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Mob6unusauma Hay4yHO-NPaKTUYECKOro
noTeHuuana caybbl Ny4eBoi AMarHOCTUKM
r. Mocksbl B nangemuio COVID-19

© C.IN. Mopo3og', E.C. Ky3bmuna!, H.B. Jleauxosa', A.B. Bnagaumupckuit',
N.A. TpodumeHKo', 0.A. MokueHko', E.B. ManuHa', A.E. AHapeiyeHKo,
0.B. OMensHckasn', B.A. Tombonesckui', H.C. Monuwyk', U.M. LynbKkuH',
P.B. PelueTHuKoB" 2

' I'BY3 ropoaa MocKBbl «<HayuHO-NpaKTUYECKUI KTMHUYECKUI LLEHTP AMArHOCTUKM U TeNleMe AMLMHCKUX TEXHONOruit
[lenaptameHTa 3apaBooxpaHeHua ropoga MockBbl», MockBa, Poccuickas Oepepaumsa

2 OTAQY BO «[lepBbit MOCKOBCKUI FocyapCTBEHHbIN MeAULMHCKMIA yHuBepcuTeT nMenn U.M. CeueHoBa» MuH3gpasa Poccun
(CeyeHoBcKkuM YHuBepcuteT), MockBa, Poccuitckas Oefepauuns

YiKe B Hauane nepsoW BosiHbl naHgemMumn COVID-19 gna KomMnbloTepHoi ToMorpaduyeckon (KT) anarHocTMKM nopare-
HWUA NETKMX Y NALMEHTOB C NOJ03PEHUEM Ha BUPYCHYI0 MHeBMOHMIO B MocKBe bbina chopMmpoBaHa ceTb aMbynaTopHbIx
KT-uenTpos (AKTLL) c KpyrnocyTouHbiM peskuMom paboTbl. Beeaenue wkanbl «KT 0-4» no3sonuno npooanTb 3ddek-
TMBHYI0O MapLipyTu3aumio. [1na npefoTBpaLleHna pacnpocTpaHeHUA MHOEKLMK cpeamn NaLmUeHToB U nepcoHana buino
BBe/1eHO 30HMpoBaHMe AKTL, ¢ pasbueHneM Ha «KpacHyto», «bydepHyto» U «3eNEHYI0» 30HbI. B paMKax Mobunmsauum
CNyXObl Ny4eBoW LMAarHOCTUKM co3faH MOCKOBCKUM pedepeHc-LEeHTp, OCYLLECTBAAIOWMIA KOHTPO/b KauyecTBa, 3KC-
NepTHbIE JMCTaHLMOHHBIE KOHCYNbTaLMU U OpraHn3aLMoHHO-MeTogMYecKoe conpoBoxaeHne. PaspaboTtaHo Heckonb-
KO AMCTaHLMOHHBIX KYPCOB M 0byualowmx BebuHapos. [na pacnosHaBaHua npusHakoB COVID-19 1 oueHKM cTeneHu
TAMECTU ObIIN NOLKIYEHbI CEPBUCHI UCKYCCTBEHHOTO MHTENNEKTA. PaspaboTaHHas cTpaTerus cnyobl ny4eBon gua-
FHOCTUKM I. MocKBbl 06ecneymnia FoTOBHOCTb K BbICOKOW Harpy3sKe Ha CUCTEMY 3[paBO0XPaHEHUA rOpoAa M No3Bonu-
N1a MMHMMM3MpOBaTb NOTEPYU CPeaU MeAMLMHCKOro nepcoHana. CneumanucTbl cybbl BHEC/IU CYLLECTBEHHbIN BKag
B 3QQeKTMBHOE CLIepKMBaHNE pacnpocTpaHeHNA MHPEKLMM 3a CYET AOCTYMHON, CBOEBPEMEHHOM M Ka4eCTBEHHON Ma-
FHOCTUKM U MapLUpyTU3aLum.

Kniouesble cnoBa: KT; COVID-19; uckyccTBEHHbIN UHTENNEKT.
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Mobilizing the academic and practical
potential of diagnostic radiology during
the COVID-19 pandemic in Moscow

Sergey P. MorozoV', Ekaterina S. Kuzmina', Natalya V. Ledikhova',
Anton V. Vladzymyrskyy', Irina A. Trofimenko', Olesya A. Mokienko',
Elena V. Panina', Anna E. Andreychenka', Olga V. Omelyanskaya,
Victor A. Gombolevskiy', Nikita S. Polishchuk', Igor M. Shulkin',
Roman V. Reshetnikov"

! Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of the Moscow Health Care Department,
Moscow, Russian Federation
2 Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

At the beginning of the first wave of the COVID-19 pandemic, a network of outpatient CT centers (OCTC) for lung pathology
diagnostics in patients with suspected viral pneumonia with the round-the-clock operation was formed in Moscow. The
introduction of the “CT 0-4" scale allowed for effective routing. To prevent the spread of infection among patients and staff,
0CTC zoning was introduced, dividing into “red,” “buffer,” and “green” zones. As part of the mobilization of the Radiology Ser-
vice, the Moscow Reference Center was established, aimed at quality control, remote expert consultations, and organiza-
tional and methodological support. Several online courses and training webinars have been developed. Artificial Intelligence
services were connected to recognize the signs of COVID-19 and assess the severity.

The developed strategy of the Moscow Radiology Service ensured readiness for the high burden on the city health care
system and minimized losses among medical personnel. The experts significantly contributed to effective infection control

through accessible, timely, and high-quality diagnostics and routing.

Keywords: CT; COVID-19; artificial intelligence.
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LETTER TO THE EDITOR

Moscow — a large and busy metropolis with an extensive
network of airports—will always remain at the center of
any outbreak of an infectious disease. It is not surprising
that 26% of all reported coronavirus disease (COVID-19)
cases in Russia is accounted for Moscow [1], which se-
cured its position among the cities with the highest rates
of COVID-19 cases'. However, Moscow'’s first-hand experi-
ence in managing the outbreak is, in its own way, distinc-
tive. During the first wave, the peak incidence of 53 cases
per 100,000 people was registered on May 7, 2020 [1], al-
though the strict lockdown was announced only on March
29, 20202 To put this into perspective, in large cities of
Spain, Germany, ltaly, and USA, the period between the
introduction of lockdown measures and the surge in CO-
VID-19 cases was 12 + 3 days®[2-4]. Such a slowdown can
largely be associated with the agents of Moscow Health
Care Department who developed and implemented nation-
al action plans, where the primary care sector played the
pivotal role.

The key goals of the health care system during any pan-
demic are to limit disease spread and reduce case fatality
rates. For this reason, only patients with objectively se-
vere condition are hospitalized, whereas patients with as-
ymptomatic COVID-19 who are capable of managing their
illness at home are quarantined. Failure to do so could
overload the national health care system, which could
negatively affect the quality of health services and propa-
gate adverse treatment outcomes.

Diagnostic tests that detect viral RNA based on reverse-
transcription polymerase chain reaction (RT-PCR) are con-
sidered as reference standards for the diagnosis of CO-
VID-19. However, this method has low sensitivity [5], the
testing process is slow, the RT-PCR testing for severe acute
respiratory syndrome coronavirus 2 has high false-negative
rate [6], and the availability and quality of reagents are criti-
cal for successful testing. For example, the shortage in viral
RNA isolation kits became a major problem of laboratories
worldwide*. Moreover, although RT-PCR testing helps de-
termine disease severity by measuring the viral load [7],
the diagnosis is established exclusively by the presence of
either positive or negative test results. This disadvantage
adds to the overall lack of clinical information.

One of the most common COVID-19 symptoms is viral
pneumonia [8]. Computed tomography (CT) of the chest,
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though not known as a conventional modality in the di-
agnosis of acute respiratory virus infections, is very sen-
sitive in examining for the presence of consolidations in
the lungs—a typical sign of COVID-19. In light of this, the
Moscow Radiology Department developed and introduced
a strategy (Fig. 1) that revolved around the concept of a
“clinically confirmed COVID-19 case”.

This concept offers the criteria for COVID-19 diagnosis,
which include a combination of symptoms typical for acute
respiratory infection and presence of distinct patterns in
the lungs. To measure the consolidation area, the clini-
cians developed an empirical visual scale “CT 0-4,” which
consists of five grades [9]. Here, CT-0 is assigned to pa-
tients who do not manifest pneumonia symptoms, while
the remaining grades differ from one another by the size
of the consolidation, each being 25% bigger than the pre-
vious. As the pandemic passes, chest CT has become a
major component of COVID-19 diagnostics.

The introduction of the “CT 0-4" scale contributed to im-
proving the triage process: while patients presenting with
CT-0, CT-1, and CT-2 grades are managed at home with
the assistance of telemedicine technologies, those with
severe condition required immediate hospitalization. This
strategy helped optimize the burden on municipal hospi-
tals and completely yielded good results. According to our
estimates, less than 5% of patients with CT-0 and CT-1 to
CT-2 were hospitalized as their condition worsened [10].

A chain of outpatient CT centers (OCTC) was established
in municipal polyclinics to streamline the screening,
routing, and real-time monitoring of patients with CO-
VID-19. All 48 CT scanners in OCTCs were connected into
a common digital network powered by ERIS EMIAS. This
solution allowed radiologists to carry out distant read-
ing of imaging results and therefore massively reduced
the risk of getting infected, the importance of which can
barely be overestimated.

During the pandemic, the activities of all Moscow Health
Care Department screening programs have been sus-
pended, so radiographers and surgical nurses were re-as-
signed to OCTCs. To prevent the spread of infection among
patients and healthcare workers, the OCTC facilities were
segregated into “red,” “buffer,” and “green” zones. The red
zone contains scanning equipment, cleaned with disinfec-
tants after each patient. All medical personnel assigned to

! Worldometer. Coronavirus update (live). Available at: https://www.worldometers.info/coronavirus/. Accessed: October 16, 2020.

2 Cawt Cepres CobaHuHa. KopoHaBupyc. OrpaHuyeHve nepeiBUKEHWA N0 roOpoay W couManbHan NoanepKa. Pexum goctyna: https://www.
sobyanin.ru/koronavirus-ogranichenie-peredvizheniya-i-sospodderzhka-grazhdan. [lata obpawenus 20.11.2020.

® Estado de alarma por crisis sanitaria COVID-19 — Atencién e informacion — Punto de Acceso General. Available at: administracion.gob.es. Ac-

cessed: August 6, 2020.

“ RNA extraction kits for COVID-19 tests are in short supply in US. The Scientist Magazine. Available at: https://www.the-scientist.com/news-
opinion/rna-extraction-kits-for-covid-19-tests-are-in-short-supply-in-us-67250. Accessed: October 14, 2020.
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Fig. 1. Activation of the diagnostic radiology resources during the COVID-19 pandemic in Moscow.

the red zone were provided with grade 3 personal protec-
tive gear. In the buffer zone, the healthcare workers put on
and take off their PPE; the zone is divided into three areas:
used PPE area, disinfection area, and clean PPE area. Fi-
nally, the green zone contains doctors’ offices and control
area.

As part of measures taken to implement the strategy,
health authorities established the Moscow Radiology Ref-
erence Center to supervise the quality of readings, provide
distant consultations, and secure administrative and clini-
cal support for OCTC workers.

Social media and messengers became an additional tool
that brought together various specialists. An example is
the “MRO.LIVE club for radiologists and radiographers”
Telegram channel with 3,228 subscribers, most of which
are medical imaging specialists. The channel became an
invaluable tool for communication and real-time consulta-
tions. This is also a place where clinicians share informa-
tion about the current status of the pandemic, regulatory
documents, and educational activities.

The inflow of new health workers and rapid accumulation
of scientific knowledge about the diagnosis of COVID-19
called for more educational programs for medical person-
nel. We have developed several short-term online courses
and interactive webinars for different target audiences,
such as OCTC administrators, radiologists, radiographers
and assistants. Between February and October of 2020,
our courses and webinars were attended by over 50,000
specialists. Approximately 10,500 radiographers special-
izing in different imaging modalities underwent training on
chest CT.

To recognize COVID-19 signs, 149 imaging devices from 85
medical facilities in Moscow were connected to an artifi-
cial intelligence (Al) service. From April 29 to October 19,
the Al service evaluated over 350,000 CT studies for CO-
VID-19 signs. The Al system has accuracy and sensitivity
of 0.91, specificity of 0.92, false-negative rate of 7.4 %, and
false-positive rate of 1.6%. The implementation of the Al
technology to OCTC allowed automation of information de-
livery, which helped clinicians prioritize the studies in their
worklists. This experiment demonstrated the functional ca-
pabilities of the automated analysis of medical images by
an algorithm that establishes the location of abnormalities
and sends notifications to specialists, along with the prac-
tical value of the automated preparation of draft radiology
reports. In addition, employees of the Moscow Center for
Diagnostics & Telemedicine developed and opened free ac-
cess to the world's largest reference dataset on COVID-19°.
As of October 19, 2020, OCTC specialists have conducted
268,567 CT studies. The record was achieved by one CT
scanner that made 204 CT studies in 1 day. Pneumonia
signs were detected in 130,138 patients, 126,761 of which
were diagnosed with “clinically confirmed COVID-19 case”.
As a result, over the specified period, 34.5% of all diag-
noses in Moscow were established using medical imaging
techniques.

Despite the 24/7 operation, the OCTC personnel were suc-
cessfully shielded from the infection. In total, the workforce
of 48 Moscow outpatient centers consisted of 485 radiologists
and 775 radiographers. The average number of infected radi-
ologists was 10 + 4 (2.1%); the number of affected radiogra-
phers exceeded that for a small margin at 22 + 12 (2.8%).

5 Dataset MosMedData: COVID-19_1110. Available at: https://mosmed.ai/datasets/covid19_1110. Accessed: October 16, 2020.
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The developed operation strategy of Moscow’s radiol-
ogy service (Fig. 1) secured even distribution of health
care burden during the pandemic and minimized losses
among the medical personnel. Clinical experts played an
important role in holding down the infection levels with
the help of widely available, well-timed, and high-quality
diagnostic and routing services. Emergency activation
of the primary care segment and accessible radiology
scanning solutions secured sustainable detection of dis-
ease symptoms, streamlined the delivery of diagnostic
data, and ultimately helped reach the plateau on disease
statistics. At present, the world is facing a second wave
of the pandemic, and the Moscow Health Care Depart-
ment is willing to stay ahead of the game at all times.
Considering the massive uptake of laboratory testing, the
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need for mass screening with medical imaging is not as
urgent anymore. With that said, our developments and
accumulated expertise are among the top requested in
other regions of the Russian Federation and abroad. We
continuously share our knowledge through educational
programs, webinars, and academic publications.
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[NunarHocTuyecKan LLeHHOCTb
y/IbTPa3BYKOBOr0 UCCIef0BaHUA NErKUX
ana sbiasnenua COVID-19:
cUCTeMaTU4ecKui 063op u MeTaaHanus

© H.H. BeTwesa"Z, P.B. PewetHukos" 3, [1.B. JleoHos', H.C. Kynbbepr', 0.A. MoKuneHKo'

' TBY3 «Hay4Ho-npaKTUYeCKMit KTMHUYECKUIA LIEHTP OMarHOCTUKU U TeneMeANLMHCKMUX TEXHONOrWiA [lenapTaMeHTa 3ApaBooXpaHeHus
ropoga Mocksbi», MockBa, Poccuiickaa Oepepauma

2 ['BY3 MO «MoCKOBCKUI1 0611aCTHOM Hay4HO-MCCeA0BATENbCKUIA KIMHUYECKUIA MHCTUTYT MMeHn M.O. BnaguMupcKoroy,
MockBa, Poccuiickan ®epepauma

S OTAQY BO «[MepBbiit MOCKOBCKUIA roCYAapCTBEHHBIA MeAULMHCKUIA yHUBepcuTeT uMenn .M. CeueHoBa» MuH3agpasa Poccum
(CeueHoBcKkuin YHuBepcuTeT), MockBa, Poccuiickan Oegepauus

06ocHoBaHuMe. [pK oLeHKe CTeneHu TAKECTM cOCToAHMA NaumenToB ¢ COVID-19 onupaloTca B nepByio o4epefb Ha 00BbEM
MoparKeHWA NEroYHOM TKaHW. CyLlecTByeT pAg AUarHoCTMHECKMX NOAX0A0B, MO3BONAIOLMX aHaNM3MPOBaTh 3TOT MOKa-
3aTenb, KaXObl U3 KOTOPbIX COMPAXKEH C OnpedeNeéHHbIMK OrpaHuyeHuamMu. Llenb 1 gm3aiH uccnefoBaHNA, xapakTe-
PUCTWKM HabnioJaeMblx MauMeHTOB, [OCTYMHOCTb 060pyfoBaHUA — BCe 3TW NapaMeTpbl CNocobHbl NOBUATL Ha Bbibop
ONTMMAasIbHON METOAMKM.

Llenb — npoBecTy OLEeHKY YyBCTBUTENBHOCTU M CNELMPUUHOCTY yNbTPa3ByKoBoro uccnegoeanma (Y3W) B kayecTBe MeToaa
aHanu3a cTerneHu nopareHma Nérkux y nauuentos ¢ COVID-19 nocpeactBoM cucteMaTyeckoro 063opa ctaTen Ha aHruin-
CKOM A3blIKe, JOCTYMHbIX B 6a3ax AaHHbIx PubMed n Google Scholar. Kniouesble cnosa ana novcka: lung ultrasound, chest
ultrasound, thoracic ultrasound, ultrasonography, COVID-19, SARS-CoV-2, coronavirus, diagnosis, diagnostic value, specificity
U sensitivity. B 0630p BKNOYanM TONbKO UCCeA0BaHMA, 3aTparnBaBLLKe BONPOCHI ANArHOCTMYECKOM TouHOCTH Y3U nérkmx
LN naumeHToB ¢ nogo3peHneM Ha COVID-19. B KavecTBe 3TanoHHbIX METOOOB paccMaTpyBaiv KOMILIOTEPHYIO TOMOrpa-
duio rpyoHoM Knetku, aetekumio BupycHoi PHK ¢ noMoLublo nonvMepasHoi LIeMHOM peakumm ¢ 06paTHOM TpaHCKpUnLmen
nnmn nabopaTopHble AaHHble. M3BneyeHue cTaTel NpoBOAWIM [1Ba aBTOpA HE3aBUCMMO ApYr OT Apyra C 3anofIHEHUEM 3ajaH-
HbIX NONEeN CTaHAAPTU30BaHHOM TabnuLbl U NocneayloLLen OLEeHKOW MHAMKATOPOB KayecTBa UcCNeaoBanuA. [ina aHanusa
W TPYNMNMPOBKU AAHHBIX 0 YYBCTBUTENILHOCTU U crieunduuHocTM Y3 NErkmux onA oueHKkM 06bEMa M3MEHEHHOM NErO4HOM
TKaHW B 0TO6paHHbIX paboTax MCMob30Banyu MoLenb CyYanHbix 3¢GeKToB. Mo 3aaaHHbIM KPUTEPUAM BKITIOYEHUA NOAXO0-
vy 16 paboT, 0gHaKOo TONbKO B TPEX NPOBOAMNM pa3fefieHne NaLMeHTOB Ha YETKO 3a[aHHbIe rpynnbl No TAXKeCTM 3abone-
BaHWA. M3 ocTanbHbIx paboT AnA oLeHKM BTOPUYHBIX Pe3y/bTaToB UCM0Jb30Bany 3HaUEeHUA YyBCTBUTENBHOCTM U CrieLMdmy-
HocTn Y3W nérkmx ana auarHocTuku COVID-19 BHe 3aBUCMMOCTM OT COCTOAHMA NaumMeHTa. HabniogaeMas reTeporeHHoCTb
[LJ1A NePBUYHbIX M BTOPUYHBIX PE3YNbTaTOB COXPaHAACch Npy rpynnmupoBKe UCCNIe[0BaHMIA MO CLEHAPUAM (CKPUHWHT, OLeHKa
TAKECTU 3abonieBaHMA) U KoropTaM naumeHToB. Y3 nérkux nokasano Havmbonee BbICOKYI TOUHOCTb [J1A NOATBEPHKAEHUA
MnoparKeHUs NEKMX y NaLMEHTOB C AUArHOCTUPOBAHHOM TAXKENOMN KopoHaBUpYcHoM MHeKumen COVID-19 (uyBcTBUTENBHOCTD
87,6 = 12,3%, cneumdmyHocTs 80,5 + 7,1%). MNpy 3TOM caMyIo HA3KYI0 TOYHOCTb METOS, MPOLEMOHCTPMUPOBANT Y NALLMEHTOB C 3a-
boneBaHVeM NETKON CTENEHM TAKECTM (YyBCTBUTENbHOCTb 72,8 + 7,1%, cneunduyHocTb 74,3 + 2,7%).

3aknioueHue. Y3U NErkmx MoreT 6biTb MCMONb30BaHO Y NaLMEHTOB ¢ noaTeepaéHHbIM COVID-19 onAa BbifBNEHWS 3Ha-
UMTENBHBIX MOBPEHAEHUIN NEr0YHOM TKaHW. [JuarHocTMyecKan LLeHHOCTb MeToAa ANA OLEHKM YMEPEHHbIX M He3HAUUTe b-
HbIX MOPaKEHWUM NErKNX OTHOCUTESTbHO HU3KaA.

Kniouesble cnosa: COVID-19; Y3 nérkux; oueHKka [onun nopaxeHna; guarHocTMYecKan
LLleHHOCTb; YYBCTBUTEJNIbHOCTb; CNELUPUYHOCTD.
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Diagnostic value of lung ultrasound in COVID-19:
systematic review and meta-analysis
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BACKGROUND: Effective and safe tools assisting triage decisions for COVID-19 patients could optimize the pressure on the
healthcare system. COVID-19 often has respiratory manifestations, and medical imaging techniques provide an opportunity
to assess the disease’s severity.

AIMS: To estimate the sensitivity and specificity of lung ultrasound for different degrees of pulmonary involvement in CO-
VID-19 patients by a systematic review of English articles using PubMed and Google Scholar databases. Search terms
included lung ultrasound, chest ultrasound, thoracic ultrasound, ultrasonography, COVID-19, SARS-CoV-2, coronavirus,
diagnosis, diagnostic value, specificity, and sensitivity. Only studies addressing lung ultrasound diagnostic accuracy for
patients with suspected COVID-19 using thoracic computed tomography, reverse transcription polymerase chain reaction,
or laboratory data as a reference standard were included. Independent extraction of articles was performed by two authors
using predefined data fields with subsequent assessment of study quality indicators. The random-effect model was used to
analyze and pool lung ultrasound sensitivity and specificity across the included studies. Sixteen studies met our inclusion
criteria, but only three of them divided patients into distinct and defined groups depending on the disease severity. We used
the remaining studies’ data to assess the secondary outcomes: the values of sensitivity and specificity of lung ultrasound
for COVID-19 regardless of the patient’s clinical status. Heterogeneity for primary and secondary outcomes was observed
that remained when pooling for different scenarios (screening, assessing severity) and cohorts of participants. Lung ultra-
sound had the highest accuracy for confirmed COVID-19 patients with severe disease (sensitivity 87.6% + 12.3%, specificity
80.5% + 7.1%), and the lowest accuracy for the patients with mild disease (sensitivity 72.8% + 7.1%, specificity 74.3% + 2.7%).
CONCLUSIONS: Lung ultrasound can be used in patients with confirmed COVID-19 to detect serious damage to the lung tis-
sue. The diagnostic value of the method for assessing mild and moderate lung lesions is relatively low.

Keywords: COVID-19; lung ultrasound; severity grade estimate; diagnostic value; sensitivity;
specificity.
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ABBREVIATIONS

Cl — confidence interval

SMD — standard mean difference

CT — computed tomography

US — ultrasound

RT-PCR — reverse transcription polymerase chain reaction
ICD — International Classification of Diseases

INTRODUCTION

As of September 16, 2020, there are 29,155,581 con-
firmed cases globally, with 926,544 deaths [1] from the
COVID-19 pandemic. The impact of the end of the sum-
mer vacation period and schools re-opening on the epi-
demic is uncertain. However, there is a possibility of a
second wave of the disease [2], if it will follow a high
transmission scenario. Amid rising number of new cas-
es, Israel was the first developed country to announce a
second nationwide lockdown [3]. Presently, since June
30, 2020, more than 700 cases of SARS-CoV-2 infection
have been detected in Moscow. Effective and safe patient
triage tools could aid decrease the COVID-19-associated
pressure on the healthcare system. Several laboratory
parameters help assess the disease severity, such as
calculation of the viral load [4], platelet count [5], D-
dimer concentrations [6], and others [7]. COVID-19 often
leads to respiratory manifestations, and therefore medi-
cal imaging is one of the main techniques to assess its
severity in patients [8]. Among the imaging modalities,
including radiography, computed tomography (CT), and
ultrasound (US), CT offers great sensitivity in detecting
COVID-19-related findings [9]. Because of this, some ex-
perts suggest making it a diagnostic standard. CT imag-
ing was one of the main diagnostic and triage tools in
Moscow, Russia, during the lockdown period [10]. Unfor-
tunately, CT it is not widely available and is associated
with potential harm from exposure to ionizing radiation.
Lung US could compensate for that, being a widespread
and safe method. The technique is appealing, especially
for pregnant women, children, and critically ill patients.
Recent systematic reviews explore the potential utility
of lung US [11, 12]. However, there are not enough scien-
tific data to establish the functionality of this approach
in making clinical decisions depending on the severity of
the disease [13].

We reviewed currently available studies addressing co-
horts of COVID-19 patients for the disease severity using
US compared to CT, RT-PCR, and laboratory data, in order
to assess the sensitivity and specificity of lung US for dif-
ferent degrees of pulmonary involvement.
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METHODS

This manuscript follows the PRISMA statement for report-
ing systematic reviews and meta-analyses of studies that
evaluate health care interventions [14].

Eligibility criteria

Types of studies. Inclusion criteria: (i) any study evaluat-

ing the performance of lung US in diagnosing COVID-19; (ii)

studies reporting US sensitivity and specificity values or

providing enough information to construct a 2 x 2 confu-
sion matrix; and (iii) we placed no restrictions regarding
country, patient age, sex, and race. Exclusion criteria were
as follows: (i) studies with unavailable full texts; (ii) stud-
ies on non-human subjects; (iii) case reports, case series,
and systematic review studies; and (iv) studies published

before January 1, 2020.

Types of participants. Hospital patients of any age with

signs and symptoms of COVID-19-associated pneumonia

confirmed by CT, RT-PCR, or serological tests (ICD codes
u07.1, Ud7.2).

Types of intervention. Studies comparing the diagnos-

tic value of lung US, including point-of-care US (POTUS)

with chest CT, chest radiography, and clinical follow-up
data.

Types of outcome measures. Primary outcome measures:

numerical values of sensitivity and specificity of lung US in

COVID-19 patients of different severity grades. Secondary

outcome measures: numerical values of sensitivity and

specificity of lung US and POTUS for COVID-19 patients re-
gardless of the disease severity.

Information sources. Studies were identified by searching

the electronic databases PubMed and Google Scholar. The

last search was run on September 1, 2020.

Search. We performed two types of searches in the

PubMed database, using MeSH terms and text keywords

since it takes about a month for PubMed to assign a MeSH

term for a published study:

1) (“Coronavirus infections/diagnosis"[MeSH] OR “Coro-
navirus infections/diagnostic imaging”[MeSH]) AND
“Ultrasonography”[MeSH]

2) (“lung ultrasound” OR “chest ultrasound” OR “thoracic
ultrasound” OR “ultrasonography”) AND (COVID-19 OR
“SARS-CoV-2" OR “coronavirus”) AND diagnosis

We used the query string “lung ultrasound diagnostic val-

ue specificity sensitivity COVID-19" to search the Google

Scholar database.

Study selection. Two reviewers (RVR and DVL) assessed

for eligibility in a standardized manner by an automatic

search for words “sensitivity” and “specificity” in full texts.

Three other researchers (NNV, NSK, and 0AM) evaluated
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the selected manuscripts according to the study protocol
to resolve discrepancies.

Data collection process and data items. We developed a
data extraction sheet using the Google Spreadsheet ser-
vice to ensure that all the reviewers have simultaneous
and unrestricted access to the document. The data extrac-
tion sheet was pilot-tested on three randomly selected
included studies and refined accordingly. Two reviewers
(RVR and DVL) extracted the following data from the in-
cluded studies: Authors, Affiliation, Title, Journal (or pre-
print service), Acceptance date, DOI, Population (number,
age, % female, inclusion & exclusion criteria, medical cen-
ters location, start and end dates of the study), US proto-
col, US scoring, comparison protocol, comparison scoring,
US outcome, and comparison outcome. The three other
researchers (NNV, NSK, and OAM) verified the extracted
data. Disagreements were resolved through a discussion
among the authors. After the review started, we added the
data from systematic reviews on specificity and sensitiv-
ity of reference standard methods if the values were not
estimated in the included studies.

Risk of bias in individual studies. To assess the method-
ological issues associated with diagnostic accuracy stud-
ies, we followed the QUADAS-2 (Quality Assessment of Di-
agnostic Accuracy Studies) framework [15] recommended
for systematic reviews by the Agency for Healthcare Re-
search and Quality, Cochrane Collaboration. Four domains
were used to organize each included study: patient selec-
tion, index test, reference test, and patient flow. A detailed
description of each domain and judgment criteria are de-
scribed in the Cochrane Handbook [16].

Statistical analysis. We used the random-effect model
to analyze and pool lung US sensitivity and specificity
across the included studies. To measure between-studies
heterogeneity, we used estimates of 2, the percentage of
variability #, and Cochran’s Q-statistic. As a threshold we
used P values of 25% (low heterogeneity), 50% (moderate
heterogeneity), and 75% (substantial heterogeneity) and p-
values <0.05. The meta-analysis was performed using the
dmetar [17] package for R 3.6.3 [18].

RESULTS

Study selection. We included 16 studies in this review. The
search in PubMed and Google Scholar databases provided
245 studies imported into a Mendeley library. Of these, six
studies were discarded because they were conducted on
non-human subjects. After adjusting for duplicates, 236
studies remained. Of these, 220 studies did not meet the
criteria and were discarded after abstract or full-text re-
viewing (Figure 1). We examined the full texts of the re-
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maining 16 studies [19-34], and only six of these analyzed
the diagnostic accuracy of US in the context of the disease
severity [19, 20, 27-30]. However, only three studies en-
rolled patients of all clinical grades: mild, moderate, and
severe stages of the disease [19, 20, 28]. The other three
studies included only critically ill patients [27, 29] or evalu-
ated the prognostic value of lung US in predicting the need
for non-invasive respiratory support [30]. A study by Ve-
ronese et al. stood out because they analyzed the data of
bedridden nursing home patients, aged 84.1 + 9.8 years
[24]. For these patients, mortality was associated with a
lung US score of 4 (maximum value 36), primarily due to
this cohort’s general health.

With the exception of the study by Hatamabadi et al. that
provided only the seven-day results [34], the average fol-
low-up period in the included studies was 34 + 15 days. The
included studies involved 1696 participants, of which 1121
had confirmed COVID-19. There were 13 single-center and
three multicentric studies, two of which were conducted in
France and one in China. In total, four studies were conduct-
ed in France, three in China, two studies each in the USA,
Turkey, and Spain, and the remaining three came from Iran,
Italy, and Israel (Figure 2). The mean or median age of par-
ticipants ranged from 27 to 69 years (with the exclusion of
the study of Veronese et al. [24]).

All studies had a test group (patients with confirmed CO-
VID-19), while only five studies included a control group
of SARS-CoV-2-negative participants [22, 25, 26, 31, 33].
Patients in the test group were diagnosed using the RT-
PCR test. The specificity and sensitivity of lung US were
estimated using RT-PCR in six studies [22, 24-26, 31, 33],
clinical and laboratory data in two studies [28, 29], and
chest CT in seven studies [19, 20, 23, 27, 30, 32, 34] as a
reference standard.

Risk of bias. The main sources of bias came from the pa-
tient selection domain (Figure 3). The majority of studies
(75%) included previously diagnosed patients. However,
in all the studies, the participants met the criteria of the
review protocol. The specialists performing lung US and
analyzing the results were not blinded to the diagnosis,
which could also be a potential source of bias.

Seven studies properly reported the details of both index
and reference standard tests. The interobserver variabil-
ity was estimated only in three studies [21, 25, 32]. Three
studies only (19%) reported the interval between the two
tests, but the majority (87%) correctly indicated whether
all patients used the same reference standard.

Scoring systems. The included studies used different
scoring systems to assess the presence and severity of
the disease. Dividing the imaging zone into separate re-
gions, and providing a score reflecting the degree of pul-
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Figure 2. The map of studies included in the review.
Note: the map template had been purchased from Shutterstock [35].
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Figure 3. Bar chart of risk of bias for the 16 included studies.

monary involvement to each region was common to most
systems (87%). The total lung US score was calculated
as the sum of individual scores. The most popular scor-
ing system divided each hemithorax into six regions, with
each region scored on a scale from 0 to 3, and a total score
ranging from 0 to 36 [19, 20, 23, 24, 28, 30]. Three studies
collected the lung US results from eight zones [27, 32, 33]
but used a different scoring approach. While two groups
scored each zone on a scale from 0 to 3 (total value 0-24)
[27, 32], Favot et al. analyzed the lung US images for the
presence of different patterns [33]. Two studies divided the
chest wall into ten zones but used different severity scales
with a maximum value of 40 [29] or 10 [34]. Yassa et al.
collected the scores in a range from 0 to 3 from 14 zones
(total value 0-42) [25, 26]. Finally, two groups performed
a qualitative assessment of the lung involvement based on
the US findings [21, 22].

Diagnostic accuracy of lung US. All included studies re-
ported the lung US sensitivity and specificity values, with
sensitivity ranging from 15.6% to 100% and specificity
ranging from 51.9% to 100%. However, only three studies
estimated the diagnostic performance of a reference stan-
dard test [23, 27, 32]. For the estimating of values in the
review, we used the meta-analysis data on the sensitivity
and specificity of RT-PCR [35] and chest CT [36]. For the
studies using clinical and laboratory data as a reference
standard test [28, 29], the control specificity and sensitivity
values were set at 100% (Figure 3).

Table 1. Lung US efficiency for patients with COVID-19

According to the meta-analysis results, lung US has a
specificity 81.6% + 13.3% and sensitivity 79.4% + 21.4%
in diagnosing COVID-19. However, the Cochran’s test re-
vealed a significant heterogeneity of the data: Q = 2244.8,
p < 0.001,and Q= 1127.7, p < 0.001, for sensitivity and spec-
ificity, correspondingly.

The observed heterogeneity could be associated with
the fact that the included studies assessed the diagnos-
tic value of lung US for different purposes and cohorts of
participants. For further analysis, we excluded the study
by Veronese et al.[24]. We divided the remaining studies
into two groups: in the first group, the researchers used
US to screen for COVID-19 [19, 21-23, 25, 26, 31, 32], in
the second, they used US to evaluate and follow-up criti-
cally ill patients [19, 27, 30, 32, 33]. We also did not in-
clude the studies by Lichter et al. [28] and Zhao et al. [29]
in the second group, because the authors estimated the
prognostic value of lung US to predict mortality and re-
fractory situation, correspondingly. Lichter et al. reported
a 62% sensitivity and 74% specificity in the ROC analysis of
30-day mortality, the cut-off value for lung US score was
18 (maximum value 32) [28]. According to Zhao et al., us-
ing the lung US score cut-off value of 32 points (maximum
value 40) predicted a refractory situation with a 57% sen-
sitivity and 89% specificity [29].

The index test characteristics remained heterogeneous, with
the lowest Q-statistic and variability percentage obtained
for lung US sensitivity in critically ill patients (Table 1).

Sensitivity Specificity
Group Q P, % Q P, %
Mean, % SD, % Mean, % SD, %
Screening 79,6 21,6 694,2 99,0 79,5 16,1 345,0 98,0
Severe 87,6 12,3 158,9 97,5 80,5 71 379,6 98,9
Moderate 72,8 7,1 11,24 AR 74,3 2,7 0,26 0,0
Mild 80,4 16,5 59,5 98,3 66,6 27,0 33,3 97,0
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Figure 4. Forest plots of pooled specificity (A) and sensitivity (B). The symbols * and ** denote studies by Yassa et al. on interobserver agreement

[25] and the role of lung US in COVID-19 screening [26], correspondingly.

We also pooled the sensitivity and specificity values for
patients with different degrees of pulmonary involve-
ment. From the data provided in the study by Lichter et
al.[28], it was not possible to extract the numerical data
to estimate the characteristics. Therefore, we did not in-
clude this study into the meta-analysis. In the study by
Zieleskewicz et al., we obtained the sensitivity and speci-
ficity values with the maximum Youden index from the
three zones on the ROC curve according to the lung US
score thresholds [20].

The data was heterogeneous, except for the lung US speci-
ficity in moderately ill patients (Table 1). Note that we used
the results for moderately and mildly ill participants from
only two studies in this meta-analysis, and both of them
did not include a control group of patients.

DISCUSSION

The variety of scoring systems in the included studies makes
it impossible to directly compare the lung US score cut-off
values used to estimate the outcomes. However, regardless
of the scoring system, almost all authors agree that patients
with severe disease had higher lung US score values than
patients with moderate and mild disease. The first excep-
tion to this was the study by Veronese et al., where the au-
thors did not find a significant difference in mortality risk
between nursing home patients with a lung US score = 4 and
< 4 (maximum value 32) [24]. The authors did not interpret
this observation, but we believe it is related to the general
health of the nursing home residents, which were older
adults, suffering from dementia, and bedridden. The other
exception was the study by Benchoufi et al., which showed
that the performance of the lung US scoring system used by
the authors was lower to predict the disease classified as
severe by chest CT compared with normal vs. pathologic and
normal or mild vs. moderate or severe [32].

D0l https://doi.org/10.17816/DD46834

Overall, in confirmed symptomatic COVID-19 patients with
severe disease, the lung US and CT scores positively cor-
related. According to our meta-analysis, lung US has a
sensitivity of 88% and 80% specificity in this group (see
Table 1). That is a specific cohort of patients, but for them,
lung US has significant advantages compared with chest
CT in terms of health risks and logistical limitations.

Low lung US scores were also valuable to exclude severe
COVID-19-associated pneumonia. According to Zieleske-
wicz et al., chest CT would not be required if the initial US
examination had a score <13 (out of 36) [20]. Lichter et al.
reported that lung US could predict good clinical outcomes
for symptomatic patients without any pleural thickening or
subpleural consolidations [28]. Despite the relatively low
efficiency of lung US in assessing mild lung lesions [19],
this feature could have practical value for symptomatic
patients in making triage decisions.

The highest discrepancy between the lung US and chest CT
scores was observed for moderately ill patients. For this
group of patients, lung US was least sensitive (see Table 1).
Zieleskewicz et al., in their study, called the zone on the ROC
curve from which we obtained the data, “a grey zone with
inconclusive values” [20]. Therefore, despite the relatively
modest statistical heterogeneity, the diagnostic value of
lung US for moderate lung lesions is relatively low.
Screening for COVID-19 using lung US findings has sev-
eral advantages in pregnant women. In the study of Yassa
et al., 17% of the pregnant women, who had undergone a
lung US exam and were RT-PCR-positive, initially had neg-
ative RT-PCR results. The RT-PCR test was repeated after
a week due to their abnormal US findings [26]. Note that
the specificity of lung US according to our meta-analysis,
was significantly higher than the specificity of chest CT, a
“gold standard” for medical imaging: 79% vs. 31%, corre-
spondingly. It might be associated with the fact that most
included studies were conducted in conditions of high pre-
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test probability. There was an evident patient selection and
index test risk of bias that could affect the observed speci-
ficity value (see Figure 3).

Chest CTis superior to lung US in differential diagnostics of
lung pathologies since it is sensitive for alternative diag-
noses [37, 38]. Contrary to that, lung US cannot distinguish
between pulmonary alterations: pneumonia, lung cancer,
or atelectasis, which may show the same echographic pat-
tern [11, 39]. Moreover, the accuracy of the lung US exam
is highly dependent on the operator’s expertise level and
could be affected by a pre-test probability of the disease.
For example, in the study by Tung-Chen et al., three pa-
tients had lung US findings compatible with COVID-19; two
patients were eventually diagnosed with viral bronchiolitis,
and the other patient had metastatic pulmonary disease.
The inter-rater agreement in the included studies, when
reported, could be as low as 68%, which significantly re-
duces the applicability of the technique. However, a quick
bedside lung US exam proved useful for real-time evalu-
ation and monitoring of patients with rapidly progressing
disease [19, 28].

Our study has limitations. Conventionally, at least five
studies should be used for a meta-analysis. Although our
final library contained 16 studies, the data was incomplete.
For some analyses, we used the highly heterogeneous
values obtained from only two studies. Significant data
heterogeneity is also associated with the differing patient
population, index test and reference standard protocols,
and the outcome definitions across the included studies.

CONCLUSIONS

In 2020, several meta-analyses on lung US applicability for
COVID-19 patients were published. All agree that the pres-
ence of lung US findings, although nonspecific, could be
used for diagnosis, triage, and follow-up of the subjects
with SARS-CoV-2 infection. Unfortunately, none of them
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focused on distinguishing between patients with different
clinical status and prognosis. Chest CT is the gold stan-
dard in assessing the severity of the disease. However, de-
pending on the patient cohort and the disease stage, other
techniques could be advantageous. Lung US has adequate
sensitivity and specificity for confirmed COVID-19 patients
with severe lung involvement that have a risk of adverse
events associated with transfer and exposure to ionizing
radiation. Lung US is preferable for critically ill patients,
pregnant women, children, and bedridden aged popula-
tion. The technique is applicable for triage of patients with
mild symptoms to rule out lung tissue damage. In patients
with moderate disease, the diagnostic value of lung US is
the lowest.

The high heterogeneity of the sensitivity and specificity
values should be addressed in further studies. We believe
that these studies need to be performed on large random-
ized cohorts of patients following a systematic protocol
with clear and standardized definitions of the disease
stages and including a control group of participants. An-
other issue that requires future research is the sensitivity
and specificity of different scoring systems used to assess
the severity of the disease.
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© C.I1. Moposos, B.10. YepHuHa, U.A. brioxuH, B.A. TomboneBckum

'BY3 «HayuHo-nNpaKTUYeCKNIA KAMHUYECKUIA LIEHTP AWAarHOCTUKM 1 TefleMe AULIMHCKMX TeXHoNorni [lenaptaMenTa 34paBooXpaHeHus
ropofa MockBbl», MockBa, Poccuickan ®epepauma

06ocHoBaHMe. B ycnoBuAx crouBLLEHCA 3NMOEMUONIONMYECKON CUTYaLMM KOMMbIOTEPHAA TOMorpadua opraHoB rpya-
How KneTku (KT OFK) urpaet BaxHyio ponib B AuarHocTuKe 3abonesanns. KnmHnyeckue n KT-gaHHble No3BoAAI0T Bpayam
B KOPOTKME CPOKM YCTaHOBWUTb BEPOATHOCTb HAaNIMumMA M MPorHo3 y naumeHTos ¢ COVID-19.

Llenb — nporHosmpoBaHue UCXoao0B Y nabopaTopHo BepumumMpoBaHHbIX 60nbHbIX COVID-19 no gaHHbIM KT OTK ¢ noMo-
LbI0 MOYKONMYECTBEHHOMN BU3YanbHOM LUKasbl CTENEHW NOPaXKeHNUs NEFOYHON NapeHxuMbl (wKana KT0—KT4).
Matepuan u MeTofbl. BbinonHeH peTpoCNeKTUBHLIA aHanu3 BbIFPY3KKU UCTOpWIA 6onesHn M3 EQnHoro MeamumHCKoro
MH($OpMaLMOHHOro-aHanuTMYeckoro cepsuca (EMUAC) n npoToKonoB 13 EOMHOrO pagmonorMyeckoro MHGpopMaLmoH-
Horo cepsuca (EPUC) B nepuog ¢ 01.03.2020 no 30.07.2020. B nccnepnoBaHve BKYEHbI MCTOpUK 6onesHel naumeH-
T0B ¢ anarHo3oM U07.1 no MKB-10 (nabopaTopHo BepudMLMpOBaHHAA KOPOHABMUPYCHasA MHEKLMA), KoTopbIM ¢ 1 MapTa
no 30 wiona 2020 r. BknioumTensHo npoeedeHa KT OMK no HanpaBneHuWio Bpaya-TepaneBsTa Npu nNof03peHUMN Ha BHe6Ob-
HWYHYI0 MHEBMOHMIO, Bbi3BaHHYyl0 COVID-19; MakcMManbHO QOMYCTUMbIA CPOK MeMAay nabopaTopHon BepudMKaLmen
1 KT OF'K — He bonee 5 gHelt. Cpok HabniofeHns 3a KarkabiM naumMeHToM — He MeHee 30 cyT oT gatbl npoBefeHns KT.
WccnepoBakus 6biny BoINOMHEHBI B 48 MeULIMHCKUX OPraHM3aLmMAX, 0Ka3blBalOLLMX NEPBUYHYI0 MELULIMHCKYIO NOMOLLb
B3pOoC0oMy HaceneHuto Mockebl. He Bowny B ucciejoBaHue NaLMeHThl, y KOTOPbIX pe3ynbTaThl TeCcTa NoiMMepasHon Len-
HoW peaKumn Ha COVID-19 6binm otpruatensHbiMu K 30.07.2020. Lkana KTO—KT4 pekoMenoBaHa K NpuMeHeHuio B Poc-
cuickon Oepnepauumy ans oLeHKM 06 bEMa NoparKeHWs NapeHXMMbI NErKoro npy nogo3spexnn Ha COVID-19.

Pesynbratbl. NToroshiit 06bEM Bbibopkm — 38 051 naumeHT. o pesynsrataM UcciejoBaHUA BbIABIEHO, YTO A4J1A KaTero-
pumn KT4 puck cMepTy Bblle B 3 pa3a no cpaBHeHuio ¢ KaTteropuen KT0. Mo KpuebiM KannaHa—Meiepa gnA aHanu3a Bbl-
¥KMBAEMOCTM [JONIA BbIXKMBLUMX NauueHToB B KaTeropum KT3 noutu B 3 pasa Huke (HR = 2,94), yem B kaTeropusax KTO-KT2.
KpoMe Toro, ycTaHOB/EHO, YTO YeM BhIlLe UCXOAHaA KaTeropua KT, TeM HUKe pUCK yxyaLweHuda. Bpema go rocnuranusa-
LMW CHUMKANOCh NpU YBENUYEHUM KaTeropum no gaHHbiM KT OTK.

3aKknioyeHue. BusyanbHas wrkana KT0—KT4 MoreT 6bITb MCMOb30BaHa B KaYecTBe NpeSuKTOpa UCX0LoB (rocnuTanusa-
LI U NeTasbHbIX MCXOL0B) Y NaLMEHTOB, KOTOPLIM Npu nogo3peHun Ha COVID-19 BrinonHeHa KT OTK Ha 6ase nepryHoro
3BEHa 3[1paBo0XpaHeHuA.
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Chest computed tomography for outcome prediction
in laboratory-confirmed COVID-19:
A retrospective analysis of 38,051 cases

© Sergey P. Morozov, Valeria Yu. Chernina, Ivan A. Blokhin, Victor A. Gombolevskiy

Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of the Moscow Health Care Department,
Moscow, Russian Federation

BACKGROUND: In the current epidemiological situation, computed tomography (CT) of chest organs plays an important role
in disease diagnosis. Clinical and CT data allow physicians to quickly establish the probability of the presence and prognosis
of patients with coronavirus disease 2019 (COVID-19).

AIMS: This study aimed to predict outcomes in patients with laboratory-confirmed COVID-19 based on chest CT and a semi-
guantitative visual pulmaonary lesion grading system (CT 0-4).

MATERIALS AND METHODS: A retrospective analysis of the Unified Medical Information and Analytical Service and Unified
Radiological Information Service records from March 01, 2020 to July 30, 2020 was performed. The inclusion criteria were as
follows: patients diagnosed with U07.1 (laboratory-verified coronavirus infection) from March 01, 2020 to July 30, 2020 and
referred for a chest CT by a physician with suspected community-acquired pneumonia caused by COVID-19; the maximum
period between laboratory verification and CT was not more than five days. The observation period for each patient was at
least till 30 days from the date of CT. CT was performed in 48 medical organizations providing primary medical care to adults
in Moscow. The exclusion criterion was a negative reverse transcription-polymerase chain reaction results by July 30, 2020.
The CT 0-4 scale is recommended for use in the Russian Federation to estimate the volume of lung parenchyma lesions
when COVID-19 is suspected.

RESULTS: The total sample volume was 38,051 patients. In this study, the risk of death was three times higher for CT-4
than for CT-0. In the Kaplan—Meier survival curve, the survival rate of patients in the CT-3 category was almost three times
lower (hazard ratio = 2.94) than in the CT 0-2 categories; in addition, the higher the initial category of CT, the lower the risk
of deterioration. The time for hospitalization decreased with the increase in the CT grade.

CONCLUSION: The visual CT 0-4 scale can be used to predict outcomes, such as hospitalizations and deaths, in patients
suspected of COVID-19 who underwent chest CT in primary health care.

Keywords: COVID-19; community-acquired pneumonia; computed tomography.
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INTRODUCTION

On March 11, 2020, the World Health Organization declared
COVID-19 caused by the SARS-CoV-2 virus a pandemic [1].
According to official data, by the third quarter of 2020, there
were more than 29 million confirmed cases and more than
940 thousand deaths worldwide [2].

Given the current epidemiological situation, chest comput-
ed tomography (CT) plays an essential role in diagnosing
the disease. Clinical and CT data allow doctors to establish
the probability and prognosis in patients with COVID-19
within a short time [3]. It should be noted that there are
no specific signs of COVID-19 in chest CT, but bilateral pe-
ripheral ground-glass opacities are most often visualized,
with a predominantly basal involvement [4,5]. Besides,
quantitative chest CT analysis allows for COVID-19 patient
triage [6]. Thus, Colombi et al. presented a quantitative
assessment of pulmonary parenchyma lesions using an
open-source software and established a high correlation
between preserved, well-ventilated pulmonary tissue and
outcomes (transfer to the intensive care unit or death) [7].
The extent of pulmonary lesions in COVID-19 can be fully
and automatically assessed using machine learning algo-
rithms [8].

Due to the epidemiological situation, it is necessary to
create and critically evaluate prognostic models based on
clinical data [9]. In the Russian Federation, due to the large
patient flow, an “empirical” visual scale is recommended
for the rapid and standardized assessment of lung lesions
detected by chest CT [10].

This study aimed to predict the outcomes of laboratory-
confirmed COVID-19 patients from their chest CT data us-
ing a semi-quantitative visual scale for grading pulmonary
lesions.

MATERIALS AND METHODS

The Independent Ethical Committee of the Moscow Re-
gional Branch of the Russian Society of Radiologists ap-
proved this retrospective study. Informed consent was
not required due to the retrospective design of the study
(absence of the prospective part of the study intervening
in the treatment or diagnosis). A total of 240985 patients
were selected from UMIRAS and Unified Radiological In-
formation Service (URIS). We excluded 202934 patients
due to lack of laboratory confirmation or data on the
CT0-4 scale.

Patients
The analysis of the Unified Medical Information and Ana-
lytical Service (UMIAS) and URIS protocols for the period
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from 01/03/2020 to 30/07/2020 inclusive was performed.
The study included patients according to the following cri-
teria: patients diagnosed with U07.1 (laboratory-confirmed
coronavirus infection) and referred for a chest CT by a
physician due to suspected community-acquired pneumo-
nia caused by COVID-19; the maximum allowable period
between laboratory verification and CT less <5 days. The
observation period for each patient was at least 30 days
from the CT scan in the outpatient clinic. We excluded pa-
tients without any typical coronavirus-associated chest CT
changes, patients not assessed by the CT0-CT4 system,
and patients with a negative polymerase chain reaction
test as of 30/07/2020.

Equipment and CT protocol

The scanning was performed on 48 CT scanners, including
Toshiba Aquilion 64 (Canon, Japan), Toshiba Aquilion CXL
(Canon, Japan), and General Electric HiSpeed (GE, USA). For
all studies, the standard protocol was used: voltage, 120
kV; tube current is adjusted automatically depending on the
topogram; scanning direction—from the diaphragm to the
lung apex; the field of view (FOV), 350 mm; slice thickness <
1 mm; reconstruction kernel—lung, for Toshiba (Canon)—
FC50/FC51/FC52/FC53, for GE—LUNG. Scanning was per-
formed on breath-hold at an inspiration depth.

Evaluation of chest CT data

The initial assessment of the chest CT was performed
using URIS by the outpatient CT center radiologists with
8-22 years of work experience. All the examinations
were reviewed using URIS by on-duty experts of the Mos-
cow Reference Radiology Center, with no other software
used. Within 30 minutes after completing each primary
protocol, an expert of the reference center with experi-
ence in thoracic radiology of ten years performed the au-
dit and, if necessary, corrected the CT0-4 grade. Thus,
the category was changed almost immediately, without
saving the primary data. According to the audit reports,
the percentage of discrepancies using the CT0—CTé4 scale
was up to 5%.

According to the Interim Methodological Recommenda-
tions of the Russian Society of Radiologists and the Rus-
sian Association of Ultrasound Diagnostics in Medicine,
the so-called “empirical” visual scale is recommended to
evaluate changes in the lungs detected by chest CT. It is
based on a visual evaluation of the approximate volume
of affected lung tissue [11]. This scale has five gradations,
beginning at 0 and then with intervals of 25%. The Mos-
cow Department of Health uses methodological recom-
mendations, according to which the severity assessment
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of pulmonary lesions in COVID-19 should be based on the
percentage of pulmonary tissue affected regardless of the
semiotic phase of the process (ground-glass, crazy pav-
ing, consolidation) or their combination. This parameter is
assessed separately for each lung. The category of chang-
es is determined by the lung with the most extensive lesion
(regardless of postoperative changes) [10].

Study hypotheses

The following questions were asked to conduct the study:

1. Is there a relationship between the CTO—CT4 grade in
laboratory-confirmed patients and the risk of death?

2. Is there a relationship between the CTO-CT4 grade in
laboratory-verified patients and survival rate?

3. Is there a relationship between the transition time for
different grades and the initial CTO-CT4 category in the
laboratory-confirmed patients?

4. s there a relationship between the CT0-CT4 grade in
laboratory-verified patients and the number of days
from primary CT to hospitalization?

Statistical methods

The data analysis included all patients with a laboratory-
confirmed diagnosis of COVID-19, for whom valid data was
available on the dates of hospitalization and the dates of
at least one CT scan. The result and date of the first CT
scan that was used for the evaluation were taken as the
baseline level and CT evaluation date: for 36,958 patients,
this was the first CT scan; for 1,049 patients, the second CT
scan; for 41 patients, the third CT scan; and for 3 patients,
the fourth CT scan.

A logistic regression model was used to analyze data on
patient deaths. Patient sex and age, as well as the CT se-
verity grade, were used as the model factors. For each
factor, the odds ratio (OR) of death, and the 95% confidence
interval (CI) for OR, were estimated.

We applied the Kaplan—Meier method and Cox regression
to analyze the time-to-event data (overall survival, time to
CT deterioration, time from the baseline CT scan to hospi-
talization), patient sex and age, and the baseline CT sever-
ity grade as the model factors.

For the dependent variable, i.e., the number of hospitaliza-
tions, Poisson regression was performed using the above
factors as covariates. The incidence rate ratio (IRR) and
the corresponding 95% Cl were estimated for each factor.
For data on the total duration of hospitalization (number
of days) and the number of days from the date of base-
line CT scan to laboratory confirmation of the diagnosis, a
multivariate regression model was employed, which used
sex, age, and CT severity grade as factors. For each factor,
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regression coefficient values were given with the 95% CI.
Statistical analyses were performed using Stata 14 soft-
ware.

RESULTS

A total of 240,985 patients were selected from UMIAS and
URIS. On the other hand 202,934 patients were excluded
from the study due to the lack of laboratory confirmation
and data on the CT0-4 scale. The study sample consisted
of 38,051 patients, including 21,888 men (57.5%) and 16,163
women (42.5%). The mean age was 50 + 14.7 years. The to-
tal number of deaths was 182. The sampling process flow-
chart is shown in Figure 1. Following the baseline scan,
most patients were classified as CT1 (Table 1).

For grade CT-4 patients, the risk of death was three times
higher (p = 0.010). No statistically significant differences
were found for CT-2 and CT-3 grades. Similar results were
obtained in the overall survival analysis. In Kaplan—Meier
survival curves, the survival rate of patients in the CT-3
category was almost three times lower (HR = 2.94) than
that of the patients in the CT0-2 categories (Fig. 2).

The analysis of the time to chest CT deterioration by one
or more grades relative to the baseline was performed.
The results showed that the higher the baseline level, the
lower the risk of deterioration (p < 0.001) (Fig. 3).

Also, it was found that the time to hospitalization decreased
as the chest CT severity grade increased (p < 0.001) (Fig. 4).
In the analysis of the interval between the first and sec-
ond CT scans (N = 12726), the mean time-lapse between
them was 25.1 + 21.9 days (95% Cl 24.7-25.5), while the
median time was 20 days. As for the time between the
first and third CT scans (N = 2847), the time-lapse was
36.6 + 28.8 days (95% of Cl 35.4-37.5), while the median
was 30 days. In the analysis of the interval between the
first and fourth CT scans (N = 582), the mean time-lapse
was 44.6 + 26.5 days (95% of Cl 42.4-46.7), while the
median was 40 days.

Table 1. Distribution of patients by baseline CTO—CT4 grade

Baseline CT grade ofN:::i:Zrts Proportion (%)
0 8,112 21.3
1 18,704 49.2
2 8,180 215
3 2,773 7.3
4 282 0.7
Total 38,051 100.0
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30.07.2020 (n = 240 985)

Moscow citizens undergoing chest CT in the primary
medical organizations of Moscow from 01.03.2020 to

\J

\

y

Excluded: CT 0-4 grading unavailable (n =39 161)

The citizens underwent chest CT from 13.04.2020 to
30.07.2020 with CT0-CT4 grading (n = 201 824)

Excluded: outside the sample formed by the Department

\

y

of Information Technology, the observation period after

\J

Citizens are included into the study taking into
account the observation period of at least 30 days
after chest CT (n =120 349)

the CT scan is less than 30 days (7 = 81 475)

Excluded: U07.1 diagnosis not verified

A

y

> (n=82298)

Citizens have the established diagnosis U07.1
(laboratory-confirmed COVID-19), n = 38 051

Figure 1. Sampling process flowchart.
Notes: CT — computed tomography; CT 0-4 — semi-quantitative visual scale of the pulmanary parenchyma damage
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Figure 2. Overall survival curves for CT1-4 grades (p < 0.0001)
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Figure 3. Kaplan—Meier curves for the time to deterioration by one or more grades relative to the baseline (p < 0.0001).

DO0I: https://doi.org/10.17816/DD46791




ORIGINAL STUDY

Vol 1 (1) 2020

Digital Diagnostics

1.00 -

0.90

0.80 +

0.70

Patients with hospitalization

0.60

0 10 20 30 40

T T T T

50 60 70 80 90 100

Observation duration (days)

CTO CT

CT2 €T3 —— (T4

Figure 4. Kaplan—Meier curves for the time from the baseline CT to hospitalization (p < 0.0001)

DISCUSSION

This study showed that for grade CT-4 patients, the risk of
death was three times higher than for grade CT-0 patients.
According to Kaplan-Meier curves, the proportion surviv-
ing patients in the CT-3 category was almost 3 times lower
(HR = 2.94) than in the CT0-CT2 categories. Also, it was
found that the higher the baseline CT grade, the lower the
risk of deterioration. In Fig. 3, the CT-3 curve is the most
stable in time, while the CT-0, CT-1, and CT-2 curves tend
to degrade. Therefore, the lighter grades (CT-0, CT-1, and
CT-2) require the same attention as the severe disease, as
there is a greater risk of disease progression. The time to
hospitalization decreased as the chest CT severity grade
increased.

It should be noted that the decision to hospitalize depends
on the clinical status of the patient, peculiarities of the or-
ganization of a specialized bed fund, and legal acts. Also,
patients could be hospitalized outside the observation pe-
riod or hospitalized in facilities that are not connected to
UMIAS. A higher all-cause mortality rate was registered in
June, which may be due to the health system’s workload
and the imperfection of medical care algorithms in a com-
plicated epidemiological situation.

Previously, we conducted a retrospective study that re-
vealed that the probability of death increased progres-
sively from CT-0 to CT-4. The patient’s age and CT-0 to CT4
grade were statistically significantly associated with the
time to death from COVID-19. When moving from one CT
grade to the next, the risk increased by an average of 38%
[12]. However, the earlier study included patients without
laboratory confirmation of the coronavirus infection, the
follow-up period was significantly shorter, and only the
relationship between CT grade and deaths was evaluated.

D0l https://doi.org/10.17816/DD46791

This study improves on previous results and is based on
a larger sample with laboratory-confirmed diagnoses and
more detailed information about the outcomes.

It was found that chest CT enables to detect pulmonary ab-
normalities that are characteristic of COVID-19 and grade
them, which is in line with the results obtained by other
authors [13,14]. Yuan et al. developed a prognostic model
of deaths from COVID-19 that considers CT data but uses a
comprehensive segment-by-segment evaluation of the CT
images [15]. Errors may be accumulated due to the mul-
ticomponent semi-quantitative evaluation in the model.
Other limitations include the long time required for data
analysis and its complexity in routine practice. The pro-
posed method of evaluating chest CT data is easily appli-
cable in practice, correlates with the risk of death from all
causes, overall survival, and risk of clinical deterioration.
Petrikov et al. revealed a relationship between increased
lung involvement detected by CT and clinical deteriora-
tion in patients [16]. In a retrospective multicenter ob-
servational study by Xu et al., a multivariate analysis of
703 laboratory-confirmed cases of COVID-19 was per-
formed, which showed a correlation between death and
the presence of comorbidities, leukocytosis, lymphope-
nia, and severe lung impairment as shown by CT [17]. The
authors proposed a visual segment-by-segment semi-
quantitative scale to evaluate lung impairment, where
the affected segment was evaluated as 1 point regardless
of lesion morphology. When 14 segments (70%) or more
were involved, the risk of death increased three times.
Colombi et al. presented a quantitative assessment of
the lung involvement using an open-source software,
which showed a high correlation between preserved,
well-ventilated lung tissue and the outcomes (transfer to
the intensive care unit or death) [7]. In the study by Xiong
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et al., a small sample of 42 patients showed a positive
correlation between the number of affected lung lobes at
baseline and the risk of pulmonary infiltration progres-
sion [18]. The results of these studies are comparable to
ours. The main differences include the use of the original
CT0-4 scale and the examined populations. In our case,
these were only patients who independently applied for
medical care in the primary health care system.

Our study has several limitations. First, the data were
analyzed retrospectively. However, this design allowed
the study to include many patients with a long follow-
up period. Second, the authors did not review the chest
CT scans, possibly affecting the patient grading using the
CT0-4 scale. Given the large sample size, the impact of
borderline cases under- or overestimating the severity of
lung impairment was minimized. Also, all studies were
reviewed by on-duty medical experts from the Moscow
Reference Radiology Center. Third, the large sample
formed semi-automatically limited the validation possi-
bilities. However, high statistical significance and litera-
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ture analysis results support the validity of the findings
in this study.

CONCLUSION

The visual CT0-4 scale can be used to predict outcomes
(hospitalizations and deaths) in patients suspected of CO-
VID-19 who underwent chest CT scans in primary health
care.
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CpaBHeHMe 4acToTbl U XapaKTepa
BHe60/IbHUYHbLIX NTHEBMOHUM A0 HaYana
u Bo Bpema anugeMum COVID-19

B MHOronpogunbHou 60abHULLE

© C.A. Apémenka" %, H.A. Pyubésa', K.H. Hypaenés', B.E. CuHMLbIH?

! TBY3 «[opofacKan KnnHudecKan 6onbHuua uMenn W.B. [laBbigoBcKorox», MockBa, Poccuitckan Oepepauma
2 OI'b0Y BO «MocKoBCKMiA rocyaapcTBeHHbI yHMBepcuTeT uMeHn M.B. JloMoHocoBa», Mockea, Poccuiickaa Oeaepauus

06ocHoBaHue. BenbilwKa KopoHasupycHor Hderumm 2019 roga (COVID-19) 6bicTpo — Bcero 3a Mecsil, — 0XBaTua BeCb
Mup. B oMarHocTvKe 3Toro 3aboneBaHus NoMoraeT MeTOA NosMMepasHoi LenHon peakumu (MLUP), ooHaKo AaHHbIN TecT
MMeeT OrpaHuYeHma, CBA3aHHbIE C JIOKHOOTPULLATEbHBIMK pe3ynibTaTaMu, @ TaKkKe CpoKaMu BbinofHeHuMA. C y4éToM no-
BbILLEHHOr0 PacnpocTpaHeHna UHpeKL MM KoMnbloTepHasa ToMorpagua (KT) opranoB rpygHon knetku (OK) moxeT cTaTh
Of1HOM M3 OCHOBHbIX METOAMK B apCeHane KNMHMUMCTA AnA paHHero BbiaeneHna COVID-19 y BnepBble 0bpaTuBLLMXCA
3a MeOMLIMHCKOM NMOMOLLbH NALMEHTOB.

Llenb — cpaBHeHWe 4acToTbl BHEOOMbHUYHBIX MTHEBMOHUI U UX XapaKTepPUCTUK No AaHHbIM KT B MHOronpogubHoii 6onb-
Huue MockBbl 4o Havana v Bo BpeMa anugeMun COVID-19 n nsyyeHne BO3MOKHOCTEN MX CBOEBPEMEHHOMO BbIABMIEHNUA
1 onddepeHUManbHOro guMarHosa.

Marepuanbl u Metogbl. [lpoBeéH peTpOCNeKTMBHLIA aHanu3 pesynbratoB KT rpydoHoM KneTku nauueHToB [opoacKon
KNIMHMYeCKoM 6onbHMUbI MMeHn W.B. [laBbigoBckoro (Mockea) 3a nepuog ¢ 1 no 17 anpena 2020 roga. B uccnenosa-
HWe BK/YEHbI BCE MaLMEHTbI C AUarHO30M BUPYCHOM NMHEBMOHUM NO 3aKnoyeHumio KT. BceM naumeHTaM ¢ nogo3peHveM
Ha BMPYCHYI0 MHEBMOHUIO BbIMoNHANM TecTupoBaHue [LP. B kauecTBe rpynnbl cpaBHEHWA PeTPOCMEKTUBHO MpoaHanu-
3upoBaHbl AaHHbIe KT rpyOHbIX KNETOK NaLMEeHTOB C NOJ03PEHNEM HA MHEBMOHMIO 32 aHANOrMYHbIN NpoMeryToK 2019 .
Pesynbtatbl. C 1 no 17 anpena 2020 r. no AaHHbIM KT OFK nHeBMoHuA guarHocTupoBaHa B 140 cnyyasx, U3 KoTopbx
65 (46,4%) onucaHbl Kak BUPYCHbIe, B CpaBHEHUM € TeM e nepuogoM 2019 . — 7 (10,3%) auarHo3oB BUPYCHOWM NMHEBMO-
HWUK: HabNoJaeTCA 3HAYMMOE YBESIMYEHWE YaACTOThI BUPYCHbIX MHEBMOHWMM (5,723; p <0,01). Pesynbrtatsl MNLUP-TecTa y na-
LIMEHTOB C BUPYCHOM MHEBMOHMEN no AaHHbIM KT: nonoxumtensHein — y 34 (52,3%), otpuuatenbhbin — y 22 (33,8%),
y 9 (13,9%) 6onbHbIx TecT He npoBoguncA. lNpu cpaBHeHUM YacToTbl 0bHapyKeHua Ha KT naTTepHOB BUPYCHOM MHEBMOHUM
y NaLMeHTOB 3a OAMHAKOBBbINM NpoMexyToK BpeMeHu B 2019 1 2020 rr. He 6b110 06HAPY*KEHO HUKAKMX AOCTOBEPHBIX pas-
nnumni. BepoatHocTb COVID-19 no KT-kapTune OT'K: cpepHaa — 13,8%, Bbicokaa — 75,4%. TArKeCTb BUPYCHOW MHEBMOHUM
no AaHHbIM KT OFK: nérkaa — 38,5%, cpegHeTaménan — 46,2%, Tarkénaa — 12,3%, KpaiHe Taxkénaa — 3,1%.
3akniouenue. KT-guarHoctuka COVID-19, B ToM uncne npu noHooTpuuatenbHblx pesynbratax [LP-tecto, no3sonset
BOBPEMA M30/MpoBaTh NauueHTa ¢ nogospeqnem Ha COVID-19, cBoeBpeMeHHO NPUCTYNUTL K IEYEHMI0 U NpejoTBpaTUTL
[anbHelLlee pacnpocTpaHeHUe BUPYCHOM MHbEKLMM B ycnoBuAX NaHaeMun. OnHaKo BBUAY HecneungpuUHOCTM BbIABIA-
€MbIX U3MeHeHW BO3MOXKHOCTU KT 0N noeHTUPUKaLmMM NopakeHUs NEFKMX KOHKPETHBIMM BUPYCHBIMU areHTaMm orpa-
HUYEHBI.

KnioueBbie cnosa: COVID-19; KomnbloTepHaa ToMorpadua; NHEBMOHMA; BUPYCHAA MHEBMOHUS;
nosiMMepasHan LienHan peakumA.
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A comparison of the frequency and character

of community-acquired pneumonia before and
during the COVID-19 pandemic in a multi-specialty
hospital

Stepan A. Yaremenko"Z, Natalia A. Rucheva', Kirill N. ZhuravleV',
Valentin E. Sinitsyn?

! State Moscow Clinical Hospital I.V.Davydovskiy, Moscow, Russian Federation
2 Lomonosov Moscow State University, Moscow, Russian Federation

BACKGROUND: The 2019 coronavirus disease (COVID-19) outbreak, first reported in Wuhan, China, quickly spread worldwide
in just a month. Polymerase chain reaction (PCR) is used in the diagnosis of this disease, but this test has limitations related
to false negative results and the time-consuming procedure. Under these conditions, chest computed tomography (CT) can
become one of the main methods in the Clinician’s Arsenal that is used for the early detection of COVID-19 in patients who
first seek medical help.

AIMS: To compare the frequency of community-acquired pneumonia and its characteristics according to CT data in a multi-
specialty Clinical Hospital L.V.Davydovskiy, State Moscow, before and during the COVID-19 epidemic and to study the pos-
sibilities of their timely detection and differential diagnosis.

MATERIALS AND METHODS: A retrospective analysis of chest CT scan results was performed in Davydovsky hospital, lo-
cated in Moscow, for the period from April 1 to April 17, 2020. It included all patients diagnosed with viral pneumonia using
the CT scan report. All patients with a suspected diagnosis of viral pneumonia underwent PCR testing on the first day of
hospitalization and the results were analyzed. Retrospective analysis of chest CT data from patients admitted to the hospital
with suspected pneumonia for the same period in 2019, taken as a comparison group, was performed.

RESULTS: From April 1to April 17, 2020, according to the chest CT results, pneumonia was diagnosed in 140 cases, of which
65 (46.4%) were described as viral, compared with the same period in 2019; the diagnosis of seven cases of viral pneumonia
(10.3%) was described as a significant increase in the cases of viral pneumonia (5.723; p < 0.01). Results of the PCR test in pa-
tients with viral pneumonia according to CT data were as follows: positive in 34 (52.3%) cases, negative in 22 (33.8%) cases,
and 9 (13.9%) patients were not tested. When comparing the frequency of detection of viral pneumonia patterns in patients
on CT for the same period of time in 2019 and 2020, no significant differences were found. The probability of COVID-19 due
to results of chest CT was as follows: average, 13.8%; and high, 75.4%. The severity of viral pneumonia according to CT data
was as follows: light, 38.5%; medium, 46.2%; severe, 12.3%; extremely severe, 3.1%. The following radiological phenomena
were present in the group of patients with viral pneumonia according to the CT data: lymphadenopathy in 32.3%, hydrothorax
in 21.5%, hydropericardium in 4.6%, and pulmonary hypertension in 21.5% of patients.

CONCLUSIONS: Our study showed that the rapid CT diagnosis of COVID-19, even with false negative results of PCR tests, can
help to isolate patients with suspected COVID-19, start treatment on time, and prevent the further spread of the viral infection
during pandemic. Nevertheless, due to the non-specificity of the revealed morphological picture, the possibilities of identify-
ing lung lesions on CT caused by specific viral agents are limited.

Keywords: COVID-19; computed tomography; pneumonia; virus; polymerase chain reaction.
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BACKGROUND

In December 2019, a pneumonia outbreak caused by a
new coronavirus occurred in China, which quickly spread
worldwide [1].

Coronaviruses belong to the family of viruses that cause
the common cold, as well as more serious respiratory
diseases such as the severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS),
which have a mortality rate of approximately 10% and
37%, respectively [2, 3]. Both diseases (SARS and MERS)
have been found to be zoogenous infections. The new
coronavirus, designated by the International Committee on
the Taxonomy of Viruses as severe acute respiratory syn-
drome-related coronavirus 2 (SARS-CoV-2), caused the
coronavirus disease (COronaVlrus Disease 2019, COVID-19)
[4]. COVID-19 spread rapidly throughout China and then to
other countries worldwide. Presently, COVID-19 has been
declared a pandemic. This disease has also seriously af-
fected the Russian Federation. It is known that most (up to
80%) infected patients may not have any obvious history of
infection or clinical manifestations of the disease [5]. The
rate of the disease spread confirms the high contagious-
ness of the new coronavirus, which is transmitted from
person to person by aerosol (airborne and air-dust) and
non-percutaneous routes [6].

The similarities of the clinical manifestations of SARS-
CoV-2 infection with previous infections caused by beta-
coronaviruses have been noted [7]. The laboratory diag-
nosis of COVID-19 using the polymerase chain reaction
(PCR) method is effective in identifying infected individu-
als and preventing the spread of the epidemic. However,
it became obvious that patients had to wait for a long
time (1-4 days) before getting the results of the PCR
tests. In addition, it was established that PCR can give
false negative results in a significant number of patients
(up to 30%-40%), which negatively affects the epidemio-
logical situation. A number of studies have shown that
the sensitivity of chest computed tomography (CT) un-
der conditions of the COVID-19 epidemic (in identifying
patterns of lung tissue damage typical for this disease)
can reach 80%-97% [8]. An accurate diagnosis of a viral
pneumonia based on a chest CT scan enables to timely
identify and quarantine infected patients, choose the ap-
proach for their treatment, and assess the dynamics of
the disease. Due to the wide spread of the disease un-
der the conditions of the epidemic and its frequent as-
ymptomatic course, such patients may be admitted to
multidisciplinary medical institutions (hospitals) with
suspected community-acquired pneumonia. The timely
isolation of such patients and their referral to specialized
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institutions depend on the early and accurate diagnosis
of the COVID-19.

This study aimed to compare the incidence of communi-
ty-acquired pneumonia and their characteristics accord-
ing to CT data in a multi-specialty hospital in Moscow
before and during the COVID-19 epidemic and to study
the possibilities of their timely detection and differential
diagnosis.

MATERIALS AND METHODS

Study design

A retrospective analysis of the chest CT scan results of
patients from the I.V. Davydovsky Municipal Clinical Hospi-
tal of the Department of Health of Moscow was performed
over the period from April 1 to April 17, 2020 (during the
COVID-19 epidemic in Moscow).

Inclusion criteria

The study included all patients admitted to the hospital ad-
mission department with suspected community-acquired
pneumonia. The reasons for hospitalization were fever
>38.5°C, low-productive dry cough, chest pain, tachypnea,
asthenia, headache, and diarrhea.

Description of the medical intervention

On the day 1 of hospitalization, all patients underwent
testing by PCR and chest CT. The studies were per-
formed using a Philips Inguenity computer tomograph
(Netherlands) without the intravenous administration
of a contrast agent, with the use of standard clinical
protocols (slice thickness, 1 mm; tube current, 120 kV;
product of current and time (mAs) was set automati-
cally).

All CT images were evaluated in accordance with the
international guidelines for the formation of standard-
ized lung CT findings under conditions of the COVID-19
epidemic [9]. The criteria used to diagnose pneumonia of
bacterial origin in the patients were the absence of ar-
eas of ground-glass opacity, presence of consolidation
areas, and unilateral or bilateral lesions with or without
hydrothorax. The criteria for diagnosing viral pneumonia
on chest CT included characteristic radiographic patterns
such as areas of ground-glass opacity of the lung tissue,
mainly of peripheral localization; reticular crazy paving
changes; and the presence or absence of consolidation
areas. When describing lung changes, the probability of
COVID-19 pneumonia (high, average, low) and the sever-
ity of changes in the lung parenchyma were calculated
on a 4-point scale in accordance with the latest recom-
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mendations for the differential diagnosis of changes in
thoracic organs of viral etiology [10].

We also analyzed the PCR results of patients with viral
pneumonia diagnosed by CT in 2020.

Regarding the comparison group, we retrospectively ana-
lyzed the chest CT data of patients admitted to the hospital
with suspected pneumonia for the same time period in 2019
in order to assess the dynamics of the total number of viral
pneumonias and to identify morphological differences in
pneumonias of viral etiology during CT studies performed
a year ago. CT data of patients with viral pneumonia for
2020 and 2019 were compared according to the incidence
of patterns such as ground-glass opacity symptoms, crazy
paving symptoms, consolidation, and the nature of the le-
sion (unilateral or bilateral).

Within the group of patients with a history of viral pneu-
monia during the 2020 pandemic, we evaluated secondary
radiological phenomena such as hydrothorax (fluid in the
pleural cavities), hydropericardium (fluid in the pericardial
cavity), pulmonary hypertension (dilatation of the pulmo-
nary artery trunk by more than 30 mm), and lymphade-
nopathy (increase in the size of the lymph node by more
than 10 mm along the short axis, quantitative).

Statistical analysis

For statistical analysis, we used the SPSS Statistics 23.0
software package (USA). Quantitative data are presented
as mean values with standard deviation. Comparative
analysis of groups was performed using Fisher’s test and
Chi-square test for contingency tables.

RESULTS

Study participants

From April 1to April 17, 2020, 476 Chest CT examinations of
the thoracic organs were performed at the 1.V. Davydovsky
Municipal Clinical Hospital. Pneumonia was diagnosed in
140 cases, including 65 (46.4%) cases that were classi-
fied as viral pneumonia and 75 (53.6%) cases as bacterial
pneumonia, according to the CT results. During the same
period in 2019, 309 chest CT examinations of the thoracic
organs were performed, and pneumonia was detected in
68 patients; seven (10.3%) of these cases were classified
as viral and 61 (89.7%) cases as bacterial.

Thus, there was an apparent increase in the number of vi-
ral pneumonia cases registered in April 2020 compared to
the same period in 2019 (Fisher’s exact test value 5.723;
p <0.01), which indicates a significant increase in the num-
ber of viral pneumonia cases due to pneumonia caused by
COVID-19 in April 2020
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Main results of the study

Analysis of CT results under conditions of the COVID-19
pandemic.

Most of the patients (95.4%) who were diagnosed with vi-
ral pneumonia according to CT were urgently isolated and
transferred to specialized institutions that were repur-
posed for the treatment of patients with COVID-19. The only
exceptions were patients (3.1%) who could not be trans-
ferred to specialized institutions for a number of reasons
(concomitant pathology, severe condition, etc.).
Thirty-four (52.3%) of the 65 patients diagnosed with viral
pneumonia by CT examination had a positive PCR test re-
sult for COVID-19, 22 (33.8%) patients had a negative result;
and the CT examination was not performed in 9 (13.9%) pa-
tients for reasons beyond our control (refusal, visit to a
medical institution at the place of residence) (Fig. 1).

The diagnosis of viral pneumonia by CT was done on aver-
age 2-3 days earlier than by PCR testing. Thus, CT has a
high accuracy in diagnosing COVID-19 and can be used as
a method for diagnosing COVID-19 in the general hospital.

CT patterns of lung changes in pneumonia associated
and not associated with COVID-19

The CT scan of the thoracic organs showed a typical fea-
ture of viral pneumonia that is characteristic of the dis-
ease, namely extensive bilateral zones or foci of ground-
glass opacities with a predominantly peripheral location
and the presence or absence of consolidation zones, in all
the 65 patients with COVID-19.

With the development of severe infectious diseases, SARS
abnormalities of the lung parenchyma eventually spread
to the central region and upper lobes of both sides [11, 12].
In our study, the progression of COVID-19 on CT images
(13.8%) confirmed these findings (Fig. 2).

In the group of patients with COVID-19, the disease was
predominantly peripheral (subpleural) and was noted in
the middle and lower lung fields on the initial CT scan of
the thoracic organs. Further studies revealed that pulmo-

B Not performed

B Negative
52% s
O Positive

Fig. 1. PCR testing results of patients with viral pneumonia diagnosed
by computed tomography.

Note. PCR — polymerase chain reaction.
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Fig. 2. Computed tomography of the chest organs of a patient who was admitted to the hospital for the first time with complaints of dry cough and
fever: a — in the lower lobe of the right lung, a single area of ground-glass opacity can be seen; b — a bilateral lesion with the involvement of more
than 75% of the lung parenchymais noted on the control image obtained after five days, with general deterioration of the condition and the emergence
of severe dyspnea, corresponding to an extremely severe course of the disease.

nary consolidation and fusion of infiltrates extended into
the upper lobes of the organ as the disease progressed
and affected them, as all five lobes of both lungs were af-
fected in some patients, while “white” lungs were seen on
CT. In our study group, an increase in the number of cases
of ground-glass opacity and consolidation density indi-
cated the progression of the disease, while the emergence
of fibrosis and the resolution of the areas of ground-glass
opacity or consolidation indicated improvement. However,
the deformation of the bronchus due to fibrosis can lead
to irreversible changes and affect the patient’s respiratory
function. These data suggest that lung lesions in COVID-19
may be present before the patients become symptomatic,
and that CT should be performed promptly, even if the dis-
ease is asymptomatic.

Some patients had labored respiration on CT; therefore,
obtaining perfect images during the final inhalation can be
problematic. Thus, when reading CT images, radiologists
should pay special attention to differentiate between areas

of ground-glass opacity of the lung tissue and changes in
the parenchyma caused by respiratory artifacts.

CT in the differential diagnosis of viral pneumonia

CT patterns of viral pneumonia are associated with the
pathogenesis of viral infections. Most viral pneumonias
have a similar pathogenesis [13]. Consequently, viral pneu-
monia caused by various viruses shows a similar presen-
tation on chest CT images, which was revealed when we
compared the CT images of chest organs of patients with
viral pneumonias before the COVID-19 pandemic (April
2019) and during the pandemic (April 2020) (Fig. 3).

When comparing the CT detection frequency of viral pneu-
monia patterns in patients over the same period of time in
2019 and 2020, it was revealed that features such as the
ground-glass opacity was registered in 100% of patients in
both samples, crazy paving reticular changes were noted
in 40% of patients in the 2020 sample and in 42% of pa-
tients in the 2019 sample, consolidation was registered in

Fig. 3. Computed tomography of the chest organs; comparison of viral pneumonia images before and during the COVID-19 pandemic:  — mul-
tiple subpleural sites of ground-glass opacity of the lung tissue (April 2019); b — a similar presentation of an atypical pneumonia of viral origin

(April 2020).
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27% and 14% of patients, and bilateral lung damage was
detected in 86.4% and 71.4% of cases in the 2020 and 2019
samples, respectively.

We also showed that all the aspects of viral pneumonia
detected by primary CT examination in patients with CO-
VID-19 (mainly peripheral ground-glass opacities of the
lung tissue, vasodilatation, thickening of the interlobular
and intralobular interstitium, and air bronchogram symp-
toms) are similar to the CT aspects in acute respiratory
viral infections. In this case, all of the listed radiological
characteristics of viral lung damage can be attributed to
damage to the alveoli and interstitium of the organ, or its
edema.

Mechanisms of lung damage in COVID-19-associated
pneumonia

According to international studies, patients with severe
pneumonia associated with COVID-19 may exhibit signs
of systemic hyperinflammation, denoted by the general
term macrophage-activation syndrome (MAS) or cytokine
storm, also known as secondary hemophagocytic lympho-
histiocytosis (SHLH) [14].

It is assumed that severe diffuse alveolar and interstitial
inflammation also spreads to the nearby vasculature of
the lungs, causing a MAS-like intrapulmonary inflamma-
tory response that can lead to severe local vascular dys-
function, including microthrombosis and hemorrhage as
manifestations of pulmonary intravascular coagulopathy.
Increased C-reactive protein levels and hyperferritinemia
are the main indicators in the diagnosis of MAS/sHLH and
are registered in many severe cases of COVID-19-associ-
ated pneumonia [15]. Other markers of MAS/sHLH include
coagulopathy and liver dysfunctions that can also be de-
tected in a subgroup of patients with pneumonia induced
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by COVID-19, suggesting a cytokine storm in patients with
a combination of these parameters [16].

The assumptions about the possible presence of MAS/
sHLH in patients with COVID-19-associated pneumonia
are partially supported by our cases. Therefore, in sev-
eral patients with severe COVID-19 pneumonia enrolled in
this study, bronchoscopy revealed increased single pass
petechiae in the presence of a hyperemic mucosa, which
may partially indicate both active inflammation (in most
patients, C-reactive protein levels are increased) and co-
agulopathy in presence of impaired liver functions.

The pathogenic mechanisms of lung damage in COVID-19
require a more detailed study and the comparison of CT
images of patients with COVID-19 with the results of bron-
choscopy, coagulogram, and blood biochemical param-
eters, which would explain the mechanism of formation
of ground-glass opacity sites of the lung tissue, as well as
rapid changes of the thoracic organs based on CT results.

Probability and severity of COVID-19

The probability of COVID-19 according to the chest organs

CT presentation of viral pneumonia (65 cases) was esti-

mated as average for 13.8% of cases and high for 86.2% of

cases (Fig. 4).

The severity of viral pneumonia according to the CT of the

thoracic organs was mild in 38.5% of cases (Fig. 5, a),

moderate in 46.2% (Fig. 5, b), severe in 12.3% (Fig. 5, c),

and extremely severe in 3.1% of cases (Fig. 5, d).

Concomitant morphological phenomena have been noted,

such as:

* lymphadenopathy in 7.7% of cases, including only quan-
titative in 24.6% of cases, absent in 66.2% of cases;

® unilateral hydrothorax in 7.7%, bilateral in 13.8%, and
absent in 78.5% of cases;

| High probability
| Average probability

Mild Moderate  Severe

Extremely
severe

Fig. 4. Distribution of patients with a high and an average probability of COVID-19 according to the CT of the thoracic organs and depending on the

disease severity.
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Fig. 5. Viral pneumonia severity according to the computed tomography of the thoracic organs: a — mild changes (CT-1), involvement of the lung
parenchyma by <25%; b — moderate changes (CT-2), involvement of the lung parenchyma by 25%-50%; c — severe changes (CT-3), involvement of
the lung parenchyma by 50%-75%; d — extremely severe and critical changes (CT-4), involvement of the lung parenchyma by >75%.

* hydropericardium in 4.6% of cases and absent in 95.4%
of cases;
* pulmonary hypertension in 21.5% and absent in 78.5%
of cases.
The dynamics of viral pneumonia was not traced in 86.2%
of cases, and was negative in 13.8% of cases.
Viral pneumonia resulted in improvement (discharge) in
1.5%, transfer to a COVID-19 hospital in 95.4%, and a lethal
outcome in 3.1% of cases.
It should be noted that, statistically significantly, in more
severe cases of viral pneumonia, radiological phenomena
such as hydrothorax (bilateral or unilateral) and pulmo-
nary hypertension (Kruskal-Wallis test, where p = 0.031
and p = 0.026, respectively) were found on CT of the tho-
racic organs. In the pairwise comparison of the groups
with viral pneumonia of varying severity and these phe-
nomena using Fisher's test, a statistically more frequent
occurrence of pulmonary hypertension was determined in
the moderate (11 out of 30) compared to the mild (0 out of
25) X-ray presentations of pneumonia (p < 0.01), and hy-
drothorax was more often detected in the moderate (8 out
of 30) and severe (4 out of 8) cases by CT (p < 0.01).
Finally, the severity of viral pneumonia has a statistically

DOl https://doi.org/10.17816/DD46833

significant effect on the course of the disease, as negative
changes are more common in cases of severe (4 out of 8)
pneumonia compared to moderate (2 out of 30; Fisher's
test, p < 0.01) and mild (3 out of 25; Fisher’s test, p < 0.05)
cases.

CONCLUSION

The number of viral pneumonias detected in April 2020
was significantly higher than that which was detected in
the same period in 2019, due to the emergence of a new
viral agent (COVID-19).

In one-third of patients with a characteristic CT presen-
tation of viral pneumonia, PCR tests showed negative re-
sults, which indicates possible false negative test results
and the need for a CT scan of the thoracic organs in com-
bination with PCR testing.

The results of CT under conditions of the COVID-19 pan-
demic in 2020 coincided partially with the results of CT
of other viral pneumonias diagnosed in April 2019. In 65
cases of viral pneumonia, it was possible to demonstrate
that a more severe CT presentation upon admission deter-
mines a greater probability of developing the disease by an
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unfavorable scenario (negative dynamics), for example, in
the group of patients with severe lung damage, two lethal
outcomes were recorded. In addition, CT scans revealed
radiological phenomena such as hydrothorax (bilateral or
unilateral) and pulmonary hypertension significantly more
often in severe cases of viral pneumonia. However, the
ability of CT to identify lung damage due to specific viral
agents is limited, since the X-ray CT presentation of lung
damage in COVID-19 overlaps with the results of the CT of
the thoracic organs in patients infected with other respira-
tory viruses.

Our study showed that CT, combined with clinical and
anamnestic data, and PCR testing, can be useful as a
standard method for diagnosing COVID-19, especially in a
general hospital. CT diagnosis of COVID-19, characterized
by the relative speed of the examination and the interpre-
tation of the results obtained, even with the false nega-

CNUCOR JIUTEPATYPHI

1. Zhu N., Zhang D., Wang W., et al. A novel coronavirus from
patients with pneumonia in China, 2019 // N Engl J Med. 2020.
Vol. 382, N 8. P.727-733. doi: 10.1056/NEJM0a2001017

2. Xie X, Zhong Z, Zhao W, et al. Chest CT for Typi-
cal 2019-nCoV Pneumonia: Relationship to Negative RT-
PCR Testing // Radiology. 2020. Vol. 296, N 2. P. EA41-E4.
doi: 10.1148/radiol.2020200343

3. World Health Organization. Summary of probable SARS cases
with onset of illness from 1 November 2002 to 31 July 2003 (based
on data as of December 31, 2003). Available from: https://www.
who.int/publications/m/item/summary-of-probable-sars-cases-
with-onset-of-illness-from-1-november-2002-to-31-july-2003

4. World Health Organization. Naming the coronavirus dis-
ease (COVID-2019) and the virus that causes it. Available from:
https://www.who.int/emergencies/diseases/novel-coronavi-
rus-2019/technical-guidance/naming-the-coronavirus-disease-
(covid-2019)-and-the-virus-that-causes-it

5. She J, Jiang J, Ye L, et al. 2019 novel coronavirus of
pneumonia in Wuhan, China: emerging attack and manage-
ment strategies // Clin Transl Med. 2020. Vol. 9 N 1. P. 19,
doi: 10.1186/s40169-020-00271-z

6. XuX, Chen P, Wang J, et al. Evolution of the novel coronavirus
from the ongoing Wuhan outbreak and modeling of its spike protein
for risk of human transmission // Sci China Life Sci. 2020. Vol. 63,
N 3. P. 457-460. doi: 10.1007/s11427-020-1637-5

7. Huang C., Wang Y., Li X,, et al. Clinical features of patients in-
fected with 2019 novel coronavirus in Wuhan, China // Lancet. 2020.
Vol. 395, N 10223. P. 497-506. doi: 10.1016/S0140-6736(20)30183-5
8. Fang Y, Zhang H., Xie J., et al. Sensitivity of Chest CT for CO-
VID-19: Comparison to RT-PCR // Radiology. 2020. Vol. 296, N 2.
P. E115-E117. doi: 10.1148/radiol.2020200432

Vol 1 (1) 2020

DOl https://doi.org/10.17816/DD46833

Digital Diagnostics

tive results of the PCR tests, enables to timely quarantine
patients with suspected COVID-19, prescribe treatment,
and prevent the further spread of the viral infection dur-
ing the pandemic, which helps to optimize patient man-
agement.
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OpPraHoB rpyAHOMU KNETKU, BbINOJIHEHHbIX
Bo BpeMa anugemuu COVID-19
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'BY3 «HayuHo-nNpaKTUYeCKNIA KAMHUYECKUIA LIEHTP AWArHOCTUKM 1 TefleMe AULMHCKMX TeXHoNorni [lenaptaMeHTa 34paBooXpaHeHus
ropofa MockBbl», MockBa, Poccuickan ®epepauma

B ycnosusx nangemmu COVID-19 1 naBrHO06pasHOro pocTa YMca BbINOMHAEMBIX KOMMbIOTEpHbIX ToMorpadui (KT) nér-
Knx 0coboe 3Ha4eHWe NpuMobpeTaloT MeToabl aBTOMaTM3aLMmM NpoLecca aHanu3a n3obpareHni, UCnob30BaHWe KOTOPbIX
MO3BOSIUT MOBLICUTb NPOM3BOAMTENBHOCTb M MUHUMU3MPOBATL OLIMOKK. Co3aaHMe KayecTBEHHbIX HAbOPOB [AaHHbIX He-
06x0MMO [iNA pa3BMTUA TEXHONOMMIM UCKYCCTBEHHOMO MHTENNEKTA. ANropyUTMBI UCKYCCTBEHHOMO MHTENNEKTa 0bnaaaloT
[0CTaTOYHOM TOYHOCTbIO AnA auarHocTukm COVID-19. [laHHbIin gataceT' COOEPMUT Kak aHOHUMU3MPOBAHHbIE KOMIbIO-
TepHble ToMorpammsl (KT) nérkux yenoseka ¢ npusHakamu COVID-19, Tak v HopManbHble UCCef0BaHWA IPYAHOM KNETKM.
HekoTopas yacTb MccnenoBaHui bbina pasmMeyeHa C UCNoNb30BaHWEM BUHApHbIX NMUKCEbHbIX MacOK NPeACcTaBAALIMX
UHTepec obnacTen (HanpuMep, 30H KOHCONMZALUMM U YIOTHEHUI MO TUMY MaTOBOro cTeKNa). KT-gaHHble 6b1M NostyyeHbl
B nepuog ¢ 1 mapta 2020 r. no 25 anpena 2020 r. u NpefoCTaBAeHbl MyHULMNANLHBIMK 60bHULAMU . MocKBbl (Poccus)?.
MpeanaraeMbln Habop AaHHbIX nuueHsupoBaH Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported
(CC BY-NC-ND 3.0).

KnioueBble cnoBa: nckyccTBeHHbIn nHTennekT; COVID-19; MawmnHHoe obyyeHue; aataceT; KT;
OpraHbl FPYAHON KNETKM.
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MosMedData: data set of 1110 chest CT
scans performed during the COVID-19 epidemic

Sergey P. Morozov, Anna E. Andreychenko, Ivan A. Blokhin, Pavel B. Gelezhe,
Anna P. Gonchar, Alexander E. Nikolaev, Nikolay A. Pavlov, Valeria Yu. Chernina,
Victor A. Gombolevskiy*

Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Department of Health Care of Moscow,
Moscow, Russian Federation

With the ongoing COVID-19 pandemic decreasing availability of polymerase chain reaction with reverse transcription and the
snowballing growth of medical imaging, especially the number of chest computed tomography (CT) scans being performed,
methods to augment and automate the image analysis, increasing productivity and minimizing human error are of particular
importance. The creation of high-quality datasets is essential for the development and validation of artificial intelligence al-
gorithms. Such technologies have sufficient accuracy in diagnosing COVID-19 in medical imaging. The presented large-scale
dataset contains anonymized human CT scans with COVID-19 features as well as normal studies. Some studies were tagged
by radiologists using binary pixel masks of regions of interest (e.g., characteristic areas of consolidation and ground-glass
opacities). CT data were acquired between March 1, 2020, and April 25, 2020, and provided by municipal hospitals in Moscow,
Russia. The presented dataset is licensed under Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported
(CC BY-NC-ND 3.0).

Keywords: artificial intelligence; COVID-19; machine learning; dataset; CT, chest.
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BACKGROUND

During the COVID-19 pandemic, most countries encoun-
tered a huge increase in the burden on health structures.
More than ever, this situation required the careful use of
financial and human resources. Unfortunately, the pre-
ventive measures taken in health facilities are not always
sufficient to avoid the loss of health workers. The loss of
trained specialists in emergency care, radiology, etc. is
of particular concern. Computed tomography (CT) is con-
sidered to be the key tool for the diagnosis of pneumonia
and the assessment of its progression. CT is performed
in outpatient settings and is intended for patients with
acute respiratory symptoms, as well as for those initially
diagnosed with viral pneumonia requiring follow-up, and
capable of recovering at home (under observation using
telemedical technologies).

In in-patient facilities, CT is used for making the primary
and differential diagnosis, assessing disease progression,
and determining whether a patient should be admitted to
the intensive care unit or discharged [1,3,4]. The increasing
use of CTs is placing a heavy burden on the health care
system. For example, in Moscow, the network of municipal
outpatient CT centers is conducting approximately 90 ex-
aminations per CT scanner per day (with up to 163 exami-
nations per day). Therefore, to standardize and streamline
the clinical decision-making, specialists developed a clas-
sification model that, along with other symptoms, evalu-
ates the severity of pulmonary tissue anomalies observed
on CT scans (see Table 2). This classification according to
the pulmonary parenchyma lesion volume in chest CT al-
lows to predict lethal outcomes in COVID-19 [9]. Profes-
sional burnout and high risks of death among health pro-
fessionals require image analysis automation, which will
increase productivity and minimize errors [8]. Preliminary
data show that artificial intelligence (Al) algorithms have
sufficient accuracy for diagnosing COVID-19 (sensitivity:
90%, specificity: 96%, AUC: 0.96, overall accuracy: 76.37-
98.26). [6,10].

MATERIALS AND METHODS

Chest CT was performed on 42 CT scanners of the same
model Toshiba Aquilion 64 (Canon Medical Systems, Ja-
pan). All examinations were performed according to the
standard methods and protocols recommended by the
manufacturer (Table 1):

One examination refers to a single patient and includes one
three-dimensional reconstruction. The inclusion criteria
were as follows: patient visit to an outpatient clinic, reor-
ganized as Outpatient Computed Tomography Center dur-
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ing the pandemic as well as referral for a chest CT from the
general practitioner under the obligatory health insurance.
The criteria for exclusion from the study included preg-
nancy and age under 18 years. Patients with blood oxy-
genation less than 93%, identified before the CT scan, were
removed from the study and sent to be hospitalized by the
ambulance service.

The dataset was developed in five stages as discussed
below.

DATA COLLECTION

Data collection was conducted in the period from March 1
to April 25, 2020 in the outpatient clinics of Moscow City
Health Care (Table 3).

This dataset (1110 studies) contains anonymized human
lung CT scans (CT scans) with signs of COVID-19 (CT1-CT4)
and without signs of COVID-19 (CTO0) (Figure 1). Sample
characteristics: 1110 individuals, of whom 42% were
males, 56% females, 2% other/unknown; aged 18 to 97
years old, median age 47.

At the first stage, all the examinations (n=1110) were dis-
tributed into five categories according to the classifica-
tion (Table 2). The number of cases by categories: CT-0,
254 (22.8%); CT-1, 684 (61.6%); CT-2, 125 (11.3%); CT-3, 45
(4.1%); and CT-4, 2 (0.2%). Second, each study was saved
in the NIfTI format and archived in the Gzip archive. During
this process, only every 10th image (Instance) was saved
in the final study file.

A small number of the CT scans (n = 50) was tagged by spe-
cialists from the Research and Practical Clinical Center for
Diagnostics and Telemedicine Technologies of the Moscow
Department of Health. During the markup, positive (white)
pixels on the corresponding binary pixel mask were selected
for each of the images. The obtained masks were saved in
NIfTI format and then converted to the Gzip archives. Med-
Seg® annotation software (© 2020 Artificial Intelligence AS)
was used to create the bhinary masks.

This software was used to tag only COVID-19 lesions,
including ground-glass opacities, consolidation, small
vessels, and bronchioles. The density thresholds for tag-
ging were from -700 HU to -130 HU, but it could differ
depending on the breathing depth. We excluded large
vessels and bronchi, visually unchanged pulmonary pa-
renchyma, motion artifacts (respiratory due to cough and
respiratory failure), gravitational changes (if it was pos-
sible to reliably differentiate them), calcifications, and
pleural effusion.

All chest CT scans used in the dataset have passed an
independent external audit by radiologists from the Re-
search and Practical Clinical Center for Diagnostics and
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Table 1. Methods of scanning, reconstructing images, and saving the database

Parameter set

Feature

Meaning and comment

CT-scanner Toshiba Aquilion 64 (Canon Medical Systems, Japan)
Equipment
Number of slices 64
Gantry centered at the thorax
Table height and alignment are adjusted such that the middle clavicular line
Patient positionin 's in the isocenter
P g Hands above the head
Patients Instructions for breathing
Patient education and breathing instruction before scanning
All foreign objects should be removed from the scan area, including jewelry
Clothing and foreign objects ~ and chains around the neck.
Underwear is acceptable.
- Was conducted at the chest level to limit the scanning to the lung range.
. - Was performed to find additional foreign objects at the scan level that could
Localizer/scout o . .
impair the image quality.
- Breath-hold scan at breathing depth.
. The entire volume of the lungs, including 5 cm above and 5 cm below the
. Scanning range
Patients lungs.
Breathing phase CT scan with breath-holding at inspiration depth.
- Not less than 1 ¢cm from the ribs (from 350 to 500 mm).
Field of view (FOV) - The breasts were included in the scanning area, but could be partially ex-
cluded from the field of view
. He was in the control room and not in contact with the patient. Face-to-face
Technician . L . S
contact with the positioning assistant was minimized for safety reasons.
The positioning assistant is a medical officer of the Radiology Department who
Medical staff was transferred from the mammography X-ray technicians to the CT room in
the form of additional personnel during the epidemic according to the order of
Stacker
the Moscow Department of Health.
He was located in the scanner room (assisting with patient and table position-
ing) and in the corridor (during scanning). He was in contact with the patient.
Gentri tilt no
Scan duration < 10 seconds
Contrast enhancement no
Oral contrast no
Scanning
protocol Voltage 120 kV
and image
reconstruction, Automatic power modulation system «Sure exp.3D», built into the CT manu-
viewing, and Current facturer. The system automatically adjusted the current strength to achieve a

interpretation

Rotation speed
Pitch

Recon process

noise level of 10 HU for 5.0 mm-thick slices thick in the range of 80-500 mA.
XY modulation - on

05s
95,0

QDS+

DAl https://doi.org/10.17816/DD46826
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Parameter set

Feature

Meaning and comment

Scanning
protocol

and image
reconstruction,
viewing, and
interpretation

Number of CT series recon-
structed

Convolution kernel for soft
tissues

Convolution kernel for lungs
Slice thickness

Increment

Iterative reconstruction

Software used for CT interpre-
tation

Maximum Intensity Projections
(MIP), Minimum Intensity Pro-
jections (MIP), and Multiplanar
Reconstruction (MPR)

Artificial Intelligence

Algorithms

Report turnaround time

Protocol standartization

COVID-19 classification

Second opinion

Effective dose calculation

2 (with pulmonary and soft tissue kernel?)

FCO7 or FC18

FC51
1.0 mm (same for both kernels)
0.8 mm (same for both kernels)

AIDR 3D was availible in only 5 tomographs, the rest - without iterative recon-
struction algorithms - used FBP (filtered back projection).

AGFA Enterprise 8.0 Vitrea FX

Maximum Intensity Projections (MIP), Minimum Intensity Projections (MIP),
and Multiplanar Reconstruction were used

They were used, but not for all examinations.

In the case of machine learning, algorithms created an additional image se-
ries for the radiologist, highlighting the COVID-19 lung lesion. COVID-19 was
shown as red rectangles, attracting the attention of the doctor. In addition, a
summarized three-dimensional reconstruction of the lungs with red regions
of interest was available. Quantitative information to estimate the degree of
lung damage was not presented.

from 10 min to 3 hours.
In rare cases 24 hours.

The structured report template was formed and regulated in the methodical
recommendations, as well as implemented in the Unified Radiological Infor-
mation Service, used for study reporting in the outpatient clinics.

Classification by the CT0-CT4 scale was used (see table).

For 90% of all CT examinations from outpatient clinics, a second reading was
performed.

DLP data from the automatically created DoseReport CT series were used.
In the Russian Federation, according to the methodological guidelines (MU
2.6.1.2944-11) «Control of Effective Patient Doses during Medical Radiology»,
the effective dose is calculated by multiplying DLP by 0.017 (anatomic loca-
tion-based index).

Dataset

Data acquisition

Initial data collection format

Plane

Unified Radiological Information Service, including AGFA Enterprise 8.0

DICOM 3.0

Axial

BOI: https://doi.org/10.17816/DD46826
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Parameter set Feature Meaning and comment
Slice thickness 1.0 mm
Increment 8.0 mm (as every 10th slice is saved)
Data base
Export file extenstion NIfTI

Annotation software in the
form of binary masks with lung MedSeg® (© 2020 Artificial Intelligence AS)
lesions

Notes: CT — computed tomography; CT-1 — CT-4 — the degree of lung damage based on CT results; RR — respiratory
movements rate; Fi0, — oxygen concentration; Sp0, — blood oxygen saturation.

Table 2. Lung lesion grading in COVID-19 and routing rules

Severity CT category Clinical Data Decision

CT-0 Not consistent with pneumonia (includ- Inform the attending physician. Refer
Zero . - -

ing COVID-19). to a specialist.

CT-1 Ground-glass opacities. Pulmonary pa-

renchymal involvement =<25% OR absence A.t<38.0°C Follow-up at home using tele-
Mild of CT signs in the presence of typical clinical B. RR <20/min medicine technologies (mandatory

manifestations and relevant epidemiological C. Sp0, >95% telemonitoring)

history.

. A.t>38.5°C _

vt e B, e LA e

parenchy ' C. Sp0, 95% Py

One or more signs on the
background of fever:

. A.1>38,5°C Immediate admission to a COVID
CT-3 Ground-glass opacities. Pulmonary . . . .
consolidation. Pulmonary parenchvmal B. RR =30/min specialized hospital. In a hospital
i yp y C.Sp0,<95% setting: immediate transfer to

Severe involvement of 50-75%. Lung involvement
increased in 24—48 hours by 50% with respi-
ratory impairment per the follow-up studies.

D. Partial pressure of  the intensive care and resuscita-
oxygen (Pa0,)/ Fraction tion unit. Emergency computed
of inspired oxygen (Fi0,) tomography (if not done before).

<300 mmHg

(1 mmHg=0,133 kPa)

Emergency medical care. Inmediate
admission to a specialized hospi-
tal for patients diagnosed with CO-

Signs of shock, multiple VID-19. In a hospital setting: imme-

organ failure, and respi- diate transfer to the intensive care

ratory failure. and resuscitation unit. Emergency
computed tomography (if not done
before and when patient status al-
lows for it).

CT-4 Diffuse ground-glass opacities with
consolidations and reticular changes. Hydro-
thorax (bilateral, more on the left). Pulmo-
nary parenchymal involvement >=75%.

Critical

Notes: CT — computed tomagraphy; CT-1 — CT-4 — the degree of lung damage based on CT results; RR — respiratory
movements rate; Fi0, — oxygen concentration; Sp0, — blood oxygen saturation.

BOI: https://doi.org/10.17816/DD46826
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Table 3: List of medical organizations where CT data was collected

- . 0
Municipal Hospital (MH) N2 19 Department MH Ne 214 MH Ne 52
of Health Care of Moscow

Diagnostic Center N° 5

MH Ne 23 MH N? 6
MH N2 3 MH Ne 209 MH N 9
MH Ne 62 Diagnostic Center N° 4 MH N° 218
MH Ne 175 MH Ne 212 MH N 170
MH N2 191 MH Ne 8 M.P. Fonchalo_vsky hospltal
(outpatient and in-patient care)
MH Ne 195 MH N? 64 MH Ne 134
MH N2 115 Pediatric Diagnostic Center N2 1 MH N° 67
Diagnostic Center N° 121 MH Ne 36 MH N 68
Diagnostic Center N2 2 MH N 11 MH N° 180
MH N2 45 MH N2 5 MH N2 5
Moscow Research and Practical Center
MH N2 2 for Tuberculosis Control of the South- MH N2 46
East Moscow District
Moscow Research and Practical Center
MH Ne 12

MH N2 166 for Tuberculosis Control of the Central
and West Moscow Districts

MH N° 220 MH N 66 Diagnostic Center N° 3

Random selection of study numbers from
the Moscow Unified Radiological Information System (URIS)
within a week until the number of 1,110 is reached.

Export of complete
chest CT studies

—— Anonymization of CT studies

Removing slices from each CT scan
to save only each 10™ image

Conversion of all CT studies
from DICOM format into NIfTI format

Figure 1: The order of forming a dataset.
Note: CT — computed tomography.

DAl https://doi.org/10.17816/DD46826
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Figure 2: Examples of chest CT scans of patients with varying degrees of COVID-19 severity. Left to right, upper row: axial CT slices of patients with
CQOVID-19 from mild (CT-1) to critical (CT-4) severity. Left to right, lower row: same CT data after tagging.

Telemedicine Technologies of the Moscow Department
of Health, the opinion of which was accepted as final to
assess the severity of COVID-19 lung damage according
to the adopted classification (CT0O-CT4). These data were
available in URIS in a structured form to constitute the fi-
nal table of assessment results. Thus, all the studies were
evaluated by at least two specialists. In addition, 50 stud-
ies were evaluated by three specialists, as they were an-
notated using the external MedSeg software.

The data set is intended for training, calibration, and the
independent evaluation of Al algorithms (computer vision)
[7]1. The COVID-19 Al algorithms (computer vision) will help
in the fight against this disease:

Examine patients in outpatient facilities for fast and con-
sistent routing (including those based on CT0-4 criteria).
Prioritize studies with COVID-19 features in a worklist.
Perform a rapid and qualitative assessment of abnor-
mal changes by comparing several studies.

—_

w N~

4. Minimize the risk of errors and missed anomalies.
Currently, there is a wide range of publicly available COVID-19
data sets [2,5]. However, this should not be seen as an obsta-
cle, since the development of artificial intelligence algorithms
requires large amounts of qualitative clinical information that
are representative of real patient populations. In addition,
Artificial Intelligence algorithms should be tested using new
data sets that were not used in the training and calibration
stages. The more data available in open sources, the better
for developers. The available data sets are relatively small
and rarely contain additional information such as tags and/or
binary masks for regions of interest (ROI).

How to use the dataset

Permanent link: https://mosmed.ai/datasets/covid19_1110.
This data set is licensed under the Creative Commons At-
tribution-NonCommercial-NoDerivs 3.0 Unported (CC BY-
NC-ND 3.0) license.

|— dataset_registry.xlsx
|— LICENSE

| == README_EN.md

|— README_RU.md

README_EN.md and README_RU.md contain general information
about the data set in Markdown format in English and Russian
respectively; the same information in PDF format is presented in
README_EN.pdf and README_RU.pdf.

~

|— README_EN.pdf
|-— README_RU.pdf \, /
|— masks 4 N\
| | == study_BBBB_mask.nii.gz . . . . . .
1 = o dataset_registry.xlsx contains the list of studies included in the
| '-- study_BBBB_mask.nii.gz data set, the path to the corresponding file and the path to the
‘== studies mask (if any).
|-- CT-0
| |— study_BBBB.nii.gz \_ )

= ..

| ‘=— study_BBBB.nii.gz
|— CT-1

| |— study_BBBB.nii.gz

[
‘== study_BBBB.nii.gz

| |- study_BBBB.nii.gz

(The studies directory contains the directories CT-0, CT-1,CT-2, )
CT-3 and CT-4, each of which contains studies in the NIfTI format,
archived in Gzip . The names of the studies are based on the

| study_BBBB.nii.gz template, where BBBB is a unique sequential
|-—— CT-2 \study number in the whole data set (through numbering).

I 1= ...
| ‘— study_BBBB.nii.gz
|- CT=3

| |-- study_BBBB.nii.gz
I = e

| ‘=- study_BBBB.nii.gz
‘= CT-4

The masks directory contains the binary NIfTI markup masks
archived in Gzip . The mask names are built according to
study_BBB_mask.nii.gz , where BBBB is the ordinal number of the
corresponding study.

J
\

J

|— study_BBBB.nii.gz
|__

‘=— study_BBBB.nii.gz

Figure 3: Data storage structure in the dataset.
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MPT nérkux 6epeMeHHON NaLUEHTKM
c nHeBMoHueu COVID-19

© H0.A. Bacunbes"?, A.B. bamun?, A.l. Macpw®,
l0.H. Bacunbesa®*, 0.10. MNanuua", B.E. CHULbIH'

' TBY3 ropofia MocKBbl «Hay4YHO-NpaKkTUYECKUIA KNMHUYECKMNIA LEHTP AUArHOCTUKM M TeNieMeULMHCKMUX TexHonorvii [lenaptameHTa
3/paBooxpaHeHuna ropoaa Mocksbl», MockBa, Poccuiickas Oefepauna

2 ['BY3 ropoaa MockBbl «[0poicKas KNMHUYECKasn OHKoNornyeckas 6onbHuua N1 [lenaptaMenTa 3paBooxpaHeHmns ropofa MocKBbi»,
MockBa, Poccuiickan ®epepauma

% I'bY3 ropoaa MockBbl «[opofckan nonuknuumka N2 3 [lenapTamenTa 3paBooxpaHeHus ropofia Mockebl», MockBa, Poccuitckan Oepepaums

“ Orb0Y BO «MocKoBCKMIA FocyAapCTBEHHbINA MeMUKO-CTOMATON0MMYeCKUI YHUBEpCHUTET MMeHu A.W. EBaoKkMMoBax
MwuH3gpaBa Poccumn, Mocksa, Poccuiickas Oegepauna

B paboTe npeacTaBnieH KNMHUYECKUI ciyyan 39-neTHen bepeMeHHON HeHLLMHbI C pecnmMpaTopHbIMM NpU3HaKaMu HOBOM
KopoHaBupycHou MHdeKummn COVID-19. Pe3synbTaThbl nccnefoBaHMA OPraHOB rPYLHON KNETKM METOA0M MarHUTHO-pe3o-
HaHcHow ToMorpaduu (MPT) nokasanu bunatepanbHoe nopaeHue B 6azanbHbix 0TAeNax. TecT Ha KOpOHaBMUPYC METOAOM
NoNMMepasHOM LeMHOW peakumu bbin nonowutenbHbIM. OLeHKa COCTOAHUA NErKux npoBefeHa 6e3 noTepu 3HauMMoi
OMarHocTMYecKon MHpopMaLmun. Kpome Toro, oTCyTCTBUE BO3LEMCTBUA MOHU3MPYIOLLErO U3yYeHUA NO3BONNIO0 M3be-
¥KaTb BbICOKOW [J030BOW HArpy3KM Ha NaLMeHTKy 1 NioA. [laHHbIN cyyai pacKpbiBaeT NepcrneKkTUBHbIE BO3MOKHOCTM MPT
B AMArHOCTMKE NEro4HoM natonoruv 6e3 Bo3[eNCTBUA MOHU3UPYIOLLErO U3/TyYeHUs, 0C0BEHHO B rpynnax pucKa (petw,
bepeMeHHble 1 ap.).

Kniouesble cnoBa: COVID-19; 6epeMeHHOCTb; MarHUTHO-Pe30HaHCHaA TOMOrpaduma; MHEBMOHMA.
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Chest MRI of a pregnant woman
with COVID-19 pneumonia

Yuriy A. Vasilev"?2, Alexander V. Bazhin®, Amir G. Masr#®,
Yulia N. Vasileva*#, Olga Yu. Panina', Valentin E. Sinitsyn'
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“ Moscow State University of Medicine and Dentistry named after A.l. Evdokimov, Moscow, Russian Federation

This paper presents a clinical case of a 39-year-old pregnant woman with respiratory signs of the novel coronavirus
Covid-19 infection. Chest MRI showed bilateral lesions in basal segments. The PCR test was positive. A lung condition
was assessed without loss of significant diagnostic information. Besides that, the absence of exposure to ionizing radia-
tion allowed to avoid a high loading dose on the patient and the fetus. This case reveals potential opportunities of MRl in
the diagnosis of pulmonary pathology without exposure to ionizing radiation, especially in patient risk groups (children,
pregnant women, etc.).

Keywords: COVID-19; pregnancy; magnetic resonance imaging; pneumonia.
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INTRODUCTION

Diagnostic radiology of lung changes has become a part
of the comprehensive medical evaluation of patients sus-
pected with pneumonia caused by coronavirus disease
2019 (COVID-19). Since the method of choice is computed
tomography (CT), visualization of the lungs in pregnant
women raised significant difficulties. Notably, in Moscow,
the average effective dose for a chest CT scan is 5.6 mSv
[1]. Thus, a search for alternative non-ionizing methods
led to performing magnetic resonance imaging (MRI) of
the lungs.

CASE HISTORY

The patient was a 39-year-old woman at 26 weeks of ges-
tation of her 4th pregnancy. The course of the pregnancy
was satisfactory. She had no abortions and miscarriages.
Previous pregnancies had no complications, which ended
in birth of healthy children. Family history was unremark-
able.

Epidemiological history: During her visit to the clinic, her
husband and mother had manifestations of viral pneu-
monia. In July 2020, the patient came to the doctor with
complaints of chest pain, body temperature up to 38.5°C,
headache, and increased fatigue.

Physical examination: During auscultation, diminished
vesicular breath sounds were heard, and crackles and
wheezes were absent. Blood oxygen saturation based on
pulse oximetry was 95%. During her visit, results of labo-
ratory tests were unavailable. The result of the reverse-
transcription polymerase chain reaction test for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2
RT-PCR) was positive obtained after MRI.

Given the epidemiological history and clinical manifesta-
tions suspicious for COVID-19 infection, imaging examina-
tion of chest organs is necessary to clarify the etiology of
the disease. To avoid adverse effects due to exposure of
the pregnant woman and the fetus to large radiation dos-
es, chest MRI was performed. Personal protective equip-
ment was used to ensure safety—surgical masks without
ferromagnetic components—during the entire stay in the
radiology department.

Initially, T2-weighted images (T2WI) were obtained in three
planes using a single-shot fast spin echo (SSFSE) with the
following parameters: repetition time (TR), 1300 ms; echo
time (TE), 80 ms; flip angle, 90°; field of view (FOV), 450-
450 mm; matrix, 512 x 512; slice thickness, 6 mm; spacing
between slices, 6 mm; number of averages, 0.6; k-space
filling method, Cartesian. These images were applied for
planning axial FSE T2WI.
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T1-weighted imaging was performed by LAVA 3D and IDE-
AL 3D. For LAVA 3D, the scanning parameters were as fol-
lows: TR, 4 ms; TE, 2.2 ms and 1.1 ms; flip angle, 10°; FOV,
400-400 mm; matrix 512 x 512; slice thickness, 3 mm;
spacing between slices, 1.5 mm; number of averages, 0.7
with WATER and FAT fractions, in-phase/out-phase. For
IDEAL 3D, the scanning parameters were as follows: TR,
5.8 ms; TE, 2.5 ms; flip angle, 3°% FOV, 440-440 mm; ma-
trix, 256 x 256; slice thickness, 10 mm; spacing between
slices, 10 mm; number of averages 0.7 with WATER and
FAT fractions, in-phase/out-phase.

Diffusion-weighted imaging was performed by EPI pulse
sequence with these parameters: TR, 10000 ms; TE, 62.3
ms; flip angle, 89° FOV, 400-400 mm; matrix, 128x140;
slice thickness, 5 mm; spacing between slices, 5 mm; num-
ber of averages, 1; b-values, 50,800 s/mm?. The number of
averages for SSFSE, LAVA-Flex, and EPI series was not
higher than 1 to reduce blurring artifacts associated with
the non-availability of respiratory gating. Free-breathing
imaging study was conducted, a physical respiratory trig-
ger was not used, but automatic synchronization was em-
ployed on the movement of the diaphragm to optimize the
acquisition time.

The study was conducted in the supine position using ab-
dominal and spinal radio frequency (RF) coils. The center
of the abdominal coil was located in the middle of the ster-
num. To minimize dynamic artifacts associated with respi-
ratory movements, the RF coil was fixed. The central laser
beam was positioned at the mid-sternum.

Lung MRI was performed 7 days later, because the condi-
tion did not improve during treatment, and dry, ineffective
cough worsened. MRI performed that time revealed zones
of infiltration (Figs. 1, 2) in the lower lobes of the lungs.

DISCUSSION

In the present case, the diagnosis of SARS-CoV-2 infec-
tion was based on the epidemiological history, clinical
manifestations, laboratory test results, chest CT findings,
and a positive SARS-CoV-2 RT-PCR test result. All these
methods are both useful and limited, as PCR test has a
false-negative rate of at least 30%. Therefore, the diag-
nostic process should be complex [2]. The use of chest CT
for COVID-19 screening is justified in patients with clinical
and epidemiological suspicions, especially in cases with
negative SARS-CoV-2 RT-PCR results [3].

The current pandemic has highlighted the importance of
CT in the diagnosis and monitoring of COVID-19 pneumo-
nia, as it is a more sensitive and effective method than
X-ray. In addition, chest CT, including in pregnant women,
contributes to early detection, severity assessment, and
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Figure 1. Chest magnetic resonance imaging, T2-weighted imaging single-shot fast spin echo: a) Primary examination, b) magnetic resonance imag-
ing 7 days later. In Fig. 1b, consolidation zones in lower lungs appeared as areas of hyperintense and isointense signals.

monitoring of treatment effects to patients with or without
confirmation of SARS-CoV-2 [4-5]. CT is associated with
high patient radiation exposure. If a dynamic observation
is required, the radiation load is increased accordingly [1].
This report presents a unique case of performing MRI of
the lungs in a pregnant woman with COVID-19 pneumonia.
Moreover, the case demonstrates the dynamic develop-
ment of the disease according to MRI data. Notably, this
is not the first case of performing chest MRI in pregnant
women [6-11]. Kapdagli et al. reported on the detection of
chondrosarcoma of the right lung by MRI in a 23-year-old
pregnant woman. The tumor size was 18x16x17.5 cm?, and
it originated from the ribs [10]. Said et al. also described a
rare case of primary lung liposarcoma diagnosed by MRl in
a 28-year-old pregnant woman who complained of short-
ness of breath [11]. However, literature data on imaging of
pregnant women with pneumonia caused by coronavirus
infection were not available at the time of this writing. In
this clinical case, the limitation was the inability to com-

pare MRI and CT images. At present, no study has investi-
gated MRI semiotics of COVID-19 pneumonia.

Currently, new pulse sequences, software, and modern
technical equipment allow assessment of a lung condi-
tion using MRI [12]. Lung visualization is technically dif-
ficult due to the low density of the hydrogen protons in the
lung parenchyma, as well as the rapid signal decay. How-
ever, pathological changes leading to tissue enlargement
(“plus-tissue”), such as nodules, infiltrations, mucus, or
pleural effusion, are easily detected with high diagnostic
accuracy [14]. Although chest CT is more informative than
MRI for detecting fine morphological structures, nowa-
days, MRI offers an increasing range of functional imag-
ing techniques that surpass CT capabilities—perfusion,
measurement of ventilation, and respiratory mechanics.
Without a risk of exposing patients to ionizing radiation,
repeated MRI examinations allow assessment of the dis-
ease course and quantitative monitoring of therapeutic re-
sponse, providing a level of functional details that cannot

Figure 2. Chest magnetic resonance imaging, T2-weighted imaging single-shot fast spin echo: a) Primary examination, b) magnetic resonance
imaging 7 days later. In Fig. 2b, consolidation zones in the lower right lung appeared as areas of hyperintense signal.
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be obtained with any other imaging method [15, 16].

The data presented herein can be useful when performing
MRI of other body parts, in particular MRI of the breast, tho-
racic spine, and abdominal cavity. For example, abdominal
MRI can detect findings in the lower chest [8]. Identified
changes can be overlooked or misinterpreted because of
their location outside the main focus area of the study, as
well as unawareness of how pathological changes in the
chest organs look on MRI scans.

CONCLUSION

MRI can be used to detect changes in the lung in preg-
nant women with suspected COVID-19 pneumonia. Given
its certain advantages, MRI of the lungs can be considered
a method of choice in cases where dynamic monitoring is
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required. With the continuous improvement in software of
scanners, chest MRl is a prospective direction for the de-
velopment of diagnostic radiology in detecting pulmonary
pathology.
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lpodeccop AHatonuu Unbuu LLlextep
(18 anBapa 1935 — 26 Honbpa 2020)

26 Hoabpa 2020 r. Hac nmocTWUrna nevanbHaa BecTb — Ha 85-M romy Mu3HM nocne
60Ne3HM CKOHYANCS OAMH M3 CaMblX U3BECTHbIX M YBaXKaeMblX COBETCKMX U POCCUMCKUX

peHTreHonoros npogeccop AHatonui Unbud LexTep.

Jecatku net AHaTonui Mnbuy HEC 3HaHMA, CBET M [06PO MHOMECTBY MOKONEHMI
CTYAEHTOB M Bpayei. Ero MMa WMpoKo M3BeCTHO B HalLel CTpaHe U 3a pybexkoM. Bea ero

MU3Hb C CaMOro poxaeHna bblNa cBA3aHa C MeAULVHOWA.

Professor Anatoly I. Shekhter

(January 18, 1935 — November 26, 2020)

On November 26, 2020, a sad news befell us. One of the most famous and respected Soviet and Russian radiologists,
Professor Anatoly I. Shekhter, died after an illness at the age of 85.

For decades, Anatoly Ilyich carried knowledge, light, and goodness to many generations of students and doctors. His
name is widely known in our country and abroad. He associated his entire life with medicine.

Anatoly Ilyich ShechterZ{iz
(19351 HA18H—20205%F11H26H)

20205 11 H26H, AR 7 — NI, IRIBONECED Wi e 25 44 A iR 52
B 2K Z —Anatoly Ilyich Shechter# X%, =485% .

JL 4K, Anatoly Ilyich AFZARZEAERBEAN R T ARG, M)
LA AN E AR A 4. At AR RS R A Ok

natoly |. Shekhter was born in Dnepropetrovsk,

Ukraine, 6 years before the war, into a family of doc-
tors. His father, llya A. Shekhter (1907-1975), after the war,
was a famous Soviet radiologist, doctor of medical sci-
ences, professor, and honored master of sciences and en-
gineering. He participated in the World War Il and worked
as the head of the evacuation hospital in Alma Ata (Ka-
zakhstan). In 1943, the Shekhter family moved to Moscow.
From 1954 to 1975, Professor I.A. Shekhter was the head
of the Department of Rontgenology and Radiology of the
N.A. Semashko Moscow Institute of Medicine and Den-
tistry, which was established by him. Following the fam-

© Eco-Vector, 2020

ily tradition, the younger brother of Anatoly I. Shekhter,
Yuri I. Shekhter, also became a famous Russian radiolo-
gist.

Professor I.A. Shekhter also influenced the choice of life
path of his eldest son, and in 1958, Anatoly I. Shekhter
graduated from the Second Moscow State Medical Insti-
tute (now the N.I. Pirogov Russian National Research Medi-
cal University). The medical biography of the graduate, like
many young specialists of that time, started with the work
of a general practitioner in the virgin lands, in Kazakhstan.
Upon his return to Moscow in 1964, Anatoly |. Shekhter en-
tered the Department of Radiation Diagnostics and Ther-

The article can be used under the CC BY-NC-ND 4.0 license.
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apy (Roentgenology and Radiology) of the .M. Sechenov
First Moscow State Medical Institute (now the Sechenov
University), where he worked until his last day. Most of
his life was inextricably linked with the university and his
favorite department.

For many years, radiation diagnostics of respiratory dis-
eases has become one of the main fields of the scientific
and teaching activities of Anatoly I. Shekhter. In 1964, he
defended his Ph.D. thesis on the clinical and radiological
diagnosis of lung lesions. In 1972, he defended his doctor-
ate thesis with the topic of radiation diagnosis of chronic
inflammatory diseases of the lungs. Since 1975, Anatoly .
Shekhter started to study a new scientific topic, radiation
diagnostics of diseases of the mammary glands. In 1980,
he was awarded the title of “Professor.”

For decades, the teaching and scientific work of Anatoly
. Shekhter was performed in close cooperation with the
famous heads of the legendary Department of Radiation
Diagnostics and Therapy of First Medical Institute, Profes-
sors Leonid D. Lindenbraten and Leonid A. Yudin and Aca-
demician Sergei K. Ternov.

Professor Anatoly I. Shekhter was one of the most out-
standing and most famous professors of the department.
He is an author of hundreds of scientific articles and co-
author of three monographs and a textbook, as well as
several educational materials. A total of 16 Ph.D. theses
were prepared under his supervision.

For his active and fruitful work, Professor A.l. Schech-
ter was awarded many prizes, namely, the medal For the
Development of Virgin Lands in 1958, the badge Excellent
Worker of Public Health in 1970, and the medal Veteran of
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Labor in 1980. In 2008, Anatoly I. Shekhter became a laure-
ate of the Professor Yu.N. Sokolov badge of honor.
Anatoly I. Shekhter was a highly cultured man. He was
famous with his professionalism, benevolence, optimism,
and desire to help young colleagues. He was loved and
respected by students, residents, graduate students, and
colleagues of the department.
In addition to medicine, Anatoly I. Shekhter knew litera-
ture, poetry, and remembered and recited hundreds of po-
ems by heart. Some of his favorites were the lines from
the famous poem by Boris Pasternak:

“In everything, | want to reach

For the very essence.

In work, in searching for the path,

In the heart’s turmoil.

For the essence of days gone by,
For their causes,

For foundations, for roots,

For the core.

| want to live, to think, to feel, to love,
To make discoveries
Always grasping the thread
Of fates and events”
He is retained in our memory. The cherished memory of Pro-
fessor Anatoly I. Shekhter will always dwell in our hearts.
On behalf of the Russian Society of Rontgenologists
and Radiologists (RSRR) and the Moscow Society of
Radiologists of RSRR (MSR RSRR) V.E. Sinitsyn,
S.P. Morozov
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