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Abstract

Background: computer tomography (CT) features of COVID-19, their temporal changes and differences from other
pulmonary (viral and bacterial pneumonia) and non-pulmonary diseases are well described in recent publications. The
prevalence and characteristics of signs of concomitant problems that could be identified at chest CT are less studied. Aim:
to analyze the prevalence and characteristics of chest CT features of COVID-19, its complications and comorbidities.
Methods: retrospective analysis of CT and clinical data of 354 patients hospitalized with suspected COVID at April
and May of 2020. Results: 962 CT scans were analyzed (3 (2-3) scans per patient). First CT was performed at 8 (5-11)
day of sickness. Several roentgenological scenarios could be highlighted: patients with coronavirus pneumonia (n=295;
83%); with combination of COVID-19 and another pathology (n=36; 10%); with complications of COVID-19 (n=12;
3%); with alternative pathology (n=2; 1%); without any pathological signs (n=9; 3%). Several cases, illustrating CT signs
of coronavirus pneumonia, its complications and comorbidities are reported. Conclusion: CT possibilities are not limited
to detect typical COVID-19 signs, it also helps to differentiate pulmonary and other thoracis pathology.
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Introduction

The first reports of the novel coronavirus disease
(COVID-19) emerged in late December 2019 from
Wuhan, Hubei, China. The report described four
cases of pneumonia of unknown etiology; standard
3-5 day antibacterial treatment was ineffective
[1]. On January 7, 2020, the World Health Orga-
nization published information on the identity
of the novel coronavirus that caused this disease.
It also linked this infection with a visit to a market
in Wuhan (2, 3]. Subsequently, the affinity of the
virus to the receptors of angiotensin-converting
enzyme 2 in alveolocytes was established, followed
by the infection of cells and a direct cytopathic
effect [4, 5]. Due to its clinical features and genetic
relationship with the coronavirus that caused the
2002-2003 SARS outbreak, this virus was named
SARS-CoV-2 [6]. From January to June 2020, an
exponential increase in incidence was observed
worldwide; the number of cases exceeded ¢ million.
The first reports based on the description of indi-
vidual clinical cases emerged in early January.
Cases of pneumonia associated with the new coro-
navirus were described as bilateral interstitial lung
disease, resistant to standard antibiotic treatment,
with increasing respiratory failure (RF) and acute
respiratory distress syndrome (ARDS).

The significant rise in the number of patients
facilitated the rapid accumulation of experience
in assessing, diagnosing, and treating COVID-
19 patients. The first generalized study based on
the examination of 1,099 patients established the
frequency of various clinical symptoms and pat-
terns on the computed tomography (CT) of the
chest [7]. In particular, CT changes were found in
86.2% of 975 examined patients. Bilateral changes
were found in 51.8% of patients, and the most
common symptom of ground-glass opacity — in
56.4%. The key point in CT diagnostics was the
staging of changes; the stages corresponded to
the days of disease [8]. Later, several variants of
differentiation of CT images of COVID-19 were
proposed both according to the criteria of com-
pliance (bilateral lesion, ground-glass opacity,
crazy-paving pattern, etc.) and according to the
dynamic changes described in various literature
reviews [9-11]. There is a common opinion about
the significantly lower sensitivity of chest X-ray

compared with CT. As there is no correlation of
auscultatory signs of pneumonia with the volume
of the lung lesion and the frequently false-nega-
tive primary results of polymerase chain reaction
(PCR), CT became a reference method for the
diagnosis of COVID-19 and disease severity. CT
is also recommended as a screening examination
in Russia [12].

The massive spread of COVID-19 naturally led to
the involvement in the epidemic process of people
with bronchopulmonary pathologies caused by
other diseases, including cancer and tuberculo-
sis [13, 14], which raised the need for differential
diagnosis. Besides COVID-19, more than 400 cases
of community-acquired pneumonia are recorded
per 100 thousand population in Russia annually.
Tuberculosis is common — 44.06 per 100 thou-
sand population [15]. More than 60 thousand
new cases of malignant neoplasms of the trachea,
bronchi and lungs are reported annually [16].
Consequently, radiologists and clinicians have to
differentiate coronavirus pneumonia from other
respiratory diseases that can often be underlying
(Table 1).

Numerous publications describe the differential
diagnosis of X-ray symptoms of COVID-19, their
specificity, incidence in different variants of the
course of coronavirus disease, differences from
other types of pulmonary lesions (other viral or
bacterial pneumonias), and non-pulmonary dis-
eases [20]. In real clinical practice, coronavirus
pneumonia can develop in comorbid patients with
radiological signs of other diseases. We could not
find in the available medical literature any works
on the analysis of the incidence and characteristics
of the radiological signs of concomitant diseases in
patients with coronavirus disease.

Problems of differential diagnosis in patients with
COVID-19 are not only of clinical but also epide-
miological significance since timely and compe-
tent interpretation of CT data allows to separate
patient flows to different departments of medical
institutions. In this regard, a number of clinical
cases reported at the Federal State Budgetary Insti-
tution “Scientific Research Treatment and Reha-
bilitation Center of the Ministry of Health of the
Russian Federation (FSBI “SRC TRC of the Min-
istry of Health of Russia) during the reprofiling
period in April-June 2020 are of interest.
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Table 1. Differential-diagnostic spectrum of symptoms detected by CT CT in patients with coronavirus infection

[17-19]

Symptom

Morphological substrate and
frequency in COVID-19

Detection in other diseases

Groud glass opacity

Thickening of the
interlobular septa
(reticular pattern)

Crazy paving

Consolidation

Air bronchogram
(pneumo-
bronchogram)

Inflammation of the alveolar
septa with intraalveolar cellular
desquamation

88%

The connecting link between
ground glass symptom and
consolidation. Interstitial
lymphocytic infiltration
50-61,6%

«Frosted glass» in combination with
a reticular pattern (thickening of
the interlobular and intralobular
interstitium)

89%

Complete replacement of alveolar
air with exudate

63,9-96%

Air-filled bronchi with
consolidation

A4,7-56,2%

Other viral pneumonia

Pneumocystis pneumonia

Fungal pneumonia

Paracancrotic pneumonia
Fosinophilic pneumonia

Organizing pneumonia

Idiopathic hypereosinophilic syndrome
ARDS (Acute Respiratory Distress Syndrome)
Cardiogenic pulmonary edema
Hypersensitivity pneumonitis

Lipoid pneumonitis

Post-radiation pneumonitis
Drug-Induced Lung Disorders
Glandular cancer

Sarcoidosis

Pulmonary vasculitis

Alveolar proteinosis

Pulmonary edema
Lymphogenous metastasis of glandular cancer

Other viral pneumonia
Paracancrotic pneumonia
Pneumocystis pneumonia
Interstitial pneumonia
Organizing pneumonia
Fosinophilic pneumonia
ARDS (Acute Respiratory Distress Syndrome)
Pulmonary edema
Sarcoidosis

Alveolar proteinosis
Pulmonary vasculitis
Glandular cancer

Lipoid pneumonitis
Post-radiation pneumonitis

Bacterial pneumonia

Organizing pneumonia
Infiltrative tuberculosis
Tumors and metastases

Bacterial pneumonia
Interstitial pneumonia
Idiopathic Pulmonary Fibrosis
Glandular cancer
Cirrhosis of the lung lobe
Organizing pneumonia
Pulmonary bleeding
Tension pneumothorax
Tension hydrothorax
Pulmonary edema

Lung infarction
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Table 1 (the end)

Symptom M?:g(};);)lg;c:ﬁ Eu('l)):;lr]a)tiznd Detection in other diseases
Halo The focus of consolidation, Other viral infections
surrounded by «rosted glass». Not Fungal infections
specific for COVID-19 Metastases of glandular cancer
11,3-17,6% Vasculitis with Wegener’s granulomatosis
Cryptogenic organizing pneumonia
Reverse (reverse) A rounded frosted glass focus Cryptogenic organizing pneumonia
halo (catoll») surrounded by an annular Pneumocystis pneumonia
symptom consolidation. Not specific for Vasculitis with Wegener’s granulomatosis
COVID-19 Pulmonary tuberculosis
Lymphatic granulomatosis
Lipoid pneumonitis
Lung infarction
Post-radiation pneumonitis
Tumors and metastases
Bronchiectasis Progressive and irreversible COPD
expansion of the bronchi with or Bacterial pneumonia
without wall thickening. Pulmonary tuberculosis
With COVID-19, a sign of the Traction bronchiectasis (pulmonary fibrosis)
progression of the infection, Kartagener’s syndrome
detected at the most advanced Primary immunodeficiencies
stages, is detected in Alpha-1-antitrypsin deficiency
52,5% Cystic fibrosis
Airway obstruction (foreign body or mass)
Systemic lupus erythematosus, rheumatoid arthritis
Measles
Cavitation An insulated, gas-filled cavity Lung abscess
inside the seal. Primary lung cancer (predominantly squamous cell)
With COVID-19, it is detected Metastases of squamous cell, glandular cancer,
in the late stages of the disease, sarcoma
showing the progression of the Pulmonary tuberculosis
inflammatory process. Septic embolus
One of the least frequent CT Rare fungal infections of the lungs
findings Rheumatoid nodules
Vasculitis with Wegener’s granulomatosis
Lung infarction
Pneumatocele after trauma (pseudocavity)
Pulmonary sequestration
Bronchogenic cyst
Cystic adenomatoid malformation
Lymphadenopathy It is observed with the progression Bacterial pneumonia
of COVID-19, more often with Tuberculosis of the intrathoracic lymph nodes
severe forms Oncological diseases
Lymphoproliferative Disorders
Sarcoidosis
Pleural and Increased permeability of Pleurisy of other etiology
pericardial effusion the pleural vessels, increased Chronic heart failure
hydrostatic pressure in them. Oncological diseases

One of the rarest signs of
COVID-19, more common in
critical patients
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Materials and Methods

A retrospective analysis of medical records and
computed tomograms of patients was carried out,
with a description of individual clinical cases, which
limited the use of statistical methods. We evaluated
354 patients (age 59 (IQR: 49-70) years old, 56%
women) who were hospitalized with suspected
COVID-19. The patients were hospitalized from
the 1*to the 56" day from the onset of symptoms
(8 (IQR: 6-11) days); in 5 (1.4%) patients, the time
of disease onset could not be established because
verbal contact was impossible.

Each patient admitted to the hospital with suspected
COVID-19 was scanned on the same 64-slice CT
scanner (Discovery CT750HD; GE Healthcare)
located in the “red zone” of the tomography unit.
Most of the studies were native with the following
parameters: voltage — 100 mA, current — 100 kV,
maximum field of view during scanning (up to
50 cm), rotation time — 0.6 s and pitch — 1.375:
1. Slice thickness was 1.25 mm with a 40 cm field
of view and a 512 x 512 matrix. Besides, two series
of images with different stiffness factors were
obtained after reconstruction — in lung and medi-
astinal windows.

Subsequent post-processing and detailed analysis
of thin slice scans with multiplanar reconstructions,
in minimum (MinlIP) and maximum intensity
(MIP) modes were performed remotely via a local
area network by a radiologist in the “green zone” of
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the department, using Advantage Workstation 4.6
(GE Healthcare, USA).

When assessing changes in the lung parenchyma
in patients, physicians relied on the temporary
guidelines for the prevention, diagnosis and treat-
ment of the novel coronavirus disease (COVID-19)
of the Russian Ministry of Health that were relevant
at the time of the study [12]. According to these
data, disease severity was assessed based on the size
of the lesion (in %) of the lung parenchyma. For a
structured assessment of the specificity of changes
found in lung tissue, the CO-RADS classification
developed by the COVID-19 working group of the
Dutch Radiological Society was used [21].
Statistical data processing was performed via SPSS
Statistics software. Data are presented as median
and interquartile range (IQR); for proportions, a
95% confidence interval (95% CI) is given.

Results

A total of 962 examinations conducted on
354 patients were analyzed; 867 (90.1%) of them
were performed at the Treatment and Rehabilita-
tion Center (TRC) and 95 (9.9%) at other hospitals
prior to hospitalization at the TRC. The frequency
of CTs for one patient was 3 (IQR: 2-3); 25 (7.1%)
patients underwent CT only once. The first CT
was conducted on the 8" day (IQR: 5-11) from the
onset of symptoms (including studies conducted in
an outpatient setting).

e

10: 2,8%
16; 4,5

COVID-19 +
OHKonornveckue 3abonesaHun

B Kapavonorudeckue 3abonesaHun
[ 3a6oneBaHna Nerkmx
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Figure 1. Proportion of patients with computer tomography (CT) features of COVID-19 pneumonia,
its complications, comorbidities and alternative diseases, n;%.
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Radiological signs observed in patients with
COVID-19 during the whole course of disease allow
us to divide patients into several unequal groups:
the largest group includes patients with only signs
of coronavirus pneumonia (83.3 (95% CI 79.7-
87.3%)); patients with a combination of COVID-
19 and different concomitant pathologies (10.2
(95% CI 11-13.6)%); and significantly smaller
groups — patients with signs of COVID-19 and its
complications (pleural effusion, secondary bacte-
rial pneumonia, destruction, pneumothorax) — 3.4
(95% CI 1.7-5.4)%; patients with another disorders
(0.6 (95% CI 0-1.4%)) or without abnormal CT
signs (2.5 (95% CI 0.8-4.5%)), Figure 1.

Here are clinical examples demonstrating the role
of the chest CT in the diagnosis of COVID-19; its
complications and associated disorders.

Clinical Cases

Male patient X., 32

The patient was hospitalized on the 8" day of dis-
ease in the TRC with the following diagnosis:
“Suspected coronavirus disease, bilateral polyseg-
mental pneumonia, RF stage 2. Hypertensive dis-
ease, stage II. Arterial hypertension stage 2. Risk 2
(medium). Target BP < 130/ < 80 mm Hg. Obe-
sity grade 1T (BMI 38.6 kg/m?). NEWS (Protocol
for assessing the severity of the patient’s condition)
score 5.” C-reactive protein (CRP) 92 mg/l, lactate
dehydrogenase (LDH) 1,470 U/1.

CT at admission (Figure 2A) showed multiple sepa-
rate and confluent areas of ground-glass opacity in

all pulmonary fields and peribronchovascular and
subpleural areas, almost symmetrically. Confluent
lesions (up to 6-8 cm) were found apically, in the
middle lobe, as well as in posterior-basal segments
of both lungs (an arrow marks a focus in S2 of the
right lung). In connection with the lesions, a retic-
ular component and linear cord-like thickening
were determined; no consolidation visible. The size
of the lung lesion was 50-75% (CT-3 according to
the recommended express form for the description
of thoracic CT results of a patient with suspected
COVID-pneumonia), CO-RADS 5.

started
azithromycin, amoxicillin + clavulanic acid); posi-
tive PCR result on SARS-CoV-2 RINA was obtained.
Due to increased intoxication and REF, the patient

Treatment was (hydroxychloroquine,

was transferred to an intensive care unit. High-
flow oxygen therapy was conducted; tocilizumab
800 mg iv. was administered once. On the 11th
of the disease, the patient was intubated, artificial
ventilation (AV) was started. On the 12" day, per-
cutaneous dilation tracheostomy was performed,
complicated by rapidly resolved pneumothorax
and subcutaneous emphysema.

Fever persisted. Repeated CT performed on the 16™
day of the disease (Figure 2B) revealed enlarged
ground-glass opacity zones in both lungs, most sig-
nificant in S8-S10; a consolidation zone appeared
in S2 of the right lung (marked by an arrow). The
lesion was more than 75% (CT-4). ARDS pattern.
The bacteriological test of bronchopulmonary
The

lavage revealed Klebsiella pneumoniae.

repeated PCR study found no SARS-CoV-2 RNA.

Figure 2. Follow-up of CT imaging of 32 y.o. patient with confirmed COVID-19 pneumonia, acute respiratory
distress syndrome and cavitation and consolidation with cavitation in the right lung
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Subsequently, antibacterial treatment, adjusted
based on the sensitivity of microflora, resulted in
the stabilization of the patient’s condition. Never-
theless, CT performed on the 30" day of the disease,
with an underlying increase in alveolar consolida-
tion in the upper and lower lobes of the right lung
and new small areas of consolidation appeared in
the upper lobe of the left lung, revealed an lung
cavity, 14 mm in size, surrounded by a ring-like
consolidation in the middle lobe of the right lung
(abscess development).

On the 39" day of the disease, alveolar consolida-
tion zones significantly decreased, while areas of
ground-glass opacity remained; no new foci of con-
solidation were visible. The lung cavity, 17 mm in
size, in the middle lobe of the right lung remained,;
in S2 from the right, in the conditions of massive
consolidation, lung cavities were visible, up to
32 x 20 mm in size that drained into a subsegmen-
tal bronchus (Figure 2B). A small amount of effu-
sion in the right pleural cavity.

Despite the treatment performed, the patient suf-
fered a cardiac arrest; he was successfully resusci-
tated. However, severe hypoxia led to the patient’s
vegetative state. Considering positive changes in
the clinical and laboratory picture of ARDS, bilat-
eral abscessed pneumonia, and the absence of
SARS-CoV-2 RNA in oropharyngeal swabs, the
patient was transferred to another medical institu-
tion for rehabilitation.

Therefore, repeated CT allowed to diagnose a
secondary bacterial infection with subsequent

abscessing in a patient with severe coronavirus
pneumonia that required using an immunosup-
pressive drug, a prolonged stay in an intensive care
unit, artificial ventilation, and tracheostomy.

Male patient T., 58

Onset with fever up to 39.5 °C during 5 days, dry
cough, shortness of breath. Coronavirus swab test
was conducted in an outpatient setting; SARS-
CoV-2 RNA was detected. Symptomatic treatment
was performed, with no effect. The patient was
urgently hospitalized on the 6™ day of the disease.
On admission: Severe condition. Body tempera-
ture: 39.5 °C. Awake, in control. RR 22/min. Satu-
ration 93%. HR 90 bpm. NEWS score 6.

CT on admission: in the parenchyma of both lungs
there are multiple areas of ground-glass opacity
combined with minimal reticular changes (CO-
RADS 5, CT-2).

Treatment started
azithromycin, amoxicillin + clavulanic acid, enoxa-

was (hydroxychloroquine,
parin), as well as oxygen therapy.

On the 8" day of the disease, due to increasing RF,
saturation decreased to 89%, dyspnea increased to
30 bpm; the patient was transferred to the inten-
sive care unit and intubated; artificial ventilation
was started, followed by tracheostomy. On the
18" day of the disease, due to a sharp decrease in
oxygenation, CT was performed and left-sided
pneumothorax was found (Figure 3 A, B); there-
fore, the pleural cavity was drained. With under-
lying ground-glass opacity, there is consolidation

|
|
|
|
|
|
|

Figure 3. CT scans of 58 y.o. patient with confirmed COVID-19 and bacterial pneumonia, ventilator-associated
pneumothoraz in the left lung and consolidation with cavitation in the right lung
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with a lung cavity (arrow) in the lower lobe of the
right lung and a left-sided pneumothorax (arrow).
On the left side — ground-glass opacity in a par-
tially compressed lung parenchyma as a result of
the mass effect due to air in left pleural cavity.

In connection with the treatment performed, the
patient’s condition improved; he was taken off
oxygen therapy, decannulated, and transferred to
the ward. There were no complications during the
subsequent recovery period; the patient was dis-
charged in satisfactory condition on the 51% day
from the disease onset.

In this clinical case, CT allowed us to monitor
changes in the lungs in a patient who was in the
intensive care unit for a long time due to severe
coronavirus disease complicated by pneumonia,
bacterial superinfection with the destruction of

™~

A

lung tissue, and a pneumothorax, most likely asso-
ciated with artificial ventilation.

Female patient A., 79

At the beginning of April 2020, she was treated
for community-acquired pneumonia in a hospi-
tal (not TRC); SARS-CoV-2 RNA was twice not
found in smears from the oral cavity and nasophar-
ynx. Comorbidities: Hypertensive disease stage I11.
Arterial hypertension stage 2. Risk 4 (very high).
Target BP < 130 / < 80 mm Hg, cerebrovascular
disease, consequences of stroke of unknown age,
Parkinson’s disease. Class I obesity grade (BMI
31 kg/m?). CT results revealed large unilateral
infiltration in the hilar region of the left lung with
indistinct contours, typical for bacterial pneumo-
nia. Over time — infiltration completely regressed

~

b

Figure 4. Regress of CT lesions in 79 y.o. patient with community acquired pneumonia

Figure 5. Same patient, 1-21 days after convalescence after bacterial pneumonia. Extent and partial absorbation
of CT signs of confirmed COVID-19 pneumonia
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into §1 + 2 of the left lung (Figure 4 A and B). The
patient was discharged with improvement.

The day after discharge, the patient’s body tem-
perature rose to 38 °C. As a result, she was hospital-
ized in the TRC. On admission, she was in a state
of moderate severity, with forced attitude due to
restricted mobility. No rales were heard. SpO, —
94%. Nasopharyngeal swab test revealed SARS-
CoV RNA.

Chest CT at admission (Figure 5A): in the paren-
chyma of both lungs, there are multiple diffuse
areas of decreased airiness of lung tissue in the
form of ground-glass opacity located in the hilar
and subpleural zones, the largest one in S6 of the
right lung (up to 55 x 32 mm) (CO-RADS 5, CT-2).
During the next few days, her state deteriorated,
lung damage increased to the CT-3 stage (Figure
5 B). After stabilization and partial regression of
inflammation (Figure 5B), the patient was dis-
charged on the 21+ day of hospitalization.
Therefore, assessing the data on patient A., we can
assume that the first episode of pneumonia (prob-
ably hypostatic) was associated with bacterial infec-
tion, and the second episode — with coronavirus
infection.

Female patient S., 58

In 2005, she underwent radical mastectomy
with lymphadenectomy on the left side for breast
cancer, followed by polychemotherapy and radia-
tion therapy.

On April 30, 2020, she was hospitalized (not at
TRC) due to shortness of breath with minor physi-
cal exertion. Anthracycline cardiomyopathy was
diagnosed. The diagnosis also included: Left bundle
branch block. First-degree atrioventricular block.
CHF with reduced LV EF (left ventricular ejection
fraction 26%) stage IIB FC III. Bilateral hydrotho-
rax. Pleural effusion was evacuated, treatment for
CHF was prescribed. The patient was discharged
with improvement. A week after discharge, febrile
body temperature appeared, shortness of breath
worsened. CT was performed in the local clinic at
the place of residence. It revealed that with under-
lying cardiomegaly, both lungs had multiple indu-
rations of the ground-glass opacity type, polyseg-
mental, mostly peripherally located, with signs of
consolidation, 50-75% on the right and 25-50%
on the left side. The patient was hospitalized in the
TRC in a severe state with dyspnea at rest.

On admission: Body temperature 36.1 °C. Dif-
fuse cyanosis. RR 22-24 per minute. SpO, 94%,
with oxygen therapy — 98-100%. BP 100/60 mm
Hg on both arms, HR 125 bpm, on ECG — wide
complex tachycardia (compensated with drugs).
No edemas or hepatomegaly. NEWS score 8. Naso-
pharyngeal swab test revealed SARS-CoV RNA.
Chest CT at admission: in the parenchyma of both
lungs, there is a diffuse induration of the interlobu-
lar interstitium (interstitial edema), with associ-
ated extended and confluent areas of ground-glass
opacity in the parenchyma, primarily basal and on
the right side (50-75% on the right, 25-50% on
the left, CT-3, CORADS 4). Infiltration areas about
14 mm in size are also visible; there is a subpleural
area measuring 55 x 11 x 44 mm in the apex of the
left lung. Pleural effusion — thickness of the fluid
layer on the left side — 3 cm, on the right side —
1.3 cm. Cardiomegaly. (Figure 6).

Due to the severe cardiac disorder, it was decided
not to use hydroxychloroquine, azithromycin, lopi-
navir/ritonavir. Amoxicillin + clavulanic acid were
prescribed, followed by cefoperazone + sulbactam.
On the 11" day of the disease, a repeated chest
CT revealed a decrease in the size and number of
reduced pneumatization areas according to the
type of consolidation/ground-glass opacity in both
lungs down to 35% (CT-2). At the same time, there
was an increase in the severity of interlobular inter-
stitial thickening, the amount of free fluid in pleu-
ral cavities (up to 4 cm on the right and 5.5 cm on
the left), and the compression of the lower lobes.
The volume of S1 + 2 of the left lung decreased due
to the subpleural zone of fibrosis (Figure 7).
Treatment was intensified (diuretic therapy, intra-
venous administration of albumin, considering
hypoalbuminemia).

Chest CT on the 18™ day of the disease showed a
further decrease in the size and number of consoli-
dation/ground-glass opacity areas in both lungs to
25%. Signs of congestion in pulmonary circulation
decreased; however, the amount of fluid in pleural
cavities increased slightly (Figure 8).

The patient was discharged with significantly
decreased dyspnea (SpO, 98%), stable hemody-
namics (ECG: sinus rhythm with HR 78 bpm, BP
90/60 mm Hg), decrease in CRP level from 49.9
to 1.6 mg/1 after two negative swab tests for SARS-
CoV-2. The patient subsequently underwent elec-
tive cardiac resynchronization therapy.
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Figure 6. CT scans of 58 y.o. patient with anthracycline cardiomyopathy (cardiomegaly), decompensated heart
failure (Kerley lines) and confirmed COVID-19 pneumonia (ground glass opacities) at admission

Figure 8. Same patient, 18 day of disease. Partial regress of pneumonia and lung edema signs. Slight increase of
pleural effusion
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In this clinical case, CT allowed us to perform differ-
ential diagnostics of coronavirus infection-induced
infiltration from signs of congestion in pulmonary
circulation in a patient with severe concomitant
heart failure and postradiation changes in the lung
parenchyma.

Pulmonary edema is a common cause of the rapid
development of ground-glass opacity areas, which
usually grow centrifugally, as opposed to the typical
picture of COVID-19. This is usually accompanied
by other typical signs (thickening of the interlobular
septa, hydrothorax, and dilation of pulmonary veins
[22]). In young patients with COVID-19 without
concomitant cardiac pathology, pulmonary edema
may be a manifestation of acute myocarditis [23].
Diffuse areas of ground-glass opacity can also
develop with intralveolar hemorrhage due to vas-
culitis. Their subpleural location is also not typi-
cal, unlike COVID-19. In cases of Goodpasture
syndrome, such a CT picture is accompanied by
hemoptysis and acute renal damage [24]. Another
reason for subpleural zones of ground-glass opac-
ity is drug-induced pneumonitis, which manifests
as non-specific interstitial pneumonia [25].

Female patient K., 87

The patient lives with her granddaughter who
has had coronavirus disease. She considers her-
self ill for about a month when she complained of
weakness and developed a dry cough. The patient

was hospitalized at the local clinic after CT that
revealed multisegmental interstitial changes in the
parenchyma (Co-RADS 5, CT-3). State at admis-
sion was satisfactory, O points on the NEWS scale.
Temperature 36.5 °C. SpO, 96%. Laboratory test
results: hemoglobin 98 g/l, hematocrit 31.0%,
RBC — 3.9 x 10%/1, WBC 8x10°/1 (lymphocytes
10%, monocytes 10%), LDH 551 U/l, C-reactive
protein 196.4 mg/1. She was hospitalized since she
falls in the risk group (senile age, hypertensive dis-
ease). Smears from the oropharynx for RNA SARS-
CoV-2 returned 4 negative results.

CT, in addition to multiple ground-glass opac-
ity areas with small consolidation elements in the
parenchyma of both lungs, primarily subpleural
(about 60% of pulmonary parenchyma affected),
shows a mass of the right breast, with indistinct
contours, 18.5x36.5x41 mm (Figure 9).

During the follow-up period, the CRP level
decreased to 16.4 mg/l. CT showed moderate posi-
tive changes (a decrease in the size of ground-glass
opacity areas in both lungs, development of consol-
idation zones in their projection, slightly decreased
damage volume within CT-3).

Therefore, considering the duration of complaints,
negative test results for SARS-CoV-2 RNA, and CT
data, it can be assumed that the patient was infected
with coronavirus more than a month ago. The dis-
ease had few symptoms, and the patient was hospi-
talized when virus replication had already stopped.

Figure 9. 87 y.o. patient, hospitalized with viral pneumonia (highly likely COVID-19 despite negative PCR) and
first identified breast tumor
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However, changes in the lungs caused by the coro-
navirus infection and found on CT scans remained.
CT made it possible to identify a breast neoplasm
that was not previously diagnosed (including in an
outpatient setting).

Female patient A., 51

Onset of disease with high body temperature of
up to 38.3 °C, anosmia, cough. On the 5™ day
of the disease, the patient was hospitalized (not
at TRC). Chest CT revealed bilateral pneumo-
nia (CT-3, Figure 10 A, B); coronavirus etiology
was confirmed by laboratory tests. Antibacterial

therapy was prescribed (amoxiclav, azithromycin),
hydroxychloroquine. On the 17™ day of the disease,
after temperature normalization, the patient was
discharged. Over the next three weeks, there was no
increase in temperature, but chest discomfort and
weakness persisted.

Control chest CT was performed in an outpatient
setting (Figure 11A). Diffuse areas of reduced
airiness of the parenchyma of the ground-glass
opacity type remained, which occupy most of the
parenchyma (about 75%); this information was
interpreted as a recurrence of coronavirus pneu-
monia. The patient was hospitalized at the TRC.

Figure 11. Ame patient, 3 weeks after discharge. Re-hospitalized with residual symptoms and ground glass
opacities at CT scan
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Upon admission, her state was satisfactory, no
catarrhal symptoms, cough, fever, and no signs of
RE. Laboratory test results: WBC 10.1x10%/1, albu-
min 38.2 g/l, LDH 324 U/l, C-reactive protein
4.4 mg/1. SARS-CoV-2 RNA was not found in oro-
pharyngeal swabs twice. No antiviral or antibacte-
rial drugs were prescribed. Antithrombotic preven-
tion was conducted.

Due to the absence of febrile intoxication syn-
drome, laboratory test results and CT data were
regarded as residual manifestations of coronavi-
rus pneumonia. On the 5™ day of hospitalization,
chest CT was repeated, no significant changes were
found (Figure 11B). The patient was discharged on
the 6™ day of hospitalization; consultation with a
pulmonologist is recommended, as well as follow-
up examination in 1 month.

This example demonstrates the possibility of long-
term persistence of changes detected during CT
after coronavirus pneumonia. Only long-term
and large-scale studies will determine who among
patients who have suffered COVID-19 will have
such changes, how long they will persist, their
origin, clinical and epidemiological significance.
Before systematizing data, such changes in the CT
scan should be evaluated jointly by a radiologist
and a clinician for each patient individually, taking
into account the history of the patient’s disease,
clinical status, and laboratory test results.

Male patient F., 51
In February 2020, chest CT revealed mediastinal
liposarcoma with signs of spreading to the right

pleural cavity. In April, the patient was hospital-
ized (not at TRC) and had contact with COVID-
19 patients. He subsequently complained of weak-
ness, cough, dyspnea, and temperature rise to
37.8 °C. As a result, MSCT was performed, which
revealed subpleural foci of the ground-glass opac-
ity type, with a thickened intralobular interstitium.
The patient was transferred to the TRC. On admis-
sion — SpO, 98%, NEWS score 0.

CT of lungs performed in the inpatient department
of TRC revealed multiple ground-glass opacity
areas (CO-RADS 4, CT1) in the left lung, polyseg-
mental, with most of the damage in the peripheral
parts. When comparing with the previous CT, new
ground-glass opacity areas were visible in the same
lung, in segments 5 and 8. A large mediastinal
mass lesion of solid fat-density of the same size of
124 x 82 x 90 mm persisted (Figure 12A).
Treatment with hydroxychloroquine, azithromy-
cin, enoxaparin in prophylactic doses and omepra-
zole was started.

After 5 days, CT of lungs showed positive changes
in the form of a decrease in the size and number of
ground-glass opacity areas in the left lung and the
transformation of some of them into linear fibrosis.
Mediastinal mass lesion without negative changes
(Figure 12B).

In the course of treatment, the patient’s body
temperature returned to normal; there were no
catarrhal symptoms or signs of respiratory failure.
Laboratory signs of inflammation regressed, PCR
for SARS-CoV-2 RNA returned a negative result
three times.

Figure 12. 51 y.0. patient with mediastinal liposarcoma, hospitalized with clinical and CT signs of COVID-19
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Despite the negative PCR test results, the combina-
tion of epidemiological data with a typical clinical
and CT picture, typical for pneumonia caused by
COVID-19 infection, the correct treatment strategy
with a positive result was chosen.

Conclusion

In the context of the novel coronavirus pandemic,
one of the primary tasks solved by CT is the diagno-
sis of COVID-19 when the SARS-CoV-2 RNA test
is inaccessible or negative. No less important is the
ability of CT to monitor changes in lung tissue in
patients with COVID-19 for timely adjustment of
the treatment strategy.

In addition to monitoring changes typical for
COVID-19, the CT in clinical practice allows dif-
ferential diagnosis of pulmonary and extrapulmo-
nary disorder in comorbid patients. Our experience
shows that the combination of coronavirus pneu-
monia with another disease of the chest organs
occurs in 10.2% of patients; 0.6% exhibit only
radiological symptoms of other diseases without
signs of coronavirus infection.

It is advisable to conduct a primary CT in all
patients with suspected COVID-19 and a repeated
CT 1if there is no clinical improvement during
( days of treatment or if clinical and laboratory
parameters worsen.
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