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How does artificial intelligence effect on the Ghack o
assessment of lung damage in COVID-19
on chest CT scan?
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BACKGROUND: During the pandemic, computed tomography (CT) was one of the most important tools for assessing
COVID-19-related lung changes. In COVID-19 patients, radiologists in Moscow used the adapted CT0-4 scale to visually as-
sess the dependence of the severity of the general condition on the nature and severity of radiological signs of changes in the
lungs based on computed tomography. In a large stream of scans, the doctor may miss findings and make errors in assessing
the volume of lung damage, so the use of Al services in outpatient healthcare during a pandemic can be beneficial.

AIM: The goal of this study is to compare the distribution of CT0-4 categories designed by radiologists with the results of
Al services processing and categories formed without Al services.

METHODS: We used retrospective study design, full study protocol is registered on ClinicalTrials.gov (NCT04489992). The
results of primary CT scans with the CT0-4 categories were analyzed in outpatient medical institutions of the Health Depart-
ment from April 08, 2020, to December 01, 2020, and separately for November (from November 01, 2020, to December 01,
2020). CT was performed on 48 computed tomographs in accordance with standard protocols, and the data was processed
by the single radiology information systems. CTs in the test group received Al services, while CTs in the control group did not.
The analysis includes five Al services: RADLogics COVID-19 (RADLogics, USA), COVID-IRA (IRA labs, Russia), Care Mentor Al,
COVID (Care Mentor Al, Russia), Third Opinion. CT-COVID-19 (Third Opinion, Russia), and COVID-MULTIVOX (Gammamed, Rus-
sia). Moreover, Al services are encoded at random.

RESULTS: The CT scan results of 260,594 patients were examined (m/f % = 44/56, mean age = 49.5). The test group
consisted of 115,618 CT scans, while the control group consisted of 144,976 CT scans. Depending on the specific Al service,
CT0 was established by 2.3—18.5% less than the control group for different subgroups of categories. The categories CT3-4
were established by 4.7-27.6% less than without Al, and the categories CT4 by 40—-60% less than without Al (p <0.0001).
For November (from November 01, 2020, to December 01, 2020), the CT scan results of 41,386 patients were analyzed
(m/f % = 44/56, average age = 53.2 years). The test group consisted of 28,881 CT scans, while the control group included
12,505 CT scans. Depending on the specific Al service, CTO was established by 1-2.6% less than the control group for differ-
ent subgroups of categories. Further, the categories CT3—CT4 were established by 0.2—15.7% less than without Al, and the
categories CT4 were established by 25% less than without Al (p = 0.001).

CONCLUSION: The use of Al services for primary CT scans on an outpatient basis reduces the number of CT0 and CT3-CT4
results, which can influence the therapeutic approach for COVID-19 patients.
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Kak UCKycCTBEHHbIW UHTENINEKT BIMAET Ha OLeHKY
nopaxeHua nerkux npu COVID-19 no ganubiM KT
rPyAHOM KNeTkn?

© C.M1. Moposos, B.10. YepHuHa, A.E. AHgpenyeHko, A.B. BnagsuMmnpckui,
0.A. MokueHKo, B.A. ToMboneBckui

Hay4Ho-NpaKTUYeCKuUi KNMHUYECKMIA LIEHTP AMarHOCTUKM U TeNeMeaULMHCKUX TeXHOMorWiA [lenaptamMeHTa 3npaBooxpaHeHus ropoaa Mockssl,
MockBa, Poccuiickan Qegepauma

06ocHosaHue. B nepvon naHpeMun KoMmnbioTepHana ToMmorpaduma (KT) ABNAETCA OQHMM M3 KNKOYEBbIX MHCTPYMEH-
TOB OLEHKM M3MEHEHUI B NErkux, ceAasaHHblix ¢ COVID-19. PeHtreHonorn MockBbl MCNONL3YIOT afanTMPOBaHHYIO LKany
KT 0-4 ona Bu3yanbHOM OLEHKM 3aBUCUMOCTU TAXKECTU 06LLUEro COCTOAHWA OT XapaKTepa W BbIPAXKEHHOCTU PEHTTEHONO-
FMYECKUX NPU3HAKOB U3MeHeHUN B Nérkux npu COVID-19 no aaHHbiM KT. B 60/1bLLOM NOTOKe MCCe[0BaHMiA Bpay MOXKET
MPOMYCTUTL HAaX0LKY U OLLMOUTLCA B OLIEHKE 06bEMA NOpaXKeHUs NEFKMX, NO3TOMY NPUMEHEHME CEPBUCOB UCKYCCTBEHHOO
uHTennekta (M1) obocHoBaHo B aMbynaTopHOM 3[paBOOXpPaHEHUMW B NEPUOL NaHAEMMUU.

Llene — cpaBHuTbL pacnipepeneHue Kateropui KT 0—4 B 3aKnioueHnAx, COOPMUPOBAHHBIX PEHTTEHONOraMu C UCMOMb-
30BaHueM NW-cepBrCoB M 6€3 HUX.

Mamepuan u Memodel. PeTpocneKTUBHOE UcCCNefo0BaHWe, MNPOTOKON WCCEeA0BaHUA 3aperncTpupoBaH
B ClinicalTrials.gov (NCT04489992). MpoaHanu3upoBaHbl pesynbtatbl nepeuyHbiX KT ¢ Kateropuamu KT 0-4 B nepvog
c 08.04.2020 no 01.12.2020 v otaenbHo 3a Hosbpb 2020 ropa (c 01.11.2020 no 01.12.2020) B amMbynaTopHbIX MeaULIMH-
CKux opraHmsaumax [lenaptameHTa 3gpaBooxpaHenua. KT npoBogunmch Ha 48 KoMMNbloTepHbLIX ToMorpaax no cTaHaapT-
HbIM NpPOTOKONaM, pe3ynbTaTbl obpabaTbiBannch Yepe3 EQMHBIA paguonornyeckuii MHGOpMaLUMOHHbIM cepeuc. B Tecto-
BYylo rpynny BKmlodeHbl KT, obpaboTtaHHble MM-cepBucamm, B KOHTponbHylo — 6e3 0bpabotku M. B aHanus BHKNOYeHb
5 MN-cepsmcos: RADlogics COVID-19 (RADLogics, CLLA); COVID-IRA (IRA labs, Poccus); Care Mentor Al, COVID (CareMentor Al
Poccun); Tpetbe MHeHue. KT-COVID-19 (Tpetbe MHeHue, Poccus); COVID-MULTIVOX (Fammamep, Poceus). UA-cepeumchl Ko-
OMPOBaHbI CyYaiiHbIM 06pasoM.

Pesynemamel. TMpoaHanuaupoBaHbl pe3ynbtatbl KT 260 594 naumeHTOB (COOTHOLLEHWME MYMKUMHBI/HKEHLLMHBI —
44/56%, cpepHui Bo3pact 49,5 roga). B tectoByto rpynny BrntoyeHbl 115 618 KT, B KoHTponbHylo — 144 976. B 3aBMcMMO-
CTM OT KoHKpeTHoro MIN-cepeuca ana pasHbix nogrpynn kateropui KT-0 BeictaBneHo ot 2,3 po 18,5% MeHblue, KaTeropui
KT 3-4 — ot 4,7 no 27,6% meHblie, KT-4 — ot 40 no 60% MeHblue, 4eM B KoHTponbHol rpynne (p <0,0001). 3a HoAbpb
(c 01.11.2020 no 01.12.2020) npoaHanu3mpoBaHbl pe3ynbtatbl KT 41 386 naumeHTOB (COOTHOLLEHME MYMUMHDI/ HEHLLM-
Hbl — 44/56%, cpenHuii BospacT 53,2 roaa). B TectoByto rpynny BknioveHo 28 881 KT, B KoHTposbHyto — 12 505. B 3aBu-
CMMOCTU OT KoHKpeTHoro MIN-cepeuca ana pasHbix nogrpynn Kateropui KT-0, KT 3-4 n KT-4 BbiCTaBeHO COOTBETCTBEHHO
ot 1 go 2,6, o1 0,2 go 15,7 v Ha 25% MeHbLLe, 4eM B KoHTponbHoM rpynne (p=0,001).

3arnoyerue. MpumeHeHne UWN-cepeucoB ona nepeuyHbix KT B aMbynaTopHbIX YCNOBMUAX MPUBOAMT K YMEHBLUEHUIO
Ko/MyecTBa BbicTaBNAeMbIX KaTteropuit KT-0 n KT 3-4, cnocobHbIX BIMATL Ha TaKTUKY BeaeHua nauuentos ¢ COVID-19.

Kniouesbie cnosa: COVID-19; BHeboNbHMYHaA NHEBMOHWMSA; KOMMNbIOTEPHAA TOMOrpadus; MCKYCCTBEHHbLIA MHTEIEKT.
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© Sergey P. Morozov, Valeria Yu. Chernina, Anna E. Andreychenko,
Anton V. Vladzymyrskyy, Olesya A. Mokienko, Victor A. Gombolevskiy

Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
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F¥E: FIFEGIF, ClinicalTrials. gov (NCT04489992) . DZMII TS EESTLHL H, 44T
T CTO- 4R #AT B — IRCTHI G R, a8 : 202084 H8H £20204E1 H12H, A
F11H (2020411 H1HFE 20201 H12H) o RIBEFREVMAEAS G EHLITE I _EHAT
CT, FFEILERISANEE . W ZH B FE HATAR S AL FEFICT, SRR AN SATRICT. AT FE5Fh
AIR%: RADlogics COVID-19 (ZE[ERADLogics) , COVID-IRA ({RZHRAUIRASLLG ) , Care
Mentor AI, COVID (&% HrfiCareMentor AI) , =& I.. CT-COVID-19%:~] (FE==Z W,
R W) , COVID-MULTIVOX (MRZ HrfinSimfs) o ATHRSS ERENLGmAL 1.

i, T 726059401 B E ICTHE AR (m / £%= 44/56, FIFER-49.5) . kA
FFE115, 618IRCTHHE, XFTHEZ-144976. WRIERFEHIATRS, T CT-0EMBIAFFH, H
WE TR /D2. 3% E18. 5% . HARMEFHATAEL, HCT3-428 R B N AT AL 4. 7% &
27.6%, I HAECT-42 0 SAH AT B BiN40% £60% (p <0.0001) .

SEF11LH (MO1. 11.2020%101. 12. 2020) , 43H7 7413864 HFERICTHMAE R (n / f%=
44/56, FHIFERS-53.28) o MERHAIE28881  CTHHE, XTHE4-12505. HRIEESEMIATR
%, XFCT-0RBPIARETFU, HiE XA N%%E2.6%. HaRKICT3-4385] bk A 1F
FHATHIZR A2 0. 2% 5 15. 7% RHICT-4W E AN EAE AR /025% (p = 0.001) .
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Acronyms and abbreviations

data set: a set of data, a collection of logical records
URIS: Unified Radiological Information System

Al service: artificial intelligence software

CT: computed tomography

CT (computed tomography) 0—4 represents an empirical
scale for visual assessment on the severity dependence
of general condition of the nature and pronouncement
of radiological changes in the lungs with Coronavirus
disease 2019 (COVID-19) according to CT, where CT-0
implies the absence of signs of viral pneumonia; CT-1 in-
dicates mild pneumonia with ground glass opacity areas,

BACKGROUND

In 2020, the Coronavirus disease 2019 (COVID-19) pan-
demic challenged healthcare systems worldwide, which
prompted global governments to seek new solutions under
resource-constrained conditions. On August 27, 2020, the
government commission on digital development of the Rus-
sian Federation approved the certificate of the federal project
“Artificial Intelligence” within the national program “Digital
Economy”. Regardless of this, back in 2019, a Decree of the
Moscow Government was drafted, followed by an Order of
the Moscow Healthcare Department at the beginning of 2020
on conducting an experiment on the use of innovative tech-
nologies in the field of computer vision for the analysis of
medical images and further application in the health care
system of Moscow (Experiment) [1].

In the pandemic, computed tomography (CT) is used as a
key tool for assessing changes in the lungs, associated with
infection [2]. In the first months of the COVID-19 pandemic,
semi-quantitative scales were mainly used to assess the se-
verity of changes, with an insignificant frequency in routine
clinical work [3-7]. Work with scales, which were based on
severe acute respiratory syndrome viral pneumonia studies
results, involves a separate calculation of the volume and
type of lesions for lobes and segments of the lungs with
subsequent summation of results [8]. A visual assessment
was proposed based on the approximate volume determina-
tion of indurated tissue in both lungs without separate cal-
culations for segments and lobes [9].

Radiologists in Moscow used the adapted CT 0-4 scale
to assess visually the severity dependence of the general
condition on the nature and pronouncement of radiological
changes in the lungs with COVID-19 according to CT data.
The percentage of damage was assessed separately for
each lung, and the degree of change was assessed for the
lung with the greatest lesion (regardless of postoperative
changes). Every 25% of the volume of lung lesions increases
the scale by one category [10, 11]. The proposed method of
visual assessment CT 0-4 was validated by predicting lethal

DOI: https://doi.arg/10.17816/DD60040

with <25% severity of pathological changes; CT-2 is
moderate pneumonia, with affection of 25%-50% of the
lungs; CT-3 implies moderate pneumonia with 50%-75%
of the lungs affected; and CT-4 is severe pneumonia, af-
fecting >75% of the lungs.

Digital Imaging and Communications in Medicine:
Structured Reporting is a standardized format of
the medical industry standard for creating, storing,
transferring, and visualizing digital medical images
and documents of patients examined (structured re-
porting).

outcomes in patients with COVID-19 [12]. The risk of lethal
outcome increases by an average of 38% (95% confidence
interval 17.1-62.6) with the transition from one CT 0-4 cat-
egory to the next [12].

In case of a large stream of studies, the doctor may omit
findings and make mistakes in assessing lung damage vol-
ume [13].

A task has been added to the experiment to process
chest CT data for COVID-19 diagnostics using artificial intelli-
gence software (Al services). The Al services added CT series
with lung lesion segmentation, lesion volume information for
each lung, and a CT 0-4 category.

This study aimed to compare the distribution of CT 0-4
categories in reports generated by radiographers with and
without Al services.

METHODS

Study design

This is a retrospective study based on a study registered
in Clinical Trials (NCT04489992). Data analyzed in the course
of the work was provided by experts of the Moscow Infor-
mation Technology Department.

Compliance criteria

Inclusion and exclusion criteria were used to form the
CT study group.

Inclusion criteria:

+ CT scans of the chest organs of male and female
patient who sought medical help with suspected
CoviD-19;

+ age of patients over 18 years old;

+ CT examinations of the chest organs were performed
and interpreted by radiologists in the period from April
8, 2020 to December 1, 2020 in outpatient healthcare
organizations;
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+ availability of information on the assessment
category by CT 0-4 in protocols of medical reports
of radiologists;

» CT description protocols were formed in the Unified
Radiological Information System (URIS).

Exclusion criteria:

+ CT studies with conclusion of other changes not
associated with viral pneumonia.

Implementation conditions

CT examinations were conducted in all medical organi-
zations subordinate to the Moscow Healthcare Department,
providing outpatient care for the adult population. During
the pandemic, outpatient medical organizations were trans-
formed into outpatient CT centers that provided a special
round-the-clock operation. Taking into account the epidemi-
ological situation, it can be assumed that the gender and age
distribution of patients who underwent CT scan corresponds
to the same distribution in Moscow.

Study duration

The study was conducted in the period from April 8, 2020
to December 1, 2020. Additionally, an assessment was per-
formed in November 2020 (from November 1, 2020 to De-
cember 1, 2020) (Fig. 1).

Description of the medical intervention

Over the entire period under consideration and separately
for November 2020, the test and control comparison groups
were formed (Fig. 2). The test group included CTs processed
by Al services, and the control group included CTs without
Al processing.

Each algorithm was tested on a specially prepared cali-
bration data set before including the Al service in the experi-
ment. The calibration data set included CT scans of patients
with laboratory-verified COVID-19 and an assessment by
expert doctors. The criterion for inclusion of an Al service in
the URIS was the algorithm accuracy not less than the area
under the ROC curve (ROC AUC) of 0.81, according to the
guidelines for clinical trials of software based on intelligent
technologies [14].

Vol 2 (1) 2021
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Each Al service added a new series of Al-processed CT
scans and information in Digital Imaging and Communica-
tions in Medicine: Structured Reporting (DICOM SR) format of
the study. The additional CT series is based on the original CT
series of the current study, with original image supplement-
ed with the segmentation of lung lesions that are caused by
COVID-19 according to the Al assumption. The Al developers
participating in the experiment were advised to supplement
the CT series sent by the Al service with summary informa-
tion on lung damage and a CT 0-4 score. The DICOM SR
data, available to each radiologist in the test group during
the formation of the conclusion, contained information about
a specific Al service, instructions for using the processing
results, and automatically generated report including the
severity assessment according to the CT 0-4 scale (Fig. 2).

CT examinations were performed on 48 computed tomo-
graphs (Toshiba Aquilion 64, Canon Medical Systems, Ja-
pan; HiSpeed GE, USA; Optima CT 660, GE, USA; Somatom
Emotion 16, Siemens, Germany; Somatom Sensation 40,
Siemens, Germany) according to standard chest scanning
protocols recommended by manufacturers.

The comparison was conducted between categories on
the CT 0-4 scale from the conclusions of radiologists who
had access to Al service results and those who did not have
such access.

Main study outcome

Al services were included in the experiment after pass-
ing qualitative and quantitative tests on databases prepared
by experts of the Scientific and Practical Clinical Center for
Diagnostics and Telemedicine Technologies of the Moscow
Healthcare Department. Research has been distributed ran-
domly based on the computational capabilities of developers
since the inclusion of five Al services. One study could be
processed by several Al services. Al results were used only
for research purposes, and the radiologist made the final
decision on the category on the CT 0-4 scale.

Subgroup analysis

The test group included subgroups since the experiment
involved various Al services to diagnose changes in the
lungs with COVID-19 according to CT data.

Period
N
( \
40 000 April June July August September October November
8 9 942
2 50000 4 ggg 9785
— 40000 B 8 602
.,.‘-_) 27 918 11922
S 30000 ] 19?2 553 12 26
5 N\
& st 10 547 12220 e H73 12 505
S 10000 3200 3855 3 387 3 27[. \
= 0 i o .1 391
B Control group Al-A A-B [ A-C [ AI-D Al-E
Fig. 1. Chronology of the use of Al services for COVID-19 diagnosis according to computed tomography of the thoracic organs (CT TO).
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Test group w}i\th subgroups
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Fig. 2. Examples of original (control group) and additional CT series from various Al services (test group with subgroups) with demon-
stration of automatic image processing for segmentation of lung lesions in COVID-19, as well as summary information on lung damage

and DICOM SR information.

The experiment involved 7 different Al services for diag-
nosing COVID-19, namely RADlogics COVID-19 (RADLogics,
USA), COVID-IRA (IRA labs, Russia), Care Mentor Al, COVID
(CareMertor Al, Russia), Third Opinion CT-COVID-19 (Third
Opinion, Russia), Multivox COVID19 (Gammamed, Russia),
IRYM (Russia), and CVL (CVisionLab, Russia); however, the
last two were not included in the test subgroups due to the
small number of processed studies over the entire study
period. The remaining 5 Al services were randomly coded:
Al-A, Al-B, AI-C, Al-D, and Al-E (Fig. 2).

Ethical considerations

Approval of the Independent Ethics Committee of the
Moscow Regional Branch of the Russian Society of Roent-
genologists and Radiologists was obtained (Protocol No. 2
[1-11-2020] dated February 20, 2020).

Statistical analysis

Principles for calculating the sample size: all those hav-
ing valid data were included in the statistical analysis. Meth-
ods for restoration of missing data were not applied.

Methods for statistical data analysis: descriptive statis-
tics methods were used to present results, indicating the
absolute number (n) and proportion (%) of cases in each cat-
egory. Intergroup comparison of the frequency distribution in
different categories between the control group and the test
subgroups within each of the 2 periods was performed using
the Pearson’s chi-squared test (x2). The level of statistical

DOI: https://doi.arg/10.17816/DD60040

significance was considered as a value of 0.05. Statistical
analysis was performed using the Stata 14 software.

RESULTS

Participants of the study

During the entire period, results of primary CT studies
of 260,594 patients were analyzed (male/female ratio was
44%/56%, aged from 18 to 100 years, [average age 49.5
years]), performed and interpreted in the period from April
8, 2020 to December 1, 2020 in outpatient medical organi-
zations in Moscow, repurposed for the pandemic period into
outpatient CT centers.

Main results of the study

The test group included 115,618 CT studies (44.4% of
the total sample), and the control group included 144,976
CT studies (55.6%). The ratio of studies in the control and
test groups was similar. Distribution by subgroups in the
test group was as follows: 98,953 studies (37.9% of the total
sample) were for Al-A, 44,194 (17%) for Al-B, 24,067 (9.2%)
for Al-C, 22,679 (8.7%) for Al-D, and 10,645 (4.1%) for Al-E.

For different subgroups with Al services, 2.3%-18.5%
fewer CT-0 categories were found (no COVID-19 le-
sions were detected) compared to the control group, and
4.7%-27.6% fewer CT 34 categories was found in differ-
ent subgroups with Al services than in the control group.
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In addition, 40%-60% fewer CT-4 categories were found in
different subgroups with Al services than without Al (Fig. 3;
p <0.0001).

In November 2020, results of primary CT scans of
41,386 patients were analyzed (male/female ratio was
44%/56%, aged from 18 to 100 years, with the average age
of 53.2 years), performed and interpreted in the period from
November 1, 2020 to December 1, 2020 in outpatient medi-
cal organizations in Moscow, repurposed for the period of
the pandemic into outpatient CT centers.

The test group included 28,881 CT scans (69.8% of the
total sample in November), and the control group included
12,505 CT scans (30.2%). Distribution by subgroups in the
test group was as follows: 12,266 studies (29.6% of the total
sample in November) were for Al-A, 11,922 (28.8%) for Al-
B, 9,785 (23.6%) for Al-C, 9,942 (24%) for Al-D, and 8,602
(20.8%) for Al-E.

In different subgroups with Al services, 1%-2.6% fewer
CT-0 (no COVID-19 lesions were detected), 0.2%-15.7%
more CT 3-4, and 25% fewer CT-4 categories were found
compared to the control group (Fig. 4; p = 0.0010).

For the period of November 2020, statistically significant
differences were revealed only for CT-0, whereas no differ-
ences were found for the rest of the categories. However,
a minimal statistically significant difference was found in
CT-0 (18.6% vs. 17.0%). By the general monitoring period,
on the contrary, all categories were statistically significantly
different between data “without Al” and “total for all Als”.
The critical x2 value was 4. For the total period, all CT 0-4
categories made a significant contribution to the differences.
The minimum x2 value was 26.2 for CT-3 (p <0.0001).

36,0
Control group (without Al) i
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DISCUSSION

Summary of the main result of the study

Study results revealed a change between the CT 0-4
scale categories generated by radiologists in the presence
of results from processing by Al services and categories
formed without the use of Al services.

Discussion of the main result of the study

In general, prior to the COVID-19 pandemic, Al services
were used to reveal radiological symptoms to detect diseas-
es, classify and improve images, reduce radiation exposure,
and improve the workflow [15].

Medical research makes Al applications more under-
standable, safer, more efficient, and more integrated into
medical workflows [16]. It should be understood that valida-
tion of the Al algorithm should include not only a retrospec-
tive analysis of accuracy compared to the golden standard,
but also a randomized clinical trial to assess the influence
of Al on the decision making by healthcare professionals
[17]. For example, in a randomized clinical study HYPE, the
effect of the machine learning-based early diagnostics sys-
tem of intraoperative hypotension was demonstrated, so in
the intervention group, the median time of hypotension was
8.0 min versus 32.7 min in the control group (p <0.001), and
the number of lethal outcomes in the intervention group was
0 versus 2 in the control group [18]. In another major study
using Al to analyze chest X-rays in COVID-19, 20% of sur-
veyed doctors reported that the algorithm influenced clinical
decision making [19].
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Fig. 3. Results of comparison of primary chest CT scans performed in outpatient CT centers in terms of the severity of CT 0—4 categories
between the control group and test subgroups for the entire period (April 8, 2020-December 1, 2020).

n=260 594; p <0,0001.
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Fig. 4. Results of comparison of primary chest CT scans performed in outpatient CT centers, according to the severity of the CT 0-4
categories between the control group and test subgroups for November 2020.

n=41 386; p=0,0010.

Available literature provides no similar studies assess-
ing the effect of Al results on the final decision making by
radiologists when diagnosing lung changes with suspected
COVID-19 based on chest CT data.

Al for COVID-19 has two tasks, namely detection and
classification. The detection task is determined by the differ-
ence between CT-0 and all other categories. The classifica-
tion task consists of identifying differences between different
CT categories (CT1-CT4), i.e., different volumes of damage
to the pulmonary parenchyma.

The finding 1 was the difference in the proportion of the
CT-0 category between all subgroups. In the case of Al ser-
vice A, the radiologist was shown only a part of the slices
with changes characteristic of COVID-19, while all other Al
services had equal number of slices as in the original CT
series. Opinions of doctors without Al-A were close to those
of the control group.

The finding 2 was the difference in the proportion of CT
3-4 categories between all subgroups. Probably, with a
large amount of lung lesions, the empirical visual estimation
of the radiologist may exaggerate the extent of the lesion.
This overdiagnosis is compensated for when the radiologist
monitors the segmentation of lung injuries, performed with
the use of Al. This increases the degree of confidence in the
automatic calculation of volume and category according to
the CT 0-4 scale. Since a lung injury threshold of >50% (CT
3-4 categories) was used as justification for hospitalization,
this, combined with clinical and laboratory findings, may re-
duce the number of hospitalizations.

Based on publications by S.P. Morozov et al. on predic-
tion of lethal outcomes in COVID-19 according to chest CT,
when transfer from one CT category to the next, the risk
increased by an average of 38% (95% confidence interval

DOI: https://doi.arg/10.17816/DD60040

17.1-62.6), and in an additional study among patients with
laboratory-verified COVID-19, the risk of lethal outcome with
the CT-4 category was 3 times higher than with CT-0 [12,
20]. Our study has demonstrated a fewer CT-4 categories
in the test subgroup than in the control one. Previous stud-
ies have revealed that CT-4 assessment of the degree of
lung damage is associated with lethal outcomes in COVID-19
more than all other categories (CT 0-3) [12, 20]. Thus, the
change in the number of patients with CT-4 categories is
essential for the formation of calculators of mortality risks
for patients with COVID-19.

Due to the pandemic, the simultaneous launch of all Al
services was recognized to be limiting the potential benefits
of using Al, since all developers would have to be expected
to participate in the experiment. Therefore, throughout 2020,
unevenness of different Al services in joining the experiment
was reported. An analysis was performed for November ob-
tained additional results when the number of CT studies in
the control group and each test subgroup was comparable
to each other.

According to the authors, the difference revealed be-
tween results of periods 1 and 2 is associated with several
factors as follows:

1) different number of Al services;

2) technical factor, as until 2020, the Al services partici-
pating in the experiment did not have the opportunity to train
their algorithms for assessing and diagnosing lung damage
to diagnose COVID-19, therefore, during the experiment, the
possibility of changing the Al based software version in order
to improve the quality of algorithms and potentially more
benefits was recognized justified;

3) the human factor, as until 2020, doctors did not use
the assessment of the chest CT according to the CT 0-4
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scale, which presents a certain difficulty in terms of assess-
ing the volume of multiple lesions in the lungs. It should be
noted that doctors could independently improve their skills in
assessing the volume of lung lesions in COVID-19, since they
evaluated a significant number of CT studies during the pan-
demic. In addition, doctors could gain experience by checking
the markup performed by the Al service, which could lead
to an improvement in the skill in more correct assessment
of the lesion amount.

In URIS, the radiologist has the opportunity to leave feed-
back on the work of the Al service in a special feedback
field. The study prospect is the comparison of distribution of
categories on the CT 0-4 scale among radiologists who have
not encountered Al services during the pandemic and use the
results of Al services based on their feedback.

Research limitations

Our research has a number of limitations. It did not in-
clude patients with positive results of the polymerase chain
reaction test for COVID-19 verification, since results of these
studies were after the CT scan. The study was not random-
ized. The extent of agreement of radiologists with the results
of Al services was not assessed. In the test group, some
of the CT scans were analyzed by several Al services. Al
services were not registered as medical devices. Over the
course of the pandemic, Al services were changed as the
quality of CT processing improved, and this fact was not fur-
ther evaluated in this study. The adaptation of radiologists
to the use of the CT 04 scale was not taken into account.

URIS, where doctors formed medical reports, provides a
special field for feedback on the work of Al services. How-
ever, at the time of the publication formation, results of
feedback from doctors were being processed; therefore, it
cannot be presented in the current study.

CONCLUSION

Results reveal that the use of Al services for primary
chest CT scans in outpatient settings leads to a decrease in
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