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Check for

npu nabopatopHo BepupMuUUPOBaAHHOM
COVID-19 no aaHHbIM KOMNbIOTEPHOM
TOMorpaguu opraHoB rpyaHoM KNeTKMU:
peTpocneKTUBHbIX aHanu3 38 051 naumnenTa

© C.I1. Moposos, B.10. YepHuHa, U.A. brioxuH, B.A. TomboneBckum

['BY3 «Hay4Ho-npakTUYeCKUIN KAMHWUYECKUIA LIEHTP AWArHOCTUKM M TeneMe AULIMHCKUX TexHoNnorumn [lenaptaMeHTa 34paBooxXpaHeHns
ropofa MockBsbi», MockBa, Poccuiickan Oepepauma

06ocHoBaHMe. B ycnoBuAX CNOMMBLUENCA 3NMAEMUONOMMYECKON CUTYaLIMM KOMMbIOTEepHaA ToMorpaduA opraHoB rpya-
How KneTku (KT OTK) urpaet BaxHyio ponib B AuarHocTuke 3abonesanua. KnmHnyeckue n KT-gaHHble no3BonsioT Bpayam
B KOPOTKME CPOKM YCTaHOBUTb BEPOATHOCTb HA/IMUMA U NPOrHo3 y nauuneHTos ¢ COVID-19.

Llenb — nporHo3vpoBaHue MCX0A0B Y NabopaTopHo BepuMLMpoBaHHbIX 60nbHbIX COVID-19 no gaHHbM KT OTK ¢ nomo-
LbI0 NOYKONIMYECTBEHHOMW BU3YasbHOW LUKabl CTENEHW NOPaXeHNUs NIEFOYHON napeHxuMbl (wKana KT0-KT4).
Matepuan u MeToabl. BbinonHeH peTpOCNEKTMBHBIN aHanM3 BbIFPY3KW MCTOpUIA 6onesHn u3 EgmHoro MeguumMHCKoro
UHpopMaLmoHHoro-aHanuTuyeckoro cepeuca (EMUAC) n npotokonos u3 EguHoro pagmonornyeckoro MHGOpMaLMoH-
Horo cepeuca (EPUC) B nepuoa ¢ 01.03.2020 no 30.07.2020. B uccnefnoBaHue BKAYEHbI UCTOPUM BoNe3HeN NaLueH-
T0B ¢ AgnarHo3oM U07.1 no MKB-10 (nabopaTopHo BepudMLMpOBaHHAA KOPOHaBUPYCHaA MHGEKLMA), KOTOpbIM ¢ 1 MapTa
no 30 uiona 2020 r. BrknoumntensHo npoeaeHa KT OMK no HanpaBneHuio Bpaya-TepanesTa Npy Nogo3peHnmn Ha BHebosb-
HUYHYI0 NMHEBMOHMIO, Bbi3BaHHyl0 COVID-19; MakcMManbHO [ONYCTUMBIA CPOK Meway nabopaTopHon BepuduKauueit
1 KT OF'K — He bonee 5 gHeit. Cpok HabniofeHUs 3a KarKabiM NaumMeHToM — He MeHee 30 cyT oT gatbl npoBefenus KT.
WccnepoBakuA 6binv BoINOMHEHBI B 48 MeJULIMHCKUX OPraHW3aUmMAX, 0Ka3biBaloWMX NePBUYHYI0 MeOULIMHCKYIO NOMOLLb
B3pocnoMy HaceneHuo MockBebl. He Bowwnu B ucciejoBaHme NaLMeHThI, y KOTOPbIX pe3ynbTaThl TeCTa NOAMMepasHom Len-
How peakumu Ha COVID-19 6binu oTpuuatensHeiMy K 30.07.2020. LLKkana KTO—KT4 pekoMeHpoBaHa K npuMeHeHuio B Poc-
cuickon Oepepauum ons oLeHKM 06 bEMa NoparKeHWs NapeHXMMbl NErKoro npy nogo3peHnu Ha COVID-19.

Pesynbratbl. NTorosbin 06bEM Bblbopku — 38 051 naumeHT. Mo pe3ynbTataM UccieqoBaHWA BbISBNIEHO, YTO AJIA KaTero-
pumn KT4 puck cMepTy Bbllle B 3 pa3a no cpaBHeHuio ¢ Kateropuen KT0. Mo kpuebiM KannaHa—Meviepa ana aHanusa Bbl-
MBAEMOCTM [0NA BbIKMBLUMX NaLMeHToB B KaTeropum KT3 noutu B 3 pasa HuKe (HR = 2,94), yem B Kateropuax KT0-KT2.
KpoMe Toro, ycTaHoBEHO, YTO YeM Bbille UcxoaHadA Kateropua KT, TeM HUKe puCK yxyaweHua. Bpema go rocnutanmsa-
LMK CHUXKANOCh NpY YBENMYeHUM KaTeropum no gaHHbIM KT OTK.

3aknioueHue. BusyanbHas wkana KT0—KT4 MoxkeT 6bITb MCNONb30BaHa B Ka4ecTBe NPeAUKTOpa MCX0A0B (rocnuTanusa-
LM 1 NeTanbHbIX UCX00B) Y NaLMEHTOB, KOTOPLIM Npu nogo3peHun Ha COVID-19 seinonHeHa KT OTK Ha 6ase nepsuyHoro
3BEHa 3paB0O0XPaHEHMA.

Kniouesble cnoBa: COVID-19; BHebONbHUYHAA NHEBMOHWSA; KOMMbOTEPHAsA TOMorpadus.
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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-
quantitative visual pulmonary 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 CTO—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. |s there a relationship between the CT0—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 (Cl) 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,

Vol 1 (1) 2020

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

Digital Diagnostics

regression coefficient values were given with the 95% ClI.
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 0:‘:::::5 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

\

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

\/

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 (n = 81 475)

Excluded: U07.1 diagnosis not verified

Y

y

\/

(n = 82 298)

Citizens have the establish

ed 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 pulmonary parenchyma damage
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Figure 2. Qverall 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).
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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.

DO0I: 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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