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Bnausuue COVID-19 Ha auHaMuKy usMeHeHUH
A030BOM Harpy3Ku Ha nauMeHToB Npu NpoBejeHUU
KOMMbIOTEPHOU TOMOrpaguu B MeAULMHCKUX
opraHusauuax Mocksbl

10.B. [pysuumnna’ 2, C.A. Poixos' 3, A.B. Bogosatos’, U.B. Conpatos', 3.A. JlaHtyx',
A.H. Myxoptosa', 10.H. JlybeHLioBa'

! HayyHO-NpaKTMYECKVIA KIMHUYECKUIA LIEHTP AMArHOCTUKN W TENEMEANLIMHCKIX TEXHOMOrMi [lenapTaMenTa 34paBooxpaHeHma ropoaa MocKBbl,
Mocksa, Poccuitckas Pepepaums

2 PoccuiicKan MeaNLMHCKas aKaZeMuna HenpepbiBHOro npodeccuoHanbHoro obpasosanmsa, Mocksa, Poceuitckas ®epepaums

3 HaumoHanbHbI MeAMUMHCKVIA MCCTIE0BATENLCKUIA LIEHTP AETCKOM reMartosioriu, OHKOJIOrMM 1 IMMYHOSTOrMM uMeHn [IMuTpua Poradesa,
Mocksa, Poccuiickas Depepaums

“ Cankr-TeTepbyprckuit Hay4HO-MCCNEA0BATENBCKUA MHCTUTYT PaaMaLmMoHHONA rUrveHbl Menn npodeccopa M.B. Pam3aesa,
CaHkT-letepbypr, Poccuiickas ®epepauus

AHHOTALMA

O6ocHoeaHue. PacnpocTpaHeHne HOBOW KOpoHaBMpYcHoi MHdekummn (COVID-19) B MockBe npuBeno K 3HauuTeNbHOMY
YBEJMYEHWI0 YMCa KOMMbIOTEPHBIX TOMOrpaduid OPraHoB rPYLHON KNETKU, BbIMOJIHAEMbIX NaLMeHTaM B paMKax AMarHocTu-
KW U OLEHKM 3ddeKTMBHOCTM npoBoauMoi Tepanuu. CeasaHHoe ¢ COVID-19 nsMeHeHWe CTPYKTYpbl Jy4eBOW AMArHOCTUKM
B MockBe BEAET K U3MEHEHUSIM B BEJIMUMHE W CTPYKTYpPe KOJUNEKTUBHOW [,03bl 00Ny4eHUs HaceneHus CTONMLbI, MpU 3TOM
caM MpoLecC BbIMNSAUT pasHOHanpaBneHHbIM. OTCYTCTBME Ha TEKYLLMIA MOMEHT JOCTOBEPHON MH(OPMaLMK N0 U3MEHEHUIO
CTPYKTYpbl Iy4eBOM AWMArHOCTUKM U YPoBHEN 06nyueHust HaceneHus Mocksel B cBasu ¢ anuaemmein COVID-19 u obycnoeuno
npoBeAeHWe faHHOW paboThl.

Lleny — oueHWTb BNMSHWE 3NWMAEMUONOTMYECKOW 0OCTAHOBKM Ha OWHAaMWKY W3MEHEHUI YPOBHS [030BbIX Harpy3oK
Ha NauMeHTOB NpW NMPOBEAEHUM KOMMbTEPHO-TOMOrPaUUEcKUX UCCEe0BaHUA B MEAULIMHCKUX OpraHu3aumsx Mockebl
3a nepwog, 2017-2020 rr.

Mamepuanel u Memodsi. CobpaHbl 1 NpoaHanM3npoBaHbl 3anosiHeHHble GopMbl Ne 3-1103 3a 2017-2020 rr., nonyyeHHbIe
OT MeAMLMHCKMX opraHM3aumii ropoga Mockebl pa3nuyHbix $hopM cobcTBeHHOCTH; faHHble GopMbl N© 30 3a 2017-2020 rr.
U AaHHble eAMHOro paguonoruydeckoro uHpopmaumonHoro cepsuca (EPUC) 3a 2020 r. MpoBeféH aHanM3 rofoBbiX KOMMEK-
TUBHBIX M CPeAHUX WHAMBUAYANbHBIX [03 00/1y4eHMs NauUeHToB N0 aHaToMUYeckuM obnactam Tena.

Pe3synbmamel. AHanu3 AaHHbIX YYETHBIX HOPM NPOAEMOHCTPUPOBAN CYLLLECTBEHHBIA POCT KOMMbIOTEPHO-TOMOrpaduye-
CKUX UCCNefoBaHUi B MocKBe: peanbHOe KOIMYECTBO UCCNeA0BaHUA OKasanoch Ha 31% bonblue oxupaeMblx. Konnuectso
uccnefoBaHuiA opraHoB rpyaHoii knetku B 2020 r. yBennumnocb No4YTM B 2 pasa Nno CPaBHEHMIO C APYTMMU BPEMEHHbLIMU
nepuofamu. B cOBOKYNHOCTM BCE 3TO NOBUNIAMO HA POCT 3HA4EHUI cpepHen addeKTuBHOW A03bl, koTopas B 2020 r. Takxke
Bblpocna bonee yeM B 2 pasa.

3arnoyenue. 3nupemuonorudeckas obcraHoBka B 2020 r. okasana cylecTBEHHOE BAIMSHUA KaK Ha AWHaMUKY U3MeHe-
HWI [,030BOW HarpyskyU Ha MaLMEeHTOB NpU NPOBELEHUM KOMMbIOTEPHOI ToMorpadum, Tak 1 Ha BKag, onpesenéHHbIX BULOB
KOMMbIOTEPHO-TOMOrpadnyeCKUX UCCe0BaHUA B 3aBUCUMOCTM OT aHaTOMWUYECKOW 0bnacTu. AHanu3 NoMor BbISBUTL pAL
MPEUMYLLLECTB U HEAOCTATKOB pasninyHbiX hopM cbopa AaHHbIX.

KnioueBble cnoBa: paguaumMoHHas 6e30MacHOCTb; 4030Bas HarpysKa; MaUMeHT; KOMMbIOTEpHas ToMorpadus; yyeBas
anarHocTuka; 3-003; dopma N 30; EPUC; aHanuTmKa.
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ABSTRACT

BACKGROUND: The spread of coronavirus disease-2019 (COVID-19) in Moscow has significantly increased the number
of chest computed tomography examinations to establish a diagnosis and assess the treatment efficacy. In Moscow, the new
approach to diagnostic imaging associated with COVID-19 caused divergent shifts in the volume and structure of the population
radiation burden. This study aimed to bridge the gap in data, as no reliable information about the changes in the structure of
diagnostic imaging and the current radiation burden due to COVID-19 in the Moscow population has been reported.

AIMS: To evaluate the impact of the pandemic on the computed tomography radiation doses in Moscow medical facilities
between 2017 and 2020.

MATERIALS AND METHODS: We collected and analyzed the following data: forms No. 3-DOZ completed by the public and
private Moscow medical facilities in 2017-2020; forms No. 30 completed in 2017-2020; data from the Unified Radiological
Information Service for 2020. The study provides details about the annual population radiation exposure and the average
individual radiation doses, with a breakdown by anatomic region.

RESULTS: The statistical form evaluation elucidated the boost of computed tomography imaging in Moscow, accounting for
31% higher than anticipated. In 2020, the number of chest imaging studies increased almost two-fold compared to the previous
periods. Thereby, causing a corresponding increase in the mean effective dose by over two times.

CONCLUSION: The results show that the epidemiological situation of 2020 had a profound effect on the changes in the
computed tomography-related radiation exposure, which helped us get insight into the diagnostic effect of certain types of
computed tomography studies applied to various anatomic regions. The analysis contributed to a better understanding of the
strengths and weaknesses of various statistical forms.

Keywords: radiation safety; radiation dose; patient; computed tomography; diagnostic imaging; 3-D0Z; form 30; ERIS;
analytics.
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BACKGROUND

The use of computed tomography (CT) in diagnosing
coronavirus disease-2019 (COVID-19) has been widely
discussed among physicians. Initially, multiple perspectives
on the applicability of diagnostic radiology existed worldwide,
ranging from the use of CT as disease screening [1] to CT
scans only in confirmed COVID-19 cases [2]. The reliability of
polymerase chain reaction diagnostics did not exceed 70%;
thus many countries, including Russia, particularly Moscow,
decided to introduce the term “clinically confirmed COVID-19
case” that combines symptoms, respiratory disorders,
and CT or X-ray findings (regardless of results from a
single laboratory test for SARS-CoV-2 ribonucleic acid by
a polymerase chain reaction and epidemiological history)
[3]. Additionally, diagnostic radiology detects COVID-19
pneumonia, complications, and differential diagnosis with
other lung diseases, as well as determines the status and
change dynamics and assesses the therapy effectiveness [4].
The common manifestation of COVID-19 includes viral lung
damage (viral pneumonia), thus radiological methods are one
of the main tools to assess disease severity and decide the
hospitalization needs for patients [5, 6].

Chest CT is not a classical method for diagnosing
acute respiratory viral infection but is highly sensitive to
pulmonary thickening, a typical COVID-19 symptom [7]. The
spread of COVID-19 in Moscow significantly increased the
number of chest CT scans performed on patients as part of
COVID-19 diagnosis and therapy effectiveness assessment.
The increased number of chest CT scans is probably related
both to the increased demand for this type of examination
and the increased availability of medical care for patients
with COVID-19 signs due to the organization of outpatient CT
centers within the city; however, this issue was not included
in the goals and objectives of the study.

The rapid growth in the number of CT scans was associated
with an increased radiation dose of medical exposure in the
Moscow population, hence additional cases of radiation-
induced cancers and hereditary effects [8, 9]. Additionally,
the scope of radiological techniques to detect pathological
conditions had rapidly increased, along with the increased
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radiological burden on patients, accompanying persons, and
medical facility staff [10]. COVID-19-related changes in the
structure of diagnostic radiology in Moscow changed the value
and structure of the radiation dose to the city's population, with
the multidirectional process. On the one hand, the number of
chest CT scans dramatically increased; on the other hand, the
transfer of some exclusive medical organizations for COVID-19
treatment and the closure of medical facilities or individual
departments for quarantine due to COVID-19 decreased the
number of performed CT scans on elective patients, primarily
multiphase procedures with X-ray contrast agents associated
with high (up to 50-80 mSv) individual radiation doses [11, 12].
The structure of radiological examinations was affected by the
suspension of the All-Russian Medical Examination of the Adult
Population of the Russian Federation, stipulated by a decree of
the Government of the Russian Federation' and other regulatory
documents of the executive authorities. Unfortunately, reliable
information on the changes in the diagnostic radiology structure
and exposure levels of the Moscow population is currently
unavailable due to the COVID-19 epidemic.

The study aimed to assess the radiation dose changes
in the Moscow population from CT scans in 2020 compared
to 2017-2019 as affected by the epidemiological situation
associated with COVID-19.

MATERIALS AND METHODS

Data from Forms No. 3-DOZ and No. 30 for 2017-2020
and the Unified Radiological Information Service (ERIS) for
2020 was analyzed.

Research and Practical Clinical Center for Diagnostics
and Telemedicine Technologies of the Moscow Health Care
Department systematically collect and records data according
to Form No. 3-DOZ “Information on Patient Radiation Doses
during Medical X-Ray Radiological Examinations,"? approved
by the order of the Federal State Statistics Service®.

In Moscow, as elsewhere in the country, data are
collected using Form No. 30,* approved by the order of the
Federal State Statistics Service. The study only analyzed the
sections related to diagnostic radiology.

Additionally, ERIS’data were analyzed.

! Decree of the Government of the Russian Federation dated March 21, 2020, No. 710-r “On the Temporary Suspension of the All-Russian Medical
Examination of the Adult Population of the Russian Federation.” Available at https://www.garant.ru/products/ipo/prime/doc/73681079/. Accessed on
01/15/2022.

2 Information on Patient Radiation Doses during Medical X-Ray Radiological Examinations (form No. 3-D0Z). Available at http://www.consultant.ru/
document/cons_doc_LAW_52009/c262c55885294afd998489c7f7ef8fe 17e14da38/. Accessed on 01/15/2022.

3 Federal State Statistics Service Order No. 411 dated October 16, 2013, (revised on December 22, 2021) “On Approval of Statistical Tools for Federal
Statistical Monitoring of Sanitary Status of Territories, Occupational Diseases (Poisonings), and Radiation Doses by Federal Service for Surveillance
on Consumer Rights Protection and Human Wellbeing.” Available at http://www.consultant.ru/document/cons_doc_LAW_153534/2ff7a8¢72de3994f
30496a0cchb1ddafdaddf518/. Accessed on 01/15/2022.

“ Federal State Statistics Service Order No. 863 dated December 30, 2020, (revised on December 20, 2021) “On Approval of Federal Statistical Monitor-
ing Forms with Instructions for their Completion for the Organization of Federal Statistical Health Protection Monitoring by the Ministry of Health of
the Russian Federation.” Available at http://www.consultant.ru/document/cons_doc_LAW_373430/. Accessed on 01/15/2022.

5 Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies of Moscow Health Care Department: Unified Radiological In-
formation Service (ERIS). Available at https://zdrav.expert/index.php/Mpoaykt:HNKLU_AuT_[13M:_EauHbi_paavonornyeckuii_MHGOpMaLMoHHbIN_
cepsuc_(EPUC). Accessed on 01/15/2022.
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This retrospective study did not contain personalized
information about the patients. The data presented in Forms
No. 3-DOZ and No. 30 was anonymized and contained
information only about the number of examinations by
modality and anatomical regions. Data from the ERIS were
also anonymized and extracted only by the number of
performed CT scans.

Both annual population and average individual radiation
patient doses depending on anatomical body regions during
CT scans were analyzed. Moreover, the specific contribution
of CT concerning other types of examinations, particularly
fluorography, radiography, fluoroscopy, and special
(angiographic and interventional) and radionuclide (functional
tests and scintigraphy) instrumental methods was estimated.

Data from Forms No. 3-DOH and No. 30 were analyzed
for 2017-2020, whereas ERIS data were considered only for
2020, which is due to the completion of connecting all CT
scanners operated in Moscow public medical facilities to the
Unified Radiological Information Service only by 2020.

Each of the three options for data collection (ERIS
and Forms No. 30 and No. 3-D0Z) has both advantages
and disadvantages. For example, ERIS, which is the most
complete and user-friendly database, has a significant
limitation on the operating time and modalities of the
currently connected equipment used in diagnostic radiology.
Form No. 30 has excellent data details but a significant
limitation on the organizations that fill it out. Additionally,
most of this is manual work, in which the quality and
completeness of the provided information are significantly
affected by the human factor. Significant disadvantages
of Form No. 3-D0Z, which provides the most complete
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information on the number of examinations, the population
and effective dose per examination, and the distribution of
the demand for examinations depending on the anatomical
region, includes the limited range of organizations that fill it
out and the human factor resulting from incorrect information
due to the manual data entry.

Statistical analysis

The statistical analysis used the specialized options of
Microsoft Excel software, where data on the number of
examinations presented in Forms No. 3-DOH and No. 30
for 2017-2019 were entered. The estimated number of
examinations in 2020 was calculated based on the “Forecast”
function of the same software.

RESULTS

Annually, an increased number is observed in medical
organizations that submit data according to the federal state
statistical monitoring form, which is used by the Federal
Service for the Oversight of Consumer Protection and Welfare
to collect information on patient radiation doses during
medical X-ray radiological examinations to protect the well-
being of citizens of the Russian Federation (Form No. 3-D0Z),.
Hence, the number of X-ray radiological examinations and,
therefore, the population radiation dose (manSv) consistently
increased (Table 1).

The specific share of the use of different types of
examinations (Table 2) and the specific population dose
contribution from different types of examinations (Table 3)
in 2017-2020 was estimated to assess the current

Table 1. Summary data on radiological examinations and dose burdens in Moscow medical facilities according to Form No. 3-D0Z

Parameters | 2017r. | 2018r. | 2019r. | 2020w
Number of medical facilities 1233 1330 1394 1453
Number of examinations, units 27 128 339 28 882 702 29 705 881 23 626 477
Population dose, manSv 10 946 11593 12 582 16 662
Average effective dose, mSv 0,404 0,401 0,424 0,705

Table 2. Specific share of the use of different types of examinations according to Form No. 3-D0Z

Year | F6,% | R6,% | FS,% | CT,% | Otherprocedures,% | RN, %
2017 28.4 63.9 1.1 55 07 0.4
2018 21.8 63.7 0.8 6.4 0.9 0.4
2019 26.1 62.9 0.8 6.8 3.0 0.4
2020 22.7 62.0 0.6 13.1 1.0 05

Note. Here and in Table 3: FG, fluorography; RG, radiography; FS, fluoroscopy; CT, computed tomography; RN, radionuclide examinations.

Table 3. Specific population dose contribution from different types of examinations according to Form No. 3-D0Z

Year FG, % RG, % FS, % CT, % | Other procedures, % | RN, %
2017 2.8 13.2 6.8 60.7 11.3 5.2
2018 33 11.0 5.5 64.2 9.1 6.9
2019 2.8 9.4 5.2 65.0 10.1 75
2020 1.5 5.2 2.4 75.9 7.2 7.8
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Fig. 1. Number of CT scans according to Forms No. 3-DOZ (a) and No. 30 (b). The yellow color marks the predicted number of examinations.

situation with the average effective dose per procedure
in 2020.

The results presented in Tables 2 and 3 show a
significantly increased number of CT scans performed in
2020 (almost twofold) and a uniformly increased population
radiation dose contribution (manSv). Additionally, CT scans in
all analyzed years (2017-2020) contribute to the maximum
radiation patient doses (manSv).

The predicted number of 2,329,925 examinations for 2020
was calculated using the Microsoft Excel “Forecast” function,
based on the number of given CT scans in the reporting Form
No. 3-DOZ for 2017-2019. A linear one with an approximation
coefficient of 0.989 was used when making a forecast of five
different types of trend lines. According to Form No. 3-D0Z,
the actual number of examinations was 3,113,932, which is
31% higher compared with the expected number of CT scans.
A similar analysis was conducted according to Form No. 30
(Fig. 1): the expected number of examinations in 2020 was
1,427,877, whereas 2,360,715 examinations were conducted
in reality, which is 65% higher than that of the predicted
number (see Fig. 1). The linear type of trend lines with the
approximation coefficient of 0.9714 was also used when
making the forecast.

Based on three sources (Forms No. 30, ERIS, and No.
3-D02), Table 4 was generated, which presents data on the
number of CT scanners and CT scans depending on the data
source.

Table 5 shows the effective radiation doses per CT scan
depending on the anatomical region.

The dynamics of the demand share for CT scans were
analyzed according to Form No. 3-DOZ based on the
anatomical region (Table 6). Based on Tables 5 and 6, the

specific contribution to the total effective dose was estimated
depending on the number of CT scans of certain anatomical
regions (Table 7).

DISCUSSION

Data analysis results demonstrated a significant impact
on the distribution structure of the use of different types of
X-ray radiological examinations and the dynamics of changes
in the effective radiation doses of patients. The analysis
results of Form No. 3-DOZ, presented in Table 1, shows that
the average effective dose per X-ray radiological examination
in 2017-2019 differed by 5%, whereas the average effective
dose (mSv) per examination increased by 66% and 74% in
2020 compared with 2019 and 2017-2018, respectively.

The number of examinations, such as fluorography,
radiography, and fluoroscopy, evenly decreased from 2017
to 2020 (Table 2). Relatedly, the population dose contribution
from these examinations also decreased (Table 3). However,
a sharp increase in CT scans (more than twofold in 2020
compared with 2017) was observed (Table 2). The population
dose contribution from CT scans grew more evenly, with a
maximum increase in all years, reaching approximately 76%
in 2020 (Table 3). The number of radionuclide examinations
was approximately the same from 2017 to 2019, with a
slight increase in 2020 (Table 2). Additionally, the population
dose contribution from radionuclide examinations, due
to their variety conducted using an increasingly broad
spectrum of radiopharmaceuticals and the expansion of
examination protocols, grew slowly, which resulted in an
increased effective dose of patient exposure per examination
(Table 3). The number of other examinations, which include

Table 4. Data on the number of CT scanners and CT scans for 2020 from three sources

Data source | Scanners | Scans | Number of scans per scanner
ERIS 183 1931908 10 557
Form No. 30 305 2360715 7740
Form No. 3-D0Z 595 3113932 5233

DOL: https://doiorg/1017816/DD87628
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Table 5. Average effective dose per CT scan depending on the anatomical region for 2017-2019 compared to data for 2020 according to
Form No. 3-D0Z

Average effective radiation doses, mSv

Anatomical region

2017 r. 2018 . 2019 r. 2020 r.
Thoracic organs 5.609 4.933 4818 4.545
Extremities 0.718 0.781 0.702 0.674
Cervical vertebrae 3.142 2.288 2.134 1.710
Thoracic vertebrae 5.228 5.708 4.331 4.563
Lumbar vertebrae 6.139 6.795 6.438 5.884
Pelvis and femur 6.368 6.468 6.573 6.858
Ribs and sternum 3.712 3.953 2.566 3.811
Abdominal organs 8.886 8.246 8.005 7.413
Upper gastrointestinal tract 5.348 3721 4118 6.894
Lower gastrointestinal tract 5.810 5.832 5.951 12.304
Skull, maxillofacial area 1.681 1.448 1.476 1.225
Teeth 0.080 0.100 0.104 0.042
Kidneys, urinary system 7.269 7.210 6.651 6.103
Other 4.396 4.556 4.104 3.023
The average radiation dose for CT scan, mSv 4442 4.040 4,019 4,061

Table 6. Dynamics of the demand share for CT scan based on the anatomical region

The share of one examination of the anatomical region relative

Ana_tomical localization to the total number of examinations per year, %
(according to Form No. 3-D0Z)
2017 r. 2018 r. 2019 r. 2020 .

Thoracic organs 24.36 24.09 25.55 55.6
Extremities 2.88 2.37 2.98 1.98
Cervical vertebrae 1.71 1.99 2.39 1.4

Thoracic vertebrae 0.97 1.09 1.05 0.62
Lumbar vertebrae 2.56 2.28 2.37 1.27
Pelvis and femur 3.04 3.64 3.3 2.11

Ribs and sternum 0.03 0.02 0.22 0.03
Abdominal organs 16.31 15.2 15.44 9.11

Upper gastrointestinal tract 0.48 0.29 0.25 0.02
Lower gastrointestinal tract 0.65 0.48 0.12 0.43
Skull, maxillofacial area 38.52 40.41 38.28 22.41
Teeth 1.54 0.69 0.25 0.72
Kidneys, urinary system 4.58 4.39 6.14 3.67
Other 2.37 3.06 1.66 0.63

Table 7. Specific contribution to the total effective dose based on the number of CT scans of certain anatomical regions

Specific contribution (%) to the tota_\l effectiv:_a dose t!epending on the number 2017 1. 2018 . 2019 . 2020 .
of CT scans of certain anatomical regions, mSV

Thoracic oraans % 24.36 24.09 25.55 55.6

9 mSv 1.37 1.19 1.23 2.53
High-dose examinations (lumbar vertebrae, pelvis and femur, upper and % 27.62 26.28 21.62 16.61
lower gastrointestinal tract, kidneys, and urinary system) mSv 22 2.0 2.03 1.17
Other CT scans (extremities, cervical vertebrae, ribs and sternum, skull, % 48.02 49.63 46.83 27.79
and teeth) mSv 0.87 0.85 0.76 0.36
Average effective radiation doses mSv 4.442 4040 4.019 4,061
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procedures, such as radiosurgery and angiography, slightly
and irregularly varied from year to year, along with the
population dose contribution, which was most probably due
to incorrect recording of examinations in different columns
for one or another year (Tables 2, 3).

According to Forms No. 30 and No. 3-D0Z, the actual
number of CT scans performed in 2020 was significantly
higher than that predicted from the 2017-2019 data. Thus,
according to Forms No. 3-DOH and No. 30, the increased
number of examinations conducted in 2020 compared with
those expected was 31% and 65%, respectively. According to
ERIS, which records only examinations conducted in medical
facilities belonging to the Moscow City Health Department,
1,931,908 CT scans were performed, which was 81% and
62% of the total number of examinations recorded in Forms
No. 30 and No. 3-D0Z, respectively. This means that most of
the registered CT scans were performed in medical facilities
of the Moscow City Health Department. The results indicate
a significant impact on the dynamics of the population dose
to the organizational and methodological measures taken
due to the epidemiological situation and the transfer of
the outpatient departments to the operation mode of the
outpatient CT centers.

Further analysis of the impact of the epidemiological
situation on the dynamics of changes in the patient dose
burden during CT was conducted according to the data
presented in Form No. 3-DOZ for 2017-2020.

The study showed that average effective radiation patient
doses during CT scan in all anatomical regions, except
for doses from lower gastrointestinal tract examinations,
uniformly decreased from year to year, which is directly
associated with equipment renewal and examination
protocol quality improvement (Table 5). The reasons for
such a significant (over twofold) increase in the average
effective dose for lower gastrointestinal tract examinations
(Table 5) have not yet been found an explanation, which
requires detailed analysis, consideration, and possible
correction of the examination protocols to reduce the
effective dose while maintaining the quality of the obtained
diagnostic information.

The analysis found that skull and maxillofacial
examinations contributed the most in 2017-2019, presumably,
because this line also included dental CT scanners
examinations. In 2020, the largest number of examinations
was conducted on thoracic organs (over twice as many as in
2017), while the number of the skull and maxillofacial area
examinations sharply decreased (approximately twofold), and
insignificantly on almost all anatomical regions except for
ribs and sternum, whose specific contribution to the number
of examinations increased and gradually decreased (Table 6).

Based on Tables 5 and 6, the specific contribution to
the total effective dose from chest CT scans and high-dose
examinations (lumbar vertebrae, pelvis and femur, upper and
lower gastrointestinal tract, kidneys, and urinary system)
and other CT scans (extremities, cervical vertebrae, ribs
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and sternum, skull, and teeth) was estimated and presented
in Table 7. The results suggest that the main population
radiation dose contribution was from chest CT scans.

Study limitations

This study was limited to 1 year of data on CT radiation
burden in the ERIS, inadequate information on patient
doses recorded in Form No. 30, and the restricted range of
organizations that fill out Forms No. 3-DOZ and No. 30.

CONCLUSIONS

The epidemiological situation in 2020 had a significant
impact both on the dynamics of changes in CT dose
burden on patients and on the number of certain types of
CT scans depending on the anatomical region. The largest
share (55.6%) of all CT scans in 2020 was that of thoracic
organs, with an overall almost twofold increased share of
CT in the total number of all X-ray radiological procedures.
The analysis of the dynamics of changes in the number and
population dose in X-ray radiological examinations confirms
that the population dose in medical exposure was formed
mainly due to CT scans. Therefore, special attention should
be paid to the control of existing CT examination protocols
and to the development and implementation of new protocols
that would reduce the radiation burden while maintaining
the quality of diagnostic information. Moreover, particular
attention should be paid to the possibility of conducting a
low-dose CT instead of the traditional one for COVID-19
analysis, which would significantly reduce the radiation
burden on patients.

The analysis revealed several advantages and
disadvantages of different forms of data collection. Generally,
the existing reporting forms are representative enough;
however, the specifics of their completion may significantly
reduce their value and the available data quality. Thus, the use
of specialized dose-monitoring software is recommended to
avoid errors and simplify the work of medical professionals
who are responsible for collecting data on X-ray radiological
examinations.
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BcepoccMUCKUW PEeUTUHT OTAENIEHUN Ny4eBOM
AWarHoCTUKMU: pesynbtatbl KoHKypca 2020 roga

[.C. CeMeHoB, 0.10. lanuHa, A.H. Xopyxas, H.[.. Kyapssues, 10.A. Bacunbes,
H.B. Jleguxoga, /.M. Wynbkuu, C.M1. Mopo3os

Hay4Ho-npaKTUYeCKi KIIMHUYECKWIA LIEHTP AMArHOCTUKY W TeNeMeMLMHCKUX TeXHoNoruid [lenapTamMenTa 34paBooxpaHeHuns roposa Mocksbl,
MockBa, Poccuiickas Qepepaums

AHHOTAUNA

Bonpockl MeHegXMeHTa KauyecTBa MeAMLMHCKOWM MOMOLLM U OpraHv3auun paboTbl OTAENEeHUI Ny4eBOM AWUarHOCTUKM
BCErAa aKTyanbHbl ¥ TPeOYKOT NOCTOSHHOrO KOHTPOJIA M aHaIUTUYECKOM IKCNepTU3bl. MOCKOBCKOE pervoHanbHoe oTAeNeHune
Poccuiickoro obuiectBa peHTreHonoros v paguonoros (MPO POPP) ¢ 2018 roaa npoBoauT He3aBUCUMYIO OLIEHKY OTAENEeHMiA
Jly4eBON OMArHOCTUKM BO BCex pernoHax Poccuu. Lenb perTuHra — BbISIBUTL INGEPOB OTPAC/K, a TaKKe pacnpocTpaHnTb
NydLIMe NpaKTUKK Mo Bcel cTpaHe. Mo pesynbTaTaM aHKETUPOBAHWSA BbiSIBMEHbI NONOKUTENbHBIE TEHAEHLMM Pa3BUTUS CITYK-
Obl IMArHOCTMYECKOM NMOMOLLM MO BCEW CTPaHEe U KPUTMHYECKME TOYKY, BMSIOLLME HA KauyecTBO paboTbl MEAMULMHCKUX opra-
HU3aLui.

MpencraBneH aHanu3 QyHKUMOHMpoBaHUA 123 oTaenenni nyyeBoi amarHocTuky B 2020 roay. Mo oKoHYaHWM npuéma 3a-
AIBOK Ha y4acTue B penTuHre 6bin cdhopMupoBaH nepeyeHb U3 163 MeauULMHCKMX OpraHM3aLmii, pacnonoeHHsIx B 15 ropofax
7 depepanbHbIx oKkpyroB. Mpoueaypa oueHky bbina pa3buta Ha Tpu atana. Ha nepBoM 3tane CoCTOSNO0Ch OHANH-aHKETMPO-
BaHWe: KaX[0M U3 OpraHu3aLmil-y4acTHUKOB ObiNo NpeasoKeHo OTBETMTb HA BOMPOCHI MO YCTPOMCTBY paboThl 0TAENEHMS,
OCHALLEHHOCTH, MEPEYHI0 U 0CODEHHOCTAM BbINOSIHEHWS AWUArHOCTUYECKMX UCCNE0BaHUiA, a Takke paboTe ¢ nauMeHTaMu.
Bo Bpems BTOpOro 3Tana NpoBOAMACA KITMHUYECKUA U TEXHUYECKWUA ayauT Habopa aHOHUMWU3WUPOBAaHHBIX UCCNELOBaHMIA C 3a-
KnoyeHnsaMu. CneayeTt OTMETUTb, YTO TEXHUYECKOMY ayauTy YAENanocb 0coboe BHUMaHWE, MOCKOMbKY pAL MEOULMHCKUX
OpraH13aumi HapyLuan MeTOAMKY NPOBeAEHNUS UCCNeA0BaHWA. TpeTuiA 3Tan BKIKOYaN NPOBEpPKY MHdOpMaLMU 0 MeAULIMHCKUX
OpraHu3aumsx B OTKPbITbIX UCTOYHMKAX. Bo BpeMs nepBoro v BTOpOro 3TanoB HauMCAAAMCh bannbl, Ha OCHOBaHWUM KOTOPbIX
Oblnu BblOpaHbl UHANMCTLI, MAEPLI U N0beANTENN PENTUHTA.

Mo ntoraM oueHku Beex atanos 31 opraHusauus Beiwna B huHan, 6 nonany B rpynny MAepoB U 5 cTanu nobegutensmu,
npu 3toM 45% ¢mHanucToB oTHoCUnMCh K LleHTpanbHoMy deaepanbHoMy okpyry. [pocnexuBaetcs Havbonbluas 3auHTe-
PECOBAHHOCTb ayauTa paboTbl B MYHULMNABHBIX M YaCTHBIX MEOMLMHCKUX YUPEXOEHUNX, HEXENN BELOMCTBEHHbIX U de-
AepanbHbix. lloMumo nepeyns nobeauteneii cobpaHa HekoTopas 6a3a AaHHbIX, KOTopas MOXeT NpeAcTaBnsTb cobon cpes
COCTOAIHMA CNTYObI NIy4eBoi AnarHocTuKM B Poccuiickon Qepepaumn.

MpoBeneHne NOA0BHBIX KOHKYPCOB HamnpaBJieHo B NEPBY0 04epefib Ha MOBLILLEHWE KayecTBa M 6e30MacHOCTU NpoBefe-
HWS PEHTrEHONIOMMYECKUX UCCef0BaHUIA. MeToMKa NpoBeEHNs KOHKYPCa COBEPLLEHCTBYETCA Kbl FOA.

KnioueBble cnoBa: JlydeBaA ANArHOCTUKa; opraHn3auua 3apaBooXpaHeHus; CTaulnoHap.
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All-Russian rating of radiology departments:
2020 competition results

Dmitry S. Semenov, Olga U. Panina, Anna N. Khoruzhaya, Nikita D. Kudryavtsev,
Yuriy A. Vasilyev, Natalia V. Ledikhova, Igor M. Shulkin, Sergey P. Morozov

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

ABSTRACT

The issues of quality medical care management and organization of the work of the department of radiation diagnostics
are always relevant and require constant monitoring and analytical expertise. Since 2018, the Moscow regional branch of
the Russian Society of Radiologists and Radiologists (MRO PORR) has been conducting an independent assessment of the
departments of radiation diagnostics in all the regions of Russia. The rating aimed to identify industry leaders and spread the
best practices throughout the country. The survey results identified the positive trends in the development of diagnostic care
services throughout the country and critical points that affect the quality of work of medical organizations.

This study presents an analysis of the functioning of 123 departments of radiation diagnostics in 2020. After meeting the
inclusion criteria, a list of 163 medical organizations in 15 cities of 7 federal districts was formed. The evaluation procedure was
divided into three stages. The first stage consisted of an online survey, wherein each of the participating organizations was asked
to answer questions about the department’s work arrangement, equipment, list, and features of performing diagnostic tests,
as well as working with patients. The second stage consisted of a clinical and technical audit of a set of anonymized studies
with conclusions. Special attention was paid to technical audits since several medical organizations violated the methodology
of conducting research. The third stage included checking the information about medical organizations in open sources. During
the first and second stages, points were awarded, based on which the finalists, leaders, and rating winners were selected.

According to the evaluation results of all stages, 31 organizations reached the final stage, 6 were in the group of leaders,
and 5 were winners, whereas 45% of the finalists belonged to the Central Federal District. Greater interest was found in the
auditing work in municipal and private medical institutions than in departmental and federal ones. Some database has been
collected, in addition to the list of winners, which may represent a cross-section of the state of the radiation diagnostics service
in the Russian Federation.

Conducting such competitions is primarily aimed at improving the quality and safety of X-ray examinations. The methodology
of the competition is improved every year.

Keywords: health facility administration; radiology department; hospital.
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INTRODUCTION

Issues of medical care quality management and
organization in radiology departments (RDs) are always
relevant and require continuous monitoring and analytical
expertise [1, 2]. Qualitative improvement of the diagnostic
process becomes particularly important to continuously
increase the number of examinations conducted [3, 4].

The Moscow Regional Branch of the Russian Society of
Roentgenographers and Radiologists (MRB RSRR) has been
independently evaluating RDs in all regions of Russia since
2018. These ratings aim to identify industry leaders and
disseminate best practices within the country. The expert
group gradually collects and analyzes information from
colleagues through questionnaires and open-source data
analysis, and the results of anonymized examinations—
radiological, radioisotopic, and ultrasound—were audited.
Data analysis on medical facilities forms a picture of the
radiology service in Russian healthcare.

Therefore, this study aimed to analyze the functioning
of 123 RDs in 2020. The positive trends in the development
of diagnostic services across the country and critical points
affecting the performance of medical facilities were also
identified.

MATERIALS AND METHODS

At the end of the application process, 163 medical
facilities were included in the list. The procedure was divided
into three stages to comprehensively assess the performance
of RDs.

During the first stage, an online survey was conducted.
Each participating organization was invited to answer
questions on the functioning of the department, equipment,
list and features of diagnostic tests, and patient care.
Questions were categorized into modality groups, such as
computed tomography (CT), magnetic resonance imaging
(MRI), radiography (RG), mammography (MMG), positron
emission tomography (PET), radionuclide diagnosis (RND),
and ultrasound (US) scanning. The total number of questions
was 150: 25 for CT, 19 for MRI, 23 for RG, 17 for MMG, 17 for
PET, 14 for RND, 16 for US, and 19 general questions. In
addition to questions on modalities, specific items regarding
the relevance of data provided were included in the survey
(e.g., the compliance with current regulatory documentation
and completeness of the implementation of Russian and
international recommendations).

Each survey question was assessed using a
numerical scale: additional points were awarded for each
“correct” answer, corresponding to the standards and
recommendations, whereas points were deducted for each
violation of the department rules and regulations or the use
of ineffective solutions. A maximum of 40 points could be
scored for the survey, and the threshold score for passing
the first stage was 15.
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At the second stage, the examinations were audited
clinically and technically. Medical facilities provided a set
of anonymized examinations with conclusions to the expert
group of the NPKTs DiT DZM (Research and Practical Clinical
Center for Diagnostics and Telemedicine Technologies of
Moscow Healthcare Department): each facility provided two
pelvic (male) MRI scans, abdominal MRI, contrast-enhanced
abdominal CT, low-dose chest CT (LD-CT) if available, chest
RG, MMG, PET/CT, and three breast and thyroid US scans. The
maximum possible score for the audit stage was 60 points.

At the third stage, information on the medical facility was
checked in open sources, that is, official websites and data
from reporting forms (such as Form No. 30). No points were
assigned for this stage.

At the end of these stages, the total points were
calculated, and the winners were selected based on these
results. For a participant to be included in the group of
prize-winners, threshold points were required: >15, 50, and
70 points for the finalists (a passing score according to the
survey results), leaders, and winners, respectively. Each
group—leaders and winners—could include any institutions
that reached the required points.

RESULTS

Of the 163 participants, 123 RDs completed the first stage
of the survey, with 50% taking up to 140 patients per day and
33.33% taking 140-420 patients.

The rating covered 15 cities (Moscow, St. Petersburg,
Khanty-Mansiysk, Kazan, Yakutsk, Nizhny Novgorod,
Krasnoyarsk, Stavropol, Omsk, Chita, Voronezh, Cheboksary,
Irkutsk, Samara, and Tyumen) from seven federal districts.
Due to the limited number of cities, these ratings may not be
directly scalable to the entire country; however, the presented
methodology and results may become the basis for a more
extensive study of the radiology services in Russia.

In the first stage, 31 medical facilities reached the final
stage, and medical institutions from four regions, that is,
Moscow (2 participants), Central, Volga, and Ural Federal
Districts were the top five, with scores of 24.04—34.34 points.

The second stage of the independent assessment of
the RDs is an audit of the examination packages provided
by participants to the NPKTs DiT DZM experts and a review
of open sources. From September 18, 2020 to October 11,
2020, 11 organizations out of all finalists submitted
examinations. The NPKTs DiT DZM experts checked a total of
182 examinations (22 CT, 44 MRI, 20 RG, 20 MMG, 20 NDCT,
8 PET, and 48 US scans).

The technical audit received special attention, since
several medical facilities violated the methodology of
conducting examinations. For example, a standard abdominal
CT scan should start from the lower lobes of the lungs and
cover the area up to the upper third of the femur. Some
departments raised the lower boundary of the scanning area
to the iliac crests, excluding the pelvic organs, which is a
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mistake. Individual cases with non-standard targets were not
included in the analysis.

Based on the total score at the second stage, the top
three were institutions from the Ural, Volga, and Central
Federal Districts (24.57, 23.04, and 21.75 points respectively).

After calculating the results of all stages, 31 organizations,
6 leaders, and 5 winners reached the final stage, with 45% of
the finalists belonging to the Central Federal District. Medical
facilities were represented by municipal (14), private (10),
departmental (2), and federal (5) institutions. Based on the
type of medical care, the institutions were outpatient (7),
inpatient (3), and specialized (21). Thus, the auditing work
was highest at municipal and private medical institutions,
rather than at departmental and federal ones.

In addition to the list of winners, some databases were
created to represent a cross-section of the state of the
radiology service in the Russian Federation. These materials
are discussed in more detail below (with no reference to
specific departments, since this information is excluded from
analysis).

GENERAL ASPECTS
OF THE RADIOLOGY SERVICE

Making an appointment

For the patient, the interaction with RDs begins with an
appointment for the examination. This process is sufficiently
elaborated in all participants of the survey based on both the
number of recording methods and informing the changes.
Regarding the first, the most common form was recording
at the attending physician (after an initial or repeated
consultation with a specialist), followed by the frequency of
recording at the reception desk and by phone. Appointments
through an application on the website of a medical institution,

X-ray diagnosis

cT

us

MRI

Fluorography

Mammography

Densitometry

RND

PET
0 20 40

Fig. 1. Availability of same-day X-ray examinations.

Vol 3 (1) 2022

Digital Diagnostics

in the patient’s personal account, via messenger or a mobile
application could be made in rare cases.

The majority of the departments (78%) remind the patient
of the examination; of these, only 34% send information on
the preparation for the examination in advance. A survey
and a conversation between the patient and the physician
before the examination is conducted in 56% of cases, an oral
interview is held in 38%, and no interaction with the patient
is provided in 6% of cases.

Issuing examination findings

The findings are mostly provided on a digital medium (CD
or DVD) or on film (23 cases) through a personal account or
cloud data storage (16 cases). In the current clinical practice,
findings on film are only appropriate for some radiographic
offices and when using the operation of the analog equipment.
When choosing a new technology, digital media would be a
good option. Some private clinics do not give up the “film”
to be client-oriented. This is practiced only when a physician
does not have an automated workstation and asks for the
examination findings on film [5].

Availability of examinations

Aside from the convenience of the appointment, an
important factor is the opening hours of the department and
the possibility to arrange same-day appointments (in case the
patient is ready for the examination). This issue is particularly
important to increase the coverage of screening programs
[6, 7]. The availability of examinations for emergency patients
is best in Moscow and worst in the Volga Federal District
(12 points vs. 2 points, respectively).

The ability to perform radiological services on the day of
application (Fig. 1) was provided for X-ray examinations and
CT and US scans (104, 95, and 78 cases, respectively). For
these modalities, both the readiness of the department to

60 80 100 120

Note. CT, computed tomography; US, ultrasound; MRI, magnetic resonance imaging; RND, radionuclide diagnosis; PET, positron emission

tomography.
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receive the patient on the day of application and the patient’s
preparation for the examination (for abdominal examinations,
MMG, and US of pelvic organs in women of childbearing age)
are important. However, in the survey, the researchers were
interested in the readiness of the department to receive a
patient.

PET/CT and RND (1 and 3 cases, respectively) were
the least available procedures in terms of same-day
appointments because of the complicated logistics of delivering
radiopharmaceuticals for these types of examinations and the
need for careful planning of the required volume, depending
on the number of records per day. Moreover, patients require
preparation before PET/CT and RND to exclude pseudopositive
accumulation of radiopharmaceuticals; however, this is beyond
the scope of the survey.

Appointments on weekends were available at 94 (67%)
RDs, only Saturday appointments could be performed at 26
(19%) RDs, and 20 (14%) RDs did not work on weekends.
Based on modality, X-ray examinations, CT, and MRI were
available on weekends (Fig. 2), whereas PET and RND were
the least available.

Based on the survey results, the availability of screening
tests, such as fluorography, MMG, and densitometry, on the
day of application is lower than that of MRI or CT scans. The
former types of examination are logically explained by the
trend toward screening withdrawal, whereas the latter two
obviously require more attention in terms of throughput and
office efficiency. Another reason for the decreased availability
of these examinations may be the peculiarities of medical
service pricing.

Patient safety

Patient safety in diagnostic examinations is one of the
priority tasks [8]. While radiation safety in Russia is strictly
regulated at the legislative level [9], several other aspects are
specifically included in the survey. Thus, 92% of radiologists,
54% of radiographers, 40% of nurses, and 25% of US

cT

X-ray diagnosis

MRI

us

Fluorography

Mammography

Densitometry

PET

RND

0 20

Fig. 2. Appointments in radiology departments (RDs) on weekends.

Vol 3 (1) 2022

Digital Diagnostics

physicians were certified cardiopulmonary resuscitators.
However, with the system modernization of primary
specialized accreditation for specialists and continuous
medical education, the vast majority of the employees will
be competent in first aid.

Follow-up after intravenous contrast enhancement in RDs:
Patients were released immediately after the examination
in 5 cases (4%) or <15 min in 16 (12%) cases; the follow-
up lasted for 15-30 min in 68 (50%) cases or >30 min in
47 (35%) cases. Notably, some program participants omitted
this item from the survey.

Unfortunately, regardless of the measures taken to
prevent accidents and medical errors, they are inevitable
in practice. Global experience shows the feasibility and
effectiveness of recording, such incidents for subsequent
analysis; however, domestic medicine lags behind in this
direction [2]. Nevertheless, the survey demonstrated that
70% of departments take measures to prevent accidents in
one form or another. Joint reviews of complex cases are
conducted as needed in 86 (62%), weekly in 49 (36%), and not
conducted in 3 (2%) cases. The complaint registry is available
in 64 of 136 RDs.

One medical institution did not have internal quality
control, whereas only 29 of 135 respondents engage external
experts for auditing. The auditing practice implemented by the
NPKTs DiT DZM showed the high efficiency of this approach
with low labor costs [9].

To the question “Do you actively use second opinion?,” the
answer “Yes, via email” was given by 67 (48%) respondents;
“Yes, via PACS/RIS" by 51 (37%) respondents; and 21 (15%)
respondents do not use the option (data by modalities are
detailed in Fig. 3).

Remote description of examinations may be regarded as
a “privilege” for a physician; however, during the coronavirus
disease 2019 pandemic, this turned out to be a necessity [4].
In addition, this approach greatly increases the availability of
expert opinions from experienced specialists [5, 10]. Our data

40 60 80 100

Note. CT, computed tomography; MR/, magnetic resonance imaging; US, ultrasound; PET, positron emission tomography; RND, radionuclide

diagnosis.
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Fig. 3. Characteristics of second opinion requests in RDs: a, general information on its availability; b, data on modalities for which
specialists most commonly request a “second opinion.” Most frequently (94%), further CT scan examination is required.

Note. CT, computed tomography; MR/, magnetic resonance imaging; US, ultrasound; PET, positron emission tomography; RND, radionuclide

diagnosis.

showed that 30% of radiologists describe patients’ scans
directly in the office where examinations are performed;
30% of cases reported that the physician’s office is remote,
but is located in the same building; and 40% of respondents
practice remote description, in particular, by experts from
other medical facilities. While some complex examinations
require the direct presence of a radiologist, a separate office
is still necessary for proper and effective work.

DIAGNOSTIC EQUIPMENT
AND EXAMINATION METHODOLOGY

CT scanners are installed in 100 RDs, which are all
equipped with automatic injectors for administering contrast
agents. Remarkably, 22 machines have =128 slices, and 18
have dual-energy CT (DECT) function.

The list of examinations performed varies from department
to department and obviously depends on the equipment and
peculiarities of the patient flow. The prevalence of different

LD-CT

Whole Body

Pediatric

Dental programs

Lumbar spine densitometry
Interventional CT

Femoral densitometry

0

10

types of CT scans is shown in Fig. 4. Apparently, LD-CT,
which is performed in 65 out of 100 departments, and whole-
body CT are the most common (54). Furthermore, 28 RDs
perform CT-guided surgeries, including minimally invasive
interventions.

Among the departments that participated in the survey,
68 were equipped with US diagnostic machines, and
most were equipped with convex, linear, and transvaginal
transducers (Fig. 5).

The rating of the most common examinations is headed
by breast and male pelvic US scans (60 and 57 medical
facilities, respectively). In 46 departments, minimally invasive
US-guided interventions are performed, namely, therapeutic
punctures and drainage, fine-needle aspiration biopsy of the
thyroid gland, and prostate and internal organ biopsies (liver,
kidneys, pancreas, and others). Less frequently, hepatic
elastometry, peripheral nerve US scanning, and compression
elastography (28, 24, and 23 medical institutions, respectively)
are performed.

20 30 40 50 60 70

Fig. 4. Prevalence of CT scans performed in the RDs of the rating participants.
Note. CT, computed tomography; LD-CT, low-dose computed tomagraphy.
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The analysis showed that at least among the rating
participants, the availability of X-ray machines is lower than
that of CT scanners. A total of 91 devices (including 60 mobile
and 44 dental) are installed in these medical institutions; and
76 of these are digital.

Most medical facilities (77) perform fluoroscopy; however,
special examinations are not available in all institutions (Fig. 6).

A total of 63 departments are equipped with
mammographs, and the proportion of digital devices is
comparable to X-ray machines (86% vs. 84%). The most
common examinations are ductography and targeted MMG
(61 and 59 departments, respectively). The availability of
mammographic examinations is shown in Fig. 7.

Convex
Linear
Transvaginal
Transrectal
3D/4D
Microconvex
Intraoperative
Transesophageal
10 20

Fig. 5. Transducers of ultrasound diagnostic devices.

Fluoroscopy

Intraoperative examinations
Craniography in TBI

Linear tomography

Digital tomosynthesis
0 10 20 30

Fig. 6. Availability of specialized X-ray examinations.
Note. TBI, traumatic brain injury.

Ductography

Targeted mammography
Stereotactic biopsy

Tomosynthesis

Placement of localization “harpoons”
Contrast mammography

Vacuum aspiration biopsy

Fig. 7. Availability of mammographic examinations.
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A total of 22 machines are equipped with tomosynthesis,
and 28 have a hiopsy attachment: 21 and 17 departments
with vertical access and horizontal table, respectively.
Vacuum aspiration biopsy is less available, that is, only in
11 out of 63 departments.

In terms of work organization, all rating participants
perform MMG in two views, and <3% of examinations are
repeated due to technical problems. Moreover, the Bi-RADS
scale is used in 59 departments; however, physicians in only
44 departments are additionally certified in MMG.

The departments of the rating participants have 84 MRI
scanners with 1.5, 3, and <1.5 Tesla induction (58, 21, and
5 departments, respectively). Most manufacturers include a

40 50 60 70 80 90

10 20 30 40 50 60 70
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Fig. 8. Number of visitors per day in the top ten RDs based on the rating.

minimum set of radiofrequency coils for the most common
examinations (head and neck, abdomen, and small pelvis)
as the standard equipment. However, a peculiarity of this
modality is the frequent “profiling” of the MRI office on a
small group of examinations, depending on the particular
medical facility. Thus, cardiac MR, tractography, and surgical
interventions (MRI-guided biopsy) are performed in 27, 36,
and 6 surveyed departments, respectively.

One of the most common non-standard examinations
is MR angiography, which is performed in 76 departments.
However, this applies primarily to angiography of the
brachiocephalic arteries. Concurrently, only 32 and
23 departments perform aortic examinations and angiography
of the lower extremities, respectively.

PET (including CT) is not as widespread as the other
diagnostic methods; however, only five departments are
equipped with this type of machines. The PET part of the
equipment in most cases (three of five) has four detector
rings, and CT has =64 slices. All departments have their own
production of radiopharmaceuticals, whereas four of five
have only fluorodeoxyglucose. In practice, examinations are
performed using 11C-methionine, 18F-choline, 18F-tyrosine,
18F-DOPA, 18Ga-PSMA, and 18F-PSMA.

Regarding the examination features, all departments
(with few exceptions) use means to ensure patient and
staff safety; however, the automatic administration of
radiopharmaceuticals is used only in one medical institution.
Furthermore, two of five PET departments only examine
cancer patients.

Based on scoring results, the top ten RDs were
determined. This list included a wide variety of medical
facilities with capacity ranging from 70 to 1,200 people per
day and an average of 459 (Fig. 8).

Certainly, all of these organizations are well equipped
and have at their disposal a wide range of equipment,
including additional options. Each of the 10 RDs has a data
storage and transmission system and remote description

DOI: https://doiorg/1017816/DD95661

capabilities, follows the standardized protocols and
international guidelines (such as PI-RADS and BI-RADS),
audits examinations, and carefully implements measures to
ensure safety of both patients and staff.

CONCLUSIONS

The results of the competition provided an insight into the
level of organization among RDs in different regions of the
Russian Federation. The main advantage of the participation
of medical institutions in this competition is the opportunity to
have an independent assessment of the department’s work
by the expert council of MRB RSRR, identify strengths and
weaknesses, and receive personal recommendations. Such
competitions are primarily aimed at improving the quality and
safety of X-ray examinations.

The methodology of the competition is improved every
year. Hopefully, the number of rating participants will
increase in the future, and a single RD standard will be
created across the country.
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AHHOTALNA

(®ubposHas aucnnasus — pefkoe onyxonenonobHoe AobpoKayecTBEHHOE BPOXAEHHOE 3abosieBaHMe KOCTEN, KOTOPOE,
Mo BCeli BEPOATHOCTH, CBA3aHO € MyTauusMu reHa GNAS v xapaKTepusnyeTcs LUMPOKWUM CMEKTPOM KIIMHUYECKUX MPOSBIIEHUH,
HauMHasA OT U30/IMPOBAHHLIX MOHOOCCANBHBIX M NOAUOCCANbHBIX GOPM W 3aKaHUMBAsA LPYrMMU BHECKENETHBIMW NPOSIBIEHN-
amu (cuHapoM MakKbioHa—0nbpaiita). B pesynbtate aTUX M3MEHEHWUI 0TMeYaeTcs yBeIMYeHNEe XPYMKOCTM KOCTEN, NOBbILa-
€TCS PUCK BO3HWUKHOBEHMS NEPEIOMOB.

B paHHol cTaTbe onucaHa naumeHTKa B Bo3pacTe 65 NeT, NOCTYNUBLLAA B HaLle PEHTTEHOIOTMYECKOe OTAENEHME C Ka-
nobamu Ha 6onm B wee u cnuHe. PaHee y 6onbHoI b AMArHOCTUPOBaHbLI MOPAXEHWUA KOCTEMN LUEMHOTO M FPYLHOM0 OT-
LEN0B C MOAO03PEHUEM Ha MeTacTasbl. B HalueM oTAeneHuu y naumeHTKU NpefBapuTeNbHO AMArHOCTMpoBanu GubposHyio
AMCNNa3uio, YTO BMOCNEACTBUM BbIN0 MOATBEPIKAEHO AAHHBIMM peHreHorpadumu, KOMMbTEPHOW W MarHUTO-pe30HAHCHOI
Tomorpaduu. OKOHYaTeNbHbIN AMarHo3 NOCTaB/IEH MO pe3ynbTataM broncum KocTen.

TakumM obpasoM, pubposHas aucniasus B OCHOBHOM MOpaXaeT KOCTM, MPY 3TOM HOpMasibHas KOCTHas TKaHb 3aMeLuaeTcs
AMCNacTMYecKon Grbpo3HoM TKaHbio. B 3aBUCMMOCTH OT KONMUECTBA MOPAXKEHHBIX KOCTEN W COMYTCTBYIOLLMX SHAOKPUHHBIX
M3MEHEHWI BbILENAKT Tpu GopMbl 3aboneBaHMSA: MOHOOCCANbHYI0, MoSIMoccanbHy U cuHapom Onbpaiita. OuddepeHumnans-
HbliA AMarHo3 Cpefin NpoYero BKIIKOYA MHOXECTBEHHYIO MUenioMy. BbibpaHa onTMManbHas TaKTUKa NeyeHus.

KnioueBble cnoBa: nonvoccanbHas ¢M6p03Haﬂ ancnnasus, ¢M6p03Haﬂ TKaHb; JINTUYECKOE nopa<eHue KOCTeW.
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Polyostotic fibrous dysplasia:
imaging findings of a controversial case
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ABSTRACT

Fibrous dysplasia is a rare non-neoplastic tumor-like congenital bone disease that is most likely associated with GNAS
gene mutations, with a broad spectrum of clinical presentations, ranging from isolated monostotic and polyostotic forms to
other extra-skeletal associated manifestations as in McCune—Albright syndrome. It is responsible for bone’s weakening and
increased fragility, making it prone to fractures.

A 65-year-old female patient was referred to our radiology department for cervical and dorsal pain, with a previous
diagnosis of incidental cervical and dorsal bone lesions that are suspected for metastases. X-ray, computed tomography, and
magnetic resonance imaging were performed with a precise diagnostic suspicion of fibrous dysplasia that is confirmed by bone
biopsy.

Fibrous dysplasia principally affects the bone and is characterized by bone replacement itself by dysplastic fibrous tissue.
According to the number of affected bones and their association to endocrine alterations, it is classified into three categories:
monostotic, polyostotic, and Albright's disease. Differential diagnosis with multiple myeloma among others and the best
treatment decision was made.

Keywords: polyostotic fibrous dysplasia; fibrous tissue; bone lytic lesions.
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BACKGROUND

Fibrous dysplasia (FD) is a benign progressive condition
that is characterized by abnormal fibroblast proliferation
and bone and marrow replacement with fibrous
connective tissue [1]. Described for the first time by von
Recklinghausen in 1891 [2], FD is a rare congenital disease
caused by a sporadic postzygotic missense mutation
that leads to abnormal fibroblast proliferation, defective
osteoblast differentiation, and increased bone resorption
[3-4]. It may affect one or several bones, according to the
monostotic or polyostotic type, and may be associated with
hyperfunction endocrinopathies and hyperpigmentation of
the skin (café-au-lait spots) in the so-called “McCune-
Albright syndrome” (MAS) [5-6]. FD has a predilection for
certain bones including the femur, tibia, ribs, pelvis, and
craniofacial. The estimated prevalence of FD is 1/30,000,
with the monostotic type 5-6 times as prevalent as the
polyostotic one. Generally, FD is a silent disease and some
patients are asymptomatic. With the presence of symptoms,
they often include bone pain, headache, bone deformities,
facial asymmetry, proptosis, diplopia, pathological fractures,
and during childhood. More serious symptoms include optic
neuropathy, blindness, deafness, vestibular dysfunction, and
occasionally, facial nerve palsy. Scintigraphy/isotopic bone
scans are normally used to assess the extent of FD and
the number of FD lesions, whereas computed tomography
(CT) and, even less, magnetic resonance imaging (MRI)
are useful to characterize the typical morpho-structural
characteristics of each bone lesion, which usually have
a lytic appearance and are characterized by thinning of
the cortex with a “ground-glass” matrix [7]. Biochemical
markers of bone turnover are in some cases elevated and
final diagnosis can be confirmed by biopsy. Moreover,
hypophosphatemia may be present together with increased
secretion of fibroblast growth factor (FGF-23) from the
dysplastic tissue [8]. Hypophosphatemia may contribute
to mineralization defects, which can lead to osteomalacia,
rickets, and bone pain with deformities [9]. Cure or
spontaneous resolution of FD are unavailable, but not all
patients require treatment. Surgery may be indicated for
larger lesions, which cause adjacent tissue compression
with nerve constriction and pain. Bisphosphonates are often
used as a medical treatment as they have been suggested
to reduce the increased bone resorption at the affected
sites.

DESCRIPTION OF THE CASE
Clinical data

Herein, presented a case of a 65-year-old female
patient, without a specific clinical history, who was
referred to our radiology department for cervical pain and
discomfort for some years, as the only symptom. There
was no history of preceding trauma, but the physical
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examination revealed dark-colored spots on the skin
(café-au-lait spots), facial asymmetry, and obesity. In the
previous years, she underwent several diagnostic exams
to exclude attributable pathologies to her symptoms,
resulting in the presence of lytic lesions of the cervical and
dorsal metamers. Therefore, she was investigated for the
suspicion of bone heteroplasia or neoplastic secondarysm,
without an exhaustive final diagnosis. When she was
referred to our radiology department, we decided to
investigate her multiple known bone lesions from a multi-
diagnostic perspective. Therefore, we performed an X-ray,
CT, and MRI scan of the skeleton, with particular attention
on segments that are affected by the above-mentioned
signs and symptoms. Then we required positron emission
tomography (PET) - and Single-photon emission computed
tomography (SPECT) scans, as well as a bone biopsy, to
confirm our diagnostic suspicion.

Radiological findings

X-ray imaging showed the presence of well-circumscribed
lytic lesions at the level of C5, C7, and D1 vertebrae and at
the posterior arch of the fifth left rib, together with a larger
localization of the disease at the first left rib’s posterior arch,
which presented a bubbly cystic bone lesion with a cortical
“blown appearance”, cortical thinning, and none periosteal
reaction (Fig. 1).

The multiplanar reconstruction CT scan showed a
“ground-glass” appearance of the bone matrix, together
with homogeneously sclerotic and lytic areas of involved
cervical vertebrae, underlying the involvement of C7 and D1
metamers and confirming the C5's one (Fig. 2a, 2b, and 2c).

The first posterior left rib, already described with a plain
radiograph, was better investigated, resulting in the presence
of a huge expansile bone lesion with a thin overlying cortical
bone and “ground-glass” bone matrix appearance together
with cystic lytic areas, which confirm the complete substitution
of the trabecular bone with fibrous tissue (Fig. 2d).

Moreover, the total-body CT scan showed the involvement
of the fifth dorsal vertebra along the posterior corresponding
left rib, which shows the same bony changes as others
(Fig. 2e).

The MRI, even if not straight and not particularly useful
for the differential diagnosis, was performed, thus confirming
the polyostotic skeletal involvement.

It showed T1 hypointense lytic lesions at the level of
C5, C7, D1, D4, and D5 vertebrae, with involvement of
posterior elements of C5-Cé (Fig. 3a) and a corresponding
heterogeneous contrast enhancement in T1w sequences after
Gadolinium administration (Fig. 3b). The bone tissue showed
extensive remodeled areas, without confirmed periosteal
reaction.

Nuclear medicine

The whole body Fluorine-18 Fluorodeoxyglucose
PET-CT scan confirmed the involvement of each of the
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Fig. 1. The cervical tract X-ray, in the context of a diffused uncovertebral arthrosis, shows the presence of some ill-defined lithic bony
lesions at C5, C7, and D1 vertebrae (a) and the posterior arch of the fifth left rib (b); moreover, a 5.5 x 2.5 cm expansile lesion of the
posterior first left rib is visible, with a swollen and blown cortical appearance (b).

Fig. 2. Sagittal (a) and coronal (b) cervical CT showing extensive lytic bone lesions at C5, C7, and D1 vertebrae, involving the seventh
cervical posterior laminae and spinous process (c). The posterior arch of the first left rib shows an expansile bone lesion, surrounded by
a thin and blown cortical layer, with a ground-glass bone matrix appearance and no soft tissue component (better seen on the axial plane
in the figure 2d). Axial plane of the thoracic CT scan showing the involvement of the fifth dorsal vertebra, together with the corresponding
left rib (e).
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Fig. 3. Sagittal T1w sequence of the cervical tract shows heterogeneously low-signal bone lytic lesions involving C5, C7, D1, D4, and
D5 vertebrae and the spinous processes of C5 and Cé metamers (3a); all these findings were also confirmed by the administration of

Gadolinium contrast enhancement (3b).

Fig. 4. 18F-FDG PET-CT scan showing an increased tracer uptake at the posterior arch of the first left rib (4a), the fifth dorsal vertebra,

and the posterior arch of the corresponding left rib (4b).

above-mentioned skeletal segments and identified with
other imaging methods but, paying special attention to
some of them that showed more intense uptake of the
radiotracer, specifically the posterior arch of the first left
rib, the fifth vertebral body, and the left posterior arch of
the corresponding rib (Fig. 4).

Additionally, the presence of a marked metabolic
activity at these levels was confirmed by the SPECT-CT
scan, which showed two areas of intense and pathological
focal accumulation of the osteotropic tracer (99mTc-HDP)
in the left paravertebral side. The upper one, corresponds
to the first dorsal vertebra, with an SUV max of 39.91,
and the other at D5-fifth left rib with an SUV max of 47.06
(Fig. 5).

DOl https://doiorg/10.17816/DD88605

Biopsy

Bone biopsy was performed, which revealed the presence
of osteoporotic and necrotic bone spicules with cartilagineous
and fibromuscular fragments in extensive myxoid areas.
Thus, the diagnosis of polyostotic FD was made, which was
a very important step in the diagnostic process because
the neoplastic nature of the lesions was excluded, unlike
assumed by the reports of previous years.

CONCLUSION

FD primary affects the bones, causing the replacement
of the osseous matrix by dysplastic fibrous tissue, with a
sporadic extra-skeletal involvement. It is classified based
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Fig. 5. The whole body SPECT-CT confirmed the involvement of the above-mentioned bone segments and no other particularly shows
two areas of high pathological focal accumulation of the osteotropic tracer (99mTc-HDP) in the left paravertebral side (D1 and D5-fifth

left rib).
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on the number of affected bones and its association to
endocrine alterations in monostotic, polyostotic, and
Albright's disease. A congenital etiology is suggested and
pathologic fractures are the most frequently associated
complications.

Herein, presented a case of an adult female patient with
a long story of unexplained cervical and dorsal pain.

Thanks to a multidisciplinary approach and integrated
imaging, which allowed us to exclude the neoplastic nature
of bone injuries, orienting our intuition toward the diagnostic
suspicion of polyostotic FD was possible, which was
confirmed by histological examination.
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Mukcoma CTBOPKU MUTPAJIbHOI0 KjianaHa

M.B. BuwHskosa (mn.), A.C. Abpamenko, M.B. BuwHskosa, [1.B. Lymakos

MocKoBCKuM 0611aCTHON Hay4YHO-MCCeA0BATENbCKUIA KITMHUYECKMIA MHCTUTYT MMeHn M.®. Bnapumupckoro, MockBa, Poccuiickas ®epepaums

AHHOTAUNA

MepBUYHbIE ONYX0M CEpALa ABNAIOTCS KpalHe peaKuM 3aboneBaHWeM, pacnpoCcTPaHEHHOCTb UX B MONYAALMM, MO pas-
HbIM faHHbIM, cocTaenseT 0,0017-0,03%.

B 6onbLunHCTBE CyyaeB onyxofu cepAua UMetoT JobpoKayecTBeHHbIN xapaKTep, bonee nonoBuHLI NOA0BHBIX 0bpa3oBa-
HWI NpefCTaB/ieHbl MUKCOMaMM cepAua. MukcoMa, nopaaioLas CTBOpKY KianaHoB cepALa, ABMIAETCA peAyalillen naTosno-
rven. Bnepeble NofobHbIN BapuaHT M3MeHeHwii bbin onucad B 1934 roay. Hanbonee yacto MUMKCOMBI cepALa NIOKanm3ylTcs
Ha YPOBHE MeXnNpeLcepAHOl NeperopoaKu B HeMocpeLCTBEHHOM 61130CTM OT 0BanbHOM AMKU. O4HMM M3 TUMMYHBIX NpU3Ha-
KOB MUKCOM SIBMIIETCA Y3Kas HOXKA M HepOBHas NMOBEPXHOCTb, YTO 0BYCII0BNMBAET pUCK 3MBonmu. 3xoKkapamnorpaduueckoe
uccnefoBaHue U MarHUTHO-pe30HaHCHas ToMorpadms Ha HaCTOALLMIA MOMEHT SBASIOTCA MeTofjaMW Bbibopa Npu NoJ03peHnH
Ha 06bEMHOe 0bpa3oBaHue cepaua. lpu nofobHOM HETUNMKMYHOW NOKanM3auuu onyxonmn obsasatentHa aAnddepeHUmantHas
AMarHoCTUKa C BereTauMsMM Ha KnamaHax cepfua v nanunnspHoi ¢bubpoanactoMoii.

lNpencTaBneH cnyyaid NOXUNON NaLMEHTKM C KanobaMu Ha OfbILLKY, KONoLWe Bonn B IeBOI NONOBUHE FPYAHOM KNETKH,
apuTMWKM, B aHaMHe3e KOTOpOW MMenach acnupauMoHHas MHEBMOHMS, 3KCTMPNALMA NULLEBOSA C 330(aroracTponiacTuKomn
wenyaka. MNpu 0bcneAoBaHUM y NaUMEHTKM BbiSBMEHbI NapoKcM3ManbHas hopMa ¢pubpunnaummu npeacepanii (BHe NapoKcus-
Ma), XpOHWYEeCKas CepAeYHan He0CTaTOYHOCTb, apTepuanbHas rvnepTeHsus. KnuHuyeckue aaHHble 60abHOM Obin Hexapak-
TepHbl A1 UH(EKUMOHHOMO 3HAOKApAMTa C BereTauusiMM Ha KianaHax. bnarogaps axokapauorpadmueckoMy uccnefoBa-
HWIO W MyNbTUCTIMPANBHON KOMMbIOTEPHOM ToMorpadum ¢ 6oMICHBIM KOHTPACTHBIM YCUIEHWEM Ha aTpUabHOW NOBEPXHOCTH
3aJHen CTBOPKM MUTPasIbHOMO KJlanaHa 0bHapy»KeHo JonosHuTeNbHOe 06bEMHOE 06pa3oBaHKe pasMepamu 5—9 MM, OKpyr-
noi OpMbl, C YETKUMU HEPOBHBLIMU KOHTYpaMM, CMeLLaeMoe BMECTe CO CTBOPKOW KilanaHa B MOJoCTb JIEBOIO MeNyAouKa
B cuctony npencepani. OnTuManbHas Bu3yanu3saums obpasoBahus nonydveHa B pexkume Fiesta-CINE B MoanduumpoBaHHbIx
ABYX- 1 YeTbIpEXKaMepHbIX NpoeKumsx. [aLuneHTKe BbINONHEHO yaaneHne 06pa3oBaHNs C LLOBHOW MNACTUKOW MUTPabHOMO
K/lanaHa B YCITOBUSIX MCKYCCTBEHHOMO KpoBoobpaLueHus. Mpy rucTonornyeckoM mcciefioBaHun 0bpa3oBaHusa NoslydeHa xa-
paKTepHas Mopdonornyeckas KapTuHa MUKcoMbl. [locneonepaumoHHbIi Nepuos NpoTekan be3 oCNoXHeEHWI.

KnioueBble cnoBa: MMKCOMa; MVITpaJ'IbeIVI KNlanaH; KOMMbKTEpHaA TOMOFpadJVIFI; MarHMTHO-pe3oHaHCHasA TOMOI'pad)VIFI.
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Cardiac myxoma originating
from mitral valve leaflet

Marina V. Vishniakova, Alexander S. Abramenko, Maria V. Vishnyakova,
Dmitry V. Shumakov

Moscow Regional Research and Clinical Institute, Moscow, Russian Federation

ABSTRACT

Primary heart tumors are an extremely rare disease, with a prevalence of 0.0017%-0.03% in the population according to
various data.

Heart tumors are benign in most cases, and more than half of such formations are represented by cardiac myxomas.
Myxoma is the most common primary cardiac tumor; however, its number is extremely small among the general population.
Myxoma that affects the cardiac valves is a rare pathology. For the first time, such variance of changes was described in 1934.
Most often, cardiac myxomas are localized at the atrial septum level near the oval fossa. One of the typical signs of myxoma
is a narrow leg and an uneven surface, which causes the risk of embolism. Echocardiographic examination and magnetic
resonance imaging are currently the methods of choice when suspecting the presence of volumetric heart formation. With
such atypical tumor localization, conducting a mandatory differential diagnosis with heart valve vegetations and papillary
fibroelastoma is necessary.

Herein, presented an elderly patient with complaints of shortness of breath, stabbing pains in the left half of the chest, and
arrhythmias with a history of aspiration pneumonia and esophageal extirpation with stomach esophagogastroplasty. During
the examination, the patient revealed a paroxysmal form of atrial fibrillation (outside of paroxysm), chronic heart failure, and
arterial hypertension. The clinical data of the patient were not characteristic enough for the possibility of infectious endocarditis
with valvular vegetations. The echocardiographic examination and multispiral computed tomography with bolus contrast
enhancement on the atrial surface of the posterior flap of the mitral valve revealed an additional volume formation of 5-9 mm
in size, rounded shape, with clear uneven contours, together with the valve flap into the left ventricular cavity into the atrial
systole. The formation was optimally visualized using the Fiesta-CINE mode in modified two- and four-chamber projections.
The formation was removed with suture plasty of the mitral valve in artificial blood circulation conditions. The histological
examination of the formation revealed a morphological characteristic of myxoma. The postoperative period proceeded without
complications.

Keywords: case report; myxoma; mitral valve; computed tomography; magnetic resonance imaging.
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INTRODUCTION

Primary cardiac tumor is an extremely rare disease.
According to different data, their prevalence in the population
is 0.0017%-0.03% [1, 2]. Cardiac tumors are benign in most
cases, of which more than half are represented by cardiac
myxomas [3-7].

Myxomas are believed to originate from residual
fragments of multipotent mesenchymal cells in the
endocardium. Cardiac myxomas are most commonly located
at the interatrial septum level near the oval fossa. One of
the typical features of myxomas is a narrow pedicle and an
irregular surface, which leads to the risk of embolism in this
type of tumor.

CLINICAL CASE

Patient T, a 64-year-old female patient, was admitted
with complaints of dyspnea, stabbing pain in the left side
of the chest, and arrhythmia. Her medical history included
aspiration pneumonia and esophageal extirpation with gastric
esophagogastroplasty.

Physical, laboratory, and instrumental findings

The examination revealed a paroxysmal form of atrial
fibrillation (in a paroxysm-free period), chronic IlA heart
failure (functional class Il), and grade 3 arterial hypertension.

The echocardiographic picture demonstrated mild mitral
valve insufficiency and additional posterior mitral valve
leaflet mass up to 9 mm in size located on the pedicle.

Vol 3 (1) 2022

Digital Diagnostics

Multispiral computed tomography with bolus contrast
enhancement on a Philips iCT 256-slice ECG-synchronized
device and magnetic resonance imaging (MRI) of the heart on
a General Electric Optima MR450w GEM 1.5 T machine were
performed for a detailed mass, thoracic organs, and coronary
artery assessments.

Computed tomography revealed no additional volumetric
masses or areas of inflammatory infiltration in the pulmonary
tissue. The stomach was visualized in the bed of the removed
esophagus without pathological volumetric masses at this
level. The examination revealed no pronounced coronary
artery narrowings. An additional volumetric mass measuring
5-9 mm, round in shape, with clear irregular contours,
and displaced together with the valve leaflet into the left
ventricular cavity during atrial systole was visualized on the
atrial surface of the posterior mitral valve leaflet (Fig. 1).

A series of Fiesta-CINE functional examinations in
standard axes (two- and four-chamber long axis with 8 mm
slice thickness and 0 mm inter-slice interval) was performed
after a series of panoramic and axial chest scans in cardiac
MRI. Tumor visualization in standard cardiac MRI views was
difficult because of the small size of the mass. Optimal mass
visualization was obtained in the modified Fiesta-CINE two-
and four-chamber views (Fig. 2).

A small round-shaped mass (5 x 8 mm in size) on the
posterior mitral valve leaflet on the left atrial side was
confirmed. The examination was performed before and after
early and delayed contrast enhancement using T2 SS, FSE,
and FS pulse sequences—T2 WI with signal suppression from
blood and adipose tissue—and PS MDE (PSIR), Tl 250 ms

Fig. 1. Multispiral computed tomography of thoracic organs, four-chamber planar heart reconstruction, arterial contrast phase: a, left
ventricular systolic phase; b, left ventricular diastolic phase. Additional rounded structure on the posterior mitral valve leaflet (black

arrows).

DAl https://doiorg/1017816/0D100281
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Fig. 2. Magnetic resonance imaging of the heart, two-chamber view: g, left ventricular systolic phase; b, left ventricular diastolic phase.

Additional mass on the posterior mitral valve leaflet (black arrows).

postcontrast images to obtain tissue mass characteristics. A
contrast agent (gadopentetic acid) was injected at 0.2 ml/kg
body weight.

After delayed contrast enhancement, an increased signal
was observed compared to the native T1-WI series (Fig. 3).

The patient underwent mass excision with mitral valve
suture plasty under cardiopulmonary bypass. Moreover, the
postoperative period proceeded without any complications.

The histological study of the mass showed a characteristic
morphological picture of a myxoma.

DISCUSSION

Myxoma is the most common primary cardiac tumor;
however, the number of cases in the general population is
extremely small. Moreover, myxoma, which affects the heart

valve leaflets, is the rarest pathology. Such changed variants
were first described in 1934 [8].

According to foreign literature, the number of described
cases is precisely unknown; however, the approximate
prevalence of this localization among myxomas is
approximately 1.5% [9, 10].

Echocardiographic examination and MRI are the methods
of choice for suspected cardiac masses. Differential
diagnosis with vegetation on the heart valves and papillary
fibroelastoma is necessary for an atypical tumor localization
5, 6l.

The vegetations are more frequently located on the atrial
surface of the mitral valve, as demonstrated in our clinical
case; however, imaging techniques identified a pedicle that is
more indicative of a mass. MRI with delayed contrast revealed
vegetations with uneven accumulation of contrast agent,

Fig. 3. Magnetic resonance imaging of the heart, two-chamber view: a, native T1-WI series, TSE; b, postcontrast T1-WI series, TSE.

Additional mass on the posterior mitral valve leaflet (white arrows).
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which complicated the differential diagnosis of vegetations
and masses [11, 12], whereas no clinical data for infectious
endocarditis with valves vegetations were available in the
described case.

Papillary cardiac fibroelastoma is the second most
common benign primary tumor. This mass is characterized
by its small size (usually <15 mm), rounded shape, and short
pedicle. Typical localization includes the atrial surface of the
mitral valve or the aortic surface of the aortic valve [2, 13].

CONCLUSIONS

The reported clinical case did not reveal any specific
characteristics of cardiac myxoma despite the use of modern
imaging techniques. However, the presence of a mobile mass
of tumorous nature required surgical treatment, after which
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O0AHOCTOPOHHUW U30/IMPOBAHHBIN NepenoM
KPbIJIOBUHOI0 OTPOCTKA KJIMHOBUAHOU KOCTM:
KIMHUYECKUH cnyyvai
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AHHOTAUMA

MepenoMbl KpbINOBUAHOTO OTPOCTKA YacTo coYeTaloTcs ¢ nepenoMamu no Ty Jle-®op u MoryT HabnoaaTbCs Npu ApYrux
nepesioMax JIMLEBbIX KOCTEM, TaKUX KaK NepesioMbl CTEHOK JI06HbIX Nasyx U HOCO-TNIa3HUYHO-peLéTyaTble nepenioMbl. M3o-
NMPOBaHHbIE NEepesioMbl KPbIOBUAHOMO 0TPOCTKA BCTPEYAKOTCA KpaiiHe peaKo.

B otnmune ot nepenomos no Tuny Jle-®op, KoTopble HEOBXOAMMO NEUUTb XMPYPTUYECKUM NYTEM C dUKCaLMeld HecTa-
OUNbHBLIX OTIOMKOB [ BOCCTAHOBNEHUS (OPMbI M GyYHKLMK U CTabuUnM3aumen KpblNOBUAHOMO OTPOCTKA, U30/IMPOBaHHbIE
MepenoMbl MIACTUHOK KPbIIOBUAHOTO OTPOCTKA He TPEBYHT XUPYPruieckoro feyeHms.

B cTaTbe onucbIBAETCS peAKuiA Clyyait M30JMPOBAHHOTO OAHOCTOPOHHErO NMepesioMa KpblioBUAHOMO 0TpocTKa Yy 71-neT-
He! MaLMEeHTKM C YepenHO-MO3roBO/ TPaBMOW W reMaTOMOi Y OCHOBAHMS NMPaBoi MMasHuULbI, NOYYeHHbIMU B pe3ysbTate
noTepy CO3HaHMS.

KoMnbloTepHas ToMorpadus noKasana 04HOCTOPOHHMIA NepesioM NNacTUHKK KPbINOBUAHOIO OTPOCTKA CMpaBa C Npu3Ha-
KaMm 3M(U13eMbl B KeBaTeIbHO-YeIIOCTHOM NPOCTPAHCTBE C UncunaTepanbHoi CTopoHbl. KpoMe Toro, y NaumeHTKY BbisBAEH
nepenoM MeamasibHOM CTEHKN BEXPHEUENIOCTHON Nas3yxu CrpaBa ¢ Npu3HakaMu reMocuHyca. [lepenoMbl 0CHOBaHMS Yepena
WM NOBPEXAeHUA TBEPAO MO3roBoii 060/104KM He 0BHapyKeHbI. MaumeHTKa nosyyana KOHCepPBATUBHOE NeYEHHe.

KnioueBble cnoBa: nepesioMbl KpblIOBUAHOIO OTPOCTKA KIMHOBUAHOM KOCTH; nepenoMbl no Tuny Jle-®op; KoMnbloTepHas
ToMorpagus.

Kak uutnpoBatb
Balzano R.F,, Testini V., Cammarota A., Guglielmi G. OqHOCTOpOHHMIN M30IMPOBaHHbIA NEPEsioM KpbITOBMAHOTO OTPOCTKA KIIMHOBMAHOM KOCTV: KITMHUYECKW
cnyyain // Digital Diagnostics. 2022. 7.3, N2 1. C. 71-77. DOI: https://doi.org/10.17816/DD90282

Pykonucb nonyyena: 13.12.2021 Pykonucb opo6peHa: 01.02.2022 Ony6nukoBaHa: 09.03.2022

A
3KO®BEKTOP Jnuensmna CC BY-NC-ND 4.0
© Konnek1s agTopos, 2022

Al


https://creativecommons.org/licenses/by-nc-nd/4.0/

file:///L:/!%20My%20Job%27s/!%20DD%201-2022/add%2011-04/ 

72

CASE REPORTS Vol 3 (1) 2022 Digital Diagnostics
DOI: https://doi.org/10.17816/DD90282

Unilateral isolated fracture of the pterygoid plate:
a case report
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ABSTRACT

Pterygoid plate fractures are often associated with Le Fort fractures and accompanied by other facial fractures such as
frontal sinus and naso-orbital-ethmoid fractures; isolated pterygoid plate fractures are extremely rare.

Le Fort fractures must be surgically treated with fixation of unstable fracture segments to re-establish bone form and
function, and the pterygoid process must be surgically stabilized; however, surgical treatment is unnecessary in isolated
pterygoid plate fractures.

Here, we report a rare case of isolated unilateral fracture of the pterygoid process in a 71-year-old female patient who had
a syncopal episode with secondary head injury and a hematoma at the base of the right orbit.

A computed tomography scan showed unilateral right pterygoid plate fracture with signs of emphysema in the ipsilateral
masticatory space. The patient also had a fracture of the medial wall of the right maxillary sinus with hemosine, but no
fractures of the skull base or theca. She was treated conservatively.

Keywords: pterygoid plate fractures; Le Fort Fractures; computed tomography.
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BACKGROUND

Pterygoid plate fractures are usually associated with all
Le Fort midface fractures (Le Fort I, Il, and Ill, according to
the plane of injury).

Isolated fractures of the pterygoid plate are extremely
rare. Herein, we present a case of an isolated fracture of the
right pterygoid plate in an adult female.

DESCRIPTION OF THE CASE

A 71-year-old female patient presented to the
emergency department for an head injury secondary to a
syncopal episode with a consequent fall to the ground. Her
general physical examination results were unremarkable.
No facial palsy was observed. Previous medical and
surgical histories were noncontributory and she had not
been unconscious.

The patient exhibited a marked swelling of the right side
of the face and had a hematoma at the base of the right orbit.
The skin of the right cheek and zygomatic region displayed
some degree of paresthesia.

The patient was referred to the radiology department for
noncontrast-enhanced high-resolution computed tomography
(CT) on a 64-slice scanner, which showed unilateral right
pterygoid plate fracture with signs of emphysema in the
ipsilateral masticatory space (Fig. 1a, 1b). The CT investigation
also documented the fracture of the medial wall of the right
maxillary sinus with hemosine (Fig. 2a, 2b, 2c).

Fractures of the skull base or theca were not evident, nor
were there any changes in the cerebral nerve tissue density.
Surgery treatment was unnecessary.

Vol 3 (1) 2022
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DISCUSSION

The main causes of facial fractures are motor vehicular
accidents, assaults, falls, sports injuries, gun-shot injuries,
etc [1].

Knowledge of the musculoskeletal system of the facial
skeleton is important for diagnosing facial fractures. In
practice, between the buttresses of the face that represent the
areas of relatively increased bone thickness that support the
functional units of the face, the posterior maxillary buttress
is found, which is a bone column at the pterygomaxillary
junction [2], a site of several fracture types, including the Le
Fort fractures, as first described in 1901 [3].

These fractures are classified into 3 distinct groups
based on the fracture direction as horizontal, pyramidal, or
transverse.

The Le Fort | fracture involves the nasal cavity
anterolateral margin. This type of fracture may result from
a force directed in a downward direction against the upper
teeth.

In Le Fort Il fractures, the fracture line extends to the
lower orbital margins, which results from a force to the
lower or mid maxilla.

The Le Fort IIl fractures involve the zygomatic arch and
are caused by the nasal bridge and upper maxilla impact [4].

The pterygoid plate is involved in all types of Le Fort
fractures and may result in a pterygomaxillary separation
[5]. Le Fort fractures are often associated with other facial
fractures, such as frontal sinus fractures, and with naso-
orbital-ethmoid fractures [6].

Isolated pterygoid plate fractures are extremely rare. The
study of Garg et al. [7] revealed that approximately two-thirds

Fig 1: Axial (a) and coronal (b) CT scan with a bone window showing unilateral right pterygoid plate fracture (arrows) with air bubbles of

emphysema (arrowheads) in the ipsilateral masticatory space.

DOl https://doiorg/10.17816/DD?028?2
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Fig 2: Axial (a) and coronal (b) CT scan with bone window documents the fracture of the medial wall of the right maxillary sinus (arrows).
Soft window (c) shows hemasine in the right maxillary sinus (arrowhead).

of patients with pterygoid plate fractures had an associated
Le Fort fracture. Therefore, fractures of the pterygoid plate
do not necessarily equate to the presence of a Le Fort
fracture. Pterygoid plate fractures are often an extension of
the skull base and vault fractures or the likely consequence
of impingement caused by a displaced mandible fracture [7].
In 2014, Anh Q. Truong et al. [8] described an association
between lateral pterygoid plate fractures and mandibular
fractures. A retrospective study by Garg et al. [7] revealed that
78 patients (just over a third) did not have Le Fort fractures out
of 209 patients with pterygoid plate fractures, whereas other
fractures were found in these patients, such as fractures of
the sphenotemporal buttress, temporal bone, and zygomatic—
makxillary complex, and displaced mandibular fractures. Similar
results have been reported from other studies [9].

In 2017, Surya [6] described a case of an isolated fracture
of the pterygoid plate caused by a foreign body penetration.

There are several mechanisms of injury to the pterygoid
plate by a direct traumatic force (penetrating trauma) or
indirect (traction of the pterygoid muscle) that propagate
along with the areas of weakness within the facial structures.
In sphenotemporal buttress fractures, connections with the
temporal, zygomatic, and sphenoid bones are lost and the
fracture line extends to the pterygoid plate [8].

Pterygoid plagues are the site of origin of the medial
and lateral pterygoid muscles, [10] thus any trauma to the
pterygoid plaques could potentially cause discomfort with
chewing, jaw movement, and speech.

Le Fort fractures must be surgically treated after
stabilizing the patient’s vital signs. Le Fort fractures require
unstable fracture segment fixation on stable structures [11].
The management goals are form and function restoration.

In Le Fort fractures, the pterygoid process must also be
surgically stabilized [12]. The pterygoid plate is a structure
that is not easily accessible under general conditions due
to its positional characteristics. The lateral pterygoid
muscle is attached to the posterior surface of the pterygoid

DOl https://doiorg/10.17816/DD?028?2

plates. Healing of the intentionally fractured plate could
have several problems due to these anatomical features.
Gradual displacement or movement of a fractured piece of
the pterygoid plate can occur due to the action of the lateral
pterygoid muscle. Furthermore, considering the presence of
the vessels in proximity to the pterygoid process, particularly
the descending palatine artery in the anterior part and the
pterygoid venous plexus in the posterior part, is necessary.
The blood vessels wrapped around the bone must be properly
detached and managed due to the high risk of massive
bleeding if the plate fracture is inappropriately managed;
therefore, correct osteotomy direction and proper pterygoid
plate separation are required [12].

Our case is therefore a rare example of an isolated
pterygoid plate fracture without associated Le Fort or
mandibular fractures. Our patient presented only the fracture
of the medial wall of the ipsilateral maxillary sinus.

Thin-slice high-resolution CT imaging is the gold standard
for diagnosing facial fractures and making decisions for
treatment. The axial and reformatted CT images also show
the degree of bone fragment displacement and contiguous
soft tissue alterations [13].

Isolated pterygoid plate fractures are not treated
surgically. For patients with isolated pterygoid plate fracture,
a soft diet is recommended until the fracture heals to avoid
jaw pain [14].

CONCLUSION

Approximately, one-third of pterygoid plate fractures
are unrelated to Le Fort fractures but are present alone
or associated with other facial skeleton fractures. The
radiologist's knowledge of these other types of fracture is
important for making a differential diagnosis in patients with
facial trauma. CT imaging is essential to diagnose fractures,
describe the fragment location in displaced fractures, and
guide the surgeon in choosing the treatment.
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AHHOTALUMA

Pa3pbIB AiMuKa, BO3HUKLUMIA B pe3ynbTaTe Tynoi TpaBMbl MOLLOHKM, XapaKTepu3yeTcs noBpexaeHueM benoyHon 0bonou-
KM, 4TO MPUBOAMT K 3KCTPY3UM CEMEHHBIX KaHanbLEB.

MeTonpl BU3yanu3aumm, B HaCTHOCTU YNbTPa3ByKOBOE UCCE0BaHME, UrPaloT BaXHENLLYI0 posib B OLEHKe TpaBMbl Mo-
LIOHKY U NO3BOJIAKT ONpeSenuTb AaNbHEMLLYIO TAKTUKY BeJEHUS NaLUMeHTa — KOHCEPBATUBHOE JIEYEHUE MW XUPYPrUYecKoe
BMeLUaTeNbCTBO. YNIbTPa3BYKOBOE UCCNEf0BaHWe B CTaHAAPTHOM B-pexuMe 1 LBETOBOE AONNNEPOBCKOE KapTUPOBaHHe SiB-
NAKOTCA OCHOBHBLIMM METOAaMU BU3YaNn3aLuy NpU OLEHKe TPaBMbI AMYKA, OHAKO ManoMH(pOPMAaTUBHbI B OTHOLIEHUU CTe-
MeHun ero noBpexaeHns. Hambonee BaHON MHDOPMaLMe NS XMpypra ABNSIOTCA LeNoCTHOCTb UK paspbiB 6esiouHoi 0bo-
JIOYKY W CTEMeHb MOBPEXAEHNUS IU3HEHHO BaXKHBIX TKaHe! Andka. O NocnegHeM CNOXHO CYAMUTb, UCXOAS JIMLLb U3 JaHHbIX
CTaHAapTHOW ynbTpacoHorpadmm, No NpUYMHE TMNEPBACcKYNAPU3aLMKM MUYKA, BO3HUKAIOLLEN BCEACTBUE OTEKA, HapyLualo-
LLLero COCYAMCThINA KPOBOTOK. B cryyae COMHUTENBHBIX pe3ynbTaToB LBETOBOMO AOMNMIEPOBCKOr0 KapTUPOBaHWS HeobxoauMo
npuberatb K fipyrMM COBPEMEHHBIM METOAaM BU3yanu3aLmm, B YaCTHOCTU K YNbTPa3BYKOBOMY UCCNEA0BaHMIO C KOHTPACTHbIM
yCuiieHMeM, No3BONSIOLLMM OMPeaensTh KU3HeCnocoOHOCTb TPaBMUPOBAHHOMO AUKa.

B maHHOM cTaTbe OMUCLIBAETCA KIMHUYECKWA Clyyai Tynoi TpaBMbl AinyKa y 15-netHero ¢ytbonucra.

KnioueBble cnoBa: paspbiB AWYKa; TpaBMa MOLLOHKM; LiBETOBas LOMM/IEPOBCKas YNbTpacoHorpadus; ynbTpasByKoBoe
UCCNe0BaHNe C KOHTPACTHBIM YCUIEHNEM; KITMHUYECKUI CITyYaid.
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Testicular rupture in a young patient:
diagnostic value of contrast-enhanced
ultrasonography
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ABSTRACT

Testicular rupture after a blunt scrotal trauma is characterized by tearing of the tunica albuginea that result in the extrusion
of the seminiferous tubules.

Imaging, particularly ultrasonography, plays a crucial role in the assessment of scrotal trauma and directs patient
management toward conservative or surgical treatment. Conventional B-mode and color Doppler ultrasonography are the main
imaging techniques in the evaluation of the testicle in trauma but may underestimate the extent of injury. The most important
information for the surgeon is the integrity or interruption of the tunica albuginea and the extent of vital testicular tissue.
The latter is often difficult to assess with conventional ultrasonography because the injured testicle is often hypovascular
even in vital regions due to testicular edema that compromises vascular flow. The selective use of advanced techniques such
as contrast-enhanced ultrasonography is important in identifying testicular viability when color Doppler ultrasonography is
equivocal.

This case report describes the evaluation and management of a blunt testicular trauma in a 15-year-old football player.

Keywords: testicular rupture; scrotal trauma; color Doppler ultrasound; contrast-enhanced ultrasound; clinical case.
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BACKGROUND

Scrotal trauma in young men accounts for less than
1% of all trauma-related injuries [1]. Testicular ruptures
are seen in approximately 1.5% of cases of blunt scrotal
trauma [2]. Less than 60 cases have been reported over the
past decade [3]. The testicles are protected in their mobility
within the scrotum by the tunica albuginea, laxity of the
overlying skin, and contraction reflex of the cremasteric
muscles. The tunica albuginea, with its great tensile
strength, plays a crucial role in protecting the testicle; it can
withstand a force of up to 50 kg without breaking [2]. The
laxity of the genital skin can protect the underlying organs
from blunt trauma allowing them to slip away from the point
of contact; nevertheless, excessive skin laxity can lead to
serious injury if the genital skin remains trapped in rotating
machinery, causing avulsion and rupture of one or both
testicles [4]. Sports activities account for more than 50% of
all cases of testicular injuries, and motor vehicle collisions
is another cause of scrotal trauma [5, 6]. Blunt injuries are
noninvasive injuries due to the high energy transferred
during contact with a solid object (e.g., from a kick in the
groin or from the impact of a baseball or hockey bat). The
main injury mechanism is the crushing of the testicle against
the pubic symphysis or between the thighs. In most men,
the right testicle is injured more frequently because it has
an anatomical position slightly higher than that of the left
testicle [7]. Scrotal trauma causes hemorrhage and infarction
of the testicular parenchyma, which could lead to necrosis.
In severe injuries, the disruption of the tunica albuginea
accompanied by parenchymal protrusion can occur. It
represents an indication for urgent surgery to salvage the
testis [8]. Moreover, early repair is crucial, as rupture can
damage the blood-testis barrier, with subsequent antibody
formation against sperm cells leading to infertility [9]. This
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case study describes the evaluation and management of a
blunt testicular trauma in a 15-year-old football player.

DESCRIPTION OF THE CASE

A healthy 15-year-old male teen was hit in the scrotum
with a kick in the groin during a football match. He had an
immediate and severe pain. After a few hours, although
symptoms had improved, he presented to our emergency
department with persistent swelling and purplish
discoloration of the left scrotum. He did not report any
other injuries. The genitourinary examination revealed that
the left hemiscrotum was about two times larger than
the right with severe ecchymosis. The left testicle was
difficult to palpate because of pain and swelling, whereas
the right testicle had a normal size and did not reveal
any palpable abnormalities. The cremasteric reflex was
not elicited on the left side. Scrotal ultrasonography (US)
showed moderate scrotal edema and hematocele with a
discontinuity in the tunica albuginea characterized by an
abnormal contour (Figure 1). Color Doppler US (CDUS)
documented a loss of vascularization in the upper pole
that extruded into the broken portion of the testicle of
approximately 2.5 cm (Figure 2) but no evidence of
torsion or infarction. Urology consultation was requested,
and a contrast-enhanced US (CEUS) was performed,
which confirmed the diagnosis of testicular rupture and
determined the amount of the vital parenchyma (Figure 3).
The patient was hospitalized for urgent examination of
the left hemiscotum based on the US results. During
surgery, a large hematocele was evacuated, and a closer
inspection of the testicle revealed a lesion of the tunica
albuginea. Primary closure of the tunica was performed
(Figure 4). The patient made an uneventful recovery, and
he was discharged after 4 days.

Figure 1. B-mode ultrasonography images. (a) Interruption of the tunica albuginea with the protrusion of echogenic material (arrow) that
represents an index of breaking. (b) Hematocele of moderate size (arrow) and a heterogeneous appearance of testicular parenchyma,

attributable to an intratesticular contusion.
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Figure 2. Color Doppler ultrasonography image showing an
irregular testicular morphology with an avascular area at the
breaking point (arrow).

DISCUSSION

The differential diagnosis of scrotal lesions includes
epididymitis, orchitis, incarcerated inguinal hernia, testicular
infarction, testicular fracture or rupture, testicular torsion,
appendicular torsion, dislocated testicles, hydrocele, or
hematocele [10]. CDUS is the first-line imaging modality
for studying traumatic pathology of the scrotum according
to the guidelines of the European Association of Urology
[11]. Thus, evaluating vascular perfusion and testicular
integrity is important to distinguish testicular rupture
from other lesions. Using modern ultrasonic equipment,
sensitivity and specificity of 95%—-100% are now possible
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for the diagnosis of testicular rupture [12]. The normal
tunica albuginea appears as a thin hypoechoic line
surrounding the testicular parenchyma. It can be difficult to
appreciate it in the presence of hematocele. The regularity
of the testicular contour should be checked in addition
to the integrity of the tunica albuginea. Essentially, when
testicular rupture occurs, the testicle loses its normal oval
morphology because of parenchymal extrusion [13]. Thus,
the irregularity of the testicle’s morphology is an indirect
sign of ruptured tunica albuginea. Additional US findings
include heterogeneous echotexture, rupture of the vaginal
tunic, fracture lines through the testicle, decrease or loss of
blood flow, scrotal thickening, and hematocele formation.
CDUS is indispensable in the evaluation of a post-traumatic
scrotum [14] since the rupture of the tunica albuginea is
always associated with a rupture of the tunica vasculosa
(composed of capsular arteries), resulting in a loss of the
vascular signal of the underlying parenchyma. This aspect
is extremely important because it can help determine the
viability of the testicular parenchyma [15]. However, CDUS
can be equivocal in acute cases because it may not detect
low-flow states, particularly in pediatric patients [16], and
is considered unreliable in defining ischemia [17] that could
cause a delay in appropriate surgical treatment. CEUS can
be proposed in cases where conventional US diagnosis
remains inconclusive. CEUS is very sensitive to reveal the
parenchymal vascularity and its changes in the damaged
testicle [18]. The official guidelines of the European
Federation of Societies for Ultrasound in Medicine and
Biology describe the usefulness of CEUS in many areas [19].
Usually, 4.8 mL of SonoVue™ (Bracco Spa, Milan) is used.

Figure 3. Contrast-enhanced ultrasonography image determines the extent of vital parenchyma, helping in the preoperative decision-
making process, and allows the recovery of vital testicular tissue, avoiding the need for orchidectomy.
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Figure 4. Intraoperative images. (a) Confirmed rupture of the tunica albuginea. (b) Primary albuginea closure.

Contrast agents for CEUS examination are not nephrotoxic,
the phospholipidic shell is metabolized by the liver, and the
sulfur hexafluoride gaseous component is exhaled through
the lungs. The technique can be performed in patients with
kidney failure and does not require previous laboratory tests.
In addition, ultrasonic contrast agents (UCAs) have a lower
risk of adverse reactions than contrast agents commonly
used in computed tomography and magnetic resonance
imaging. The CEUS is also inexpensive, fast, portable,
repeatable, and safe with multiple injections, all without
radiation exposure [20]. The arterial phase in CEUS is the
most important tool of the examination. The testicle and
epididymis enhance quickly, but it can vary from individual
to individual. Arteries enhance first, followed in seconds by
the reinforcement of the entire parenchyma. The scrotal wall
tends to enhance lesser than the content. The enhancement
decreases in a variable period usually 3 min. The normal
testicular parenchyma is homogeneous with an echogenic
surface line indicating the tunica albuginea. On CEUS, the
testicle should enhance homogeneously with a striated
pattern representing UCAs within the normal intratesticular
vascular anatomy [20]. CEUS more clearly depicts the
fracture lines, interruption of the tunica albuginea, and
both intratesticular and extratesticular hematomas [21].
It can assess exact extent of viable testis, allowing the
urologist to decide when the partial salvage of the organ
is a good solution [22]. In addition, small testicular tumors
may appear avascular in CDUS; thus, the differentiation of
infarction can be difficult. CEUS can distinguish vascularized
from non-vascularized focal testicular lesions, which help
exclude malignancy. Finally, the Scrotal and Penile Imaging
Working Group of the European Society of Urogenital
Radiology provided position statements with the aim of
guiding the use of imaging, especially multiparametric
US, in scrotal trauma. Accordingly, CEUS can be used to
identify the presence or absence of flow when CDUS is
not diagnostic; identify testicular ruptures, fracture lines,
hematomas, and ischemic changes in equivocal cases in
conventional US; and distinguish between avascular and
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poorly vascularized lesions, to differentiate hematomas
from tumors [23].

CONCLUSION

Scrotal US is the first-line imaging modality for the
diagnosis of testicular trauma. Currently, CEUS is the first-
line imaging modality for studying the traumatic pathology
of the scrotum. CEUS has the potential to become an
indispensable tool in the assessment of acute scrotal
trauma, providing accurate and diagnostic imaging and
helping increase the confidence of the doctor. The use
of contrast media in US may be an optimal solution for
a prompt resolution of equivocal US findings, combining
the facility of US and information on the parenchymal
vascularity offered by CEUS. This is particularly relevant
for the surgical decision as to whether or not to undertake
emergency surgery and, above all, whether the affected
testicle is salvageable. The current management strategy
for testicular rupture is surgical exploration and repair
within 72 h to maximize the rescue.
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MexaucumunnmHapHbii 6aHK AaHHbIX
B OHKO3HJ0KPUHONOrUMU: paguoiopapedpakTepHbIn
AuddepeHLMpPOBAHHBIK paK LWUTOBULHOM XKene3bl

M1.0. Pymsxues', A.T. baitpax?

! MeayHapoAHbIA MeanumMHCKui LeHTp «COTA3-MELMLUMHA», CankT-MeTep6ypr, Poccuiickas ®egepaums
2000 «M-[lata», Opén, Poccuitckas ®epepauus

AHHOTALUNA

Bbicokve mocTvKeHWs B NepcoHann3vMpoBaHHOW A0Ka3aTeNlbHOW MeAULUMHE, U OHKONOMMM B PasBMTbIX CTpaHaXx CBA3aHbI
C pasBuTMEM KJIMHMYECKMX Kapuep-peructpoB nauuenTtoB (SEER, NCDB u gp.), KoTopble npeactaBnsior coboit MynbTUMO-
LanbHble U MEXAUCUMIIMHAPHBIE 6aHKU AaHHbIX. OHK SBAKOTCA MaTpuLen LaHHbIX ANS Pa3BUTMS aHaNUTUYECKUX U Npo-
THOCTUYECKUX MHCTPYMEHTOB B U3Y4EHUW 0COOEHHOCTEN AMarHOCTUKM, KITMHUYECKOrO TeUeHUs bonesHeld, 0TBETa Ha Tepanuio,
OLLEHKY BNIMAHUS NpOrHocTUyeckux $hakTopoB 1 np. C TOUKM 3peHns MeAMLIMHCKUX LMdPOBLIX BaHKOB AaHHbIX, M30bITOYHOCTb
U BybnMpoBaHHOCTb AaHHBIX HE TaK KPUTMYHBI, KaK HEMosHOTa MM NPOTUBOPEYMBOCTb UHPOPMALMKM NMPU NPUHATUM Meau-
LMHCKUX PEeLLEHWIA.

Llenb cTatb — aHOHC MyNbTUMOAANLHOTO BaHKa AaHHBIX NAUMEHTOB C paguoiiogpedpaKkTepHbIM AndpdepeHUMpoBaH-
HbIM PaKOM LUMTOBUAHOMW Xene3bl, KOTOPbIW, N0 CYTU, SIBIAETCA COBPEMEHHBIM MEXANUCLMNIMHAPHBIM LMGBPOBLIM MeaULMH-
CKWUM PETUCTPOM.

Hapsgy c neMorpaduyeckMMM M HO30MO0MMYECKUMU [aHHBIMM, XapaKTepPHbIMW ANS 3NUAEMUONOrUYECKUX PerucTpos,
B MyNbTUMOAANbHBIX 6aHKaX AaHHbIX YUUTHIBAKOTCA KIOUEBbIE KIIMHUYECKME U NapakiIMHUYEeCKUe faHHbIe: pesynbTaTbl nabo-
paTopHbIX, MOPHONOrMYECKUX U UHCTPYMEHTaNbHbLIX METOA0B UCCNEe0BaHMS, PasfMyHble MeTOAbI BU3yanu3aumm (ynbTpassy-
KOBOE WUCCrief0BaHNE; KOMMbIOTEPHAsA W MarHUTHO-pPe30HaHCHas ToMorpadus; 0A4HO(MOTOHHAs IMUCCUOHHASA KOMMbIOTEpHas
ToMorpadusi, COBMeLLEHHasA C KOMMbIOTEPHOM TOMOrpaduei; NO3UTPOHHO-3MUCCUOHHAA ToMorpadusi, COBMELLEHHAsA C KOM-
nbloTepHoi ToMorpadueit). B MynbTMMoaanbHbIX BaHKax faHHbIX NPeLcTaBfieHbl pe3ynbTaTbl MONEKYNAPHO-TEHETUYECKOTO
npoduns onyxosnu, KIMHUYECKas Nofib3a KOTOPOro B BbI6Ope TaKTUKK NIeYEHUS CEroAHA He NOABEpraeTcs COMHeHuo. Bee atn
AaHHble HaKanMBalTCSA B MyNIbTUMOLANbHBIX BaHKax AaHHbIX C OTMETKOW O BPeMeHW BbIMOJIHEHUS, pe3yfibTaTax NepecMo-
Tpa (BTOPOE MHEHWE), YYETa CTaHLAPTU3MPOBAHHbIX KAUeCTBEHHO-KONIMYECTBEHHBIX NapaMeTpoB (haKTopoB), NOTeHUManbHO
B/IMSIOLLMX Ha KIIMHUYECKOE TeYeHUe, OTBET Ha NeYeHWe, pa3BUTME OCTIOKHEHWI U UCXOA.

KnioueBble cnoBa: 6aHK [aHHbIX; MYNbTUMOLANbHBIA Kapuep-perucTp; pedpaxtepHbiit; AMdQepeHLUMpoBaHHbIN; pak
LUMTOBUAHON JKenesbl; paauoiioaTepanms.
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Interdisciplinary databank in oncoendocrinology:
radioiodine refractory differentiated thyroid cancer
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ABSTRACT

High achievements in personalized evidence-based medicine and oncology, particularly in developed countries, are
associated with the successful development of “clinical” carceral registries of patients (SEER, NCDB, etc.), which are multimodal
data banks. They are a data matrix for the development of analytical and prognostic tools in the study of diagnostic features,
clinical disease course, therapy response, assessment of prognostic factors, etc. From the point of view of medical digital
data banks, data redundancy and duplication are not as critical as information incompleteness or inconsistency when making
medical decisions.

This study aimed to present a multimodal database of patients with radiociodine refractory differentiated thyroid cancer,
which is essentially a modern interdisciplinary digital medical registry.

Along with demographic and nosological data that is typical for epidemiological registers, the multimodal data banks
consider key clinical and paraclinical data, such as the results of laboratory, morphological, and instrumental research methods,
and various imaging methods, such as ultrasound, computed tomography (CT), magnetic resonance imaging, single-photon
emission computed tomography/CT, and positron emission tomography/CT. The multimodal data banks present the molecular
genetic profile results of the tumor, of which the clinical usefulness in the choice of treatment tactics is undoubted today. All
these data are accumulated in the multimodal data banks, noting the execution time and the revision results (second opinion),
considering standardized qualitative and quantitative parameters (factors) that potentially affect the clinical course, treatment
response, complication development, and outcomes.

Keywords: data bank; multimodal; cancer registry; refractory; differentiated; thyroid cancer; radiotherapy.
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INTRODUCTION

In Russia, the incidence of thyroid cancer (TC) has
increased more than twice the number, from 4.41 per
100,000 populations in 1998 to 9.53 in 2019 [1, 2],
primarily due to the additional detection of papillary
microcarcinomas resulting from widely used ultrasound
(US) examinations.

Approximately, 70%-80% of the presently detected
thyroid carcinomas have a favorable prognosis, particularly
when detected at early stages. Moreover, postoperative
iodine-131 therapy is not indicated for this patient group [3].
On average, 10% of patients with differentiated thyroid cancer
(DTC) show radioiodine refractoriness (RR) [4].

INTERDISCIPLINARY DATABANKS

At present, registries for patients with cancer (Surveillance,
Epidemiology, and End Results, National Cancer Database,
and others) or interdisciplinary databanks (IDB) are the major
tools worldwide that are used for studying the features of
clinical disease course and therapy response and assessing
the influence of prognostic factors [5]. The integration of
specialists of different profiles on a single information
platform allows rapid communication and expert support for
medical decision-making [6]. The primary stakeholder for
accurate and rapid medical decision-making is the patient;
therefore, patient involvement as a “donor” of anamnestic
and operative medical information (extracts, tests, disks,
and glasses), both in paper and electronic digital formats, is
necessary. Redundancy and data duplication are not critical in
terms of medical interactive databanks, whereas incomplete
or inconsistent information is critical in medical decision-
making.

Therefore, the European Union Committee of Experts
on Rare Diseases operates to obtain consolidated data
on patients who suffer from rare diseases, including rare
cancers with an incidence of <6 per 100,000 population and
TC also belongs to it [7]. Currently, Russia has several active
registries at different healthcare levels.

INTERDISCIPLINARY PATIENT
DATABANK PROJECT FOR
RADIOIODINE-REFRACTORY DTC

This study aimed to popularize the Interdisciplinary
Patient Databank Project for Radioiodine-Refractory
Differentiated TC (IDB RR-DTC), which is essentially a
modern clinical registry and is supported by the Association
of Endocrine Surgeons (https://as-endo.ru/) and the
Association for the Development of Theranostics (https://
www.theranostics.pro/).

Significant clinical and paraclinical data are considered
in the developed IDB RR-DTC, namely, results of laboratory,
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morphological, and instrumental methods of examination
and various imaging techniques (US, computed tomography
[CT], magnetic resonance imaging [MRI], single-photon
emission CT/CT [SPECT/CT], and positron emission
tomography/CT [PET/CT]), in addition to demographic and
nosological data characteristic of epidemiological registries.
IDB RR-DTC plans to record (when completed) the results
of the molecular genetic profile of tumors, which clinical
benefit in the choice of treatment tactics is no longer in
doubt. All these data will be accumulated in the IDB RR-DTC
with a note on the time of execution and revision results
(second opinion), including standardized qualitative and
quantitative parameters (factors) that potentially influence
the clinical course, treatment response, complications, and
outcomes.

Several studies showed that tumor growth and TC
progression are closely related to somatic point mutations
in the BRAF, RAS, and RET genes. These mutations contribute
to activating the mitogen-activated protein kinase and
phosphoinositide 3-kinase proliferation signaling pathways,
which are crucial in TC development [8]. Clinicians should
keep in mind that patients with a Bethesda IV, V, and Vi
cytology report may be prescribed molecular genetic testing
in the BRAF, TERT, RAS, RET/PTC, and PAX8/PPAR-y genes,
as recommended by the Ministry of Health of the Russian
Federation [9].

The IDB RR-DTC project collects information on molecular
genetic testing results for known mutations in the BRAF,
TERT, RAS, RET/PTC, and PAX8/PPAR-y genes for subsequent
analysis.

The created IDB RR-DTC uses templates for entering
anamnestic data (to show data in one form), editing the
existing history, adding dated changes, and attaching
documents in PDF format.

This databank is an integration project for developing
digital medicine to address the following healthcare
challenges:

« A multidisciplinary paradigm of multimodal data
collection and analysis unified for prompt and
evidence-based patient care;

« Digital resource creation that is available to the
interested doctor to record and analyze his/her own
experience and prompt peer expert support in real
clinical practice;

« Aninnovative digital platform for multicenter scientific
and practical research;

A matrix for clinical and epidemiological research,
radiomics development, deep machine learning, and
artificial intelligence in medicine;

» New RR-DTC case predictions and their verification
and optimal treatment tactic selection;

« Evidence-based experience consolidation in the
effective and safe treatment of patients (e.qg., surgery,
radioiodine therapy, hormone therapy, and targeted
therapy).



https://doi.org/10.17816/DD

EDITORIALS

Vol 3 (1) 2022 Digital Diagnostics

Table. Structure of data stored and processed in the Interdisciplinary Patient Databank Project for Radioiodine-Refractory Differentiated

Thyroid Cancer (IDB RR-DTC)

Section |

Parameters

Demographics

« Surname, first name, patronymic, date of birth, gender, and address

History

« Family history
« Radiation history (neck irradiation and being in a radiation exposure area)

Diagnosis(s)

« ICD-10 code
« The histological type of carcinoma

Primary tumor grade

« Tumor grade (TNM and clinical stage)

« Parameters of the primary tumor (size, number, invasiveness, histological variant, and
characteristics)

« Localization, size, and number of metastases (removed/affected), and capsule infiltration

Genetics (tumor)

 BRAF, RET, NTRK, TERT, PAX8/PPAR-y, RAS
(mutation detection method, laboratory tests, and results)

Instrumental diagnostics

Date
« US
« Endoscopy
o X-ray
Tumor dynamics assessment (RECIST):
 CT/MRI (z contrasting)
« SPECT(/CT)
« PET/CT

Surgery

Date of surgery
MF
« Surgical volume: on the thyroid gland, on regional lymph nodes (including ASL), outside the neck
« Use of intraoperative neuromonitoring
« Complications (surgical treatment):
Date of registration
« Postoperative laryngeal paresis/paralysis
« Grade of postoperative hypoparathyroidism
« Other (specify)

Radioiodine diagnostics (RD)
and radioiodine therapy (RT)

Date of procedure
MF

« Radioisotope: lodine-123, lodine-131, and lodine-124

« Activity (MBg/mKi): automatic recalculation

« SPECT(/CT)

« PET/CT
Distribution and accumulation of radiopharmaceuticals in projecting the thyroid bed, regional neck
lymph nodes, retroperitoneal lymph nodes, lungs, bones, and other localizations of pathological
accumulation
The presence of radioiodine-resistant metastases (RR date to be registered), localization and size of
foci, and progression (RECIST 1.1.)
Complications (RT):

« Postoperative laryngeal paresis/paralysis

« Grade of postoperative hypoparathyroidism

« Other

Laboratory diagnostics

Date of analysis

« TTH
FT (4)
16
TgAb
CEA
Cyfra 21.1
Proteinuria (AE)
Creatinine (AE)
AspAT (AE)
ALAT (AE)

DOI: https://doiorg/1017816/DD104745
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Table. Ending
Section | Parameters
« Bilirubin (AE)
« Hemoglobin (AE)
Laboratory diagnostics « Leukocytes (AE)
« Neutrophils (AE)
« Platelets (AE)

Date of examination

« # of examination (glass, blocks)

 MF

Histology

Angioinvasion in the thyroid

Histological type and carcinoma variant

Size and localization of the dominant tumor in the thyroid
Presence and character of carcinoma intrinsic capsule
Invasion/infiltration of thyroid capsule carcinoma
Carcinoma multifocality in the thyroid

Number of removed ASL lymph nodes
Number of metastatic ASL lymph nodes

Date of administration

Hormone therapy « Daily dose, g

Radioiodine resistance RR date (see RD/RT section)

(summary) Total activity of iodine-131 (including that at which RR was registered, GBg/mKi)
Date (administration, correction, and withdrawal)
Targeted therapy * Drug (INN)

« Daily dose, mg
« Reasons for drug withdrawal

AE registration date

« ECOG, st.
Arterial hypertension, st.
Diarrhea, st.
Nausea and vomiting, st.
Adverse events Fatigue, st.
(complications) of targeted
therapy Renal toxicity (proteinuria), st.
Rash (hand-foot syndrome), st.

Bleeding threat, st.

Hypothyroidism, st.
Myelosuppression, st.

Decrease in body weight and loss of appetite, st.

Liver toxicity (AspAT, ALAT, bilirubin), st.

Note: TTH, thyrotropic hormone; TG, thyroglobulin; TgAb, thyroglobulin antibodies; FT, free tetraiodothyroxine; ASL, anatomical and surgical level of

regional lymph nodes; MF, medical facility; AE, adverse events.

ACTUAL CONTENT

At present, the IDB RR-DTC project is already avail-
able at http://reestr.medical-data.ru/mbd/ for the general
medical community both for review and participation. The
accessible version is the result of the efforts of 11 doc-
tors, covering the observation data of 228 patients from
48 regions of the Russian Federation. All doctors who
treat patients with RR-DTC, including oncologists, sur-
geons, radiologists, nuclear medicine specialists, endocri-
nologists, chemotherapists, pathologists, and geneticists,
are welcome to join the project. The developers offer to
directly register in the system when entering the website.
The IDB RR-DTC interface (Fig. 1) is easy-to-use for any

DOI: https://doiorg/1017816/DD104745

doctor since the project was designed and implemented
by a doctor.

Sections to be filled out correspond to the classic medical
history and outpatient records. Doctors can broaden their
professional horizons without leaving the workplace, learn
teamwork, exchange experience in managing patients with
RR-DTC, become involved in scientific and analytical work,
and become coauthors of publications in both domestic and
foreign scientific medical journals by participating in the
project.

The multimodal data bank (clinical, laboratory,
and radiological) creation develops and facilitates
interdisciplinary collaboration, which, in turn, forms the basis
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Fig. 1. The interface of the Interdisciplinary Patient Databank Project for Radioiodine-Refractory Differentiated Thyroid Cancer (IDB

RR-DTC).

for multicenter and national clinical and epidemiological
evidence-based studies and the improvement of diagnostic,
treatment, and rehabilitation technologies for patients
with cancer. This is true for neuroendocrine tumors that
are highly aggressive and refractory to standard disease
treatment.
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