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bonee TouHbie NoAHbIe NaHHble O NnaLueHTe
B elMHON cuCcTemMe — Ang Bawlero ynoo6crsa!

EonHaa nHterpmpoBaHHasa nnathopma obpaboTkm MeguLMHCKUX M30bparkeHnm
IntelliSpace Portal cnocobcTByeT nonydeHuio bonee ToUHbIX gaHHbIX O NauneHTe
3a CYET Cneumann3npoBaHHbIX KIIMHUYECKUX NMPUNOXXEeHUN A9 Kapauoioruu,
OHKONOIruKn, HEBPOJIONUM U APYIrUX crneumanm3aumnn.

0@ @O

Bcerna ectb cnoco6
N3MEHUTDb XXU3Hb K nyywuiemy!

anv

paBax peknam

[loBbllLEeHMe KayecTBa NedyeHns U MeanUMHCKOM NMOMOLLMN

bonee 70 cneumanm3anpoBaHHbIX KINTMHUYECKUX MPUNOXKEHUM AN pas3fnyHbIX
cneumanmsaumm nomMoralT NpuHUMMaTb 060CHOBaHHbIE peLleHna 1 MOBbILWAaTb KauecTBO
BCcen MegNLIMHCKOM NMOMOLLN.

ONTUMM3ALMA MPOLLECCOB OMArHOCTUKN 1 NeYeHns

Mnatdopma noMoraet HamT1 CBOV crnocob ONTUMM3ALIUK MPoLLecca OKasaHUs MedULMHCKON
MOMOLLLM, MNO3BONAIOLLMIA CHU3UTL BaprabenbHOCTb pesynbraTos, YNpoCTUTL paboTy C
0bopynoBaHneM, n3berkaTb OCNOMHEHWI 1 cO30aTb NaLneHTam bonee KoMpopPTHbIE YCIIOBUS.

YnpolleHue cbopa gaHHbIX 1 MHGopMaLnm

Cuctema IntelliSpace Portal MmoykeT nonydaTb 1 obpabaTbiBaTb JaHHbIE U3 PA3NYHbIX
nctouHmkoB (PACS, PUC, MUC, DMK n 1.4.) u mopanbHocten (KT, MPT, MN3T, OO3IKT v T.4.),
a TaKxxe npenoctaBngeT BO3MOXHOCTb A1 B3aUMMOOENCTBUA Mexay OTAeNneHUaMU U
cneymanmcTaMm Kak BHYTPU yUpeXxaeHus, Tak 1 3a ero npegenamm.

Pa3spaboTKka nepcrneKTUBHbIX peLleHnn

Mnatbopma exxeroqHo obHOBNAETCH NyTEM YCOBEPLLEHCTBOBAHWA CYLLIECTBYIOLLMX

1 0OBABNEHUA HOBbIX KIIMHUUYECKUX MPUMOMKEHWI N Pa3BUTUA COBPEMEHHbIX MeTO40B,
HanpuMep NpeanKTUBHOW ONArHOCTUKM U MaLUMHHOMO 0ByYeHUs.

CoKpalleHune pacxonos

IntelliSpace Portal V10 cnocobcTByeT 6oee nofHOMY UCMONb30BaHMIO PecypCcoB
oTaeneHum nydyeBowr AMarHOCTUKM U MOMOTraeT MOBbICUTb Pe3yNbTaTBHOCTL PabOThI

3a cyeT onTUMKM3aLUVKM Ppabouymx MPOLLEeCCOB U MPUMeHeHUs MeToA0B MalLUMHHOIO 0by4YeHus.
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DISORDERS OF MICRO@®CULATION IN THE LUES ACCORDING TO PERBESION SPECT
DATA IN PATIENTS INNOST COVID 19 CONDITION

Zolotnitskaya V.P., Amosov V.., Titova O.N., Agafonov A.  O., Amosova O.V.

I.P. Pavlov First St. Petersburg State Medical University. Saint Petersburg, Russia.

onsidering the influence of the SARS -CoV-2 virus on the pulmonary vascular system,
manifested by the development of endotheliitis, vasculitis, thrombo sis and coagulopathies,
one of the leading directions of radiological examination may be the study of microcircula-

tion by SPECT.

Purpose. To assess changes in the microvasculature of the lungs of patients who have un-
dergone COVID infection at different tim es from the onset of the disease.

Material and methods. SPECT data were analyzed in 170 patients with previous coronavirus
infection from May 2020 to June 2021 of varying severity. The results of SPECT, MSCT, FVD and co-
agulation hemostasis (D -dimer, fibr inogen) were compared.

Results. All patients were found to have changes in microcirculation in the lungs in the post-
coid period. The severity of microcirculation disorders had a significant dependence (p <0.05, r =
0.76) on the degree of damage to the pulm  onary parenchyma and an average correlation dependence
(r = 0.51) on the timing of the postcoid period. Signs of PE / microthrombosis changes were signifi-
cantly more frequent (p <0.05, r = 0.82) in patients with a more severe course of the disease. In pa-
tients with CLD, microcirculation decreased to critical levels, the overall level of decrease was up to
30% or more compared to the dock period (p = 0.034). The detection of small subsegmental level of
triangular microcirculation defects, with partially rest ored blood flow, correlated to a high degree (r =
0.84) with an increase in the level of fibrinogen (4.6 + 1.8 mg / |) and indicated the consequences of
PE, and an increase in the level of D  -dimer (1750+ 215 ng / ml) with the presence of a triangular
shape of defects in the accumulation of radiopharmaceuticals correlated to a high degree (r = 0.88)
with PE.

Conclusion. Disorders of microcirculation in the lungs persist for a long time. They are de-
tected in patients, regardless of the severity of the course of the pathological process, they increase
during a dynamic study in patients, the deficit of perfusion depends on the degree of damage to the
pulmonary parenchyma. The SARS -CoV-2 virus has a detrimental effect on the state of blood circula-
tion in patients  with chronic lung diseases. In patients who have undergone COVID -19 with the de-
velopment of thrombosis, signs of postponed pulmonary embolism are revealed and zones of local
pneumosclerosis are formed.

Keywords: SARS-CoV-2 virus, endothelial dysfunction , Mmicrocirculation, single -photon emis-
sion computed tomography.
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tion. REJR 2021; 11( 2):8-18. DOI: 10.21569/2222 -7415 -2021-11-2-8-18.

Received : 09.06.21 Accepted : 25.06.21

aR3eat yaa Y3aot € &3 akayywohao AteYda a o 1 29 ¢oliz,0 0 d BAR

309385 Youaszxt ®R¥aeaperysesdtasaszaei (53, 1%), eoehrdR
gdRa3>020dodRGo1I fodWpoaes) $eBBRyg (27, 3%) , ¥ oodi Y ¥3
Y das3os) do3aYdaDVIDELPos tyadi (15,4%) [2, 3]. toaonas
conditionée. Zo evRoohoso®OAy seado2%Basaa c£a Yoby Rdi e
dieacec, €0300t3¥02g desaoRYOII(RIGI ELrrdQdl-, 26 9 0 youoa9e8 a4Y . 4 4
GOI, 383ReRI1I@ &8 evoadyosrs3oydH ge Roosfcas atbedrn g, C. et al
edtyogst ea 12 oaevadi 2, 3vab2,63 %o assdtjeyoRya Y, oo3>da bRy aday
eadi vya [ 1]. ZRG o aoRd)o aargae3eyiRI Ba 6BB>Y €30 YhHheadosaosaood T o

www.rejr.ru | REJR 2021; 11 (2):8l18  DOI:10.21569/22274152021-11-2-8-18 9


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

9 ¢ctada3g2 YHtYdtagaszt ¢ o RedeoYgera ¢ 33 hhgHG@Y 0 ea3 00030099 ¢

B83RJdGcoa08ha fr3a9gel dqeRbRh. tithaxwoanblosdxso Rin sit u, R @eRdnpna
ga9ay3Rdot 2¥y3Rae YRpoaecvY)adad 3mlaasoewxrR-90d3aco3d) dtcoo
yaa3zxaosdeaa¥Ysaado, YhbYRoooasaovup®ads doas3aoaRYO3) 33006 029
SARS-CoV-2[5-9] . KeaRde, J}YyoehYRt RdytFoxs3zaYareodods aR eY) gel
Yo31 3R aR 383} 036} I 30360 RoddRgoxzyg RhipltiFpR0OM5 (USA).
dt1yaaszt 3RbYogo0a9 L oeagadoaoxsiR,Y ¥hRsdpypdios-oo 30t Yol g830

8 R, B3a9frabea¥Y o9 doR¥Gldoec BReaResaldR3 sRcaYgoya3>does €30a¢eR:
909 o9b Yaejyog aRe3RYdaoo@oalgp yld, ¥56-y920 daore-R 1 dy YaszR.

daea¥YRoot s&nD w3 eR& YRS O ae 33¥E-e 0 dDO Y eoadanaoasaoo -dapnR
3a6o03d)Jdtcecoo ceRGcGo09BaY ¥Y12¢c 99396 &Y O em®dse3ay3R9s5ad Lung
€eas3o2aev0 saesaeves KZijit7T. DOB2O2 ®vABA(JB &3 aYaYl,8 0a3w3ReR 3L
2adi o33daea¥YRoaot. doeegoyaszdRt, 32 Rbosy) @R, 40
Acaaoagi obosaosaaot Y 90248 aRoadqfg&®t 033daea¥YRaot €e3aY
ga39a9 3)3da daydog |} ceRczadle B BbYRauaaosaa¥fhzradoaoyR3>raeaB oo
¥og(g COY) DY 3Rbafha 33ado FaeyeRYRMBRRazxda3sRG20 €& 19a
bRfr adaYRoot . Od+ RYeoasResoyaszdes of3Rfac(dc
®dRea3o0Rdfh o9 saesaeh. 36098680y 3RdJoyaszdeya o233daea¥Yr

O aRe 3Rfa6a rhHdo e3aRoWRA Db od3eectR-1 3 a3 0 I €e3ay3R99]
9 eReasaha -AzpHiieaYRoos6, YhesbawoaBpraoade ceas3d) boaosoas 3G
ahg 170 eRecoadaegRso, aRes3s RYdwaallhpy oR uagScint Anal yser) e
daeaYRaoa edt a6a09ado 0boayyais oggadd yaRBaEdar-a da39RGII & 3¢
3Ryasa2t ¥ daydog ea3da evadBbHRab® daadaaaxdq®-Y % d 8a3950.
996 (Jda3a9RYO03) 3006 0o8dadcobRemwdaxRt aRO>@ daos ot 3ReoadR
yaeR €& O01I 9i 2021 gaeRY dRB VR I3t R¥cHRg ) gRpeDY S d
900 90 990do bRradaYRoaoe d&pdgogRaRMD beoReomb)-di s ReaaY da9
R o29s9ado g3edoyasd) I >f 363RMYBIGD) 1 ¥YIFeYRAR3 298608390
dabati daydog 9 1-n‘LoaseresoaoeaoeeaaYoaoBdYRean 3ReoadR39¢30¢eR3

Rdi oh®r odaYRest dReed3e8) co0daGcoo680yY3R99a €302 JeRdaaoo =
77 e R60o0030HBFeRcoa>oaRWBRE3 0esds nasoa a6s50yRdasi 3098095 G6Ya
Yob3Ra»® e RFHH7,9 da@) py rdd & Yooaomd3aR3aho. 03RoaocGclBaz&as 9 f

79, nasayog 9l toydR¥ab) Rdi ®as dRg &6 0,85 wesa 1, 154 ac60Boc ac
ceos3oyasgpRdacas b hazR3sRpa- 807 yoeaseasdgpaBbIoYhra. yoR-
9o0tdayayasas eR30d98go29h € a y3ooeboptdi esR@a&Rioya 0, 3 €3020809RAI:
bttt ¥ foadi oha 3Rbevadaosfh -BR dRgagdagot . vt 1

7132, F2 11495 F3 54,4 ¥4 135¢ RG 0 - 6hdo 3aca38RYdaosaf 3abydiae
OogaY3o0ga3¥ddIya&siRr o8& 233daea¥YRoo0es eRGOoOa8Ba&Y 3 (g3c¢
bRf adaY&3viDalo. raodaYRa0t 909 daydogoteaCOVRDad

S Y3a0g eRco20986aY o&GcaadYRAoazi caxaffpdi R 8Rdna e3aRaRC
8 RaHf desedadsoeeya djyaYeydhh) dpecHephavVRadloreaYR206 €3 3R

3agaeyaaadayoyasdaa 233daoe awhoxa oy ROa¥addog YasYas/
¥3) edas ddaedo, daoseit 16803 aRitt ug a9 xyssRBdgrede Rdogadi ahe €
(bt 7), o>eroadagaoaRt L1 9033tdaaRbydRgoynsdoa e€303baRdo

ga3aRt e6asey3Rdot LAZ jesaf)R-Y dRe Yeos® 3 0 ) ¥ aodg esescadads § 3 -
bReaados Yaoegodtcooeosoas dyoddpbonigpdag R3jazeeyVeestcoo9680y3RJO -
by di Refh dR¥ a3 Rsea33hgy 6—3~3~dmea~d‘$€:9:nfse%q)a13aesaeﬂrcarbd?;yadi—
029503 (9R3das yoea3doaRy) ditommwrd p3 s0fp dedeyflp ac a3 dy boo 3] fF 3
ceadqRbReado deRy)dtcoooooayarciRasayeRhRafddf - ca3apeaasaace
309oy00, €3o683a9fr0209aYhe ooygydpx)i.daososladadefsdy) boay sas-
] YayYyha oaeeoefh vIRyo93368 BRB oD DOID®Y 900 q RPIVBYRNRIGOIY o
do 3i 3e3aydRoatoodgRoRboRya¥azr3eRooaYddaafpedsasO dayayoas
yRyays Y3RyR, faodi ahoo o doe Rigu ofgRghat aYodhtodgo R e @ @9 3adoe R-
e3ae3B8RYoeadt a0 corved3hYRdeziddoypyaydeg®ana e 3 RYO dd amey ad i -
3aYRoeoaa 3oydR3o2a0 oR ec3aYawvasodoadasfdowa¥Rdqqos o3saYRoOI
90t . yosa d de3eRdi saes eda¥Ysa. E
AK3oaaYooase bReRyas 3Reoasdpym yeasgdp&Rdo ea3B8Ya3eRdoaga
233daoaea¥YRaot daydog J} fodiefggddrHdduided) Momvascaae
tYdasaoa B3a9falL9fradoo daadduERryvada vaass 9. bsasasmpards e-
yayaae R3603D20, Y a5 yo3zxdocoszdrdesvgaRdagaeo3rcRYddadD 3i

|www.rejr.ru | REJR 2021; 11 (2):818  DOI:10.21569/222-74152021-11-2-8-18 10


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

9aya> ¢e032aeR 903d3ea6o93d)dtaeo
U3meHeHUe MUKPOLMPKYNALKWK Y 6onbHbIX ¢ KT-1 e a 80, 5+2, 3 9. toaopnpaoaoa af U
100 €e3a03garvodsa 8RR (e adie dovyoodzosyYoRe
P
90 ~__ baa yoeaeas3dy) boo 2 320pn08ot
i oo || 3 YR36daY yoeaseasd)boo, yea
o %K N) 39209pn09820 descaazrRea3 vy Yol
w ——0/1-80 30H ¥] 968093 aYRa0t d3aYo. SYoesh¥YR
40 runepnepeyaun eRGoa9B68aY, ot 3daeaYRoofg ya
30 ‘om0 30m aa aRYRdR foadabao, rhde o0
o e S— runopnepdy3un }J Ya3soaooea yaYas30ai o f aeoaba
0= 900 902d3a623d)dtcoo 8 a €3a
0
1mec. 2-3mec. 6mec. 9mec. 1lmec. Yabeaoehs.. CpR ERG'GF]G €aso
sepaa dovi 26950604 af yyJ I e
¢ 2 3. Figll) ( 39000821 9v99d3aco3d)dtecoo } 8
ceRGo2a9g6aY.
¢foz. OdhRysRoa9R. S eRGcgo2a98@8aY, €030203Y0(
dadecoasaaaa boRax & Fa YrRed a a gt
AKe3Rpnaafh obosasasot eadRbRedl gaszsa, sh YAHtYdtdo 3jJyaseyYa
G202 |} eRGo2008B6aY, €EA30803Y20| a9+ dsaYaesadR, £30Y0O9 L 80
gessa, YHDYRoeoa}1 YO¥P3red®RSAH cR3R3eRdo £©€32 oaRfdIeaasadd Y e
L Re Rg €a38daYoeosoya €a303aeR. tdosoyasdaa oRrdieaoadna:
Fig. 1. Diagram. 59 daag, raodad Y eveadR#A®a x02
gtpnadeas dasdga ((3tal. 1 R). Ze
Histogram reflecting the level of changes in microcir- pRdafr R90 R fh3e3)1 Jeesdtas
culation indices in patients who underwent mild €390 sabaRyocgadi aas doboyas
pneumonia caused by the SARS -CoV-2 virus at differ- 3a2g3Ret1yoest 3)3gees dJqRryadi,
ent stages of the postcoid period. saayRo. Baszab 3 sa3zt R - e
90@ €30 Yhsadaoaapsazs(la@odeo‘?‘—
bydi eRaORS T oahoboas adb467%, VA 1178,9%; M A £25

tReo3zeoyaszdos RaRdob. Aﬂd%%a@dﬁ»‘?‘ea-boe@asiﬁwo ay¥sd
by di ReaaY o933daea¥YRaot € 3 afVaxrwmndhReyiu 4,5 9B £30e3aYaraadd
ceadi baYRa0a9 e3oy3RHON OdbAZisttFcaa®basrt @RoRYRERF ada YR-
€e3aYas3do 3R3>e3aeadasaot casotovfploNdt d@Bidd) boafpdRa ) vyaaot
9a39Rdi a &34 73cadi baeYRdabod3aeu3dp dRAIM>Ha Ry 0 90hbas a -
€0390ddR. ¢Rbdoyot sane} yagaezm»RooyBYazrbomproadiRy d3g
90YRdO 31 3 co9ayDdddseaesmw® o009 Rdi poYoal aswd ot 35% o6

dbRa aRO B8O . BR3gagoaha 3orhecossswfcaaBdRab 2 s9a3teR €30 ¢
do3i > ga9aytI ddsvoRseazsRet @HomdaeaaYRa o0 obosaosasaot 90(d3 32
2o R. Zod)yaeaha 3ab)jdieRefh3ay3eaRIAI2FBYRBR- (303. 2 R,

80380y03do baRyos9hso aR |} 3avalo ymssaelr,a0 5h a9 > 98aobdoo 3 R
¢abyjydi egRefh o of3)peassa.ed2adR3s9¢e30¢e R34ADIR o308 a339h) ,
3929 oar3daea¥YRa002 eRecoaogea¥ asRIgWdaddio¥oes €€3023a368 Oobosa:

yas>dooo e3o0baoaRdRo®aygeas33cd@@aRues>t Vo090 agevadRg daydog,

e3 a9 Re 2 rab eReadeay20 a3¢Rod>FeRagRbIBIOHpdi RBR9D 3 R

eRoaofls 3Reosoadeaeyoyaszdeye Oo3adeeavlamdicosfrdtcecoo 3 eas9ey

do YhtYdooh oObosasasadt 90d3ecg3a3aggdeeay3a®oosh LungScintAr
daydog |} Y>ag @oaf3>daevjashg,y,o®) bRY2309a aa

tpna3eo e6ayasaot bRf adaYRoo0t. @Hxm»RdRse RbodhRr -ddRd sesRMBee-3 8 f ¢

bReado obsasaaaos d3oaVYoor 3BRRaoafhy rofpdoad oare@oayas e, yeaos 3
e doty o( 30 3. 1) . S eReco0oea®dHFQ YURODPBBEBVRARSD3IRoDaoaamydqog,
s79dadeor, YhbYRoaoa) 1 -TaVa2) 323 SARSB3>rdae) 1 yodo 23Qgaeas Y
Y daydes dasosa, 9fh YhHt YdR3acODhas3@ddRaeam®a 0286860338362 RC
90(d3a603d) dt oo, gR3Rde a3 affBRooetdt daeysdeotgY-( L V] ) , frhda o6
daaos YRad) dos R, G. a. gR3 RAPdba 3eaffeo apgRId o ysa coedYOSs
390pn0ssaes ¢eca3dy) boo. Z o d R beRRBeaRI500 d9edzsdaoRdt sy 033d
Go03d)dtcoo Y aaRedDmBOorEars ¢ @dPo- 3090n0ad209 evodrdd) boarooes

d
ea0 o9Rgervodoszt Y e3arvadRg odayflo@95,)|8xv0dxnidxmdi Yaoadt 3 0oy o
a2eaRdea o99ada 950388 ya3-00eaYRoOoa 3Doeges Rpodteray o990 314 bsasaaan
yoea3eca3d)boyoe BRazxrbBe® cozggaFdaydzrgiasdsosszaVYRbeweaaY

|www.rejr.ru | REJR 2021; 11 (2):818  DOI:10.21569/222-74152021-11-2-8-18 11


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

.

-

FIy. R2 (R

¢ 9o 3.

\

¢ 9o 3.

FR. Y2 (3)

c h~ [«
0,790249 0,839545 1,183264 0,737997 0,701187
0,832365 1,274762 1,281512 0,995554 0,704133
0,953196 1,227808 1,227999 1,216957 1,132309
1,314286 1,272419 1,220218 1,152299 1,20385
1,216752 1,325709 1,274725 1,161709 1,066443
1,341326 1,456278 1,250398 1,153471 1,029972
1,315622 1,155373 0,955109 1,082476 0,896535
0,931304 0,60682 0,608496 0,683598
0,56922 0,573152
0,637258 0,581291 0,548979 0,524957 0,717245

1,072685 1,071023 0,92719 0,623023 0,674142
0,998681 1,194189 1,074234 0,870699 0,74669
0,958959 1,214125 1,20489 1,006538 0,834375
0,857107 1,042338 1,257462 1,159419 0,741981
0,815464 0,755503 1,168462 1,27204 0,789746
0,915508 0,654841 0,851341 1,189292 0,900902
0,920092 0,741525 0,556559 0,792879 0,869732
0,906475 0,836481 0,619419 0,54162 0,715705
0,903821 0,93352 0,7142 0,501531
1,163798 1,089865 0,80456!

nho " e Q990159 1,014279 0,97796 0,902942 0,87084F 0,95124 0,951259 0,953341 0,917839 0,83668 0,715276 0,87487¢
a ” _m 1341326 1,456278 1,281512 1,216957 1,20385 1,456278 1,163798 1,214125 1,257462 1,27204 0,900902 1,2720¢
a e 0569228 0,40278 0,353218 0,395505 0,573152 0,353218 0,815464 0,654841 0,556559 0,43793 0,377949 0,37794¢
¢o3. Fig.2d) (
Ch~~0< A(»—O< H("O( ’\<'—0<

0,55730 0,815534 0,745364 0,926852 1,126573 1,242125 0,882155J01881915 0,593946

0,58299 0,771909 0,757526 " 0,55348 1,127826 1,294836 0,853659 0,608894 0,786213

0,806878 0,940133 0,93885 1,016517 0,836134 1,117288 1,167942 1,240895 0,996899 0,824859

0,985433 0,960102 0,958421 1,061404 0,937788 0,795389 1,069552 1,186541 1,062816 0,733228

0,932658 1,036489 1,110571 1,058655 0,822631 0,644872 0,672897 1,06247 1,078873 0,782172

1,143691 1,226358 1,188034 0,994496 0,635387 0,56871! 0,681882 0,980114 0,808889

1,311831 1,250452 1,191761 0,901206 0,513805 0,5048 0,683057 0,849516

1,188543 0,876014 0,814094 0,65195! 0,52691 0,507326 0,805075

0,99486 0,60712 0,62374 0,508641 0,880609

0,901206 0,59412 0,541845 0,68252 1,175658 0,814198 0,563208 0,603922 0,501531
nh " e 0,94054 0,83734 0,855623 0,813915 0,67554 0,824592 0,821187 0,772964 0,752322 0,741246 0,756604 0, 76886
a~ _m 1311831 1,250452 1,191761 1,061404 0,93778¢ 1,311831 1,175658 1,294836 1,240895 1,078873 0,880609 1,29483¢
a e 0,55730L 0,428959 0,307679 0,410177 0,408635 0,307679 0,50489 0,30063 0,307679 0,381915 0,50153L. 0,3006%

¢o3. Fy ev2(a)
¢o3. ZRGOOAB®G ., dad COWI DBoctonadas -4a3sa (7
Rot T, Rd3oRdi aRt eda3zde3ati haapna3xeYasaha J} yR3edo 1} & da
3dackdRbasf doosszardygKRedDFTaoyduoms@baszteBEagyhbeasavYedadsbd Rt ¢
Got Kes3saeadtaeab Baddpboa s923d3a6023d)dteoo (33aeaas 3
286e0dRg day Ad2pt Hayduyausdmbaszt eRardufbeasaYeladbeRB aadehaesoae

gadi ePtoeRsodRadoyeadadphg obsasasdse 9502d3a6023d)dtcoo, €3d
eadtg dgyydtoep.ci IcaoapRRr ageadbR di ;ARG aWay dpom3s @b a3t e B3 dvf be a3
dooo@d3aeaheoRyasa43aco3d) 9580w &3 s30c 3 RBR (3da)YRtp 29¢€+ I 68031
SRroxsdb) di ARGaWay dywm3a dba 3t &6 &3 ¢ ¥ffle o3 oY d (ex3ntessbosdRy a @92 4 3 a6
dj dt ¢ $82,4% do &3 3 3 RYFBW 13 da)y R

Fig. 2. Patient N., 59 years old, was ill with severe COVID -19 (CT-4).

a 7CT, axial slice. Multiple areas of "ground glass" compaction of lung tissue and cons olidation zones. b 7
SPECT study performed 2 months after arecovery 0. Direct projection. Determined by a diffuse moderate de-
crease in microcirculation in all parts of the lungs. C 1 SPECT study performed 4 months after arecovery 0 .
Direct projection. Nega tive dynamics. An increase in diffuse changes in microcirculation, mainly in the lower

lobes of the lungs. d 5 Computer processing of the results of SPECT of the lungs 2 months after "recovery”

(mean values of microcirculation 0 95% to the norm onthe ri ght; 87% & on the left). e  Computer processing

of the results of SPECT of the lungs 4 months after "recovery" (mean values of microcirculation 0 82.4% to the
norm on the right; 76.8% 0 on the left).

|www.rejr.ru | REJR 2021; 11 (2):818  DOI:10.21569/222-74152021-11-2-8-18 12


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

'

¢ 9o 3.

Fiy. R3 (R)

¢ o3,

Fay. 3rb) ( ¢o3 Y Fg.

o - o

. < PR ppe—

0,706472 0,86227 0,808808
0,688441 0,780179 0,723443
0,633167 0,685752 0,616717 0,552101

0,553543 0,67551 0,649013 0,617544 0,532488
0,645823 0,798015 0,749771 0,717563 0,566731
0,894915 0,966623 0,893876 0,782171 0,681514
0,933387 0,78271 0,894716 0,83227 0,723737

0,52438! 0,657368 0,788176 0,810881
0,569115 0,670442 0,684
0,637907 0,78176 0,622764

h ~ o - o

0,617483 0,753846 0,818853M0I84589 0,558455
0,556522 0,667814 0,70552 0,56898 0,628272
0,528814 0,735302 1,002497 0,885736 0,619774
0,628242 0,729614 0,922406 0,828932 0,539873
0,623077 0,789252 0,945542 0,848803 0,605328
0,653695 0,728644 0,940591 1,0072 0,713778
0,722005 0,71874 0,845596 0,907772 0,903874
0,727177 0,636106 0,724345 0,660756 0,70669
0,620144 0,666804 0,672079 0,54009

0,663158 0,733951 0,736792 0,53112

nh o7 e (541121 0,57828 0,713243 0,744909 0,670647 0,64964 0,634031 0,716007 0,831422 0,712479 0,617172 0,70222:
a ~ _m  0,933387 0,966623 0,894716 0,86227 0,810881 0,966623 0,727177 0,789252 1,002497 1,007Z 0,903874 1,007Z
a e 0,3 0,277197 0,569115 0,616717 0,53248¢ 0,277197 0,528814 0,636106 0,672079 0,3453¢ 0,424206 0,3453¢
¢o3. Fi§.3d) (
¢fo3. Reoaae O., 53 yoelR0 &Y deutdo aCdoVet4d &3 9 a (& T

Rt ToRI0OeaafiRf adaYRd3dRdiceadRBdosgkTyas@bast eR3rd®Ry ROMRf ood a Y1
Rd3zoRdicalRi>dov kit Hayglwya3 8baszt eBB RYRORf adaYRe b3y 3RIDRR
20€3a0dcyPt ooci 1 03P RRf ascf|yjRdIi e ReaY Kzj+t ¥ daydog yasab 3
dasaot (330ea920 baRyasot 4 809dd3seee309306 B KBB4 33 d a)YRe 3 a e a d thoecRayt
eadi epbandoyapyg Rac d9¥ecocas ) hs2i% a6 3 94)969% a6 &3 9 f

Fig. 3. Patient D., 53 years old, was ill with severe COVID -19 (CT-4).

a 0 CT of the lungs, axial section, performed on day 10 of the disease. b o CT of the lungs, axial section, per-
formed 2 months after the onset of the disease. 30 SPECT of the lungs, performed 3 months after the onset of

the disease, scintigram on the posterior projection. d 0 Computer processing of the results of SPECT of the
lungs 3 months after recov  ery (mean values of microcirculation 0 70% to the norm on the right; 64% 0 on the
left). A significant number of areas with hypoperfusion from 27% of the norm to 69% of the norm are deter-

mined.
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Fig. 4. Patient P., 75 years old. She was sick in moderate -severe form, CT -3.

a 0 CT of the lu ngs, axial section, performed 3 months after the onset of the disease. Residual changes are
determined & single zones of "frosted glass". b 0 SPECT of the lungs, performed 3 months after the onset of
the disease. Axial slice. Identified a local area of hyp erperfusion (indicated by an arrow) ¢ 0 Computer pro-
cessing of the results of SPECT of the lungs of direct projection 3 months after recovery (mean values of mi-

crocirculation 0 88% to the norm on the right; 74% 8 on the left). A significant number of areas with hy-
poperfusion are determined (40 -69% of the norm).
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Fig. 5. Diagram.
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Fig. 6. Patient M., 49 years old. COPD diagnosis 3 tbsp. The state of remission. Had been ill with
COVID-19 in a severe form (CT -4). Routine radiological examination.

a o CT, axial slice. Panacinar emphysema. Study 2019 Before the disease. Similar structural changes in the

lung parenchyma were identified in May 2021. b, d 0 Scintigram of the lungs in the anterior projection and
quantitative calculation of changes in microcirculation from May 13, 2019 (before COVID -19). Revealed sig-
nificant local changes in microcirculation. c, d 0 Lung scintigram in the anterior projection and quantitative
calculation of changes in microcirculation from May 19, 2021 (after 9 months COVID -19). Negative dynamics.
Even more significant decre  ase in microcirculation in the areas of hypoperfusion is revealed (a decrease of up

to 30% in comparison with the previous study).
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PRESURGICAL DIAGNOSTIC IMAGING OF ANEURYSMAL SUBARACHNOIDAL
HEMORRHAGES

ZyablovaE.l.12, P ar h a i2Smitsyh.VE3

1 - S.\V. Ochapovsly The First Regisnal Clini  cal Hospital. Krasnodar, Russia.
2 - Kuban State Medical University. Krasnodar, Russia.
3 - Medical scientific and educational center of Lomonosov Moscow State University. Moscow, Russia.

s a result of multiple studies and trials, international radiolog ical and neurological socie-
ties have created guidelines with recommendations about evidence -based use of different
imaging modalities for detection and characterization of intracerebral aneurysms and sub-
arachnoid arterial hemorrhage (SAH). They recommend u se of computed tomography (CT)
and CT -angiography (CTA) as first -line modalities in SAH. The sensitivity and specificity of CTA per-
formed with the state -of-the -art systems are very close to diagnostic parameters of catheter cerebral
angiography. Magnetic r esonance (MR) angiography (MRA) has practicaly the same diagnostic value

in paticents with SAH and cerebral aneurysms, but it is less suited for emergent cases in comparison
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with CT. Catheter cerebral angiography stays a gold standard modality in difficult cases of SAH,
when CTA or MRA cannot find the source of bleeding. Artificial intelligence may further increase the
diagnostic value of CTA and MRA in detection of SAH and cerebral aneurysms and help with progno-
sis stratification.

Keywords: computed tom ography, CT, CT cerebral angiography, magnetic resonance imag -
ing, MRI, MR -angiography, cerebral angiography, aneurysm, brain, subarachnoid hemorrhage.
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MRI-BASED COMPUTER KDELING OF THE HEARTLINICAL APPLICATON
IN ARRHYTHMOLOGY
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on-invasive methods for the diagnosis of heart diseases are firmly established in the clini-

cal practice of arrhythmologists. One of the new directions of development of radiaology
methods is the creation of three  -dimensional mathematical models of the heart. The use of
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personalized mathematical models facilitate s the understanding of the electrophysiological mecha-
nisms of arrhythmias, helps in planning and evaluating the results of various treatment methods.

The article presents a review of modern Russian and foreign literature on various approaches to cre-

ating m odels of the heart, from the first very simple computer simulations of electrophysiology to
modern ones based on magnetic resonance imaging with contrast, reflecting not only the anatomy,

but also the structure of the myocardium. This review also discusses the practical application of
these technologies to improve the effectiveness of cardiac resynchronization therapy, ablation of ven-
tricular arrhythmias, and assessment of postablational injuries after the intervention. Improving the
development of three -dimensional personalized heart models will have an impact on the diagnosis,
treatment planning, and prevention of cardiovascular diseases.

Keywords: contrast -enhanced magnetic resonance imaging, 3  -dimensional heart models, the
structure of the myocardium , arrhythmia, resynchronization therapy.
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Fig. 1. Detailed bicentricular rabbit model.

(a) Very high resolution ex vivo MRI. (b) 3D rendering of the model with a high level of anatomical detail. (c) A
tetrahedral finite elemen t mesh model depicting papillary muscles (green) and tendon chords (blue). Accord-
ing to Am J, Physiol Heart Circ Physiol [1].
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Fig. 2. LV models in patients with chronic myocardial infarction (Ml) of different localization and
different effectiveness of CRT.

a 0 LV model of a patient with anterior  -septal chronic Ml (volume of fibrosis  -38%) and good CRT. b & LV mod-
el of a patient with posterolateral chronic Ml (volume of fibrosis -33%) and no effect of CRT. According to
Stukalova et al. [15].
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Fig. 3. Compariso n of three -dimensional electro -anatomical maps obtained in the non -invasive
epi- and endocardial electrophysiological system "Amicard 01K" (left) and reconstructed three -
dimensional models of the left ventricle obtained on the basis of high -resolution MRI of the heart

with delayed contrast and processing of MR images in the LGE HEART Analyzer program (on the
right).

On the left is a polygonal heart model with a built isopotential map on it. The area of early activation is paint-

ed with cold shades. The sour ce of the ventricular extrasystole is the lower wall of the left ventricle (segment

15). On the right & 3D model of the left ventricle from high -resolution cardiac MRI. Localization of damage o}
the lower wall of the left ventricle (4,10,15 segments). Areas of fibrosis are colored red, heterogeneous tissue

is yellow, and undamaged areas of the left ventricular myocardium are blue. According to N.A. Mironova, L.G.
Egiazaryan. and others [19].
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Fig. 4. Reconstructed 3D geometry of the right and left ventricles showing valve and patch position.
According to Tang et al., J Biom ech Eng. [21].
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Fig. 5. Atrial models are built on three different spatial scales: at the cell level, at the tis sue level,
and at the organ level. According to Aronis et al., Arrhythm Electrophysiol Rev. [22].
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Fig. 6. High-resolution delayed contrast MR images of the left atrial myocardium.

The area of the m ouths of the right and left superior pulmonary veins before ( a) and after ( b) ablation. The area
of the mouths of the right and left inferior pulmonary veins before ( c) and after ( d) ablation. Note 0 the yellow
arrows indicate the myocardium of the left at rium, red arrows indicate the emerging areas of delayed con-
trasting, corresponding to post  -ablation lesions [30].
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¢ o 3 (Fig. 7)
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Fig. 7. The reconstruction of the geometry and orientation of the fibers of the sinoatrial node and the
right atrium (A) is integrated into the 3D model of the entire atrium (B), which is included in the torso
model (C). According to Aslanidi et al., Prog Biophys Mol Biol. [38].
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RADIODIAGNOSTIC METHDDS IN IDENTIFYING VSCERAL AND OSTEARTICULAR
CHANGES IN GAUCHER DSEASE TYPE | AND IEVALUATION OF TREAMENT
EFFECTIVENESS

Medenikov A.A., VyshedkevichE.D.,Sht ent sel 6 R. E., Efi mtseyv
Maschenko I.A., Bezrukikh V.A., Salogub G.N., Trufanov G.E.

V.A. Aimazov National medical research center. Saint -Petersburg, Russia.
aucher disease is the most common genetically determined lysosomal storage disease

caused by a def i ci eglucogsidasefenzynte envoled in the intra -lysosomal cleav-
age of glycolipids. As a result, they accumulate excessively in macrophages with the
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transformation of the latter into the so -called Gaucher cells, which infiltrat e the tissues with a devel-
oped reticuloendothelial system (bone marrow, liver and spleen), causing their damage.

Severe pathomorphological changes in this disease are primarily diagnosed using radiation diagnos-

tic methods, which play one of the key roles in assessing the effectiveness of treatment of patients
receiving pathogenetic therapy.

The purpose of this review is to demonstrate the whole variety of methods of radiological di-
agnosis of intraorgan changes in Gaucher disease type I, including the mos t modern technologies, a
description of their advantages and disadvantages, and the determination of a universal method that
allows to provide the most comprehensive information about the state of target organs as at the stage
of primary diagnosis and att  he stage of evaluating the effectiveness of treatment.

Keywords: Gaucher disease, radiology, magnetic resonance imaging, bone marrow, visceral
manifestations, enzyme replacement therapy.
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Fig. 1. MR images of the abdominal organs in the axial plane.

On T2 -WI (a) and T1 -WI (b), the structure of the liver is homogeneous, signs of severe hepatomegaly are de-
termined.
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Fig. 3. MR images of the abdominal organs in the axial plane using hepatospecific contrast agent.

Hypointense areas of irregular shape with fuzzy contours are visualized on pre -Gd T1 in S8 segment of the
liver (a), representing focal clusters of Gaucher cells (yellow arrow). There is no focal liver enhancement on
post-Gd T1 images (b). Unchanged liver parenchyma (white arrow) enhances on the delayed scanning phase
images (c), with unenhanced foci [25].
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Fig. 4. GRE T2*weighted MR images.

Fig. 5. US of the liver using quantitative shear
wave ultrasound elastography.

Wave propagation speed in  the zone of interest is 1.1
m/s, which corresponds to liver fibrosis of the F2

Axial image of a patient with severe iron overload degree [33].
demonstrates abrupt decrease in the liver signal in-
tensity [32].
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Fig. 6. MR images of the abdom en, axial plane, and MR -elastogram.

T2, gradient echo pulse sequence (a): the structure of the liver parenchyma is homogeneous, no focal for-
mations are detected. There are areas of increased rigidity in the liver structure (red on the color scale map)
on t he MR elastogram (b) [35].
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Fig. 7. MR images of the abdomen.

T2, coronal plane (a) and T2, axial plane (b): the structure of the liver and spleen is unchanged, there are
signs of the splenomegaly.
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Fig. 8. CT scans of abdominen, axial plane, soft tissue window.

Various -sized hypodense focal lesions of the spleen are determined on non -contrast images without contrast
enhancement (a) [3 8]. On post -contrast images (b), there are non  -enhancing focal lesions in the structure of

the enlarged spleen [37].
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Fig. 9. MR images of the abdomen.

T2, coronal plane (a) and T1, axial plane (b): there are multipl e lesions of different size, round shape, hetero-
geneous structure in a spleen tissue [21].
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Fig. 11. Femur X-ray, anteroposterior projection.

Deformation of the distal metadiaphysis of the femur with the expansion of the bone marrow canals, like Er-
lenmeyer flasks, is detected (a) [38]. Heterogeneity of bone tissue in the distal femoral regions in the form of
alternating sections of rarefaction and sclerosis (b) [12].

\

¢9232R Fig.12R) ¢ 0 32f (Fig.12b)
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Fig. 12. Hip joints X -ray in anteroposterior projection.

Osteoarthritis of the left hip joint, as a result of aseptic necrosis of the right femoral head (a) [38]. Pathologi-
cal subtroch anteric fracture of the femur with displacement and wedging of fragments, deformation of the
proximal part of the femoral diaphysis due to the expansion of the medullary canal (b) [12].
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Fig. 14. MR images of the femurs, coronal plane.

T1 (a) and T2 (b): a pronounced homogeneous decrease of MR signal intensity of femurs and pelvic bones due
to the infiltration of the bone marrow, which does not extend to the distal epiphyses of the femurs [12].
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Fig. 15. MR images of the hip joints in the  coro-
nal plane, STIR.

An area of trabecular bone marrow edema is visual-
ized in the structure of the head and neck of the right
femur [12].
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Fig. 16. MR images of the femur in the coronal plane.

A large area of medullary osteonecrosis of the left femur is seen, manifested by areas with fuzzy and uneven
geographic contours, irregular shape, hypointense on T1 (a), hy perintense on T2 with fat saturation (b) and
STIR (c).

¢ 9o 3. Figo RL7( R) ¢ o 3.+ (Fig. 17 b)
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Fig. 17. MR images of the femur, coronal plane.

Areas of postinfarction osteosclerosis in the diaphysis of both femurs, manifested by a decrease MR signal
intensity on T1 (a) and S TIR (c).
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Fig. 18. MR images of the femur in the coronal plane.

Multilocular cystic in the metadiaphysis of the left femur, surrounded by an area of osteclerosis, hypointense
on T1 (R), hyperintense on T2 with fat saturation (b).
the distal diaphysis of the right femur [12].
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Fig. 19. MR images of the femur, hip and knee joints, coronal plane.

T1 (a) and T2 (b) show multinodular lesions of a confluent nature, which are intraos seous gosheromas, of
irregular shape, with uneven fuzzy contours, causing swelling, deformity and multiple pathological fractures

of the femur (basically of the right). They cause swelling, deformation and multiple pathological fractures of
thefemur. Ther e i s al so a deformation of the femoral heads. [
of changes in the osteoarticular system in adults with type | Gaucher disease: diss. ... Candidate of Medical

Sciences / Moscow, 2019. 93 p.].
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Fig. 20. MR images of the femurs, mDIXON mode.

The After postprocessing, t he sets of images of the MR signal only from water (a), only from fat (b), in -phase
images (c), antiphase images (c) and color maps (e) were obtained, on which in the bone marrow of the distal
regions femoral bones are determined by a decrease in the fract ion of fat up to 36% within the zone of interest

(red ovals) [Solovyova A.A. Characterization and monitoring of changes in the osteoarticular system in adults
with type | Gaucher disease: diss. ... Candidate of Medical Sciences / Moscow, 2019. 49 p.].
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Fig. 21. MR images of the femurs, coronal plane, MR spectrometry

T1 (a) demonstrate certain pathological infiltration of the proximal parts of the right femur and a well reduced
fat f raction at this level in spectrograms (b) [54].
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Fig. 22. MR image s of the right femur, coronal plane, MR spectrometry.

T1 images reveal a definite pathological infiltration of the proximal femur and a reduced fat fraction at this
level on the spectrograms (a), a gradual regression of pathological bone marrow infiltrati on with an increase
in fat tissue in 1 year (b) and 2 years (c) after the onset ERT [9].
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11C-METHIONINE AND BF FLUORODEOXYGLUCGE PET/CT IN DIAGNOS OF BRAIN
GLIOMAS HETEROGENEYT

Vikhrova N.B. 1, Kalaeva D.B12 Batalov A.l. 1, Konakova T.A. 1, Khokhlova E.V. 1,
Postnov A.A. 12, Pronin |.N.1

1 - N.N. Burdenko National Medical Research Center of Neurosurgery.
2 - National Research Nuclear University MEPhI (Moscow Engineering Physics Institute).
3 - The P.N. Lebedev Physical Institute. Moscow, Russia.

urpose. The study of plastic and energy metabolism and their correlation with various his-
tologic types of brain gliomas. Assessment of heterogeneity tumor structure and adjacent
brain tissues by comparing MRI and 11C -methionine and 18F -fluorodeoxyglucose PET/CT
data.
Materials and methods. 52 patients (M/F 27/ 25, average age
were enrolled in this study: glioblastoma (n = 19), anaplastic astrocytoma (n=9), diffuse astrocytoma
(n=9), an aplastic oligodendroglioma (n=6), oligodendroglioma (n=6). Research protocol consisted from
MRI before (T2, T2 -FLAIR, 3DT1 (FSPGR) and after contrast enhancement (2DT1 (SE)) and dynamic
MET and FDG PET/CT.
Quantification parameters were: tumor to normal index (T/N) at last 10 min of time -activity
curve (reflects the activity of metabolic processes), T/N in first peak of maximum uptake (Pmax) dur-
ing first 60sec of study (reflects delivery level of radiopharmaceutical agent). Measurements were
made in thre e areas: 1 0 tumor core, 2 0 edemal/infiltration, 3 & intact brain tissue in close vicinity to
the tumor borders (outsidethe T2 -FLAI R hyperintensity zone). tompari so
1 and 2, 2and 3, and with intact brain tissue reference; MET and FDG accum ulation correlations
were studied.
Results. Significant differences in T/N MET between areas 1 and 2 were obtained in all glio-
mas (p <0.05). Pmax MET differed only in glioblastomas (p <0.0001) and oligodendrogliomas (p
<0.05), which correlated with the hig h level of vascularization of these tumor types. T/N FDG signifi-
cantly differed between area 2 and 3 (p <0.05), which might allow to evaluate the boundaries of infil-
trative growth of glioma, with mandatory comparison with MRI. Strong stable correlations of plastic
and energy metabolism (as well as high level of radiopharmaceutical agent delivery) in the core of as-
trocytomas (Grade 1l -lll) (Rs 0.8, p <0.05) and edema/infiltration area around of glioblastomas (Rs
0.5, p = 0, 02) were found and proved the evol utionary theory of glioma growth.
Conclusion. The patterns of MET/FDG distribution as well as plastic and energy metabolism
correlations in different tumor areas (core and edema/infiltration) and intact brain tissue in close
vicinity to the tumor borders b ring us closer to understanding the fundamental metabolic processes
of brain gliomas

Keywords: PET/CT, 11C -methionine, 18F -FDG, dynamic PET, brain gliomas, glial tumor me-
tabolism, metabolic changes
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Fig. 1. An example of tumor structure and healthy tissues ROI determination in patient with left frontal
lobe glioblastoma on MRI and PET images

A. tontrast enhanced T1 MRI
B. T2-FLAIR MR,

C. 11C -methionine PET/CT ,

D. 18F -fluorodeoxyglucose PET/CT.
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Fig. 2. Metabolic patterns of MET (blue color scale) and FDG (red color scale) distribution in different
regi ons of glioma depending on its histologic type and grade

Region 1 o tumor core area corresponding to the MR contrast enhancement (if visible), region 2 o ede-
ma/infiltration area corresponding to pathological signal on T2 -FLAIR MRI, region 3 - visually un changed on MRI
intact brain tissue area in close vicinity to the T2 -FLAIR tumords borders
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BRAIN ACTIVATION/DEACTIVATION EVALUATIONIN PATIENTS WITH S8ZOPHRENIA
USING FUNCTIONAL MRI

Ustyuzhanin D. 1, Beliaevskaia A. 1, Morozova Ya. 1, Zashezova M. 1, Shariya M. 1.2,
Kropotov J. 3, Konovalov R. 4, Smulevich A. 5, Smirnov V.1, Ternovoy S.12

1 - National Research Center of Cardiology. Moscow, Russia.
2 - .M. Sechenov First Moscow State Medical University (Sechenov University). Moscow, Russia.
3 - N.P. Bechtereva Institute of the Human Brain of the Russian Academy of Sciences. Saint -Petersburg, Russia.
4 - Research Center of Neurology. Moscow, Russia.
5 - Mental Health Research Center. Moscow, Russia.

urpose. To evaluate the brain activation/deactivation patterns using a dual task fMRI with
cognitive load and memory exercise  in patients with schizophrenia.
Materials and methods. The study involved 15 patients with schizophrenia (males, aged
30N5 years) in remission. All patients underwent s
task: backwards counting by 7 from 100 as a co gnitive load and instruction to keep in mind the ex-
act word during the test as a memory exercise. The fMRI data was processed using the SPM8 o Sta-
tistical Parametric Mapping software (Welcome Trust Centre of Neuroimaging, London, UK) based on
MATLAB.

Resul ts. In patients with schizophrenia, a statistically significant zone of deactivation in the
anterior component of the verbal working memory was detected, including Brodmann areas 9 and 10
(pPFWEcorr < 0,001). A zone of deactivation of the left limbic lobe i n the left posterior cingulate gyrus
was revealed, Brodmann area 23 (pFWEcorr < 0,001). A significant activation zone in the posterior
component of working memory in the left inferior parietal gyrus was found (pFWEcorr < 0,001).

Conclusions. The results of this study confirm the effectiveness of dual task paradigm with
cognitive load and memory exercise for cortical activation evaluation in patients with schizophrenia.
Deactivation zones in frontal cortex and in limbic lobe, activation zone in temporal cort ex are im-
portant for understanding the pathogenesis of schizophrenia, and in the future can be used in other
studies to assess the impact of different treatment methods.

Keywords: fMRI, schizophrenia, neuronal activation, short -term working memory, limbi ¢ sys-
tem.
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ASSESSMENT OF DETHON ACCURACY OF CHAN GES IN THICKNESS OHUMAN BRAIN
CORTEX ACCORDING TOMRI DATA

KonoplevaL.V. 1, B.A. Allthavi., | | 6y &sov 1+t . O.

1 - Institute of Physics, Kazan Fede  ral University, Kazan.
2 - University Hospital of KFU, Kazan.

urpose. The study of the stability of the results of MRI data processing at different noise
levels, parameters of the scanning protocol and the position of the patient's head. Data pro -
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cessing was carried out by voxel -based and surface morphometry methods.

Materials and methods. Data from six healthy volunteers were measured using various
scanning protocols on a 1.5T Siemens Symphony clinical scanner with an isotropic resolution of 1
mm3. T he measurement of the of the cortical thickness was carried out using two software packages
- "CAT12" and "FreeSurfer". For an adequate comparison of the methods, all preliminary data pro-
cessing was carried out only using standard software package function S.

Results. The obtained values of the cortical layer thickness decreased by 5% with an increase
of the noise level by 60% (signal -to-noise ratio 15), and did not depend on the used parameters of the

scanning protocol and the position of the patient's hea d. All changes in the values of the cortical lay-
er thickness were within the error limits of the data processing methods.
Conclusion. Voxel-based and surface morphometry methods in

and ¢cFreeSurfere soft war e smbler&saltg megardless ¢of thevqualith of the ini-i n g
tial data.

Keywords: magnetic resonance imaging, volumetry, cortical thickness.
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Fig.1. Scheme.

Schematic description of reconstruction algorithm for CAT12 and FreeSurfer (adapted from [15])
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TRfrdoeR tt3aestt g8adyossaR deas3eodqRdi seyoa adat edt

yaszsdaya RedR3R DKTA40.

1 OL 9o Odzd§ 5B dz( CAT12 FreeSurfer
(zOJs . ( BR) (3dp

1 caudl anterio cingulate cortex 2,6N\0,1 2,7ND,1
2 Caudal middle frontal gyrus 2,8\0,2 2,6ND,1
3 Cuneus cortex 1,7N0,2 1, @IN
4 Entorhinal cortex 3,04 3, QN
5 Fusiform gyrus 2,6\0,1 2, &N
6 Inferior parietal cortex 2,60\0,1 2, GIN
7 Inferior tempwal cortex 2,8\0,1 2, @IN
8 Isthmuscingulate cortex 2,4N0,1 2, GIN
9 Lateral occipital cortex 2,1N0,1 2, QN
10 Lateral orbital frontal cortex 2,9N0,2 2, ®@IN
11 Lingual gyrus 2,000,1 1, @IN
12 Medial orbital frontal cortex 2,5\0,1 2,6\D,2
13 Middle temporal gyrus 3,1N0,1 2,9\0,1
14 Parahippocampal gyrus 2,6N0,2 2,7M0,2
15 Paracentral louble 2,200,2 2,3\0,1
16 Pars opercularis 2,9N0,1 2,600,1
17 Pars obitalis 3,000,2 2,7N0,1
18 Pars triangularis 2,8\0,1 2,5\0,1
19 Pericalcarine cortex 1,6N0,1 1,4N0,1
20 Postcentral gyrus 2,1ND,1 2,1ND,1
21 Posteriofcingulate cortex 2,600,1 2,500,1
22 Precentral gyrus 2,3\0,1 2,4N0,1
23 Precuneus cortex 2,500,1 2,4N0,1
24 Rostral anterior cingulate cortex 2,9N0,1 2,9\0,1
25 Rostral middle frontal gysi 2,7\0,1 2,5\0,1
26 Superior frontal gyrus 3,000,1 2,8\0,1
27 Superior parietal cortex 2,3\0,2 2,2N0,1
28 Superior temporal gyrus 3,000,1 2,8\0,1
29 Supramarginal gyrus 2,8\0,1 2,7MD,1
30 Transverse temporal cortex 2,600,1 2,2N0,1
31 Insula 3,6\0,1 3,1N0,1
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Fig. 2. Graphs.

Results deviation obtained from subjects scanned twice (red line) and typical standard deviati on (RMS) for
each ROI (blue line). Since CAT12 does not allow to find RMS for each ROI, figure shows RMS for the whole
cortex.
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SNR 29

SNR 43

¢ 2 33x (Fig. 3b)

¢033. dgT yodaYoaoeya 9abyR, 3Ryo2686Rdi aRt edaszdoeszasi .

R-33abh ywyadoaYooaya sobyR o2eoeye 0bh ovabhaRYadioda¥fHhosobdoag
3oy aoRIdes (~10%RBaobf) yoadoYooyos sabyR 2evoaya 02bH eoarf3aYoadi e
909098209 J}3aYat 3oyaRd ¥vy9 (~60%).

Fig. 3. MRI, brain, sagittal view.

a 0 sagittal projections of the brain, measured wi th a slight change in the signal  -to-noise level (~ 10%); b d
sagittal projections of the brain, measured with a significant change in the level of signal -to-noise (~ 60%).
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Fig. 4. Diagrams.

The results of cortical thickness measurements in various regions of the brain obtained using the CAT12 (top

row) and Freesurfer (bottom row) for data measured with d ifferent signal -to-noise ratios. It can be seen that
by low signal -to-noise ratio, a slight decrease in the obtained values of the thickness of the cortical layer oc-

curs.

¢o3. Fg R5(R) ¢ o3 f (Fig.5b)

¢ 035 ddgX

R-y3Ro80G6R fradeayoe (32826 G6YOoe) o 3a3ayad (dq3saR3eahe G6Yaa)
99yd e€3ay¥3R99seya> e¢RJaeR ¢cFreeSurferé edts elRERPP N3g 86 564
9009 3owRdLS5. OszdaesasYoa o MRbeyogt dojonadY Y8 Rwoch sapey) 3

38Ya29 368Ro9aY0e83t 90asaa ydRedeaes, YyYyea £€303Ya2e0o8 d @2abaRyo?
Fig. 5. MRIL
a 0 the border of white (blue) and gray (red) brain matter obtained using the FreeSurfer software pa ckage for

data with a signal -to-noise ratio 40, b 0 and data with a signal -to-noise ratio 15. Due to the presence of
noise in the data, the boundary line between gray and white matter becomes less smooth, which leads to a
slight underestimation of the res ults.
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Fig. 6. Diagrams.

The values of the cortical thickness in ROIs obtained for the data measured using various measurement pro-
tocols, it can be seen that all the obtained values are within the measurement error (dashed line)
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MIpoTtoxon M1

[IpoToxon M2

Zs3odenaaosa 1.

t 380 dRdi aRt eoaYasagoaoaszagi yaodaYaoyoa 9abyR edt eRoaafhg, 2
cead) yasaRt €32 ga9ays caRyGRH ED2ayBaz&ia dosaosd 3aa68Y0aG 3
233daoaeaYRoao0t ob RoaRea902ya3z>daya> RedR3R DKT40. t3R3aa6 @

3h. Ooceaa, yea ©vdt e3a8adeoedR 0bsao3aade (2 e€3a2023gae28 A
af dR3@g 0.

Corti c a | surface (datasets t1 and t2) obtained using CAT
ical atlas DKT40. Red dot indicates entorhinal cortex. There was decrease in obtained thickness value for da-
taset t 2 in this area.

[IpoToxom, Ml IIpoTokxon M3

t1 320 Rdi ahe e RdBREFBB330bhH yaadaYooaya 92byR 3 oaRdapaasahsol
3a3aya (badefe 6Yae) Yayaszs YR, cead)yyaaafhoaso €32 ea9ayod
caydarcaboRpadRsz@iBa320RdE3.B6

Coronal and sagittal projections with wh ite (blue line) and gray (yellow line) matter borders, obtained using
FreeSurfer. Red dot indicates entorhinal cortex.
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¢ 0237 Y(Fig.73)

¢o23R F@g7R) ¢ o 37x (Fig. 7b)

¢203. @aYas3gooaszxei das3ecad3R evdt obsas3asaode 3 3Rbdoyaolf
CAT12) , GYaeaYRt 3gasR obafr3Rpnpaasaost 3a>28YOB368Y) aa

yadoYaoyo 9abyR.

Fig. 7. Cortex surface for measurements with different head positions (CAT12 results), color scheme
of the image corresponds to the obtained cortical thickness.
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Fig. 8. Diagrams.

Cortical thickness measurement results obtained for data with a high signal -to-noise ratio (blue) and data
with a low signal -to-noise ratio and for different head positions.

TRfr doGeR. (gdoby di eRefh o0bosasasde 68adyossah doa3eadR
aha edt 3Rbdoyah ceaodanaoasodgs yoda¥Yh eoar3aYoadi R €3
] sdztsy jdzdJ @ CAT12 FreeSurfer
¢ 2, 6 NO, 8 2, 6N0, 7
1 2, 6NO0, 8 2,5N0, 7
J 2,6KN0, 8 2, 5N0, 7

[www.rejr.ru | REJR 2021; 11 2):90-104  DOI: 10.21569/22274152021-11-2-90-104 100


http://www.rejr.ru/

RUSSIAN ELECTRONI C JOURNAL OF RADIOLOGY

Yo oReceaosaha obsasasot ¥ isdRb dv y 8 aa e cedoRdgerp 0 8 0 2 yadaYh,
ceay30¥9a380 O2bsas3aade. €309 €ea99ay? e3ay3Ro998aya ¢ R
harnoe bRsaesOIGH saadagashoe Yas@Xd&RdaazwgtasR obar 3Rnpasaoe
Y 3abydi gReaRg wedt af d R396 0 @oasdsydoaseda YR®D a&y a4 Y d yyaes @ 9raRb yyRe- dY
Loga3o0oRdi aas doa3h (entorhiemaloacoratredkRss6o.0a®Rd e3aYaea
dob eodjyyaoeahg oboar3RpDO0BIE3D0EREB®B a@edyosh doessodRIi aec
oah dessosgRdizalat codRHRI, y¥®aa¥oeRardaFooaya 9abyR, e Rd
afr dR36 0 aRfrdrieRag 3+t 90bdoecoahdewxcdsRRBsBaocgdBReE3arvadasaahg €3

92as6, Y G & €302Yarvoa d s0oeveaddbdsRyddaead RBJIdR3R DKT40. T
2e30ra0daad2d ¥3R292G 303 ayo> o¥MRBIDUR o( CBadRYyo2cadi aay e of
deenpasaoa 1). bjide ReayY o0 e©dt owvooas 02b orfd

Odotoeoa coadeanaaot yaodoVYffRaRt e jeyR¥-d. t 4 e€30Yareaah
asha 3abj di agRaef. boRyaaot g8adyososafh doas3esodRdi ae

¢o3. FBy Y9 (3) ¢o03. Fig.9¢) ( ¢o93.d(Fg.9e)

¢ 2 39.

R-Rd3oRdi ahe 33ab yodoYooyos s5abyR 3riea2bdSNR B rau daeawhy
45A;-3Ry02066Rdi ahs 33ab yadaYosayas s5abyR -8 D00INR bEpoxas
da¥Yh oaR 45A, Yoeaa, y8oa Y3dae3eYoa eaYa3a8R €3a3a023gaedg
da36o2dRdi eaha e©aYaus3geaszed yodoNooymd oadyiR) cradyyRassdoyeo
eRaafhg 3 YA3rados SNR, a8aabdos SNR o9 29bdos SNR 29 gaYa3acd

Fig. 9.

a 0 an axial projection of the brain with a low signal -to-noi se ratio (SNR 15) and aa

sagittal projection of the brain with a | ow signal to n

seen that there is a distortion of the anatomical structures; c -d 0 cortical surfaces obtained using the CAT12

software package for datawithh i gh SNR, | ow SNR and | ow SNR and a heagd
Zoazxdadi d} €30 €3aY0rvaaoo ¢clodrmv®mH®B OB, rhdo obosasas

obsasaoeot ©dt a6a8do ecuorvuee¥Yseszabaamosgaad¥Yh o 31 yaszxsYa

eadyoah desegodRdi saya 3dot scoadomoFpPRILG0 %) . 6hdea o o

baY o9@apnae obsaatei 3t, e Ro offifes otnduchmdaoe & hdly o i odeeyses o g d &t
3sa2e0do3a¥YRe 3030206 2bos a3 o3mbk,disReRgadasod) yasahg €30
paaosa yada¥Yh eveors3oYodica¥Y paRIahiFreedauy fer. Zo)yyasaah
obsasasotso 46B6R .| yogR 30 3. Dbeaalaosec edt ©Y) g eor3oaYodi
eaof eadjyyasoaha des3eodRdi odR s8a¥a3§oa3609

yadoaVYoayoa 9obyR aevooaya 0b eoarBRYYadRMdeY YHid ¥doosa, 6o b

[www.rejr.ru | REJR 2021; 11 2):90-104  DOI: 10.21569/22274152021-11-2-90-104 101


http://www.rejr.ru/

RUSSIAN ELECTRONI C JOURNAL OF RADIOLOGY

9 aa }] a8t raaoad 28 o0awa®dt otxtoymRAyosaR doas3sgodqRdi sy a 3
€302Yarvoa d bRsaopnaoao1 coard ) WRa scfloag exsRye ) Yaodoyoah 3 ea
906 @6adyoah des3eodRdi coayo vHabhoc frPE®d®O®BE-3RDb3aYyasaoas 3
Yaeveaoa 3aea3B8RYdaosaoa 3abj) d? B&Re &>RD eeRw® () dhe B, R3esadRdeh,
Yhzadoo >89 aY0002099 FPHPANRIeoyooaya of hasR, 2 ¥}J9 Y R
eRoaoaflg 3 ©8090bdosos SNR o2 ®©vRoafg3ed¥badomwdoSINsR oR eoad) YyYRasha
2 eaYa3a8a9 yadoe¥Vh evoerszoVYodieeoRdopR I3 ymszre¥)}ayaa aR 3ayse
10 e32Yarvaoaf 3ab) di aRef 0 bessaasyazaPses aypadd advf-a3rcayaaoa edt
d9aya oabygpRoowrb evoars3aYodi caY.ooMmR d32336.2 dRdIt saaya 3dat Ydqd
(Y, ¥, e) ce30e3B8RYdaah does3sweeRRdicshe YRavwaugl+ 8 a6 f 3 Ry ¢
92380 yadaYoaya o9abyR, € o dejaybaYosedhtor yeoxo 3gay-03r68YOoosa9ad 3980
9a2yo c3ay3Ro99saya ctRJueaR CABBB.I Onebhohdlisairadot OaeRos as
oahe RaRdob ecod)jyooeahg 3ab)dbeReaffdoadgRRoRdODI3Z&YRORN ¢

YRaag, Y G & €3a203Qgaeoa cas3vadRizeaMeadbeaaasaaha 3 o23ecad
330eva06e G8adyo adhi adeeysas 23ddRert . RKrewdRHAg e€e3a8adadeay¥ 0bsas3aade.
do radaoa boRyoeadi eafjfa obsaoaosaadhd& DbOWBHRYyYudwS o, Y G & aaba

tg eadyoah das3eodRdi aay o 3udbedasrafpdbon agdBRa 368 YR obsasaa
3] npaafh Y 3ab)jdi eReBRg ec3ay3RoxrxaopydsaBdoascRr eR3Rs0B6838aY
FreeSurfer, cad)jyaoaoafha 30bgadrdReGYRxwAGIxeHH®I e a9 a R cad
afh B8R 3023. 10. Oocoeoa, yco ofHau HaRyuaddd Y ads- 4, 303, |
Yh eaf3aYadi R ¢€32023ddevae saaxdaoa 3y ecad)jyaaafhg 3aby di
bRoonasaosoa baRyaosoes g8adyoash asRasg @mupRdiceeedyioda €302 3} yaszaeyY
3det e 33RY20002I 3 30ab)diaRBRa®B®O ¥ ;oabomwo faBdtedR 6009
SNR, 98a cadae3Rdi ahos ecadapnaaundg dy aRa8Rfg. FreeSurfer aR¥ d
Kf 33) peaadad cead)jyaaoahg aabh)eddiRoaoafh doesscosdROIBaAagGY @ 330
BaY. >dae}j ashg af dR3gt g (3923. 4
L bsasasaoa sadyosah do3s RaREdIbo agyRo o h g ceadRbRC, Y G &
det ecobYoadtae ead) yRai s’9feaoRe0d0I@F baRyaasaoe gadyoah
90809829 3683} de)JafhogbyYRYTYopaapa 3dat o99oyde fhei YhbYRa:
2 €39 3Rbdoyahg eRgegadeyot gy s ReRde BRB oydow- f adfeR oY Fuaa:

deya J3aYoat v} 9R Y eRaoafhg (3

FreeSurfer TRd dRd e®o3rmB®a3 89 o2bhsasa
TR — eRoofhg edi S Rrdiedoot 05 aRs
* snm 15 90t 3634 de)3h yoadae¥Yooayasa s5af

J 1 SERRERRRREIE INPPIRIRPRR U 'SNRlenoaopc:-r- ya"da"Yf] csReo2a8aeR Y 3‘C{R6030 9 ¢
: ' 3>t , f Hde e3aYarvaoaa 3dR823 &

E s Yodi ca¥ 3 obsasasdas eadapa:
- 45A. OoRdob ®©vResahg eadRBHRA,

yaoda¥Yh eRceco2a09@R Y 3dRaa3a ol

T E IREIRTARNEAESS L e e R Reasa o
i : : y3R999a0 ofa3c-eygaadypaRdgg, R o

1 . 1o s oo s . pa e€30evYR32cadi aRt of 3 Rf¥ a6 (1
HOMEp OORACTH HCCASZOBAHES Yodtoe obfrapnpRai 23dqRpaosaot R
383} de} 3. 6hdea YhtYdasa bRaC

g 0 310 (Fig. 10) asfhg 3abydi eBep¥i 6YvRERg Free

N €302 90bdes o6oor¥arg ®I 23 JeyseTRed-
g0310. OoRy3Ros9R 3aea yada¥Yh (323. 9). KeaR(:
yea 189 ®©Raafa baRyoesadi aa
dgRyas3e8YR ¢eco 33RYosaa0I 3 eRa
cead)] yRasfhoso gaR ay¥RdRg 3> g o

gaby di e Raeh obsa3aaos gadyy
3dat edt oaevooyoe 0D earashaay el
€a9ayod e3ay3Ro999aya> eRdaesR

Yht Ydasa J} o908t yaaosa ¢eady) yRd 1.5 T 9 Yhya. papedRbel¥Rebd
yoah doeseodRdi asya 3dot 3 | eRaafa GRqaya_~ dRyase YR edt
eRo0fgQ. 3doeaj‘Raoe. Oaboseanae, L &G |
] Yasaet €30 33RYo2a0a98020 3 eRoao
Fig. 10. Diagrams. afhoo @9R o02bdac mbiselye RYRg. KA
The results of the cortical thickness measurements sRd o, easdaodi C{J €39 8obdog
obtained using the FreeSurfer sof tware package. We saes @ obsastei st q_aae3R3~G
found decreased cortical thickness values for data saefgef fodaa eacRdisfha do3zd
with higher signal -to-noise ratio and head rotation. L 8039263+ °R 82, Yoo, Y

[www.rejr.ru | REJR 2021; 11 2):90-104  DOI: 10.21569/22274152021-11-2-90-104 102


http://www.rejr.ru/

RUSSIAN ELECTRONI C JOURNAL OF RADIOLOGY

dee Yht Ydasa DBRYO3099380 boRpadRegi g&¥fyaehoa 8ao, yga 3o’
de3ecodRdi aayo 3dat 8 03¢ oxRdDYy R oy o¢c x@BLWBRI268adi a Rt of 3
deedR obsaoas3aaode, BRRt bRYz®»2a3Reie 98BpaeRei ¢ adddRPoxshpd
¥ Hhai af aR3)J paaR ¥ or dR3agt ghasRyaabddo sg eddayan-a h daes3eodRdi o
B83R3@8a9 @6 dRoaRe h( 3eadbt) dii 86 &3 heaRdio-eadi a a9 ] g)Je¥aaoo dRya
9aoya (do3esad3R (€3o0daepasaoa MEf, YYRRRYRyo &g dR¥adoyaaosas |
>a8tg d9a09af gaedn eacadoogsgadbaleeadigocvRaAldfg, saadas33adea
ead)] yRashg 3ab) di R aY. ERRR®»I@BBPKF3deosgard odadR 3dRoa03
RaRdob ®©Raeasafg YhHtYod or dR3@ap ®B® 0396 Rgadad9YA eRecoaasR. x
yazxdo baRyoosfhso obsasaosdtogaolfosdmebiypdaa 2B i } YR3@80 1t ¢ a3
bRY?2309a3802 2a 3¢ adi bR R ocozooycea saRaoRadRAODR ©vRoasafhg oadi
obsasasos (p < 0,05). 0 odadiRoceocess of ®R&ca RadRar garvods daoe

dob baRyaosos g8adyosh doesesodRdi aehpdide s oM.

tLeog eofdR3etg eadRDbRC, Yy 8 & 9 Rgoda RaRsaxmshaaY Rsho-a .

saaaaot ea3tedqR 0,02 99, yea| balRgerasdldsded Yhecodoaosaoa €3

saat va ea3B80yRa9sas Boyoosr¥®as IHmadwwvwmdDGEA ¢222) Y 3RadR

(~0,5 99). Zol 8oa9} , Y e Ro ogasse a3 Ry23-d00806/6 a di b+

yaYa3io & o9RAdOYyO2O? YbROoOs9sa3Ytbho pawmangdodesdaxn aszayY

dj yRashso 3aby di ReR90 b ¢t RORo@axfE R®ARoasas 36RGI O £ aea

e3aBadadR 0bsa3ad09e ©Roaoafhg.3)e38Y»wddoddee R 2986803 03aY, e
yRddIyaaoa. 90af garednymw God

Z3aYaeveaaoaha 233daeaYRaot ceabYadt1a

References :
1. Ashburner J, Friston KJ. Voxel -Based Morphometry - The de Beaurepaire R, Bellivier F, et al. Cortical folding abnormal-
Methods. Neuroimage. 2000;11:805 921. ities in schizophrenia patients with resistant auditory hallu-
2. Jones SE, Buchbinder BR, Aharon |. Three -dimensional cinations. Neuroimage. 2008.
mapping of cortical thickness us 12nShimdangyJs] Smygser&B, WalemaraG, Alexapoulody, kil
Brain Mapp. 2000;11:12 &32. doi:10.1002/1097 - J, Harwell J, et al. Comparison of cortic  al folding measures
0193(200009). for evaluation of developing human brain. Neuroimage. 2016.
3. Nave G, Jung WH, Karlsson Li ndA®KingRD, BiwniB| Hwang W, Jeok @, &Skofrge ATg Feractal
PD. Are Bigger Brains Smarter? Evidence From a Large  -Scale di mension analysis of the cortical
Preregiste red Study. Psychol Sci. 2018: 095679761880847. disease. Neuroimage. 2010.
doi:10.1177/0956797618808470. 14. Salat DH, Buckner RL, Sny der AZ, Greve DN, Desikan
4. Colcombe SJ, Erickson Kl, Scalf PE, Kim JS, Prakash R, RSR, Busa E, et al. Thinning of the Cerebral Cortex in Aging.
McAuley E, et al. Aerobic exercise training increases brain Cereb Cortex. 2004;14:721 330. doi:10.1093/cercor/bhh032.
volume in aging humans. Journals Gerontol - Ser A Biol Sci 15. Seiger R, Ganger S, Kranz GS, Hahn A, Lanzenberger R.
Med Sci. 2006. Cortical Thickness Estimations of FreeSurfer and the CAT12
5. Lai CH. Gray matter volume in major depressive disorder: Tool box in Patients with Al zhei mer
A meta-analysis of voxel -based morphometry studies. Psy- Controls. J Neuroimaging. 2018;28:515  &23.
chiatry Res - Neuroimaging. 2013. doi:10.1111/jon.12521.
6. Krafnick AJ, Flowers DL, Napoliello EM, Eden GF. Gray 16. Clarkson MJ, Cardoso MJ, Ridgway GR, Modat M, Leung
matter volume changes following readi  ng intervention in dys- KK, Rohrer JD, et al. A comparison of voxel and surface
lexic children. Neuroimage. 2011. based cortical t hickness estimation methods. Neuroimage.
7. Grieve SM, Korgaonkar MS, Koslow SH, Gordon E, Wil- 2011;57:856 065. doi:10.1016/j.neuroimage.2011.05.053.
liams LM. Widespread reductions in gray matter volume in 17. Righart R, Schmidt P, Dahnke R, Biberacher V, Beer A,
depression. Neurolmage Clin. 2013. Buck D, et al. Volume versus surface -based cortical thickness
8. Shaw P, Greenstein D, Lerch J, Clasen L, Lenroot R, Gog- measurements: A comparative study with he  althy controls
tay N, et al. Intellectual ability and cortical development in and multiple sclerosis patients. PLoS One.
children and adolescents. Nature. 2006. 2017;12:e0179590. doi:10.1371/journal.pone.0179590.
9. Engvig A, Fjell AM, Westlye LT, Moberget T, Sundseth O, 18. Rosas HD, Liu AK, Hersch S, Glessner M, Ferrante RJ,
Larsen VA, et al. Effects of memory training on cortical thick- Salat DH, et al. Regional and progressive thinning of the cor-
ness in the elderly. Neuroima ge. 2010. tical ri bbon i n disebgen t Neuglogy.n 6 s
10. Ri mol L M, Har t ber g GBtesting €,s v - g002668:69F &701n doirh@1212/WNL.58.5.695.
Hagler DJ, Pung CJ, et al. Cortical Thickness and Subcortical 19. Fjell AM, Walhovd KB, Reinvang |, Lundervold A, Salat D,
Volumes in Schizophrenia and Bipolar Disorder. Biol Psychia- Quinn BT, et al. Selective increase of cortical thickness in
try. 2010. high -performing elderly - structural indices of optimal cogni-
11. Cachi a -MartinoPMLi Galinowsld A, Januel D, tive agin g. Neuroimage. 2006;29:984 @94.

[www.rejr.ru | REJR 2021; 11 2):90-104  DOI: 10.21569/22274152021-11-2-90-104 103


http://www.rejr.ru/

RUSSIAN ELECTRONI

doi:10.1016/J.NEUROIMAGE.2005.08.007.

20. Sowell ER, Thompson PM, Leonard CM, Welcome SE, Kan
E, Toga AW. Journal of Neuroscience. J Neurosci.
2004;21:8819 &29. d0i:10.1523/jneurosci.1798  -04.2004.

C JOURNAL OF RADIOLOGY

1912009603?via%3Dihub. Accessed 3 Dec 2018.

26.J T, P T. Co -planar stereotaxic atlas of the human brain:
Threedimensional proportional system: An approach to cere-
bral imaging. G. Thieme; 1988.

21. Fischl B, Dale AM. Measur ing the thickness of the human 27. Sied JG, Zijdenbos AP, Evans AC. A nonparametric m  eth-
cerebral cortex from magnetic resonance images. Proc Natl od for automatic correction of intensity nonuniformity in mri

Acad Sci. 2000;97:11050 &5. doi:10.1073/pnas.200033797. data. IEEE Trans Med Imaging. 1998;17:87  097.
22. Lesebrink Fy Wol Il rab A, S p e cdki:10Q0109/42.668698. c a | thickness de-
termination of the human brain using high resolution 3 T and 28. Ss®gonne F, Dal e AM, Busa E,
7 T MRI data. Neuroimage. 2013;70:122  831. HK, et al. A hybrid approach to the skull stripping problem in
doi:10.1016/J.NEUROIMAGE.2012.12.016. MRI. Neuroimage. 2004;22:1060 &75.
23. Lohmann G, Preul C, Hund -Georgiadis M. Morphology - doi:10.1016/j.neuroimage.2004.03.032.

Based Cortical Thickness Estimation. Springer, Berlin, Hei- 29. Desi kan RS, S®gonne F,

delberg; 2003. p. 89 0100. doi:10.1007/978 -3-540-45087 -
0_8.
24. Fischl B. FreeSurfer. Neuroimage. 2012;62:774  &81.

doi:10.1016/j.neuroimage.2012.01.021.

25. Dahnke R, Yotter RA, Gaser C. Cortical thickness and
central surface estimation. Neuroimage. 2013;65:336 048.
https://www.sciencedirect.com/science/article/pii /S105381

[www.rejr.ru | REJR 2021; 11 2):90-104

DOI: 10.21569/222274152021-11-2-90-104

BC, Blacker D, et al. An automated labeling system for sub-
dividing the human cerebral cortex on MRI scans into gyral
based region s of interest. Neuroimage. 2006;31:968
doi:10.1016/J.NEUROIMAGE.2006.01.021.

30. Klein A, Tourville J. 101 labeled brain images and a con-
sistent human cortical labeling protocol. Front Neurosci.
2012;6 DEC:171. doi:10.3389/fnins.2012.00171

a80.

104

Gl

Fi schl

€


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

K¢l ol b 3pbq t70T3q

) AT ¢ €¢)

), O) s ¢ APAOKD |t ¢
BoO¢g? OTAKOKO | £t

d

TR3R3aade t£.0., tasa¥YR . t., oadaYoyayY
200Ks OAK CZas¥Yhe dods ¥B. bpobhes R¥Rapgm®ad¥3dos soaoYaszoeas). y. e

adi 33daeveRAxtuooa 1 ddadeoY¥Yoasazxed vaaegRdi s 29¢ dR
ceoac8030e6 byjfra¥Y 0 o9aea3zeReayafs ofrhaoses doazeaae B6(dRs
di 38090 €] 809 0 3¢ oodoiehoebVoR0000t dd3 a9 eoyaooaya doa3zxeaabRsoal
¢BiOsmsé o9 e€30eR3ReaY oaR a39aYa s9aevd2doci3aYRoeaosae yoR
Rd30eR@G28 2 ¢OaocRd dAdO9RIEZ3O9REad®Yara009 -dod8ReyoIcadR[30G:
djyayYhg saecaea¥ 033daeaYRoot.
dbRea309 R 2 LoeoXwefRasa ddidexydew aodayoyaszrdaa 233daeaYRo
s)jnpadaya 0 paoaszdeys coadR (33aesds YabsRze 52N9,2 yaeR)
ZR3R9a63R990 ¥Yddiyasaot +tYdt doasi yR380yaRt ¢€aga3tdaby doedr,
oahe ©90bdoos 3Rzeadepnaad’2as evaR Yasgsayadizgoaeaya 30984 3R. (
832 ¥3Jeeh e€ea 9 yada¥Yad: eRco0ad9e8Rs 1 y¥3)eeh e€3aYorodod 3¢
dodeoseay 3 o93cadiba¥YReao0a9 dooseabd26o20 oa3c0ogadowREGasyRaARe ¢
Ossé 3 doboadeyoyaz>dos 3R3eYa3d3; osReddadeRRoIay3geshabo
dooe)deoYooaya (dqazegosacdR3gIyDsdeyd zRACRBIMEBMR ¢gBie®aeddo6)
dy sasaaYoas dosdecsh ¢ Oad2RE EoRRM30weHREL3 08 pde haYRoo0a9s doas
S5RBU3IRIMWseBIi o €30eR3RBR froa9aeddico3aYRoeaosae yORdA) 3ad o)
e Rg al30 e . O3a9 €¢RGo0a8a6R9 oaR evasctasRGcoa89ad9 2 coaz3daacas3 RGO
eodo dedalyya¥, 1 doaseciI1eU33}I 6B ay3Rygoas Ragasay3azRdJor (KAC7T
¢ab) di egRaf3ab) di eReRos ouad¥dedasadday 3 RPDjoz@d a 31 ceaay-
3dac a3 RGgaRcOI0oBWIY) ¢ &f ae xtdlo-g o 3edrioatr 3 RbdFdmoamms R 368RYIAR
1790250 | sdeoYafpg oc.o0@Bh so®RAi Yooddasedmys ¥ dRgoywmdI smaw RYRdRBy aa o+
39368 RYUF ddRe 0302N0,51 99, c 2a3dad aYaeon@s o3 R¥HNB BRI Yaadtscseayss® dR
ofr IR®»®®B 003 0y 00RBARRBWI,2EMR042 99, yeoa 3a368RYode 339%oX¥GaoofYos
Ofhza®HEI Yaod+tasesoyse® o Rg oyoosd 1 3e6e0 Ry RA®RY a Voo ¥y 3 ) ez @368 RYUF I dRe -
20B44N3 99 yasbmast cudada oYareatas a3 RA¥Nw o®Bi Yaoodtasodaym¥ R
ofr dR®»®®B 0o3 0y a®dlals, RBeIRNO9 38y ea 3a38RYodoa 337 %mwns xalpfrsssRRy Rd
Rdi Yaod+tascosooyse® o Rg oyaosd 1 3e6e0 Ry R @Ry a aYBiy 3 J cz @36 RYBINGI 99,y a -
3ab6osa3tceoa¥>rdd aYoroeeas Rz aoBRRi Yaodtaexmsogye¥dRdR®®®B 0 a300-y a9
3SREGRL 1, 238®,6 ysaa 3a368RYoda 340 % wps xoip 8 o BopRitia ®ros RbaYRo o
2360930y 0¥%a3REReF¥m@3aeonasc RYBIOMRB20 j} sdaYaufemp 0,083 ¥y3) £ da
1840N830. S € RGO 00X ®»MY3 OyY3 | SWOGY U0a3090 veVayga¥emoa dR3coyasdog
Ba30RdaY ¢ecoa3da ca32aeR rooviRdReRRINRJeaedB8facre¥a eRaoflg
€e3aB80YacoagRRIaYaore ramieRdbhdddRoae I Fdearah d o
OfhYoehhe a3 RGcot -BopgBay 3 23cgadi baaYRoa0oas deseaboecoo
das3zesoaedR3goya3doaya-OsReaIIRBR:eRBIRBa¥o8 a¥%BRarvagd yoRd) 3208
deeh cOaoasRd 0-0Rd3 e ReCn3zoeRd -AORI I HysBReExEash 2 9 3) 32e3aY:
baRyosadi afhs ecea¥Yhyvyaoaoas edaeaa3890 (da3zxsaasc 686dRa2 Y fadacl
3adi 9o y3)eccop.

tdi1 yavYfdiaYRaroeit 1 803 3&Y 3 Rpmt a3c80aecedR3eoya3x>does 9Rea3
dosdeaecsgR,-daxdedpay, RJ ysaossRcIN oBRd3aYyameadat3pgeead B8 RdbaRBRHRaegRGc Ot

}1 298 Rde o s ARR®®@ 3t 8 -rpail: fzabellaoganesan@yandex.ru

|www.rejr.ru | REJR 2021; 11 2):105114  DOI: 10.21569/222274152021-11-2-105114 105


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

Odt Gcosos3aNR®»R3Iaade t. O.t,. ,twoedd®BRIPAY . 0.£,3 RApRawako
o9he RoRdOb €30209%9080982t ec3mwoRIPeoasvsaRRedaraYyoRd) 3a0aYas (
3RGcoWoJBOdeooy € ©Roofs djyya¥Yhg o oRER 20 14(32310%-£14.YDOb 0
10.21569/2222 -7415-2021 -11-2-105-114.

teRgeet &d) yaos R4.0321 teRaet 800 t:6 R12.05.21

COMPARATIVE ANALYSISOF MATERIALS BASEDN MODIFIED HYALURONC ACID USING
FOR SINUS LIFT OPERFON ACCORDING TO THE
RADIOLOGY METHODS

Tarasenko S.V., Golovichev M.E., Oganesyan I.R., Serova N.S.

I.M. Sechenov First Moscow State Medical University (Sechenov University). Moscow, Russia.

urpose. Increasing the efficiency of dental implantation in patients with secondary adentia and

insufficient bone tissue in the lateral parts of the upper jaw by using the composition of xeno-
genic bone -replacing material "Bio -Oss" and materials based on modi fi
tal Gyalrepair -02¢é and c¢Dent alOéGydadrriempgaitrhe sinus |1 ift operation
ogy methods.
Materials and m ethods. The study involved 27 male and female p
years) with diagnosis: secondary partial adentia and bone deficiency due to the low location of the max-
illary sinus floor, without severe concomitant pathology. The patients were divided into three groups.

The patients of the first group underwent a sinus lift operation using a composition of xenogenic bone -
replacing material material "Bio  -Oss" and saline. Patients of the second group underwent operation us-

ing the composition of xe  nogenic bone -replacing material material "Bio  -Oss" and the material based on

modi fied hyaluronic acDdegDpataentGgabfepherthird group
the composition of-Osse matdertihal maBieos i alh ybaal suerdo nonc naocd idf i

Gyalrepair -1 0 & . Al | pat i ent sbheamncdngputed éomograghy (CBCT) and orthopantomog-
raphy (OPTG) at the preoperative and postoperative stages of the study.
Results. According to the results of the computed tomography 6 mo nths after the operation, the

height of the alveolar process of the upper jaw before t
6 months afte[ the operation the height of the alveolar process in the area of the osteoregenerate was
10. 25 N 0 wHich was B39% of the initial height. The average density of newly formed bone tis-

onths after the operat ion the height of the alveolar process in the area of the osteoregenerate was

1.23 N 0.6 mm, which was 340% of the initial height. T
in group 2 averaged 1870-18 43208 HLUB,0 iHWU . gfrabiorep grdupseheiXs - o

ray properties of osteoplastic materials after a period of osseointegration corresponded to those charac-

teristic of these materials; no contraindications for dental implantation were found.

Conclusions.  Sinus lift operation usin g the composition of xenogenic bone -replacing material
"Bio-0Oss" and materials based on biomodified hyaluronic acid "Dental Gyalrepair -02" and "Dental
Gyalrepair -10" (groups 2 and 3) was accompanied by a more significant increase in bone density at an
earl ier date in comparison with the control group.

sue in group 1 was 1790 N 250 HU. The height of the al v,
l'ift in group 2 averaged 3.44 N 0. 3 etmaght of@ghe aiveoldar pracesa f t er
in the area of the osteoregenerate was 11.61 N 0.38 mm
height of the alveolar process of the upper jaw before
m
1

Keywords: computed tomography, osteoplastic materials, hyaluronic acid, sinus lift, augmenta-
tion of the alveolar bone, regeneration, dental implantation.
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THE FEASIBILITY OHE CONTRAST ENHANCEDLTRASOUNIEXAMINATION
IN THYROID TUMORS

Timofeeva L.A. 123, Aleksandrov Yu.K. 4, Tukhbatullin MG 3,
AleshinaT.N.12, Sencha o0. O.
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urpose. To justify the use of ultrasou nd examination with contrast media in thyroid tu-

mors.

Materials and methods . Ultrasound examination findings using contrast media and those

of immunohistochemical examination of thyroid tumors having different morphological
structure were compared. 30 pati ents (51.3 N 6.2 vyears of age) were €
ducted on the ultrasound device DC -8 (Mindray, China) using an ultrasound contrast agent
"SonoVue" (SonoVue, Italy). Immunohistochemical examination was carried out using primary mon-
oclonal ant ibodies (MKAT) to CD31, VEGF and vimentin produced by DAKO Company (Denmark).
Morphological studies were conducted usingthe microscope DM -20 (Optika Microscopes, lItaly) with
the help of Optimas program (ver. 2.0). The resulting images were evaluated by se verity of positively
expressed cells.

Results and discussion . Comparing findings of standard ultrasound examination (energy
and color Doppler mapping) and ultrasound examination showed that the expressiveness of the vas-
cular component in thyroid tumors was low and its evaluation did not guarantee differential diagno-
sis success. There was no direct correlation between the parameters of vascularization in Doppler
mode, the presence of wvascular structures and the tumo
A comparative analy sis of ultrasound examination findings and expression of CD31 and VEGF in dif-
ferent thyroid tumors showed that the highest indices of expression were characteristic for malignant
thyroid tumors; they were lower in thyroid adenoma. Indices of CD31 and VEGF expression correlat-
ed with a number of ultrasound examination indicators. This fact gives new opportunities for the use
of ultrasound examination as an objective method based on quantitative parameters in the differen-
tial diagnosis of thyroid tumors.
Conc lusion.  Ultrasound examination using contrast media is a positive option, which gives

additional opportunities in the differential diagnosis of thyroid tumors. Features of the vascular bed
in thyroid tumors associated with the activity of factors influenc ing vascular structures formation in
the thyroid tissue and tumors are correlated with a number of indicators obtained by sonography
using contrast media.

Keywords: the thyroid gland, ultrasound examination using contrast media, immunohisto-
chemical exam ination, CD31, vimentin, VEGF.
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