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Yike B Hayane nepsov BonHbl naHgemuu COVID-19 ana komnbloTepHoit ToMorpaduueckon (KT) anarHocTMKM nopaxe-
HWUA NErKMX Y NaLMEeHTOB C NOJ03PEHUEM Ha BUPYCHYI0 MHeBMOHMIO B MocKBe 6bina chopMupoBaHa ceTb aMbynaTopHbIx
KT-uentpoB (AKTLL) c KpyrnocyTouHbIM perunMoM paboTel. Beegenune wranbl «KT 0-4» no3sonuno npoBoauTh 3ddeK-
TUBHYI0 MapLupyTM3aumio. [InA npefoTBPaLLEHWNA PacnpoCTPaHeHUA UHPEKLMM Cpeamn NaumueHToB M nepcoHana 6bino
BBefeHo 30HMpoBaHue AKTL c pasbueHneM Ha «KkpacHyio», «bydepHyio» U «3enéHyI0» 30Hbl. B paMKax Mobunusaymm
CNyxO6bl Ny4eBoW [MArHOCTUKKM co3naH MoCKOBCKUM pedepeHc-LEeHTp, OCYLLECTBAAIOLMIA KOHTPO/b KauyecTBa, 3KC-
nepTHble AMCTAHLMOHHbBIE KOHCY/bTAaLMK U OpraHn3aLMoHHO-MeTOANYECKoe conpoBoKaeHHe. PaspaboTaHo HECKOMb-
KO AUCTaHLMOHHBLIX KYPCOB M 0byyalowmx BebuHapos. [1na pacnosHaBaHuA npusHakoB COVID-19 u oueHKM cTeneHu
TAMECTU ObIIN NOLKIYEHbI CEPBUCHI UCKYCCTBEHHOTO MHTENNEKTA. PaspaboTaHHas cTpaTerus cnyXobl iydeBon gua-
FHOCTMKM I. MoCKBbI 06ecneynna roToBHOCTb K BbICOKOW HarpysKe Ha CMCTeMY 34paBOOXPAHEHUA FOPOAA U NO3BONN-
11a MMHUMM3MPOBaTb NOTEPU CPeAU MeaMLMHCKOro nepcoHana. CneuuanuncTbl CITyK6bl BHECTM CYLLECTBEHHbIA BKNAf
B 3QEKTUBHOE CAEPHMBAHME PAacNPOCTPaHEHUA MHDEKLMM 3a CYET [OCTYMNHOW, CBOEBPEMEHHOI M Ka4eCTBEHHOW ana-
FHOCTUKM U MapLUpyTU3auum.
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Mobilizing the academic and practical
potential of diagnostic radiology during
the COVID-19 pandemic in Moscow
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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,
OCTC 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.
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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 Cepresa CobaHuHa. KopoHasupyc. OrpaHuyeHve nepeiBUMKEHWA N0 rOPoAY W couManbHan NoanepKa. PexuM goctyna: https://www.
sobyanin.ru/koronavirus-ogranichenie-peredvizheniya-i-sospodderzhka-grazhdan. [lata obpawenws 20.11.2020.

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

cessed: August 6, 2020.

4 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.

BOI: https://doi.org/10.17816/DD51043



https://doi.org/10.17816/DD51043

10

LETTER TO THE EDITOR

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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