%.

These data suggest a high probability of false posi-
tive CT findings. This obviously dictates the need for fol-
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Figure 5. Patient A. 48 years. Moderate COVID-19, complicated by
bacterial superinfection. Computed tomography, axial slices,
14" day of the disease. Bronchopneumonia features: tree-in-bud
sign (1) in the upper left lobe, segmental consolidation with air
bronchogram (2). COVID-19 features: bilateral round-shaped foci
of ground glass (3)

Puc. 5. MMauuent A., 48 ner. CpenHersixenoe tedyeHue COVID-19,
OCJIOKHUBIIIEECS IPUCOENUHEHNEM OaKTepuaibHOM nHMekmn. Kom-
MbIOTepHasl TOMOrpaMMa, akCUalbHble cpe3bl, 14-e cyTKu 3aboneBa-
HUSI: TIPU3HAKKU OPOHXOTTHEBMOHUY — CUMIITOM «JIepeBO B moukax» (1)
B BEpPXHeEii 1071€ JIEBOT'O JIETKOT0; YYaCTOK KOHCOIUIALIMY C BO3AYIIHOMN
oponxorpammoii (2). IlpusHaku COVID-19 — OwunarepanbHble
YUYacCTKM «MaTOBOT'O CTEKJIa» OKpyrioi hopmbl (3)

low-up examinations of people with confirmed discase,
resulting in higher healthcare costs and an increasing bur-
den on the healthcare system, as well as growing anxiety
on the part of each individual patient and the general pop-
ulation. Moreover, patients with chest CT findings that
are only suspicious of COVID-19 could be placed in quar-
antine, which may cause household problems, difficulties
arranging care for children, disabled individuals, or elderly
people, or delays in scheduled medical appointments and
procedures.

Imaging and etiological diagnosis

Imagining modalities have a high sensitivity for lung in-
volvement in cases suspected for COVID-19. Nevertheless,
all of them, including CT, show a low specificity because
the same findings can be observed in different lung in-
fections. Certain radiographic findings and their com-
binations (Table 2) suggest the presence of COVID-19
with a certain probability [33]. The differential diagnosis
should primarily include other types of viral pneumonia
caused by other coronaviruses (SARS and MERS) and
adenoviruses [2, 54, 55].

Pneumonia caused by influenza viruses, adenoviruses,
and pneumoviruses (respiratory syncytial virus and hu-
man metapneumovirus) may have CT features similar
to those of COVID-19. However, they rarely manifest by
subpleural lesions. In addition, due to certain pathogenet-
ic factors ground-glass opacities or consolidations can de-
velop in the centrilobular regions [55].

Complications of the novel coronavirus infection
(COVID-19)

The following complications of COVID-19 that should
be kept in mind while interpreting chest CT findings in-
clude: pulmonary embolism (PE), in situ thrombosis of
pulmonary vessels, acute heart failure with cardiogenic
pulmonary oedema, bacterial superinfection (Figure 5),
exacerbation or worsening of chronic lung disease, and
treatment complications (pneumothorax, pneumomedi-
astinum, and hematomas) (Figure 6).

Figure 6. Consequences of the therapy in several patients with severe COVID-19: A, patient T. 74 years, in the
intensive care unit department, mechanical ventilation in prone-position. Clinically there is a hematoma at the
anterior wall of the right hemithorax. CT, axial slices, 9" day of the disease. Right thoracic muscles are increased
in volume (1); stranding and oedema of the anteriolateral subcutaneous fat tissue (2); B, patient K. 74 years, in the
intensive care unit department on the mechanical ventilation. CT, axial slices, 2" day of the disease. Pneumome-
diastium (1), subcutaneous emphysema (2). Subtotal increased attenuation of the lung parenchyma (3)

Puc. 6. ITocneacTtBusi MpoOBOAMMON Teparuy Yy HEKOTOPBIX MAlMEHTOB ¢ TspKeIbIM TedeHneM COVID-19: A —
nanueHt T., 74 JeT, HaXOAUTCS B OTIACICHUN PeaHMMAIlUA U MHTEHCUBHOM TepaIvu, TPOBOIUTCS UCKYCCTBEH-
Hasl BEeHTUJISILIMSL JIETKUX B IPOHABbHOM mo3uinu. OOBeKTUBHO y MAIIMeHTa OTpeiesisieTcs] O0LIMpHasi reMaToMa
MPaBOI TIOJIOBUHBI TPYIHOU KiIeTKU. KoMIbIoTepHast ToMOTpaMMa, aKCUaJIbHBII cpe3, 9-¢ CYTKU OT Havasa 3a-
0oJeBaHuUs: MPpaBble IPYIHbIC MBILILBI YBEIUUYEHbI B 00beMe (1); MOIKOXHO-KMPOBasi KIeTyaTka nepeaHenare-
paJbHOI TTOBEPXHOCTHU MPABOi MTOJOBUHBI TPYIHON KJIETKU OoTevHa, Tskucta (2); B — mauuenr K., 74 ner, Ha-
XOMIUTCS B OTACICHUM PeaHUMAllMU U UHTEHCUBHOI Tepanuu, MPOBOAUTCSI UCKYCCTBEHHAsT BEHTUIISILIMS JIETKUX.
KowmribioTepHast TomorpaMMa, akCHalIbHBIN cpe3, 2-¢ CYyTKM OT Hauajia 3abosieBaHus. [THeBMoMmenuactTuHym (1),
sMmbuzema MArKux TkaHei (2). CyoToTajbHOE YIJIOTHEHME JIETOUHOM MapeHXUMBbI (3) MO TUITy «MaTOBOTO CTe-

KJIa» 1 KOHCOJIMaalunn
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Pulmonary embolism and in situ thrombosis are as-
sociated with endothelial damage, systemic inflammato-
ry reaction, and, as a consequence, hypercoagulation [24,
56]. Suspected PE is an absolute indication for CT angi-
ography. It is, however, rather difficult to suspect throm-
boembolism in the absence of its typical clinical signs
because markers of clot formation are eclevated due to
COVID-19.

Conclusion

Cardiogenic oedema is another complication of COVID-19.
Its manifestation can be associated both with a direct cy-
totoxic effect of the virus on the myocardium and vascu-
lar endothelium and exacerbation of chronic heart failure
[57—59]. CT findings include bilateral subtotal consolida-
tions and ground-glass opacities with air bronchogram lo-
cated in the middle and upper lung zones and intralobular,
interlobular, and peribronchovascular interstitial thicken-
ing. There are also gradients in lung density, depending on
the patient’s position (supine, prone) and hyperinflation
of basal segments. As circulatory failure progresses, pul-
monary abnormalities also become more prominent, pa-
tients develop plural effusion (unilateral or bilateral), and
enlargement of the left heart becomes visible by imaging
modalities [33, 60].
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