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ABSTRACT

Aim. To evaluate the possibility of using lung ultrasound for diagnosing COVID-19 pneumonia in patients of the
respiratory hospital of Siberian State Medical University (SSMU).

Materials and methods. An analysis of lung ultrasound data was carried out in 39 patients (17 men and
22 women aged 33-78 years) with COVID-19 pneumonia. Lung ultrasound was performed in all patients in
addition to radiography performed at the prehospital stage and in 15 patients who underwent computed tomography
(CT) of the lungs.

Results. In the majority (61.6%) of cases, during the ultrasound examination, COVID-19 pneumonia manifested
itself as interstitial lung disease. The white lung phenomenon and a combination of the aforementioned interstitial
changes were recorded with the same frequency (5.1%), while pulmonary consolidation in addition to interstitial
changes was visualized in 10.2% of cases. Interstitial lung disease was bilateral in 83.3% of patients and unilateral
in 16.7% of cases. The inferior lobes of the lungs were affected in 60.0% of cases, middle lobe — in 30.0% of cases,
and superior lobes — in 15.0% of patients. The ultrasound examination detected changes in the lungs in 32 patients,
while radiographic changes were present in 35 cases. Bilateral inflammation was more often detected by radiogra-
phy than by ultrasound. When comparing the data of lung ultrasound and CT, the agreement between the methods
was found in 66.7% of cases, and the discrepancy between the findings of the two methods was observed mainly in
patients with a large number of affected segments of the lungs and localization of the disease in the superior lobes
according to CT.

Conclusion. Lung ultrasound is a valuable tool that can be used to stratify risk in patients at any stage of diagnosis
and treatment in the context of the COVID-19 pandemic due to availability, speed of implementation, and the
absence of a need for patient transportation.
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OnbIT npMeHeHNA yNbTPa3BYKOBOIro nccnefoBaHuA Nerknx y nauneHTos
pecnupaTopHoro rocnutansa Cn6lrMy c KopoHaBMUpPYCHI1 NTHEBMOHMEN

NopoBckun A.B., becnanosa U.A., Copokuna T.B., Auuw A.10., KaneB A.®.,
Kowasuesa 0.U., YysaweHko E.B., Llynbra O.C., bana6aHoBa A.A.

Cubupckuti cocyoapcmeennblil Meouyurckui yrusepcumem (Cubl’MY)

Poccus, 634050, 2. Tomck, Mockogckuti mpakm, 2

PE3IOME

Hens. M3yunTs BO3MOKHOCTH HCIOJIB30BAHUS YJIbTpa3BykoBoro ucciepoBanus (Y3M) nerkux B AMarHOCTHKE
naeBMoHnu COVID-19 y marenTtoB pecriuparoproro rociutanst Cuo6I'MY.

Marepuajbl u MeToabl. [IpoBenen ananus ganHbeix Y3U nerkux y 39 namueHToB (17 Mysx4nH u 22 >KeHITUHBI B
Bo3pacte 33—78 neT) c mHeBMOHMEH, BeI3BaHHONH SARS-CoV-2. Y3U nerkux BHIMOIHEHO BCEM MAallHEHTaM JOTIOJI-
HUTENBHO K peHTreHorpaduu (PI'), mpoBeneHHON Ha TOTOCHUTANBHOM 3Tare, U 15 manueHTaM ¢ KOMITBIOTEpHOM
tomorpadueit (KT) nerkux.

Pe3yabTatsl. B GonbinacTBe city4aes (61,6%) npu Y3 mHEBMOHMS MIPOSBIISIACH HHTEPCTHLIUATIBHBIM CHH/IPO-
MOM, C OIMHAKOBOM yacToToi (5,1%) perucTpupoBauCch (PeHOMEH «OEIOT0 JIETKOTO» M COUETAHUE MEPEUHCIICH-
HBIX HUHTEPCTULMAIBHBIX U3MeHeHUH, B 10,2% Bu3yanu3upoBajiach KOHCOIUAALMS JIETOUHON TKaHU JONIOJIHUTENb-
HO K HHTEPCTUIMAIBHBIM U3MeHeHusAM. MHTepcTuinanbubiil cuaapoM B 83,3% Hocul ABYCTOPOHHUIM XapakTep, B
16,7% — onnocroponnuid. [lopaxeHne HIXKHUX OTAEIIOB JIETKUX BhIsBICHO B 60,0% citydaes, cpennux — B 30,0%,
BepxHuX — B 15,0%. ITpu Y31 u3meHeHus B Jerkux ObUIM IMArHOCTUPOBAHbI y 32 MAlMEHTOB U 35 MAlUeHTOB
merozioM PT'. JIBycTopoHHMI BOocIanuTenbHbIH poLecc yaie BoisBisuics npu PI, yuem npu Y3U. [Ipu cpaBaennu
naHHbIX Y3 u KT nerkux coBnajgeHne ycTaHOBIECHO B 66,7% ciydaes, a pacXokKIEHHE PE3yIbTaToOB JIBYX METO-
JIOB HAOJIIOJIANIOCh Y MAIMEHTOB ¢ OOJBILINM YHCIOM MOPAKEHHBIX CETMEHTOB JIETKHX U JIOKJIM3aluel mporecca
B BEPXHUX 10JIsX Jierkux o KT.

3axmaouenne. [Iposenennoe Y3U nerkux nmokasaio, 4To STOT METOA BU3YalIH3aI[HU JOIDKEH OBITh IPUMEHEH JUIs
cTpaTH(UKanuy pUCKa y AI[MEHTOB Ha JII0OOM dTalle AUarHOCTUKH ¥ JIe4eHHs B ycinoBusix mangemun COVID-19
B CHIIy JOCTYIHOCTH, OBICTPOTHI BHIIIOJIHEHHS, OTCYTCTBHS HEOOXOAMMOCTH B TPAHCIIOPTUPOBKE OOJIBHBIX.

Kirouessie cioBa: nHeBMonusi, COVID-19, yibTpa3BykoBOE HCCIIEIOBAHUE JICTKUX, JIy4eBast JMarHOCTUKA

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX M MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIEeH CTaThH.

Hcrounuk ¢puHAHCHPOBAHUSA. ABTOPHI 3asBIISIIOT 00 OTCYTCTBHU (DHHAHCHUPOBAHUSI IIPH MPOBEICHHU HUCCIIEN0-
BaHMUS.

CooTBeTCTBHE PUHIINTIAM dTHKH. Bce manueHTs! moanucai HHGOPMUAPOBAHHOE COTTIACHE HA MTPOBEICHHUE HC-
cienoBanus. MccnenoBanne 0100peHO JIOKATBHBIM 3THYECKAM KoMuTeToM CHOI' MY .

Jast umuruposanusi: [Toposckuit S.B., becnanosa U.Jl., Copoxuna T.B., dum A.}O., Kanes A.®., Komasue-
Ba 0.1, Uysmenko E.B., lllynsra O.C., banabanosa A.A. OnbIT NPUMEHEHUS YIbTPa3BYKOBOI'O UCCIEJOBAHUS
JIETKHUX y MalMeHTOB pecnupaTopHoro rocrurtainst Cuol’ MY ¢ kopoHaBUpyCHOW THEBMOHUEH. brouiemens cubup-
cxoui meouyunsl. 2022;21(1):96-102. https://doi.org/10.20538/1682-0363-2022-1-96-102.

INTRODUCTION

In March 2020, the World Health Organization
declared COVID-19 (COrona VIrus Disease 2019)
caused by the SARS-CoV-2 virus a pandemic [1]. Rap-
id spread of the virus required significant restructuring
of the healthcare system, changes in the working con-
ditions for doctors, and obligatory widespread imple-

mentation of the most essential methods for examining
a patient’s condition, such as measuring arterial blood
oxygen saturation and diagnostic radiology methods
for detecting COVID-19 pneumonia [2], mostly com-
puted tomography (CT) of the lungs, which has the
greatest sensitivity in its diagnosis [3-5].

Lung ultrasound (US) for diagnosing pneumonia
and viral infections in the lungs previously occupied a
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modest place in clinical practice and was more often
used in situations when plain radiography and CT of
the lungs were not available (pregnant women, lack of
technical capabilities) [6, 7].

To date, the theoretical foundations of lung US
have been significantly enriched, and, therefore, clini-
cal application of the method has become more objec-
tive for use in the context of the COVID-19 pandemic
[8]. Studies [9-11] indicate a significant role of lung
US for the diagnosis of interstitial lung disease [12],
acute respiratory distress syndrome (ARDS) [13],
pleural disorder, and lung inflammation of any etiol-
ogy [14], i.e. the main manifestations of lung damage
in COVID-19. Currently, domestic evidence base for
lung US in patients with COVID-19 is being compiled
in the context of a growing number of COVID-19 cas-
es among the population and forced restriction on the
use of classical methods of lung examination (palpa-
tion, percussion, auscultation) by therapists due to a
high risk of viral contamination.

The aim of the study was to evaluate the possibility
of using lung US for diagnosing COVID-19 pneumo-
nia in patients of the respiratory hospital of Siberian
State Medical University (SSMU).

MATERIALS AND METHODS

To implement the program on combating the novel
coronavirus infection at Siberian State Medical Uni-
versity, from May 16 to September 30, 2020, a sep-
arate building of Advanced Therapy Clinics was al-
located and converted into a respiratory hospital for
treating COVID-19 patients. Lung US was included
in examination of patients at the respiratory hospital,
in contrast to other hospitals in the Tomsk region pro-
viding similar medical care.

To investigate the capabilities of lung US and the
potential for applying the method in the diagnosis
of COVID-19 pneumonia, 39 patients (17 men and
22 women) aged 33-78 years (average age 59.4 +
15.4 years) were included in the study; they were
admitted to the respiratory hospital of Siberian State
Medical University.

Inclusion criteria were a verified diagnosis of novel
coronavirus infection in oropharyngeal swabs, diag-
nostically significant blood concentration of IgM and
IgG to the viral antigen, the presence of clinical signs
of respiratory infection, and a signed informed con-
sent to participate in the study.

Exclusion criteria included concomitant lung pa-
thology (neoplasms, tuberculosis, pneumoconiosis)
and somatic symptom disorders (diffuse connective

tissue diseases, severe heart failure), which could af-
fect the radiographic lung pattern.

The severity of the patient’s condition was assessed
using the National Early Warning Score (NEWS), a
protocol for assessing the severity of a patient’s con-
dition [15]. It included assessment of the respiratory
rate, blood oxygen saturation level, body temperature,
systolic blood pressure, heart rate, and changes in the
level of consciousness.

In 4 patients, the NEWS score was equal to or more
than 7, the condition of these patients was assessed as
severe, requiring mechanical ventilation (MV). In 12
patients, the NEWS score ranged from 5 to 6, their
condition corresponded to moderate severity. In 23
patients with the score of 4 or less, the condition was
considered mild.

Lung US was performed on a Mindray M 7 ultra-
sound machine in a sitting position. In order to re-
duce the time spent in the red zone of the hospital,
the protocol of lung US was simplified. The follow-
ing anatomical approaches were sequentially used:
posterior surface of the chest: 1) right and left low-
er zones: paravertebrally at the level of X — X ribs;
2) right and left upper zones: paravertebrally at the
level of the scapular spine. Lateral sections of the
chest: 1) right and left lower zones (along the mi-
daxillary line to the intersection with the horizontal
line drawn through the epigastric angle); 2) right and
left upper zones (along the midaxillary line at the en-
trance to the armpit). Anterior sections of the chest:
1) right and left lower zones (along the right mid-
clavicular line at the horizontal line drawn through
the epigastric angle); 2) right and left upper zones
(along the right midclavicular line at the level of 11 —
111 ribs).

To assess the identified radiographic changes in
the examined patients, we used the terminology and
descriptive characteristics presented by the Consensus
Statement of the RASUDM (Russian Association of
Ultrasound Diagnostic Specialists in Medicine) [7].
The following parameters were analyzed: the state of
the pleural line, registration of B-lines in various vari-
ants, and the presence of signs of pulmonary consoli-
dation and pleural effusion.

A prerequisite for including the results of lung US
of patients in the analysis was performance of radi-
ography (RG) and, in some cases, CT of the lungs.
Chest X-ray at the prehospital stage was performed
in all 39 patients and repeated in 4 individuals; CT of
the lungs was performed in 15 cases additionally after
radiography.
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Chest X-ray included plain radiography of the
lungs and lateral chest views. For the period of func-
tioning of the respiratory hospital at Siberian State
Medical University, this method was the most ac-
cessible and often primary, and sometimes it was the
only technique for visualizing changes in the lungs
of patients with suspected COVID-19 pneumonia.
In case of an ambiguous X-ray pattern or when the
condition of the patients aggravated, they addition-
ally underwent multi-slice computed tomography
(MSCT). MSCT of the chest was performed with
1.25 mm reformatted slice thickness and subsequent
image analysis in the maximum intensity projection
(MIP) and volume rendering technique (VRT). In 2
cases, MSCT was supplemented with lung densitom-
etry for greater objectivity in assessing the density of
the lung parenchyma.

Quantitative data were presented as X + ¢, where
X is the mean, and o is the standard deviation. Quali-
tative data were presented as absolute and relative fre-
quencies, n (%).

RESULTS AND DISCUSSION

Following lung US, normal lung tissue was visu-
alized in 7 patients in the form of typical reverbera-
tion artefacts — thin lines located parallel to the pleura
(A-lines). In this case, the entire complex of images
(pleural line, A-lines) shifted in rhythm with respira-
tion (the phenomenon of lung sliding).

Signs of interstitial lung disease (“I”’) were detect-
ed in 24 (61.6%) patients, that is, in the majority of the
studied individuals. In this case, more than 3 B-lines
were detected in 2 scanning areas. The formation of
B-lines (hyperechoic bands) that originated from the
pleural line and gradually expanded due to the entry of
exudate into the interalveolar space is pathognomonic
for interstitial lung disease. In 2 (5.1%) cases, with
progression of interstitial lung disease, the B-lines be-
came coalescent, up to a continuous hyperechoic area
(“E”, the white lung phenomenon). In the same num-
ber of cases, a combination of the listed interstitial
changes was noted (Table 1).

The progressive course of the disease was charac-
terized by transition from purely interstitial pneumo-
nia to mixed interstitial — parenchymal disease with
the appearance of pulmonary consolidation (“C”) —
airless lung tissue with signs of inflammatory exudate.
In this case, the US pattern was characterized by the
disappearance of the pleural line and the presence of
a hypoechoic area of irregular shape, along the border
with which lung tissue with characteristic B-lines was

visualized. In 4 cases, different combinations of signs
of interstitial lung disease, white lung, and pulmo-
nary consolidation were visualized. A small volume
of pleural effusion in addition to the major pulmonary
changes was detected in 9 patients.

Table 1
US signs characteristic of lung damage in COVID-19

Parameter n (%)
Visualization of normal lung tissue (N) 7 (18.0)
Signs of interstitial lung disease (I) 24 (61.6)
White lung phenomenon (E) 2(5.1)
Combination of the white» lung phenomenon and inter- 2(5.1)
stitial lung disease )
Combination of the white lung phenomenon interstitial 4(10.2)
lung disease, and pulmonary consolidation (C) ’

In 20 patients (83.3%), the US pattern of interstitial
lung disease was bilateral, in 4 (16.7%) — unilateral.
The inferior lobes of the lungs were affected in 11
cases (60.0%), middle lobe — in 6 cases (30.0%), and
superior lobes — in 3 cases (15.0%).

The previous results of the authors’ study showed
high sensitivity of similar identified radiograph-
ic changes for interstitial and alveolar — interstitial
lung diseases in acute respiratory distress syndrome
(ARDS) [16] and lung damage in the influenza A
(HINT) pandemic in 2009 [17].

The use of US for the diagnosis of lung damage in
the COVID-19 pandemic is described in the studies
by foreign authors who demonstrated high sensitivi-
ty of the method combined with moderate specificity
for the diagnosis of coronavirus infection [18, 19]. In
addition, a number of researchers assessed the predic-
tive accuracy of scales based on lung US findings in
relation to the outcome of the disease [20], the effec-
tiveness of specific treatment methods [21], the length
of stay in the intensive care unit, and the need for re-
spiratory support in COVID-19 [22].

Chest X-ray detected changes in the lung tissue in
35 patients, and US — in 32 patients. The architecture
of the lungs in most patients was described as local or
diffuse increased attenuation in the pulmonary inter-
stitial stroma, less often — as a ground glass opacity.
In the US protocol, the most typical changes includ-
ed manifestations of interstitial lung disease and the
white lung phenomenon in the corresponding anatom-
ical zones. According to the RG data, the development
of viral and bacterial pneumonia, in addition to the
described interstitial changes, was characterized by
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the appearance of areas of pulmonary consolidation,
which complied with the US findings.

Repeated Iung US in the studied group of patients
was performed in single cases. Thus, with a combined
pattern of interstitial lung disease, the white lung phe-
nomenon, and pulmonary consolidation diagnosed
by US, repeated US performed 5 days later typically
demonstrated positive changes — the presence of only
interstitial lung disease. This was confirmed by RG
carried out at runtime, indicating resolution of pul-
monary consolidation with persisting signs of viral
lesions. On the contrary, in 2 cases, with negative dy-
namics of the radiographic lung pattern (in the context
of probable ARDS) manifested through a significant
increase in the attenuation of the pulmonary pattern
due to the interstitial component, repeated US revealed
signs of diffuse bilateral interstitial lung disease in all
scanning areas and in all lung segments.

Bilateral localization of the process was more of-
ten detected by X-ray than by ultrasound — in 34 and
29 patients, respectively. However, in two cases, in-
terstitial lung disease was present according to lung
US in patients with ambiguous X-ray data. Probably,
these discrepancies are associated with the dynamics
of the pathological process, the study of patients at
different time intervals, better diagnostic capabili-
ties of US in subpleural localization of changes, and
the presence of a respiratory artifact in patients with
dyspnea.

Using CT, changes in the lungs were additionally
diagnosed in 4 patients with negative X-ray presenta-
tion. The agreement between the data of CT and lung
US was observed in 10 (66.7%) cases out of 15 patients
who underwent CT. Similar changes in the lungs were
identified by CT and US with lower lobe localization
of the process, and the discrepancy between the two
methods was observed mainly in patients with a large
number of affected lung segments and localization of
the inflammation in the superior lobes of the lungs ac-
cording to CT. It is worth noting that the results of
CT were in line with lung densitometry data and US
findings, which confirmed the absence of areas of pul-
monary consolidation in 2 patients.

A priori, clinical observations indicate that in dis-
eases that cause drastic morphological changes in the
lung tissue (pneumonia, tuberculosis), repeated use
of radiology techniques for providing real-time, visu-
al control over the state of the affected tissue is not
relevant, since the dynamics of pathological changes
during treatment is determined by a combination of
physical research methods.

On the contrary, COVID-19 pneumonia often de-
velops rapidly, with short survival for patients, there-
fore, even minimal changes in the lung tissue detected
during follow-up are important for patient routing and
determining further treatment strategy. Evaluation of
the dynamics in US signs allows to make a right de-
cision on prescription of antibiotic and glucocorticoid
therapy. It is possible that in the future, the accumu-
lated experience in US in patients with different clin-
ical courses of COVID-19 (phenotypes L and H) will
contribute to the diagnosis of lung recruitment maneu-
vers and earlier and justified transition to the prone
position, as well as to the use of oxygen therapy and
high positive end-expiratory pressure (PEEP) during
mechanical ventilation, i.e. to preservation of the only
possibility of prolonging life in some patients.

CONCLUSION

The analysis of US changes in the lungs in patients
with verified coronavirus infection SARS-CoV-2 and
their comparison with the data of RG and CT of the
lungs indicate the possibility of using the method in
the diagnosis of COVID-19 pneumonia in a tense epi-
demiological situation.

In the vast majority of cases, in patients with
COVID-19 pneumonia, the ultrasound pattern of the
lungs was characterized by interstitial lung disease.
Less frequently, diffuse lesions of the lung tissue
(the white lung phenomenon) and a combination of
interstitial changes (interstitial lung disease and the
white lung phenomenon) with pulmonary consolida-
tion were recorded. The obtained and presented data
of lung US will help doctors to improve their under-
standing of radiographic changes in COVID-19 pneu-
monia. The use of this lung imaging technique should
be expanded and brought closer to the patient at any
stage of diagnosis and treatment in the context of the
COVID-19 pandemic due to the information content,
availability, speed of implementation, and the absence
of a need for patient transportation.
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