MOSCOW CENTER ISSN 2712-8490 (Print)
FOR DIAGNOSTICS & TELEMEDICINE ISSN 2712-8962 (Online)

DIGITAL
DIAGNOSTICS

A peer-reviewed scientific medical journal

2 Volume 4 Issue

ECOeVECTOR
2021 https://journals.eco-vector.com/DD




YYPEOUTENN
+ [BY3 «HayuHo-npaKTuyeckumi
KNMHWYECKWI LeHTP LMarHOCTUKK
1 TeneMeauLMHCKUX TexHonorun [13M»
. 000 «3KO—BEKTOp»

U30ATEJIb

000 «3KO—BEKTOp»

Appec: 191186, r. CankT-[NeTepbypr,
Antexapckwmit nepeynok, a. 3, nutepa A,
nometLeHve 1H

E-mail: info@eco-vector.com

WEB: https://eco-vector.com

PEKJIAMA
OTaen peknambl
Ten.: +7 495 308 83 89

PEOAKLINA

3aB. pefaKumein

EneHa AHpapeesHa ®unvnnosa
E-mail: ddjournal@eco-vector.com
Ten: +7 (965) 01270 72

noanucKA

MoanucKa Ha nevaTHylo Bepcuio Yepes
VHTEPHET:
www_journals.eco-vector.com/
www.ake.ru

www.pressa-rf.ru

OPEN ACCESS

B aneKTpoHHOM BMaE XypHan
pacnpocTpaHsieTcs becnnartHo —

B PEXMME HEME/JIEHHOrO OTKPLITOrO
AocTyna

WHOEKCALUA

« PUHL

« Google Scholar

« Ulrich’s International Periodicals Directory
» WorldCat

OpuruHan-Maket

MOLrOTOBMEH B M3AaTeNbCTBe «3KO-BekTopy.
JlntepartypHbii pepaxTop: M.H. LowuHa
Koppekrop: M.H. LLlowuHa

BépcTka: @.A. NeHauierko

06noxkKa: E.[l. byeaeHKo

Cra+o B Habop 25.01.2022.

MopnucaHo B nevats 04.02.2022.

®Oopmart 60 x 88%. Meyatb odceTHas.

Mey. n. 10,5. Yen. ney. n. 9,8.

Yu.-u3g. n. 5,7. Tupax 5000 3k3. 3aka3s N2 2-685-lv

Otneyatano B 000 «Tunorpadms kcnpecc B2B».
191180, Cankt-Metepbypr, Hab. peku DoHTaHKK,
0. 104, nut. A, nom. 3H, od. 1. Ten.: +7 (812) 646-33-77

© 000 «3Ko-Bektop», 2021

ISSN 2712-8490 (Print)
ISSN 2712-8962 (Online)

Digital
Diagnostics

Tom 2 | Boinyck 4 | 2021

EXXEKBAPTAJIbHbIA PELEH3UPYEMbIA HAYYHbIN
MEJULUWUHCKUIA XXYPHAN

naBHbIi pepsakTop

CuHunubiH BanenTud EBrenbeBuy, .M.H., npodeccop (Mocksa, Poccus)

ORCID: 0000-0002-5649-2193

3aMecTuTenb rnaBHoOro peAakropa

Mopo3os Cepreii MaBnosuy, 1.M.H., npodeccop (Mocksa, Poccus)

ORCID: 0000-0001-6545-6170

HayuHbli1 pepakTop

bepe3oBckas TatbsiHa MaBnoBHa, 4.M.H., npodeccop (06HMHCK, Poccus)

ORCID: 0000-0002-3549-4499

PenakumoHHas Konnerus
Anppeityenko A.E., K.d.-M.H. (MockBa, Poccust)
ORCID: 0000-0001-6359-0763

Berlin L., npodeccop (MnnuHoiic, CLLUA)

ORCID: 0000-0002-0717-0307

bensieB M.I'"., k.d.-M.H. (Mocksa, Poccus)
ORCID: 0000-0001-9906-6453

Bisdas S., MBBS, MD, PhD (JloHgoH, BenmkobputaHus)
ORCID: 0000-0001-9930-5549

Fom6onesckuii B.A., K.M.H. (MockBa, Poccus)
ORCID: 0000-0003-1816-1315

Frija G., npoceccop (Mapvx, OpaHums)

ORCID: 0000-0003-0415-0586

Guglielmi G., MD, npoceccop (Poaxa, Utanus)
ORCID: 0000-0002-4325-8330

Holodny A., a.M.H. (Hblo-Vopk, CLLA)

ORCID: 0000-0002-1159-2705

Li H., MD, npodeccop (MekuH, KHP)

Kynb6epr H.C., K.0.-M.H., (MockBa, Poccus)
ORCID: 0000-0001-7046-7157

Mannelli L., MD (Hbio-Vopk, CLLA)

ORCID: 0000-0002-9102-4176

Mokuenko 0.A., K.M.H. (Mocksa, Poccus)
ORCID: 0000-0002-7826-5135

Neri E., o.M.H. (Mn3a, Utanua)

ORCID: 0000-0001-7950-4559

Van Ooijen P., k.M.H. (TpoHuHreH, Hugepnanasl)
ORCID: 0000-0002-8995-1210

Oudkerk M., npodeccop (TpoHuHreH, HuaepnaHabl)
ORCID: 0000-0003-2800-4110

Ros P.R., MD, MPH, PhD, npocbeccop (Huto-Mopk, CLLIA)
ORCID: 0000-0003-3974-0797

Rovira A., npodeccop (bapcenoHa, Mcnanus)
ORCID: 0000-0002-2132-6750

PeweTHukos P.B., K.d.-M.H., (MockBa, Poccus)
ORCID: 0000-0002-9661-0254

Pymsnues M1.0., o.M.H. (Mocksa, Poccus)
ORCID: 0000-0002-7721-634X

PepakumnoHHbIl coBeT

Anwenec A.A., o.MH. (Mocksa, Poccus)

ORCID: 0000-0002-2675-3276

Apyrionos I'.M1., o.M.H. (MockBa, Poccus)

ORCID: 0000-0002-6645-2515

Benesckuit A.C., f.M.H., npodeccop (Mocksa, Poccus)
ORCID: 0000-0001-6050-724X

Bacunbesa E.10., o.M.H., npodeccop (Mocksa, Poccus)
ORCID: 0000-0003-4111-0874

Fext A.B., A.MH., npodeccop (Mocksa, Poccus)
ORCID: 0000-0002-1170-6127

Ko6sikosa 0.C., a.M.H., npodeccop (Mocksa, Poccus)
ORCID: 0000-0003-0098-1403

Kpemnesa E.W., k.M.H. (MockBa, Poccus)

ORCID: 0000-0001-9396-6063

Netpukos C.C., n.M.H., npodeccop (Mocksa, Poccus)
ORCID: 0000-0003-3292-8789

Mpouenko [.H., KM.H. (Mocksa, Poccus)

ORCID: 0000-0002-5166-3280

XatbkoB W.E., o.M.H., npocdeccop (Mocksa,Poccust)
ORCID: 0000-0002-4088-8118

Pefjiakunsa He HeceT OTBETCTBEHHOCTV 3a COfiEPXKaHWE PeKNaMHbIX MaTepuasnos.
TouKa 3peHusi aBTOPOB MOXET He COBMafaTh C MHeHWeM pefakumu. K nybnnkaumm
NPUHUMAIOTCA TONBKO CTaTbW, MOATOTOBIEHHbIE B COOTBETCTBIW C MpaBunamm Ans
aBTOPOB. HanpaBnisist CTaTblo B PefakLMio, aBTOPbI MPUHUMALOT YCIOBUS A0roBOpa
ny6nnuHoit odeptel. C NpaBunamu ANs aBTOPOB W [OrOBOPOM Ny6AMYHOM 0hepTbl
MOXHO 03HAaKOMMTbCA Ha caifte: https://journals.eco-vector.com/DD/. MMonHoe
/ WM YacTW4HOEe BOCTPOM3BEAEHVE MaTepuanos, OMybIMKOBAHHLIX B JypHare,
[I0NYCKAeTCst TOMbKO C MUCbMEHHOT0 paspelLeHns W3fatens — u3aarenbcTsa
«JKo-BekTopy.

OQKO®@BEKTOP


eco-vector.com
https://eco-vector.com
eco-vector.com
www.journals.eco
-vector.com
www.akc.ru
www.pressa
-rf.ru
https://journals.eco-vector.com/DD

FOUNDERS

+ Moscow Center for Diagnostics
and Telemedicine

« Eco-Vector

PUBLISHER

Eco-Vector

Address: 3 liter A, TH, Aptekarsky pereulok,
191186, Saint Petersburg Russian
Federation

E-mail: info@eco-vector.com

WEB: https://eco-vector.com

ADVERTISE
Adv. department
Phone: +7 (495) 308 83 89

EDITORIAL

Executive editor

Elena A. Philippova

E-mail: ddjournal@eco-vector.com
Phone: +7 (965) 012 70 72

SUBSCRIPTION
For print version:
www.journals.eco-vector.com/

PUBLICATION ETHICS
Journal's ethic policies are based on:
« ICMJE
- COPE
« ORE
- CSE
« EASE

OPEN ACCESS
Immediate Open Access is mandatory for
all published articles

INDEXATION
« Russian Science Citation Index
« Google Scholar
« Ulrich's International Periodicals
Directory
« WorldCat

TYPESET

compleate in Eco-Vector
Copyeditor: M.N. Shoshina
Proofreader: M.N. Shoshina
Layout editor: Ph. Ignashchenko
Cover: E. Bugaenko

© Eco-Vector, 2021

ISSN 2712-8490 (Print)
ISSN 2712-8962 (Online)

Digital

Diagnostics

EDITOR-IN-CHIEF

Volume 2 | Issue 4 | 2021
QUARTERLY PEER-REVIEW MEDICAL JOURNAL

Valentin E. Sinitsyn, MD, Dr.Sci. (Med), Professor (Moscow, Russia)

ORCID: 0000-0002-5649-2193
DEPUTY EDITOR-IN-CHIEF

Sergey P. Morozov, MD, Dr.Sci. (Med), Professor (Moscow, Russia)

ORCID: 0000-0001-6545-6170
SCIENTIFIC EDITOR

Tatiana P. Berezovskaya MD, Dr. Sci. (Med.), Professor (Obninsk, Russia)

ORCID: 0000-0002-3549-4499

EDITORIAL BOARD

A.E. Andreychenko, PhD (Moscow, Russia)

ORCID: 0000-0001-6359-0763

L. Berlin, Professor (lllinois, United States)

ORCID: 0000-0002-0717-0307

M.G. Belyaev, Cand.Sci. (Phys-Math), Assistant
Professor (Moscow, Russia)

ORCID: 0000-0001-9906-6453

S. Bisdas, MBBS, MD, PhD (London, United Kingdom)
ORCID: 0000-0001-9930-5549

V.A. Gombolevskiy, MD, Dr.Sci. (Med) (Moscow, Russia)
ORCID: 0000-0003-1816-1315

G. Frija, Professor (Paris, France)

ORCID: 0000-0003-0415-0586

G. Guglielmi, MD, Professor (Foggia, Italy)

ORCID: 0000-0002-4325-8330

A. Holodny, MD (New-York, United States)

ORCID: 0000-0002-1159-2705

H. Li, MD, Professor (Beijing, China)

N.S. Kul'berg, Cand.Sci. (Phys-Math) (Moscow, Russia)
ORCID: 0000-0001-7046-7157

L. Mannelli, MD (New-York, United States)

ORCID: 0000-0002-9102-4176

0.A. Mokienko, MD, Cand.Sci. (Med) (Moscow, Russia)
ORCID: 0000-0002-7826-5135

E. Neri, MD, Associate Professor (Pisa, Italy)

ORCID: 0000-0001-7950-4559

P. van Ooijen, PhD, Assoc. Professor (Groningen,
Netherlands)

ORCID: 0000-0002-8995-1210

M. Oudkerk, Professor (Groningen, Netherlands)
ORCID: 0000-0003-2800-4110

P.R. Ros, MD, MPH, PhD, Professor (New-York,
United States)

ORCID: 0000-0003-3974-0797

A. Rovira, Professor (Barcelona, Spain)

ORCID: 0000-0002-2132-6750

R.V. Reshetnikov, Cand.Sci. (Phys-Math) (Moscow,
Russia)

ORCID: 0000-0002-9661-0254

P.0. Rumyantsev, MD, Dr.Sci. (Med) (Moscow, Russia)
ORCID: 0000-0002-7721-634X

EDITORIAL COUNCIL

A.A. Ansheles, MD, Dr.Sci. (Med)
(Moscow, Russia)

ORCID: 0000-0002-2675-3276

G.P. Arutyunov, MD, Dr.Sci. (Med)
(Moscow, Russia)

ORCID: 0000-0002-6645-2515

A.S. Belevskiy, MD, Dr.Sci. (Med), Professor
(Moscow, Russia)

ORCID: 0000-0001-6050-724X

E.Y. Vasilieva, MD, Dr.Sci. (Med), Professor
(Moscow, Russia)

ORCID: 0000-0003-4111-0874

A.B. Gekht, MD, Dr.Sci. (Med), Professor
(Moscow, Russia)

ORCID: 0000-0002-1170-6127

0.S. Kobyakova, MD, Dr.Sci. (Med), Professor
(Moscow, Russia)

ORCID: 0000-0003-0098-1403

E.l. Kremneva, MD, Cand.Sci. (Med)
(Moscow, Russia)

ORCID: 0000-0001-9396-6063

S.S. Petrikov, MD, Dr.Sci. (Med), Professor
(Moscow, Russia)

ORCID: 0000-0003-3292-8789

D.N. Protsenko, MD, Cand.Sci. (Med)
(Moscow, Russia)

ORCID: 0000-0002-5166-3280

I.E. Khatkov, MD, Dr.Sci. (Med), Professor
(Moscow, Russia)

ORCID: 0000-0002-4088-8118

The editors are not responsible for the content of advertising materials. The point
of view of the authors may not coincide with the opinion of the editors. Only
articles prepared in accordance with the guidelines are accepted for publication.
By sending the article to the editor, the authors accept the terms of the public offer
agreement. The guidelines for authors and the public offer agreement can be found
/ on the website: https://journals.eco-vector.com/DD/. Full or partial reproduction
of materials published in the journal is allowed only with the written permission of

ECOeVECTOR the publisher — the Eco-Vector publishing house.


Dr.Sci
Dr.Sci
eco-vector.com
https://eco-vector.com
eco-vector.com
www.journals.eco
-vector.com
https://journals.eco-vector.com/DD
Cand.Sci
Dr.Sci
Cand.Sci
Cand.Sci
Cand.Sci
Dr.Sci
Dr.Sci
Dr.Sci
Dr.Sci
Dr.Sci
Dr.Sci
Dr.Sci
Cand.Sci
Dr.Sci
Cand.Sci
Dr.Sci

CONTENTS

HISTORICAL ARTICLES

Lyudmila A. Nizovtsova
The 25 years development of the Moscow Center for Diagnostics: through an eyewitness........................ 421

ORIGINAL STUDY ARTICLES

Tatyana A. Bergen, llya A. Soynov, Mariya G. Pustovetova
Use of magnetic resonance imaging features as radiomic markers in pre-operative evaluation

of extra-axial tUMOr grade. ... ... i e 431
REVIEWS

Pavel B. Gelezhe, Ivan A. Blokhin, Serafim S. Semenov, Damiano Caruso

Magnetic resonance imaging radiomics in prostate cancer radiology: what is currently known? ................... 441

Aleksey V. Smirnov, Dmitriy S. Semenov, Ekaterina S. Akhmad, Anna N. Khoruzhaya
The Russian regulatory documents on the organization and functioning of offices

and departments of magnetic resonance iMaging .. ...........ouiiti i e 453
CASE REPORTS

Umberto Tupputi, Francesca Anna Carpagnano, Rossella Carpentiere, Giuseppe Guglielmi

Perforated Meckel's diverticulum in a young male patient: acase report. ..ot iiiiienena.s. 465

Svetlana I. Kitavina, Victor S. Petrovichev, Alexander N. Ermakov, Nikolay A. Ermakov, Igor G. Nikitin

Encapsulated necrotic pancreatitis ... .........o.iiir it 471
Maria Teresa Paparella, llaria Gangai, Chiara Porro, Laura Eusebi, Ferdinando Silveri,

Aldo Cammarota, Giuseppe Guglielmi

Osteopoikilosis in the ribs, pelvic region and spine: @ case report. . .........oviri i eenn, 481

EDITORIALS

Pavel 0. Rumyantsev

The increasing role of functional visualization modalities for navigation
of external beam radiation therapy and brachytherapy in prostate cancer .............. ... ... oL, 488



COAEPXXAHUE

UCTOPUYECKWUE CTATBbU

J1.A. Husosuyosa
MyTb NPOTAXKEHHOCTBIO 25 NET FNA3AMM OUEBMILIA « .+« v v v v v te et ete et e et e et e e e e e e e e e a e n e aeneeneenes 421

OPUI'MHAJIbHBIE UCCTE[JOBAHUA

T.A. bepeen, N.A. ColiHos, M.I". [Tycmosemosa

lNokasatenu MaFHMTHO-pe30HaHCHOl7I TOMOFpa¢WIVI KaK pajMOMHble MapKepbl
B foonepaunoHHOM onpeaeneHnn cteneHn 310Ka4eCcTBEHHOCTU BHEMO3I0BbIX 06pa3osaHm7| ..................... 431

HAYYHbIE 0B30Pbl

1.6. lenexce, N.A. bnoxun, C.C. Ceméxos, D. Caruso

PagmoMmuka MarHUTHO-pe30HaHCHOM ToMorpaduy Npu pake NpeacTaTenbHOW Xene3bl:

UTO M3BECTHO B HACTOALLIEE BPEMA? . .\ttt sttt et ettt e et e et e et e ettt e et e et e e e e eanes 441
A.B. CmupHos, [1.C. CemeHos, E.C. Axmad, A.H. Xopyxcas

0630p poccuitckoit HOpMaTMBHOM AOKYMEHTaLMM MO OpraHM3aumn U GyHKUMOHMPOBaHWI0 KabUHETOB
1 OTAENIEHNIA MarHUTHO-PE30HAHCHOM TOMOMPAMMM. . . . . ettt ittt et e et et et et et e et 453

KJIMHUYECKUE CITYHAU

U. Tupputi, F.A. Carpagnano, R. Carpentiere, G. Guglielmi

MNepdopaums auBepTuKyna MekKens y MOIOLOMO MALMEHTA: KIMHUYECKUN CIIYUAM . . . o vvve e e e e i e ie e eaeene 465
C./. Kumasuna, B.C. llemposuyes, A.H. Epmakos, H.A. Epmakos, W.I. Hukumux

MHKaNCcynMpoBaHHbIN HEKPOTUYECKMI MAHKPEATUT . .ttt et e et e et e et e et e et e et e e et e eneenns 471
M.T. Paparella, I. Gangai, Ch. Porro, L. Eusebi, F. Silveri, A. Cammarota, G. Guglielmi

lMopaxeHne KocTen Ta3a, NO3BOHOYHMKA U pEbep NpU 0CTEOMOMKMINM: KIMHUYECKUA CIYHal . . ..o o ovv e e e aee s 481

PEJAKLMOHHBIE CTATBbU

11.0. PymsiHues

BospacTatoLuas ponb GyHKLMOHANbHOW BU3yanu3auum Ans HaBuraumu paguoTtepanim
1 bpaxuTepanum Ha NpUMepPe PaKa NPEACTATENBHOM HEMEBbBI . .« .o v vttt et e et e et e e e e e e e e e e e eaee e nn 488



VCTOPVHECKME CTATBN T 2,N24, 2021 Digital Diagnostics )
421

DOI: https://doi.org/10.17816/DD78086

MyTb npoTaxeéHHocTbi0 25 neT rnasaMu oyeBUALa

J1.A. Hu3oBuoBa

Hay4Ho-npaKTUYeCKMiA KITMHUYECKMIA LEHTP AMArHOCTUKM W TeneMeAMUMHCKUX TexHomoruid, Mocksa, Poccuiickas Qepepaums

AHHOTAUNA

CeropHs, B KaHyH 25-neTHero tobunes gnarMaHa MOCKOBCKOM paamonornyeckon cnymbsl — HayuHo-npakTuueckoro
K/IMHWYECKOTO LEHTPa AMArHOCTUKM U TeneMeaULMHCKUX TexHonorvi [lenaptameHTa 34paBooxpaHenmns ropoaa Mockesl (o
2019 r. — HayyHo-npaKTM4ecKuit LEHTP MeAULMHCKOW paamonioruy), 0XMBAeT B NaMATU ApKas YeTBEePTbBEKOBas UCTopUS
3TOr0 yUpeXAeHus, MPOAEHHbIE LIAr 3a LUaroM Co AHS OTKpbITWA LieHTpa ByaHu, OTKpbLITUSA W TOpKeCTBa.

BHUMaHwMI0 unTaTenelt NpecTaBneHa KpaTkas MCTOpUS 0QHOMO M3 acNEeKTOB MHOrOrpaHHol fesTenbHocTu LieHTpa — pas-
BUTHE NMpodeccuoHanbHoro 0bpa3oBaHWs CNeuuanucToB Ny4eBod AMArHOCTUKM. [pocnexuBaeTcs nepuos, OT CTaHOBMEHNS
LeHTpa ao npusHaHus ero aBToputeTa: yyebHblin LeHTp HIKL, IuT [13M B HacToswee BpeMs npueneKaeTcs MUHUCTepcTBOM
34paBooxpaHeHns Poccum B KayecTBe 3KCMepTa K y4acTUIo B PELUeHUW aKTyasbHbIX 3afiay NpodeccMoHanbHOM NOArOTOBKM
W aKKpeaUTaLmMu CeLmannicToB Iy4eBOi AMarHOCTUKMU.

CraTbs NoCBALLEHA U3BECTHBIM YYEHBIM U NefaroraM, BeAyLLMM crieLmanucTam npodeccopcKo-npenofaBartesibCKoro co-
CTaBa, aKTMBHO Y4acTBYIOLLWM B Pa3BUTUM HaNpaBiEHUS!, CBA3AHHOIO C NMOBbILIEHNEM KBaNMGMKaLMU Bpayeli-peHTreHoNIoroB
W LpYrux CNeLManncToB fy4eBON AMArHOCTMKM Ha pasHblX 3Tanax cyuiectBoBaHus LleHTpa. CneumnanmcTsl yuebHoro LeHTpa
B CBOeii paboTe CTpeMATCA K COOTBETCTBUIO NPOBOAMMOro nNpodeccuoHanbHoro obyueHus nonoxeHusaM bonoHckoro corna-
weHua (1999), cosgaHnto ycioBuin Ans Noay4eHNs 0TeYECTBEHHBIMM CreLManmMcTamMu eBpONENCKUX AMUMIOMOB.

KnioueBble cnoBa: ﬂpOdJeCCMOHaJ'IbHOE o6yqume; hatbl; JIMYHOCTU; Hay‘-IHO-I'IpaKTquCKMﬁ KJIMHNYECKUIA LLeHTp
AMArHOCTUKM W TeneMeaULMHCKUX TEXHONIOMUI.

Kak uutnpoBatb
HuzosuoBa J1.A. NyTb npoTsxkEHHoCTbI0 25 neT rnasamu odesunaua // Digital Diagnostics. 2021.T. 2, N2 4. C. 421-430. DOI: https://doi.org/10.17816/DD78086
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The 25 years development of the Moscow Center
for Diagnostics: through an eyewitness

Lyudmila A. Nizovtsova

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

ABSTRACT

Today, on the eve of the 25" anniversary of the leader in the Moscow radiological service, Research and Practical Clinical
Center for Diagnostics and Telemedicine Technologies of the Moscow Healthcare Department (used to be the Research and
Practical Center of Medical Radiology until 2019), the bright quarter-century history of this institution comes to life in our me-
mory, day after day has passed by since the opening of the Center, our weekdays, scientific breakthroughs, and celebrations.

We would like to present to our readers a brief history of one of the aspects of the Center's complex activities, the deve-
lopment of professional education of radiologists. We observe a period from its launching to its recognition as the authority
in radiology. The Education Department of the Moscow Center for Diagnostics and Telemedicine Technologies is currently ap-
pointed by the Ministry of Health of the Russian Federation as an expert to participate in addressing the current challenges of
professional training and certification in diagnostic radiology.

The article is devoted to well-known scientists and teachers, professors, and leading specialists in the industry, who are
actively involved in the development of continuing education of radiologists and other specialists in diagnostic radiology at dif-
ferent stages of the center’s existence. Specialists of the Training Center strive for the compliance of the provided professional
training following the Bologna Declaration (1999), thereby creating conditions for Russian professionals to obtain European
diplomas.

Keywords: professional education; dates; personalities; Scientific and Practical Clinical Center for Diagnostics and
Telemedicine Technologies.
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THE SCIENTIFIC AND PRACTICAL
CENTER ESTABLISHMENT

Today, the Center for Diagnostics and Telemedicine has
a fairly solid historical foundation, having evolved from the
organization in 1976 in the City X-ray Radiological Department
(CXRD) in Moscow, which was later transformed into the
Diagnostic Center No. 3.

In August 1996,
Professor Yuri Viktorovich
Varshavsky, Director of
the Diagnostic Center
No. 3, announces to the
employees the order of
the Moscow City Health
Department to rename the
institution into the Scientific
and Practical Center for
Medical Radiology (SPC MR)
and the related changes

Vol 2 (4) 2021

Director of the Scientific
and Practical Center for
Medical Radiology Professor

in the main tasks of the
Center.
The SPC MR activities

Yu.V. Varshavsky significantly  expanded

the organizational and methodological functions of the
CXRD, that was founded and for a long time led by Georgiy
Timofeevich Gureev, a long-serving employee of the
Moscow X-ray and radiological service with a Ph.D. in
Medicine. Professor Viktor Yuryevich Bosin was appointed
Deputy Director of the SPC MR for scientific work, and Ph.D.
in Engineering Mikhail Izrailevich Zelikman was appointed

Digital Diagnostics

Associate Deputy of Yu.V. Varshavsky in the scientific and
technical work.

In a short period of time, specialized scientific units were
established, and prospects for individual scientific activity
of employees were developed. Associate Professor Natalya
losifovna Afanasyeva organized the work of the Academic
Council, which was carried on for many years by Ph.D. in
Medicine Elena Alexandrovna Pavlova.

THE ROLE OF SPC MR

IN PROFESSIONAL ADVANCED
TRAINING OF SPECIALISTS

IN THE RADIOLOGY SERVICE

On the eve of the anniversary of the Scientific and
Practical Clinical Center for Diagnostics and Telemedicine
Technologies of the Moscow City Health Department (SPCC
DTT MCHD), a number of publications appeared in the press
about the history of Moscow’s radiology service, as well as
very significant, striking changes that have occurred in the
Center over the past 5 years.

The role of the SPC MR in organizing professional
advanced training for radiology service specialists in
Moscow is also noteworthy. Prior to the establishment of
Diagnostic Center No. 3, the Training and Advisory Center
CXRD, founded in 1977 on the basis of the city polyclinic
No. 186 (chief physician Vladimir Dmitrievich Fedotov),
was engaged in advanced radiology training in the Moscow
Health Department, the educational department of which was
headed by Igor Efimovich Kagan.

Scientific and Practical Clinical Center for Diagnostics and Telemedicine Technologies of the Moscow City Health Department

D0l https://doi.org/10.17816/DD78086
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Meeting of the specialized certification commission

In 1996, in the established SPC MR, the tasks were
defined to improve the organization of professional advanced
training for specialists in the radiology service in Moscow.
Professor Leonid Davidovich Lindenbraten, a well-known
scientist and educator, led this field. Within the framework
of the Central Certification Commission of the Moscow Health
Department, a specialized certification commission was
also formed to assign attestation categories to specialists
in radiation diagnostics, led by a radiologist of the highest
category, Maya Mikhailovna Lovkevich.

At the time of the renaming of the Diagnostic Center
No. 3, Yury Viktorovich Varshavsky, Director of the SPC
MR, and Professor Lyudmila Arsenyevna Nizovtsova, head
of the organizational and methodological department, were
employees of the Department of Radiation Diagnostics of
the Russian Medical Academy of Postgraduate Education,
which contributed to the joint activities of the Department
and the Center, the introduction of all forms of postgraduate
education of medical specialists in radiation diagnostics
in the educational activities of the established SPC MR.
Courtesy of the recognized professional and educator Viktor
Vasilievich Kitaev, who headed the Information and Analytical
Department of the SPC MR, advanced training was also
organized for midlevel medical workers, X-ray technicians,
and the involvement of the Center’s chief nurse, senior X-ray
technician Nelly Ivanovna Solovieva in this activity.

The work of well-known professionals such as Professor
Nikolai Nikolaevich Blinov, Eduard Georgievich Chikirdin,
Vladimir Vladimirovich Stavitsky, and Mikhail Izrailevich
Zelikman in the SPC MR established advanced training of
the medical and technical staff of the radiation diagnostics
service in the field of radiological control and radiation
safety. Almost immediately, a team of highly professional
employees was organized, who were actively involved in the
educational activities of the SPC MR of the Moscow Health
Department in addition to their main functions. In fact, SPC
MR was the country's first CXRD, combining scientific and
full-fledged systematic work to improve the professional

D0l https://doi.org/10.17816/DD78086

level of employees of the radiation diagnostics services in
institutions subordinate to the Department of Health.

Joint work with the City Mammological Dispensary to
improve the qualifications of radiologists in mammology
was performed by Professor Larisa Markovna Burdina and
Associate Professor Evsey Grigorievich Pinkhosevich, who
was the organizer of the mammological service in Russia
and the founder of the first City Mammological Dispensary in
global practice (1990), which was transformed with his active
participation into Women'’s Health Clinic in 2004.

Professor Viktor Yuryevich Bosin, in collaboration with
the Pediatric Department of Radiation Diagnostics of the
Russian Medical Academy of Postgraduate Education,
actively participated in the advanced training of radiologists
from children’s institutions.

PROFESSIONAL EDUCATIONAL ACTIVITY
OF RADIOLOGISTS

The professional educational activities of radiologists
during the SPC MR period can be objectively divided into
three stages, each of which corresponded to tasks assigned,
created, and implemented in accordance with the plans of the
administrative team.

The period 1996-2012 can be described as an active
stage in the development of a new format of professional
education, a network form of education. In Moscow,
radiologists received primary professional education in
the form of a 1-year internship or 2-year residency at the
departments of universities and research institutes, and
through the Department of Health, it was at the Second
Moscow Medical Institute (N.I. Pirogov Russian National
Research Medical University) (Head of the Department of
Radiation Diagnostics Professor Andrey Leonidovich Yudin)
and the N.V. Sklifosovsky Federal Research Institute of
Emergency Medicine (Head of the Radiological Department
was a well-known scientist and outstanding teacher
Professor Era Arsenievna Beresneva).
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Radiological Department of N.V. Sklifosovsky Federal Research Institute of Emergency Medicine (2004-2005)

Later, through the Healthcare Department, residents
in the specialty “Radiology” were trained at the Research
Institute of Emergency Pediatric Surgery and Traumatology
(program leader Professor T.A. Akhadov) and the A.S. Loginov
Moscow Clinical Research Center (program leader Professor
A.B. Abduraimov). The SPC MR was tasked with supervising
training in these institutions specifically designated by the
Healthcare Department for groups of interns and residents.

Because of the current situation in the SPC MR, the
work of the SPC staff representing the department of the
Russian Medical Academy of Postgraduate Education
(Yu.V. Varshavsky, L.A. Nizovtsova, M.l. Zelikman) and the
Department of Radiation Diagnostics and Therapy of the
Russian State Medical University (N.I. Afanaseva), there
were real opportunities to conduct joint thematic cycles for
residents and interns. Teachers at the N.V. Sklifosovsky
Federal Research Institute of Emergency Medicine Professor
Era Arsenievna Beresneva and her deputy Ph.D. in Medicine
Irina Evgenievna Selina assisted in the delivery of these
courses. Business and informal communication with Era
Arsenievna, a wonderful teacher, a famous scientist
devoted to traditional emergency X-ray diagnostics, and an
amazing woman, left an indelible memory and bright warm
impressions for everyone who was lucky enough to speak
with her at least once.

The experience of teaching such general courses has
demonstrated their effectiveness and the interest of students
in taking them. Thus, in September 2000, in agreement with
L.D. Lindenbraten, L.A. Nizovtsova organized the first course
“Introduction to Specialty” for residents in their first year of
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study in all departments of radiation diagnostics of medical
universities and research institutes located in Moscow.
The scrupulousness of Ekaterina Sergeevna Kiseleva, an
employee of the SPC MR, should be emphasized, who, in
addition to her main duties, served as the dispatcher of the
curriculum for these courses.

All departments were eager to hold classes at
Kalitnikovskaya (audience of SPC MR). The authority in
conducting these courses was created by the common
interest of the curator and the teachers who fulfilled the
curriculum, as well as the employees of all departments
whose residents were trained on the course. Lectures by
L.D. Lindenbraten in this cycle, particularly for his group
seminars with residents, were held in high regard. The
preparation of material for classes with residents by
Leonid Davidovich, as well as his constant work to improve
educational materials and manuals, left not only warm
memories and pleasant impressions from communication
with this amazing person but also an example of a teacher,
scientist, and professional looking to the future. His
constant improvement of his own publications, as well as
his desire to create a new textbook for residents, sparked
admiration. He stated unequivocally that a 2-year residency
is insufficient time to prepare a qualified doctor with modern
knowledge in this profession. His dream was to change and
to reform professional education in radiology: “If | were a
minister, | would restructure the specialty. It does not have
to be just radiology.”

We raised these concerns repeatedly during the
preparation of the professional standard “Radiologist.”
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Residents after the lecture by E.A. Beresneva

In 2004, the course started to be held under the auspices
of the Moscow Association of Medical Radiologists rather
than the SPC MR. One of the reasons for this change was the
creation in 2003 by Professor Alla Vladimirovna Zabrodina
of a private educational institution Educational Center for
Medical Radiology, which is located at the Scientific and
Practical Center for Medical Radiology.

The educational activities of the SPC MR included not
only the training of interns and residents but also advanced
training courses for radiologists on a variety of topics.
Nugzar Abesalomovich Shengelia, an employee of the SPC
MR, actively conducted regular advanced training courses on
radiation safety in X-ray examinations for both doctors and
technical workers.

Seminar of Professor L.D. Lindenbraten with residents

D0l https://doi.org/10.17816/DD78086
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The collaboration with V.V. Kitaev is remembered fondly
for proposing a novel approach to advanced training of
X-ray technicians. The work of the specialized certification
subcommissions of the Central Certification Commission
of the Moscow Department of Health was reorganized in
2000. Two certification subcommissions were approved in
the SPC MR: for doctors (radiologists, ultrasound diagnostics
and radiologists; executive secretary L.A. Nizovtsova) and
paramedical workers (X-ray laboratory assistants, nurses
of radiation diagnostics departments; executive secretary
N.I. Solovieva). After 2012, both commissions were merged,
and Yuri Yurievich Yurkin, Ph.D. in Medicine, was appointed
secretary of the unified specialized certification commission.
Since 2016, the structure of specialized certification
commissions has changed several times. In addition, in 2000,
a new approach to assessing the professional competence
of specialists was developed for that time period, and test
tasks and situational problems were formulated and then
improved. The first situational problems for the qualification
exam for X-ray technicians were created and published by
V.V. Kitaev in 1998; and for the first time in 2001, tests for
qualification exams for radiologists appeared not only in
Moscow but throughout Russia. Everyone who knew Viktor
Vasilyevich, a benevolent, sympathetic, widely erudite
individual, remembered both the collaborative work and
informal communication with great respect and warmth.

Since 2000, requirements for the digitalization of advanced
training programs and control materials in educational and
certification processes have been developed. Thus, this is a
never-ending cycle of creation and improvement. Further,
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we must pay tribute to Yu.V. Varshavsky, who enlisted not
only the staff of the Department and the SPC MR but also
the highly professional specialists in practical healthcare and
related specialties, to this generally unappreciated creative
endeavor, namely, the compilation of educational programs
and test tasks. Probably for this reason, the materials
created by the Department of Radiation Diagnostics of the
Russian Medical Academy of Postgraduate Education have
long served as a model for other educational institutions.
The SPC MR created the first database of test tasks for
certification examinations of medical specialists in radiation
diagnostics, differentiated not only by specialty but also by
declared certification category.

The period 2012-2015 should be attributed to the
next stage in the development of professional educational
activities at SPC MR. Professor Alexander Igorevich Gromov,
who was the director of the SPC MR at the time, had to solve
a number of key tasks assigned by the Moscow Department
of Health, including licensing the educational and medical
activities of the SPC MR; establishing a new administrative
unit within the SPC structure, namely, the Training and
Advisory Center; organizing telemedicine consultations for
doctors of radiology departments of institutions subordinate
to the Moscow Department of Health; and monitoring the
staffing of radiology departments in the medical institutions
of the Department of Health, etc.

Inna Vladimirovna Krinina, a highly qualified radiologist
with extensive teaching experience at a medical university,
took an active role in completing the tasks outlined above.

Vol 2 (4) 2021

She was the director of
the SPC MR's Training
and Advisory Center; she
actively performed basic
organizational work to
obtain licenses for the
educational  activities
of the SPC, as well
as the preparation of
postgraduate  education
programs for doctors and
X-ray technicians. With
the team she formed, the
introduction of telemedicine
consultations into clinical
practice, as well as the audit
of the work of departments
of the radiology service,
started. Due to the high
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Professor S.P. Morozov, Director
of the Scientific and Practical
Clinical Center for Diagnostics
and Telemedicine Technologies,
President of the Moscow
Regional Branch of the Russian
Society of Radiologists and
Radiologists

level of interest shown by
practicing physicians in advanced training courses held at
the SP MR’s Training and Advisory Department of the SPC
MR, training in advanced education programs was introduced
for radiation diagnostics specialists from institutions not
subordinated to the Moscow Health Department, including on-
site advanced training courses in other regions of the country.
In 2015, Professor Sergey Pavlovich Morozov, who took
over as director of the SPC MR, paid special attention to
the activities of the Training and Advisory Department. Irina

Opening of a Training and Advisory Center on the M. Raskova street

DOl https://doiorg/1017816/0D78086
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R hapiamsiaatii il Anatolyevna Trofimenko, a

highly qualified radiologist
and an energetic, proactive
specialist with experience
in pedagogical work, was
appointed the head of this
department and currently
performs these functions
successfully.  Currently,
the training center with an
advisory department is one

j of the major subdivisions
Head of the Training Center of the Scientific and
of the Scientific and Practical practical Clinical Center
Clinical Center for Diagnostics for  Diagnostics and

and Telemedicine Technologies y .
Ph.D. in Medicine L.A. Trofimenko 1etemedicine Technologies
of the Moscow Health
Department (as the SPC MR was renamed in 2019), which
actively competes with the departments of radiation diagnostics
of major medical universities in Moscow and Russia.
Strategic creative collaboration of the director of the
SPCC DTT MCHD S.P. Morozov and the head of the Training
Center I.A. Trofimenko showed excellent results in organizing
and implementing new forms of professional training for
radiology specialists, specifically in preparing and conducting
advanced training programs for radiology specialists of
various levels, which were accredited by the Coordinating
Council for the Development of Continuous Medical Education
of the Ministry of Health of Russia; organizing courses of
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radiation diagnostics for doctors of clinical specialties;
and promptly addressing the issues of distance learning
for medical specialists in radiation diagnostics during the
COVID-19 pandemic.

In its Syears of operation, about 900 full-time and part-
time advanced training programs, master classes, webinars,
and online meetups have been held at the Training Center.
Thanks to the active work, more than 150,000 specialists,
radiologists, ultrasound doctors, clinical specialists,
X-ray technicians, and senior nurses, as well as heads
of departments of radiation and ultrasound diagnostics,
were able to acquire new competencies and improve their
professional level within their existing qualifications.

The desire to comply with the provisions of the vocational
training of the Bologna Agreement (1999), as well as the
creation of conditions for obtaining European diplomas by
Russian specialists, should be noted in the work of the
Training Center. The SPCC DTT MCHD Training Center, which
has earned a high reputation, is currently being involved by
the Ministry of Health of Russia as an expert in resolving
urgent problems of professional training and accreditation of
radiology specialists.

Nowadays, the training center works with over 120
experts from Russia, neighboring countries, the USA, and
Western Europe. They are all practitioners with thousands
of studies under their belts who work in multidisciplinary
teams.

Every year, an increasing number of specialists in
related specialties attend all educational events hosted by

Director of the Scientific and Practical Clinical Center for Diagnostics and Telemedicine Technologies Professor S.P. Morozov at an

open lesson at Training Center No. 1409
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the Training Center of the SPCC DTT MCHD and the Moscow
Regional Branch of the Russian Society of Roentgenologists
and Radiologists (MRB RSRR).

Combining the high level of professional educational
activities of the training center with the multidisciplinary
scientific activities of the SPCC DTT MCHD (which should be
the subject of a separate report), the progressive development
of the institution as a whole can be highlighted, and we wish
the staff and administration of the SPCC continued progress,
new achievements, and victories.

AUTHOR'S INFO

Lyudmila A. Nizovtsova, MD, Dr. Sci. (Med), Professor;

address: 28-1, Srednyaya Kalitnikovskaya street, Moscow, 109029,
Russia; ORCID: https://orcid.org/0000-0002-9614-4505;

eLibrary SPIN: 9957-8107; e-mail: lanizo@yandex.ru

Vol 2 (4) 2021

DOI: https://doi.org/10.17816/DD78086

Digital Diagnostics

ADDITIONAL INFORMATION

Funding source. The author declares that there is no external fund-
ing for the exploration and analysis work.

Competing interests. The author declares no obvious and potential
conflicts of interest related to the publication of this article.
Author’s contribution. The author made a substantial contribution
to the conception of the work, acquisition, analysis, interpretation
of data for the work, drafting and revising the work, final approval
of the version to be published and agree to be accountable for all
aspects of the work.

Ob ABTOPE

HusoBuoBa JllogmMuna ApceHbeBHa, 4.M.H., npodeccop;
anpec: Poccus, 109029, MockBa, yn. CpeaHsas KanutHUMKOBCKaS,
B. 28, cTp. 1; ORCID: https://orcid.org/0000-0002-9614-4505;
eLibrary SPIN: 9957-8107; e-mail: lanizo@yandex.ru



https://doi.org/10.17816/DD
https://orcid.org/0000
mailto:lanizo@yandex.ru
https://orcid.org/0000
mailto:lanizo@yandex.ru

OPUMMHANTBHBIE MCCNEOBAHMA T 2,N24, 2021 Digital Diagnostics ]
431

DOI: https://doi.org/10.17816/DD81617

lokasatenu MarHUTHO-pe3oHaHCHOW ToMorpadum
KaK paaMOMHble MapKepbl B 00NepaLMOHHOM
onpefesieHUM CTeneHu 3/10Ka4ecTBEHHOCTH
BHEMO3roBbiX 06pa3oBaHuiA

T.A. bepren, U.A. ConHos, M.I. [lycToBeToBa

HauuoHanbHbIA MeanLMHCKMIA CCNefLoBaTeNbCKUIA LEHTP MMeHW akafeMuka E.H. MewankuHa, HoBocnbupcek, Poccuitckas ®epepaums

AHHOTALMA

06ocHosaHue. BHeMo3roBble 06pa3oBaHus — ofHa U3 Haubonee CNOXHbIX rPynn AAs NepudHON AnddepeHLmanbHom
AvarHoctuku. OnpefeneHne paguoMHbIX MapKEPOB M UX CTaH4APTU3aLMA SBMIAKOTCA 0CHOBHbIMM 6a30BbIMM Npobnemamm co-
BPEMEHHOT0 3Tana pa3BuTUS MeSULMHDI.

Lleny — BbIABMTb pafiMOMHblE MapKepbl 18 MPeAonepaLMoHHON OLIEHKU CTEMEHM 3JI0KAYECTBEHHOCTM BHEMO3rOBOM0
obpa3oBaHus.

Mamepuaner u Memodel. PeTpoCNeKTUBHbIN aHanM3 pe3ynbTaToB UCCeL0BaHUI METOA0M MarHUTHO-PE30HAHCHOW To-
morpadmm (1,5 T) 156 naumeHToB C BHEMO3roBbIMM 06pa3oBaHusAMM. [laumeHTbl Bbinn pasgeneHbl Ha 2 rpynnbl: (1) ¢ Ha-
nnuneM nepudokanbHbix U3MeHeHuin (n=106) u (2) BHeMo3roBbiM 06pa3oBaHMeM be3 nepudoKanbHbIX M3MeHeHUn (n=50).
B npoTokon ckaHupoBaHus Bbinn BKKOYeHbI AMddy3noHHbIE M Nepdy3uoHHbIE NOCNEA0BATENBHOCTU. 3a 30HY MHTEpeca Npu-
HuManu (1) ocHoBHoW ouar u (2) 30Hy NepudOoKanbHbIX M3MEHEHW. BbiNoNHeHbI U3MepEHUs OT OCHOBHOTO 04ara v OT 30HbI
nepudoKanbHbIX M3MEHEHUIA Ha KapTax u3MepsieMoro Koadduumenta audadysum, T2*-koHTpacTHoi nepdysum (DSC), npo-
BeJleH aHann3 cepuii AMHaMmM4ecKoro KoHTpactupoatus (DCE).

Pesynemamel. MaKkcMarbHbI pa3mMep OCHOBHOTO o4ara (y3na) nopaxenus B 1-i rpynne coctasun 2,2 cM (1,4; 4,3),
Bo 2-# rpynne — 1,2 cm (0,9; 3,5); orpaHnyenmne guddysum oT 0CHOBHOTO 0yara nopaxeHus BbiSBNeHO y 42 (39,6%) yenosek
1-# rpynnbl n 'y 7 (14%) — 2-i4. MakcuManbHbIA pasmep nepudoKanbHbix U3MeHeHui B 1-i rpynne coctasun 2,85 cm (1,5;
4,7). OrpaHuyenne ouddysum ot nepudepuyeckon 3oHbI BoisiBneHo B 52 (49,1%) cnyyasx. Y naumeHToB 1-i rpynnel ¢ Bepu-
GUUMPOBAHHON MEHMHTMOMON (N=66) NYTEM MHOrO(aKTOPHOrO JIMHEHOTO PErPECCMOHHONO aHanu3a BhIAB/EHO, YTO MaKCK-
MarnbHbIA pa3Mep OCHOBHOW 30HbI MOPaXKeHWUs yBenuumMBan KoapouumeHt o6bEMHoro kposoToka (rCBF) ot 30HbI nepudo-
KanbHbIX U3MeHeHuit B 3,3 pasa (Bcoef. 3,3, N 1,27; 5,28; p=0,003), ogHaKo CHMXan NoKasaTeslb PErMoHapHOr0 00bEMa
Kposu (rCBV) B 4 pasa (Bcoef. 4, 1N -7,46; -0,71; p=0,02).

3arnoyenue. MepdysnoHHble M oUPdY3NOHHBIE METOBI B COYETAHUM C aHAaTOMUYECKUMM MOC/e0BaTe/IbHOCTAMU fie-
MOHCTPMPYIOT NOTEHUMAN U MOTYT BbICTYNaTb PafMOMMYECKAMM MapKepaMu Npy AUArHOCTUKE M NIEYEHUU BHEMO3rOBbIX 00-
pa3oBaHWi. B panbHelueM Havbonee NepcnekTMBHBLIM BbIFIAAUT BbIABAEHWE PaAMOMUYECKUX (DYHKLMOHANBHBLIX MapKepoB
OT 30Hbl NepUGOKasbHBIX U3MEHEHUI.

KnioueBble cnoBa: pafMOMMKa; BHEMO3roBOe 00pa3oBaHWe; MEHWHrMOMa; nepudOoKanbHble W3MEHEHMUs; CTeneHb
3/10Ka4ecTBEHHOCTH; Anddy3us; nepdysms.
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Use of magnetic resonance imaging features
as radiomic markers in pre-operative evaluation
of extra-axial tumor grade

Tatyana A. Bergen, Ilya A. Soynov, Mariya G. Pustovetova

E. Meshalkin National Medical Research Center, Novosibirsk, Russian Federation

ABSTRACT

BACKGROUND: Extra-axial tumors are one of the tumor groups with difficult primary differential diagnostics. Detection and
standardization of radiomic markers are one of the main problems of our time.

AIM: To detect radiomic markers for preoperative assessment of extra-axial tumor grade.

MATERIALS AND METHODS: This study retrospective analyzed the magnetic resonance imaging (1.5 T) data of 156 patients
with extra-axial tumors. Patients were divided into 2 groups: Group 1 (n=106) with perifocal changes and Group 2 (n=50) with
extra-axial tumors without perifocal changes. Diffusion and perfusion sequences were included in the scanning protocol. The
areas of interest include (1) the lesion and (2) the area of perifocal changes. Measurements were made from the lesion and the
area of perifocal changes on ACD and DSC maps, DCE was analyzed.

RESULTS: The maximum lesion size in Group 1 was 2.2 cm (1.4; 4.3), whereas in 1.2 cm in Group 2 (0.9; 3.5). In Group 1,
the diffusion restriction from the lesion was detected in 42 patients (39.6%), whereas 7 (14%) in Group 2. The maximum size of
perifocal changes in Group 1 was 2.85 cm (1.5; 4.7). Diffusion restriction was detected in 52 (49.1%) cases. In Group 1, patients
with verified meningioma multivariable linear regression analysis showed 3.3-times increase of rCBF of the maximum size of
the lesion from the area of perifocal changes (Bcoef. 3.3, Cl: 1.27; 5.28), p=0.003; however, it demonstrated a 4-time decrease
of rCBF (Bcoef. 4 Cl: -7.46; -0.71), p=0.02.

CONCLUSIONS: Perfusion and diffusion methods combined with anatomical sequences show potential use as radiomic
markers for diagnostic assessment and treatment of extra-axial tumors. Further detection of radiomic functional markers from
the area of perifocal changes has potential.

Keywords: extra-axial tumors; meningioma; perifocal changes; malignancy grade; diffusion; perfusion.
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BACKGROUND

Medical images comprise huge amounts of information;
therefore, radiomics in medicine has been actively developing
in the last decade [1]. It looks promising to study texture
analysis for differential diagnostics and functional analysis
and to determine the disease prognosis [2]. Radiomics in
oncology is the most demanded [3]. However, at the start of
each work using a new diagnostic method, researchers face
the problem of recognizing radiomic markers.

Extra-axial intracranial tumors are one of the least
studied issues in neuroradiology, and meningiomas are
the most common among them [4]. Different variants of
meningiomas are described in detail in the literature [5].
Moreover, in ~15% of cases, atypical meningiomas of G2 or
higher are detected [6]. Modern methods of pathomorphology
help determine the grade by one criterion, namely, the
presence of four mitoses in the field of view, which indicates
the development of atypical meningioma [7]. However, the
identification of radiome markers and further work in this
field may enable, within the framework of preoperative
diagnostics, drawing a conclusion about the tumor grade,
which will affect not only the approach of surgical intervention
but also the improvement of treatment results.

In the presence of focal pathology, the radiologist
should determine lesion genesis, assess the localization
(intracerebral or extra-axial), and exert every effort to
suggest the grade of tumor genesis. At the current stage
of development in medicine, no exact tomographic criteria
have been established to distinguish meningioma from
similar pathologies, such as hemangiopericytoma [7] or
solitary fibrous tumor of the dura mater. Thus, using the
term “meningioma” in primary diagnostics of histologically
unverified tumor is reasonable. In such cases, in clinical
practice, when performing magnetic resonance imaging
(MRI), it may be probably worth using the terms “extra-
axial tumor” or “neoplasm of the meninges” according to the
International Classification of Diseases. Possibly, the most
important task in primary diagnostics of a tumor is not the
determination of the histological type but the suggestion of
the neoplasm grade.

This study aimed to identify radiomic markers for the
preoperative assessment of the severity of malignancy of an
extra-axial lesion.

MATERIALS AND METHODS
Study design

An observational single-center retrospective uncontrolled
study was conducted.

Inclusion criteria

The inclusion criteria were as follows: presence of an
intracranial lesion with changes in the cortico-subcortical
regions, results of a postoperative pathomorphological study,
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and findings from diffusion-weighted imaging (DWI), dynamic
contrast enhancement (DCE), and T2*-contrast perfusion
(DSC) in the scan protocol.

The exclusion criteria were as follows: absence of
pathomorphological verification and absence of DCE and/or
DSC in the scan protocol.

Research conditions

A retrospective analysis of the MRI data of the cranial
zone was performed. MRI examinations were performed
from 2017 to 2021.

Description of medical intervention

The MRI protocols of the cranial region were analyzed.
All studies were performed on a Philips Achieva 1.5 T
apparatus (Netherlands) using a multichannel head coil.
In the MRI of the brain as part of the scanning protocol,
the sequences of T2-weighted imaging (WI)), T1-WI, fluid-
attenuated inversion recovery (FLAIR), DWI (maximum
b-factor 1000 s/mm?), followed by automatic mapping of
the measured apparent diffusion coefficient (ADC), were
analyzed.

Contrasting technique. The dose of the contrast agent
was divided into two injections. DCE was performed at the
first injection. Immediately after the DCE data collection,
the second injection was performed, and T2* dynamic
susceptibility contrast (DSC) was collected. After DSC, without
additional injection of a contrast agent, a T1-weighted 3D
sequence was performed, followed by a T1 spin echo in the
axial plane. When assessing perfusion, relative values were
used (the ratio to a symmetrically located unchanged area in
the opposite hemisphere).

Image segmentation and identification of radiomic
markers. According to the data obtained, the main focus
and zone of perifocal changes were segmented semi-
automatically by an experienced radiologist (more than 15
years of experience in onco- and neuroradiology) and then
measured on the ADC and DSC maps, including DCE analysis.

Main study outcome

The primary endpoint was an extra-axial lesion identified
on MRI.

Additional study outcomes

The secondary endpoint was the qualitative assessment
of the diffusion pattern according to DWI, results of the
quantitative assessment of ADC values, assessment of the
dynamic curve from the zone of perifocal infiltration, and
assessment of perfusion maps.

Subgroup analysis

The study participants were distributed into two groups:
group 1 included patients with perifocal changes and group 2
(comparison group) included patients with extra-axial lesion
without perifocal changes.
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Outcome registration methods

After MR, all patients underwent surgical treatment and
pathomorphological verification of the lesion.

Ethical considerations

The paper analyzes the database of the institution. During
hospitalization, all patients provided informed consent to the
processing of personal data, including medical records, in
the center to implement the educational process, scientific
research, and publication in scientific literature, subject to
medical secrecy.

Statistical analysis

Sample size calculation principles. When planning
and conducting the study, the sample size to achieve
the required statistical power of the results was not
calculated. In this regard, the sample of participants
obtained during the study cannot be considered sufficiently
representative; this prevents extrapolating the results and
their interpretation to the general population of similar
patients outside the study.

Methods of statistical data analysis. Stata 13 program
(StataCorp LP, CollegeStation, TX, USA) was used for data
analysis. The normality of the distribution of characteristics
was assessed using the Shapiro-Wilk test. The equality
of variances of the distribution of characteristics was
calculated using the Levene test. For descriptive statistics
of normally distributed characteristics with equality of
variances, the mean values and standard deviations were
calculated. Qualitative variables are presented as numbers
(%), quantitative variables as median (25th and 75th
percentile), unless otherwise indicated (Q1; Q3). A regression
analysis was performed to identify predictor variables for a
binary response variable using simple and multiple logistic
regression scores. Proportional hazards regression was used
to evaluate the relationship between one or more continuous
or categorical variables before an adverse event. The
significance level for all methods used was set as p < 0.05.

RESULTS

Study participants

According to the inclusion criteria, 156 patients were
enrolled in the study. The mean patient age was 50.63 + 6.41
years.

All patients underwent surgical treatment after MRI, and
pathomorphological verification of the lesion was performed.
The patients were distributed into two groups: group 1 had
perifocal changes (n = 106), and group 2 had extra-axial
lesion without perifocal changes (n = 50). Pathological
characteristics are presented in Table 1.

Main results of the study

The maximum size of the main lesion (node) was
2.2 cm (1.4-4.3) in group 1 and 1.2 cm (0.9-3.5) in group 2.
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Table 1. Pathomorphological characteristics of the lesions

Number

Pathological characteristics .
of patients, n

Encephalopyosis 2
Metastatic lesion

30
(breast cancer or lung cancer)
Typical meningiomas G1 100
Atypical meningiomas G2-3 16
Hemangioblastoma G1 1
Neurinoma G1 7

Restriction of diffusion from the main lesion was detected
in 42 (39.6%) patients in group 1 and in 7 (14%) patients in
group 2.

The maximum size of perifocal changes in group 1 was
2.85 cm (1.5-4.7). Diffusion restriction from the peripheral
zone was detected in 52 (49.1%) cases.

In group 1, the ADC value was determined from both the
detected focus and the zone of perifocal changes in various
pathologies (Table 2). The ADC value from the brain tissue
adjacent to the node in group 2 was 0.71 £ 0.07 x 10~ mm?/s.

In group 1, a multivariate linear regression analysis
revealed that in patients with verified meningioma (n = 66),
the maximum size of the main lesion zone increased the
coefficient of volumetric regional cerebral blood flow (rCBF)
from the zone of perifocal changes by 3.3 times (Bcoef. 3.3;
confidence interval 1.27-5.28), p = 0.003 (Fig. 1); however,
it reduced the cerebral blood volume (rCBV) by four times
(Bcoef. 4; Cl -7.46 to -0.71), p = 0.02 (Fig. 2).

The analysis of DCE values in group 2 did not reveal a
correlation between the tumor size and DCE from the area
of perifocal changes, in contrast to perfusion maps (Fig. 3).

Additional research results

To introduce the work results into the clinical practice in
case of newly diagnosed extra-axial lesion, an algorithm for
using MRI techniques was proposed (Fig. 4).

Adverse events
No adverse events occurred.

DISCUSSION

Radiomic markers help obtain new results from long-
used medical images. Moreover, radiomics is a recently
emerging and rapidly developing area. Currently, all works
are focused on the segmentation of the main tumor focus.
However, in the world literature, no studies have investigated
tissue characteristics around the lesion.

Gliomas are the most studied area in neuroradiology. A
study discussed the results of the assessment of perifocal
changes in gliomas [8], where tumor infiltration is formed
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Table 2. Perfusion and diffusion values of perifocal changes for various brain pathologies in group 1
_ ADC (x10° mm?/s) DSC relative to the contralateral DCE
Brain hemisphere
atholo i i i
p ay From the node From perifocal From the node From perifocal From the node From perifocal
changes changes changes
Typical 1524095 1784073  Unaltered, maybe  Unaltered or Various Various
meningioma G1 slightly increased decreased
Atypical . .
meningioma 0.72  0.05 113:086  preasein fCBr, ncrease I fCBE - Various Various
62-G3 ecrease in r ecrease in r
Metastasis 1.03 £ 0.15 155+ 0.23 Increased Unaltered or Various ~ Unaltered, no early
decreased accumulation
Unaltered,
Neurinoma 12 + 0.04 156 + 0.06 Unaltered or Unaltered or ho early Unaltered, no early
decreased decreased ' accumulation
accumulation
Abscess 0.63 £ 0.04 1.26 £ 0.06 Decreased Unaltered or No early Unaltered, no early
decreased accumulation accumulation
Note. ADC, apparent diffusion coefficient; DSC, T2* perfusion; DCE, dynamic contrast enhancement.
[ ]
8
®
0 e
0 1 2 4 5
rCBF
| e Tumor size (cm) Linear prognosis
Fig. 1. Linear regression analysis: relation between tumor size and CBF rate
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Fig. 2. Linear regression analysis: relation between tumor size and CBV rate
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Fig. 3. Atypical meningioma: ADC — apparent diffusion coefficient;
CBF — cerebral blood flow, CBV — cerebral blood volume, MTT —
mean transit time.

around the glial tumor. Moreover, perifocal changes in extra-
axial tumors have been under-investigated. We managed to
find a very limited number of studies that have investigated
perifocal changes in extra-axial lesions [9].

Algorithm for MR diagnostics
in detecting extra-axial tumors

Identification of an extra-axial tumor

\

Evaluation of tumor size, identification
of calcifications, and determination of ADC values
from the tumor

A

Presence of perifocal changes in the medulla

' ,,

No Yes

\/ \/

Perfusion techniques
with the assessment
of perfusion values are
required

Perfusion techniques
are not required

Fig. 4. Algorithm for MR-diagnostics of primarily detected extra-
axial tumors.
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In addition, the indicators used in radiomics are not
standardized, as are the MRI sequences used, which makes
both the process and the results difficult to replicate and
scale. Very few studies have investigated effective radiomic
markers.

Summary of the main results

In this study, indicators that are the most promising
for use in the further development of radiomics were
investigated. These indicators include DWI, ADC values,
and perfusion parameters. A multivariate linear regression
analysis of the correlation of indicators was performed (Cl
-7.46 to -0.71), p = 0.02 (Fig. 2).

Analysis of DCE values in group 2 did not reveal a
correlation between tumor size and DCE values.

Discussion of the main results

In clinical practice, to detect an extra-axial neoplasm
through MRI, not only the structure of the neoplasm should
be assessed, but precise perifocal changes must be identified
or ruled out since in our studies of patients without perifocal
changes, not a single malignant meningioma was detected.
Thus, the result of this study demonstrates that the absence
of perifocal changes virtually excludes the malignancy of the
lesion detected.

In clinical practice, to rule out perifocal changes in the
presence of an extra-axial lesion, it is sufficient to use
FLAIR as a sequence in which infiltrative or edematous
changes become the most demonstrative. The absence of
perifocal changes does not guarantee the absence of atypia
in this tumor; just as in the presence of perifocal changes,
an atypical morphological presentation will not always be
obtained. However, because of the complexity of differential
diagnostics and the absence of direct criteria indicating
atypia, there is a pronounced need to use all criteria,
including indirect ones. A set of indirect criteria in most cases
will determine the decision of the radiologist.

To detect perifocal changes on MR, it is important to
assess their genesis (ischemia, vasogenic or cytotoxic
edema, and infiltration). To date, DWI is used in every brain
scan protocol. Ischemic brain changes in DWI have been
evaluated in detail in contrast to perifocal changes in extra-
axial lesions. In differential diagnostics of the changes, it
is important to analyze not only the presence of diffusion
restriction but also the ADC maps. This is required primarily
to eliminate the effect of T2 transillumination and avoid false-
positive results and, secondly, to determine the ADC value.

The results of this study revealed that different ADC values
were obtained from both the node and perifocal changes. The
ADC value from the adjacent medulla in the presence of an
extra-axial tumor, but in the absence of perifocal changes,
was 0.71 £ 0.07 x 107 mm?/s. The significant difference in
the ADC values from the medulla and from perifocal changes
in meningiomas is prognostically interesting in terms of its
consideration for preoperative assumptions about the grade.
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In our opinion, an important limiting factor affecting the
ACD value is the presence of calcifications in the tumor, since
they will distort the value or completely prevent its adequate
calculation. However, the presence of calcifications in a
meningioma is a clear sign of the absence of growth in it; as
a result, the development of cell atypia becomes even less
probable [10].

We also performed MR perfusion. In the present study,
to analyze the identified changes, two types of MR perfusion
using a contrast agent were employed, namely, DSC and DCE.
Studies have described the use of perfusion techniques in
various pathologies [11, 12]. In brain examination, DCE can
be included in the scanning protocol to assess the vascular
wall permeability [13, 14].

According to the literature, the use of perfusion methods
appears appropriate in the differential diagnostics of typical
and atypical meningiomas. However, according to our results
and those of several authors, evaluating perifocal changes is
important to make an adequate decision about the expected
grade [15].

A study reported that the greatest increase in perfusion
values relative to the opposite hemisphere will be registered
in cases of angiomatous meningioma [15] and atypical
meningioma, which was also demonstrated in our work.

With further case follow-up and absence of histological
verification, in our opinion, the proposed algorithm can be
applied with a mandatory assessment of the tumor growth
and the emergence/growth of perifocal changes.

In case of a history of histological verification, the use of
perfusion techniques is not required in a typical meningioma
(G=1). Inthis case, to assess continued growth or recurrence,
contrast enhancement without perfusion protocols is
sufficient; however, the need to assess atrophic changes
in the medulla in the site of surgical intervention should be
considered. When meningioma atypia is confirmed (G = 2-4),
perfusion techniques are necessary to assess the dynamics
of changes. In the dynamic study of atypical meningiomas,
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npu pake npeacTaTeNbHOW XKene3bl:
YTO U3BECTHO B HacToslee BpeMa?
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! Hay4HO-NpaKTMYECKWIA KIMHUYECKMIA LIEHTP AMArHOCTUKM W TENeMEANLIMHCKIX TEXHOMOrMA [lenapTaMeHTa 34paBooxpaHenms r. MocKsbl,
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AHHOTALUNA

MoAxXoAbl K AMArHOCTMKE U NIEYEHUHO paKa NPeACTaTeNlbHON }enesbl 0MMpaloTCs Ha KOMBMHALMIO JaHHbIX MarHUTHO-pe-
30HaHCHOM TOMOTPaduM 1 TMCTONOMUYECKUX LaHHbIX.

Lenb naHHoro 063opa — BBeAEHUE YUTATENSA B OCHOBBI COBPEMEHHOMO AMArHOCTUMECKOTO NOAX0AA K paKy NpeAcTaTesib-
HOM 3Kenie3bl NpY NOMOLLW MarHUTHO-Pe30HAHCHOM ToMorpaduy ¢ GOKYCOM Ha TEKCTYPHbIA aHaM3 LMGPOBbIX MeAULIMHCKUX
“30bpaxeHuin.

TeKCTypHbI aHanu3 No3BosieT OLEHUTb B3aUMOCBSA3N MEXAY MUKCENSMU M30BpaKeHns C NOMOLLbI0 MaTeMaTUYecKuX
MeTO[0B, YTO AAET JOMONHMTENbHYK MH(OPMaLWIO, B NEPBY0 04epesb 0 BHYTPUOMYXONEBOW reTeporeHHOCTU. TeKCTYpHbIN
aHanu3 Npu3HaKoB NEepBOro NOPSAKA MOXET UMETb BOMbLLYI0 KIMHUYECKYH BOCMPOM3BOAMMOCTb, YEM TEKCTYPHbIE XapaKTe-
PUCTUKM Bonee BbICOKOro nopaaKa. TeKCTypHble 0COBEHHOCTH, U3BNIEYEHHBIE M3 KapT Ko3adduumeHTa anddy3um, nokasanm
HanBOMbLLYK KITMHUYECKYI0 3HAYUMOCTb.

Bynywme uccnenoBaHua DOMKHbLI 6bITh HanpaBieHbl HA MHTErPaLMI0 METO0B MaLLMHHOIO 0ByyeHus ans obnerdyenus
MCMO/b30BaHMS TEKCTYPHOTO aHanM3a B K/MHUYECKOW npakTuke. Tpebyetcs pa3suTie aBTOMaTU3WPOBAaHHBIX METOAOB Cer-
MEHTaLUMU N1 YMEeHbLUEHUs BEPOSTHOCTW BKIIIOYEHUS HOPMaJibHbIX TKaHel B 00/1acTU MHTEpeca U YCKOPEHUS MOJTyYeHus
pe3ynbTaToB aHanu3a. [lng npoBepKu AMarHoCTMYECKOro NoTeHLMana TEeKCTYPHBIX NPU3HAKOB TpebyloTca KpynHble nMpocrek-
TUBHbIE UCCNEL0BaHMS.

KnioueBble cnoBa: paK npefcTaTesibHOM XKese3bl; MarHUTHO-pe3oHaHcHas ToMorpadus; MPT; pagvomuka.
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ABSTRACT

Diagnostic and treatment approaches in prostate cancer rely on a combination of magnetic resonance imaging and histo-
logical data.

This study aimed to introduce the basics of the current diagnostic approach in prostate cancer with a focus on texture ana-
lysis.

Texture analysis evaluates the relationships between image pixels using mathematical methods, which provide additional
information. First-order texture analysis of features can have greater clinical reproducibility than higher-order texture features.
Textural features that are extracted from diffusion coefficient maps have shown the greatest clinical relevance. Future research
should focus on integrating machine learning methods to facilitate the use of texture analysis in clinical practice.

The development of automated segmentation methods is required to reduce the likelihood of including normal tissue in
the area of interest. Texture analysis allows the noninvasive separation of patients into groups in terms of possible treatment
options. Currently, few clinical studies reported on the differential diagnosis of clinically significant prostate cancer, including
the Gleason and International Society of Urological Pathology grading. Large prospective studies are required to verify the
diagnostic potential of textural features.

Keywords: prostate cancer; magnetic resonance imaging; MRI; radiomics.
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INTRODUCTION

For early diagnosis of prostate cancer, a prostate-
specific antigen test is used. With an increase in its level,
digital rectal examination and magnetic resonance imaging
(MRI) are recommended. The prostate-specific antigen
test is not recommended as a population-screening test
because it is considered insufficiently specific or sensitive
to detect clinically significant prostate cancer [1]. Transrectal
ultrasound-guided biopsy is the most common method
of morphological verification; however, this method has
several limitations, including the high risk of infection and
hemorrhage and difficulties in accessing the anterior gland,
especially with an increase in its volume. Prostate cancer
is considered clinically significant if at least one lesion with
a score of 3 + 4 on the Gleason scale is detected; a small
Gleason 3 + 3 lesion is considered clinically insignificant [2].

Multiparametric MRI before biopsy increases the probability
of detecting clinically significant prostate cancer from 26% to
38% compared with transrectal ultrasound-guided biopsy [2].

The PROMIS study has shown that in one-fourth of men,
MRI helped avoid unnecessary biopsies [3]. The use of the
Prostate Imaging—Reporting and Data System (PI-RADS),
created as part of an international collaboration between the
American College of Radiology and the European Society of
Urological Radiology (ESUR) [4], has become widespread.

With clinical practice transferring to pre-biopsy MRI of
the prostate gland as the standard of medical care, there
is growing interest in the possibility of using radiomics to
improve the diagnostic accuracy of prostate MRI.

Radiomics enables the extraction of quantitative indicators
from a diagnostic image, which can be analyzed to obtain
prognostic information [5]. These quantitative indicators can
provide important insight into the phenotype of prostate
cancer and potentially help make a diagnosis and improve
the assessment of response to treatment [6].

DIAGNOSTICS OF PROSTATE CANCER
Pathomorphology

Most validation studies on texture analysis in prostate
cancer have used the traditional Gleason system as a
reference. This system is based on five main assessments
of the histological structure of prostate tissue [7]. In 2014, the
International Society of Urological Pathology (ISUP) simplified
the Gleason scale to more accurate prognostic groups (from
ISUP 1 to ISUP 5). The most important amendment was the
division of the Gleason sum of 7 into two prognostic groups
(i.e., 3+ 4 and 4 + 3); in future validation studies, comparing
the results of texture analysis with pathological changes
according to ISUP is recommended.

Multiparametric MRI

MRI of the prostatic gland is the most widely used
method for clarifying the diagnosis of prostate cancer.
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The main techniques include T2-weighted and diffusion-
weighted imaging, dynamic contrast enhancement, and MR
spectroscopy.

Using T2-weighted images, the zonal structure of the
prostate gland can be differentiated. If the peripheral zone
(PZ) contains a tumor node, it will look similar to an area with
low signal intensity [8]. The main problem is that low signal
intensity can also be registered in benign abnormalities,
such as prostatitis, fibrosis, and hemorrhage after biopsy [1].
The advantage of T2-weighted images is the ease of data
collection and lower susceptibility to artifacts than functional
sequences [9].

Tumor vascularization is assessed using T1-weighted
images using an intravenous gadolinium-based contrast
agent [1]. The walls of the vessels in the tumor are more
permeable, due to which extravasation of the contrast agent
is noted in tumors [8]. With dynamic contrast enhancement,
quantitative indicators, such as volumetric transfer coefficient
(Kyans) @nd extracellular volume (Ve), can be extracted.
Kians describes microvascular permeability and blood flow,
whereas Ve describes the extravasation volume [1]. As a
rule, tumors show early contrast enhancement, followed
by a washout effect. As in the case of T2-weighted images,
contrast enhancement can also correspond to benign
processes, such as prostatitis and benign hyperplasia
nodules. Simultaneously, dynamic contrast enhancement is
extremely important in the search for residual or recurrent
tumors after prostatectomy [1].

Diffusion-weighted images reflect the Brownian motion
of water molecules in tissues [10]. The data obtained
help estimate the level of water diffusion in tissues. For
quantification, a measured diffusion coefficient (MDC) is
used [1]. Several studies have presented a significant inverse
relationship between the MDC values and the Gleason scale
in tumors of the PZ of the prostate gland [11]. Diffusion-
weighted images are considered the most important for the
differential diagnosis of tumors of the PZ of the prostate
gland [1]. Thus, when performing prostate MRI, T2- and
diffusion-weighted images are the most informative for the
detection and differential diagnosis of tumor foci in the PZ.

The PROMIS study has shown that MRI of the prostate
gland is more sensitive than biopsy in detecting clinically
significant tumors but less specific [3]. One of the main
limitations of prostate MRI is the differences in imaging
quality between centers. Although the PI-RADSv2 data
assessment system has helped standardize the interpretation
of prostate MR, it has been less successful in ensuring the
accuracy and reproducibility of the data obtained [1]. Texture
analysis can be used to solve this problem.

Texture analysis

Radiomics is a developing field that involves the
conversion of digital medical images into retrievable image
quantitative indicators based on signal intensity, shape,
volume, and textural characteristics of lesions, for assessing
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Table 1. The definitions of first-order textural characteristics
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Textural characteristics |

Definition

Mean

Standard deviation
average values

The average value of the signal intensity of the pixels in the region of interest
Deviation of the signal intensity of the pixels in the region of interest compared with the

Skewness of the signal intensity distribution in pixels in the region of interest

The height and sharpness of the central peak of the histogram compared with the normal

The number of different variants of pixel signal intensities in the region of interest

Skewness (on the histogram)

Kurtosis distribution curve

Entropy

Energy The degree of image uniformity

Average positive pixels

The average number of positive pixels (which are brighter than the average pixel)

intratumoral heterogeneity [12]. Texture analysis enables the
evaluation of the patterns of signal intensity, which can be
used to quantify suspicious areas. In oncological imaging,
there is a growing interest in texture analysis and radiomics
due to the possibility of extracting additional quantitative
data from standard medical images, which can improve
the accuracy of diagnostics and clinical decisions [13].
Texture analysis uses mathematical methods to estimate
the intensity of gray color and the location of pixels in an
image [14]. First-order texture analysis, otherwise known as
histogram analysis, extracts the intensity values of the pixels
in the area of interest, which are then displayed graphically
[5]. Simplified texture analysis involves the initial adjustment
of an image by applying fine, medium, and coarse filters
to the image, allowing the extraction and quantification of
image characteristics invisible to the naked eye in terms of
unevenness and brightness. Moreover, medium and coarse
filters enhance vascular structures and other discriminatory
signs in the image*. Based on the histogram, metrics are
calculated, including uniformity, dispersion, symmetry,
and randomness of pixel intensity values within the region
of interest [15]. The most common characteristics of the
histogram, which are given in published sources, are the
mean, standard deviation, skewness, kurtosis, entropy, and
energy [5] (Table 1).

A more complicated radiomic analysis of image aspects
investigates the relationships between pixels within a region
of interest. More information on the intensity variability of the
pixel signal in smoother, more uniform areas that have less
texture variability or more heterogeneous areas that have
greater texture variability can be obtained.

Second-order statistics, also called Haralick features,
compare the relationship between two pixels, whereas higher-
order texture analysis compares the relationship between
more than two pixels. Second-order functions are based
on gray-level co-occurrence matrix (GLCM). Colloquially

speaking, they describe the frequency of occurrence of a gray
tone in an image in a spatial relationship with another gray
tone [16]. Higher-order functions are based on neighborhood
gray-tone difference matrix (NGTDM) or gray-level run length
matrix [17]. GLCM indicates the spatial relationship between
three-dimensional pixels (voxels) in a certain direction
and the properties of uniformity, randomness, and linear
dependence of the image. NGTDM is based on differences
between neighboring voxels [18]. The signs most commonly
mentioned in published studies include energy, homogeneity,
contrast, GLCM entropy, and correlation [15].

Segmentation

Figure 1 illustrates a simplified workflow demonstrating
the path to implementing texture analysis in clinical practice.
This entails several key steps [5], which are detailed below.

Accurate segmentation of the tumor is a critical initial
step in the workflow. The work of E. Scalco and G. Rizzo [15]
has shown that all characteristics of the histogram and matrix
are affected by the segmentation method. The inclusion of
healthy tissues in the segmentation region can affect the
results of texture analysis.

Prostate cancer, similar to any other tumors, most
often has poorly defined boundaries, which can hinder
manual segmentation. Most published studies evaluating
textural analysis of the prostatic gland have used manual
segmentation based on a single axial image. A more
advanced method is the segmentation of the entire tumor
volume [19].

An important methodological approach is layer-by-
layer comparison of pathomorphological data and radiation
diagnostic images, which is difficult to implement in
segmentation based on a single axial image. The quality
of the MR study, namely, the planning of sections with
the same geometry, is also important for correct textural
analysis. However, there is little evidence yet on the value

* TexRAD. Quantitiative textural analysis. Available from: https://fbkmed.com/texrad-landing-2.
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Fig. 1. Radiomics workflow model based on T2-weighted images in prostate cancer

of automated segmentation techniques for whole tumor
evaluation in prostate cancer, and this should be evaluated
in future prospective studies.

Software packages

Various open-source and commercial software packages
are available for texture analysis of visualization data. In their
recent review, R.T. Larue et al. [18] have provided a detailed
overview of various software packages, including information
on the types of imaging techniques supported, image
preprocessing steps, and feature extraction. The LIFEx open-
source software package is widely known, which allows for
multimodal radiometric analysis of medical images.

The two main commercial software packages, TexRAD
and RADIOMICS, use the Laplacian of Gaussian filter as part
of image and function preprocessing, which can significantly
reduce the image noise level, making detecting areas of
signal intensity variation possible [20].

Preprocessing is important, as it allows correcting
magnetic field inhomogeneities and normalizing the signal
intensity both in a particular study and in a dataset [18].
Unfortunately, data to support the benefits of one software
package over others are currently inadequate.

Texture analysis in the diagnosis of peripheral
cancer

The largest patient cohort studied to date (n = 147)
has assessed the potential value of texture analysis for
the differential diagnosis of clinically significant peripheral
prostate cancer and benign lesions in two studies. D.
Fehr et al. [21] have used the same cohort of patients
as A. Wibmer et al. [16] but increased the proportion of
assessed segments of the transition zone and the number
of identified textural characteristics. GLCM entropy and
correlation extracted from T2-weighted images showed
significant differences between benign and malignant
tumors in both studies. All textural characteristics extracted
from diffusion-weighted images showed a high significance

DOI: https://doi.org/10.17816/DD70170

level, leading to the recommendation of using first- and
second-order statistics in diagnosing clinically significant
peripheral prostate cancer [21].

Texture analysis in the diagnosis of cancer of the
transitional zone

Additionally, numerous studies have reported conflicting
results regarding texture analysis of transient zone (TZ)
cancer. Thus, A. Wibmer et al. [16] did not reveal significant
differences in the textural characteristics of diffusion-
weighted images between tumors in the PZ and those in
the transition zone. An example of entropy estimation is
presented in Figure 2.

In T2-weighted images, only correlation and contrast
were significant characteristics in both TZ and PZ texture
analysis [16]. In their work involving 26 patients, H.S. Sidhu
et al. [22] have revealed that kurtosis and entropy extracted
from diffusion- and T1-weighted images were significant
tumor predictors. The values of kurtosis decreased after
resection of the tumor focus from the cut.

Textural analysis in the characterization
of clinically significant prostate cancer

Few studies have explored the potential value of textural
analysis in predicting the grade of prostate cancer. Few
researchers have reported that textural characteristics
correlate with the Gleason scale [23]. In their works, A.
Wibmer et al. [16] have indicated that characteristics extracted
from diffusion-weighted images can reliably distinguish
lesions with a Gleason score of 6 from those with a Gleason
score of 7, but not 3 + 4 lesions from 4 + 3 lesions. These
preliminary results could conclude that textural analysis can
detect a tumor and differentiate it from a benign process;
however, the assessment of the focus pathomorphology can
be difficult.

Recently, the systematic review by P.S. Sierra et al. [24]
involving numerous studies has examined the usefulness of
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Fig. 2. Segmentation and evaluation of the entropy of the tumor focus of the transition zone of the prostate

Note. a, Map of the measured diffusion coefficient (MDC) of magnetic resonance imaging (MRI) of the prostate gland of a 65-year-old
patient with a prostate tumor (Gleason 3 + 4) shows an area of reduced MDC (red outline; posterior segment of the transition zone
of the middle part of the left lobe of the gland). Prostate biopsy performed 6 days after MRI; b, a heat map of a normalized textural
characteristic (entropy); c, diffusion-weighted image (DWI), b-factor 900 mm/s?, pathological focus is not visualized; d, DWI, calculated
b-factor 1400 mm/s?, pathological focus is not visualized; e, T2-weighted image, the pathological focus is not visualized.

selected clinicopathological predictors of histopathological
progression in patients under active monitoring. However,
none of the models under study has been implemented in
routine clinical practice due to their low predictive accuracy.
One possible explanation for this is the inherent difficulty in
standardizing the predictors used, with an obvious example
of the prostate-specific antigen density, which varies greatly
depending on the imaging method used to measure the
prostate volume [25]. In contrast, the ability of MRl to visualize
the entire volume of the tumor, combined with ongoing
attempts to standardize imaging parameters [26], is the basis
for studying the ability of quantitative characteristics to act as
accurate and reproducible predictors of disease progression.

In prostate cancer, a significant amount of research in
the field of radiomics is aimed at improving the detection of
a clinically significant disease [14, 27] to solve the problem
of overdiagnosis of the latent oncological process [28].
Radiomics models have been developed for preoperatively
predicting the probability of extracapsular extension [17, 29],
which is important for accurate local staging of the disease
and clinical decision making.

DOl https://doi.org/10.17816/D070170

Methodological limitations of texture analysis

Retrospective studies are more prone to bias and
confusion of variables, which can affect statistical processing
and introduce errors in interpreting the results, leading
to erroneous conclusions. The heterogeneity of studies
makes ensuring reproducibility difficult, so large datasets
are required to address this issue. E. Sala et al. [6] have
recommended using informatics and analytics to form
common datasets and ensure large sample sizes. In practice,
this can be difficult to achieve due to data protection laws
and infrastructure costs. Most studies conducted to date
represent single-center pilot trials with small sample sizes
and different methods of data collection and image texture
analysis, which hinders the comparison of the results and
explains the low reproducibility of the results.

A more significant problem is the imbalance of classes,
that is, extracting more characteristics than the number of
participants. Testing many textural characteristics requires
statistical correction to eliminate the first-type error (false
discovery). The use of complex regression models to search
for significant characteristics increases the risk of data
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oversampling [30]. Regression models may show effective
results in one study but are unlikely to be replicated in other
studies. Using only one textural characteristic per 10 patients
in multiple regression models reduces the risk of overfitting
in future studies.

The future of prostate cancer radiomics

Prostate radiomics is a rapidly developing field where
early research was initially focused on tumor localization.
A review of studies in the field of radiomics of the prostate
gland enables the identification of patterns of development
and promising fields of textural analysis. Let us consider
three key aspects of the direction of development of prostate
gland radiomics, namely, the aspects of data collection, their
analysis, and the relationship with biological markers.

The use of radiomics in prostate cancer has evolved from
macroscopic to microscopic levels. The highest stage in the
development of radiomics is the individual prediction of the
risks and results of treatment in a particular patient. An
initial milestone is considered the study of MR spectroscopy
in assessing the risk of biochemical recurrence after
radiotherapy [31]. In their work, K. Gnep et al. [32] have
revealed a relationship between the textural characteristics
of Haralick according to multiparametric MRI of the prostate
gland and the risk of biochemical recurrence after radiation
therapy. The results have shown that the three textural
analysis parameters calculated from T2-weighted images
and MDC maps showed statistically significant correlations
with biochemical recurrence rates [32]. In a study by S.B.
Ginsburg et al. [33], this idea was developed in the form
of the development of a multivariate logistic regression
model using the parameters of T2-weighted images, where
the described model reached an area under the receiver
operating characteristic curve (AUC) of 0.83.

Several studies with a similar design, particularly the
retrospective study by S.Y. Park et al. [34], have demonstrated
the ability of MDC maps to predict biochemical recurrence
after surgical treatment of prostate cancer (AUC = 0.76).

Radiomics research currently focuses mainly on lung
cancer and neuroradiology; the number of prostate cancer
studies is relatively small. However, it should be understood
that most approaches for radiomic analysis under study in
lung cancer can be applied to other oncological diseases.

Category 2 studies in the field of radiomics relate to the
identification of relationships with histopathological parameters.
A negative feedback between MDC and tumor aggressiveness,
which is assessed using the Gleason scale, has been convincingly
demonstrated [35]. An additional application of texture analysis
parameters enables the development of prognostic models for
assessing the degree of tumor malignancy, including the use of
T2-weighted images [16, 23].

In some studies, a negative feedback was revealed
between MDC and tumor cellularity [14]. However, most
studies on tumor biology assessment remain at the
correlation evaluation stage, and predictive models are
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only available for predicting tumor aggressiveness. The
integration of radiomics and genetics has been named
“radiogenomics,” which is aimed at identifying the correlation
between the quantitative indicators of a diagnostic image and
the expression of specific tumor receptors [36]. Despite its
relatively recent advent, several studies on radiogenomics
have been conducted. Note that both quantitative indicators
of multiparametric MRI and genetic information reflect the
pathomorphological status of tumors.

In the study by N. Jamshidi et al. [37], the quantitative
parameters of multiparametric MRI and genetic variants
of intact tissue and tumor foci of the prostate gland were
evaluated, and a relationship was revealed between
quantitative markers of a diagnostic image and the genetic
characteristics of the tissues.

In their study, R. Stoyanova et al. [38] have shown
a significant correlation between some sets of genes
and quantitative indicators of images, which enabled the
distribution of patients into risk groups.

The research results demonstrated that radiogenomics
can assess genetic characteristics that can be used to
develop personalized tumor treatment strategies. Thus,
current studies on prostate radiomics focus primarily on
the histopathological level, with great prospects for tumor
detection and aggressiveness stratification, whereas
predictive models have yet to be developed for other
biological characteristics of tumors.

CONCLUSION

The diagnosis of prostate cancer is currently based on
a combination of histological data and medical imaging,
primarily multiparametric MRI. Textural analysis can
objectively, noninvasively stratify patients in terms of
possible treatment options. Despite the limited number of
studies, promising data have been obtained on the possibility
of differential diagnosis of clinically significant prostate
cancer, including the Gleason scale gradation.

Major prospective studies are required to implement
radiomics into routine practice in the future.
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0630p pocCUUCKOM HOPMATUBHOM AO0KYMEHTaLUU
no opraHMsaumm U GyHKLMOHUPOBAHUIO KabuHeToB
U OTAEJNIeHUH MarHUTHO-pe30HaAHCHOU ToMorpadum

A.B. CmupHos, [.C. CemeHos, E.C. Axmag, A.H. Xopyxas

Hay4Ho-npaKTUUeCKMIA KIMHUYECKUIA LIEHTP AMArHOCTUKM U TeNleMeAULIMHCKIUX TexHonoruii [lenapTaMeHTa 3paBooxpaHeHus ropoaa Mockssl,
MockBa, Poccuiickas Qepepaums

AHHOTAUNA

[lnarHoctyeckmne uccnefoBaHWs, NPOBOAMMBIE C MCMO/b30BaHWEM KaKOr0-nbo MeAMLIMHCKOro 060pyA0BaHMs, HyXAa-
I0TCA BO BCECTOPOHHEM KOHTpOJIe, KOTOPbIi 0becneunBaeTcs pAoOM HOPMaTUBHBIX AOKyMeHTOB. OcobeHHoe BHMMaHMe yae-
NIeHO PEHTreHOBCKMM MeToAaM BU3yann3aumm, Ho B 001aCT MarHUTHO-Pe30HAHCHOM TOMOrpagun MOXHO 3aMeTUTb KaK He-
[0CTaTO4YHOCTb 3TOF0 BHUMaHWS, TaK M pasHOHaNPaBNeHHOCTb YCUMKA N0 HOPMMPOBAaHMIO.

370 06BACHUMO: B OCHOBE AAHHOM0 AMArHOCTUYECKOr0 METOLA He MCMOMb3YIOTCA MCTOHHWUKU MOHU3MPYIOLLLErO U3NyYeHNS,
a MarHuTHble MOMSA XOTb M OKa3blBaloT HEKOTOPOE BO3LEMCTBUME HA 3[,0POBbE YENOBEKA, 0COBEHHO Ha NMepCoHas, KOTopbli
paboTaeT B KabMHeTax MarHUTHO-PE30HAHCHOM TOMOrpaduu NOCTOAHHO, HO ABNAKOTCA OTHOCUTENIbHO Be3onacHeIMM Ans na-
LMEHTOB, KOTOpble MPUXOAAT Ha AMArHOCTUYECKYH0 NpoLeaypy BpeMs OT BpEMEHU M He MMEKT B CBOEM Tene MHOPOLHbIX
METaIINYECKMX (CTaNbHble MMMAHTATbI) UK 3EKTPOHHBIX (KapAMOCTUMYNATOPLI, HEAPOCTUMYIATOPLI) U3AENUA.

TeM He MeHee He3HaHWe W HecobntoaeHne TpeboBaHMIn, KOTOpble HOCAT KaK peKOMeHAaTeSbHbIN, TaK U 00s3aTeNbHbIN Xa-
PaKTep, MOKET 3HAUMUTESbHO MOBLICUTL PUCK NPUYMHEHWA Bpeia NaLyeHTaM UK NepcoHany, a TakXKe NPUBECTU K CHUKEHMIO
KauyecTBa BM3yanu3aumv u auarHoctTuku. OtaenbHas 0cobeHHOCTb chepbl perysiMpoBaHns MarHUTHO-Pe30HaHCHOM TOMOorpa-
GuKM cocToMT B TOM, 4TO 3a NOCAeAHUE AeCATUNETUA BbiNo BHOBb M3AaHO MO0 nepecMOTpeHo bonee AecsATKa pasfMyHbIX
CTaH[apTOB, CAaHWUTapPHbLIX HOPM, NPaBuJI, NCEM U PEKOMEHAALMH, 3HAUUTENIbHAA YacTb KOTOPLIX AOMONHAET UK oybnupyet
ApYr apyra, MMbo NpoTMBOPEYMT APYrUM AOKYMeHTaM. B pesynbTate cnoxHo obecneyntb COOTBETCTBUE KaDMHETA MarHUTHO-
pe3oHaHCHOM ToMorpaduu TpeboBaHMAM HOPMATMBHbIX LOKYMEHTOB.

B paHHoM pabote npoBenéH 0630p medcTBylOLLEH Ha TeppuTopuM Poccum HOpMaTMBHOW LOKYMEHTALMM, OTHOCALLENCS
K OpraHu3aLmm u GyHKLMOHMPOBaHMIO KabuHeTa MarHMTHO-Pe30HaHCHOM ToMorpadum, BblLeNeHbl acneKThl, Hanbonee Bax-
Hble C TOYKM 3peHns Be30nacHoi M KaueCTBEHHOM 3KCNyaTaumm, U chopMynMpoBaHbI Lwark, Heo0XoauMble ANd MoAepHN3a-
MM CUCTEMBI KaK C TOYKM 3peHMs KavecTBa AMArHOCTMKM, TaK M 6e30MacHOCTM AMarHOCTUYECKUX UCCeA0BaHMI C NMPUMEHe-
HWEM SILePHO-MarHUTHOMO Pe30HaHca.

KnioueBble cnoBa: MarHUTHO-pe3oHaHCHaA TOMOFpa(bVIFI; HOpMaTuBbl; MeAUUWHCKAA OopraHu3auma; opraHu3auma
3[1paBo0OXpaHeHuA.
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The Russian regulatory documents
on the organization and functioning of offices
and departments of magnetic resonance imaging

Aleksey V. Smirnov, Dmitriy S. Semenov, Ekaterina S. Akhmad, Anna N. Khoruzhaya

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

ABSTRACT

Diagnostic studies that are conducted using any medical equipment require comprehensive control, which is provided by
several regulatory documents. Particular attention is paid to X-ray imaging methods, but in the field of magnetic resonance
imaging, one can notice both the lack of attention and the multidirectional efforts for its normalization.

Understandably, this diagnostic method is not based on the use of ionizing radiation, and magnetic fields have some ef-
fect on human health, especially on personnel who work in magnetic resonance imaging rooms at all times. They are safe for
patients who come to the diagnostic procedure from time to time and those without foreign metal (steel implants) or electronic
(pacemakers and neurostimulators) objects in their bodies.

However, ignorance and non-compliance with both advisory and mandatory requirements can significantly increase the risk
of harm to patients or staff, as well as lead to a decreased quality of imaging and diagnostics. A separate feature of the field of
magnetic resonance imaging regulation in the past decades includes more than a dozen of different standards, sanitary norms,
rules, letters, and recommendations that have been published or revised, of which a significant part complement or duplicate
each other, or completely contradict each other. Therefore, the need to ensure the compliance of the magnetic resonance ima-
ging room/department with the requirements of regulatory documents is greatly complicated.

This study provides an overview of the regulatory documentation in force in Russia related to the organization and
functioning of a magnetic resonance imaging room/department, highlights the aspects that are most important from the
point of view of the safe and high-quality operation, and formulates the steps necessary to modernize the system, both from
the point of view of the quality of diagnostics and the safety of magnetic resonance imaging studies.

Keywords: magnetic resonance imaging; magnetic resonance imaging; organization and administration; practice guidelines
as a topic.
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INTRODUCTION

Instrumental diagnostics, involving the examination of
patients using certain medical equipment, requires careful
comprehensive control that must be specified in regulatory
documents. To date, the requirements for X-ray imaging
methods are the most complete. While in the field of magnetic
resonance imaging (MRI), the requirements established are
incomplete and inconsistent.

Unlike general radiography, computed tomography,
mammography, and other methods involving the use of
ionizing radiation, MRl is obtained due to exposure to magnetic
fields, which does not induce obvious negative consequences
to the human body. Thus, in our opinion, the regulatory
system in this field has significant omissions, and the current
regulations are based on the requirements for X-ray methods.
Additionally, some documents are only advisory, leading to
their complete disregard in practice. Failure to comply with
certain mandatory conditions significantly increases the risk
of harm to the health of patients or staff and decreases the
quality of imaging and diagnostics.

Studies on some aspects within the life cycle
of equipment, such as quality control, have been
previously published [1]. Furthermore, methodological
recommendations were developed based on the best
international practices and related to the design [2] and
operation of MRI rooms [3] and the labor protection of
the medical personnel working there [4]; however, some
significant steps were neglected.

Considering the recent adoption of several regulatory
documents related to MRI, conveying information to medical
organizations and proposing to introduce the standards into
their activities are considered extremely important.

This study presents an overview of the regulatory
documentation in Russia related to the organization and
functioning of MRI rooms; emphasizes the aspects most
important from the viewpoint of safe and high-quality
operation; and develops the steps required to modernize the
quality assurance system.

CURRENT REGULATORY BASE: CODE
OF REQUIREMENTS FOR EQUIPMENT,
ROOM, AND BUILDING

Apparatus selection

The application of the current regulatory framework can
help choose an MRI unit. There are three state standards (i.e.,
GOST R 56310-2014 [5], GOST R 56320-2014 [6], and GOST
R 56610-2015 [7]), which establish general requirements for
preparing and executing technical specifications for state and
municipal procurement of MRI units. These standards apply
to MRI units with a constant magnetic field with a magnetic
field induction B, of less than 0.75 T (GOST R 56320-2014)
and superconducting coils By of greater than 1 T (GOST R
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56310-2014) for the entire body and less than 0.75 T and
greater than 0.15 T for the limbs (GOST R 56610-2015). These
documents, similar to other standards, are advisory and not
binding.

Moreover, the classification and characteristics of some
models of MRI units (mostly outdated at the moment) are
given in the Information and Methodological Letter of
the Federal Service for Supervision of Consumer Rights
Protection and Human Welfare of 08/01/2007 N 9-05/122-
486 (hereinafter Letter) [8].

Planning of MRI unit arrangement

After generating a medical and technical assignment
at the stage of working with a potential supplier, one of
the first tasks for medical organizations is most often the
choice of a room to place the equipment. Simultaneously,
depending on the functioning characteristics of a particular
medical organization, the MRI room can be allocated
as a separate structural unit or part of the Radiology
Department (which is permitted by the Letter). The issue of
the choice of premises is regulated by several regulatory
documents.

Thus, according to cl. 4.3 of the Territorial Estimated
Standards (TES) 31-313-98 of Moscow [9] and cl. 4.1.6 of the
Sanitary Rules (SR) 2.1.3678-2020 [10], which were enforced
on January 1, 2021, the building where the MRI room is
planned to be located should not be residential or have a
nonmedical purpose. Article (c) of cl. D.2.11 of Appendix D
of SR 118.13330.2012 [11] and the section “Requirements
for location and organization of work” of the Letter limit the
choice of floor for the MRI room to the first floor, underground,
or basement, while allowing its placement in an extension or
a building specially constructed for this. In turn, according
to the Letter and cl. 6.3.5a of SR 158.13330.2014 [12],
considering the bearing capacity of floors is advisable when
placing heavy equipment (in some cases, the weight of an
MRI machine with all additional modules can reach tens of
tons); therefore, these documents provide arguments for
placing the MRI room in the basement/semibasement floor
or on the first floor.

The intention and equipment of adjacent premises
are the equally important selection factors. Clause 4.19.3
of SR 2.1.3678-2020 clearly prohibits the neighboring
arrangement of an MRI room with wards for pregnant
women, children, and cardiological patients and with 24-hour
wards for patients. In adjacent premises, built in or attached
transformer substations can never be located (cl. 7.7.1.5.3 of
SR 158.13330.2014).

To avoid leaks, according to cl. 6.2.8 of the same rules
(SR 158.13330.2014), choosing a room for an MRI unit under
showers, lavatory, washing rooms, and other “wet places”
is not recommended without additional waterproofing, and
cl. 6.2.6 warns about the possibility of disruption of the
equipment operation in the functional diagnostics rooms
adjacent to the MRI room.
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The control room (often referred to as the console
room) should be located outside the controlled access area
(cl. 4.19.5 of SR 2.1.3678-2020), which will be discussed
in more detail in the “Physical factors” section. It must
necessarily be a separate room with natural light, according
to the “Requirements for location and organization of
work” section of the Letter and cl. 71 of the rules for labor
protection in medical organizations [13]. Simultaneously,
cl. 4.6.2 in section SR 2.1.3678-2020 indicates that an MRI
procedure room and a control room can be located in an area
without sources of natural light, assuming that normalized
microclimate indicators are provided, i.e., this set of rules
contradicts itself.

According to the latest document, the appointment of
patients in the control room is also forbidden; however, the
procedure room (scanning room), according to cl. 5.14 of TES
31-313-98, should not have natural lighting.

Perhaps the least attention, in terms of layout, is given
to the technical room of the MRI premises, which comprises
the auxiliary equipment. According to the Letter, it should not
be placed adjacent to the control room, the doctor’s office,
or patient wards. However, note that from the viewpoint
of physical factors considered below, the requirements for
these premises can be expressed more strictly.

Design (creation of an engineering project
for an MRI room)

An engineering project is a document that describes the
arrangement of equipment and the sequence of technological
processes associated with its operation in the structure of
a building under construction or in operation. However, in
relation to MRI, most participants in the design and operation
processes often have disagreements regarding the need to
develop an engineering project.

Let us consider the current state of this issue.

The MRI room is part of a medical organization;
therefore, its design must consider the requirements of
the relevant rules of SR 158.13330.2014 regarding space-
planning solutions for buildings (cl. 6.2.6), ventilation and
air conditioning (cl. 7.2.3.3), minimum footage of premises
(Table C.7), the degree of protection of lamps for general
lighting of medical premises (Table P.1), and other aspects.

In contrast, according to cl. 3 of the Order of the Ministry
of Health No. 560 dated June 9, 2020 [14], an MRI study is
an X-ray examination; therefore, it must comply with the
requirements of SanPiN 2.6.1.1192-03 [15]. Appendix 7 of
these rules states that when the room commissioning agreed
with the regional radiological department, a technological
project must be submitted. Additionally, cl. 3.10 prohibits the
use of the manufacturer’s design proposal as a technological
project, limiting the use of this document only to the choice
of premises and their area.

The need for approval of the project for the MRI room was
noted, among other things, in the Letter.
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Composition and area of the MRI room

In addition to a careful approach to the placement of
equipment to most effectively fulfill the target task of the
MRI room, the functioning of such a structural unit involves
several additional technological processes. These include
preparing the patient for the study, inserting a catheter and
performing other ancillary operations, reviewing the results
of previous studies and completing a description of what has
been performed, and communicating (questionnaire) with
patients and their accompanying persons. However, during
the interaction with the supplier in terms of preparing a floor
plan for a technological project, the specifics of the work of
a particular medical organization are often not considered.

The most effective approach for optimizing the space
organization can be a clear description of the medical and
technical assignment of all operations to be performed in
the MRI room. In this case, the proposal for equipment
arrangement and, thus, the project documentation, in
addition to the established requirements of the equipment
manufacturer, will meet the needs of the medical organization.

Furthermore, the current regulatory documentation
introduced certain restrictions on the composition and area of
the MRI room, while it is referred to both mandatory (i.e., SR
2.1.3678-2020, SR 158.13330.2014, and TES 31-313-98) and
recommendatory (Letter) documents. A set of requirements
for the composition and minimum area is presented in
Table 1.

Note that the medical and technical assignment and
technical documentation of the manufacturer may impose
additional requirements on the minimum floor space relative
to a particular MRI model.

Interior decoration of the MRl room

There are no special requirements for the MRI room in
the regulatory documents in terms of interior decoration. The
same provisions apply here that are relevant for all medical
and diagnostic rooms with a dry regime and are presented
in SR 158.13330.2014. Clause 6.4.2 states that the walls and
ceilings are finished with acrylic or silicate water-soluble
paints or other materials that allow wet cleaning and
disinfection. The equipment attachment points, if it is placed
on plasterboard walls or light partitions, should be further
strengthened. This is consistent with the requirements of
“SanPiN" 2.6.1.1192-03 (cl. 3.16).

Nevertheless, cl. 6.4.7 of SR 158.13330.2014 contains
special instructions for radiation and radionuclide diagnostics
and radiation therapy rooms regarding the floor, as it must
consist of antistatic materials with a minimum number of
joints between individual sheets of coating, or a jointless
coating based on deactivated hardening compositions is
permissible.

It is also appropriate to quote TES 31-313-98 of Moscow:
“The interior decoration of the premises must be made of
materials approved by the authorities and institutions
of the Department of State Committee for Sanitary and
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Table 1. Requirements of regulatory documentation for the composition and minimum area of the premises of the magnetic resonance

imaging room
MRI room Minimum area, m?

SR 2.1.3678-2020 TES 31-313-98 SR 158.13330.2014 | Letter
girggr?g:trii room Manufacturer's sp. k2 25 (but notA ?esiéthan 12)
Control (console) room 8 20 10 14-17
Technical (apparatus) room - 20* 20 20-24
Doctor’s office - 12 - 12
Preparatory room 4 10 12 -
Dressing room - - - Availability
Toilets for staff and visitors - - - I x 2+
Photolaboratory (photo) room - 10 - 10%*
Engineer’s room - 10 - -
Staff room - - - 12

Note. *Area subject to change; **if necessary, can be displaced from the MRI room. MRI-magnetic resonance imaging; Sp—specifications; SR—sanitary

rules; TES-Territorial Estimated Standards.

Epidemiological Oversight of the Ministry of Health of the
Russian Federation, and correspond to their functional
purpose” (cl. 5.16).

Physical factors

Most requirements in the current regulatory
documentation are imposed on working conditions and
physical factors affecting staff and patients, both in general
terms and directly in relation to MRI. Harmful factors in the
MRI room can include a constant magnetic field (directly
at the device when laying the patient and working with
radiofrequency coils), the risk of infection transmission, a
high level of workload and intensity, insufficient illumination,
and pulsation of the light flux. Simultaneously, according to
SanPiN 1.2.3685-21 [16], the compliance of the microclimate
parameters with the hygienic standards of physical factors in
the workplace should be assessed. In the current regulatory
documentation, the requirements for these parameters are
presented separately.

The operation of MRI assumes the presence of magnetic
fields that are constant and variable in time and space (GOST
R IEC 60601-2-33-2013), whereas, in the most common
version, an MRI unit with a superconducting magnet,
a constant magnetic field is not deactivated unless an
emergency occurs, and variable fields are used only when
performing a scan and obtaining an image. To reduce the
negative impact on personnel, SanPiN 1.2.3685-21 establishes
the maximum permissible levels of constant magnetic fields
(Table 5.8) and electromagnetic fields of industrial frequency
(Table 5.41). Similarly, the Letter introduced the intensity of
a constant magnetic field at workplaces (Table 2) and the
electromagnetic field of a personal electronic computer at
workplaces (Table 3) [8].

GOST R of the International Electrotechnical Commission
(IEC) 60601-2-33-2013 (cl. 201.7.9.3.101) introduces the

DOl https://doi.org/10.17816/DD80%01

concept of a controlled access area limited by an induction
isoline of a constant magnetic field corresponding to 0.5 mT,
whereas the level of the electromagnetic field inside the
controlled access area must comply with GOST IEC 60601-
1-2-2014. The control room should be located outside the
controlled access area; however, if the zone of the line of
the controlled access area extends to areas of adjacent
premises, strict control and restriction of access of patients
and personnel with pacemakers and other types of implanted
electronic stimulators is required (cl. 4.19.5, 4.19. 7 SR
2.1.3678-2020). According to the rules for labor protection
in a medical organization (cl. 70), as well as cl. 4.19.4 of SR
2.1.3678-2020, both the controlled access area and the MRI
room are supposed to be marked with warning signs.

The procedure, control, and preparatory rooms and the
doctor’s office, which are part of the MRI room, belong to
the premises for the performance of work and, therefore,
are subject to the requirements of SR 2.1.3678-2020 in
terms of microclimate and ventilation. So, according to cl.
4.5.16, the premises of the MRI room must be equipped with
supply and exhaust ventilation, and Appendix 3 introduces
the requirements for the cleanliness class, temperature,
and air exchange, while natural air exchange is not allowed
(this requirement is duplicated in clause 7.2.3.3 of the SR
158.13330.2014).

Additionally, the Letter regulates the temperature, air
velocity and relative humidity, the rate of air exchange for
supply and exhaust, the category of cleanliness, and the rate
of exhaust during natural air exchange [8].

Therefore, the requirements of different documents differ
to some extent. Their summary is presented in Table 2.

Note that the temperature and humidity in the
procedure and technical rooms are critical parameters for
ensuring the normal functioning of the equipment. Thus,
manufacturers accompany the installation of a ventilation
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Requirements | SR 2.1.3678-2020 | SR 158.13330.2014 Letter

Procedure (diagnostic) room

Cleanliness class (category) v G Ch

Temperature, °C 20-23 - 22

Air exchange (supply/exhaust), % 0xygen1 Egﬂgr?t S18% 3/4 2/2

Control (console) room

Cleanliness class (category) G G Ch

Temperature, °C 18 - 20

Air exchange rate (supply/exhaust) 3/4 34 -/1
Technical (apparatus) room

Cleanliness class - - -

Temperature, °C - - -

Air exchange rate (supply/exhaust) - - -

Doctor’s office

Cleanliness class G - Ch

Temperature, °C 20 - 20

Air exchange rate (supply/exhaust) 60 m? per person Supply -/
Preparatory (dressing) room

Cleanliness class G - -

Temperature, °C 20 - -

Air exchange rate (supply/exhaust) From corridor/1 3/- -

Toilet

Cleanliness class G D G

Temperature, °C 20 20-27 20

Air exchange rate (supply/exhaust) Exhaust Exhaust Exhaust

Staff room

Cleanliness class G - Ch

Temperature, °C 20 - 20

Air exchange rate (supply/exhaust) From corridor/1 -/1 -/

and air conditioning system with additional requirements
for the microclimate.

To ensure comfortable work (especially when precise
manipulations are required), all cabinet rooms must have
high-quality artificial lighting, while both the illumination
itself and the pulsation coefficient are normalized. The set
of requirements of SanPiN 1.2.3685-21 (Table 5.54) and the
Letter (Table 8) is presented in Table 3.

During the operation of an MRl unit, a sufficiently high level
of acoustic noise is created. Simultaneously, as mentioned
above, the most common MRI units with a superconducting
magnet always work (to maintain superconductivity), and
additional modules (gradient coils, radiofrequency coils,
etc.) are activated during scanning, which increases the noise
level. The maximum sound pressure level largely depends
on the model and conditions of use of the MRI and, in some
cases, can exceed 100 dBA. Thus, to ensure normal working
conditions, soundproofing should be provided in the MRI
room and adjacent premises.

DOl https://doi.org/10.17816/DD80%01

The maximum permissible noise levels in the office
premises are presented in Table 5.35 of SanPiN 1.2.3685-
21 and Tables 4-7 of the Letter. The requirements in these
documents are identical, except for the discrepancies in
classifying a particular room as one or another category
(e.g., in terms of areas where medical activities are
performed).

Additionally, these regulatory documents impose
requirements on sound pressure levels in octave frequency
bands and a general limit on the noise produced by the
equipment (140 dB relative to the level of 20 uPa according
to cl. 201.9.6.2.1 GOST R IEC 60601-2-33-2013 [17]).

Electrical and fire safety

Considering the inclusion of MRI in the list of X-ray
examinations, the equipment located in the office is subject
to SanPiN 2.6.1.1192-03, according to which the power
supply of the MRI unit must be implemented through a
separate feeder (cl. 10.9), and grounding is performed along
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Table 3. Requirements for illumination in the rooms of the magnetic resonance imaging unit.

Artificial illumination

Working plane and height .
. above the floor*, m Illumlnat_lon _under general Ripple coefficient, %
Premises lighting, Ix
122 | Leter |y pniamgy | leter | PSRl | Letter
Procedure room H-0.8 H-0.8 300 (**500) 500%** 15 (**10) 10
Control room H-0.8 - 300 - 15 -
Patient preparatory room H-0.8 - 75 - - -
Dressing room H-0.0 - 200 - - -
Doctor’s office H-0.8 - 300 - 15 -
Staff room H-0.8 - 300 - 15 -
Toilets H-0.0 H-0.0 75 50 - -

*kkr

Note. *H-horizontal; **during intravenous manipulations;
meant by the latter is unclear).

an autonomous circuit with a bus with a cross-section of at
least 4 x 25 mm (cl. 10.5).

According to GOST R 50571.28-2006 [18], the MRI room
can be assigned to the safety group 1, and therefore, using
a backup power source and signal notification of switching
to it becomes necessary. Note that an uninterruptible power
supply source is a mandatory component of the MRI unit with
a superconducting magnet.

Fire safety requirements are established in GOST
12.1.004-91 [19], according to which, in relation to the MRI
room, the level of fire safety should be determined (Appendix
2), the probability of fire and explosion should be determined
(Appendix 3), and the economic efficiency of the fire safety
systems should be assessed (Appendix 4). Moreover, note that
the installation of fire alarms and fire extinguishing systems
in the procedure room is difficult, and therefore, smoke and
gas sensors are installed on the exhaust ventilation. Fire
extinguishing equipment must be MRI compatible [4].

Operation

As a medical product, an MRI unit must undergo
mandatory maintenance and technical condition control.
According to the Letter of the Ministry of Health of the
Russian Federation No. 293-22/233 dated October 27, 2003
[20], the list of works within the maintenance is established
by the methodological recommendations “Maintenance of
medical equipment” and includes installation and adjustment,
monitoring of the technical condition, periodic and current
maintenance, and repair of medical equipment.

In turn, GOST R 56606-2015 [21] defines a list of tests
performed within the technical condition control, namely,
acceptance and periodic tests and tests for the constancy
of parameters. Test methods and the requirements for
equipment and conditions for their implementation are
presented in GOST R 59092-2020 [22].

Additionally, there are local provisions; for example, in
Moscow, the order of the Moscow Health Department No.
564 of August 17, 2018 was approved [23], which regulates
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in this section, requirements are made for the procedure and diagnostic rooms (what is

the storage, installation, use, operation, maintenance, repair,
and disposal of medical equipment.

The requirements for ensuring the safety of personnel
while working in the MRI room are set in Section IX of the
Rules for Occupational Safety in a Medical Organization [13].
First, its requirements limit the exposure time of personnel
to magnetic fields. Simultaneously, rather ambiguous
requirements have been introduced; that is, the laying of
the electromagnet power cable is regulated and the duty of
the staff to check the connection of the ground loop and the
prohibition of leaving the MRI unit turned on unattended.

FACTORS HINDERING THE USE
OF THE REGULATORY FRAMEWORK

Thus, we are faced with a whole list of regulatory legal acts
in terms of the use of MRI, approved over the past decades.
Unfortunately, a significant part of them was formulated
based on similar documents for medical ionizing radiation
equipment or introduced point limitations, often taken from
international sources. Therefore, the procedure for ensuring
the compliance of the MRI room with the requirements of
regulatory documents and standards is complicated by the
inconsistency, incompleteness, and sometimes contradiction
of the information provided.

The obvious factors complicating the use of the existing
regulatory framework include the lack of a systematic
approach and unified terminology, duplication (often with
amendments) of requirements for the same parameters,
and, most importantly, “white spots” covering a significant
part of the equipment commissioning and operation
stages. Certainly, a qualified reader can easily compare the
“diagnostic room” and “procedure room” or determine the
intention of the “computer room” and “photolaboratory” in the
MRI room. However, industry or sanitary standard formats
suppose a slightly different approach.

The discrepancy not only in the ranges of permissible
values but also in the list of requirements presented in the
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regulatory documentation, on the one hand, and the technical
documentation of manufacturers or recommendations from
specialized professional communities, on the other hand, are
also noteworthy.

Let us consider the measurement of the air exchange
rate in the procedure room of the MRI premises as an
example. So, in the documentation, when rationing the air
supply and exhaust, the oxygen content, and the frequency
of monitoring these parameters, the fact that the market
offers no MRI compatible devices that allow such functions
is completely not considered. In most cases, the efficiency
of the ventilation system primarily affects the equipment
performance; therefore, taking care of the comfort of patients
in the presence of a malfunction is only senseless, and the
equipment operation should be stopped. Simultaneously,
the regulatory documentation almost completely ignores
the emergency ventilation system, which directly affects the
safety of MRI operation.

The requirements governing the placement of the control
room outside the controlled access area are not often feasible
(its boundaries can only be determined at the final stage of
putting the MRI unit into operation after the measured contour
map has been created).

A more general problem arises at the office design stage.
Unfortunately, practice has revealed the complete failure of
the developed medical and technical assignment and the
engineering project created on their basis. Thus, the analysis
of the documentation for some already functioning MRI
rooms has shown that ignoring the obvious requirements
for patient flow and equipment loading and the descriptions
of technological processes in the medical and technical
assignment with a design based only on the manufacturer’s
suggestion for arranging the equipment and the most general
layout of the room significantly decreases the efficiency of
the department and the complete impossibility of performing
part of the manipulations.

The requirements for arranging a room for performing
the interview, anthropometry, and examination of patients
for the presence of metal and shifting of bedridden patients
from a standard to an MRI-compatible couch or chair are
not regulated in any way. This leads to the fact that these
actions are performed in a common corridor where patients
are awaiting their appointment, and anthropometry and
detection are not performed at all.
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Therefore, important security requirements, such as
restricting access, are not executable. Staff may experience
difficulty in transporting sedentary patients and be forced
to ignore important, from the viewpoint of safety, stages of
preparation for the study.

Discussing about ensuring the safety and quality of MRI,
we must state the complete unsystematic nature of the
requirements. Although attempts are being made to develop
methodological recommendations and educational programs,
only a few points are found in the regulatory documentation.
Moreover, the attempts of a medical organization to directly
fulfill the contradictory requirements are reminiscent of the
attempts to squeeze into the “needle eye.”

CONCLUSION

The efficient and safe operation of MRI rooms requires
careful and consistent work in extensive cooperation with the
medical community, equipment manufacturers, regulatory
authorities, and metrological institutions. Simultaneously,
standardization and unification and systematization and
widespread implementation of the procedure for monitoring
the implementation of the requirements introduced should be
the priority fields of interaction.
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Nepdopauus auseptukyna Mekkens
y M0JIOA0ro NauueHTa: KAMHUYECKMIA cnyyau

U. Tupputi" 2, F.A. Carpagnano'-2, R. Carpentiere?, G. Guglielmi" %3

! Department of Clinical and Experimental Medicine, Foggia University School of Medicine, ®opa, Utamms
2 Radiology Unit, Barletta University Campus UNIFG, “Dimiccoli” Hospital, ®opa, Utanus
3 Radiology Unit, Hospital “Casa Sollievo Della Sofferenza”, San Giovanni Rotondo, ®oma, Utanus

AHHOTALNA

B maHHoI cTaTbe onucbiBaeTCs Cnyyai nepdopaumnu AUBEPTUKYNa MekKens y 26-neTHero nauneHTa. 310 peiKoe 0CNoX-
HeHWe, BO3HWKaloLLee Npu Haubonee pacnpoCcTPaHEHHON BPOXAEHHOA aHOMaNWMW XeNyA04HO-KULLEYHOro TpaKTa. [luBepTu-
Kyn MeKKens MOXeT A0Nroe BpeMsi NpoTeKaTb 6eCCUMMTOMHO U OCTIOKHATLCS AUBEPTUKYNIMTOM, SHTepoNuTamMu, HoBoobpa-
30BaHWAMU U peXe, KaK B HalleM cnyyae, nepdopaumen.

[lns nocTaHoBKY NPaBUABHOTO AMarHo3a 1 NocneayHoLLero JleYeHUs NaLMeHTa peLualoLLiee 3Ha4eHUe UMEET PEHTTeHOJ10-
M4ecKoe UCCNefoBaHWe B NpefonepaLyuoHHOM Nepuoge.

MpencraBneHHble B CTaTbe TUNWYHbIE 0cObEHHOCTM NepdopaLmn AMBEPTUKYNa MekKens, BbiABNSeEMbIe Npu ToMorpadm-
YECKOM BM3YaNn3aLmuu, MOMOTYT PEHTTEHOMI0raM B 0OHAPYEHUU 3TOTO OCNOMHEHUA.

KnioueBble cnoBa: avBepTuKyn Mekkens; nepdopaums; BpOXAEHHbI NOPOK pa3BUTUS; KOMMbIOTEpPHas ToMorpadus;
BM3yanu3aumsa opraHoB OPIOLLIHOM MONOCTH; KIMHUYECKUI CITyYai.
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Perforated Meckel’s diverticulum
in a young male patient: a case report

Umberto Tupputi' 2, Francesca A. Carpagnano’ 2, Rossella Carpentiere?,
Giuseppe Guglielmi" %3

! Department of Clinical and Experimental Medicine, Foggia University School of Medicine, Foggia, Italy
2 Radiology Unit, Barletta University Campus UNIFG, “Dimiccoli” Hospital, Foggia, Italy
% Radiology Unit, Hospital “Casa Sollievo Della Sofferenza”, San Giovanni Rotondo, Foggia, Italy

ABSTRACT

The case of a 26-year-old male patient with perforation of Meckel’s diverticulum, a rare complication of the most common
congenital anomaly of the gastrointestinal tract, is reported in this article. This congenital condition can remain asymptomatic
for a long time, and it can get complicated with diverticulitis, enteroliths, neoplasms, and rarely perforation, as in this case.

A preoperative radiological assessment is of fundamental importance for proper diagnostic and therapeutic management
of the patient. In this article, we present the typical tomographic imaging features of this infrequent complication to assist
radiologists in detecting it.

Keywords: Meckel's diverticulum; perforation; congenital malformation; computed tomography; abdominal imaging; clinical
case.
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DESCRIPTION OF THE CASE

Anamnesis. A 26-year-old male patient was admitted to
our emergency department due to severe abdominal pain,
fever, and vomiting, with vital signs in a normal range.

Diagnostic assessment. The physical examination dem-
onstrated a distended abdomen with guarding and rigidity.

Blood analysis revealed neutrophilic leukocytosis, with
a white blood cell count of 12,000/pl (normal values: 4.6—
10.2 x 10¥mL) and approximately 70% of neutrophils (nor-
mal values: 40%-75%).

Subsequently, further instrumental investigations were
recommended: abdominal X-rays, chest X-rays (which were
unremarkable) and finally a total body computed tomogra-
phy (CT).

On pre-contrast CT evaluation, a blind-ended intestinal
loop in the right quadrants of the abdomen was identified,
which was associated with diffuse mesenteric edema and
multiple contiguous lymphadenopathies (Fig. 1a, b); a post-
contrast CT was performed a few hours later, which showed
an intense contrast enhancement of the intestinal wall at the
level of the blind-ended loop.

These findings were associated with the presence of
certain adjacent gas nuclei with antideclive arrangement,
diagnostics for perforation (Fig. 2a, b).

The differential diagnosis. Such characteristics of-
ten simulate acute appendicitis, the main condition to be
placed in differential diagnosis of Meckel's diverticulum
(MD) inflammation. The identification of a normal appendix
strengthens the confidence of the diagnosis.

Interventions. No other examinations were performed
and the patient was taken to the operating theater. Dur-
ing the surgery was made definitive diagnosis of Meckel's
diverticulitis and for this reason the patient was subjected

Vol 2 (4) 2021
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to Meckel's diverticulectomy and ileostomy surgery under
general anesthesia.

Follow-up and outcomes. The patient recovered without
any complication and was discharged after a couple of days
of hospitalization.

DISCUSSION

MD is the most common congenital malformation of the
gastrointestinal tract, affecting 2% of the population and car-
rying a 4.2%—6.4% risk of complications [1]. It was initially
reported in 1809 by a German anatomist, Johann Meckel
[2], and it is caused by improper closure and absorption of
the omphalomesenteric duct [3], the original communication
point between the yolk sac and the intestinal lumen in em-
bryonic life, which generally closes around the ninth week
of gestation. It frequently contains heterotopic mucosa, such
as gastric and pancreatic mucosa, can cause peptic ulcer-
ation within the diverticulum or adjoining ileum as a result
of their secretions, resulting in intestinal hemorrhage, cica-
tricial stenosis of the diverticular neck, inflammation, and
even perforation.

The well-known “rule of 2s” in the description of this
pathology refers to its 2% prevalence, 2-ft distance from
ileocecal valve, 2-inch long, containing one or two types of
heterotopic gastric or pancreatic tissue, and usually symp-
tomatic by the age of 2 years [4].

The radiological diagnosis of MD can be difficult, espe-
cially if the diagnosis is not suspected at first due to the
typical nonspecific symptoms of appendicitis, such as ab-
dominal pain, vomiting, and nausea.

CT is now the method of choice, as well as the most ac-
curate, in the evaluation of abdominal pathologies in emer-
gency.

Fig. 1. This coronal (@) and axial (b) pre-contrast computed tomography images showing a blind-ended intestinal loop (arrows) in the right
guadrants of the abdomen with associated mesenteric edema and multiple contiguous lymphadenopathies.
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Fig. 2. Axial (@) and sagittal (b) post-contrast computed tomography images showing an intense contrast enhancement of the intestinal
wall at the level of the same blind-ended loop (arrows) and some adjacent gaseous nuclei with antideclive arrangement, diagnostic for
perforation.

MD generally appears on CT as a blind-ended gas- or
fluid-filled structure, which may also contain foreign bodies
or enterolithis, generally about 60 cm away from the ileoce-
cal valve. This imaging technique is also able to detect the
main complications of this malformation, such as perfora-
tion, in this case.

While definitive surgery, including diverticulectomy,
wedge, and segmental resection performed by open or
laparoscopic approach, is used to treat symptomatic MD,
the surgical management of MD accidentally remains con-
troversial [5].

CONCLUSION

MD can present with a wide range of clinical manifesta-
tions and imaging features, from indolent benign findings to
acute life-threatening conditions, such as its perforation, as
in the case presented here [6]. This is the fundamental rea-
son why it is necessary to know its salient anatomy, clinical,
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UHKancynupoBaHHbIiA HEKPOTUYECKUM NaHKpeaTuT
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AHHOTALNA

HeKkpoTudeckuii NaHKpeaTWT, UM NaHKPEOHEKPO3, — Haubonee TAXENaA GopMa OCTPOro MaHKpeaTuTa C BbICOKOM
yacToToi feTanbHbIX UCXoAoB. Mepuon, Hambonee NOAXOLALMIA LA AMArHOCTUKM OCTPOrO MaHKpeaTWTa, COCTaBNseT
3-5 fHew oT MaHudecTauum cuMnToMOB 60/1€3HU. B 3TOT NeproA OTEK M NPeXoAsLLas ULLEMUSA NOKENYA04HON XKenesbl
MOFYT MacKMpoBaTbCA NM0J, HEKPO3 W paspeLlaTbes Npu NocneAyoLWwmMX UCCNeA0BaHMSAX, M HA000POT, MECTHBIE OC/TOXHEHUS
MOrYT pa3BMBaThCs 6e3 KIIMHUYECKNX KOPPeNALMIA.

B HacToslLLiee BpeMsA Npu BeJieHUN OCTPOro MaHKpeaTUTa Bce bonbllee 3Ha4YeHWe 0TBOAMTCSA MeTOaM NyueBoil amarHoc-
TUKM, B YaCTHOCTM KOMMBIOTEPHOM TOMOrpadum, 3a CYET BO3MOXKHOCTW Dosee TOYHO BOIIOMETPUM NOLIKENYL0UHON Henesbl,
OLLeHKM COCTOSHMA U U3MEepEeHNs AuaMeTpa cefle3H0YHOI BeHbl, YTO B NEPCMEKTUBE MOXET UMETb 3HaYeHWe npu Gopmmupo-
BaHWM NPOrHO3a TeYEHUs! NaHKPEOHEKPO3a.

B cTaTbe npuBeAEH peaKuii KITMHUYECKWIA CyYail OCNIOMHEHWS OCTPOrO MaHKPeaTUTa — MHKANCyIMpOBaHHOIO HEKPOTU-
YeCKOro NaHKPeaTuTa, BO3HMKLLErD Ha GOHEe anMMeHTapHbIX HapyLLeHWiA. [lpuBeaeHbl acneKTbl CEMUOTUKM Ny4YeBbIX METOL0B
OMarHOCTUKM NpYU AMHAMUYECKOM 00CNefloBaHUM aHHbIX naTtonoruid. Cnyyait npuMeyatenied TeM, YTo MaHudecTaums 3a-
boneBaHus y nauueHTa npu NOCTYNEHWN B CTaLMOHap Obina conocTaBUMa C KACCUYECKON OTEYHOW GOPMOI OCTPOro NaH-
KpeaTtuta. [lanbHeiiluee HapacTaHWe OTPULLATENIbHOW AMHAMUKKM ObIN0 OTMEYEHO Cepuel KOMMbIOTEPHO-TOMOrpadnyecKux
n306paxeHuit B OMHaMUKe, BbIMOSIHEHHBIX MEXAy KIMHMKO-MOpPdOorMyeckuMn (asaMm TeYeHUst OCTPOro MaHKpeaTtuTa
1 00 GOpMMpPOBaHMS MaHKPEOHEKPO3a, OC/IOKHEHHOTO CeKBEeCTpaLmelt Tena NoAMeNya04YHON Xene3bl C NapanaHKpeaTnye-
CKMM abcLieiMpoBaH1eM, YTO NO3BOIUI0 MAKCUMabHO HarNa[HO NoKa3aTb CTyneHYaToe passuTue 3abonesanus. JleyebHas
napagurMa Oblna M3MeHeHa, U MecTo KOHCepBaTMBHOTO MOAXO[A 3aHsANa aKTMBHas XMPYPruMyeckas TaKTMKa C nociefylo-
LUNMHU HEO,U,HOKpaTHbIMVI MaHVII'IYHFILI,VIFIMVI n ANHaMUYECKUM I-(OMI'IbPOTepHO-TOMOFpaCI)VI‘-IECI-(VIM 7] MaFHMTHO—pEBOHaHCHbIM
KOHTPOJIEM BM/IOTb [0 Y/YYLLIEHUA COCTOSHUS NaLMeHTa.

Ha cerogHAWHWI geHb MeToapl Sly4eBON OMArHOCTUKM B COBOKYMHOCTM C a[ieKBaTHbIM TePaneBTUYECKUM U XUpypride-
CKWM NOJX0f1aMV1 CNOCO6HbI YNyYLLUMTL MPOTrHO3 TEYEHUS! HEKPOTUYECKOTO MaHKpeaTuTa.

KnioueBble cnoBa: MynbTUCMpanbHasa KoMnbloTepHas ToMorpagus; MCKT; MarHuTHo-pe3oHaHcHas ToMorpadus; MPT;
KoMmnbtoTepHast ToMorpadus; KT, HEeKpoTWYecKui NaHKpeaTuT; NaHKpeaTWT, MOLXKENyA0YHas Xene3a; NaHKpPeoHEKpos;
KJIMHUYECKWNIA ClyYaid.
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Encapsulated necrotic pancreatitis
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ABSTRACT

This study presents a rare clinical case of encapsulated necrotic pancreatitis, which was a complication of acute pancreati-
tis that arose against the background of alimentary disorders. The aspects of the semiotics of radiation diagnostic methods in
the follow-up control of these pathologies were presented.

This case is notable for the manifestation of diseases upon hospital admission, as in the classical edematous form of acute
pancreatitis, with a further increase in negative dynamics. This demonstrated the possible stepwise disease development,
accompanied by a series of follow-up computed tomography between the clinical and morphological phases of acute
pancreatitis and before the formation of pancreatic necrosis, which was complicated by sequestration of the pancreatic body
with peripancreatic abscess formation. Afterward, the therapeutic paradigm was changed, and the place of the conservative
approach was taken by active surgical tactics, followed by repeated manipulations and follow-up computed tomography and
magnetic resonance until the improvement of the patient’s condition.

Keywords: multispiral computed tomography; MDCT; magnetic resonance imaging; MRI; computed tomography; CT; necrotic
pancreatitis; pancreatitis; pancreas; pancreatic necrosis; case report.
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INTRODUCTION

The most severe form of acute pancreatitis is necrotic
pancreatitis, which has a mortality rate ranging from 30% to
100% [1-4]. Necrotic pancreatitis, also known as pancreatic
necrosis, occurs in 15%—-20% of cases of acute pancreatitis
[5]. The global incidence of acute pancreatitis ranges from
4.9 to 73.4 cases per 100,000 populations, with 10%—13%
of patients with abdominal surgical pathology in Russia [6].

The key importance of radiodiagnostic methods for
detecting the disease and selecting the approach to managing
patients with pancreatic necrosis has been described by major
Russian scientists [7], as well as a number of international
authors [8-11].

Currently, the role of radiation diagnostic methods in the
management of acute pancreatitis, in particular computed
tomography (CT), is expanding due to the possibility of
more accurate volumetry of the pancreas [12], assessment
of the condition, and measurement of the diameter of the
splenic vein, which may be important in the formation of the
prognosis of pancreatic necrosis course [13]. The first studies
are being conducted to investigate the relationship between
the loss of skeletal muscle density according to CT data and
the deterioration of the prognosis of the course of necrotic
pancreatitis [14].

The updated Atlanta guidelines on the course and
management of acute pancreatitis (USA, 2012)" include
trends to reduce radiation exposure to the patient and reduce
the economic burden by refusing excessive imaging (CT and
MRI) with a primary reliance on clinical examination data,
ultrasound (US), and biochemical markers of inflammation;
exceptions include an unclear diagnosis or aggravation of
the condition in acute pancreatitis during the first 48-72
hours [15, 16]. However, other sources indicate that more
than half of patients with acute pancreatitis who are clinically
suitable for curation without objective imaging methods do
so on their own [17]. When using updated diagnostic criteria
to make clinical decisions, physicians experience additional
stress [18]. Over time, the Atlanta classification for acute
pancreatitis has been revised and is now widely used in
Europe [19].

CASE DESCRIPTION

On January 13, 2018, patient Kh., 40, was admitted to
the intensive care unit in a critical condition with a clinical
presentation of acute pancreatitis and multiple organ failure,
as well as complaints of severe girdle pain in the upper
abdomen, nausea, and vomiting upon admission.

Case history. The patient experienced an acute onset of
the disease within a day of eating a large amount of fatty
foods (hypersecretory mechanism of development); in
the morning, he experienced stabbing pains in the upper
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abdomen, followed by nausea, vomiting, and pain radiation
to the lumbar region. He was taken by an ambulance to the
admission department of the National Medical Research
Treatment and Rehabilitation Center of the Ministry of Health
of Russia (Moscow).

Results of physical, laboratory, and instrumental
examination

At the time of admission, the patient’s condition was
classified as early phase IA.

A multispiral CT on January 14, 2018, revealed acute
pancreatitis with no signs of destruction of the pancreatic
parenchyma (Fig. 1).

Within 2 days in the intensive care unit, the patient
underwent infusion-corrective, antisecretory, antioxidant,
hepatoprotective, and antispasmodic therapy; multimodal
anesthesia was administered, as well as prevention of
thromboembolic complications and decompression of the
gastrointestinal tract.

On January 15, 2018, the patient with subjective
improvement was transferred to the department. When
a fever of up to 38°C appeared, antibiotics were added to
the treatment. A dense painless infiltrate 12 x 10 cm in
size was palpated in the paraumbilical region on the left
by the clinician. Clinically, the situation was regarded as a
manifestation of acute pancreatitis phase IB (the phase of
formation of peripancreatic infiltrate and resorptive fever).

By January 22, 2018, after the patient's condition had
stabilized, his body temperature had returned to normal
and data from laboratory and instrumental studies had
been collected, there was an increase in signs of local
inflammatory changes in the retroperitoneal space. The US
results showed an increase in the volume of fluid in the
abdominal cavity as well as imbibition of fatty tissue in the
left half of the retroperitoneal space (pancreatic necrosis).

The study was supplemented with CT scans of the thoracic
organs (TO CT) and the abdominal organs (AO CT), which
revealed bilateral pleural effusion, with more on the left;
consolidation in the lower lobe of the left lung; atelectasis in
the basal sections of both lungs; and destructive pancreatitis
with the pancreatic parenchyma contrasted fragmentarily,
its head increased over time, increased fluid accumulations
and the appearance of heaviness in the abdominal cavity and
retroperitoneal space (Fig. 2). The changes allowed for an
evaluation of the clinical and instrumental presentation at
the phase IB end and the phase Il beginning of the disease
(aseptic sequestration).

Given the absence of signs of pancreatic tissue infection
in the patient and clinical improvement, it was decided to
forego surgical intervention. By January 24, 2018, the
general blood test showed a decrease in leukocytosis (from
21.8 to 16.9 x 10° g/l) and C-reactive protein (from 206 to
144 ml/l) concentrations. However, after a period of clinical

! Atlanta classification of acute pancreatitis. Access mode: https://medach.pro/post/1830. Reference date: 10/15/2021
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Fig. 1. Computed tomography of the abdominal organs with intravenous contrasting: infiltration of peripancreatic adipose tissue and

adipose tissue in the subhepatic space (arrows)

improvement, on day 18 of admission (January 31, 2018), the
patient’s condition deteriorated sharply, with the appearance
of pain, hyperthermia up to 38°C with chills, equivocal
peritoneal symptoms, and an increase in leukocytosis up to
31 x 107 g/l in the general blood test.

The control ultrasound of the abdominal cavity detected
sequestration of the gland body and the accumulation of a
large amount of fluid around it; fenestration of the omental
sac with the abdominal cavity, where an undelimited liquid
with fibrin inclusions (at least 1 liter in volume) is also
found in all departments; and pronounced imbibition of the
retroperitoneal fatty tissue of the paracolar zones. Thus, the
ultrasound presentation corresponded to the progression
of necrobiotic changes in the pancreas due to pancreatic
necrosis, i.e., and the formation of a parapancreatic abscess.

On January 31, 2018, after a brief preoperative period,
diagnostic laparoscopy, sanitation, and drainage of the
abdominal cavity were performed urgently, followed
by conversion to laparotomy with the formation of an
omentobursostomy in order to facilitate access to the
omental sac for necrosequestrectomy.

The intraoperative diagnosis was severe acute
pancreatitis, pancreatic necrosis with retroperitoneal fluid
accumulations, phase of septic sequestration, and widespread
pancreatogenic serous-fibrinous (enzymatic) peritonitis.

On February 1, 2018, an ultrasound of the abdominal
cavity revealed a fluid accumulation of 7 x 4.5 x 15 ¢cm in
the right half of the retroperitoneal space, closely adjacent to
the posterior wall of the ascending colon. Due to the high risk
of damage to the colon during open drainage, US-controlled

Fig. 2. Computed tomography of the abdominal organs with intravenous contrasting: infiltration and fluid accumulations in the peripancreatic
fatty tissue, along the perirenal fascia on the left, in the parenchyma of the pancreatic head and body (arrows)
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drainage was used to prevent erosion of the intestinal wall
and infection of the retroperitoneal space.

In the postoperative period, following the occurrence
of cardiovascular and respiratory failure, the patient was
extubated on day 2 (February 2, 2018). The comprehensive
therapy had a positive effect, with a decrease in leukocytosis
to 10 x 10° g/l in the general blood test in presence of a
persistently high C-reactive protein level (241 mg/l). Then,
during the week, the patient had daily dressings with revision
and sanitation of the omentobursostomy. During the revision
of the omentobursostomy, no additional leaks or free-lying
sequesters were found.

At the control AO CT scan (02/01; 02/02; 02/05/2018),
the CT presentation showed no deterioration; the state of the
pancreas and fluid accumulation along the gland contour in
the area of the omental sac had changed; non-draining fluid
accumulations in the retroperitoneal space were not detected
(Fig. 3).

After the condition stabilization, on tenth day after
the surgery, the patient was transferred to the surgical
department. After numerous necrosequestrectomy for 9
days, flow aspiration drainage of the omental sac cavity was
established.

The control TO and AO CT (February 14; February 21,
2018) revealed a decrease in the left-sided hydrothorax
and resolution of the area of consolidation in the lower
lobe of the left lung, as well as a decrease in effusion in
the peripancreatic tissue and infiltrative changes in the fatty
tissue of the abdominal cavity (Fig. 4).

Clinically, the formation of an external pancreatic fistula
was noted. On February 28, 2018, the patient underwent
MR cholangiography, which revealed that the Wirsung's
duct at the level of the head and body of the pancreas
was not visualized; that it had a tortuous course in the tail,
with uneven contours and a diameter of 2 mm; and that no
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fistulous tracts were detected. Intra- and extrahepatic bile
ducts were not dilated (Fig. 5).

Over the next month, conservative therapy and flow
aspiration drainage of the omental sac were performed. The
patient’s condition improved to the point of being satisfactory,
the fever subsided, and an external pancreatic fistula was
formed. In the outpatient setting, the patient was discharged
under the supervision of a surgeon.

The control AO CT on March 23, 2018, detected a decrease
in the size of the infiltrate anterior to the body and tail of
the pancreas, as well as a decrease in the infiltrate along
the ascending colon; the gland was reduced in size, with the
sagittal size of 17 mm at the level of the tail and 6 mm at the
level of the body, and it was not significantly differentiated at
the level of the gland head (Fig. 6).

Thus, timely diagnostics enabled the most appropriate
treatment approach to be chosen in the demonstrated clinical
case, which improved the prognosis of the disease, with the
acute and subacute periods ending relatively well.

DISCUSSION

L. Sorrentino et al. [20] used a minimally invasive
approach in the treatment of severe pancreatic necrosis,
namely endoscopic transgastric necrosectomy. At the
first stage, our treatment approaches are similar, namely,
diagnostic laparoscopy and drainage of the abdominal cavity;
however, at the second stage, we preferred to expand the
surgical intervention with conversion to laparotomy and
formation of an omentobursostomy to facilitate access to
the omental sac for necrosequestrectomy.

A group of Japanese scientists describes successful
treatment of a patient with necrotic pancreatitis using a
combination of continuous drainage of the skin wound by
negative pressure and endoscopic necrectomy [21]. Another

Fig. 3. Computed tomography of the abdominal organs with intravenous contrasting: infiltration and fluid accumulations in the peripancreatic
fatty tissue, along the perirenal fascia on the left, in the parenchyma of the pancreatic head and body (arrows); drain tube (zigzag arrow
in the image on the left). The formation of a thin contrasting capsule along the infiltration zone over time is noted
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Fig. 4. Computed tomography of the abdominal organs with intravenous contrasting: encapsulated infiltration and fluid accumulation
in the peripancreatic adipose tissue, which decreased over time (image on the left, arrows), a hemostatic sponge in the cavity of the
encapsulated contents; drain tube (image on the right, zigzag arrow). Further formation of a thin contrasting capsule along the course of

the infiltration zone over time is noted

Fig. 5. Magnetic resonance imaging cholangiography (left) and T2-WI (coronal plane, right). The distal part of the common bile duct is “hidden”
in the infiltrate; the proximal part of the common bile duct and the intrahepatic bile ducts are not dilated (arrows)

Fig. 6. Computed tomography of the abdominal organs with intravenous contrasting: drainage tube (left image, arrow); encapsulated
infiltration and fluid accumulation in the peripancreatic fatty tissue, which decreased over time (image on the right, arrow)
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clinical case [22] demonstrated the development of necrotic
pancreatitis following an ampullary biopsy in Barrett's
esophagus, with subsequent treatment involving repeated
drainage of the necrotic cavity under CT guidance.

In all the clinical cases presented, including ours, in
addition to clinical and laboratory data, CT with intravenous
contrasting was actively used for diagnostics, assessment of
the course of the disease, and choice of treatment approach.

Thus, the best time to diagnose acute pancreatitis is
72 hours to 5 days after the onset of disease symptoms.
During this period, edema and transient ischemia of the
pancreas can be misdiagnosed as necrosis and resolved in
subsequent studies, and local complications may develop
without clinical correlations. In the patient, in the case
presented, during the period of a stable severe clinical
presentation, the transition of phase IA to phase IB of the
disease development was recorded.

Clinical guidelines recommend using CT to rule out
local complications when the clinical presentation changes
and/or the patient's condition deteriorate sharply. In the
case presented, the patient’'s CT was sensitive to changes
in the clinical presentation and recorded a transition at the
beginning to phase IIA of aseptic sequestration, followed
by phase IIB of septic sequestration with the formation of a
parapancreatic abscess.

CT is a necessary study when planning minimally invasive
surgical interventions, which are currently preferred in the
treatment of necrotic pancreatitis. This approach was used
on our patient.

In pancreatic necrosis, MRI is the method of choice for
assessing the condition of the common bile duct and the
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lMopaxkeHue KocTei Tasa, NO3BOHOYHMUKA U pébep
NpyU 0CTEONOMKUAMMK: KJIMHUYECKUMN Cayyan

M.T. Paparella', I. Gangai', Ch. Porro’, L. Eusebi?, F. Silveri®, A. Cammarota*, G. Guglielmi'®

! Department of Clinical and Experimental Medicine, Foggia University School of Medicine, ®opa, Utamms
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AHHOTALNA

OcTeononkunua — peakas Gopma HacneacTBEHHOW A0OPOKayYeCcTBEHHOM AMCMa3uM KOCTel, CiyyYaiHo obHapy:KuBae-
Mas Npu peHTreHorpaduu. XapaktepusyeTca cneundU4ecKoi PeHTreHONOrMYeCKon KapTuHoi — aud@ysHbIMM CKNepoTy-
YECKMMM Y4aCTKaMM KOCTMU KPYrion Uiy 0BafnbHOW CUMMETPUYHON opMbI, onpesenseMbiMu no BceMy ckenety. [paBunbHas
MOCTaHOBKa [MarHo3a o4eHb Ba)kHa, MOCKO/IbKY NOPaXKeHMs TaKoro TUMA CX0XM C KOCTHBIMW MeTacTasaMmy.

B paHHOW cTaTbe MpencTaBnieH CAyyait OCTEOMOWKMIMM Y MaLMEHTKM, 00paTMBLUEHCS B Hally KIMHMKY C Xanoboi
Ha KpaTKOBPEMEHHYI MOTEPI0 CO3HaHMs 6e3 MPU3HAKOB OHEMEHMs, MOKanbiBaHMs, cnabocT B Horax WM ApYrux 4acTsx
Tena. KoMnbloTepHas ToMorpadmsa nokasana MHOMECTBEHHbIE MEJIKUE CKIIEPOTMUYECKWE OYaru, paccesHHble Mo rpyLHOMY
W MOACHUYHOMY OTAENY NO3BOHOYHMKA, PEDPaM, Ta30BbIM KOCTAM, KPECTLY M NPOKCMManbHOMY OTAeNy beapeHHbIX KocTen
¢ obenx ctopoH. pu ocTeocumHTMrpadmm BCero Tena ¢ NPUMEHEHUEM TexHeLMs-99M NOBLILLEHUA HAKOMNIEHUS NpenapaTa
He BbISIBNIEHO. Y MaLMEHTKM BbiIM AWMarHOCTUPOBaHbI XapaKTePHbIE PEHTIEHOIOTMYECKME NPU3HAKW OCTEONOWKMIMM, Nocsie
yero OHa Haxoawunack nof HabmoaeHneMm.

KntoueBble cnoBa: ocTenonKunus; AMCNNAsna KOCTEN; KIMHUYECKUIA CyYaid.
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Osteopoikilosis in the ribs, pelvic region and spine:
a case report
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ABSTRACT

Osteopoikilosis is a rare inherited benign bone dysplasia incidentally found on radiological exams. It is characterized by
a specific radiological pattern: diffuse, round or oval, symmetrically shaped sclerotic bone areas distributed throughout the
skeleton. It is essential to do a correct diagnosis because these lesions could be easily confused with bone metastasis.

We reported a case of an osteopoikilosis patient presenting to our clinic with transient loss of consciousness and without
any numbness, tingling and weakness in the legs or other parts of the body. The computed tomography scan showed multiple
small sclerotic foci bone islands, scattered throughout the thoracic and lumbar spine, ribs, pelvic bone, sacrum and bilateral
proximal femur. No significant increase in the activity was detected in technetium-99m whole-body bone scintigraphy. The
patient was diagnosed with characteristic radiological findings of osteopoikilosis and was followed up.

Keywords: osteopoikilosis; bone dysplasia; clinical case.
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BACKGROUND

Osteopoikilosis is a rare benign bone dysplasia that af-
fects about one in every 50,000 people, usually with no age
or gender differences [1].

It is characterized by numerous circular or ovoid scle-
rotic bone lesions symmetrically distributed throughout the
skeleton [2]. Lesions are frequently found incidentally on
imaging studies for unrelated complaints [3]. Histologically,
the lesions are thicker trabeculae of lamellar osseous tissue
with haversian systems within the cancellous structure; they
are most likely foci of bone that did not become cancellous
throughout growth and differentiation. The condensation of
cancellous bone in osteopoikilosis consists of a peripheral
area of trabeculae in which osteocytes are scant, and there
are no osteoblasts or osteoclasts (both are present in the
central core of irregular trabeculae) [4,5].We report a case
of osteopoikilosis patient who presented to our clinic for a
syncope.

DESCRIPTION OF THE CASE

A 43-year-old female patient was taken to the emer-
gency room by ambulance after experiencing transient
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loss of consciousness. The initial evaluation consisting
of history, physical examination, 12-lead electrocardio-
gram and laboratory tests did not reveal any abnormali-
ties; thus, a total-body computed tomography (CT) was
performed. The CT scan showed multiple small sclerotic
foci bone islands, scattered throughout the thoracic (Fig-
ure 1a) and lumbar spine (Fig. 1b), ribs, pelvic bone (Fig.
2), sacrum (Fig. 3) and bilateral proximal femur (Fig. 4).
All bones were free of any cortical erosion or periosteal
reaction. No other signs, such as rubor or edema, were
noticed; moreover, the patient did not describe any numb-
ness, tingling and weakness in the legs or other parts of
the body.

The CT pattern was suspicious for osteopoikilosis. The
relative clinical and laboratory tests, such as routine blood
count, erythrocyte sedimentation rate, serum electrolytes,
tumor markers, alkaline and acid phosphatase, ANA and
anti-DS-DNA were negative for any type of arthritis, infec-
tion or osteoblastic bone metastases, which were in the dif-
ferential diagnosis. No significant increase in the activity was
detected in technetium-99m whole-body bone scintigraphy.
The patient was diagnosed with typical radiological findings
of osteopoikilosis by excluding other differential diagnoses
and was followed up.

Fig. 1. Transverse cross-section computed tomography scan passing through the thoracic (a) and lumbar (b) spine. It shows numerous,
well-defined, homogeneous, circular, hyperdense foci in spinous processes and vertebral arches.

Fig. 2. Transverse cross-section computed tomography scan
passing through the seventh rib. It shows numerous hyperdense
lesions; these are well-circumscribed and are measured in
millimeters.

00l https://doi.org/10.17816/DD79504

Fig. 3. Transverse cross-section computed tomography scan
passing through the sacroiliac joints. It shows small, sclerotic,
round opacities distributed symmetrically along sacrum, hip bone,
and sacroiliac joints.
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Fig. 4. Transverse cross-section computed tomography scan pas-
sing through the femoral head. It shows numerous hyperdense
lesions that conform with the osteopoikilosis in the femoral head;
lesions are well-circumscribed and are measured in millimeters.

DISCUSSION

Osteopoikilosis (also known as “spotted bone disease”
or osteopathia condensans disseminata) is a rare bone dys-
plasia and was first described by Albers-Schonberg in 1915
[6]. The incidence of this disease is estimated around one
in 50,000, usually without age or gender differences [1].
It is usually autosomal dominant in inheritance, but spo-
radic forms are also reported [1]. Current literatures sug-
gest loss-of-function mutations of LEM domain-containing
3 (LEMD3) gene located on 12q might be the cause. These
mutations could also affect soft tissue and skin, causing
melorheostosis that is a benign sclerosing bone dysplasia
with cortical hyperostosis, thickening and fibrosis of overly-
ing skin and Buschke—O0llendorff syndrome that comprises
osteopoikilosis associated with disseminated connective
tissue and cutaneous yellowish nevi [7,8]. Osteopoikilosis
lesions are typically found incidentally on imaging studies
done for unrelated complaints [3]. Radiological lesions of
osteopoikilosis are typical: they are characterized by nu-
merous symmetrical, homogeneous, well circumscribed,
small (1-10 mm in diameter) and round or oval shaped
sclerotic lesions. The most commonly affected areas are
the epiphyses of short tubular bones and the metaphyses
of long bones. In addition, carpal and tarsal bones, scapula,

REFERENCES

1. Negi RS, Manchanda KL, Sanga S, et al. Osteopoikilosis — spot-
ted bone disease. Med J Armed Forces India. 2013;69(2):196-198.
doi: 10.1016/j.mjafi.2012.05.009

2. Mahbouba J, Mondher G, Amira M, et al. Osteopoikilosis: a rare
cause of bone pain. Caspian J Intern Med. 2015;6(3):177-179.

3. Carpintero P, Abad JA, Serrano P, et al. Clinical features of ten
cases of osteopoikilosis. Clin Rheumatol. 2004;23(6):505-508. doi:
10.1007/510067-004-0935-2

4. Tong EC, Samii M, Tchang F. Bone imagingas an aid for the di-
agnosis of osteopoikilosis. Clin Nucl Med. 1988;13(11):816-819. doi:
10.1097/00003072-198811000-00009

Vol 2 (4) 2021

D0l https://doi.org/10.17816/DD79504

Digital Diagnostics

pelvis and sacrum are reported to be frequently affected
[9,10]. Ribs, clavicles, spine and skull involvement is un-
common [11]. Because of their similarities, the radiological
lesions of osteopoikilosis can be confused with osteoblastic
bone metastases, but there are significant differences that
allow us to make a differential diagnosis. In contrast to
bone metastasis, the sclerotic lesions in osteopoikilosis are
symmetrical, consistent in size and do not induce cortical
erosion. As a result, bone scintigraphy plays an important
role in definitive diagnosis; in fact, a normal radionuclide
bone scan generally excludes the possibility of osteoblastic
bone metastasis. Nevertheless, several cases of osteopoi-
kilosis with an abnormal bone scan have been reported in
the literature [12,13].

CONCLUSION

Although osteopoikilosis is a rare condition, it can be eas-
ily diagnosed through its typical radiological findings. There-
fore, clinicians must be aware of and recognize this image
pattern in order to make an accurate diagnosis and prevent
further examinations and aggressive treatments.
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Bo3pacTaiowiasn ponb ¢pyHKLUOHANBHOK BU3YaNn3aLum
AN HaBUrauuu paguoTepanuu U Gpaxutepanum
Ha npuMepe paKa npeAcTaTe/IbHOM XKene3bl

M.0. PymsHueB

MexayHapoaHbIA MeauumMHCKUiA LeHTp «COMA3-MeaumumHay», CaHkT-TeTepbypr, Poccuiickas ®epepaums

AHHOTALMA

Bpaxutepanus ycnewwHo NpUMEHSETCS B JIEYEHWUM 3N10KA4YECTBEHHBIX HOBOOOPA30BaHMIA Y MYKUMUH U KEHLUMH, B PEOKMUX
Cyyasx y AeTeid, Kak caMoCTOSTeNbHbIA MeTOA (HanpyuMep, Npy NIOKaW30BaHHOM paKe NpeAcTaTesbHON Jenesbl) Wi afb-
I0BaHTHbIV C AMUCTAHLMOHHOM OKaNbHOM Ny4eBOii Tepanueii (HanpuMep, Npy paKe LUeHKKU MaTKK, aHa/bHOro KaHana, rooBbl
W LW, MONIOYHOM JKene3bl U Np.).

PaclumpeHmre [MarHoCTMHECKUX BO3MOXHOCTEN (MOSIBNEHME KOMMBIOTEPHOI W MarHUTHO-pE30HaHCHO! ToMorpadum) bnaro-
[apA TPEXMEPHON BM3yanu3aumm ano bpaxutepanum BaKHOE TEXHONOrMYecKoe NMPEeMMYLLECTBO Mepes APYrUMUA MeTOAaMMU.
CywecTByeT MHOXECTBO BapWaHTOB COYETaHUA Bpaxutepanuu C AUCTaHLIMOHHOI Ny4eBOM UM CUCTEMHOI NPOTUBOOMYXO/EBOM
Tepanuen B NepBOil IMHWM, @ TaKIKe B MOHOPEXWUME NP JIOKANIM30BaHHOM PeLmamnBe OnyXonu B paHee 00y4EHHOMN 30He.

BBeneHue MHTpacTaToB (Nosbix TPyOOK) Ans BHYTPUTKAHEBOW BbICOKOLO3HOW bpaxuTepanuu oCyLLecTBsETCS BO BPeMs
orepaumm, a MHKanCyMpOoBaHHbIX (3aKPbITbIX) PaAMOaKTUBHBIX MUKPOMCTOYHMKOB ANA HU3KOA030BOI bpaxutepanum — Ha-
npsMyto (4pe3KOXKHO).

OTnuumTenbHOM cneunduKon bpaxutepanum ABNSETCA pe3Koe NageHne J03bl 3a MPeaesiaMy ONnyXosieBOro o4ara, Y4To Mu-
HUMU3UPYET PUCK 06/Ty4eHNs OKPYKAIOLLMX OpraHOB U TKaHeN.

OCHOBHBIM NMpenMyLLEeCTBOM OpaxuTepanum B CPaBHEHUM C AUCTAHLMOHHON Ny4eBOI Tepanueii sBnseTcs bonee BbICOKUN
rpagveHT [03bl 06/1y4eHUs Ha rpaHuLe onyxonu (co Bcex cTopoH). bonee Toro, HET HEOBXOAMMOCTU YTOUHEHUS TPaHUL, He-
OrnpeAeNeHHOCTM Ny 067ly4eHUM MULLIEHW: KOTAa OMyX0Jlb M3MEHSETCA B NPOLLECCe NIeYeHms,, TO QUKCUPOBaHHbIE B OMyX0M
MCTOYHMKW CUHXPOHHO MEHSIIOT CBOE MOJIOXKEHME.

MoMuMo npeumyLLecTB B 3HEKTUBHOCTM M BE30MAcHOCTH, COBOKYMHbIE WHAHCOBbIE 3aTpaTbl MU bpaxuTepanuu cy-
LLECTBEHHO HWKE PYriX BapUaHTOB Jly4eBON Tepanim.

KnioueBble cnoBa: MonekynsipHas BU3yanu3aums, bpaxuTtepanus; paauotepanys, paK NpeAcTaTesibHoON XKenesbl.
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The increasing role of functional visualization
modalities for navigation of external beam radiation
therapy and brachytherapy in prostate cancer

Pavel 0. Rumyantsev

SOGAZ International Medical Center, Saint Petersburg, Russian Federation

ABSTRACT

Brachytherapy is successfully used in the treatment of malignant neoplasms in males and females and rare cases in chil-
dren, as an independent method (with localized prostate cancer) or adjuvant with remote focal radiation therapy (with cancer
of the cervix, anal canal, head and neck, breast, etc.).

The expansion of diagnostic capabilities (the advent of computer and magnetic resonance imaging) due to three-dimensional
imaging has given brachytherapy an important technological advantage over other methods. Many options are available for
combining brachytherapy with remote radiation or systemic antitumor therapy in the first line, as well as in a single mode for
localized tumor recurrence in a previously irradiated area.

Intrastates (hollow tubes) for intra-tissue high-dose brachytherapy are administered during surgery and encapsulated
(closed) radioactive micro-sources for low-dose brachytherapy are directly administered (percutaneously).

A distinctive feature of brachytherapy is a sharp drop in the dose outside the tumor focus, which minimizes the risk of ir-
radiation of surrounding organs and tissues.

The main advantage of brachytherapy in comparison with remote radiotherapy is a higher radiation dose gradient at the
tumor border (from all sides). Moreover, clarifying the boundaries of uncertainty when irradiating the target is unnecessary.
When the tumor changes during treatment, the sources fixed in the tumor synchronously change their position.

In addition to the advantages in efficiency and safety, the total financial costs of brachytherapy are significantly lower than
other radiotherapy options.

Keywords: brachytherapy; prostate cancer; malignant neoplasms; radiation therapy.

To cite this article
Rumyantsev PO. The increasing role of functional visualization modalities for navigation of external beam radiation therapy and brachytherapy in prostate
cancer. Digital Diagnostics. 2021;2(4)-488-497. DOI: https://doi.org/10.17816/DD96197

Received: 10.01.2022 Accepted: 14.01.2022 Published: 21.01.2022
V-2
ECOSVECTOR The article can be used under the CC BY-NC-ND 4.0 license

© Authors, 2021


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

https://doi.org/10.17816/DD96197
https://doi.org/10.17816/DD96197

EDITORIALS Vol 2 (4) 2021 Digital Diagnostics %0
4

DOI: https://doi.org/10.17816/DD96197

ERIGIBRIEFBGIR , TIRERR T AESIEIEMEaYia
TR T e R EAREREX

Pavel 0. Rumyantsev

SOGAZ International Medical Center, Saint Petersburg, Russian Federation

i
EHE B O W MO T SRR LRI, (R TLE, i R aiasT
CRIRPER B AR T IS s, AU, . TS .
SRR ILITRE AT SRR RO SRR ) GOR5 RO

P IUA T B OB 009 (6528, ARBEROBUM AT 5 SN B S A VA

ATV, AT KRR, T,

AT AR 3 T R BRI BR BB 1697 0 intrastats (R0, JFEE (%

B B G TR BB RO 67T B MU P B

AT R B TR VR YT R — > SB35 R U IR AR A R SR R B, AT R 4 B R 2R
R AT PRI P 2 R A1

5ANRORU R IT AR LG, IR S O VR YT I B R R A MR A g DT\ T A )
R . Ak, To R TE R ) R SRR R AN PR S AR AR IR T AR kAR
AN, [ E 7E B b ORI R R B E

R 1T RO 22 a8 A, R BTG TT RV 55 BAR R ORI T HA B VR 7 77 % .
REEA: EPRETUIRTT s ATAI R RYEMOE s BUNIRIT .
To cite this article

Rumyantsev PO. 7E Bl 1 I 617, DA J5 VA LE SRt R U ¥ 7 AL B 1 BBUSHE T T (9 1R PRI, Digital: Diagnostics.
2021:2(4):488-497. DOI: https://doi.org/10.17816/DD96197

WE]: 10.01.2022 B2 14.01.2022 KA B#A: 21.01.2022
&
ECOSVECTOR The article can be used under the CC BY-NC-ND 4.0 license

© Authors, 2021


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

https://doi.org/10.17816/DD96197
https://doi.org/10.17816/DD96197

491

EDITORIALS

INTRODUCTION

Historically, dosimetric planning for prostate cancer
brachytherapy was based on 2D orthogonal computed
tomography (CT) pelvic views obtained during implantation.
Although radiographic images allowed for accurate
visualization of the applicators, they did not provide an
accurate estimate of the volume of the target lesion or
healthy tissues/organs near the tumor, which could be
damaged by irradiation (organs at risk). In the 1990s,
with the advancement of diagnostic capabilities, namely,
the advent of CT and magnetic resonance imaging (MRI),
brachytherapy benefited greatly due to the technological
advantages of three-dimensional imaging, so the question
of further improving the accuracy of brachytherapy under
MRI navigation naturally arises. Moreover, in addition to the
efficiency and safety benefits, brachytherapy has significantly
lower total financial costs than other radiotherapy options [1].

COMBINED FUNCTIONAL
AND ANATOMICAL IMAGING METHODS

The use of brachytherapy in conjunction with external
beam radiation or systemic antitumor therapy is becoming
increasingly popular in oncology, adding a new dimension to
patient management. The functional visualization of organs
during physiological processes is complementary to the
anatomical image, which contains complete information
about the structure of the organs.

At present, many complementary biological processes,
such as metabolic activity, cell proliferation, perfusion,
hypoxia, etc. can be visualized. Diagnostic functional images
in oncology are used to assess the distribution of tumor
cells and detect intratumoral heterogeneity, as well as to
establish phenotypic characteristics and the nature of the
microenvironment in solid tumors, which affect the clinical
course and therapeutic response. The largest number of
studies has been conducted to determine the mass of the
tumor and its clonogenic density, hypoxia, or proliferation.

The combination of functional and anatomical imaging
provides structural and metabolic information about the
tumor, allowing different subtypes and radioresistant zones
in tumor foci to be identified.

Magnetic resonance imaging

Due to the high resolution and high contrast of soft tissues,
MRI has become the standard method of anatomical imaging
for determining the stage and prevalence of primary tumors.
MRI offers numerous technological options for detecting the
mechanisms of functional organization of a tumor, such as
angiogenesis (perfusion MRI), metabolism (MR spectrometry),
and even its cellular composition (diffusion-weighted
imaging, DWI). In MRI, the dynamic contrast enhancement
(DCE) mode is a technique for flexible analysis of changes
in tissue signal intensity following injection of a standard
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paramagnetic contrast agent (based on gadolinium). The
difference in tissue perfusion after injection of a gadolinium-
based contrast agent can be evaluated using MRI in DCE
mode. Using at least two different b-values in DWI mode, the
apparent diffusion coefficient (ADC) can be calculated during
postprocessing. Most malignant tumors have increased cell
density, which is displayed as increased signal intensity on
DWI or a decrease in ADC in quantitative analysis.

Positron emission tomography

Positron emission tomography combined with CT (PET/CT)
or MRI (PET/MRI) has significantly improved the diagnostics
and staging of malignant neoplasms (lungs, prostate,
hematopoietic system, etc.). Despite having a lower spatial
resolution than modern CT and MRI, PET allows for the
detection of metastases that other methods do not reveal and
allows for the initial optimization of the treatment approach.
In addition, PET can provide unique functional information
about a tumor, such as zones of hypoxia, proliferation,
radioresistance, etc. At the current stage, a wide range of
“metabolic” radiotracers (radiopharmaceuticals) are available
in nuclear medicine (Table 1).

Digital biomarkers: radiomics

Clinical aspects and anatomical imaging techniques
provide important prognostic information regarding the
clinical course of a tumor, but they cannot predict the
response of a tumor to treatment. The development of
reliable prognostic biomarkers could improve the choice
of the optimal treatment approach and individualize the
therapeutic approach. Radiomics, as a method of extracting
and analyzing large amounts of quantitative radiological data
from medical images using high-performance methods, can
be used to develop digital biomarkers that can be used in
choosing the most effective and safe treatment approach.
Digital biomarkers perfectly complement the qualitative
and quantitative characteristics of the tumor process, such
as clinical manifestations, morphological pattern, and
metabolomic (in particular, tumor markers) and molecular
genetic studies. Comprehensive consideration of all
significant parameters enables the development of reliable
predictive models that improve patient treatment outcomes
and the development of medical decision support systems
based on evidence-based clinical experience and creative
international multidisciplinary communication.

RELIABLE PROGNOSTIC MODELS
AS A DECISION SUPPORT SYSTEM

Brachytherapy allows for the delivery of heterogeneous
doses within the volume of the irradiated target; however,
there is a risk of local recurrence, which is associated with
radioresistance of the remaining tumor foci in particular.
Functional imaging provides a presentation of tumor biology,
allowing for more adaptable dosage distribution to the actual
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Table 1. Range of radiotracers for molecular imaging in oncology and endocrinology

Metabolic pathway

Scope of application

Molecular imaging method

SPECT/CT | PET/CT

Energy glycolysis Oncology - 8F-FDG
. . mTc0, (pertechnetate)
Synthesis of thyroid hormones Endocrinology, encology (thyroid 123) 124
diseases) 131)
18E-FAZA (nitroimidazole)
Hypoxia Oncology - 18F_FISO
84Cu-ATSM
Proliferation Oncology - BF_FLT
Cell membrane Oncology - 18F/1'C-choline
. Endocrinology, oncology #mTc-HYNIC-TOC ~ *3Ga/*“Cu-DOTA-TATE/NOC/
Somatostatin receptors (STR 2.9) (neuroendocrine tumors) (tectrotide) TOC
Endocrinology, oncology

Norepinephrine synthesis (pheochromocytoma, paraganglioma, 123 /131]-MIBG 124_MIBG

neuroblastoma)

Glucagon-like peptide type 1 receptors
(GLP-1)

Estrogen receptors

Androgen receptors

her2neu receptors

PSMA receptors

Activity of tumor-associated fibroblasts

Oncology
Oncology

Bone metabolism

Endocrinology, oncology (insulinoma)

Endocrinology, oncology -
Endocrinology, oncology -

Endocrinology, oncology -

Endocrinology, oncology

99mTC_z:§t|;;?é(;ndm_4 $%Ga/*“Cu-DOTA-exendin-4
9F_FES
1SF_FDHT

- 87r-DFO-trastuzumab
Tc-HYNIC-PSMA “9Ga/F-PSMA
6363/ "9F-FAP|

99mTc-MDP (technefor,

18F_ . .
oyrfotech etc) F-NaF (Sodium fluoride)

Note. FDG, fluorodeoxyglucose; FAZA, fluoroazomycin arabinoside; ATSM, diacetyl-bis-N4-methylthiosemicarbazone; MIBG, metaiodobenzylguanidine;
FES, fluoroestradiol; FDHT, fluorodihydrotestosterone; PSMA, prostate-specific membrane antigen

tumor site. The planned total focal dose of radiation either
can be individualized, with dose levels set for the full volume
of the target, or can have different sublevels of radiation
doses, such as the dominant tumor focus or, for example,
more radioresistant hypoxic foci (biological target volume).

The potential role of functional imaging in radiation
oncology is important at all stages of the management of
patients with prostate cancer, namely, at stage 1 for primary
tumor staging; stage 2 for planning radiotherapy in order to
determine more accurately the target volumes or escalate
the radiation dose; and stage 3 for case follow-up of patients
in order to control the achievement of a complete response
as well as detection of tumor recurrence.

For cancers of the prostate, surgical treatment, external
beam radiation therapy, and brachytherapy are the preferred
treatment options. The American Society of Clinical Oncology
recently validated the role of brachytherapy. For low-risk
carcinomas not suitable for active follow-up, brachytherapy
with microsources of iodine-125 remains the treatment
method that provides the best balance of biochemical control
with optimal preservation of sexual function [2]. Brachytherapy
should be offered as a supplementary treatment option to
patients who have an unfavorable (moderate or high) risk of
biochemical recurrence. Thus, based on the results of three

DOl https://doi.org/1017816/DD96197

randomized clinical trials involving a combination of external
beam radiation therapy and brachytherapy, it was concluded
that additional brachytherapy significantly improved survival
without signs of biochemical recurrence [3]. When compared to
treatment outcomes after only external beam radiation therapy
or radical prostatectomy (propensity-scored pairwise test) for
prostate cancer with a very high risk of biochemical recurrence
(Gleason 9-10), the addition of brachytherapy improved not
only survival without biochemical recurrence and without
metastases but also overall 7-year survival rate [4].
Multiparametric MRI (mpMRI) and PET/CT have emerged
as promising modalities for staging primary and recurrent
prostate cancer. New PET/CT tracers have improved the
detection of small, early-stage metastatic tumors. Moreover,
cross-validation is required to determine the nature and
clinical significance of these latent and PET/CT-detectable
lesions. Based on the clinical status of the patient at the time
of the visit, the following strategies can be suggested [5]:
» Suspected localized prostate cancer: mpMRI
» Suspected advanced prostate cancer: PET/CT with
$8Ga-PSMA-11, osteoscintigraphy
+ Biochemical recurrence after treatment: PET/CT with
88Ga-PSMA-11, as well as mpMRI for local control or
MRI to evaluate lymph nodes and bone structures
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Despite its high prognostic value, the Gleason score often
underestimates the additional contribution of radiomics in
clarifying the true clinical stage at the time of biopsy [6].

In real clinical practice, a previously unknown metastatic
lesion of regional lymph nodes or distant metastases can
be detected. PET/CT-detected lesions with high expression
of prostate-specific membrane antigen (PSMA) receptors
have a high risk of tumor aggressiveness [7]. In particular,
these data help to improve understanding of the prognosis of
aggressiveness and the risk of tumor recurrence, as well as
the optimal selection of patients for brachytherapy and other
treatment options.

Planning of brachytherapy for prostate cancer involves
the entire volume of the prostate as a target for irradiation.
The radiation dose of the gland is heterogeneous, and an
ablative dose of radiation must be applied to all intraglandular
tumor foci. According to recent findings, combining mpMRI
and *Ga-PSMA PET/CT improves diagnostic accuracy in
identifying these intraglandular tumors. PET/MRI with *8Ga-
PSMA outperforms mpMRI in accuracy (area under ROC curve
0.88 vs. 0.73; p < 0.001) and PET/CT (0.88 vs. 0.83; p = 0.002)
for localized prostate cancer. PET/CT with ®Ga-PSMA was
more accurate than mpMRI (0.83 vs. 0.73; p = 0.003) [8].
Similar results were obtained by P. Donato et al. [9], as PET/
CT with ®®Ga-PSMA detected tumor foci more frequently
(78%; ROC 0.817) than mpMRI (69%; ROC 0.729).

Recently, there has been an increased interest in methods
of focal therapy for prostate cancer, in patients with tumors
of low (in an independent version) and high (in addition to
other methods of focal therapy) risk. There is mounting
evidence that dominant carcinoma foci within the prostate
gland have the highest predictive value for the development
of metastases and tumor recurrence after primary therapy.
This highlights the need for improved visualization of
carcinoma foci in terms of their dominance in size and
prediction of biological aggressiveness. S. Rylander et al.
[10] published the results of a dosimetric study of three
mpMRI-guided low-dose brachytherapy models: (1) a “risk-
adaptive” plan with prostate radiation dose de-escalation
of at least 125 Gy (clinical target volume, CTV), (2) plan
determined by mpMRI with dose escalation to 145-250 Gy
(gross tumor volume, GTV) and a 5-mm exposure limit
for all tumor foci, and (3) reference plan with a standard
clinical prostate radiation dose of 145 Gy. With a significant
dose reduction to the urethra and bladder neck, the risk-
adaptive planning concept and dose escalation model for
macroscopically defined tumor foci were technically feasible
[10]. Recent studies have examined the effect of a local
boost of high-dose brachytherapy on dominant intraprostatic
lesions using mpMRI- or PET/CT-guided functional imaging.
These two studies demonstrated excellent tolerability and
low toxicity of treatment, as well as considerable structural
and biochemical response rates. C.C. Hsu et al. [11] reported
the results of low-dose brachytherapy with mpMRI-guided
planning in patients who had previously received low-dose
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brachytherapy. This technology is quite feasible in clinical
practice alongside others (surgery, external beam radiation
therapy) and has a much lower toxicity [11].

There are drawbacks to all imaging methods, such as the
effect of artifacts during PET/CT data reconstruction on the
correction of attenuation caused by the contrast agent, metal
implants, and patient movement. The PET/CT presentation
should be reconstructed with or without attenuation
correction, as attenuation artifacts can be revealed [12].
A nuclear medicine specialist should always include
information about the possible impact of artifacts discovered
during the study in the conclusion. With the advancement of
PET/CT and MRI resolution, it will be possible to visualize
even microscopic tumor foci.

When performing brachytherapy, image registration still
has a lot of uncertainty, which can lead to misunderstandings
in target localization. Image registration accuracy can be
improved by positioning the patient during radiation therapy
on MRI and PET/CT. Simulations on MRI and PET/CT require
close interaction between radiotherapists and radiologists,
which is even more important in brachytherapy since the
risk of anatomical deformity increases during the procedure.
In order to minimize the consequences, several solutions
have been proposed and studied, including the method of
elastic repositioning of sources [13] and the use of MRI in
the operating room where brachytherapy is performed [14].
The algorithms developed for automatic superposition of
various visualizations will become more accurate overtime,
increasing the rate of registration and verification.

In cases when brachytherapy is performed after external
beam radiation therapy for targeted dose escalation, it is
necessary to determine which imaging methods (before or
after external beam radiation therapy) provided more reliable
information about radioresistant lesions [15].

Functional imaging may be used as an adjunct to CT
planning prior to the initiation of external beam radiotherapy,
or prior to brachytherapy to adapt to an early response. Pre-
therapeutic '8F-FDG PET/CT aids in the identification of lesions
with high aggressiveness or radioresistance (markers of
hypoxia), as well as the presence of a residual tumor, which
may be useful in planning the bhoosting of such lesions and
reducing unwanted radiation exposure to risk organs.

The choice of a functional imaging method to determine
the biological aggressiveness of a carcinoma is critical, and
at this stage, PET/CT with various tracers-indicators of the
biological properties of a tumor ("®F-FDG, '8F-FMISO/FAZA,
18F-FLT, %3Ga/'®F-PSMA-receptor) is possible. The results of
retrospective studies facilitate in the selection of a method
for functional imaging of the biological characteristics
of tumors, as well as in determining the dose escalation
regimen or dose planning strategy. Several studies have
found associations between functional imaging and (1)
histological findings/(2) localized foci of residual tumor or
recurrence. H. Park et al. [16] revealed a good correlation
between '"C-choline PET/CT and histological findings in
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prostate cancer. T.F. Fassbender et al. [17] emphasized the
added value of PET/CT with ¢Ga-PSMA-11 and %3Ga-RM2, as
well as their strong correlation with histological presentation.
Some studies have found that areas of high tracer uptake on
pre-therapeutic '8F-FDG PET/CT, labeled as “hotspots,” later
turned out to be predominant foci of local recurrence [18, 19].

Numerous techniques for segmenting 'F-FDG-positive
lesions on PET/CT have been proposed in the literature.
There is currently no consensus on more accurate and
reliable methods. Given the low (40%) sensitivity threshold
of PET/CT, the method should be used with extreme caution
in the presence of small tumors that accumulate poorly in
contrast, as well as in the presence of heterogeneous tracer
capture within the lesion [20].

Nowadays, when planning radiotherapy, molecular
imaging methods are most commonly used as auxiliary
methods; however, with the expansion of the list of
oncometabolic radiopharmaceuticals (tracers), the increase
in the resolution of single-photon emission CT and PET,
the replenishment of evidence-based experience, and the
development of artificial intelligence in radiomics, the
improvement of functional imaging methods for navigating
radiotherapy (remote radiation therapy and brachytherapy)
is expected.

Many medical centers now have ultrasound machines and
CT scanners, but MRI and PET/CT are only available at a few
select institutions, making it difficult for a patient to undergo
a PET/MRI examination [21].
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It is also necessary to consider the heterogeneity of the
quality of performance and interpretation of the results of
functional imaging methods, as well as their cost and study
duration. Based on global evidence-based experience, it is
critical to improve the indications, namely, the patient and
the time it is reasonable to prescribe one or more methods
of functional imaging.

CONCLUSION

Thus, functional imaging techniques hold great promise
for personal optimization of radiotherapy, especially
brachytherapy, in all stages of prostate cancer. The use of
cutting-edge technologies and interdisciplinary integration
allow us to precisely increase the efficiency and reduce the
toxicity of focal therapy in each individual case.
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