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06ocHoBaHMe HOBOro NOAX0AA K KPUTEPUAM OLLEHKM
A03bl 06/ly4eHMA NaLMEeHTOB NPU KOMMNbIOTEPHOM
ToMorpagum

E.W. Matkesuy" 2, B.E. CuHuubiH? 3, U.B. MBaHoB"

! TocyaapCTBeHHbIi HayuHblit LieHTp Poccuitckoil Depepaumn — DefiepanbHblii MeAMUMHCKWIA B1odU3Ndeckuit LieHTp uMenn AN, BypHassana,
Mockea, Poccuiickas Depepaums

2 [opopcKas KinHuYecKas 6onbHuLa umenn W.B. [lasbinosckoro, Mocksa, Poccuiickas ®enepaums

3 MoCKOBCKMiA rocyaapcTBeHHbIA yHuBepcuTeT uMeHn M.B. JloMoHocosa, Mockea, Poccuiickan ®epepaums

“ Nepsbiit MOCKOBCKMUIA roCYAaPCTBEHHBIN MEAMLIMHCKIIA YHuBepcuTeT uMeHn WM. CeueHosa (CeyeHoBCKuit YHuBepcuTe),
Mockea, Poccuiickas Depepaums

5 [ocynapCTBeHHbIA HayyHO-MCCTIEA0BATESILCKWIA UCTILITATENbHbIA MHCTUTYT BOEHHOM MeamumHbl, CakT-Metepbypr, Poccuiickas ®epepaums

AHHOTALUMA

06ocHosaHue. B nepuop, pe3Koro Bo3pacTaHus Konu4YecTsa UCCNeA0BaHNN C MPUMEHEHUEM KOMMbIOTEpHOI ToMorpadum
(KT) noBbliwaeTcs aKTyanbHOCTb COBEPLUEHCTBOBAHMS METOAO0B KOHTPONA [03bl 06/Ty4eHUs NALMEHTOB B LENSX HemnpeBbl-
LUEHNS PEKOMEHAYEMbIX YPOBHEN.

Llens — npoaHanu3mpoBaTb 3aBUCUMOCTb 3QGHEKTUBHON A03bl NPU KOMMbIOTEPHOWU TOMOrpadun pasnnyHbIX obnacten
Tena oT Macchl NALMEHTA W paccunTaTh CTaHAAPTHY0 3G GeKTUBHYI0 103y AN18 naumeHToB Maccoid 70 Kr u 80 Kr.

Mamepuanel u Memodel. MpoaHanu3upoBaHbl NpoTokonbl KT-UccnegoBaHuii — oaHodasHbix (209 naumeHToB) M MHo-
roasHbix (114 naumeHToB). 3dPEKTUBHYIO [03Y pPacCUMTLIBANM B COOTBETCTBMM C HOPMAM30BaHHLIMU KO3hdULMEHTAMM
ANs Kaxpon obnactu Tena (ronoBa, rpyaHas Knetka, bpioluHas noiocTb U Manbii Tas). 3Ha4eHns cTaHAApTHOW 3 dEKTUBHON
[03bl PacCcynTbIBaNM NYTEM anMPOKCUMALMK AaHHbIX C UCMOMb30BAHNEM JIMHEMHON QYHKUMM 3QDEKTUBHON A03bl OTHOCK-
TeNbHO Macchl Tena AN CTaHaapTHoro naumeHTa Maccon 70 kr wnm 80 kr ans kaxporo Tmna KT-ckaHepa M ckaHupyeMoii
obnactu Tena.

Pesynemamel. YctaHoBneHo, uto npu KT-uccnepoBaHun adekTBHan A03a yBENMYMBAETCA NPOMOPLMOHANLHO Macce
Tena naumeHToB. PaccuuTaHbl M conocTaBlieHbl 3Ha4EHUS cpeaHen 3G heKTBHOWM 403bl, MeuaHHOW IDHEKTUBHON 403, pe-
(hepeHTHbIX AMarHOCTUYECKMX YPOBHEN (M3B) CO CTaHAapTHOM 3¢ deKTMBHOM A0301 (M3B) Npu 0AHO(A3HOI U MHOrodasHoM
KOMMbloTepHoi ToMorpadmu. Bo Bcex cpaBHMBaeMbIX rpynnax 3TM MoKa3aTenn OblM HECKONIBKO Bbille, YEM CTaHAApTHas
3ddeKTMBHAA 1033, ecnu KputepueM bbina Macca 70 Kr, 1 6binm 61M3kK K cTaHpapTHOM 3ddeKTMBHON [03e, ecu KpuTe-
pueM bbina Macca 80 Kr. MNokasaHa BO3MOXHOCTb UCMOJb30BaHMS )1 pacyéTa CTaHAapTHOM 3P hEKTUBHOM [,03bl HE TOJIBKO
AaHHBIX NaLMeHTOB, 0TOBpaHHbIX MO CTaHAAPTHOW Macce Tena, HO M BCEro MaccuBa AaHHbIX METOLOM anmpoKcUMaumu. 31o
MOXET ObITb UCMO/b30BaHO 1S COBEPLUEHCTBOBAHUS PYKOBOASALLMX NPUHLMINOB CPaBHEHUS U CTaHAApPTM3aLmM 03 obyde-
HWA NPU KOMNbIOTEPHOW TOMOrpaduu Y NaLMEHTOB MO U3y4YeHHbIM 0bnacTaM Tena.

3axnoyenue. B uccnefoBaHuM onucaHa MeTOAMKA OLEHKU U cpaBHeHUs A03bl KT-u3nyyeHus Ha npuMepe Byx 6onb-
Hu 1 AByx KT-ckaHepoB ¢ Y4ETOM Macchl CTaHLAPTHOrO MauumeHTa. Pe3ynbTaThl NOKA3bIBAKOT, YTO PacyET W aHanM3 CTaH-
AApTHOM 3 hEKTUBHOW [,03bl NS KaXAoW 0bnacTu Tena BMeCTo cpefHein apdeKTUBHOW [03bl, MeAMaHHON 3 deKTUBHOM
A03bl UM 75-ro KBaHTUNA 3QPEKTUBHON [03bl NOMOraloT boslee KOPPEKTHO CpaBHUBATL pajvauMoHHOe 0bslydeHne B pas-
HbIX MeAMLIMHCKUX YYPEXEHNUAX U aHaNU3MPOBaTh MPUYMHBI MPEBBILLIEHUS PETUOHAMBHBIX WITM HALMOHAMbHBIX pedepeHTHbIX
LMarHoCTUYECKUX YPOBHeN. B ycnoBusx peskoro yeenuuenns uncna KT-uccnenoBaHuit B nocnefHee BPeMS HEMpeBbILLEHNE
Npu KOMNbIOTEPHON TOMOrpadun pedepeHTHbIX AMArHOCTUUYECKMX YPOBHEMN, pacCUMTaHHbIX MO KPUTEPUIO CTaHLApPTHOM 3g-
(EeKTMBHON [,03bl, NPU3BAHO CHU3UTL OTAANEHHBIE NOCEACTBUSA B BULE OHKONIOMMYECKOM NaToNorMn cpeay HaceneHus.
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Substantiation of a new approach to the criteria
for assessing the radiation dose of patients during
computed tomography
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ABSTRACT

BACKGROUND: In accordance with the requirements of the IAEA basic safety standards and the International Commission
on Radiation Protection, comparing the radiation dose for patients undergoing computed tomography (CT) in diagnostic and
treatment clinics with national or international DRLs is important for controlling medical radiation doses. The search for ways
to improve DRLs calculations determines the relevance of such studies.

AIM: To analyze the dependence of effective doses (EDs) in CT of different body parts on patient’s weight and to calculate
the standard ED for the patient (70 and 80 kg).

MATERIALS AND METHODS: CT acquisition protocols in 209 patients were single phase (SP) CT, while 114 patients
underwent multi-phase (MP) CT. ED was calculated according to the normalized coefficients for each body area. The values of
standard ED was calculated by data approximation using linear function of ED relatively body weight for each type CT scanner
and body area scanned.

RESULTS: The increase in ED following a CT examination was proportional to the body weight of patients. For SP and MP
CT scans, the standard EDs were calculated according to all body areas. The mean ED, median ED, and DRLs (mSv) in these
groups was slightly higher than standard ED (mSv) if the criterion was 70 kg and were close to standard ED if the criterion was
80 kg. These values give a basis for improving the guidelines concerning the recommended limits of radiation doses for CT in
individual patients according to indications and body parts studied.

CONCLUSIONS: In the study, a methodology for assessing and comparing the dose of CT-radiation at two hospitals in the
two CT scanners, considering weight of a standard patient, is described. Our results show that the calculation and analysis of
the standard ED of CT-examining areas of the body instead of mean ED and median ED help to compare the radiation exposure
in different medical facilities more properly. Given the recent sharp increase in the number of CT studies, not exceeding the
standard ED for patients with CT will reduce the long-term consequences in the form of oncological pathology among the
population.

Keywords: computed tomography; radiation dose; effective dose; diagnostic reference levels; body weight; correlation of
data.
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ABBREVIATIONS

CT: computed tomography

CTDIvol: volume computed tomography dose index
(mGy)

DLP: dose-length product calculated as a product of
dose (mGy) and the length of the body area scanned (cm)

DRLs: diagnostic reference levels

ED: effective dose (mSv)

ICRP: International Commission on Radiological
Protection

SSDE: size-specific dose estimate (mGy)

BACKGROUND

Recently, the application of computed tomography
(CT) has increased in Russia and elsewhere. In 2020, the
average annual medical effective dose per capita in Russia
dramatically increased by 30% (0.6 mSv in 2019, 0.81 mSv
in 2020) [1], but the CT contribution to the collective medical
exposure dose increased from 22.1% in 2010 to 73.5% in
2020 and currently ranks first among all types of X-ray and
radiological examinations. In the long term, an increase
in the total patient radiation doses should be expected
during screening CT scans to diagnose the consequences of
COVID-19 and lung and breast cancer as well as repeated
CT scans to establish changes in the pathological process,
including CT using radiopaque agents.

According to the basic safety standards of the International
Atomic Energy Agency [2] and the International Commission
on Radiological Protection ICRP) [3-7], to control medical
radiation doses, CT radiation doses in diagnostic and medical
clinics must be compared with national or international
diagnostic reference levels (DRLs). The importance of such
studies is driven by the need to find ways to improve DRL
calculations.

The purpose of this study was to analyze the relationship
between an effective dose (ED) and patient weights in the CT
scans of various body areas as well as to calculate standard
EDs for patients weighing 70 kg and 80 kg.

MATERIALS AND METHODS
Study Design

A retrospective study was performed using the electronic
databases of the single-phase CT (SP-CT) and multiphase CT
(MP-CT) of the head, chest, abdomen, and pelvis.

Eligibility Criteria

Inclusion Criteria: patients aged 17 to 95 who were
referred to a diagnostic CT scan by their attending healthcare
professional.

Exclusion Criteria: patients with missing body weight data.

Study Conditions

This study included the patients of two multi-disciplinary
healthcare institutions: the Treatment and Rehabilitation
Center of the Ministry of Health of Russia (Site 1) and the

DOL: https://doiorg/10.17816/BD110857

I.V. Davydov City Clinical Hospital of the Department of Health
of Moscow (Site 2) using standard CT protocols for these
body areas.

Study Duration

Electronic data on patient CT radiation exposure for
2015-2018 were analyzed.

Description of Medical Intervention

CT scans were performed using two CT scanners (at
Site 1: GE Discovery CT750 HD, 64-slice, GE Healthcare,
USA; at Site 2, Toshiba Aquilion Prime, 80-slice, Toshiba,
Japan) following the standard scanning protocol [8]: The
tube voltage was 100 kV or 120 kV with automatic current
modulation, and the slice thickness was 0.5, 0.625, 1.25, and
1.5 mm. The key parameters of CT protocols are presented
in Table 1. In this study, all CT scans used the same type of
noise reduction algorithms for the corresponding body area.

Based on the CT reports of each patient, the following
radiation exposure parameters were entered into the
database: CTDIvol (volume-weighted computed tomography
dose index, mGy) and DLP (absorbed dose for the entire CT
scan, mGy x cm). Individual patient EDs were calculated
using the formula [5]:

ED (mSV) = Kep g % DLP, (M

where ED is the effective dose; K is a coefficient; and DLP
(dose—length product) is the product of the dose absorbed
(mGy) and the length of the body area scanned (cm).

For the calculations, we used the K¢, ;» conversion
coefficients (mSv x mGy™' x cm™) [4]: head, 0.0023; chest,
0.017; abdomen, 0.015; and, pelvis 0.019.

Primary Study Outcome

This study is aimed at evaluating the relationship between
the ED in patients undergoing CT scans of various body areas
and the patient’s body weight as well as at calculating a
standard ED for typical patients weighing 70 kg and 80 kg.
As a reference, we used the mean ED, median ED, and the
75th quantile of the ED in the same group of patients.

Additional Study Outcomes

The body weight distribution was assessed by group, and
mean weight changes were analyzed in our study population.
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Subgroup Analysis

Two study groups were formed and compared: the
group of Site 1 (GE Discovery CT750 HD, 64-slice) and
the group of Site 2 (Toshiba Aquilion Prime, 80-slice).
Each group was divided into three subgroups according
to CT areas (head, chest, and abdomen and pelvis). In each
subgroup, patient radiation doses were calculated for SP-
CT and MP-CT.

Ethical Review

For retrospective studies using anonymized datasets, an
ethics committee opinion is not required.

Statistical Analysis

The size of the groups was determined by the number of
patients who were followed up during the study period and
who had data on the radiation dose + weight during CT scans.
The analysis included CT scans with good image quality
following the European guidelines on Quality Criteria for
Computed Tomography [4]. In this context, good image
quality was considered as “visually clear reproduction of the
structure of organs, tissues, etc., the boundaries between
them, as well as lesions and foci.”

We specifically measured the body weight of each
patient with an accuracy of +3 kg and calculated mean body
weights (M + m, kg) for all groups. Inter-site differences
in means reported for each CT area were calculated using
the t-test (p < 0.05). To establish the radiation dose—weight
relationship, a regression correlation analysis was performed
using STATISTICA software (v. 10.0).

We determined individual patient EDs (in mSv) for Site 1
and Site 2 using formula (1), then calculated the mean ED
(mSv) as the arithmetic mean (M) with standard deviations
(+ m), median, 25th and 75th quantiles of the ED (mSv) (Me
[25th, 75th]), and DRLs (mSv; ED,,,) for each scan area using
the Microsoft Excel 2013 software package.

We calculated the standard ED assuming [4, 7, 9, 10] that
this is the mean ED for adult males and females weighing
70 + 3 kg. For the selected diagnostic radiologic procedure
(following the standard protocol with a typical operation
mode of the system used), the standard ED,; , (mSv) and
the standard EDgy,, (mSv) were calculated by approximating
the data for each of the three scan areas (head, chest, and
abdomen + pelvis) using linear ED-weight functions by the
following regression equation:

ED (mSv)=a+b x W (rg), )

where ED is the effective dose (mSv) received by the patient;
a and b are regression coefficients; and W is the patient’s
body weight (kg).

The values of coefficients a and b were calculated using
STATISTICA for each scan area (head, chest, and abdomen +
pelvis) in Site 1 and Site 2 for SP-CT and MP-CT. Then, the
standard ED,,, (for a typical patient weighing 70 kg) and the
standard EDg, , (for a typical patient weighing 80 kg) were
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calculated using equation (2) for W = 70 kg and W = 80 kg,
respectively.

RESULTS
Study Subjects

Statistical analysis included finding 323 CT scans
(137 men and 186 women aged 17-93). CT was performed
according to standard protocols. A total of 209 SP-CT scans
and 114 MP-CT scans were analyzed.

As shown in Table 1, the groups were generally well-
balanced by age, sex, and body weight, which varied from
42 to 129 kg.

Primary Study Outcomes

In the first stage of the study, mean radiation exposure
parameters (CTDIvol, DLPs, and the ED per CT scan) were
determined for the SP-CT and MP-CT of the head, chest, and
abdomen and pelvis, respectively (Table 2). The mean patient
ED per one SP-CT scan and one MP-CT scan was 1.8-2.0 mSv
and 2.4-4.6 mSv for the head, 2.4-5.3 mSv and 7.9-8.4 mSv
for the chest, and 7.5-8.2 mSv and 27.4-33.0 mSv for the
abdomen + pelvis, respectively.

As shown in Table 1, the mean weight of Site 1 and
Site 2 groups differed insignificantly, except for the SP-CT
of the abdomen + pelvis (75.5 + 2.0 kg and 83.1 + 3.5 kg,
respectively) and the MP-CT of the chest (75.5 + 5.0 kg and
91.6 + 3.2 kg, respectively).

In the second stage of the study, a correlation analysis
was performed to establish the ED-weight relationship. The
correlation coefficients were 0.66—0.70 and 0.59-0.68 for
SP-CT and MP-CT, respectively. For abdomen + pelvis, the
correlation coefficients were 0.37 and 0.59 for SP-CT and
MP-CT, respectively. For the head, the correlation coefficients
were extremely low: 0.05-0.09 and 0.11-0.18 for SP-CT and
MP-CT, respectively.

In the third stage of the study, the median ED (Me [25th,
75th]) and DRLs (ED,5,,) were calculated (see Table 3). For
each scan area, the standard EDs were calculated using a
dose—weight regression function for patients weighing 70 kg
and 80 kg during SP-CT and MP-CT scans (Figures 1 and 2).

We compared the mean ED, the median ED, and DRLs
(ED75th) with standard EDs for these groups (see Table 3).
There are no significant differences in the mean ED, median
ED, and DRLs (ED,s,,) compared to the standard ED for the
head CT. No correlation with weight was revealed, and these
parameters were 1.7-1.9 mSv for Site 1 and 2.1-2.2 mSv
for Site 2.

For other scan areas, the weight of patients is important
for assessing EDs. If mean weights are similar (e.g.,
76.1 + 4.0 kg and 76.3 + 2.3 kg for SP-CT scans of the
chest at Site 1 and Site 2, respectively), differences in the
mean ED, the median ED, DRLs (ED,s,), and standard EDs
are unidirectional: all ED values at Site 1 were 2.2-3.2-
fold higher than those at Site 2.
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Table 1. General characteristics of patients and protocol parameters for SP-CT and MP-CT

. ) One-phase CT Multiphase CT
Parameters Region of interest - - - -
Site1 | Site2 Site 1 Site 2
General characteristics of patients
Head 18 32 14 8
) Chest 25 38 11 27
Number of patients, n )
Abdomen + pelvis 75 21 30 24
Total 118 91 55 59
Head 8/10 9/23 6/8 5/3
Chest 9/16 17/21 6/5 15/12
Male/female )
Abdomen + pelvis 33/42 10/11 12/18 1117
Total 50/68 36/55 24/31 27/32
Head 52.123.2 66.3x2.5 52.53.0 56.8+7.2
Age, M + m, years Chest 57.6+2.7 51.9+3.0 58.6x4.7 62.7+3.2
Abdomen + pelvis 57.545.3 65.3+4.8 57.6£2.5 55.5+3.5
Head 79.8+3.2 71.0£2.0 81.2+3.8 86.6+3.5
Weight, M + m, kg Chest 76.1+4.0 76.3£2.3 75.545.0 91.6+3.2
Abdomen + pelvis 75.5+£2.0 83.1£3.5 79.7£2.9 80.7+2.7
Key parameters of CT protocols
Collimation (mm) Head, Chs:f\'/izbd"me”' 64x0,6 80x0,5 64x0,6 80x0,5
Tube current modulation Head, ch;::\,/;bdomen, Automatic Automatic Automatic Automatic
Head 120 120 120 120
Tube voltage (kV) Chest 120 120 100; 120 120
Abdomen + pelvis 120 120 100; 120 120
Head 0.531 0.625 0.531 0.625
Pitch Chest 1.375 1.388 0.984; 1.375 1.388
Abdomen + pelvis 1.375 0.813 0.984; 1.375 0.813
Head 0.8 0.5; 0.75 0.8 0.5; 0.75
Rotation time (sec) Chest 0.6; 0.7 0.5 0.6; 0.7 0.5
Abdomen + pelvis 0.7 0.5 0.7 0.5
Head 1.25 0.5 1.25 0.5
Slice thickness (mm) Chest 1.25 0.5 0.625; 1.25 0.5
Abdomen + pelvis 1.25 0.5 0.625; 1.25 0.5

Note. * In the studies conducted, low-dose protocols and special noise reduction algorithms were not used. Filtered BackProjection technology was

used. CT: computed tomography.

For the SP-CT scans of abdomen + pelvis, the mean
patient weight (83.1 kg) at Site 2 exceeded that at Site 1
(75.5 kg), so the mean ED was slightly higher for Site 2
(8.2 + 0.7 mSv) than for Site 1 (7.5 + 1.1 mSv), and DRLs
(ED,s,) where higher for Site 2 (10.8 mSv) than for Site 1
(8.4 mSv). At the same time, the calculated standard EDg,,
was lower for Site 2 (5.89 mSv) than for Site 1 (7.19 mSv).

For the MP-CT scans of the chest, the mean patient weight
was heavier for Site 2 (91.6 kg) than for Site 1 (75.5 kg), so

DOl https://doiorg/

the mean ED was slightly higher for Site 2 (8.4 + 0.7 mSv)
than for Site 1 (7.9 £ 1.7 mSv). The DRL (ED;5,,) was slightly
higher for Site 2 (11.0 mSv) than for Site 1 (10.0 mSv). At
the same time, the calculated standard ED;, ,, was lower for
Site 2 (5.28 mSv) than for Site 1 (6.55 mSv).

The DRL (ED;s,,) depends not only on the weight but also
on the abnormal values of the radiation dose of each patient.
Therefore, in the group of MP-CT of abdomen + pelvis, the
mean patient weights at Site 1 and Site 2 were similar

10.17816/0D110857
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Table 2. Radiation doses for SP-CT and MP-CT of the head, chest, and abdomen and pelvis at Site 1 and Site 2

Parameters Region of interest One-phase CT Multiphase CT
Site 1 Site 2 Site 1 Site 2
Head 1.80.1 2.0+0.03 24203 4.6+0.3*
ED per CT, M £ m, mSv Chest 5.3x0.5 2.4x0.2* 7.9+1.7 8.4+0.7
Abdomen + pelvis 7.5x1.1 8.2+0.7 33.0£1.8 27.4+2.4
Head 771.9+38.8 899.2+10.8 1033.3+109.8 1988.7+131.1*
DLP, M + m, mGy x cm Chest 309.1+30.6 141.9£10.6* 466.9+97.6 494.3+48.4
Abdomen + pelvis 449.0+67.3 491.1451.9 1964.1+108.2 1623.7x144.4
Head 40.1£1.4 51.5+1.0* - -
CTDIvol, M + m, mGy Chest 8.3£0.9 3.840.3* - -
Abdomen + pelvis 9.4+1.5 13.7£1.1% - -
Head 1 1 2.1£0.1 2.5+0.2
u“;“:fr of phases per CT, Chest 1 1 1.4:0.2 2.0:0
Abdomen + pelvis 1 1 3.8+0.1 3.8+0.1

Note. * Differences in means for this CT region between Site 1 and Site 2 (p < 0.05). CT: computed tomography; ED: effective dose.

(79.7 £2.9 kg and 80.7 + 2.7 kg, respectively), but in 5 patients
at Site 1, the ED values were abnormal and exceeded 45 mSv
(see Fig. 2,e), so the 75™ quantiles of the ED or DRLs (ED,s,,)
were higher at Site 2 (40.1 mSv) than at Site 1 (35.7 mSv). At
the same time, the standard ED, ,, values were 29.99 mSv
and 21.63 mSv for Site 1 and Site 2, respectively.

Additional Findings

These data allowed us to determine that the mean weight
in both groups approached 80 kg (see Table 1), which is
related to the many patients weighing approximately 80 kg
in almost all groups. Therefore, the mean ED and DRLs
(ED;sy,) in these groups always exceeded the standard ED,,,
and were closer to the standard ED ,, (see Table 3). We

believe that for our population, a reasonable approach is to
consider the standard EDg ,,, instead of the standard ED,q,,
as a criterion for assessing the ED since the standard ED,,
better reflects the body weight distribution in our population
due to recent anthropological changes. At the same time, if
the mean weight in both groups approaches the standard
weight of 80 kg, the corresponding mean EDs can be used to
compare the EDs of different computed tomographs.

DISCUSSION

Summary of the Primary Study Outcome

The primary goal of our study was to substantiate the
importance of calculating the standard EDs in CT scans for

Table 3. Effective doses (mSv) for SP-CT and MP-CT of the head. chest. and abdomen and pelvis

Mean ED (MeM[stm |755Dth]) DRLs (EDy5 ) sltzfnjf :;d SEIS:: kagrd
Region

of interest ; ; ; ?‘9 ; Z ; ; ; Z
[72] (72] [72] (72] [72] [72] (72] (72] [72] [72]

SP-CT
Head 1.80.1 2.120.03  1.7[1.5; 1.9] 2.112.0; 2.2] 1.9 2.2 1.72 2.06 1.78 2.07
Chest 53204 24202  4.9(2.9;7.6] 1.9 [1.8; 2.4] 7.6 2.4 4.53 2.09 5.71 2.60
Abdomen + pelvis  7.5¢1.1 8.2+0.7 6.5[5.8;8.4] 10.3[4.4;10.8] 8.4 10.8 7.19 5.89 7.83 7.63

MP-CT
Head 2.4+0.3 4.620.3  2.2[2.0;2.3] 4.6 [4.0; 5.4] 2.3 5.4 1.94 3.61 2.33 3.77
Chest 7.9£1.7 8.4x0.7 6.2 [4.4;10.01 8.9 [5.5; 11.0] 10.0 11.0 6.55 5.28 9.09 6.74
Abdomen + pelvis 33.0£1.8 27.4+2.4 31.4[27.1;35.7]1 26.6[17.9;40.1]  35.7 401 29.99 21.63 3311 2691

Note. * Standard ED70 kg (ED for a typical patient of 70 kg) is calculated using the regression equation: ED;;,, (mSv) = a +b x W (kg) for W =70 kg;
"a" and "b" are from the equations in Fig. 3. a-f (SP-CT) and Fig. 4. a-f (MP-CT). ** Standard EDg, (ED for a typical patient of 80 kg) is calculated
using the regression equation: EDgy,, (mSv) =a + b x W (kg) for W = 80 kg; "a" and "b" are from the equations in Fig. 3. a—f (SP-CT) and Fig. 4. a—f
(MP-CT). Differences in mean ED. median ED. and DRLs between Site 1 and Site 2 are highlighted in bold and are oppositely directed with differences
in Standard ED,,,, between these sites. CT: computed tomography; ED: effective dose.
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Site 2 (Toshiba Aquilion Prime)

Head
a) n=18, Mxm =79.8+3.2 kg b) n=32, Mxm =77.0+2.0 kg
Scatterplot of Effective dose, mSv against body weight, Scatterplot of Effective dose, mSv against body weight, kg
0 kg Effective dose, mSv = 1,2812+0,0062*x; 0,95 Conf. Int. Effective dose, mSv = 2,0231+0,0006*x; 0,95 Conf. Int.
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Figure 1. Regression analysis of the ED—weight relationship in SP-CT of the head, chest, and abdomen + pelvis. Y axis: effective dose

(mSv); X axis: patient weight (kg).

Legend: A solid line is a regression line with dotted confidence intervals; p = 0.95, solid perpendicular lines for standard ED,, ,, and
standard EDgy ,, (mSv), calculated for a patient weighing 70/80 kg; dashed lines for the mean ED (mSv) corresponding to the mean body

weight in the group.
CT: computed tomography; ED: effective dose.
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Legend: A solid line is a regression line with dotted confidence intervals; p = 0.95, solid perpendicular lines for standard ED,; ,, and
standard EDgy ,, (mSv), calculated for a patient weighing 70/80 kg; dashed lines for the mean ED (mSv) corresponding to the mean body

weight in the group.
CT: computed tomography; ED: effective dose.
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a more accurate calculation of the patient exposure levels
in different medical and diagnostic organizations since the
compared groups can differ significantly in body weight. The
correlation analysis shows that a higher mean weight is
associated with a higher mean radiation dose. DRLs reflect
the 75" quantile of radiation doses and are proportional to
the mean patient weights of the groups, which prevents using
DRLs for a correct comparison of patient exposure doses in
these organizations in the case of a significant difference in
mean weights between groups.

Our correlation analysis showed that the radiation
dose tended to increase proportionally with patient weight
during SP-CT and MP-CT scans of the chest (see Figure 1,
¢, d; Figure 2, ¢, d) and abdomen + pelvis (see Figure 1,
e, f; Figure 2, e, f). The highest CT dose correlation with
patient weight was established for the chest (0.59-0.70) and
abdomen + pelvis (0.37-0.59), and the lowest correlation
was established for head CT (0.05-0.18) (see Figure 1, g, b;
Figure 2, a, b). The calculated correlation coefficients were
consistent with the relative weight of human body segments
[11-14]. The upper body weight, middle body weight, lower
body weight, and head weight were 15.9%, 16.3%, 11.2%,
and 6.9%, respectively.

The ED-weight relationship is associated with the design
features of the sensors and automatic current regulation in
the CT scanner tube. This association means that comparing
the mean EDs and median EDs obtained in different medical
organizations is inappropriate if mean weights significantly
differ in the compared patient groups. Therefore, our study
shows that for such comparisons, a more appropriate
approach is to calculate and compare the standard ED,,, or
standard EDgy ,, values of the groups.

Discussion of the Primary Study Outcome

Many studies evaluate the problem of assessing the CT
radiation dose. As a criterion for optimized patient protection
during diagnostic and interventional procedures, a DRL has
been established [7]. Since its introduction by the ICRP in
1996, the concept of DRLs has been constantly evolving [2,
6, 71. The ICRP currently recommends estimating the median
radiation dose per treatment for each subject included in a
study [7]. National DRLs should be set as the 75th percentile
of the median DLP or ED values obtained in a sample of
representative centers. However, this guideline neglects
possible differences in doses due to the different body
weights of patients in the groups compared.

DRLs for the same CT area are known to be subject to
great variability, which makes it difficult to compare them
correctly. Therefore, in a review study [15], a 2-3-fold
difference was reported for DRLs obtained for the same
procedure in different studies. However, these differences
are related to study design, scanning technology, and
the use of different exposure parameters and different
dose indices. No consensus has been reached on this
issue. One study [16] assessed patient, equipment, and
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organization factors affecting the CT radiation dose. Patient
size (in terms of T-shirt size), site-specific protocols, and
multiphase scanning were found to be the most important
predictors of dose (R2 8-32%), followed by the equipment
manufacturer and iterative reconstruction (R2 0.2-15.0%).
Another study [17] showed that CT radiation doses vary
widely across countries, but the authors supposed that this
variation was related primarily to the local choice of technical
CT parameters and was unrelated to the characteristics of the
patient, organization, or equipment.

The issue of calculating the standard ED is becoming
increasingly important because of the constantly evolving
criteria for assessing the radiation dose in various medical
organizations. Therefore, international documents [4, 7]
indicate that DRLs should be standardized, i.e. they should
be given, as much as possible, for a “typical-size patient”
for each type of CT scan considering that the “standard dose
is the mean dose for adult patients of both sexes weighing
70 + 3 kg during the selected radiological procedure using a
typical mode of operation of the system used with a typical
protocol” [4, 8, 10]. The selected mean weight should be near
the mean weight in the population considered, and for some
countries, an average patient weight of 70 + 10 kg may be
acceptable [7]. However, in practice, medical organizations
calculate DRLs using the mean or median values of the
radiation dose of the general population, without considering
the size and weight of patients.

Only a few authors considered “patient size” for these
analyses: For example, A.J. van der Molen et al. [18] provided
doses for a “typical-size patient” (height 1.74 m, weight 77 kg,
BMI 25.4 kg/m?  15%) or a patient weighing 70 + 15 kg [19]. A
smaller scatter of data can be assumed, and the comparison
of DRLs would be more correct if standard radiation doses
for a “typical patient” weighing 70 kg or 80 kg were compared
instead of mean or median doses. This calculation method
should be used by all medical organizations.

The analysis (Table 4) showed that in different countries,
SP-CT ED (mSv) for the studied areas could differ several
times, and in different studies, it was 1.5-2.3 mSv for head
CT, 4.0-7 .9 mSv for chest CT, 2.4-10.0 mSv for abdomen
CT, and 4.1-11.7 mSv for abdomen + pelvis CT. For MP-CT
of the studied areas, the ED largely depended on the number
of stages of the study and differed to a greater extent: 5.1-
9.5 mSv for head CT, 3.6-23.1 mSv for abdomen CT, and
6.3-24.5 for abdomen + pelvis CT. In our study, for a patient
of standard weight (70 kg), the calculated standard EDs for
SP-CT and MP-CT at Site 1 and Site 2 were comparable to the
mean or median EDs for head and chest CT in other studies
and slightly exceeded EDs for MP-CT of abdomen + pelvis
(see Table 4).

Our data were confirmed by the results of other studies.
Therefore, data stratification by two subgroups (non-
overweight and overweight) allowed a better optimization
of CT doses and the ability to set DRLs based on the BMI
category [37].
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Table 4. Effective doses for CT of the head, chest, and abdomen and pelvis

ED (mSv) for CT regions®®

ED parameters |

Country

Head Chest Abdomen Abdomen + pelvis

Median 1.5/- 4.0/5.1 2.4/3.6 4.4/6.3-13.3 Australia [20]
2.0 (n=50) [21];  4.99 (n=43) [23]; _ _
Mean 1.99 [22] 9.84 [22] 10.44 (n=43) [23] 11.7 [22] Canada [21-23]
Mean - 7.9-9.5 (n=81) [24] - 6.15 (n=85) [25] China [24, 25]
Mean 2.1-4.2 2.9-5.2 3.3-7.3 4.1-9.2 Germany [26]
Mean 1.2 59 8.2 - Greece [27]
Mean - 6.04 (n=50) 6.89 (n=51) - India [23]
Median 2.3 (n=26 965) 4.6 (n=6542) - 9.7 (n=1692) Italy [28]
Mean - - 7.7/23.1 (n=44) [29] 8.0 (n=447) [30] South Korea [29, 30]
Median,
only typical patients N )
(174 m, 77 kg, BMI 1.5 L6 8/13.2-19.4 The Netherlands [18]
25,4 kg/m?+15%)
Mean 1.21 (n=52) 7.60 (n=38) 8.25 (n=54) - Poland [23]
/81 —/24.5 (Abdomen CT
Median, patient (a en&icitis for liver and abdominal
weighing - 5.4 (chest. n=39) pE—mn) ' metastases in Qatar [19]
7015 kg N colorectal cancer.
n=40)

1.7/1.9 4.5/6.6 7.2/30.0 Russia, this study,
Standard EDyqq (n=18/n=14) (n=25/n=11) - (n=75/n=30) Site 1¢

2.1/3.6 2.1/5.3 5.9/21.6 Russia, this study,
Standard EDg,q (1=32/n=8) (n=38/n=21) - (n=21/n=24) Site 2¢
Mean 0.89 (n=36) 4.20 (n=32) 6.03 (n=66) - Thailand [23]
Mean (n=340) 1.36/1.79 4.34 - 11.6/13.26 UAE [31]
Mean 166 (0=10)[23]  3.45 (n=30) [23] 2.4-6.0f 6.69 (1=25) [23] UK [23, 32]

) ) 8.4-15.33 [32] ' '

Mean 2 7 7.3-8.0/15 10 USA [33, 34]
Mean 2.7 5.8 22.3 - Ethiopia [35]
Median 2.1 A 6.8 - Turkey [36]

Note. n: number of findings. BMI: body mass index; CT: computed tomography; ED: effective dose.
 Koup g (MSV x mBy™! x cm™) [4]: head 0.0023, chest 0.017, abdomen 0.015, pelvis 0.019; ® SP-CT/MP-CT; © Site 1, GE Discovery CT750 HD, 64-slice; ¢

Site 2, Toshiba Aquilion Prime, 80-slice.

Other authors [38] compared the volumetric CT dose
index (CTDIvol), dose-length product (DLP), and size-
specific dose estimate (SSDE) for adult chest CT with the
2017 Chinese DRLs. Patients were divided into four groups
depending on the water equivalent diameter of the chest
(Dw). CTDIvol, DLP, and SSDE were found to increase in
proportion to Dw.

The effect of patient size on the CT radiation dose has
also been studied [39]. On the basis of the effective diameter
estimated from adult body CT scans, each CT scan was
classified by T-shirt size as XXS, XS, S, M, L, XL, and XXL.

DOL: https://doiorg/10.17816/BD110857

The radiation dose rates were compared for each size and
type of CT scan, and the CTDIvol values were established
for XXS (~60%), XS (~65%), S (~75%), M (100%), L (~130%),
XL (~165%), and XXL (~210%). Thus, younger patients
(XXS) received 60% of the dose compared to M patients,
and XXL patients required doubling the dose (~210%). The
authors considered this new approach, expressing body
measurements in terms of T-shirt sizes, to be simple enough
as a tool to demonstrate differences in doses between
patients of different body types. However, in our opinion, this
approach only applies to chest CT. Moreover, the body weight
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more accurately reflects the individual characteristics of the
patient’s body than the T-shirt size.

Study Limitations

One study limitation was the possibility of also using an
SSDE concept to consider the patient size when monitoring
radiation doses during CT scans. However, the SSDE uses
only corrections based on the geometric dimensions of the
patient, including linear dimensions determined by measuring
the patient or using their images [7]. The SSDE concept is
designed to adjust the standard parameters of the CT protocol
depending on the CT area size (effective diameter of the scan
area) to minimize the absorbed radiation dose (mGy) [40],
but it neglects the patient’s weight, and it is not intended to
assess the ED (mSv) and the risks of long-term radiation
consequences.

Therefore, the SSDE is currently not considered a suitable
criterion for use as DRLs [7]. This viewpoint is supported by a
systematic review [15] of 54 scientific articles, which showed
a low prevalence of the SSDE. CTDIvol and/or DLP were the
most commonly used criteria for assessing radiation doses
(87% of studies), while DLP+SSDE was used only in 1% of
studies [15]. Usually, SSDE was used to model the dose
during chest CT and document the results of dose reduction
strategies for a particular (particularly pediatric) patient
[41-43].

Another study limitation was using different approaches
to calculate standard EDs. In our study, we used a linear
approximation method (formula 2) to assess the relationship
between the dose and the body weight of patients (linear
regression equations). The regression analysis allowed
regression coefficients to be established for the dose—weight
relationship of each CT area of Site 1 and Site 2. These
coefficients were used to calculate the standard EDy, , and
the standard EDg ,, for a typical patient weighing 70 kg and
80 kg, respectively (see Table 3).

A nonlinear model (power function) can also be used to
describe the relationship between the CT radiation dose and
patient size or weight for specific body areas. For example,
in a report [23] on abdominal CT, a linear function was used
to calculate the relationship between the normalized noise
and the body mass index, and a power function was used to
calculate the relationship between the normalized noise and
the patient’s anteroposterior diameter.

However, we believe the linear approximation method to
be a more acceptable option for practical radiologists. If each
hospital uses its own model for the nonlinear approximation
of the ED-weight relationship, the result is different
mathematical relationships and an additional nonsystematic
error when comparing such standard EDs. Therefore, we
consider using the linear regression acceptable for the
routine practice of radiologists as a uniform method for this
approximation.

Our conclusion is consistent with [23]: “..the best
correlation between normalized noise and patient size was
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obtained using effective patient diameters and a power
function.” However, in practice, determining anteroposterior
and lateral diameters (which are necessary to calculate the
effective diameter) can be more logistically complex than
weighing the patient. Because of this complexity, the weight
of the patient was used [23] because of the simplicity of
measuring this parameter compared to measuring the above
diameters as well as to use the available acceptable linear
correlation, rather than the power function that is more
difficult to calculate.

Therefore, the national DRLs are currently set as the
75th percentile of the median patient doses established in a
sample of representative centers [7]. If the DRL in a medical
organization exceeds the regional level, this is a reason to
analyze the CT technique parameters (tube voltage, scan
area length, and other parameters of the CT protocol) to
find ways to reduce it. However, this excess may be related
to not only the technical CT parameters but also the larger
mean weight of patients in a medical organization. For a
correct comparison of the dose load in groups of patients
with significant differences in mean weights, we recommend
using the standard ED,, ,, or standard EDg, ,, calculated for
the groups compared. Even with significant differences in
the mean weights of patients, if the standard ED is higher at
Site 1 than at Site 2, it can be safely assumed that this excess
is related not to patient weight but to the characteristics of CT
scanners and scanning protocols. Thus, to reduce the dose,
these parameters should be modified.

Therefore, methods for calculating DRLs are constantly
being improved [44-48], and the results obtained are
important for establishing the correct DRLs of patient
radiation exposure. In the future, the standard ED can be
used to calculate DRLs for CT scanners in different regions
of the country, but this action would require reporting the
patient’s body weight in each CT protocol.

Because of the dramatic increase in the number of CT
scans, using DRLs not exceeding levels set by standard EDs
will reduce the long-term CT consequences, including cancer
[49-51]. In public healthcare, measures must be taken to
control the radiation dose [44, 45, 52, 53] and meet the goals
of cooperation with EUROSAFE international projects.

In practice, the method described can be used to assess
the standard ED of each body area and compare the CT
EDs using two sites and two CT scanners with the typical
patient weight considered. Standard EDs must be calculated
an analyzed for each body area (not just the mean ED, the
median ED, and the 75th quantile of the ED) to help in more
correctly comparing radiation exposure in different medical
organizations and more accurately establishing factors for
exceeding regional or national DRLs.

CONCLUSION

Effective radiation CT doses are proportional to the body
weight of patients.
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In groups of patients with a significant difference in mean
weights, a comparison between mean and median radiation
doses is inappropriate.

The method is designed for comparing patient exposure
doses based on the calculated standard effective doses of
two CT areas (the chest and abdomen + pelvis).
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O6ocHoeaHue. PasHoobpa3sve nofBKL0B YNbTPa3BYKOBOrO 000pYA0BaHMSA U OTCYTCTBME 0OLLENPUHATBIX KNaccuuKaLmi
NpUBOAMT K He3(hdEKTMBHOMY OCHALLEHMIO MeMLMHCKUX OpraHu3aumi, owmboyHo NoA0BpaHHOMY C TOUKW 3peHus BMAA
npubopa, HabopoB M XapaKTepPUCTUK LaTYMKOB, a TaKKe YPOBHIO KauyecTBa UcciefoBaHuUA. CMCTEMHBIN NOAX0A K OCHALLEHUIO
OJHOTUMHBIX MEAULIMHCKUX OPraHM3auui YNbTpa3ByKoBLIM 000pyLoBaHWEM NO3BOAMT 06ecneunTb JOCTYMHOCTb U MOBLICUTL
KayecTBO NepBMYHOI MeAULMHCKON NOMOLLYM B aMOYNaTOpPHO-NOMMKITMHUYECKMX LIEHTpaX.

Lleny — pa3pabotatb anropuT™ pacyéTa U peKoMeH[aLMK COCTaBNeHUs MUHUMANBHOMO CTaHAApTa OCHaLUeHus amby-
NaTOPHBIX MeAMLMHCKUX OpraHu3aLmin rocy4apCTBEHHOM CMCTEMbI 3paBO0XPAHEHUS AS PerMoHa Ha npumepe r. MocKBebl.

Mamepuanel u Memodei. B npouecce vccnefo0BaHUa MCMONb30BayU NPOrpaMMHbIe CPEACTBA CTAaTUCTUHECKONO U CPaBHH-
TENbHOr0 aHanu3a, CorNnacHo AaHHbIM CUCTEMbI YNpaBneHWs MaTepuanbHbiM obecneyeHneM EnuHoON MeauUMHCKON MHdop-
MaLMOHHO-aHanuTUYecKoi cucteMbl (YMO EMWUAC), dopmbl deaepanbHoro ctatucTdeckoro HabmioaeHus N2 30, a Takke
TEXHWUYECKUE AaHHble U 0630pbl COBPEMEHHBIX YIbTPa3BYKOBLIX AWArHOCTUYECKMX MPUOOPOB.

Pesynemamel. Pa3paboTaHHbIA MUHUManbHBIA CTAaHAAPT OCHALLEHUS YYMTbIBAeT Takue (aKTopbl, KaK noTpebHocTb
B OKa3aHWM MeAMLMHCKONA MOMOLLM OTAENbHO [ETCKOMY/B3POC/OMY HaceneHuto; COOTBETCTBUE COBPEMEHHBIM [MarHoCTM-
YECKWUM TexHONorusAM; obecneyeHne TeppuTOpUanbHOA JOCTYMHOCTM AMArHOCTUKY NpY ycnoBumn 3G heKTUBHOW 3KCMTyaTaLum
paboTbl 06opynoBaHu.
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MWU3auMu SyBnMpYIOLLMX UCCNe0BaHMIA Ha NOCIeLyIOLLMX 3Tanax 0Ka3aH!s MeULMHCKON NOMOLLM.
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Minimum standard for equipping Moscow clinics
with ultrasound diagnostic devices
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Anzhelika I. Gurevich?, Anna N. Mukhortova'

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 Filatov N.F. Children’s City Hospital, Moscow, Russian Federation

ABSTRACT

BACKGROUND: A variety of ultrasound equipment and a lack of generally accepted classifications lead to inefficient
equipment of medical organizations, incorrectly selected types of device, sets and probes’ characteristics, as well as a level
of study quality. A systematic approach to equipping similar medical organizations with ultrasound devices will ensure the
availability and improve the quality of primary medical care in outpatient centers.

AIM: To develop a calculation algorithm and recommendations for the minimum standard for equipping regional outpatient
medical facilities of the state healthcare system based on the Moscow example.

MATERIALS AND METHODS: In conducting the study, we used software for statistical and comparative analysis based on
the data of the Material Support Management System of the Unified Medical Information and Analytical System (MSMS UMIAS),
Form No.30 of Federal Statistical Observation, as well as a number of assigned population to the outpatient center (hereinafter
referred to as the OC), technical data, and reviews of modern ultrasound diagnostic devices.

RESULTS: The developed minimum standard for equipment considers the following factors: 1) need to provide medical care
to children and adult populations separately; 2) compliance with modern diagnostic technologies; 3) ensuring the territorial
availability of diagnostics under the condition of efficient equipment operation.

CONCLUSIONS: Standardization of equipment of outpatient medical facilities with ultrasound diagnostic devices contributes
to improving the quality of diagnostics and the availability of providing required examinations to the assigned population,
reducing the waiting time for examinations, reducing the shortage of necessary equipment, expanding the range of medical
services provided to the city population, and minimizing duplicate studies at subsequent stages of medical care.

Keywords: equipment and supplies; ultrasonography; ambulatory care facility; medical equipment.
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INTRODUCTION

In the early 2020s, state outpatient care facilities were
equipped by the Order of the Ministry of Health and Social
Development of the Russian Federation No. 753 dated
December 1, 2005," which divides all healthcare facilities
by types of subordination and recommends equipping
them according to the schedules provided. However, these
standards do not fully reflect the current equipment need of
healthcare facilities both in terms of the equipment quantity
and availability of state-of-art diagnostic technologies.
Therefore, determining diagnostic tasks to be solved using
specific types of equipment and comparing them with
actual market supply are important. To estimate the need
for equipment, it is necessary to forecast the equipment
utilization for the next 10 years. By the Order of the
Department of Health of Moscow No. 751 dated July 31,
2020, for the effective utilization of ultrasound diagnostic
devices (UDDs) in a healthcare facility,? the annual number
of planned examinations should be approximately 9000 per
device provided that a device is operated 12 h a day, 5 days
a week.

Currently, healthcare facilities may be equipped as
follows [1]:

« Procuring new equipment

+ Procuring used equipment

» Procuring modernized equipment

+ Long-term equipment leasing

After the procurement of new equipment is approved, a
term of reference (TOR) shall be prepared as follows:

1. At the planning stage, technical specifications and
equipment configuration shall be clinically reasonable.

2. A qualitative (availability) or quantitative characteristic
shall be provided for the parameters required, e.g., the
minimum and maximum frequency ranges of probes.

3. When preparing the TOR, suppliers must be contacted to
obtain equipment characteristics, clarify technical issues,
evaluate the relevance of the TOR for the actual medical
equipment market, and make competitive purchases with
at least three manufacturers.

4. To prepare the TOR, healthcare facilities may use the
list of Russian state standards (GOSTs) for compliance
with requirements for state procurement and various
healthcare standards.

If the TOR is not consistent with the above-mentioned
principles, equipment problems may arise, for example, it
is impossible to use adult ultrasound probes in pediatric

Vol 3 (4) 2022

Digital Diagnostics

healthcare facilities, and vice versa. The inadequate
configuration of probes and programs can also result in the
replacement of the entire system because of limitations in
expanding the range of healthcare services of the ultrasound
diagnostic department [2].

To prevent such errors in large-scale purchases,
methodological materials shall be developed, comparing
equipment needs by types of facilities and healthcare services
provided to set a minimum equipment standard [3].

To introduce a unified systematic approach to resource
distribution, a minimum standard for equipping outpatient
centers of the Department of Health of Moscow with UDDs
has been developed, indicating the quantity and quality of
equipment [4].

MATERIALS AND METHODS

Based on the current equipment stock available,
equipment utilization and distribution were assessed for
outpatient centers of the Department of Health of Moscow,
separately in adult and pediatric centers and in branches
and head offices. The minimum equipment standard was
developed considering the size of the attended population,
concentration of clinical specialists in the head office, and
number of examinations conducted during the reporting
period.

We used the data of the Procurement Management System
of the Unified Medical Information and Analysis System
(UMIAS or EMIAS) of the Department of Health of Moscow
(Federal Statistical Monitoring Form No. 30 for the reporting
period) and publicly available technical specifications and
reviews of state-of-art UDDs.

Most often, TORs classify devices into multipurpose
(260250), hand-held (324320), and special cardiovascular
(192070) devices, which are indicated in the Nomenclature
of Medical Devices,® to cover a wide range of necessary
examinations for the attended adult and pediatric population.

RESULTS

Status of UDD stock in outpatient care facilities
of the Department of Health of Moscow

According to the Federal Statistical Monitoring Form
No. 30 for 2019, 86 outpatient centers (including city
outpatient clinics, pediatric city outpatient clinics, diagnostic
centers, clinical diagnostic centers, and consultative and
diagnostic outpatient clinics) are equipped with more than

Order of the Ministry of Health and Social Development of the Russian Federation dated December 1, 2005, No. 753 “On Equipping Municipal Outpatient

and Inpatient Care Facilities with Diagnostic Equipment”. Available at: https://docs.cntd.ru/document/901962043. Accessed on September 26, 2022.

Order of the Department of Health of Moscow No. 751 dated July 31, 2020, “On Approval of Target Indicators for Medical Equipment in Healthcare

Organizations of the Moscow State Primary Healthcare System”. Available at: https://tele-med.ai/media/documents/%D0%B2%D1%85._3884.1-6_

mw9losC.pdf. Accessed on September 26, 2022.

Order of the Ministry of Health of the Russian Federation No. 4n dated June 6, 2012, “On Approval of the Nomenclature of Medical Devices". Available

at: https://docs.cntd.ru/document/902353334. Accessed on September 26, 2022.
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1,300 UDDs, which are designed to examine the attended
population (>10 million) using the territorial program of state
guarantees (Table 1).

To classify UDDs by types of care, three types of devices
were considered: multipurpose, special cardiovascular, and
hand-held devices (Table 2).

In accordance with the Letter of the Primary Healthcare
Office of the Department of Health of Moscow No. 41-
18-54078/18, for Ultrasound Diagnostics Departments
with two-shift working mode, the target efficacy indicator
is 40 examinations per day‘. The average number of
examinations per day is 19, and the average number of shifts
is 1.6. Changes in available UDD utilization are presented in
Table 3.

Considering the head office and all branches, the
attended population included 92,000-300,000 and
28,000-73,000 people per adult and pediatric outpatient
centers, respectively. According to the Federal Statistical
Surveillance Form No. 30 for 2019, more than 4,800,000
and 2,000,000 ultrasound examinations were performed in
adult and pediatric outpatient centers, respectively (including
more than 2,300,000 and 214,000 cardiovascular ultrasound
examinations). There are approximately 663 and 286 wage
rates for diagnostic ultrasound technicians in adult and
pediatric outpatient centers, respectively (including 604 and
204 HCPs).

Vol 3 (4) 2022
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DISCUSSION
Minimum equipment standard

According to Reporting Form No. 30 for 2019, adult and
pediatric outpatient centers are equipped with more than
1300 UDDs with an attended population of more than 10
million and with more than 7 million examinations performed;
therefore, the average annual number of examinations is
6000 per 1 UDD.

For multipurpose UDD utilization for the attended adult
population, the above parameter was calculated using the
ratio of the attended population to the number of UDDs,
multiplied by the ratio of the average attended outpatient
population to the total number of examinations, multiplied
by the ratio of the number of examinations per 1 UDD per
outpatient center to the number of examinations per 1 UDD
(excluding cardiovascular examinations). For the attended
pediatric population, the minimum equipment standard value
is based on the comparison of the number of examinations
conducted and the size of attended adult and pediatric
populations.

For special cardiovascular UDD utilization for the attended
adult population, the above parameter was calculated
using the ratio of the average number of cardiovascular
examinations per outpatient center to the average number
of examinations per one UDD per outpatient center. For

Table 1. Current status of ultrasound diagnostic equipment in outpatient centers*

Outpatient centers

Parameter
Adult Pediatric Total
Number of equipment (pcs) 964 428 1392
Average service life of UDD (years) 7 8 8
Number of UDDs with service life >10 years (%) 17 21 19
Number of UDDs with service life <3 years (%) 10 2 6
Note. * Based on Federal Statistical Monitoring Form No. 30 for 2019. UDD, ultrasound diagnostic device.
Table 2. Distribution of equipment stock by types of care*
Outpatient centers
Parameter —
Adult Pediatric Total
Number of multipurpose UDDs (pcs) 726 376 1102
Number of special cardiovascular UDDs (pcs) 192 9 201
Number of hand-held UDDs (pcs) Lé 43 89
Note. * Based on Federal Statistical Monitoring Form No. 30 for 2019. UDD, ultrasound diagnostic device.
Table 3. Changes in outpatient UDD utilization, 2017-2019*
Type of healthcare facility 2017 2018 2019
Outpatient centers 95 57 59

Note. * Based on the data of Procurement Management System of the Unified Medical Information and Analysis System (UMIAS, EMIAS), 2017-2019.

4 Letter of the Primary Healthcare Office of the Department of Health of Moscow No. 41-18-54078/18 dated October 22, 2018. Available at: https://
tele-med.ai/media/documents/tselevyye_pokazateli_zagruzki_tmt.pdf. Accessed on September 26, 2022.
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the attended pediatric population, the minimum equipment
standard value is based on the comparison of the number of
examinations conducted and the size of the attended adult
and pediatric populations.

To improve the efficiency of radiology and imaging
departments, the recommendation was to provide at least
one hand-held UDD per adult and pediatric outpatient
center, both in head and branches, for sedentary patients
and medical check-ups and follow-up examinations outside
healthcare facilities.

The minimum equipment standard for adult and pediatric
primary outpatient centers (Tables 4 and 5; both tables were
included in Order No. 1043 dated September 15, 2020°)
describes the equipment system at a certain time according
to the needs at the city level. An increase in the population
with the development of districts requires an increase in UDD
stocks. If reasonable, if the number of HCPs is sufficient for
full equipment utilization, exceeding the minimum equipment
standard is allowed.

To increase the efficiency, it is necessary not only to
supply UDDs but also to ensure their complete set. For each
device type, certain types of examinations are supposed to
be performed (Table 6).

Vol 3 (4) 2022
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To obtain conclusive results of the above-mentioned
examinations, in addition to the minimum model for calculating
the equipment need of adult and pediatric outpatient centers,
the minimum delivery package was developed for UDDs with
minimum frequency ranges (Table 7).

Comparison of equipment standards

1. Let's consider equipment for adult and pediatric
outpatient centers by the Order of the Ministry of Health and
Social Development of the Russian Federation No. 753 dated
December 1, 2005,° and the minimum equipment standard
proposed (Tables 8 and 9).

The need for UDDs in an adult outpatient center was
calculated as follows: an adult center was considered a
basis, having a head office and three branches located at
different addresses remote from each other, and each site
has a certain size of an attended population.

The number of UDDs was calculated based on the
size of the attended adult population (92,149). According
to the minimum equipment standard (Table 4), the head
office and branches (<50,000) should be provided with two
multipurpose UDDs and one special cardiovascular UDD,
and one multipurpose UDD and one special cardiovascular

Table 4. Minimum standard for equipping adult primary outpatient centers with UDDs

Outpatient center

Type of ultrasound device Head office, Branch office,
per 1000 population per 1000 population
<50 — 1pc
50-100 — 2 pcs <50 — 1 pc
Multipurpose UDD 100-150 — 3 pcs 50— pcs
>150 — 4 pcs (but no >4 pcs per office, P
including 1 expert UDD)
Hand-held UDD 1 pc (expert UDD) 1 pc
. . <100 — 1 pc
Special cardiovascular UDD 5100 — 2 pes 1pc

Table 5. Minimum standard for equipping pediatric primary outpatient centers with UDDs

Outpatient center

Type of ultrasound device

Branch office,
per 1000 population

Head office,
per 1000 population

Multipurpose pediatric UDD
Hand-held pediatric UDD

Special cardiovascular pediatric UDD

<30 — 1pc <15—1pc
>30 — 2 pcs >15 — 2 pcs

1pc 1pc
<50 — 1pc )
>50 — 2 pcs

5 Order of the Department of Health of Moscow No. 1043 dated September 15, 2020, “On Approval of the Model for Calculating the Need for Equipping
Healthcare Facilities of the Public Healthcare System of Moscow with Ultrasound Devices”. Available at: https://tele-med.ai/media/documents/Mpu-

Ka3_J13M_1043_ot_15.09.2020.pdf. Accessed on September 26, 2022.

¢ Order of the Ministry of Health and Social Development of the Russian Federation dated December 1, 2005, No. 753 “On Equipping Municipal Outpatient
and Inpatient Care Facilities with Diagnostic Equipment”. Available at: https://base.garant.ru/4182310/. Accessed on September 26, 2022.
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Table 6. Comparison of examination types by types of UDD

Digital Diagnostics

Examination type Hand-held Multipurpose Special*

Neurosonography (for pediatric outpatient centers) + + -
Ultrasonography of superficial organs and structures + + -
Transabdominal ultrasonography of the abdominal cavity, kidneys, . . )
retroperitoneal space, and pelvic organs

Ultrasonography of the pleural cavity + + +
Echocardiography + (screening level) + (screening level) + (expert level)
Transcranial vascular ultrasonography + (screening level) + (screening level) + (expert level)

Vascular ultrasonography of the neck and upper and lower

extremities + (screening level) + (screening level)

Intracavitary ultrasonography of pelvic organs - +

+ (expert level)

Note. * For cardiovascular ultrasonography.

Table 7. Approximate configuration of UDDs with a minimum range of probe frequencies

Outpatient center,
Type of device Technical specifications head and branch offices
Adult Pediatric
Linear probe, frequency range, MHz 3-10 5-12
_ ) Curvilinear probe, frequency range, MHz 3-5 3-7
Special cardiovascular UDD
Sector-phased array probe, frequency range, MHz 2-5 2-5
Sector-phased array probe, frequency range, MHz - 5-8
Linear probe, frequency range, MHz 5-12 8-14
Curvilinear probe, frequency range, MHz 3-5 3-7
Hand-held UDD
Sector-phased array probe, frequency range, MHz 2-4 2-4
Sector-phased array probe, frequency range, MHz - 5-8
Linear probe, frequency range, MHz 5-12 8-14
Curvilinear probe, frequency range, MHz 2-5 3-7
Multipurpose UDD Intracavitary microconvex probe, frequency range, MHz 4-9 -
Sector-phased array probe, frequency range, MHz - 5-8
Sector-phased array probe, frequency range, MHz 2-4 2-4
Note. 77777
Table 8. Estimated need for UDDs in an adult outpatient center
Adult outpatient center X
Parameters H . Branch office | Branch office | Branch office
ead office No. 1 No. 2 No. 3 Total
Number of attended population 26 451 20 190 26 583 18 925 92 149
Number of UDDs required according to the Order of the Ministry of Health and Social Development
of the Russian Federation No. 753 dated December 1, 2005
Medical UDD 2 2 2 8
Hand-held 1 1 1 4
Number of UDDs required by the minimum equipment standard
Multipurpose 2 1 1 5
Special 1 1 1 4
Hand-held 1 1 1 4

Note. UDD, ultrasound diagnostic device.
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Table 9. Estimated need for UDDs in an pediatric outpatient center
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Pediatric outpatient center Y

Parameters Head office Branch office | Branch office | Branch office Total
No. 1 No. 2 No. 3
Number of attended population 20 640 14 639 10 160 13 889 59 328

Number of UDDs required according to the Order of the Ministry of Health and Social Development of the Russian Federation No. 753
dated December 1, 2005

1 1 1 4

Number of UDDs required by the minimum equipment standard

Medical UDD 1
Multipurpose 2
Special 2
Hand-held 1

1 1 1 5
0 0 0
1 1 1 A

Note. UDD, ultrasound diagnostic device.

UDD, respectively. Each office should have one hand-held
UDD, regardless of the size of the attended population, for
low-mobility patients and examinations outside a healthcare
facility.

Therefore, by the Order of the Ministry of Health and
Social Development of the Russian Federation No. 753
dated 01.12.2005, 12 UDDs of two proposed types are
needed to equip an adult outpatient center with one
head office and three branches. The current minimum
equipment standard recommends equipping such a center
with 13 UDDs, which are divided by types and evenly
distributed among branches.

The UDD need in a pediatric outpatient center was
calculated similarly to the adult outpatient center.

Based on the size of the attended pediatric population
(59,328), the number of devices was calculated. According
to the minimum equipment standard (Table 5), the head
office and branches (<15,000) should be provided with two

Table 10. Comparison of UDD availability in an adult outpatient center

multipurpose UDDs and two special cardiovascular UDDs,
and one multipurpose UDD, respectively. For each office,
one hand-held UDD is required, regardless of the size of the
attended population.

Therefore, by the Order of the Ministry of Health and
Social Development of the Russian Federation No. 753
dated December 1, 2005, for a pediatric outpatient center
with one head office and three branches, only four UDDs
of the same type are required. The current minimum
equipment standard recommends equipping such a center
with 11 UDDs, which are divided by types and evenly
distributed among branches.

2. Let's consider equipping an adult and a pediatric
outpatient center before and after implementing the minimum
equipment standard proposed (Tables 10 and 11).

Table 10 shows the equipment for an adult outpatient
center. In total, such a center is equipped with 22 stationary
UDDs and two hand-held UDDs per attended population

Adult outpatient center A

Parameters Head office Branch office | Branch office | Branch office Total
No. 1 No. 2 No. 3

Number of attended population 36 051 51162 45 589 33653 166 455

Number of UDDs available before equipping according to the minimum equipment standard
Ultrasound imaging system 8 6 4 4 22
Hand-held ultrasound imaging 1 0 0 1 9
system

Number of UDDs available after equipping according to the minimum equipment standard
Multipurpose 2 2 1 1 6
Special 2 1 1 1 5
Hand-held 1 1 1 1 4

Note. UDD, ultrasound diagnostic device.
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Table 11. Comparison of UDD availability in a pediatric outpatient center
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Pediatric outpatient center B

Parameters Head office Branch office | Branch office | Branch office Total
No. 1 No. 2 No. 3
Number of attended population 14 357 17 931 18 346 13 663 64 297
Number of UDDs available before equipping according to the minimum equipment standard
Ultrasound imaging system 4 3 2 2 11
I;I;;gﬁeld ultrasound imaging 1 0 0 0 1
Number of UDDs available after equipping according to the minimum equipment standard
Multipurpose pediatric 2 2 2 1 7
Special pediatric 2 0 0 0 2
Hand-held pediatric 1 1 1 1 4

Note. UDD, ultrasound diagnostic device.

(166,000). The analysis of the equipment utilization
efficiency for 2019 shows that the average efficiency of the
current UDD stock is 64%, which corresponds to a low level
of efficiency. Therefore, the adult outpatient described in
the example has some extra UDDs or lacks HCP wage rates
to ensure the utilization of stationary UDDs 5 days a week
in two shifts, based on the target equipment utilization
rate’. According to the minimum standard of equipment,
this center requires equipping with six multipurpose, five
special, and four hand-held UDDs (total of 15 UDDs) and
only 11 stationary UDDs, which require a smaller number
of HCP wage rates for full and efficient utilization of the
equipment.

Table 11 shows the equipment of a pediatric outpatient
center. In total, such a center is equipped with 11 stationary
UDDs and one hand-held UDD per attended population
(64,000). The analysis of the equipment utilization efficiency
for 2019 shows that the average efficiency of the current UDD
stock is 91%, which corresponds to a high level of efficiency.
According to the minimum equipment standard, this center
requires seven multipurpose, two special and four hand-held
UDDs (total of 13 UDDs).

Therefore, it is necessary to reduce the number of UDDs,
re-equip centers, and distribute UDDs by types (Tables 10 and
11) to provide the attended adult and pediatric populations
with all the necessary types of ultrasound examinations and

increase the efficiency of the new equipment in accordance
with international standards®.

According to this paper, the outpatient ultrasound
equipment standard is included in the database that defines
the minimum requirements for equipping healthcare
facilities with radiology and imaging equipment’, approved
and implemented by the Department of Health of Moscow.

CONCLUSION

The proposed minimum equipment standard for adult
and pediatric outpatient centers contributes to improving
the quality of diagnostics. The standard allows even
distribution of equipment throughout the healthcare
facility for better and more affordable primary medical
care in the attended population in the corresponding
outpatient center.

The standard is simple to apply because it classifies
the equipment by types and describes the necessary
equipment. Thus, the equipment required by the head office
and branches of outpatient centers should be clarified in
accordance with this standard to increase the availability
of the necessary examinations to the attended population,
reduce the waiting time, ensure reasonable equipment
planning for a given period, reduce the shortage of necessary
equipment (forecasting the future number of examinations),

7 Explanatory Letter of the Primary Healthcare Office of the Department of Health of Moscow No. 41-18-54078/18 dated October 22, 2018. Available at:
https://tele-med.ai/media/documents/tselevyye_pokazateli_zagruzki_tmt.pdf. Accessed on September 26, 2022.

Practice Parameters and Technical Standards. American College of Radiology (ACR). Available at: https://www.acr.org/Clinical-Resources/Practice-
Parameters-and-Technical-Standards. Accessed on September 26, 2022.

Database no. 2022621124/19.05.22. S. P. Morozoy, I. V. Soldatov, S. G. Kireyev, et al. Data determining the minimum requirements for equipping

healthcare facilities with radiology and imaging equipment. Available at: https://www 1.fips.ru/registers-doc-view/fips_servlet?DB=DB&DocNumbe

r=2022621124&TypeFile=html. Accessed on September 26, 2022.
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and expand the range of medical services provided to the
local population. A state-of-art set of devices is necessary
to obtain conclusive results of the examination of various
organs and systems and minimize duplicate examinations
at subsequent stages of the patient’s journey.

The analysis of the outpatient center with a total attended
population of 10 million people showed the adequacy of
the proposed approach to provide high-quality ultrasound
diagnostics. To estimate the economic effect, long-term
observations are required because of the gradual replacement
of equipment. However, the proposed solution does not
reduce the availability of this category of examinations.

An algorithm for calculating the minimum equipment
standard can be proposed for other regions of the Russian
Federation to standardize the re-equipment of outpatient care
facilities.
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Bo3MOXXHOCTM U OrpaHU4EHUA UCNOJ/Ib30BAHUA
MHCTPYMEHTOB MaLIMHHOK 06paboTKuU TeKcToB
B JIy4eBOM AMarHoCTUKe

[.10. Kokuna, B.A. Tombonesckuid, K.M. Ap3amacos, A.E. Angpeituenko, C.I1. Mopo3os

Hay4Ho-npaKTUYeCcKMiA KIMHUYECKMIA LIEHTP AMArHOCTUKM W TeleMeAULMHCKMX TexHonoruid, MockBa, Poccuiickan Qepepauus

AHHOTALMA

O6ocHosanue. B paguonormv BaxHyl WHbOPMauMio COAepXaT He TONMBKO MeAMUMHCKME u3obpaxeHus,
HO 1 COMPOBOXJaAKLIME UX TEKCTOBbIE OMMCaHMs, CO3AaBaeMble BpadaMu-peHTTeHonoraMu. VaeHTMduMKaums npoToKonos
UCCNeA0BaHUiA, COLEPMKaLUMX ONpefenéHHble AaHHbIE, U U3BJIEYEHUE 3TUX AaHHbIX MOXET ObiTb MOME3HbIM B NEpBYIO
oyepesb Ans KIMHUYECKUX 3afiay, OAHaKO, Y4nTbIBas BoMbLLION 00BEM TaKUX AaHHBIX, HeobxoaMMa pa3paboTKa MaLUMHHBIX
anropuTMOB aHanusa.

Lles1e — oLeHNUTb BO3MOXKHOCTH W OrPaHUYEHUS UCMOSb30BaHNUA MHCTPYMEHTOB MaLLMHHOM 06paboTKM TEKCTOB ANs NOMCKa
MaTonorvii B NpOTOKOJIax JTy4eBbIX UCCeA0BaAHUN.

Mamepuanel u Memodbl. [Ins co3faHusa NepBoro NPoOTOTMNA anropuTMa aBTOMATMYECKOrO aHain3a NpOTOKONOoB Bbinu
BblOpaHbl MCCNe0BaHNA MOJIOYHBIX Xeneé3 (MaMMorpadus) M opraHoB rpyaHOW KNeTku (peHTreHorpadms, dnooporpa-
dus, KOMMbloTEpHas ToMOrpadus M HU3KOAO3HAs KOMMbOTEpHas ToMorpagms), BbINOSHEHHbIE B ne4ebHo-npodunakTm-
YeCKUX yupexaeHusx MocKBbl, KOTOpbIE Y4acTBOBa/M B 3KCMEPUMEHTE MO UCMOMb30BAHWID MHHOBALWMOHHBIX TEXHOMOIUIA
B 00/1aCTM KOMMBIOTEPHOTO 3pEHWS ANA aHanM3a MefULMHCKWX M300paeHuid. [Ins Kampooro BuAa MCCNeAoBaHMin Obin
nepBOHa4anbHO COCTABMEH CNOBapb KIIIOYEBbLIX C/IOB, COOTBETCTBYIOLIMA HANMYMIO MW OTCYTCTBMIO LIENEBbIX NaToNOMMi.
Mocne mepBWMYHOM aBTOMAaTUMYECKOW Pa3METKU MPOTOKOJIOB pa3paboTaHHbIM WHCTPYMEHTOM MPOM3BOAMINCL BbIDOpOYHas
OLUEHKa UM Bajupauus pe3ynbTaToB BPavOM-PeHTreHONoroM. KonmuecTBO MpOTOKOMOB, NMPOaHaNM3MPOBaHHBLIX BPavoM
Ana obyyeHnsa u BanmaaumMmM anroput™oB, coctasuno 977 gna Mammorpadum, 3196 ons pentreHorpadum, 1608 ona dnio-
oporpadmm, 4074 pns KoMmnbloTepHoi M 398 ons HM3KOLO3HOW KOMMbIOTEPHOW TOMOrpauu OpraHoOB TPYyAHOM KINETKM.
[lns oKoHYaTeNlbHOro TeCTMpoBaHMS pa3paboTaHHbIX anropuTMOB BbINMWM [OMOSHUTENBHO pa3MeyeHbl TECTOBblE faTaceThbl
n3 1032 uccnenosaHuit ans Mammorpaduv, 544 ansa dnooporpadun/peHtreHorpadum, 5000 ans komnbiotepHon 1 1082
ANS HU3KOJ,03HOW KOMMbKOTEPHOM TOMOrpadui OpraHoB rpyaHONA KITETKW.

Pesynbmamei. Haunyuywve pesynbtathl JOCTUrHYTHI B MOWUCKE MPU3HAKOB BMPYCHOW MHEBMOHMM MO MPOTOKOMAM
KOMMbIOTEPHOI TOMOrpaduW OpraHoB rpyaHOi Knetku (TouHocTb 0,996, uysctButensHoctb 0,998, cneunduyHocts 0,989)
M paKka MOMOYHOM Kenesbl Mo MpoToKonaM MamMorpaguu (touHoctb 1,0, yyscTBuTenbHocTh 1,0, cneumduynocTs 1,0).
Mpy noucKke anropuTMOM MPU3HAKOB paKa JIErKOro METPUKM MOy4unmuch crepyowwmmm: TouHoctb 0,895, uyscTBUTEND-
Hoctb 0,829, cneumdmuHoctb 0,936, a npu noucke MaToNorM4eCKMX W3MEHeHWW OpraHOB IPYLHOW KIETKM B MpOTOKOMax
peHTreHorpaduu u dntooporpadum TouHocTb coctauna 0,912, yyscteutensHoctb — 1,000, cneunduyHocts — 0,844,

3arnoyeHue. MalnHHbIE MeTOAbl C BbICOKOW TOYHOCTBIO MOMYT ObITb MCMO/b30BaHbl C LESb0 aBTOMATUYECKOI
KnaccuuKaLumum TEKCTOB PEHTTEHONOMMYECKUX NPOTOKOSIOB MaMMorpadmm U KOMMbKOTEpPHOW ToMorpaduv opraHoB rpyLHOiA
KINEeTKM 15 NOUCKA BUPYCHOM MHeBMOHMU. [15 noMCKa NpM3HaKOB paKa IErkoro B MOAaIbHOCTU KOMMBIOTEPHOM M HU3KOL03HOM
KOMMbIOTEpHOi ToMorpadium, a Takke NaTenorMyeckux M3MeHeHW B NPOTOKONIax peHTreHorpadum u dnooporpaduv opraHoB
TPYAHOI KNETKM JOCTUrHYTOW TOYHOCTW AOCTaTOYHO ANs YCMELIHOro NPUMEHEHUS B LieNISX aBTOMaTU3MPOBaHHOTO CPaBHEHMS
paboTbl Bpayen 1 MoAesNe UCKYCCTBEHHOMO MHTENIEKTA.

KnioyeBble cnoBa: NpoTOKOMbI peHTreHonormyecknx uccnenosanui; COVID-19-nHeBMOHMS; paK NErKOro; pak MoaoYHOM
ene3bl; 00paboTKa ecTeCTBEHHOIO A3bIKa.

Kak uutupoBatb
KokuHa [1.10., FoMbonesckuin B.A., ApsamacoB K.M., AHgpeituenko A.E., Moposos C.I1. Bo3MOXHOCTM M OrpaHMYeHMs MCMONb30BaHUA MHCTPYMEHTOB
MaLLIMHHOM 06paboTKy TEKCTOB B NyyeBo auarHocTuke // Digital Diagnostics. 2022. 7. 3, N2 4. C. 374-383. DOI: https://doi.org/10.17816/DD101099
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Possibilities and limitations of using machine
text-processing tools in Russian radiology reports

Daria.Yu. Kokina, Victor A. Gombolevskiy, Kirill M. Arzamasov, Anna E. Andreychenko,
Sergey P. Morozov

Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT

BACKGROUND: In radiology, important information can be found not only in medical images, but also in the accompanying
text descriptions created by radiologists. Identification of study protocols containing certain data and extraction of these data
can be useful primarily for clinical problems; however, given the large amount of such data, the development of machine
analysis algorithms is necessary.

AIM: To estimate the possibilities and limitations of using a tool for machine processing of radiology reports to search for
pathological findings.

MATERIALS AND METHODS: To create an algorithm for automatic analysis of radiology reports, use cases were selected
that participated in the experiment on the use of innovative technologies in the computer vision for the analysis of medical
images in 2020. Mammography, chest X-ray, chest computed tomography (CT), and LDCT, were among the use cases performed
in Moscow. A dictionary of keywords has been compiled. After the automatic marking of the reports by the developed tool, the
results were assessed by a radiologist. The number of protocols analyzed by the radiologist for training and validation of the
algorithms was 977 for mammaography, 4,804 for all chest X-ray scans, 4,074 for chest CT, and 398 for chest LDCT. For the final
testing of the developed algorithms, test datasets of 1,032 studies for mammography, 544 for chest X-ray, 5,000 for CT of the
chest, and 1,082 studies for the LDCT of the chest were additionally labeled.

RESULTS: The best results were achieved in the search for viral pneumonia in chest CT reports (accuracy 0.996, sensitivity
0.998, and specificity 0.989) and breast cancer in mammography reports (accuracy 1.0, sensitivity 1.0, and specificity 1.0).
When searching for signs of lung cancer by the algorithm, the metrics were as follows: accuracy 0.895, sensitivity 0.829,
and specificity 0.936, when searching for pathological changes in the chest organs in radiography and fluorography protocols
(accuracy 0.912, sensitivity 1.000, and specificity 0.844).

CONCLUSIONS: Machine methods with high accuracy can be used to automatically classify the radiology reports of
mammography and chest CT with viral pneumonia. The achieved accuracy is sufficient for successful application to automatically
compare the conclusions of physicians and artificial intelligence models when searching for signs of lung cancer in chest CT
and LDCT, pathological findings in chest X-ray.

Keywords: radiology reports, COVID-19 pneumonia, lung cancer, breast cancer, natural language processing
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BACKGROUND

Radiology reports contain textual medical information, including
a preliminary diagnosis, clinical data, descriptive characteristics
of changes in organs and systems examined a radiologic
diagnosis or a conclusion, and follow-up recommendations
[1, 2]. This information can be used in complex diagnostics and
treatment, outcome prediction, and condition monitoring and for
organizational, statistical, or research purposes.

Radiology protocols have several features, including
various narrative styles, using telegraphic speech, lexical and
terminological variations, various word orders, abbreviations, and
acronyms [3]. Special mention should be made of a characteristic
of any medical information, such as the use of terminology, which
is often impossible to be assessed by a person without special
education. Russian protocols have also several specific properties,
such as less strict syntax and lexical diversity. Radiologists use
nonstandard abbreviations, complex grammatical constructions,
long and difficult-to-interpret phrases, and various options to
denote negation [4]. Lexical variations are typical for radiology
in general; however, in Russian radiology, this diversity is even
wider (e.g., “shadow” can be described as “shading,” “infiltrate,”
“area of reduced transparency,” “area of increased density,” “area
of reduced airiness,” “focus,” “compaction,” and various other
options even for this group of changes alone). On the contrary,
in English radiology, such variability is regulated by rules,
recommendations, etc. Therefore, radiology reports contain a lot
of textual, unstructured, and specialized information, which poses
some difficulties when using exclusively automated methods.

Studies have focused on assessing the current use of
natural language processing (NLP) tools for structuring and
standardizing reports, highlighting the information necessary
for clinical specialists, ensuring the automatic replacement of
specific terminology, and including the use of patient-friendly
language, more understandable vocabulary, or translation of
information into other languages [1, 2]. Identifying reports
containing certain data to extract can be useful for solving
clinical issues [1]. Some studies have proposed ways to
identify reports describing the musculoskeletal system with
signs of bone fractures, computed tomography (CT) signs of
pulmonary embolism, pulmonary nodules, etc. [3, 5, 6].

An algorithm for machine processing of Russian reports
must be developed for the use and analysis of large amounts
of data to evaluate and describe medical images and prepare
conclusions.

The purpose of the study was to evaluate the
opportunities and limitations of using text-processing tools
to search for various abnormalities in radiology reports.

MATERIALS AND METHODS

Development of a tool for evaluating text in
radiology reports

This study was performed as part of a study previously
approved by the ethics committee (Extract from Protocol
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No. 2 of the Independent Ethics Committee of the Moscow
Regional Branch of the Russian Society of Roentgenologists
and Radiologists [RSRR] dated February 20, 2020, Clinical
trials Registration ID: NCT04489992).

The tool for evaluating text radiology protocols was
developed as part of the Moscow experiment on the use of
innovative computer vision technologies to analyze medical
images and compare the results of assessing medical images
for abnormalities by artificial intelligence (Al) services and
radiologists.

Mammography, chest radiography and fluorography, CT,
and low-dose CT (LDCT) reports were evaluated. All findings
were obtained from healthcare facilities of the Department
of Health of Moscow in 2020. Anonymized radiology reports
were used.

The main purpose was to create an automated algorithm
for the automatic analysis of radiography reports for abnormal
changes of interest. The target abnormality selection and
corresponding glossary development were based on the
general requirements for Al data (https://mosmed.ai/).

For chest radiography and fluorography, target
abnormalities included pleural effusion, pneumothorax,
atelectasis, lesion, infiltration/consolidation, dissemination,
cavity with degradation or fluid, calcification, and non-integrity
of the cortical layer (fracture). For CT and LDCT, target
abnormalities included solid and subsolid nodules larger
than 100 mm®. For chest CT, another group of abnormalities
included changes that correlated with signs of coronavirus
disease 2019 (COVID-19). The classification by severity
was used according to the interim guidelines “Prevention,
Diagnosis, and Treatment of a New Coronavirus Infection
(COVID-19)" of the Ministry of Health of the Russian Federation
and guidelines of the State Budgetary Healthcare Institution
“Scientific and Practical Clinical Center for Diagnostics and
Telemedicine Technologies of the Department of Health of
Moscow” and “Radiology Diagnostics of Coronavirus Disease
(COVID-19): Organization, Methodology, Interpretation” [7,
8]. Mammography was performed using the breast imaging
reporting and data system (BI-RADS) 3-6 system for
analyzing and recording results of breast imaging [9].

Software and hardware solutions
for pre-labeling text reports

Software and hardware solutions have been developed
for pre-labeling text reports for each type of examination
based on NLP methods in combination with the expert opinion
of radiologists. Pre-labeling algorithms were developed
iteratively with several milestones for each modality.

1. A primary set of key features was defined to search
for indications of certain abnormalities. Among others,
keywords and phrases, size designations and, if
necessary, stop words and phrases were considered.
The primary set of keywords compiled by a radiologist
included the generally accepted and most frequently used
terms by radiologists. Stop words included non-target
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abnormalities or non-abnormal findings, such as changes

in other organs in the scan area and anatomical variations.
2. Those feature sets were translated into machine language

using the high-level programming language Python.

In this study, Python 3.8 was used with pandas libraries =
1.1.3, numpy = 1.19.2, re = 2.2.1, and nltk = 3.5. The input
program data are text reports in tabular formats (.csv, .xlsx)
containing both the examination description and conclusion.
The results are presented with the initial data labeled “0” or
“1,” where “0” means the absence of a symptom/abnormality,
and “1" means the presence of a symptom/abnormality.

The module for searching for COVID-19 signs using
textual chest CT conclusions is based on NLP methods and
a classifier from the family of machine-learning algorithms.
The output indicates the presence or absence of COVID-19
signs and CT degree of lung damage.

The module for searching for breast cancer signs in
mammography reports with conclusion and description
detects breast cancer signs according to the BI-RADS
classification, giving the BI-RADS class and binary
classification (like the screening scale) as a response. The
requirements for mammography result description define
the mandatory classification of examinations according
to the BI-RADS scale. On the contrary, BI-RADS 1 spelling
has numerous variants. HCPs may use different cases,
punctuations, and, most importantly, layouts. Thus, text
parsing is not always effective, leading to false omissions.
For this task, the purpose of NLP is limited to extracting
information.

The module for searching for lung cancer signs
according to text chest CT/LDCT reports (with description and
conclusion) identifies cancer signs using a combination of
keywords (keys) and parameters (sizes) and is based on NLP.

The module for searching for various abnormal signs in
text description and conclusion for chest radiography and
fluorography identifies abnormal signs according to the
keyword glossary (“sign RG/FLG": “keyword1,” “keyword2,”

“keyword3”...).
3. Report labeling by the pre-labeling program created in
Step 2.

4. Selection of unique diverse reports (by abnormalities)
using a formatted sample in Step 3. In this study, we
had several opportunities to prove that radiologists
use template formulations. Training NLP algorithms
using template formulations will allow quick retraining
of the model. We shall ensure the widest possible
implementation of the proposed algorithm to enrich the
training data set with different rare (unique) formulations.

5. Manual verification of machine labeling and estimated
accuracy of the pre-labeling algorithm. Machine labeling
accuracy was evaluated as the percentage of correctly
labeled protocols. Manual verification was conducted
many times for each task by radiologists.

6. A list of adjustments was labeled, including additional
stop words and phrases, keywords, and other
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recommendations to improve the quality of the pre-

labeling program.

7. Adding verified protocols to the database.

In this step, diverse, unique, and formatted samples
were formed while maintaining the class balance. When
forming the study samples, the sizes are given below. All
examinations were considered for a limited period (January
2019-August 2020). The class balance corresponded to
that of the general population. The expected abnormality
distribution was as follows: CT for COVID-19, 20% normal,
80% abnormal; mammaography, 95% normal, 5% abnormal;
fluorography, 95% normal, 5% abnormal; chest radiography,
75% normal, 25% abnormal.

Steps 27 were repeated iteratively until the pre-labeling
program is 98% accurate. This value was chosen based on
the maximum accuracy level of NLP for individual clinical
problems found in the analysis of medical literature, which
was 97% [10].

In total, during the development of pre-labeling algorithms,
the radiologist analyzed 977 reports for mammography, 3196
for radiography, 1608 for fluorography, 4074 for chest CT,
and 398 for chest LDCT. The study included all examination
reports that were sent to Al services as part of an experiment
on the use of innovative computer vision technologies for
the analysis of medical images and further implementation
in the healthcare system of Moscow (https://mosmed.ai/).
Only reports with incomplete description and conclusion were
excluded.

To improve the quality and speed up the automatic
labeling of text protocols, machine-learning methods
were used to consider the complex semantic structures of
sentences in the reports to search for signs of COVID-19
pneumonia according to CT data. In the future, intelligent
algorithms should be developed to search for abnormal
signs in mammography, CT (for lung cancer), fluorography,
and radiography reports.

The module for processing COVID-19 CT reports was
designed for three functions: (1) search for conclusions in
input data using an already labeled report database, (2)
labeling of the remaining reports using a regular expression,
and (3) labeling of the remaining reports using k-nearest
neighbor (kNN) models. These functions were implemented
sequentially. When developing this tool, one of the conditions
was performance optimization. Earlier, we mentioned the
frequent use of template expressions in reports prepared
by radiologists. Thus, most of the COVID-19 CT reports
have the same form. In addition, a team of authors initiated
manual labeling of chest CT reports with COVID-19 as
the target pathology. This simplifies and speeds up the
algorithm through the use of a simple logical comparison
function, allowing the protocol to be compared with those
available in the database. Some reports that are not included
in the database of previously labeled examinations remain;
hence, a much slower function of text analysis using regular
expressions is launched. If there are protocols for which
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the regular expression does not find the target pattern, the
machine-learning model based on the kNN is launched.

The architecture developed has an optimal combination
of speed and accuracy compared with the use of machine-
learning alone. Without machine-learning, it was impossible
to cover all the reports. The training sample included 4,074
pre-labeled protocols. Such a number of reports was
necessary to ensure the required level of accuracy and was
obtained in several iterations of model testing and retraining.
For the functioning of this module, the Sklearn library
(Scikit-learn) was also imported. The trained algorithm was
evaluated on a test set and showed high accuracy (99.6%).

RESULTS

A list of keywords and stop words was developed for
the selected modalities and abnormalities, considering some
special characteristics of reports. Based on Moscow reports,
the best results based on the developed glossary were
achieved in the search for signs of COVID-19 in pneumonia
chest CT reports with an accuracy of 0.996, sensitivity of
0.998, and specificity of 0.989 (true negative [TN]" = 1115;
false positive [FP]” = 6; false negative [FN]* = 2; true positive
[TPI# = 3,837) and breast cancer mammography with an
accuracy of 1.0, sensitivity of 1.0, and specificity of 1.0 (TN =
461; FP =0; FN = 0; TP = 571). When looking for lung cancer
signs in chest CT and LDCT, the following parameters were
obtained: accuracy, 0.895; sensitivity, 0.829; specificity, 0.936
(TN = 619; FP = 42; FN = 72; TP = 349). When looking for
abnormal changes in chest radiography and fluorography, the
above-mentioned parameters were 0.912; 1.000, and 0.844,
respectively (TN = 259; FP = 48; FN = 0; TP = 237).

“TN: prediction of negative class as a negative class
(number), the true value is 1, and prediction is 1.

“FP: prediction of a negative class as a positive class
(number), the true value is 1, and prediction is 0.

*FN: prediction of a positive class as a negative class
(number), the true value is 0, and prediction is 1.

"TP: prediction of a positive class as a positive class
(number), the true value is 0, and prediction is 0.

DISCUSSION
Mammography glossary

A mammography glossary was the simplest to compile
and use because of state-of-art standardized protocols.
Mammography reports are the most structured ones. They
require BI-RADS and are subject to control because of the
high significance of the detected pathology. In most cases,
the BI-RADS category is indicated in the conclusion, and
changes to set the category are presented in the description.
The presence of BI-RADS categories in the glossary ensures
achieving a high accuracy of 1.0 in the automated processing
of reports. This tool can be used in other regions of the
Russian Federation, if required, for example, for reports of
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a different structure. Moreover, adding key defining words
(“tumor” and “c-r") is possible.

Tool limitations may be associated with the absence of
the BI-RADS category in the report; such protocols often
contain information about the impossibility of assessing the
condition of the mammary glands because of inadequate
image quality or other reasons. Since such examinations
are classified into a separate group, their targeted search
is possible, for example, for quality control and selection
of patients requiring additional examination. The proposed
tool, subject to further improvement, can be used for other
purposes, for example, assessment of the compliance of the
report with the standard and comparison of the description
and conclusion for audit purposes.

Glossary for COVID-19 pneumonia findings
by severity

High levels of accuracy were also achieved when
using the tool to analyze COVID-19 pneumonia findings by
severity, which is also related to the structure of reports
and unambiguity of the compiled glossary. The glossary
used is based on standard grades: RT0 = no evidence of viral
pneumonia; RT1-RT4 = mild-to-critical viral pneumonia; and
OTHER = other changes not associated with viral pneumonia.
During the pandemic, reports contained information about
the absence or presence of viral pneumonia signs, degree
of spread associated with the severity, and, in most
cases, likelihood of viral pneumonia. Provided that certain
parameters are met, the text conclusion and glossary
based on the degree of spelling variations are sufficient
for the severity assessment. In most cases, the descriptive
parts of the reports have common features and common
terminology.

Despite the common features of most protocols,
slight variations are present in the conclusions, which are
associated with various construction options, terminology,
spelling, punctuation, lexical features of the HCP language,
and personal experience with CT. Sometimes, diagnostic
inaccuracies were associated with the CT features of
viral pneumonia. If the describing physician believes that
changes such as frosted glass, reticular striation, etc., may
correspond to other diseases, or there is comorbidity, the
protocol and conclusion may contain sentences that are
atypical in construction and terminology. In these situations,
there may be uncertainty in the tool operation, which allows
focusing on such examinations, conducting a targeted audit,
identifying inaccuracies in the terminology use, and using it
for clinical purposes to identify comorbidities that require
special attention and need further monitoring. Different
classifications and protocols can be used for describing viral
pneumonia in different regions and healthcare facilities.

Glossary for looking up lung cancer signs

Developing keywords and stop words to search for
lung cancer signs in chest CT and LDCT reports is difficult;
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thus, the algorithm was less accurate. LDCT protocols use
the Lung-RADS classification, and its use could simplify
searching for suspicious nodes as much as possible [11].
However, when analyzing Moscow findings, the search
for Lung-RADS categories does not allow the thorough
evaluation of available protocols because not all reports
contain such a category in the conclusion. In addition, 8.3%
of the reports contain discrepancies between the description
and the conclusion [12].

The development of a glossary for searching for signs
of various lung nodules and neoplasms is still an urgent
task and is associated with several issues and limitations.
Despite the use of templates and methodological
recommendations for the description, chest CT and LDCT
reports have quite a variety of options for structures and
sequences. Many radiologists do not use the standard
recommended terminology (e.g., 4-mm nodules are
denoted by the term “mass”), which leads to the misuse
of terms [13].

Based on current recommendations and required
terminology, keywords were used to search for suspicious
changes, corresponding to solid lung nodules/foci and
masses >6 mm (lesions >3 cm) [10-12]. These criteria have
several limitations, which can lead to FP or FN algorithm
results. Thus, when performing a chest CT, randomly found
solid lung nodules are proposed to be evaluated using the
Fleischner recommendations. However, their use requires
assessing personal and clinical information, risk factors,
comorbidities, including neoplasms [14].

The use of the size criterion and main set of keywords
made it impossible to completely exclude benign changes.
For example, to exclude benign nodes with structural
calcification, its distribution, which is often not specified
in reports, should be considered. Moreover, calcifications
can be described in the cancer structure. Large foci can
be described by HCPs as part of the description of other
diseases such as tuberculosis, sarcoidosis, and bronchiolitis
of various etiologies.

To compare protocol data and results of Al processing,
the capabilities of current algorithms are adequate. After
further improvement ensuring increased accuracy, this tool
can be used in other regions, including for developing another
useful tool for different tasks.

The modified tool can be used to create a more accurate
algorithm considering necessary risk factors, such as the
presence of immunodeficiency, inflammatory processes,
clinical information, and referral diagnosis. This improvement
may be important when evaluating lung nodules in patients
with cancer. Cancer information can be obtained from the
description of the report and in electronic medical records. It
could also be promising to use the tool for estimating changes
in nodule size and comparing findings with recommendations
for the management of pulmonary nodules to improve tool
functions in accordance with improving computer vision
models.
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For chest CT, some special limitations are notable, which
are associated with a wide and difficult-to-cover list of “stop”
words. This is related to the examination characteristics:
the scan area includes the abdomen, neck, and other chest
organs. For most organs (e.g., thyroid, liver, kidneys, and
adrenal glands), such “stop” words include names of such
organs. However, anatomical chest structures such as the
mediastinum, pericardium, ribs and thoracic vertebrae,
soft tissues of the chest wall, and diaphragm cannot be
used as independent “stop” words because of cases when
lung neoplasms have invasive growth and affect adjacent
tissues, which is described by radiologists as a summary
(“mass extending into the mediastinum”). Moreover, various
independent neoplasms of the listed organs and anatomical
structures are often revealed, which leads to many FP
algorithm results.

Glossary of keywords for chest radiography
and fluorography

The development and use of such a tool for chest
radiography and fluorography are challenging. Radiography
and fluorography reports have many variations in form,
structure, size, and characteristics used, while the
terminology varies significantly [15, 16].

In addition to the generally accepted terms for
abnormalities, the proposed glossary of keywords for chest
radiography and fluorography included specific radiological
terms such as “darkening,” “focus,” and “shadow.” This leads
to several issues because such terms can be used for non-
target abnormalities or anatomical structures (“rib shadow”)
and additional medical devices (“pacemaker shadow” and
“drainage tube shadow”).

To define the pathology according to the binary
classification (normal/abnormal) considering the listed
issues, the high accuracy of radiology examination
is required. However, it is necessary to classify
abnormalities (e.g., effusion, pneumothorax, atelectasis,
and focus), even if radiologists consider it to be findings
difficult to classify by groups, which is also associated
with the limitations of radiography. In addition, the
same keywords are used to refer to completely different
radiological findings.

When developing stop words, different variants of
normal spellings were considered using various lexical and
syntactic variants of negation (“no shadows the in lungs,” “no
abnormal shadow effects in the lungs,” etc.). As new data
become available, the glossary shall be constantly updated.
Current accuracy indicators for this type of diagnostics allow
us to solve the main problem of comparing the results of Al
models and HCP findings.

CONCLUSION

With high accuracy achieved, machine-learning
methods can be used to automatically classify the texts
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of mammography and chest CT reports to search for viral
pneumonia signs because of the structured and standardized
description of findings.

When searching for lung cancer signs in chest
CT and LDCT reports and abnormal changes in chest
radiography and fluorography reports, the achieved
accuracy is adequate for the successful use of the tool to
automatically compare HCP and Al findings in radiology
departments. Less accuracy is related to the less strict
structure of reports and their diagnostic, lexical, and
terminological features.
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Peakas nokanusauus aBacKynspHoro Hekposa
npy NleYeHUM HOBOM KOPOHABUPYCHOM UH(PeKL UM
rMIOKOKOPTUKOCTEpOUAaMU

A.N. Tonuap', N.A. Bnoxun’, 10.0. LLlymckas' 2

! Hay4Ho-NpaKTMYECKVIA KIMHUYECKMIA LIEHTP AMArHOCTUKN W TeNIeMeANLIMHCKIX TexHomorui, Mocksa, Poccuitckas ®epepaumst
2 MepBbiii MOCKOBCKMIA roCYAapCTBEHHbIA MeAMUMHCKUIA yHUBepcuTeT MMenmn W.M. CeueHoBa (CedeHOBCKMIn YHuBEpCHTET),
Mockea, Poccuiickas Pepepaums

AHHOTALUNA

PasBuTie aBaCKyNsPHOr0 HEKPO3a KOCTHBIX CTPYKTYP, MHAYLMPOBAHHOIO fIeHeHUEM HOBOWM KOPOHaBMPYCHOM MH(EKLMM
TMIOKOKOPTUKOMAAMM, ABNSETCA AOBOJILHO PacnpOCTPaHEHHLIM OC/IOXHEHUEM Tepanuu, Npy 3TOM Yallle BCero BCTPeYaeTcs
MnopakeHue rosIoBoK beapeHHbIX KocTeld. CBoeBpeMeHHOe BbisSB/IEHWE aBaCKY/IAPHOTO HEKPO3a BaXHO B paMKax Npodunak-
TUKW PasBUTMSA apTPUTOB M APYrMX OCNOMKHEHWN.

B pabote npeacTaBneH KAMHUYECKUIA CRydaii NALMEHTKM B BO3pacTe 54 NieT, rocnuTajM3vMpoBaHHOW NO NOBOAY HOBOM
KOpOHaBMPYCHON UHQEKLMM, C anobamMu Ha BbipaxKeHHble 60511 B 060MX KOMEHHBIX CycTaBax Yepe3 2 HefeNM OT Hayana
bonesnu. Mo pe3ynbTataM MarHUTHO-PE30HAHCHOM TOMOTPadum Obin BbISBNEH BbIPAXKEHHBIN aBaCKYNAPHBIA HEKPO3 KOCTEN,
(GOpMMPYIOLLMX KONEHHBIN CyCTaB, ¢ 06enx cTopoH. KoHcepBaTuBHasA Tepanus,, BKIIOYakoLLas NpUEM HeCTEPOUIHbIX MPOTMBO-
BOCMaNNUTeNbHbIX MPenapaToB M MHIMOUTOPOB KOCTHOM pe3opbumm 13 rpynnbl 6uchochoHaToB, fana BblpaXeHHbIA NOM0MM-
TeNbHbIN pe3ynbTat. [py NoBTOPHOM ocMoTpe Yepes 3 Mecsua 6one HeT, COXpaHSIOTCA HeOONbLUME OrpaHUYEHUs ABUKEHMIA
B KOJNEHHbIX cycTaBax. [10 JaHHbIM MarHUTHO-Pe30HaHCHOM TOMOrpadmm 060MX KONEHHbIX CYCTaBOB OTMEYEHO 3HAUUTESIbHOE
YMEHbLLEHME PaHee BbISBJIEHHBIX M3MEHEHWM.

MoboyHble 3 deKTbI FMIOKOKOPTUKOMAO0B (HapyLLUEHWEe TOSIEPAHTHOCTM K TJIHOK03€e, NOBLILLEHUE apTepUabHOro AaBJEHMS,
TaXMKapAus, 3p03NBHO-A3BEHHOE NOPAMKEHUE KeNYL0YHO-KULLIEYHOr0 TPaKTa, HapyLUEHWS CHa U Ap.) LUMPOKO M3BECTHBI, 0f1-
HaKO OCTEOHEKPO3 KOCTHbIX CTPYKTYP KOJIEHHbIX CYCTABOB, Bbl3BaHHbIA MPUEMOM CTEPOMAOB, PEAKO MOMNAaAaeT B MoJle 3peHus
KIMHUUMCTOB. MprBEAEHHBIN KITMHUYECKWIA ClyYaii NoYEPKMBAET KOMMEKCHBIN XapaKTep naToreHe3a oCTEOHEKpo3a U Jie-
MOHCTPMPYET LUMPOKMIA CNEKTP OCNOXHEHWI NPK Tepanuu KOPTUKOCTEPOUAAMM.

KnioueBble cnoBa: KIMHWUYECKWIA CNyyaid; aBaCKYNAPHbIA HEKPO3; O0CTEOHEKPO3; KOPOHABUPYCHasA MHGDEKLMS; KONEeHHbIi
CYCTaB; MarHUTHO-pPe30HaHCHas ToMorpadus.
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Rare localization of avascular necrosis during
treatment of COVID-19 with glucocorticosteroids

Anna P. Gonchar', Ivan A. Blokhin', Yuliya F. Shumskaya'?

! Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation
2 The First Sechenov Moscow State Medical University (Sechenov University), Moscow, Russian Federation

ABSTRACT

The development of bony avascular necrosis induced by glucocorticoid treatment of COVID-19 is a common adverse effect,
with femoral head being the most commonly affected. Timely detection of avascular necrosis is important in the prevention of
osteoarthrosis and other complications.

We present a clinical case of a 54-year-old patient hospitalized for novel coronavirus infection with complaints of severe
pain in both knees 2 weeks after the disease onset. Magnetic resonance imaging revealed pronounced changes in both knees,
corresponding to avascular necrosis. The results of conservative therapy, including non-steroidal anti-inflammatory drugs
and bisphosphonate bone resorption inhibitors, produced a pronounced positive result. At follow-up examination 3 months
later, there was no pain, but the knee joints still had slight restrictions of movement. Magnetic resonance imaging showed a
significant decrease in the previously detected changes.

The side effects of glucocorticoids (impaired glucose tolerance, increased blood pressure, tachycardia, gastrointestinal
erosive ulcers, sleep disorders, etc.) are widely known, but knee osteonecrosis caused by steroid intake rarely comes to the
attention of clinicians. This clinical case emphasizes the complex nature of osteonecrosis pathogenesis and demonstrates a
wide range of complications in corticosteroid therapy.

Keywords: case report; avascular necrosis; osteonecrosis; COVID-19; knee joint; magnetic resonance imaging.
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BACKGROUND

The novel coronavirus infection, discovered in Wuhan,
China, in December 2019, has triggered a global pandemic.
The use of glucocorticosteroids (GCSs) to treat novel
coronavirus infection is pathogenetically justified and
widespread [1]. However, even a single dose of GCS can cause
the development of avascular necrosis [2]. The literature
describes several clinical cases of femoral head avascular
necrosis in patients treated with GCS [3, 4]. However, the
cases of osteonecrosis in other areas, particularly the
knee joints, are mentioned much less frequently [5]. Early
diagnosis of this pathology is critical for preventing arthritis
and other complications [6].

This paper describes a clinical case of avascular necrosis
of the bone structures of both knee joints that developed
while treating coronavirus infection with GCS.

CLINICAL CASE

Patient

A 54-year-old woman with complaints of severe cough
and fever up to 39.5 °C for 6 days was hospitalized with the
novel coronavirus infection. A chest CT revealed lung damage
of >30%. The PCR test for SARS-CoV-2 RNA was positive. The
medical history was insignificant.

During the hospital stay, the patient received parenteral
dexamethasone at a daily dose of 20 mg for 5 days,
followed by a 2-day break and subsequent reintroduction
of dexamethasone at a daily dose of 12 mg for 5 days.
Additionally, the patient received anticoagulant and
antisecretory therapy.

On Day 15 of the disease, the patient experienced severe
pain and substantial limitation of knee joint movement,
which persisted at night. The knee joints were nontender

Vol 3 (4) 2022
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on palpation. On Day 17 of the disease, the patient was
discharged because of positive changes. Nonsteroidal anti-
inflammatory drugs (NSAIDs) were recommended for treating
knee joint pain.

Magnetic resonance imaging (MRI) of both knee joints
was performed 1.5 months after hospitalization due to
persistent pain and limited movement in the knee joints.

Instrumental findings

MRI of the left knee joint: lesions in the distal parts
of the femoral diaphysis and femoral condyles (with
involvement of the articular surface) as well as in the
patella, inhomogeneously hyperintense on PD-weighted
(proton-weighted) images with fat suppression and hypo-/
isointense on T1-weighted images (T1WI), with an irregular
(“geographic”) shape and yellow marrow signal areas
visualized in the central parts (Fig. 1). MRI of the right knee
joint: similar lesions of the bone marrow of both femoral
condyles, with involvement of the distal metaepiphysis and
articular surface of the lateral condyle as well as the patella.
A perilesional “double line” sign is visualized over a short
distance for some lesions (Fig. 2).

The following diagnosis was made on the basis of medical
history and identified MRI changes: “Avascular necrosis of the
bone structures of both knee joints.”

Diagnosis and treatment

On the basis of MRI findings, medical history, and clinical
pattern, the patient was diagnosed with avascular necrosis
of the femoral and tibial condyles of both knee joints. Thus,
the following conservative therapy (physiotherapy) was
prescribed: magnet therapy and phonophoresis with NSAID-
containing gel, NSAID therapy (tablets) for pain (as needed),
vitamin D preparations, and bisphosphonate bone resorption
inhibitors.

Fig. 1. Primary MRI of the left knee joint: PDWI with fat suppression in the coronal (a) and sagittal (b) plane and T1WI in the sagittal
plane (c). The arrows indicate areas of bone marrow edema in the form of a heterogeneous, irregularly shaped (“geographic”) MRI

signal of femoral and tibial condyles.
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The therapy resulted in substantial positive changes after 3 Secondary osteonecrosis of knee joint bone structures,
months: The pain had subsided, but some limitations in knee  particularly avascular necrosis, most commonly affects both
joint movement remained (the patient could not do a deep squat). ~ femoral condyles, as in the clinical case presented here.

A follow-up MRI of both knee joints revealed positive  Conversely, primary osteonecrosis affects only one of the
changes: Previously identified lesions had become condyles [8].

substantially less severe (Figs. 3 and 4). Avascular necrosis can develop as a result of GCS treatment,
kidney disease, or hematological diseases. Some authors
DISCUSSION believe that drugs used to treat coronavirus infection, such

as lopinavir and ritonavir, can contribute to the development

The prevalence of osteonecrosis in patients with the novel  of osteonecrosis [9]. In our case, this pathology most likely
coronavirus infection ranges from 5% to 58% [7]. Damage  developed as a result of GCS treatment for coronavirus infection.
is more common to the femoral head than to the bone GCSs, which play an important role in treating novel
structures of the knee joints and other bones. coronavirus infection, are an independent risk factor for

Fig. 2. Primary MRI of the right knee joint: PDWI with fat suppression in the coronal (a) and sagittal (b) plane and TIWI in the sagittal
plane (c). Thick arrows indicate areas of bone marrow edema in the form of a heterogeneous, irregularly shaped (“geographic”) MRI signal
of femoral condyles and patella; thin arrows indicate the “double line” sign in the form of internal hyperintense (granulation tissue) and
external hypointense (osteosclerosis) lines on PDWI.

Fig. 3. Follow-up MRI of the left knee joint: PDWI with fat suppression in the coronal (a) and sagittal (b) plane and T1WI in the sagittal
plane (c). Thick arrows indicate areas of bone marrow edema in the form of a heterogeneous, irregularly shaped (“geographic”) MRI signal
of femoral condyles and patella; the thin arrow indicates the “double line” sign in the form of internal hyperintense (granulation tissue)

and external hypointense (osteosclerosis) lines on PDWI.

DOI: https://doiorg/1017816/DD110718
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Fig. 4. Follow-up MRI of the right knee joint: PDWI with fat suppression in the coronal (a) and sagittal (b) plane and T1WI in the sagittal
plane (c). Thick arrows indicate areas of bone marrow edema in the form of a heterogeneous, irregularly shaped (“geographic”) MRI signal
of femoral condyles and patella; thin arrows indicate the “double line” sign in the form of internal hyperintense (granulation tissue) and
external hypointense (osteosclerosis) lines on PDWI.

developing avascular necrosis. At the same time, the
pathogenesis of osteonecrosis in these patients is unclear:
In addition to GCS therapy, independent causes may include
vascular thrombosis, adipocyte hypertrophy, fat embolism,
hypercoagulopathy, endothelial destruction, and leukocyte
aggregation [7, 10]. However, we could not find clinical cases
of osteonecrosis due to the above factors in the literature
[7, 9.

No agreement has been made on the duration of
corticosteroid therapy or the dosage that increases the risk
of osteonecrosis. Nonetheless, numerous studies suggest
that controlling the cumulative dose of GCS is important
in developing this pathology [11]. Thus, osteonecrosis of
the bone structures of the knee joint was found to develop
with a cumulative dose of prednisolone ranging from 1.012
to 6.562 g, [12, 13] whereas in other clinical cases, the
cumulative dose of prednisolone was in the range of 0.9-
1.413 g, with an average value of 1.156 g [14]. In our case,
dexamethasone was used at a dose of 20 mg/day, followed
by a decrease to 12 mg/day.

Agarwala et al. [14] describe a case of avascular necrosis
in a 20-year-old woman after using methylprednisolone
for 15 days. The patient experienced pain in the knees on
Day 25 of the disease, with lesions of both condyles and
the patella according to MRI. The same authors describe
a case of a 16-year-old boy who developed pain in both
hip joints and the right knee joint 4 months after the novel
coronavirus infection when treated with methylprednisolone
and dexamethasone for 19 days. In our clinical case,
dexamethasone was used for 10 days with a 2-day break.
The first complaints of knee pain occurred on Day 15 of the
disease (Day 9 of GCS therapy), similar to the case of the
abovementioned female patient, although our patient’s age
differed considerably.

DOI: https://doiorg/1017816/DD110718

Another clinical case refers to avascular necrosis of the
right knee joint in a 78-year-old woman with a history of
bilateral gonarthrosis, more pronounced on the left, as well
as concomitant cardiovascular diseases and obesity [15]. The
treatment included antibacterial drugs, hydroxychloroquine,
antiviral drugs (lopinavir, ritonavir), and oxygen therapy.
Two weeks after discharge, the patient reported that
the pain in the right knee joint had worsened. During this
period, the patient also received GCS therapy for 9 days for
bronchospasm. Seven days later, the patient developed local
edema of the right knee joint. MRI revealed osteonecrosis
of the right femoral medial condyle. GCS therapy cannot
be considered the sole cause of avascular necrosis in this
case; the presence of concomitant diseases is also a risk
factor for developing osteonecrosis. However, the brevity
between coronavirus infection and developing avascular
necrosis suggests an effect of GCS therapy. In our clinical
case, the patient had no other risk factors for developing
avascular necrosis other than taking GCS; however, as in the
example above, arthralgia developed rather quickly during
GCS therapy.

Conversely, the study by Sulewski et al. [16] indicates
insufficient evidence of the direct effect of GCSs on the
development of osteonecrosis. This study analyzed 10
patients with confirmed coronavirus infection and signs of
avascular necrosis. The mean age of the patients was 61
years. Although only four out of ten patients received GCSs,
all of them developed avascular necrosis on Day 14 of the
disease, on average. Li et al. [17] obtained similar data in
a meta-analysis, confirming the theory of multifactorial
pathogenesis of avascular necrosis in patients with the
novel coronavirus infection. A deficiency of angiotensin-
converting enzyme 2, which can cause bone destruction as
well as vascular thromboses, as in the case of osteonecrosis
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development on GCS therapy, is a possible factor in the
development of avascular necrosis in such patients. Thus, no
clear consensus exists regarding the etiology and mechanism
of avascular necrosis development in patients with novel
coronavirus infection.

In our clinical case and cases presented by foreign
authors, the treatment of avascular necrosis is primarily
conservative, with the main goals of relieving pain, slowing
the progression of osteonecrosis, and preventing fractures
and arthritis. At the same time, no generally accepted
treatment scheme is available [18]. In turn, some researchers
confirm that combination therapy with bisphosphonates is
effective for treating osteonecrosis, including in the early
stages, as our clinical case demonstrates [19, 20].

Thus, early identification of patients at high risk of
developing avascular necrosis because of the novel
coronavirus infection is critical in preventing arthritis and
other complications.

CONCLUSION

We present a clinical case of MRI-detected bilateral
avascular necrosis of the bone structures of the knee joint
during treatment of COVID-19 with GCSs. GCS therapy has
well-known side effects, such as impaired glucose tolerance,
increased blood pressure, tachycardia, erosive and ulcerative
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CxpbiToe TeyeHue 6onesnu Kpona:
posib ToMorpaguyecKux MeToAo0B B AUArHOCTUKE

10.0. LLymckan" 2, T.C. Hedeposa', [I.A. Axmen3sanosa', U.A. Broxun?, M.I. MHaLiakaHsH'

" MNepabiit MOCKOBCKMIA FOCYAAPCTBEHHBIN MeAMLMHCKMIA yHuBepcuTeT uMeHi WM. CeueroBa (CeyeHoBCKMi YHuBepeuTer),
Mocksa, Poccuiickas Qepepauvs
2 HayyHo-NpaKTM4ECKUIA KIMHUYECKWIA LEHTP ANArHOCTUKN W TeNeMEeANLIMHCKUX TexHonoruid, Mocksa, Poccuiickas ®epepaumst

AHHOTALNA

BonesHb KpoHa c nokanusauuen npouecca B BEPXHUX OTAENAX MeNy[A0YHO-KULLEYHOr0 TPaKTa, TePMUHANLHOM OTaene
N0AB3A0LLUHOM KULLIKM WK B TONICTOM KULLKE AMArHOCTUPYETCA Ha OCHOBaHWM BU3yanu3auumu 061acTy NopaxeHus npum nomo-
LM 3HAOCKOMMYECKMX METOAOB UCC/IE0BAHUA W TUCTONIOMMYECKOr0 UCCNeA0BaHNS bronTaTos. B ciyyasx nopaxerus TOHKOM
KMLLKM, KOra MeTofbl 3HAOCKONMM ManoMHGOpMaTUBHLI, @ MPUMEHEHUE BUAEOKANCYNbHOM 3HA0CKONUM UMEeET paj, NpoTH-
BOMOKa3aHWi, A1 NOCTaHOBKW AMarHo3a LienecoobpasHo Mcnosib30Barth JiydeBble METOAbI AUArHOCTUKM, TaKUe KaK MyMbTU-
CMupanbHas KoMMbloTepHas TOMOTpaus W/Unn MarHUTHO-Pe30HaHCHas aHTeporpadms.

MprBOAMM OMUCaHME KIIMHUYECKOrO Ciyyast NaLMeHTa co CTEPTBIMU KIIMHUYECKUMM nposBrieHusamMmu bonesnn KpoHa c no-
PAXEHUEM TOHKOM UM MPAMOIA KULLKMW, AWMarHo3 KOTOpOMY ynanoch BepuduumpoBatb bnaropaps npUMEHeHW0 ToMorpadm-
UECKUX JTy4eBbIX METOLO0B MCCNeAoBaHMsA. MyxumnHa B Bo3pacTe 44 neT C Kanobamu Ha HeBbIpaXeHHble H60NM B KMBOTE,
pvcnencuio. B aHann3ax — KOCBEHHble NpU3HaKW Manbabcopbumm, noBbilueHWe GeKanbHOr0 KanbnpoTEKTUHA; NPU 3HA0CKO-
NUYECKOM 006CneL0BaHNM C MUCTONOMMYECKON BepuduKaLmMen — KapTUHa NpokTuTa. lNocne BbInoNHeHUs aHTeporpadum ¢ no-
MOLLbI0 KOMIBHOTEPHOM W MarHUTHO-Pe30HAHCHOW TOMOrpauu yaanoch AMarHOCTMpOBaTb MacCMBHOE NOPaMeHUe TOHKOM
KULLKY, SBNSoLLeecs cybcTpaToM CUMMTOMATUMKY.

lp1BEAEHHBIN KNMHUYECKWIA CNyYald AEMOHCTPUPYET aTMMUYHYI0 KIMHUYECKYl KapTuHy 6oneshu KpoHa ¢ mopaxe-
HWEM MeTeflb TOLLEN, NMOAB3A0LIHON U OTAEN0B NPSMOiA KULWWKW. B 0TCYTCTBMM XapaKTepHbIX Xanob y nauueHTa, a Takxe
BCNeACTBME HeLOCTAaTOYHO MHGOPMATUBHBIX Pe3yNbTaToB 3HAOCKOMUYECKOro M MOPQONIOrMYecKoro Uccie0BaHus Takve
MeTOAbl BU3yanu3aumm, KaK KOMMbIOTEepHas U MarHUTHO-pe30HaHCHas ToMorpadus, Chirpany peLuaioLLyio posb B nocTa-
HOBKe AWarHosa.

KnioueBbie cnoBa: 6one3Hb KpoHa; MP-3HTeporpadms; KT-aHTeporpadus; KIMHUYECKUIA ClyYai.
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Latent course of Crohn’s disease:
the role of tomographic imaging in diagnosis

Yuliya F. Shumskaya' 2, Tamara S. Nefedova', Dina A. Akhmedzyanova',
lvan A. Blokhin?, Marina G. Mnatsakanyan'

! The First Sechenov Moscow State Medical University (Sechenov University), Moscow, Russian Federation
2 Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT

Crohn’s disease with localization in the upper gastrointestinal tract, terminal ileum, or colon is diagnosed based on
visualization of the lesion area using endoscopic methods and histological examination. In cases of damage to the small
intestine, when endoscopy methods are not informative enough and the use of videocapsular endoscopy has a number of
contraindications, it is advised to use radiation diagnostic methods, such as multispiral computed tomography and/or magnetic
resonance enterography, to make a diagnosis.

We present a clinical case of ambiguous clinical manifestations of Crohn’s disease with small intestine and rectal
involvement. Tomographic imaging was used to confirm the diagnosis. A 44-year-old patient presented with complaints of non-
pronounced abdominal pain, dyspepsia. The lab panel showed indirect signs of malabsorption, an increase in fecal calprotectin.
An endoscopic examination with histological verification revealed a picture of proctitis. After performing computed tomography
and/or magnetic resonance enterography multiple lesions of the small intestine were revealed. This clinical case demonstrates
an atypical clinical picture of Crohn’s disease with jejunal, iliac, and rectal lesions.

The patient had no characteristic complaints; the results of endoscopic and morphological studies were not informative.
Imaging by means of computed and magnetic resonance tomography has played a crucial role in the diagnosis and successful
treatment.

Keywords: Crohn's disease; MRI-enterography; CT-enterography; clinical case.
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BACKGROUND

Because of its systemic nature, Crohn’s disease can
affect not only the gastrointestinal tract but also the
musculoskeletal or respiratory system, organs of vision,
and skin [1-4]. Thus, Crohn’s disease frequently draws the
attention of doctors from various specialties. The possible
polymorphism of complaints, particularly at the time of
disease onset, with extraintestinal symptoms or rare
complaints in the latent stages make the diagnosis of this
disease extremely difficult [5, 6] and prevents the timely
prescription of adequate therapy.

In classic cases, Crohn’s disease is diagnosed through
endoscopic visualization of the affected area, which is
only possible when the disease is localized in the upper
gastrointestinal tract, terminal ileum, or colon. However,
when the small intestine is affected, endoscopic methods
become uninformative, whereas video capsule endoscopy
has contraindications, making it difficult to use in clinical
practice [7]. Thus, radiation diagnostic methods, such as
multislice computed tomography (MSCT) and/or magnetic
resonance (MR) enterography, should be used for diagnosis
8, 91.

We present the case of a patient with Crohn's disease
with inapparent clinical manifestations and damage to the
small intestine and rectum whose diagnosis was confirmed
using radiation diagnostic methods.

CLINICAL CASE

Patient

Patient D., 44 years old, was admitted to the
gastroenterology department with complaints of umbilical
discomfort, bloating, and fullness in the epigastrium and
umbilical region that appears 30—60 minutes after a meal.
In 2017, the patient noticed a feeling of heaviness in the
abdomen, gaseous eructation, and episodes of heartburn
after consuming food, and lost 15 kg in 2 years with
no dietary changes. The patient underwent outpatient
examination, which revealed no gastrointestinal pathology.
Abdominal ultrasound revealed no abnormalities;
oesophagogastroduodenoscopy showed superficial
gastritis not associated with Helicobacter pylori infection
(negative rapid urease test); and colonoscopy showed no
organic pathology. The condition was classified as the
sphincter of Oddi functional disorder and the patient was
treated with rabeprazole and hymecromone but without any
significant effect. Episodic abdominal pain (once in every
several months) persisted. The patient was hospitalized for
examination for the aforementioned complaints.

The patient's condition at the time of admission was
satisfactory. Their physique was asthenic, with a body mass
index of 20.02 kg/m?. Body temperature on admission was
36.5°C; the skin was pale; and the abdomen was visually
symmetrical and tender on palpation in the umbilical, right
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mesogastric, and right iliac regions. The bowel movements
were normal without pathological admixtures.

Laboratory and instrumental findings

According to laboratory findings during hospitalization,
hemoglobin level decreased from 137.2 to 123 g/L (normal
range: 132-180 g/L), serum iron level decreased to
10.4 pmol/L (normal range: 12.5-32.2 pmol/L), total protein
level decreased to 63 g/L (normal range: 66—83 g/L), fecal
occult blood test was positive, and fecal calprotectin level
was elevated to 389 pg/g (normal value: up to 50 pg/g). All
other parameters in complete blood count, blood chemistry,
coagulogram, urinalysis, and stool test remained within the
normal range.

Oesophagogastroduodenoscopy revealed no signs of
upper gastrointestinal damage.

Colonoscopy revealed endoscopic signs of proctitis:
swelling of the rectal mucosa, multiple hemorrhages, and a
smoothened vascular pattern. A biopsy was performed.

Histological findings revealed the following: preserved
architectonics of the rectal mucosa, dense uniform
lymphoplasmacytic infiltration in the deep mucosa with an
abundance of eosinophilic leukocytes, and hyperplastic lymphoid
follicles with proliferative centers in several fragments.

These findings did not indicate a uniform pattern. Given the
indirect signs of malabsorption syndrome (low hemoglobin,
serum iron, and total protein), the small intestine was
examined.

Abdominal MSCT with intravenous contrast was
performed after the oral administration of 1 L of macrogol
solution. The jejunum and ileum walls were locally thickened
with inactive contrast agent accumulation. Approximately
5 cm of the wall of the distal jejunum transitioning into the
ileum was markedly thickened up to 17 mm, with more active
contrast agent accumulation, including in the mucosa (Fig. 1).
Regional adipose tissue was infiltrated with the formation of
liquid zones along the midline between the loops in the small
pelvis; and regional lymph nodes as large as 9 mm showed
active accumulation of the contrast agent.

To determine the extent and volume of the lesion, MR
enterography was performed after administering 1.2 L of
mannitol solution orally. Four local areas of uneven wall
thickening were noted in the small intestine: thickening of up
to 8 mm over 25 mm with narrowing of the lumen to 5 mm,
thickening of up to 12 mm over ~90 mm with narrowing of
the lumen to 3 mm, thickening of up to 10 mm over 160 mm
with narrowing of the lumen to 3 mm, and thickening of
up to 9 mm over ~32 mm with narrowing of the lumen to
3 mm (Figs. 2 and 3). These areas of the small intestine
actively accumulated the contrast agent and showed signs
of limited diffusion on diffusion-weighted imaging. Because
the lesions resembled those seen in intestinal tuberculosis,
an immunodiagnosis of tuberculosis infection (interferon
gamma release assays, T-SPOT.TB, with a negative result)
and chest MSCT (with no pathology) were performed.
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Fig. 1. Abdominal multislice computed tomography with intravenous contrast, axial plane: a) substantial narrowing of the intestinal
lumen and thickening of the wall with active contrast agent accumulation (arrow); b) dilated loop of the small intestine with an unevenly
thickened wall (arrow); c) dilation and narrowing of the intestinal lumen is visible; additionally, of interest is the intestinal mucosa, which
actively accumulates the contrast agent (arrows); d) the area of fluid accumulation between the loops in the small pelvis is marked red.

Diagnosis and treatment patient was diagnosed with Crohn’s disease with strictures
Considering the “kangaroo jumping” type of gastrointestinal ~ and lesions of the small intestine and rectum.
lesion discovered during the examination along with the To relive the condition, prednisolone was intravenously

findings of colonoscopy and histological examinations, the  administered at a dose of 120 mg/day, with a gradual decrease

Fig. 2. Magnetic resonance enterography, axial plane: the arrows show thickened areas of the small intestine.
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Fig. 3. Magnetic resonance enterography, coronal plane: the arrows show areas of thickening of the long sections of the small intestine
walls.

in the dose and a switch to oral methylprednisolone at a dose
of 8 mg/day. In addition, the patient received mesalazine
rectally at a dose of 2 g/day. To maintain remission, a
genetically engineered biological drug (infliximab) and
azathioprine were chosen because of the atypical localization
of the process, the extent of the lesion, and the high activity
of the disease.

During treatment, the patient’s condition improved;
there were no complaints of abdominal pain and dyspepsia.
At a follow-up examination after 3 months, the level of
fecal calprotectin was within the normal range, and blood
chemistry showed no signs of malabsorption. The patient had
gained approximately 5 kg of weight.

DISCUSSION

The clinical case presented here shows an unusual clinical
picture of Crohn’s disease, exhibiting damage to the jejunum,
ileum, and rectum. In the absence of specific complaints and
with insufficient endoscopic and morphological findings,
tomographic radiation diagnostics played a critical role in
establishing the diagnosis.

According to the clinical guidelines for the diagnosis and
treatment of Crohn’s disease, MSCT and MR enterography
are only used to rule out small intestine strictures before
performing video capsule endoscopy [10]. However,
published foreign literature demonstrates the inherent value
of radiation tomography methods for diagnosing Crohn’s
disease, including a consensus on their use [11].

Chavoshi et al. [12] conducted a systematic review and
found that the sensitivity and specificity of MR enterography

DOl https://doiorg/10.17816/DD110952

in detecting lesions of the small intestine in Crohn’s disease
were 80%-88% and 81%-91%, respectively, which are
sufficient to make MR enterography a popular method for
diagnosing pathologies associated with Crohn’s disease in
the small intestine.

According to Park et al. [13] the data obtained using
abdominal MSCT were significantly correlated with the
Crohn’s disease activity index and C-reactive protein level
(p < 0.05). AUC was 0.85 when performing ROC analysis on
MSCT data to predict disease activity. Sensitivity and negative
predictive values were 95% and 94%, respectively, with a
cutoff value of 0.8.

Publications in the Russian literature describe the
diagnostic value of tomography. For example, Dubrova and
Stashuk [14] emphasized the importance of using these
methods in conjunction with endoscopic methods in the
diagnosis of Crohn’s disease. Kurilo et al. [15] demonstrated
the exceptional importance of MSCT enterography in a series
of clinical cases, obtaining data on the localization and extent
of pathological changes, process activity, and presence of
extraintestinal complications. These data allowed determining
the tactics for managing patients with complicated Crohn's
disease (such as with perforation of the ileum in one case
and decompensated stenosis of the descending colon in
another).

Our clinical case also demonstrates the importance of
using tomographic radiation methods for the diagnosis of
Crohn's disease with small intestine lesions to determine the
activity and extent of the lesion. The information obtained
via enterography was crucial for diagnosing the disease and
deciding the treatment tactics.
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CONCLUSION

Crohn’s disease does not always present with pronounced
clinical symptoms. Routine examinations, including endoscopies,
are often insufficient to diagnose small bowel disease.
Tomographic methods (CT and MR enterography) are highly
informative and accurate and allow the visualization of the small
intestine when assessing the volume and activity of the lesion.
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Kak cospaTtb coBpeMeHHbI MeAULIMHCKUMN LLeHTp
B TeKYLMX yCNnoBuax?

M.0. Pymsanues', [.A. Yepkacos?

! Tpynna KoMnaHwit «Moit MeMUMHCKIIA LeHTP», CaHkT-MeTepbypr, Poccuiickan Menepauus
2 AreHTCTBO KOHCA/ITUHIa 1 KOMMYHUKaLWiA B Hayke 1 3apasooxpaHenin HASCCA, Mocksa, Poccuiickas ®epepauns

AHHOTALNA

CoBpeMeHHas MHoronpodunbHas KIMHUKA NPeLCTaB/IAET He TOMBKO MeAULMHCKUIA, HO U MHXEHEPHO-TEXHUYECKUIA U He-
PeAKo buoTexHMueckuin 0bbeKT. TexHonoruyeckas CNoXHOCTb 06bEKTA 3aBUCUT OT NiaHMpyeMbIX (B1MO)MeaMLIMHCKUX Mpo-
dunein n GyHKUMOHaNA, NOTPEBHOCTM B MacLUTabupyeMoCTi U MOAEPHU3UPYEMOCTH, a TaKXKEe MHOXECTBA ApYruX GaKTopoB.

Mpu B3rNAAe CO CTOPOHBI, CO3A,aHME COBPEMEHHOMO NPOGMILHOIO UAWM MHOrONPOGUIBLHOrO MEAULMHCKOrO LEHTpa OT Maeu
A0 3anycKa B 3KCMyaTaumio He BbIMISAUT 3anpefenibHo COXHbIM, a ero 3Tanbl (MPpeAnpoeKTHbIe U3bICKaHNS, MeUKO-TexX-
HWYEeCKOe 3afjaHNe, ICKWU3HBINA MPOEKT, CTafuM NPOEKTUPOBAHUSA, CTPOMTENLCTBA, OCHALLLEHWSA W BbIXOAA HA 3aMNIaHUPOBaHHYI0
NPOU3BOACTBEHHYI0 MOLLHOCTb) BUAATCA MOHATHBIMM U AOCTUXMMbIMU. 0HAKO HaL cOBCTBEHHBIN OMbIT HEMOCPECTBEHHOMO
y4acTus M aHanM3a peanu3aumm pasiuyHbix NpodUIbHBIX MeAULMHCKUX LIEHTPOB B HALUEW CTpaHe CBULETENLCTBYET O HaN-
UWW Macchl NIOKHBIX NpeaybexaeHuit, OLWMBOK, YCTapeBLUMX NMPUHLMNOB U NPOYMX NPOBAEM Ha NpaKTUKe.

B cTatbe Mbl aHanusupyeM, 06BACHSAEM U CUCTEMATM3NPYEM TUMKMYHbIE 3abTy)KAEHUA U MOPOKM MPU CO3LaHWM OHKOMO-
TMYECKOr0 LiEHTPa, OJHAKO Te e NpobneMbl BO3HUKAIOT NpU CO34aHMM N6Oro MHOronpodMiIbHOr0 MeAMULUMHCKOIO LieHTpa.
MbI nonaraeMm, YTo HaLl OMbIT OKAXETCS NOME3HbIM 415 03HAKOMITEHUS! HE TOJbKO NMPOEKTUPOBLLMKAM, TEXHOJOraM U apXu-
TEKTOpaM, HO ¥ BpayaM, OpraHM3atopaM 34paBOOXPaHEHUS, KaK, BPOYEM, U BCEM CrELMannUCTaM, NPUBNIEKAEMbIM K Co3a-
HUIO MeAULMHCKUX LEHTPOB COBPEMEHHOIO YPOBHSI.

KnioueBble cnoBa: NPOoeKTupoBaHue; MeAUKO-TeXHUYECKOe 3aiaHKe; MeaULIMHCKUI LeHTP; OHKOMOrMYeCKMI LLEeHTP.
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How to create a modern medical center
in the current conditions?

Pavel 0. Rumiantsev, Dmitry A. Cherkasov

! My Medical Center Group of Companies, Saint Petersburg, Russian Federation
2 Healthcare and Science Consulting Communications Agency HASCCA, Moscow, Russian Federation

ABSTRACT

A modern multidisciplinary clinic is not only a medical facility, but also an engineering and often biotechnical facility. The
technological complexity of the object depends on the planned (bio) medical profiles and functionality, the need for scalability
and upgradability, as well as many other factors.

When viewed from the outside, the creation, from an idea to commissioning, of a modern specialized or multidisciplinary
medical center does not look prohibitively complicated, and its stages (pre-project surveys, medical and technical specifications,
draft design, design stages, construction, equipping, and entering the planned production power) are seen as understandable
and achievable. However, our own experience of direct participation and analysis of the implementation of various specialized
medical centers in our country indicates the presence of a lot of false prejudices, mistakes, outdated principles, and other
problems in practice.

In the article, we analyze, explain, and systematize typical misconceptions and vices when creating an oncology center, but
the same problems arise when creating any multidisciplinary medical center. We believe that our experience will be useful for
familiarization not only to designers, technologists and architects, but also to doctors, healthcare organizers, as well as to all
specialists involved in the creation of modern medical centers.

Keywords: engineering; medico-technical enquiry; medical center; oncology center.
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INTRODUCTION

A mountain cannot turn, but a road can.
A Chinese proverb

Over the last 10 years, we have seen numerous
healthcare facilities and helped establish at least a dozen of
them (most often cancer centers). We would like to share our
observations and practical experience in this article.

Now is not the time to expect spare parts to arrive
overnight or a service engineer to fly to your location at the
drop of a hat. Of course, it appeared somewhat utopian even
in the best of times. However, the power of persuasion or
exaggeration, future contract promises, or other forms of
manipulation could make things easier.

In our practice, it felt like going on a long hike or climbing
a mountain every time it became clear that equipping a cancer
center step by step would be impossible. Thus, requests
for facility modernization and phased launch should be
considered during the initial investigation and design phase.

At present, the integrated approach to establishing
healthcare facilities at all stages, from design to
commissioning, is widely recognized and growing in
importance.

The long-accepted conventional approach to medical
engineering in our country is becoming unrealistic in terms
of achieving the desired result. Moreover, to say that this
approach is completely impractical is not an exaggeration.
This is supported by our observations and the fact that
many medical centers in our country are unfinished, were
launched late, or failed to meet performance targets. This
is true for cancer centers that require the most advanced
and complex technologies. In this context, a cancer center
can be viewed as an example of any modern medical
center. Oncology employs the most advanced technologies
available, including structural and functional imaging,
surgery, pathology, radiation therapy, nuclear medicine,
and genetics.

Of course, a distinctive exterior and interior design will
always catch the eye. However, only the most advanced
technologies and their expert application can win and
maintain a medical center’s reputation. A mismatch between
form and content, which will become increasingly obvious
over time, will inevitably lead to disappointment for both the
medical community and patients.

A MODERN CANCER CENTER:
WINNING AND MAINTAINING
REPUTATION

Things not to do

The chain of mishaps begins with a medical and/or
technical design specification, which occurs frequently
during the design or even construction phase. Following
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that, the most common “design” scenario usually includes

the following steps:

1. The design specification barely corresponds to the layout
of the future hospital, let alone its purpose. A design
specification is typically just a copy-and-paste job based
on a previous “similar” project. Furthermore, there is no
guarantee that the project in question was not created
by simply copying data from an even older specification.

2. This is followed by a two-stage design with mostly
ambiguous and vague descriptions. Again, this design is
frequently inherited from previous “successful” projects
to reduce questions and comments from authorities
during multiple expert evaluations.

3. The general contractor then gives the finishing touches
to this “Frankenstein’s monster”; facade and interior
designers can also contribute.

4. The resulting structure necessitates numerous
modifications; thus, additional holes are drilled, utility
lines that were not included in the design are installed,
openings are mured up, and so on.

5. Finally, a manufacturer installs the equipment in the
brand-new building and departs with the satisfaction of
a job well done.

6. Several months later, the hospital’s facilities manager
requests additional supplies, elimination of several
functions, and mandatory personnel briefings and
training. However, some doctors in this position are well
aware that such requests and complaints can negatively
affect their careers.

7. After 10-15 months of costly visits by the manufacturer’s
service engineers and additional supplies of equipment
that are now at least 1.5-2 times more expensive, the
work finally begins. The work is frequently interrupted by a
failing connector or valve when moisture gets into a device,
resulting in its damage. However, this happens more often
during the installation and commissioning of utility systems
and medical equipment. Even more frequently, especially
recently, there has been a need to replace “equivalent”
equipment with that from friendly countries. Moreover,
replacement is sometimes required because of medical
technology updates that occur during the construction
phase. In these cases, you must do without this or that piece
of equipment, and you are lucky if these restrictions are only
temporary and do not apply to basic medical technologies.
Almost all of the processes listed above are unrelated.

In practice, they have no continuity or interconnection. Each
contractor is in charge of a specific area of work and is not
responsible for the functionality, reliability, or performance
of a complex medical engineering system. The more
multicomponent and multifunctional the healthcare facility,
the higher the risks, and today’s reality is even harsher.

What is today’s reality?

At the time of this writing, six packages of sanctions had
been introduced, with more possibly on the way. Some people
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continue to believe that this has had and will have no effect
on medicine. This is mostly correct in theory. However, in
practice, this effect is significant and will most likely become
even greater over time. Let us explain why we think this way.
In our practice, we had to work in parallel with several
manufacturers (vendors), each of whom had an approach to
dealing with the sanctions. Every week, the situation changes
dramatically. As a result, here are our main conclusions:

1. Manufacturers are unaware of our country’s current
regulatory framework and make no effort to learn more
about it.

2. The export policy of each country is determined by its
commissions and structures.

3. Most manufacturers understand the gravity of the
measures and the risk of criminal prosecution.

4. Itis a mistake to believe that manufacturers will gladly
take risks in exchange for the profits offered by the
Russian market. Typically, sales in Russia account for
only 5%-15% of the total international revenue. Thus,
halting all activity in the region is simpler for some
manufacturers.

5. “But they have a manager in Russia, and the
representative assured me that everything would be
fine." Managers in representative offices rely on a
local market and will go to great lengths to support it.
Local managers are frequently unaware of the internal
political nuances of companies, which is done for the
company’s security.

6. Some manufacturers simply take a negative stance
toward the Russian market. This is entirely their choice
and is not governed by any EU or US laws. We can still
argue about obligations in international courts; however,
we cannot force them to sign a contract.

7. Co-product manufacturers can also take a radical stance.
We have already had to deal with this issue in the context
of heavy medical equipment. You may be unaware, for
example, that some pieces of equipment are made by
such “radical” manufacturers. However, they have the
authority to compel a large manufacturer not to use its
components or spare parts, citing sanctions and other
local laws. As a result, manufacturers are at odds with
one another; it is as if the left leg wants to walk but the
right leg does not.

8. “Chinese manufacturers can make almost anything.” It is
mostly true... until it is not. “Anything” refers primarily to
consumer goods. Industry-specific solutions that are in
high demand in healthcare have been developed for many
years by small high-tech companies. In many cases, these
solutions have no counterparts anywhere in the world.
China does not seek to replicate them because of small
batch sizes, patents, and technical nuances. Furthermore,
achieving a high level of quality, safety, and customer
confidence takes many years, if not decades. Service is
not even worth mentioning: proper support necessitates
a sizable fleet of equipment in the country.
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9. Uniqueness and serial numbers. This function was
introduced to ensure quality and safety. Each spare part,
similarly to equipment, has a unique identification number
and, in some cases, a built-in chip. When ordering such
parts, the final product’s ID (ultimate product) must be
specified. Accordingly, the manufacturer can verify that
the maintenance was done correctly and on time. It also
allows for the prevention of rogue schemes during the
order stage (e.g., it is hardly necessary to replace brake
pads five times a month).

10. Human factor. A modern product consists of a unique
solution and the expertise of a specialist. The latter is a
kind of “fifth element”: without it, nothing works. This is
another impediment, even in terms of logistics. Moreover,
a specialist must be willing to travel to the customer’s
location; it is not just about the customer’s importance
and respect.

Taking these 10 factors into account (and we believe that
these are far from exhaustive), a simple one- or two-move
combination will clearly never work. It might be possible in
other fields, but not in medical engineering, which is becoming
increasingly reliant on multimodality and technology transfer.

Thus, in the current situation, integrity and continuity
are critical when establishing a modern medical facility.
Moreover, not to be overlooked is the creative collaboration
of all those involved: doctors, biologists, chemists, physicists,
engineers, process managers, architects, and designers. This
is by no means an exhaustive list.

What exactly do we mean by an integrated

approach?

A contractor or general contractor must be in charge of all
processes, from concept formulation, design, procurement,
and construction, to the technology's launch and maintenance
for at least 2-3 years.

But first things first. A good concept, or pre-design
specification, saves money on medical center construction
while lowering operating costs. Ideally, this should be done in
accordance with evidence-based architecture principles, with
the participation of an expert group and the development of
competitive solutions within this expert group.

1. Aproject based on the building information modeling (BIM)
technique can coordinate ideas, budgets, construction,
and timelines.

2. Procurement planning. This includes the development
of priority criteria for equipment selection, such as
upgradability, compatibility, replaceability, adaptability,
maintainability, and fault tolerance.

3. A unified, minimally specific, maximally simple, and
flexible technology transfer structure, universal units,
open architecture, alternatives for consumables, etc.

4. Modern construction includes, among other things, the
installation, assembly, and adjustment of biomedical
equipment. The days of only needing sockets and
well-painted walls to install equipment are long gone.
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Construction readiness stages 1, 2, 3, and so on are the

stages of facility readiness that correspond to the stages

of technology launch. They should be an integral part
of the launch process, with unified management and
coordination, rather than a circular firing squad.

5. Quality system development and validation should be
provided for at all stages, from design to operation.

6. Unified project management and BIM-compliant support.
The so-called designer’s supervision is obviously
insufficient.

7. A unified launch and operation management team. Most
processes require 2—3 years of adjustment.

8. Centralized control of information about the facility and its
processes is another requirement for high-quality project
management.

9. Establishing HR management processes and laying the
groundwork for proper communication and growth.

As a result, regardless of the negative external factors,
the project can achieve the required level of communication
and be launched.

Correcting errors during construction is becoming
increasingly difficult. Constructing and launching a modern
healthcare facility is reminiscent of an airplane in flight or a
group of climbers on an ascent. There is no way to go to the
store for a spare part or start over. Engineering consulting,
process audits, and scenario planning and preparation (i.e.,
simulating different scenarios on paper and on screen rather
than in concrete) are becoming more important than ever.

What is the doctor’s role in creating
a new cancer center?

In our opinion, doctors must take the lead and be the
most active and engaged participants in the process. After
all, the involvement of healthcare professionals determines
the innovativeness and creativity of the project. Who, if not
a doctor, should be interested in self-fulfillment and skill
development within a new medical center? Who else, besides
a doctor, will determine the appropriate range of medical
technologies and services, as well as the future trends in
their advancement?

To be fair, none of us were taught to create new medical
centers or their components during our college years. It
never occurred to us in college or in our scientific and
practical work that it was the responsibility of a doctor.
Complaining and criticizing are always easier than improving
or creating something new. What good is it to be able to
write @ medical and then a technical design specification?
It is not just that we were not taught to do it; it was never
even discussed. It was probably assumed that the job would
be done by “specially trained people” or that no special
knowledge or training would be required at all. Of course,
“what man has done, man can do.” However, any job requires
skill, and establishing a complex medical engineering facility
also requires specialized knowledge, experience, and rapid
learning. This is a collaborative effort in which expertise,
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sharing of best practices and communication skills are
essential.

In modern medicine, the level of technology integration
(such as medical, engineering, biotechnological, and
information) is extremely high and will only increase.
Unfortunately, it can only be learned firsthand. Even the
most highly qualified doctors and health administrators
are frequently unable to comprehend the full scope and
complexity of integration. Typically, the doctors involved
simply go with general requirements and preferences based
on their specialty and its specifics. They sincerely believe
that these requirements are as straightforward as they can
be and that issues such as standards, building codes, and
prohibitions are the responsibility of specially trained people.
Consequently, the doctors involved are disappointed at least
twice: once when they have to spend time explaining what
they want, and again when they accept work that is anything
but what they wanted. However, the most difficult aspect
is not conveying the idea but making it a reality with the
best possible outcome under the given circumstances. Lots
of effort, diligence, patience, perseverance, ingenuity, and
sociability are needed. Even the most capable doctor may not
be appropriate for such a role, where passion and a visionary
approach are essential.

In general, engaging a doctor in such a mission is not
the best idea if they are content with what they have, are
unpretentious and rational, and do not aspire to master
modern technologies or compete with the best. Such a
mindset is simply unfit for the role of general designer, a
visionary of a new generation of medicine, and everyone will
be disappointed.

What should we focus on and strive for?

To begin with, because the future center will primarily
serve Russian patients, provisions for implementing
existing domestic guidelines are required. If the cancer
center intends to enter the global medical market (medical
tourism and participation in international clinical trials),
compliance with international standards (GCP, GMP, JCI,
etc.) is also recommended. Finally, providing modernization
without incurring capital-intensive costs will be strategically
important to increase efficiency and introduce innovations.
Replacing heavy medical equipment is extremely expensive;
thus, selecting a device that ensures high performance,
compatibility with other equipment, upgradability, and fault
tolerance is critical. Because up-to-dateness, dependability,
and operational stability are highly valued in the medical
industry, the redundancy (duplication) of production lines,
channels, and bottlenecks should be planned from the start.

Why do Russian patients prefer to be treated
abroad when they can be treated for free
at home?

Several factors are involved. Let us concentrate on the
obvious differences.
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First, patients are not kept in the dark in foreign clinics;
they receive clear explanations of what tests and procedures
will be performed, what they are for, and what the outcome
will be. Doctors and support staff are always available
and ready to help patients. Doctors are open to differing
viewpoints and treat one another with dignity, and the
patient’s interests and preferences are always prioritized.
Second, patients are always at the forefront of Western
medicine: they are the primary customers and managers
of their health, including diagnosis and treatment. Patients’
preferences are respected, but more importantly, doctors
listen to them and explain everything without rushing them
to make a decision. Following such a positive experience,
the patient will strive to repeat it and strongly advise others
to do the same.

Third, clinics value their reputation in the foreign
competitive practice of evidence-based medicine and are
constantly improving in technology and personnel. It is
hardly surprising that leading clinics care more about
existing patients receiving the best medical care and being
satisfied, referring the clinic to others, and leaving “likes”
than prospective patients choosing them. They frequently
accept difficult clinical cases with enthusiasm, even when
other clinics have failed, because such cases allow them
to creatively improve their skills and thus their reputation.
If the treatment is successful, it will be these patients with
difficult-to-treat cases who will publicize the clinic in the
media and on social networks, serving as a “golden pool”
for the clinic's popularity to grow. Furthermore, clinics are
sometimes willing to treat such patients for free.

Our country provides government-funded healthcare
through the distribution (quotation) of resources in the
healthcare network. This program does not encourage
competition among individual healthcare facilities or groups of
clinics to improve medical and economic efficiency. According
to the logic of the system’s supporters, competition is replaced
by planned volume distribution and uniform standards and
tariffs for healthcare services. However, demanding patients
are willing to pay or pay extra not only for health restoration
but also for the most effective and high-quality medical and
diagnostic care on the market. In many countries, medical
care can be co-financed by the patient or another source
(charity, employer, etc.). By contrast, in our country, a single-
channel system for healthcare financing is strictly enshrined
in law. Perhaps this was done to promote social equality.
However, in practice, the accessibility, efficiency, and quality
of healthcare vary, and such an approach does not contribute
to market mechanisms for improving it.

Another important aspect of patient trust in Western
medicine is adherence to appropriate quality standards and
evidence-based improvements in medical and economic
efficiency. Rather than simply distributing and setting
aside resources, regulatory authorities seek to encourage
multicenter studies and improve diagnostic and treatment
approaches. The highly competitive, open-market environment
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of global medical tourism compels medical centers and
groups of clinics to constantly improve the efficiency and
quality of healthcare services. They are primarily concerned
with improving the efficacy and safety of new algorithms/
technologies/drugs, as evidenced by extensive and long-term
clinical data. Guidelines are now updated and implemented in
clinical practice by leading clinics in weeks (2—-3 months at
most) rather than years, as was previously the case.

Furthermore, today’s efficacy and safety criteria include
not only the novelty of the method or algorithm but also
the reproducibility of results in other clinics under similar
conditions. Forward-thinking clinics are actively involved in
multicenter studies and the development of multidisciplinary
data banks and clinical and epidemiological registers.
Evidence-based medical practice puts everything in its
proper place in the end, with state regulators (Food and Drug
Administration and European Medicines Agency) and expert
medical communities playing an active role.

Patients’ trust in leading clinics, earned through
purposeful and dedicated work, is perhaps the most important
factor in why they choose them for health restoration. Health
is the most valuable asset, and its preservation is worth
all the money in the world. As a result, modern medicine
attracts interest and investment in areas beyond its practical
applications, which are only the tip of the iceberg and
would have “melted” long ago if extensive fundamental and
translational research had not been conducted. Any modern
multidisciplinary medical center is a biomedical cluster that
combines the following three key factors of continuous
development that are inextricably linked:

1) Production (such as medical services, development
of medical radioisotopes, radiopharmaceuticals, and genetic
tests).

2) Research (such as pathology, transcriptomics,
biobanking, collaborative research, data and biomaterial
banks, and evidence-based data analysis).

3) Education (such as transfer of knowledge, experience,
technologies, innovations, and artificial intelligence
development).

How reliant are we on imported equipment,
reagents, drugs, and techniques?

Briefly, reliance is extremely high: it has been increasing
for decades and will continue to increase in the future. This is
a global trend associated with the global market's competitive
development. To some extent, our country has established
production in medicine and pharmaceutics; however, this list
is short and does not cover the need for high-tech medical
equipment. There are no worthy domestic alternatives to
leading manufacturers’ modern solutions in endoscopic
equipment, radiotherapy irradiation devices, brachytherapy,
single-photon emission computed tomography, positron
emission tomography, and so on. The situation with drugs is
slightly better; however, the stability of the quality targeted
anticancer drugs is a source of concern, as are the efficacies
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and toxicity of domestic generic biosimilars in relation to
original drugs.

In turn, reliance on imported production equipment and
ingredients is one of the most significant barriers to increasing
high-quality import substitution in the field of biomedicine,
not to mention the existing regulatory framework, which
is out of date and frequently contradictory. The regulatory
environment must improve to promote, rather than stifle, the
development of the industry.

Each segment has numerous problems and contradictions
that are organically interconnected, making resolution
increasingly difficult. The primary reason is that no one wants
to be the change they want to see in the world. There is also
a lack of motivation and result-oriented teamwork skills.

Thus, we must change our mindset and learn new skills.
Otherwise, dreams will remain just that, dreams.

Do we really need international experience?
Can't we get by on our own?

No, we cannot because the goal is not to write another
program but to demonstrate success in developing competi-
tive and innovative products for modern biomedicine.

What is the point of reinventing the wheel? It may make
sense in other fields, but it is simply impossible in medicine.
It will almost certainly be time-consuming and possibly
fruitless, and patients do not have the luxury of waiting.
This makes even less sense given the willingness of foreign
colleagues to share knowledge and experience, at least for
the time being. The global scientific, practical medical, and
biotechnological communities are open to all physicians and
researchers. Our mission is to preserve and extend people’s
lives through the advancement of life sciences.

One could argue that limited access to technology
provides an additional incentive for creativity. This is
undeniably correct. However, medicine is very conservative,
and new technologies are few and limited to specific
countries. Any innovation, such as a new surgical technique
necessitates independent evidence-based validation in other
medical institutions. In the global medical community, which
strictly adheres to the principles of evidence, impartiality, and
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ethics, such validation occurs much more quickly. Even if all
individual innovations are successful, can they compensate
for the knowledge, experience, and technology transfer
gaps? Certainly not. Furthermore, innovations necessitate
advancements in equipment and consumables, service,
and modernization, and any country is heavily reliant on the
global market in this regard. Progress is not on the horizon,
no matter how you look at it.

CONCLUSION

Of course, we need global experience in biomedicine, just
as our experience may be valuable to the world. It is no good
to learn only from our mistakes and fall further and further
behind. However, the worst part is wasting time that could
have been put to better use. While the opportunity exists,
learning from and obtaining innovative solutions from global
industry leaders is critical, first and foremost, for the benefit
of our patients and the future of our successors. Creativity
and flexibility are essential skills to master, especially in
today's force majeure and competitive environment.

Nothing is impossible, and we must be the change we
wish to see in the world. These words of wisdom, along with
the epigraph to this article, best capture the essence of our
thoughts on the topic.
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WHHOBaLMOHHaA cTpaTernyeckas ceccus
B Hay4yHou pesaTenbHocTu LleHTpa AMarHocTuku
U TeneMeauULUHbI
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Hay4Ho-npaKTUYeCcKMiA KIMHUYECKMIA LIEHTP AMArHOCTUKM W TeleMeAULMHCKMX TexHonoruid, MockBa, Poccuiickan Qepepauus

AHHOTALMA

WHorpa ons Toro ytobbl co3aBaTh YTO-TO HOBOE, HYXHO BbIXOAWTb 33 PAMKM BO3MOXHOTO M NPUBbIYHOIO. YenoBeyeckuit
noTeHuman 6e3rpaHuyeH, @ MMP TEXHONOTMYECKUX BO3MOXHOCTE/ OTKPbIBAET HOBLIE FOPU30HTHI M MOMOTaeT JOCTUYb AaXe
CaMoW CNOXHOW LieNn.

Hacroswemy yuéHoMy HeobX0AMMO yMeHMe BbIXOAWTb 33 paMKM NpaBwun, OrpaHWuMBaioLumx obpa3 ero Meicneii. To,
YTO Mbl 3HAEM, FOPa3f0 CUNbHEE NPENATCTBYET HaLLEMY Hay4HOMY MPOTPeccy, YEM TO, Yero Mbl He 3HaeM. OuncTUTL pasyM
OT NMPeAB3ATOCTU AOBOJIbHO TPYAHO, MPaKTUYECKM HEBO3MOXHO. KaK M HEBO3MOXHO BbITALLMTL CEDS U3 «KoMew» MpaBui
6e3 NoMoLUM KaKon-HMOYab MIEN CO CTOPOHI.
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noruii [lenaprameHTa 3apaBooxpaHeHust MocKBbI» Bbiia 03HaMeHOBaHa APKUM, HeopAWHapHBIM cobbiTneM — «Hepeneii Ha-
YKU», KOTOPast NOKa3ana COTPYAHMKAM BaXKHOCTb HayYHbIX OTKPLITUI KaK [1s OTAENbHO B3ATOrO Yes0BeKa, TakK U Ans obLue-
CTBa B LENOM, U1, N0 CYTH, ABUIACh NIOLLAAKON AN 00CYKAEHNA ONEpeXKaloLLMX TEXHOMOMMIA, BbI30OBOB M peLleHuit. YeTbipe
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Innovative strategic session in the scientific activity
of the Center for Diagnostics and Telemedicine
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ABSTRACT

Sometimes, you need to go beyond the possible and ordinary in order to create something new. Human potential is limitless,
and the world of technological possibilities opens up new horizons and helps to achieve the most difficult goals.

A real scientist should think out of the box and go beyond the rules. Sticking with what we know today and being not open
to new knowledge hinders our scientific progress. It is quite difficult, if not impossible, to get rid of bias. Similar to how it is
almost beyond our possibilities to pull yourself out of the “rut” of the rules without a help.

However, we tried to do impossible possible at our “Science Week.” The last week of July at the Research and Practical
Clinical Center for Diagnostics and Telemedicine Technologies of the Moscow Healthcare Department was highlighted by this
outstanding extraordinary event. During this week, the importance of scientific discoveries for both an individual and whole
society was demonstrated. In fact, it was a platform for discussing advanced technologies, challenges, and solutions. For 4
days, the scientists of the Center presented their reports and defended their ideas. Their colleagues took part in the discussion
and asked questions about the application and implementation of their initiatives.
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INTRODUCTION

On July 25-28, 2022, the Research and Practical Clinical
Centre for Diagnostics and Telemedicine Technologies of
the Moscow Department of Health hosted Science Week,
the largest scientific event arranged by the Centre and
attended by approximately 100 employees from practically
all departments and divisions. Due to the wide range of
participants, Science Week has become a unique scientific
event that can be considered a platform for discussing
important interdisciplinary problems of science and
technology as well as the first step in promoting research
and project activities among young people and a place to
demonstrate the achievements of research departments of
the Centre.

The Directorate of Science presented more than 40 reports
that described original solutions going beyond the existing
paradigms and suggested responses to great challenges
including social risks and threats.

Science Week plays an important role as a space for
broad communication, allowing colleagues to suggest
new research topics and areas, share initiatives, increase
networking, and cooperate for working on projects.
Researchers reported wishing to prove themself in related
areas, new collaborations were born, and participants
showed keen interest in each other’s ideas.

During preparation for Science Week, Yuriy A. Vasilyev,
Candidate of Medical Sciences, Director of State Budgetary
Healthcare Institution of the Research and Practical Clinical
Centre for Diagnostics and Telemedicine Technologies, asked
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participants to focus on visionary scientific work, which
means to come up with something unusual and interesting.
“There should be no limits for science. Even the most
unordinary ideas should have a chance to be implemented if
they seem valuable,” he said.

RESEARCH PROJECTS AND DISCUSSION

Most projects were covered by two main areas, namely,
research and practical projects aimed at facilitating the
study participation or treatment process for patients, and
healthcare management projects aimed at simplifying the
work of healthcare professionals including nursing staff.
There were various ideas including fundamental proposals
going beyond existing approaches and methods. Each
presentation ended with an online vote with all participants
evaluating the viability of each project presented, followed by
active discussion and a Q&A session.

The Developing an R&D Centre project presented by Daria
Sharova, the Head of Innovative Technologies was voted the
leading project. Her presentation outlined the global goal
of the project which is to ensure a universally high level of
medical device development in Russia by creating an R&D
Centre based on the Centre for Diagnostics and Telemedicine.

The presentation by Roman Reshetnikov, the Head of
Medical Research, also attracted great interest. Its topic
was “Psychoradiology: Detection of Mental Disorders Using
Radiation Diagnostics.” The project is dedicated to the urgent
problem of population screening for mental disorders, which
are among the top five diseases or disorders leading to

The Steering Committee headed by Yuriy A. Vasilyev, Candidate of Medical Sciences, Director of the Research and Practical Clinical Centre

for Diagnostics and Telemedicine Technologies.
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Science Week is well underway. Day 3.

disability. To solve this problem, it was proposed to create
a trusted diagnostic tool using objective and evidence-based
neuroimaging biomarkers. Among other features, this tool
allows the clinician to provide timely and personalized
psychological counseling for those patients who need it.
When discussing the project, some opportunities were
revealed for cooperation with other relevant scientific and
medical organizations.

Denis Leonov, the Senior Research Fellow of Medical
Research, presented the “Affordable Teaching Phantoms
for Medical Universities” start-up project, which was also
considered very interesting. The project aims to increase the
effectiveness of teaching medical students by introducing a
line of phantoms into the educational process. Phantoms can
imitate the setting of diagnostic ultrasound of various human
organs, including cerebrovascular ultrasound. Phantoms
provide closer conditions to real-world clinical practice and
there is wide scope for the method. Commercial medical
ultrasound phantoms are very specific as they simulate
specific clinical scenarios. As a result, they are too expensive
to be used in a multidisciplinary research and teaching
process [1]. When fulfilling a government order, a unique
technique has been developed to arrange affordable serial
production of phantoms for a specific clinical task. There are
two proposed options, namely, large-scale production which
is more affordable and manufacturing single phantoms to
order. Considering the market volume in Russia, the volume
of such production can be approximately 2000 pieces per
year.

Anastasiya Smorchkova, a Junior Researcher at Innovative
Technologies, presented a project “Screening for Cerebral

DAl https://doiorg/1017816/DD111833

Artery Aneurysms and Evaluating Their Significance in Younger
Patients.” A ruptured cerebral aneurysm is one of the most
common causes of nontraumatic intracerebral hemorrhage
(approximately 13 cases per 100,000 per year). At the same
time, in the period from aneurysm rupture to treatment, the
mortality rate is 10%—15% [2]. According to clinical guidelines
[3], noninvasive screening can be recommended for every
person over 30 years of age, regardless of risk factors.
The definitive factors of rupture risk are the perpendicular
aneurysm height and the size ratio of the aneurysm and
the adjacent vessel. These parameters can be evaluated by
neuroimaging methods. As a solution, the authors proposed
developing a morphometric artificial intelligence algorithm
for detecting and measuring salient sizes and estimating the

Phantoms can be used for ultrasound imaging of blood vessels
through the skull bones.
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The conference ended with a lively discussion.

aneurysm rupture probability. Therefore, this project may
contribute to the increased detection of hidden (unruptured)
cerebral aneurysms and potentially reduce mortality and
disability in younger patients. During the discussion, the high
social significance of the project was noted, as it is aimed at
preventing the mortality of people of working age.

A series of reports presented by Ivan Blokhin, acting Head
of the Research Sector in Radiation Diagnostics, was followed
by a lively discussion. He described necessary changes in
management in radiology departments suggesting solutions
for interacting with patients as well as for optimizing and
increasing the efficiency of radiologists. The Information
Materials for Correct Patient Preparation for an Investigation
project proposed to develop digital and paper information
materials for patients preparing for the most common types
of X-rays, CT, and MRI to reduce the number of delayed
examinations due to poor patient preparation and the number
of duplicate examinations due to poor image quality. The
Working Memory of a Medical Organisation presentation
proposed to analyze the time intervals for radiation diagnostics
in various medical organizations. This analysis allows the
optimization of operating and logistics processes in outpatient
medical organizations by tracking patients at each stage of the
diagnostic process using code bracelets and identifying pitfalls
in routine outpatient practice.

All presentations are included in the Bank of Research
Projects of the Centre for Diagnostics and Telemedicine.

In addition, the discussion highlighted the most promising
areas that need to be included in a 3-year research plan of
the Centre for Diagnostics and Telemedicine.

Digital Diagnostics
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CONCLUSION

One of the outcomes of this event lies in developing an
environment for the open long-term planning of research
activities.

Scientists noticed how important it is to get a critical
review because this helped them to see the weaknesses
and potential problems of their projects. In addition,
employees shared ideas and ways of doing similar work,
so now they can try to optimize and improve their own
projects.

At the end of Science Week, Yuriy Vasilyev, the Director
of the Centre for Diagnostics and Telemedicine, expressed
his hope that this event will become a regular one and will
attract a growing number of participants every year.
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