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PE3IOME

AkTyanbHicTb. CyauHHI 3axBOptoBaHHA ronoBHoro Mo3ky (M), wo npu3BoasTb A0
eHuedanonatMyHnx posnagiB — 3HauMma Meauko-couianbHa npobnema. OCHOBHUM
KMNiHIYHUM  IHCTPYMEHTOM [AiarHOCTUKM KOTHITUBHUX MOPYLUEHb € HEeNpOnCcuUxonoriyHe
TectyBaHHa (HIT). Hegonikamy Takoro TeCTyBaHHsi € HaATO BeNWKa KinbKiCTb Pi3HMX
TEeCTiB, SIKi 3aCTOCOBYIOTbCS Y KNiHIYHMX 3aKnagax, WO BKpan yCKNagHIoe CriBCTaBNEeHHs
OaHuX; NPy MOHITOPUHIOBUX AOCHIMKEHHAX NauieHTU MalTb MOXIMBICTb HaB4YaTUCH
BignoBigsM i B MoganblUIOMYy BiflbHO YM HEBINbHO CMNOTBOPKOBATU pe3ynbTaTu; TakoX
icHye MOXnuBiCTb HEO6 €KTMBHOIMO BNNMBY Ha pe3ynbTaTy AochimxeHb i 3 Boky nikaps,
L0 MpOoBOAUTL TECTyBaHHSA. TOMy po3pobka MeTOAMK OLIHKW HEeWpONCUXOrOoriYHOro Ta
KOTHITUBHOIO CTaHy NaLieHTiB Ha OCHOBI 06’€KTUBHMX AaHWX € akTyarnbHo 3agayeto. Kpim
TOro, Ha JAaHWI Yac 3anuLIaloTbCs He 30BCIM BUPILLEHI NMUTAHHSA, SiKi CErMEHTU rOfIOBHOMO
MO3KY NpsIMO Y1 ONOCEPEAKOBAHO BNNNBAIOTb HA TY UM iHLLY KOTHITUBHY (OYHKLIIO.

MeTta po60Tu — po3pobUTU METOAUKY OLIHKM MOKa3HWKIB HEMPOMCUXOMNOriYHOro TEeCTy-
BaHHS1 XBOPMX Ha aTepoCKNepoTUYHY rinepTeH3nBHy eHuedanonartito (ATIE) Ha ocHOBI
OaHuX oAHOMOTOHHOI eMicCinHoi komm’toTepHoi Tomorpadii (OPEKT) 3 nepdysiiHnmm
pagiocdapmnpenapatamu (POIT).

Marepianu Ta metoaum. [NpoaHanizoBaHo aaHi HIMT ta OPEKT 20 nauieHTiB 3 KMiHIYHUM
[iarHO30M aTepocKnepoTUYHa rinepTeH3nBHa eHuedanonartis. OCHOBHUMU MeToAMKaMU
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AAS UUTYBAHHS:

HMOT 6ynu tectn: MoHTromepn — Acbepra (MADRS), tpuBoru laminstoHa (HARS),
LLynete (SchulteTable), O. ITypis (O. Luria). TomorpadiyHi 306paxeHHs 'M 6ynu oTpyumaHi
Ha ramma-kamepi «E. Cam» (Siemens) 3 BUKOpUCTaHHAM nepdysiiHOro ninodinsHoro
pagiocbapmnpenapaty (P®OI) %“mTc-rekcameTunnponineHamiHokcumom  (**mTc-FMIMAO).
O6pobka Ta aHani3 cumHTUrpadiyHMx 300pakeHb MPOBOAMNNCHL B OpPUriHANBLHOMY
nporpamHoMy 3abesneveHHi «ScintiBrain», wo peanisoBaHo B cepeposuile Matlab-2018.
KinbKiCHUMKW XapaKTepUCTUKaMM HAKOMUYEHHs1 Ta NPOCTOPOBOro po3nodineHHs POrl
B M 6ynu: nutome HakonuyeHHs POl (Upt) Ta napameTp BHYTPILLHbOMIBKYNbOBOI
cumetpii (BMC) nepdysii B cermeHTax M. Ha OCHOBi MalUMHHOIO HaBYaHHSA, SKWNA
3a CBOEIO CYTTIO MOXHa BigHecTu [0 perpecinHux mertogis, AaHi HIT cnisctaBnanuce
3 BigHoweHHsAMu Upt Ta BIC mix pisHUMy cermeHTaMu Mo3ky.

Pe3synbraTi Ta iXx 06roBopeHHs. Y pesynsraTi MalMHHOIO HaB4YaHHS i3 190 BigHOLWEHb
Upt ta BMC mMmix pisHummn cermeHTamm ™M 3 nokasHukamu HMT 6ynu BuAineHi
BiJHOLLEHHS, HaWbIinbLL iIHOPMaTMBHI 3 TOYKM 30pYy perpeciiHoro aHanisdy. HesanexHictb
Upt ta BIC pae MOXNMBICTb NIABMLUMTM TOYHICTb pO3paxyHkiB nokasHukis HIT
Lnsixom anrebpaiyHoro ycepegHeHHs po3paxyHkiB 3a BigHoweHHamu Upt Ta BIC.
PesynbTatv MaluMHHOIO HaB4aHHS Ak 3a 3HaveHHsimMu Upt, Tak i BINC, manu oguH nopsgok
KopensuinHWX 3aB’sA3KiB Ta cepefHboKBaApaTUYHy Noxnbky 3 Tectamu.

KoediuieHT kopensauii niHinHOI anpokcumauii 3HayeHb Mk gaHumyn OPEKT ta HMT
3HaxoamBes B Mexax 0,75-0,93 (p < 0.01), wo Bignosigano cepepHii BigHOCHIA NOXMOL
po3paxyHkKiB NokasHuKiB TecTiB Big 7—22%.

BucHoBku. Bneplie po3pobneHo MeToauKy KinbKiCHOI OLHKW HEeWponcuxororiyHoro
Ta KOTHITUBHOIO CTaHy MauieHTiB Ha OCHOBI 06’€KTMBHOrO MeTody AOCHNiXKEHHS, a came
OO®EKT. BigHocHa noxubka po3paxyHKiB ekBiBaneHTHUX 3HaveHb HIT 3HaxoguTtbes
B Mexax 7—22%. Npu LupoMy nokasaHo, WO He’pOonCUXONOriYHUA Ta KOTHITUBHWIA CTaH
naujieHTiB, 3okpema xsopux Ha ATTE 3a aHanizom ecekTnBHOI nepdysii 'M Bignosigae He
OOMH KOHKPETHWUI CEerMeHT MO3Ky, a aHcambib 3 TPbOX B3aEMOBIAHOLLEHb HAKOMUYEHHS
P®I BuaineHnx neBHUX 3oHax iHTepecy. HasiBHICTb AOCTaTHbO BMCOKOI Kopensuii Mix
naHummn HIMT Ta nokasHukaMyu nNUTOMOro HakonuyeHHs POI1 i BMNC B cermeHtax M
CBiAYNTb, L0 HEMPOMNCUXOMONIYHUIA Ta KOTHITUBHUIA CTaH NauieHTa 3aneXuTb He TiNbKK Big
iHTeHCMBHOCTI HakonuyeHHs POI B MO3Ky, a i Bi, MPOCTOPOBOrO MOro PO3nOAiNeHHS.

Hikonos M.O., 3anicHa F0.[., HosikoBa T.I, MakeeB C.C., OyuyeHko A.B. Moxnueocti OPEKT ronoBHOro mo3sky
3 nepdysiiHumn pagioapmnpenaparamv Ans KinbKiCHOT OUIHKM KOTHITUBHMX 3MiH MauieHTiB i3 rinepTeH3vBHOW
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ABSTRACT

Background. Vascular diseases of the brain, which lead to encephalopathy, are
a significant medical and social problem. The main clinical tool for diagnosing cognitive
impairments is a neuropsychological testing. Its disadvantages are a big number of
different tests, which are used in clinical institutions, and thus, make it extremely
complicated to compare the data; in monitoring studies, patients can learn answers,
which somewhat distorts the results; there is also a possibility of a non-objective doctor’s
impact on the results of the conducted test. Therefore, the development of methods for
assessing the neuropsychological and cognitive state of patients based on objective data
is an urgent task. Besides, to this date, it is not completely known which segments
of the brain directly or indirectly affect this or that cognitive function.

Purpose — to develop a methodology for assessing the scores of neuropsychological
testing (NPT) in patients with atherosclerotic hypertensive encephalopathy (ATHE) based
on data from single-photon emission computed tomography (SPECT) with perfusion
radiopharmaceuticals (RPh).

Materials and Methods. NPT and SPECT data of twenty patients with clinical
diagnosis of atherosclerotic hypertensive encephalopathy were analyzed. The principal
scales used during the study were the following: Montgomery — Asberg Depression
Rating Scale (MADRS), Hamilton Anxiety Rating Scale (HARS), Schulte Table, O. Luria.
Tomographic images of the brain were obtained on the gamma camera
«E. Cam» (Siemens) using perfusion lipophilic radiopharmaceutical *"Tc-hexamethyl-
propyleneamineoxime (**"Tc-HMPAO). Processing and analysis of the scintigraphic
images were conducted in the original software «ScintiBrain», which is implemented
in the Matlab-2018 environment. The quantitative characteristics of accumulation and
spatial distribution of RPh in the brain were: specific accumulation of RPh (Upt) and
parameter of intrahemispheric symmetry (IHS) of perfusion in the brain segments.
Based on machine learning method, which can be attributed to regression methods, NPT
data were compared with the ratio of Upt and IHS between different segments of the brain
Results. As a result of the analysis (machine learning) of 190 Upt and IHS ratios between
different segments of the brain with NPT values, the most informative ratios in terms
of regression analysis were highlighted. The independence of Upt and IHS makes
it possible to increase the accuracy of calculations of NPT values by algebraic averaging
of calculations by Upt and IHS ratios.
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Machine learning results by both Upt and IHS values had one order of correlation
and a mean squared error in the tests.

The correlation coefficient of linear approximation of values between the SPECT and
NPT data was in the range of 0.75-0.93 (p < 0.01), which corresponded to the average
relative error in calculations of test values from 7-22%.

Conclusions. For the first time, a method of quantitative assessment of the neuro-
psychological and cognitive state of patients was developed on the basis of an objective
research method, namely SPECT. The average relative error in calculations of equivalent
values of NPT was in the range of 7 — 22%. At the same time, it was shown that the
neuropsychological and cognitive state of patients, in particular patients with ATHE,
according to the analysis of effective brain perfusion, didn’t correspond to one specific
segment of the brain, but instead to a group of three interrelations of RPh accumulation
in the highlighted regions of interest. The presence of a sufficiently high correlation
between the NPT data and the indicators of the specific accumulation of RPh and
the IHS in the brain segments showed that the neuropsychological and cognitive state
of the patient depended not only on the level of accumulation of RPh in segments,

but also on its spatial distribution.
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3B’5130K pO6GOTH 3 HAOYKOBUMMU MPOFPAMAMM,
NAGHAMM | TEeMaMK

Po6oTa BrkOHaHa B paMKkax MriaHoBOI HayKOBO-4oCHia-
Hoi pobotn [epxaBHOi YyCTaHOBW «IHCTUTYT Henpo-
xipyprii imeHi akagemika A.l. PomogaHoBa HauioHanbHoi
akagemii MegunyHMx Hayk YKpaiHu» «BuBYMTWU CTPYKTYpHI
i (pyHKUIOHanNbHi MOPYLWEHHSA LEHTParnbHOi HEepBOBOI
cucteMuM B MPOMDKHOMY Ta BigganeHoMmy nepiogax
6oroBoi  BMOYXOBOI nerkoi 4YepernHo-MO3KOBOI TpaBMu»
(Homep pepxaBHOi peecTpauii 0117U004278) 3 BuKO-
pUCTaHHAM [aHWX HaykKoBO-AOCNiAHOI poboTn kadeapwu
HeBpornorii Ta pednekcorepanii HauioHanbHOI Megu4yHoi
akagewmii nicnsgunnomHoi  oceitM imeHi .J1. LWynmka
MiHicTepcTBa OxOpoHU 340poB’s YkpaiHum «HeBponoriyHi,
HEeponCuXomnoriyHi,  HerpoBidyanisauinHi  xapakrtepuc-
TUKM Yy XBOPUX Ha TrinepTeH3uBHY eHuedanonario»
(Homep gepxaBHOi peecTtpadii  0110V005690), wo
YBIMLWINM B AMcepTauiiHy poboTy Ha 3000yTTS HaykoBOro
CTYyNeHsa KaHavpgaTa MeaundHux Hayk 3anicHoi HO.[.
Ha TeMy «HeBponori4Hi, HEMPONCKUXONoriyHi, HenpoBi3ya-
nisauinHi  XapakTepucTUKM Yy XBOPUX Ha [FiNepTeH3nBHY
eHuedanonarito», 2015 p., m. Knis.

BCTYN

CyavHHI  3axBOPIOBaHHsI ronoBHoro Mo3ky (M), wo
npu3BoAATb A0 eHuedanonaTuyHNX po3nagis, € 3Ha4MMO
MeauvKo-couianbHol npobrnemoto. BeaxaeTbcs, Wo Oo
Hanbinbw BaroMux dakTopiB, siKi NPU3BOAATL 4O HEWpOo-
NCUXOMOFIYHNX Ta KOTHITUBHWUX 3MiH, € XPOHiYHi MOPYLUEHHSA
KpoB0OOOIry LieHTpanbHoi HepBOBOI cUCTeMU, apTepianbHa
rinepTeHsisi, aTepocknepos, UyKpoBui fiabeT, kapgiono-
riyHa natonoris, natonorii kKpo.i Ta iH. [1]. Mpu ubomy, nig
yac nporpecyBaHHs XBOpOOM crocTepiraloTbes AUdy3Hi
Ta BOrHULIEBI 3MiHW MO3KY [2, 3]. BucokoiHdopmaTtuBHUM
METOAOM [JiarHOCTVMKM MOpPYLUEHb FeMoAMHaMikn  Mpwu
Takmx 3MiHaxX € OfHOMOTOHHa eMiCiiHa KoMm'loTepHa
Tomorpadpis (OPEKT) [4-6]. OpgHak, cnig BpaxoByBaTw,
Lo rinepTeH3MBHa eHuedanonaria — ue He TiNbKW BOrHW-
WeBi 3MiHW TKaHWH MO3Ky. [MOpyLUEHHSA MiKpouMpKynauii
KpoBi Ta BignoBigHOI UepebpanbHOi yHKUiT crnocTe-
piraloTbCs Y MO3Ky B Linomy [7-9].

Relationship with academic programs,
plans and themes

The study was performed within the framework of the
research project at the State Institution «Romodanov
Neurosurgery Institute of the National Academy of Med-
ical Sciences of Ukraine» «To analyze the structural and
functional impairments of central nervous system in interim
and long-term periods of a blast-induced mild trauma-
tic brain injury». State registration number 0117U004278
using the data of the research project of Department
of Neurology and Reflexology of Shupyk National
Healthcare University of Ukraine of the Ministry of Health
of Ukraine «Neurological, neuropsychological, neurovisual
characteristics of the patients with hypertensive ence-
phalopathy» (state registration number 0110V005690)
which were included in the dissertation of Zalisna Yu.D.
for the degree «Candidate of Medical Sciences» on the
topic  «Neurological, neuropsychological, neurovisual
characteristics of the patients with hypertensive ence-
phalopathy», 2015, Kyiv.

INTRODUCTION

Vascular diseases of the brain, which lead to
encephalopathy, are a significant medical and social
problem. The most significant factors that cause neuro-
psychological and cognitive changes are thought to be:
chronic blood circulation disorder of central nervous
system, arterial hypertension, atherosclerosis, diabetes
mellitus, cardiac pathology, blood pathologies, etc. [1].
At the same time, diffuse and focal changes in the brain
are observed during the progression of the disease [2, 3].
In such cases, single-photon emission computed tomo-
graphy (SPECT) is a high-informative method for
diagnosing the hemo-dynamic disorders [4 — 6]. However,
it should be taken into account that hypertensive
encephalopathy is not only focal changes in the brain
tissues. The disruption of blood microcirculation and
respective cerebral functions are observed in the brain
in general [7 — 9].
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LlepebpancHa O®PEKT pekomeHgoBaHa nauieHTam
3 eHuedanonatiaMn ANA  OUIHKM MOLUMPEHOCTi  ypa-
XeHHs [M. Tlpn BWSBMEHHI BOrHULLEBMX 3MiH Take
JOCNifKeHHS CTae MnoKasoBUM B OUiHUI e(eKTUBHOCTI
Tepanii Ta HopMmanisauii edektTuBHOI nepdyysii. Takox
nepdysinHi 306paxeHHs OPEKT M e iHpopmaTuBHUMHK
i npu pooemeHTHuX poanagax [10]. Tak B [10] Biamiva-
€TbCA CTaTUCTUMHUI B3AEMO3B’A30K MiXK MOKa3HMKaMu
Hakonu4yeHHs pagiocdapmnpenapaty (P®I1) B cTpyKTypHO-
dyHkuioHanbHnx Grnokax 3a O. Jlypia 3 Tunom poaw-
MEHTHUX KOTHITUBHUX pO3nagis.

OCHOBHMM  KIiHIYHUM  IHCTPYMEHTOM  [iarHOCTUKM
KOTHITVBHMX MOPYLUEHb € HEWPONCUXOmNoriyHe TecTy-
BaHHa (HMT) [11, 12]. Xoua, cnig Big3HAYUTM N MOXNKU-
BOCTi enekTtpoeHuedanorpadii [13]; IHTEHCMBHO pPO3BU-
BalOTbCA METOANKUN (DYHKLIOHaNbHOI MarHiTHO-pe30HaHCHOT
Tomorpaddii  (PMPT), ki [OaiTb MOXNMBICTb  OLHATK
KOHEKTUBHOCTI MO3KYy — CYMICHICTb KOMMOHEHTIB cucTeMMU,
X cuHxponisauii [14]. Hegonikamn HIT € HagTo Benuka
CYKYMHICTb Pi3HUX TeCTIiB, SIKi BUKOPUCTOBYHOTLCSA B KMiHiY-
HUX 3aknagax, WO BKpaW YCKNagHKE ChiBCTaBMEHHS
OaHVX; MpU  MOHITOPUMHIOBUX OOCHIIKEHHAX nNauieHTn
CMPOMOXHiI HaBYNTMUCA HagaBaTU CBIJOMO YM HECBIOOMO
HenpaBuWrbHI BIgNOBIAI M CNOTBOPUTK pesyrnbTaTn TecTiB.
Kpim TOro, BCi Tectu, HaBiTb SKLWIO BOHWM CMpsMOBaHi Ha
0iarHOCTUKY KOHKPETHOI KOTHITMBHOI  QOyHKLiT, Tak u4um
iHaKLWe aKTUBYIOTb LINIMIN CNEKTP Pi3HUX rpyn HENPOHIB, SKi
«onocepefkoBaHO» 3any4aloTbCs A0 NpoueciB. [Hwumn
cnosamu, HIMT He go3Bonsie 06’ekTUBHO BU3HAYUTK hisio-
NOriYHO-06YMOBIEHI MPUYMHU  KOTHITUBHUX 3MiH. Tomy
6yna nocrtaeneHa 3agaya OUIHUTU MOXIMBICTb KiMbKiCHOI
OLiHKM KOTHITMBHMX MOpPYLUEHb, WO €EKBiBaNEeHTHIi OCHOB-
HuM Tectam HIT, Ha ocHoBi aHanidy 3o6paxeHb ODPEKT
"M 3 nepdysiiHMMK NpenapaTtamu.

Meta po60oTn — po3pobuTN METOAMKY OLIHKM MOKas3-
HUKIB  HEMpPOMCUXOMOrYHOro  TECTYBaHHS  XBOPUX 3
ATTE Ha ocHoBi gaHnx O®EKT 3 nepdysiiHnmu pagio-
dapmnpenapatamu, 3okpema 3 *"Tc-rekcameTun-
nponineHamiHokcumom (**mTc-F'MIMAO).

MATEPIAAU TA METOAU AOCAIAXEHHA

MNauieHTn

Byno obctexeHo 20 nauieHTiB Bikom 45 — 60 pokiB
3 [iarHo3oM arepocKiepoTUYHa rinepTeH3uBHA eHLe-
danonartia (ATTE) Il cTagii 3 TpuBanicTio 3axBoploBaHHS
9 + 4,2 pokiB. CepegHii Bik 0OCTEXEHUX CTaHOBUB
53,1 + 2,5 poky. [liarHo3 BCTaHOBMIOBaBCA 3 ypaxyBaH-
HSIM XapaKTepPUCTUKWN KNiHIKO-HEBPOMOriYHOrO CUHOPOMY
BiONOBIAHO [0 Knacudikauii CyAMHHUX 3aXBOPHOBaHb
rornoBHoro mo3ky, pekomeHgosaHoi MKB-10. Bcim xBopum
NPOBOAMNM Taki OOCRIMKEeHHs: KriHiko-HeBpororiyHe 06-
CTeXEHHA B AMHaMili, HerlponcuxonoriyHe TecTyBaHHS,
ouiHIOBanu apTepianbHU TUCK 3a AaHUMK O60BOro MOHi-
TOPWHTY, MarHiTHO-pe3oHaHCHy Tomorpadito 'M, ynetpa-
3BYKOBE [YMIEKCHE CKaHyBaHHS CYOWH TrOMoBM i Lwwi,
nabopatopHi gocnigxeHHsi, OPEKT ronoBHOro mMo3sky.

HeliponcuxoAoriyHe TeCTyBAHHS

Y BignosigHOCTi 40 MeTu B pobGoTi chniBCTaBNSOTLCSA
naHi OOEKT 3 takummn metoankamm HIMT:

— MADRS - wkana MoHTromepi—Ac6epra Ansi ouiHKu
penpecii (Montgomery—Asberg Depression Rating Scale);

Cerebral SPECT is recommended for patients with
encephalopathy for assessing the brain lesion spread.
In cases of focal changes, this examination becomes
demonstrative in assessment of the efficacy of the therapy
and normalization of effective perfusion. Perfusion CT
images of the brain are also informative in the cases
of predementia disorders [10]. Indeed, in [10] statistical
connection between the indicators of radiopharmaceutical
(RPh) accumulation in structural functional blocks
according to O. Luria and the type of predementia cognitive
disorders are observed.

The main clinical tool for diagnosing cognitive
impairments is a neuropsychological test (NPT) [11, 12].
But the possibilities of electroencephalography are also
worth mentioning [13], as well as rapidly developing
methods of functional MRI, which make it possible to
estimate the brain connectivity — compatibility of system
components, their synchronization [14]. The disadvan-
tages of NPT are a too big number of different tests,
which are used in clinical institutions, and thus, make it
extremely complicated to compare the data; in monitoring
studies, patients can learn answers, which somewhat
distorts the results. Moreover, no matter if the test is
aimed at diagnostics of a certain cognitive function, all of
them somehow activate the whole range of different
groups of neurons which get «indirectly» involved in the
processes. In other words, NPT doesn’t allow physiologi-
cally caused reasons of cognitive changes to be
determined. Therefore, we set a task of estimating the
possibility of quantitative assessment of cognitive
impairmens which are equivalent to the main NPT
on the basis of the analysis of SPECT brain images
with perfusion radiopharmaceuticals.

Objective — of the study was to develop methodology
for assessing the scores of NPTs in patients with athero-
sclerotic hypertensive encephalopathy (ATHE) based on
data from SPECT with perfusion radiopharmaceuticals,
in particular with **mTc-hexamethylpropyleneamineoxime
(**mTc-HMPAO).

MATERIALS AND METHODS

Patients

20 patients aged from 45 to 60 years with stage 2 ATHE
were examined. The disease duration was 9 + 4,2 years
and the average age of the patients — 53,1 + 2,5 years.
The diagnosis was established, taking into account
the characteristics of clinical neurological syndrome
according to the classification of vascular diseases of
the brain, recommended by ICD-10. Every patient under-
went the following examinations: a clinical neurological
dynamic examination, a neuropsychological test, magnetic
resonance imaging of the brain, ultrasound duplex
scanning of head and neck vessels, laboratory exami-
nations, brain SPECT imaging. Arterial pressure was
assessed according to the data of daily monitoring.

Neuropsychologic testing
In accordance with the purpose of the work the SPECT
data were correlated with the following NPT methods:
— MADRS (Montgomery—Asberg Depression Rating
Scale) — a scale for measuring the severity of depression;

OpuwuriHanbHi gocnigpkeHHs

Original research



YKpaiHCbKWI pafionoriYHvin Ta oHkonorivyHvm xxypHan. 2022. T. 30. Ne 1. C. 42-56
Ukrainian journal of radiology and oncology. 2022;30(1):42-56

ISSN 2708-7166 (Print)
ISSN 2708-7174 (Online)

— HARS - wkana tpuBoru laminstoHa (The Hamilton
Anxiety Rating Scale) — kniHiyHa pewiTuHroBa Lwikana,
npu3HaveHa Ans OLiHKM TPMBOXHMUX POo3nagiB nauieHTa;

—Tabnuui Wynete (Schulte Table) — gocnimpkeHHs wBna-
KOCTi NepekKmnoYeHHs yBaru, npauesgaTtHocti. Metoauka fo-
CrigKeHHa nepeabavae BUKOHAHHA N'ATbOX TecTis LWynkTe,
LLO J03BONSAE NPOCNIAKYBaTW BNAVB BTOMW Ha yBary. Tomy,
KpiMm pesyneraTiB 6e3nocepeaHbLOro OKPEeMOoro TeCTyBaHHS
(8h,, Sh,, Sh,, Sh,, Sh,) pospaxoByBaBcsi ysaransHeHUi
nokasHWK — cepeHe 3Ha4eHHs 6anis TecTis (Sh,);

— MeTodMKa 3anam’sdAToBYBaHHA [AecAaTu cniB - 3a
O. Jlypis (O. Luria) — cnpsimoBaHa Ha BM3Ha4yeHHS 06’emy
KOPOTKOYacCHOI i BiacTpoveHoi nam’ati. Llern TecTt Takox
nepenbayae AOCMIOAXEHHS BMNMBY BTOMWM Ha pe3ynbrar,
TOMY TeCcTyBaHHA BWKOHyBanocb CiM pasiB nocninb
(L,,L,.L,L,L,L,.L,). B akocTi ysaranbHeHOro mnokasHuka
OLliHKM NamM’ATi BUKOPUCTOBYBanu CyMapHe 3HayeHHs 6anis
(kinbKkoCTi cniB, WO 3anam’sTaB NaLjieHT) Beix TecTiB (L,).

3 MeTol iHTerpasnbHOi KiNbKiCHOT OLiHKW PIiBHSI KOTHi-
TUBHMX MOPYLUEHb BUKOPUCTOBYBASM y3aranbHeHWI nokas-
HuK TecTy LLyneTe — Jlypis (G,) i MADRS — HARS (G,) [15]:

G, =/(Sh/ Shy)* +(L,/ L) )
G, =/MADRS® + HARS” 2)

ne Sh — cepepHit 4Yac NPOXOAXKEHHS MaLieHTOM TecTiB
Wynete, Sh, — igeanisoBaHun Yac MPOXOMKEHHA TecTiB
LWynete (30 c), Lz7 — CyMapHa KinbKicTb CniB, LLO 3anam’aTas
nauieHT 3a cim TectiB Jlypisi, L, — ineanisoBaHa KinbKicTb
cni., WO NOBMHEH 3anam’aATaTu NauieHT 3a cim TecTiB Jlypis
(70 cniB), MADRS i HARS — GanbHa ouiHka Bignosig-
HUX TECTIB.

MauieHTn npoxogunu Takox HIT 3a metogmnkamu:

— MMSE - KopoTka LiKana OLiHKM NCUXIYHOro craTtycy
(Mini-Mental State Examination)

— FAB — Tect 6artapenHoi nobHoi ancdyHkuii (Frontal
Assessment Batter), wo po3pobrneHun ansi BUSIBNEHHS
OeMeHUii 3 NepeBaXHWM YPaKeHHAM NOOHMX 4acToK uum
nigKipKoBMX YTBOpPEeHb MO3Ky. BigmiTumo, wo 3a gaHumm
ODEKT paneko He 3aBXAu cnocTepiranucb AOCTOBIpHI
O3HaKM 3MiHU Nepdysii LMX YacTok;

— TBH — TecT 6anaHcyBaHHSA Ha OAHIN HO3i;

— HADS - TlocnitanbHa LWwkana TpuBorn Ta Aenpecii
(Zigmond A.S. i Snaith R.P.). Wkana po3pobneHa ans
BUSABIIEHHSA Ta OLHKM TSHXKKOCTI Aenpecii | Tpusoruy;

— CLOCK — TecT manioBaHHsl FOAMHHMKA — XBOPOro
npocsATb HamanBaTh FOAWHHUK. TeCT BUKOPUCTOBYETLCS
ans  gudbepeHuianbHoi  giarHOCTUKM gemeHLii 1o6oBoro
TUNY i NPU ypaXKeHHi NigKOPKOBUX CTPYKTYP Bid anburen-
MEpIBCbKOrO.

OpHak ocTaHHi TecTn Bynu KpuTepiamm opmMyBaHHS
rpynu XBOpuX, TOMY PperpecinHui aHanisa Mix JaHuMmm
Tectamu Ta 306paxkeHHAMN OPEKT manoiHdopmaTMBHMIA
Ta HenpeacTaBneHui B AaHi poborTi.

Y3aranbHeHi xapakTepUCTUKM NaLiEHTIB 3a 3a3Ha4YEHNMU
naHvmm HMNT HaBegeHo B Taobn. 1.

OPEKT 306paXKeHHs

CumHTturpaddivni  gocnigpkeHHs M npoBogunu  Ha
ramma-kamepi «E. Cam» (Siemens) 3 konimatopom LEHR
yepes 15-20 xBunuH nicna BBedeHHs *°MTc-FMIMAO.
TomorpadpiuHe gocnigXeHHs Bkodano 36ip 128 npoekuin
ans matpuui 128x128 (3 nauieHTn) abo 64 npoekuii ans
maTtpuui 64x%64 (17 nauieHTiB); BBeAeHa akTUBHICTb POI1
ctaHoBuna 740 Mbk.

— HARS (Hamilton Anxiety Rating Scale) — a clinical
rating scale for measung the severity of anxiety symptons
in patients;

— Schulte Table — an attention switching test, perfor-
mance capability. This method consists of five Schulte tests
which allow the influence of fatigue on the attention to be
observed. Therefore, along with the results of immediate
separate testing (Sh,, Sh,, Sh,, Sh,, 8h,), the generalized
value — the average score of the tests (Sh_ ) was calculated;

— O. Luria’s 10-word memory test. It is aimed at
estimating the volume of short-term and long-term
memory. This test includes the examination of fatigue
influence on the result, so it was performed seven con-
secutive times (L, L, L,, L,, L, L, L,). The total score
value (a number of words, remembered by a patient)
of all the tests (Ly,) was used as a generalized indicator
of memory assessment.

For the purpose of integral quantitative assessment of
the degree of cognitive impairments, the generalized indi-
cator of Schulte-Luria test (G,) and MADRS - HARS (G,)
was used [15]:

G, =J(Sh/ Shy)* +(L,/ L) (1)
G, =\/MADRS® + HARS” , )

where Sh is average time of Schulte test completion by
the patient, Sh is an ideal time of Schulte test completion
(30 s), L27 is a total number of words, remembered by
the patient in seven Luria tests, L, is an ideal number
of words that the patient shoud remember in 7 Luria tests
(70 words), MADRS and HARS - the score of respec-
tive tests.

The patients also underwent NPT according to the
following methods:

— MMSE (Mini-Mental State Examination);

— FAB (Frontal Assessment Batter), which was
developed for detecting dementia with prevalent disorders
of frontal lobe or subcortex of the brain. According to the
SPECT data, the adequate signs of perfusion change in
these lobes weren't always observed;

— Single Leg Stance Test;

—HADS (Hospital Anxiety and Depression Scale), which
was developed by Zigmond A.S. and Snaith R.P to detect
and measure the severity of depression and anxiety;

— CLOCK - the clock-drawing test in which the patient
is asked to draw a clock. The test is used for differential
diagnosis of dementia of frontal lobe and in the cases of
disorders of subcortex structures — of Alzheimer’s disease.

However, the latter tests were the criteria for the
formation of the group of patients, therefore regression
analysis between these tests and SPECT image is unin-
formative and is not presented in this work.

General characteristics of the patients according to
the mentioned NPT data are given in Table 1.

SPECT images

Scintigraphic examinations of the brain were performed
on the gamma camera «E. Cam» (Siemens) with LEHR
collimator 15-20 minutes after *"Tc-HMPAO administra-
tion. Tomographic examination included the collection of
128 projections for 128x128 matrix (3 patients) or 64 projec-
tions for 64x64 matrix (17 patients); the injected radiophar-
maceutical activity amounted to 740 MBq.
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Tabnuus 1. 3aranbHa xapaktepucTtuka xsopux Ha ATTE 3a gaHumn HNOT
Table 1. General characteristics of the patients with ATHE according to NPT data

Tect CepepHi 3HaveHHs M + o [giana3oH 3HaveHb], 6ann Tect CepepHi 3HayeHHs M * o [giana3oH 3HayeHb], 6anu
Test Average values M * ¢ [range of values], score Test Average values M * o [range of values], score
MADRS 13.70+7.60[2 = 30] HARS 18.91£8.56 [5+40]

L, 446 +£1.03[2+7] Sh, 55.04 + 9.03 [40 + 80]

L, 530+£1.05[3+7] Sh, 55,94 + 9,96 [34 + 78]

L, 5.80+1.22[3+9] Sh, 57,89 + 8,87 [40 + 79]

L, 6.11+125[4+ 9] Sh, 56.79 + 9.72 [42 + 85]

L, 6.30£1.13[4 + 9] Sh, 56.77 £ 9.98 [40 + 85]

L, 6.1+ 0.99 [4 + 8] sh,, 56.49 + 7.97 [42 + 76.4]

L, 4.02+0.86 [3 + 6] MMSE 26.02 £ 0.12[25 + 27]

L 38.11 £5.41 [26 + 51] CLOCK 8.62+0.57 [7 +9]

G, 2,67 +0.29 [2.17 + 3.24] TBN 3.93+0.74[2 + 6]

G, 23.64 £ 9.88 [5 + 48.83] FAB 16.83 £ 1.58 [13 + 18]

O6pobka Ta aHania 3o6paxeHb NpoOBOAMNUCL Y ce-
penosuwli Matlab-2018 y popatky, po3pobrneHomy aBTO-
pamu «ScintiBrain» 3 iHTepdericom ans kopucTtysada [16].

OCHOBHVMMM  pPO3paxyHKOBUMW MapamMeTpamu  Oynu
BHYTpILLHbOMiIBKYNboBa cumeTpia (BMC) mo3ky (0) [17] y
cermeHTax ['M, Ta nuToMe HakonnyeHHs POl y cermeHTax:

1, 2 — Lobusfrontalis (R, L),

3, 4 — Lobusparietalis (R, L),

5, 6 — Lobusoccipitalis (R, L),

7, 8 — Lobusinsularis (R, L),

9, 10 — Lobustemporalis (R, L),

11, 12 — Nucleus (R, L),

13, 14 — Thalamus (R, L),

15, 16 — Cerebellum (R, L),

17, 18 — Pons (R, L),

19, 20 — Hemisphere (niBkyni
mo3o4oK) (R, L),
ne R, L —iHaekcu npuHanexHocTi 30Hi iHTepecy (31) po
npasoi Yn NiBOI NiBKYMi BiANOBIAHO.

MuTome HakonuueHHs POI y 3agaHomy cermeHTi (Upt)
pO3paxoByBanocb $iK BiAHOLIEHHS aOCOMKOTHOI KiNbKOCTI
3apEECTPoOBaHNX raMMa-iMnynbCiB B 30HI iHTepecy (Q)
po i o6’emy (V) B cm?:

Upt, :Qi/V; ’ ®)
he iHgekc i — nopsigkoBuiA Homep cermeHTiB M (30HK
iHTepecy).

Ha BigmiHy Big nokasHuka BIC, wo 3asHayeHo Ta
onuncaHo B nybnikadisix [12], B gaHii poboTi Anst nigBuLLEeH-
Hsl CTIKOCTi (3MEHLUEHHsi BapiabenbHOCTI) po3paxyHKy
BiAMOBIAHOrO MOKa3HMKa BUKOPUCTOBYBANIOCb HOPMYBaHHS
3Ha4YeHHsa 0:

™, BuKkno4ao4n

(4)

= l ’
C VetV
ne i — nopsaakoBuin Homep cermenTiB M (3I); iHaeken «19»
Ta «20» BignosigatoTb MiBiv Ta Npasiin NiBKyNAM.

BukopuctaHHa HopmyBaHHA (3) Ta (4) possonwno
3MEHLWNTN BapiabenbHICTb PO3paxyHKiB BUXIOHUX AaHMWX:
Upt — 3 5-10% po 3-7%, 6 — 3 5-17% po 5-8%.
Lli BapiabenbHocTi ©Oynu ouiHEHi Ha ocHOBi 0OpoGKM
CUMHTUrpadpidHMX 300paxeHb nNauieHTiB n'aTb  pasie
6e3 3acTocyBaHHA aBToMaTuM4HOro BuGOpYy napamMeTpis
3rnagXyBaHHA Ta MpoOCTOpoBOi opieHTauii M, 3acTto-
COBYBaBCS €KCMNEepTHUN MeTo OLiHKM SKOCTi nonepeaHbol
00po6KM 306paxKeHb.

3a3Hauumo, WO Ha neplux eTanax [OCHiMKEeHHS
3amicTb nokasHuka Upt BUKOpMCTOBYBanmuCb 3HAYEHHS

0 %

Processing and analysis of the images were conducted
in Matlab-2018 environment in the application with the user
interface, created by the «ScintiBrain» developers [16].

The main calculation parameters were intrahemispheric
symmetry (IHS) of the brain (0) [17] and specific accumula-
tion of RPh in the brain segments:

1, 2 — Lobus frontalis (R, L),

3, 4 — Lobus parietalis (R, L),

5, 6 — Lobus occipitalis (R, L),

7, 8 — Lobus insularis (R, L),

9, 10 — Lobus temporalis (R, L),

11, 12 — Nucleus (R, L),

13, 14 — Thalamus (R, L),

15, 16 — Cerebellum (R, L),

17,18 — Pons (R, L),

19, 20 — Hemisphere (hemisphere of the brain, exclu-
ding the cerebellum) (R, L),
where R, L are the indexes of relation to the regions of
interest (ROI) of the right or left hemisphere respectively.

Specific accumulation of RPh in a given segment (Upt)
was calculated as ratio of absolute value of registered
gamma-impulses in the region of interest (Q) to its
volume (V) in cm?:

Upt, = Qz/Vz ’ ©)
where index i is an ordinal number of the brain segments
(regions of interest).

Unlike the IHS value, which is mentioned and des-
cribed in the publications [12], for increasing the stability
(reduction in variability) of the calculation of respective
parameter, normalization of the 6 value was used in
this work:

o' :—9" ’
L (Mt V)V,
where i is an ordinal number of the brain segments (ROI);
indexes «19» and «20» are the right and the left hemi-
sphere respectively.

The use of normalization of (3) and (4) permitted
variability of the output data calculations to be reduced:
Upt—from5—-10% to 3 - 7%, 6 —from 5 - 17% to 5 — 8%.
These variabilities were estimated according to the pro-
cessing of scintigraphic images of the patients five times
without automatic smoothing parameters selection and
spatial orientation of the brain; an expert method for
assessing the quality of prior image processing was used.

It should be noted that at first stages of the research,
instead of Upt, the value of volume of cerebral blood

(4)
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OMK 3a meTogukamu pospaxyHKy JlacceHa Ta 3a pos-
pobrieHnm aBTopamu metogom [18, 19]. OgHak, 3a3HauyeHi
meToaM 6GasyloTbCAd Ha po3paxyHKy CriBBiZHOLLEHHS
Hakonu4yeHHs POl B 31 0o MO304Ka YK roNoOBHOrO MO3KY B
ginomy. Tomy, BukopucTtaHHss OMK sik 6a3ncHoro nokasHvka
ons  peanisaudii HaBegeHoro B faHii poboTi meToaa
HeJouUinbHO, OCKiNbkM noTpebye AoaaTKoBMX pPO3paxyHKiB
3i cBoimm noxmbkamu. OcobruBo ue crtocyeTbeca OMK
3a metogom JlacceHa, TOMy WO B AaHOMy BuUMagky, sK
pedepeHTHa 30Ha, BUKOPUCTOBYETLCA HakonuueHHs POT
y 3l «MO3040K», Ika Ma€ H13bKi KOpensALiliHi B3aEMO3B’I3KM
3 gaHumu HIT.

MeToAMKa cniBCTABA€HHA AaHux OPEKT 3 HNT
Ha ocHoBi pospaxoBaHuMx 3Ha4YeHb HakonuueHHs POIT
Ta BINC y 3| ans koxHoro nauieHTa bynyBanacsa TpuKyTHa
MaTpuusa chniBBigHOWEHb 3HadveHb Upt Ta 6 Mix cer-
MeHTamu M:
U-Upt
U/E]Pt =y =2

ij UUpt
J

Ans 3HadeHb Upt

i U/f =y’ =9 - 0/. ans 3HaveHb BIC

1] 1

Ae i, j — NnopsAKoBuiA HoMep BigHOLWEHHSA Mix 3l;
i=l.(n-1), j=(i+1)..n

n —kinekicte 31 (n = 20);k — NOpsAKOBUIA HOMEP BiAHOLLEHHS;
N — 3aranbHa KinbkicTb BigHoweHb (ansa n =20 N = 190):

yo=b
2
Micnga 3HaxomKeHHS MaTpuub BigHOLWEHb M5 KOXHOro
nauieHTa O6ynuM nobynoBaHi ckaTteporpaMmuM MK OaHUMWU
O®EKT i pesynsratamm HIT. OTpumaHi ckateporpamu
anpoKCMMYBaNUChb MPSAMOLO:
y=ax+b,

ne x — paHi O®EKT, y — pesynstati TOro 4m iHWoro Tecty
HIMT, a, b — koedilieHTH PIBHAHHA anpokcumaLi.

Y pesynerati nepebopy Ta MNOPIBHAHHA BCiX BigHO-
weHb nokasHukie OPEKT 3 gaHumu HIMT 6yno BuaineHo
Ti ckateporpamu, Ae koediuieHTn kopensauii (R) mix
KPMBOK anpokcuMmauii i 3Ha4YeHHsSAMW Ha ckaTeporpami
Oynn MakcumanbHUMU. TakMM YMHOM, MOLIYK HanbinbLu
onTUManbHUX  KombiHauin nokasHukie O®EKT, wo
XapakTepuaye HEeNpPOKOrHITUBHUIM CTaH nauieHTa, MoXHa
BiHECTM [0 perpecinHnX MeToAiB MallMHHOIO HaBYaHHS.

Mpu upomy paHi OPEKT npeacraensinu  coboro
gigHoweHHs |, II, 111§ IV nopsagky, ae

— BigHoweHHst | nopsgky — 6e3nocepefHi 3HaYeHHsI
mMaTpuLb BigHoweHb ans Upt um BIC:

I _ .
x, =U,;

— BigHowWweHHSA |l nopagky — reoMeTpuyHe cepefHe Mix
Uk ta Uk+z:

x/g = (Uk )2 +(UA+Z)2 )
ne k=1.N—1: z=(k+1).N

— BigHoweHHs |l nopaaky — reomeTpuyHe cepefHe Mix
Uk, Uk+z ta Uk+v

=) +(U.) +(U,)
pe k=1.N-2,z=(k+1)..AN-1), v=(z+1)..N.

flow which was calculated by Lassen’s method and the
method developed by the authors, was used [18, 19].
However, the mentioned methods are based on calcula-
ting the ratio of RPh accumulation in ROI to the cerebellum
or the brain. Therefore, using volume of cerebral blood
flow as a basic value for implementation of the method
given in this work, is not relevant since it requires additional
calculation with its errors. In particular, Lassen’s method
of calculating volume of cerebral blood flow is irrelevant,
because in this case RPh accumulation in ROI «cere-
bellum» which have low correlation relationships with
NPT data, is used as a reference zone.

Method for comparing SPECT and NPT data
Based on the calculated values of RPh accumulation
and IHS in RO, a triangular matrix of ratios of Upt to 6 values

between the brain segments was built for every patient:
Upt
Upt _r7Upt _ Y
U =U] = Upt
J

U =U/ =6, -0, for IHS values,
where i, j are ordinal numbers of ratios between ROI;
i=l..(n-1), j=(i+D..n

n — number of ROI (n = 20); k — ordinal number of ratio;
N — total number of ratios (forn =20 N = 190):

for Upt values

and

N
2
After finding the matrices of ratios, scatterograms
between SPECT data and NPT results were built for
every patient. The obtained scatterograms were approxi-
mated by the line:
y=ax+b,

where x is SPECT data, y is the result of a certain test,
a, b are equation approximation coefficients.

As a result of analyzing and comparing the ratios of
SPECT values to NPT data, the scatterograms, in which
correlation coefficients (R) between the approximation
curve and values on the scatterogram were maximal, were
highlighted. Thus, the search for the most optimal combi-
nations of SPECT values that characterizes neurocognitive
condition of the patients can be classified as regressional
method of machine learning.

SPECT data represented relations of I, Il, lll and IV
order, where

— relations of | order — proximate values of the matrices
of ratios for Upt or IHS:

I _ .
x, =U,;

— relations of Il order — the geometric mean between
Uk and Uk+z:

X, = (Uk )2 +(Uk+z)2 s
where k=1.N—-1; z=(k+1)..N;

— relations of Il order — the geometric mean between
Uk, Uk+z and Uk+v

= U+ (U.) + (U
where k=1.N-2, z=(k+1)..(N-1), v=(z+1)..N.
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Takox aHanisyBanucb 3Ha4yeHHs BigHoLeHb |V nopsaaky:

= U + (U (U, +(U,)
pe k=1.N=3, z=(k+1)..(N=2), v=(z+1).(N-1),
m:(v+1)..(N)'

OpHak oCTaHHi NpaKkTUYHO B YCiX BUMagkax He Moka-
3anu Ginbl TOYHI pe3ynbraTM pPo3paxyHKiB MOKa3HUKIB
HOT 3a gaHumn OPEKT B noOpiBHSIHHI 3 BiAHOLUEHHSAMM
[l nopsigky. Tomy BignoBigHi faHi B poboTi He NpeacTaBneHi.

PE3YABTATU TA iX OBrOBOPEHHS

Micna MalwuHHOrO Hae4aHHA, TOOTO nepebopy BCiX
BigHoweHb |-Ill nmopsgky Ona nMTOMOro HaKoMUYeHHSA
P®rI1 ta BIMC B 31 11 BUAineHHs HanbinbL iHbopMaTUBHUX
BiOHOWEHb MK CcermMeHTamu, Oynu OoTpuMaHi niHinHi
3anexHocTi Mk gaHnmmn OPEKT ta HMT 3 koediuieHTamu
kopensauii (R) Big 0,7 po 0,9. Ons ouiHKM Noxubku Ta
CTIKOCTi pO3paxyHKiB, BCi CUMHTUrpadivHi 306pakeHHs
nauieHTiB 6ynn o6pobneHi nosTopHOo. OTpumaHi AaaHi
NigCTaBnANUCL y BU3HAYEHi anpoKCMMaLiiHi 3aneXHOCTi.
[ns nigBULWEHHSA CTIMKOCTI Ta HaAQIMHOCTI po3paxyHKiB
MallMHHE HaByaHHA BukoHyBanocb Ha O®EKT paHux
nauieHTiB, Wo 06pobnanucb agivi. To6To BMXigHa Tabnuus
JaHux nauieHTiB cknaganacb He 3 20 cTpok (3aranbHa
KinbkicTb nauieHTiB), a 3 40. Banigauis po3spaxyHkiB
BMKOHYBaracb Ha TPeTbOMY BapiaHTi 06pobkun ODPEKT.

BigsHauumo, wo Hanbinbw BaromMMMmu daktopammn o6-
pobku 3D 306paxxeHb OPEKT gns HaBegeHoro B poboTi Me-
ToAa po3paxyHKy nokasHukis HIT, ski BnnuBatoTb Ha Tou-
HiCTb, € BapiabenbHICTb AKOCTI dinbTpauii (3rnamKyBaHHs)
3006paxeHb Ta, HaWbinbLL CYyTTEBO, TOYHICTb CErMeHTaLlii.

Y 1abn. 2 — 4 pesynsraTti HaBYaHHS AN TECTIB Nam AT
Ta yBaru 3a Jlypia i WynbTe HaBegeHi y3aranbHeHi AaHi,
Lo XapakTepusyloTbCsi nokasHukamu L., Sh,, G, i G,.
OpHak Ui HerpoTecTn nependayatoTb NOBTOPHE BUKOHAH-
Hs1 TeCTyBaHHs (TecT Jlypia BUKoHyeTbca 7 pasis, Lynsre —
5 pasiB). baratopaszoBe TecTyBaHHA [a€ MOXIUBICTb
OLHUTN Henpoi3ionoriYHi  XxapakTepUCTUKN B  OEesKin
OuHaMmiui Ta BpaxyBaTM  edeKTM BTOMU Ta HaBYaHHA
nauieHTiB. Pesynstat MalUMHHOIO HaBYaHHA ChiBCTaB-
nenHs gaHmx O®EKT 3 paHmmm HMT nokasanu, wo 3a
nokasHukamu BIC cnocTtepiraetbCs MOHOTOHHE MiOBW-
LeHHs KoedpiyieHTa kopensuii R anpokcumadii ckatepo-
rpam ans TectiB Jlypia 3a Mipoto 36inblueHHs Homepa
TeCTy, Todi SIK 3a MOKasHMKaMy MUTOMOINO HaKOMUYEHHSsI
P®I1 3HayeHHs R 3anuiuanncb CTaTUCTUYHO OHAKOBUMM.
Ona TecTiB WyneTe cnocTepiranacb NpoTUnexHa cuTya-
Uis: Npv NigBULLEHHI HOMepa TeCcTy MOHOTOHHO 30inbLuy-
Banocb 3HavyeHHs R pgns nokasHukiB Upt, Toai sk 3a
nokasHukamum BINC He cnocTepiraBca OOCTOBIPHUA TpeHA.
Lli cnocTepexeHHs intocTpyroTbes Ha puc. 1.

Pesynbtatm MalUMHHOIO HaBYaHHS AONs  MOKa3HWUKIB

U . 6 . .
U™ i U’ nasepeHi B Tabn. 2-3. AHanisa umx gaHwx
nokasye Baromi 3Ha4yeHHs KoediuieHTiB kopensauii R Mix

. Upt . [ .
nokasHukammn sigHoweHs U i U” Ta 6anbHMM OLiH-
kamu HIMT: ana nokasHukiB | nopsgky R 3Haxogunoch B
mexax 0,38-0,71; Il nopsigky — 0,52-0,74; Il nopsgky —
0,60-0,78. ToOTO 3 nigBULLEHHSIM MOPSAKY BiOHOLWEHb
OOCTOBIpHICTL anpokcumadii Tex niasuwlyBanacb. IHwe
CMOCTEPEXEHHS] CTOCYETbCS 30H iHTepecy, Sk Ans
Pi3HMX nopsagkiB BigHoweHb Ansg okpemoro Tecty HIMT

The values of the relations of IV order were also
analyzed,

X = (U +(U) +(U.) +(U,)
where k=1.N-3,z=(k+1).(N-2),v=(z+1).(N-1),
m=(v+1).(N)

Nevertheless, the latter didn’t show more accurate
results of the calculation of NPT values according to
SPECT data than the relations of Il order in most cases.
That's why the respective data are not presented in
the study.

RESULTS AND DISCUSSION

After machine learning, namely the analysis of
relations of I-lll order for specific RPh accumulation
and IHS in ROI and selection of the most informative ratios
between segments, linear dependences between SPECT
and NPT data with correlation coefficients (R) from 0,7
to 0,9 were obtained. For assessing the error and stability
of calculations all the scintigraphic images of the patients
were processed for a second time. The obtained data
were inserted in the determined approximate depen-
dencies. Machine learning was performed on SPECT of
these patients, processed twice to increase the stability
and reliability of the calculations. So, the final table of these
patients consisted of 40 columns (total number of patients)
instead of 20. The validation of calculations was performed
on the third variant of SPECT processing.

It should be noted that the most significant factors for
3D SPECT images processing for the given method of
calculation of NPT values which affect accuracy, are varia-
bility of filtering quality (smoothing) of the images and,
most importantly, the accuracy of the segmentation.

In Tables 2 — 4 the results of studying for Luria and
Schulte memory and attention tests are given. The data
are characterized by L., Sh,, G, and G, indicators.
However, these neurotests require repeated performance
(Luria’s test is performed 7 times, Schulte’s one — 5 times).
Repeated testing gives an opportunity to assess neuro-
physiological characteristics over time and take into
account influence of fatigue and studying on the patients.
The results of machine learning of comparing SPECT
data to NPT results showed that, according to IHS values,
a monotonous increase in correlation coefficient R of the
approximation of the scatterograms for Luria’s tests was
observed as the patient completed more tests, whereas
according to RPh accumulation values, R values remained
statistically similar. In Schulte’s tests the situation was
different: as the pation completed more tests, R value
monotonously increased for Upt indicators, whereas
according to IHS values, no reliable trend was observed.
These data are illustrated on Fig. 1.

The results of machine learning for U and U’
values are given in Tables 2 and 3. The analysis of these
data showed significant correlation coefficient R values

between the ratios of U% and U’ to NPT scores:
for the values of | order R was in the range of 0,38 — 0,71;
for the values of Il order — 0,52 — 0,74; for the values
of Il order — 0,60 — 0,78. So, with the increase in relation
order the reliability of approximation was also increasing.
Another observation concerned regions of interest
which can be different for various relation orders for
a separate NPT. It can be explained, first of all, by the
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Puc. 1. lictorpamu 3miHn koedpiuieHTa kopenauii R MiHinHOT anpokcumaLlii ckateporpamM Mik MoKas3HWKaMm BigHOLLEHb | mopsaky

B 3anexHocrTi Big Homepa Tecty O. Jlypis (a) Ta Wynete (6):
[ocToBipHicTb ANsA BCix HaBeAeHUX 3HayeHb R 3a t-kpuTepiem Bignosigana p < 0.05

— Ansa nokasHukis BIC,

[ ana Upt.

Fig. 1. Histograms of the change of correlation coefficient R of linear approximation of the scatterograms between the values
of I-order relations depending on the number of the O. Luria’s (a) and Schulte’s (b) test: 1 for IHS values, B - for Upt.
The reliability for all given R values according to t-criterion was p < 0.05

Tabnuus 2. Pe3ynsratv MallMHHOMO HaBYaHHS 3a nokasHukamu BrC
Table 2. Results of machine learning according to IHS values

XapakTepucTuka anpokcumaldii
Approximation characteristics |

Mopsipok BigHoweHHs / Relation order

MADRS
PiBHsHHSA / Equation 2237,62x + 13,32 12976,89x + 9,17 8551,7x + 5,79
R 0,41 0,52 0,60
D, 6anu/score 5,54 5,18 511
3I/ROI 7-8 6-10; 9-10 3-5;6-9;6—10
HARS
PiBHsHHSA / Equation 13373,58x — 4,62 13686,41x — 5,83 20884,61x — 8,2
R 0,71 0,74 0,78
D, 6anwu/score 5,02 4,80 4,50
3I/ROI 4-19 4-19; 6-10 6-10; 1-19;2-19
Shav
PiBHsHHSA / Equation 2701,78x + 71,71 —2056,09x + 74,76 —1835,7x + 75,7
R 0,42 0,57 0,62
D, 6anu/score 8,26 8,04 7,99
3I/ROI 3-8 4-18; 8-10 4-18; 8-10; 4-8
LY7
PiBHsHHSA / Equation 9329,86x + 30,37 11544,6x + 27,25 11867,44x + 26,76
R 0,47 0,62 0,65
D, 6anu/score 5,03 4,67 4,65
3I/ROI 4-9 4-9;5-9 4-9; 5-9; 9-10
G1
PiBHsHHSA / Equation —-539,13x + 3,1 —568,01x + 3,19 —49453x + 3,3
R 0,38 0,58 0,63
D, 6anwu/score 0,33 0,32 0,32
3I/ROI 4-10 4-10; 6-9 4-10; 6-9; 1-15
GZ
PiBHsiHHSA / Equation 13889,82x — 0,51 24178,24x + 0,93 17730,8x + 1,3
R 0,64 0,71 0,75
D, 6anu/score 6,33 5,83 5,46
3I/ROI 4-19 3-14; 6-10 1-6; 2-19; 3-5
OpuwuriHanbHi gocnigpkeHHs 50 Original research
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Ta6nuus 3. Pe3aynbraTh MalMHHOMO HaBYaHHS 3a nokasHvkamu Upt
Table 3. Results of machine learning according to Upt values

XapaKTepucTiKa anpokcumaLlii Mopsapok BigHoweHHs / Relation order
Approximation characteristics | ] m
MADRS

PiBHsiHHS / Equation 79,78x — 53,53 71,45x — 83,24 76,24x — 115,16

R 0,58 0,67 0,73

D, 6anwu/score 4,78 4,35 4,02

3I/ROI 8/17 8/11; 8/18 8/11; 8/13; 14/18

HARS

PiBHsiHHS / Equation 78,62x — 61,81 —104,28x + 179,06 — 173,65 x + 325,66

R 0,48 0,57 0,67

D, 6anwu/score 6,99 6,51 5,90

3I/ROI 6/10 2/6;17/19 2/6; 10/17;17/19
Shav

PiBHaHHS / Equation 29,49x + 25,43 126,95x - 128,01 112,82 x - 140,97

R 0,58 0,67 0,71

D, 6anwu/score 7,47 6,81 6,44

3I/ROI 4/15 4/14;174 4/14;10/19;14/19
LY7

PiBHaHHs / Equation -91,x + 130,08 79,52x — 83,37 148,19x — 234,31

R 0,46 0,53 0,64

D, 6anwu/score 5,14 4,93 4,48

3I/ROI 5/6 6/19;10/19 6/18; 10/20; 18/19
G1

PiBHsHHSA / Equation 2,88x — 0,04 3,17x—1,58 3,86 x—4,10

R 0,52 0,59 0,67

D, 6anwu/score 0,30 0,28 0,26

3I/ROI 4/6 4/14; 14/17 1/3;4/10;4/13
GZ

PiBHaHHs / Equation 83,55x — 51,51 —120,71x + 208,88 —148,47x + 296,08

R 0,50 0,61 0,65

D, 6anwu/score 7,48 6,81 6,59

3I/ROI 6/17 2/6;17/19 2/3;3/6; 17/19

MOXYTb ByTK pisHMMK. Lle moscHeTbCA, no-nepLe, TUM,
WO ofHa i Tax KOrHiTmBHa dyHKuia M moxe OyTtn
oxapakTepusoBaHa pPi3HUMK  CMiBBIOHOLIEHHAMU edek-
TMBHOI nepdpysii B cermeHTax 'M; no-gpyre, koedilieHT
Kopensuii Ta AKiCTb NiHINHOT anpokcumadii TOYOK BUMIpY
3aneXuTb BENWKOK MIpOK Bif [Aianas3oHy iX 3HA4YeHb,
30KpeMa, no oci abeumc — ganHnx OPEKT. Mpu 36inbLUeHHI
nopsaky BigHOWEHb 30inblyeTbCa UeW AianasoH ansd
onTMManbHUX BUANeHWx nap; npu upomy napa 3l, wo
BXOOWMNa B MEHLUMIA MOpAOOK BiAHOWEHb, Aaneko He
3aBXau cnpusna niaBuLLIEHHIO BiANOBIQHOMO Aiana3oHHYy.
OaHi B T1abn. 2 i 3 nokasywTb, WO pe3ynsratu
MaLUMHHOIO HaBYaHHA $K 3@ 3HAYEeHHAMMW BiAHOLUEHb
nuToMoro HakonuyeHHs P®IM, Ttak i BMC, mann oauH
nopsaok R ta cepegHbokBagpatuyHy noxmbky D (ocTtaHHe
MOXe BWCTYMmaTu $K KpWUTepin [oBipyoro iHTepsarny).
Lle cBigunTb nNpo npuvbnusHO OAHAKOBY [AiarHOCTUYHY
LiHHICTb KinbkicHnx kpuTepiis Upt Ta 6. TyT cnig nigkpec-
nntn, wo Upt € KiNbKiCHOK XapakTEepUCTMKOK HaKomnu-
yeHHs POM B 3I, a 6 GinbLIOK MipOHO € XapakTepUCTUKO
npocTopoBoro posnogineHHs POMN. Hesanexnicte Upt
Ta 0 Jae MOXNMBICTb MIABULMTM TOYHICTb PO3paxyHKiB

fact that one cognitive brain function can be characte-
rized by different proportions of effective perfusion in
brain segments; secondly, correlation coefficient and
the quality of linear approximation of the measuring
points depends mostly on the range of their values, in
particular, on x-axis — SPECT data. When the relation
order increases, the range for optimal highlighted pairs
also extends; moreover, the pair of ROI, which was in the
lesser relation order didn't always contribute to the
increase of respective range.

The data in Tables 2 and 3 show that results of machine
learning according to both values of ratios of RPh
accumulation and IHS values have the same R order
and a mean squared error D (the latter can act as a crite-
rion for a credible interval). It indicates a similar diagnostic
value of quantitative criteria Upt and 6. It should be
emphasiszed that Upt is a quantitave characteristic
of RPh accumulation in ROI, whereas 6 is mostly a charac-
teristic of spatial distribution of RPh. The independence
of Upt and 6 makes it possible to increase the accuracy
of calculations of NPT values by algebraic averaging of
calculations by UYt i U° ratios. The result of this
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nokasHukie HMT wnsxom anrebpaiyHoro ycepeaHeHHs
po3paxyHkiB 3a BigHoweHHsMM U i U°. PesynbraTt Lboro
ycepeHeHHs HaBefdeHo B Tabn. 4, ge 3amicTb JaHux
O®EKT, wo BukopMCTOBYBanucb nNpu HaB4aHHi, Oynu
B3ATi KiNbKICHi 3Ha4Y€HHS TPETbOro BapiaHTy 0O6pobku CUMH-
TurpadiyHMX AaHux nauieHTiB. MNpeacTtasneHi pesynsratv
cBigyaTb NPO [OCUTb BUCOKY KOpensuiviHy 3anexHicTb
Mk gaHumm OPEKT ta HMT — R 3HaxoanTbca B Mexax
0,75 — 0,93; cepenHsa BigHOCHa Moxubka 3Haxogunacb B
mexax 7-22%. [padiyHe npencTaBneHHs pesynbrarTiB
MaLLMHHOIO HaBYaHHsI BigoOpaXkeHo Ha puc. 2.

averaging is given in Table 4, where intead of SPECT
data, which were used in the learning, the quantitative
values of the third variant of scintigraphic data proces-
sing of the patients were used. The given results indicate
quite a high correlation dependence between SPECT
and NPT data — R is in the range of 0,75 — 0,93; the
average relative error —in the range of 7 — 22%. The graphic
demonstration of the results of machine learning are
shown in Fig. 2.

Ta6nuusa 4. OuiHka sKocTi po3paxyHKy 3HadeHb HIMT 3a ganumn OPEKT npu ycepeaHeHHi pesynbratie HaB4aHHSA 3a BINC i Upt
Table 4. Assessment of the quality of calculations of NPT values according to SPECT data
with averaging of the results according to IHS and Upt

HOT / NPT Koecbiui_eHT Kope_n_ﬂu,i'l' (R) CepegHbokBagpaTuyHa abcontoTHa noxm_6|<a (D), 6anu
Correlation coefficient (R) Mean squared absolute error (D), points score
MADRS 0,93 (p < 0.01) 2,35
HARS 0,79 (p < 0.01) 2,92
Sh,, 0,83 (p < 0.01) 4,78
L, 0,82 (p < 0.01) 3,16
G, 0,75 (p < 0.01) 0,19
G, 0,85 (p < 0.01) 3,09

HaBegemo [esiki MOSICHEHHS1 po3paxyHKYy MOKa3HWKIB
HMT 3a gaHumn ODEKT, 3okpema, Tecty MADRS:

1. Y cermeHtax 'M Ha ocHoBi ODEKT 306paeHb
po3spaxoBytoTbcsi nokasHukn Upt ta BIIC 3a dopmynamm
(3) Ta (4).

2. Y BignosigHocTi Ao T1abn. 2 i 3 AnA nNokasHuKiB
Il nopsiaky po3paxoBytOTbCA BiAHOLUEHHSA Ta cepeaHbo-
rEOMETPUYHI iX 3HAYEHHS:

— ansa BIC:

Xg :\/(93 _05)2 +(06 _99)2 +(06 _910)2
un y BigNoBigHOCTI 3 HyMepaduieto 3l

2
e, . ..—0 . )+
Parietalis—R Occipitalis—R

2
xH = +(000(?ipim[ist - gTempomlisz) + .

+(6, 0

2
ceipitalis—L Tempomlist)

Ouinka Tecty MADRS 3a nokasHukamu BIC

CTaHOBUTUME:!
MADRS;™" =8551.71x, +5.79 :

— ansa Upt:

2 2 2
X, = ( Upt, j +[ Upt, J 4 [Uptmj
Upt,, Upt,; Upt,g

4K y BignoBigHocTi Ao Hymepadii 3l

2 2 2
xupt — [Uptlnsu/arisL J + ( Uptlnsularist J + ( UptThalamusz J i
Up tNuc[@usz Up tT halamus—R Up tPonst
Ouinka Tecty MADRS Upt
CTaHOBUTUME!

MADRS(™" =76.24x,, —115.16.

Upt

3a NMOKa3HMKaMu

3. YcepeaHeHa ouiHka MADRS ctaHoBuTUME:
MADRS??™T = %(MADRSO“’EKT + MADRS?™" ).

BIIC Upt
Takum YMHOM, MOXKHa BBakaTH, LLIO BriepLle po3pobreHo
METOAMUKY KiNbKICHOI OLiHKM HEWpOonCUXOonoriYyHoro Ta
KOTHITMBHOIO CTaHy MauieHTiB Ha OCHOBI 00 €KTUBHOrO

Here are some explanations of the calculation of NPT
values according to SPECT data, in particular, MADRS test:

1. In the brain segments, Upt and IHS values are
calculated by the formulas (3) and (4) on the basis of
SPECT images.

2. In accordance with Tables 2 and 3, for the values
of Ill order the ratios and their geometric mean values
are calculated:

— for IHS:

Xg = \/(93 _95)2 +(96 _09)2 +(‘96 _910)2
or in accordance with ROl numeration

2
e, . .—6, . )+
Parietalis—R Occipitalis—R

2
xH = +(00L‘Cl'pl'lﬂlt'3*l‘ - thampomlisz) +-

+(0, 0

2
ccipitalis—L - Tempom[ist)
MADRS test score according to IHS equals:

MADRS,;™" =8551.71x,+5.79 ;
— for Upt:

2 2 2
X, = ( Upt, J _,’_{ Upt, ] +[Upt14j
Upty, Uptys Uptyg

or in accordance with ROl numeration

2 2 2
xupl — [Up tlnsularist ] + [ Up tlnsularis—L ] + (Up tThalanw.v—R ]
UptNucleusz UptThalamusz UptPonst
MADRS test score according to Upt values equals:
MADRS;T" =76.24x,, —115.16

Upt upt
3. The averaged MADRS score equals:

MADRSS"™" = %(MADRSHSPECT + MADRS;" )

Upt

Thus, it can be concluded that, for the first time,
the method of quantitative assessment of the neuro-
psychological and cognitive state of patients was deve-
loped on the basis of an objective research method.
The accuracy of calculations can be significantly increased
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Puc. 2. Ckateporpamu Mix 6aneH1mMu ouiHkamu TecTiB HINT Ta BignoBigHMMuK pesynsratamMmy MalMHHOTO HaBYaHHs 3a gaHnmm OPEKT:

O — HaB4aHHA 3a 3HaveHHsaMK BINC; X — HaB4aHHA 3a Upt; ® — ycepeaHeHi pesynstatv HaB4aHHS
1 BiANOBIAHI iM NYHKTUPHI NiHil anpokcumadii
Fig. 2. Scatterograms between the scores of NPT tests and respective results of machine learning according to SPECT data:
— learning according to IHS values; X — learning according to Upt; ® — averaged results of the learning
and respective dotted lines of approximation

MeTody [AocnifXeHHs. Big3HauMmo, WO TOYHICTb po3-
paxyHkiB MoXxe OyTu cyTTeBO 36inblueHa 3a paxyHOK MiHi-
Mizauii cy6’eKTMBHOI OUiHKM SKOCTi nonepenHboi 06pobku
CcUMHTUrpadivyHNX 306paxkeHb (B AaHin poboTi us onepauis
HaBMuWcHO Oyna 3arpybrneHa, Ans OUiHKM MOXMOKM pos3-
paxyHkiB 3 ypaxyBaHHAM He [OCUTb BErMKOI KifbKOCTI
nawuieHTiB); NiABULLEHHA TOYHOCTI cermeHTauii 3D 306pa-
*eHb 'M; 36inbLlUeHHst MaTpuLi npoekuiiHnx kagpis OPEKT
364 oo 128.

BUCHOBKHU

Bnepwe po3pobneHo MEeToauKy KinbKIiCHOI  OLHKM
HerpONCMXONOriYHOro Ta KOTHITMBHOIO CTaHy MauieHTiB Ha
OCHOBI 06’€KTMBHOIo MeToAy aocrigaxeHHs, a came OPEKT.

by minimizing the subjective assessment of the quality
of prior processing of scintigraphic images (in our study
this examination was deliberately roughened for esti-
mating the error of calculations taking into account a rela-
tively small number of patients); by increasing the accuracy
of 3D segmentation of the brain images; by increasing
the matrix of SPECT project frames from 64 to 128.

CONCLUSIONS

For the first time, the method of quantitative assess-
ment of the neuropsychological and cognitive state of
patients was developed on the basis of an objective
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BigHocHa noxmbka po3paxyHKiB €eKBiBaneHTHWX 3Ha4yeHb
HIMT 3HaxopnTbes B mexax 7—22%. Mpu upomy nokasaHo,
WO 3a HEWPOMCUXONONYHUA Ta KOFHITMBHMI CTaH naui-
€HTIB, 30Kpema, xBopux Ha ATTE, 3a aHanisoMm edeKkTUBHOI
nepdysii M, Bignosigae He OOUH KOHKPETHWUWA CerMeHT
MO3KYy, @ aHcambnb 3 TPbOX B3aEMOBIAHOLIEHb HaKOMK-
yeHHs PPl y cermeHTax. HasiBHiCTb OOCTaTHbO BUCOKOI
Kopensauii Mk gaHumm HIT Ta nokasHMkamy NUTOMOrO
HakonuyeHHss POl i BIMC y cermeHtax M cBigunThb,
O HEeMponcUXosioriYyHMM Ta KOTHITMBHUIW CTaH nauieHTa
3anexuTb He TiNbKKU Bif iIHTEHCUBHOCTI HakonuyeHHs POl
B CErMeHTax, a 1 Bif NPOCTOPOBOIro MOro pPO3noaiNeHHs.

Ons  nigBULWEHHS TOYHOCTI  OUIHKM  HEMpOrncuxo-
MNOriYHOro Ta KOrHITMBHOrO CTaHy MauieHTiB OoUuinbHO
MakcMManbHO aBToMaTu3yBaTM Mpouec nonepenHboi
00po0BKM CcuMHTUrpadiyHNX OaHUX, NIABULLMTU TOYHICTb
cermeHTauii 3D 306paxeHb Ta BukopuctoByBatn ODPEKT
3 matpuusmmn 128x128.
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research method, namely SPECT. The relative error in
calculations of equivalent values of NPT was in the range
of 7 — 22%. At the same time, it was shown that the
neuropsychological and cognitive state of patients, in
particular patients with ATHE, according to the analysis of
effective brain perfusion didn’t correspond to one specific
segment of the brain, but instead to a group of three
ratios of RPh accumulation in the brain segments.
The presence of a sufficiently high correlation between
the NPT data and the indicators of the specific accumu-
lation of RPh and the IHS in the brain segments showed
that the neuropsychological and cognitive state of the
patient depended not only on the level of accumulation
of RPh in segments, but also on its spatial distribution.

To increase the accuracy of assessment of the neuro-
psychological and cognitive state of the patients it is
appropriate to maximally automate the process of prior
processing of scintigraphic data, to increase the accuracy
of 3D segmentation of the brain images and to use
SPECT with 128x128 matrices.
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Prospects for further research

Development of a method of objectification of the assessment of
changes in the neuropsychological and cognitive state of patients
on the basis of SPECT data.

Improvement of scintigraphic data processing and analysis
software.
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