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PE3IOME

AKTyaJbHicTb. HalOinpIl MmommpeHuM METOJO0M PO3paxyHKy o0’€MHOTO
Mo3k0Boro KpoBoToky (OMK) 3a manuMu ogHOGMDOTOHHOI eMiciitHOi KoM fo-
teproi tomorpadii (O®EKT) e meroq N.A. Lassen. 3rigao 3 aum OMK
Y PI3HHX CETMEHTaX TOJIOBHOTO MO3KY OIIIHIOETHCS Y TIOPIBHSHHI 3 KPOBOTOKOM
Yy MO304KY, Ji¢ BiH BBaXaeTbcs cTaymM. OMHAK Takui MiIXig HE BPaxoBYE
Te, MO MPH ACSIKUX IATOJIOTIAX, 30KpeMa, TpaBMax abo OKIIO3isX CyIuH,
OMK wMo0304Ky Te&X 3MiHIOETbCA. Tomy Oyna po3poOiieHa OpuTiHATbHA
METOJMKA PO3PaxyHKy perioHapHOTO KPOBOTOKY MO3KY Ha OCHOBI mouidasHoi
ciiuaTarpadii (CIN), mo mae MOXIMBICT OUTBII KOPEKTHO OIIHIOBATH
e(hexTHBHY epdy3it0 FOJIOBHOIO MO3KY.

Meta po00oTH — OIliHKAa KJIiHIYHOI iH(GOPMATHBHOCTI PO3POOJIEHOTO METOLY
PO3paxyHKy e(QEeKTUBHOTO MO3KOBOTO KPOBOTOKY 3a IaHUMHU MoJida3Hol
cuuaTHrpadii I'M 3 "Tc-I'MITAO (rekcaMeTHIIIPOIIiIEHAMIHOKCHM).
Marepiann Tta Meroam. AHai3yBaJNCh KIIiHIYHI JaHi JBOX TPYIH XBOPHX:
rpyna A — TamieHTH 3 O3HAKaMH XPOHIUHOi imeMii MO3Ky Ta b — mamientn
B NPOMDKHOMY Ta BiAJalieHOMy mepiofax 3 BHOYXOBOIO JIETKOIO HYEperHO-
MO3KOBOIO TpaBMoro (n=22). Ilamientu rpymu A Oynm pos3mozineHi Ha IBi
MiATPYNH, 3aJeKHO BiJ HAABHOCTI CTPYKTYPHHX Ta T€MOAMHAMIYHUX 3MiH
y xpebetHux aprepiax (XA) 3a maHuMH ynbpTpa3ByKoBoi miarHOCTHKH (Y3/1)
MarictpansHux cyguH ['M. [-A miarpymy (n=13) ckianu marmieHTH, II0 Mayd
CTPYKTYypHI ypaxeHHs y BepreOpobazmwmsipHoMy Oaceitni, II-A (n=27) —
HE MaJId BIAMOBIIHUX O3HAK.

Bci mamieHTH TpOMIIITM KOMIUIEKCHE KIIiHIYHE OOCTEXEHHS, IO BKIOYAIIO
HEHPOIICUXOJIOTIYHE TECTYBAHHS, YIBTPa3ByKOBY MIarHOCTHKY MaricTpajbHUX
CYOMH TOJIOBH, MarHiTHO-pe3oHaHcHy tomorpadito, ODPEKT. EdextuBHuii
OMK 3a nanmmu ODPEKT po3paxoByBaBcsi HA OCHOBI OPHUTIHAIBHOTO METORY
(OMK,). Orpumani 3navennss OMK, NOpiBHIOBANKCE 3 TAHUMH 32 METOIOM
N.A. Lassen (OMK; ) Ta 3 gaaumu Y3/I.

Lassen
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PesysnbraTu Ta ix o6roBopenHs. 3a mannmu cuuHtUrpadii OMK mnarieHTis
I-A rpymnu (3 mopyleHHsIM reMOANHaMIKU y BepTeOpobasmisipHoMy OaceiiHi),
B cepefHboMy BiapisHsAeTbea Bin II-A rpymu B 1,82+0,06 pasu mna OMK,
i B 0,95£0,04 mma OMK . Cymapuuii cepeiHii KpOBOTIK y COHHHUX i
XpeOeTHUX apTepisx s mamieHtiB [-A rpymu ckiaB 748,19+198,42 mi/xs,
qutst manieHtiB 11-A rpymm — 1112,23+63,71 mu/xB. [Ipu nopiBHSHHI cepeaHix
3HAYCHb IMOKA3HMKIB reMofuHaMiku ['M manieHtiB b rpymu 3 ganumu s
II-A rpynu moxwua nobaunty, mo OMK, Oys sumikenuii B 1,33+0,25 pasu, Toni
ak OMK, ,  nokasas sHmwxenns nepdysii B 1,03+0,14 pasu (npu cymapHomy
cepenHbOMY KpoBOTOLi 10 XA Ta COHHUX aprepisix 3a qanumu Y3/l y xBopux
rpynu b — 1760580 mi/xB).

BucHoBku. Ilonepenni KIiHIYHI JOCITIPKCHHS BUKOPUCTAHHS PO3pPOOICHOTO
METOJy PO3paxyHKy 00’€MHOTO MO3KOBOTO KPOBOTOKY 3a JIaHHUMH CIIUHTH-
rpadii 3 ®"Tc-I'MITAQ 3 BiANOBiTHUM MpOrpaMHUM 3a0€3MCYCHHSIM MOKA3aIH
JIOCUTh BUCOKY WOro 4yTiuBicTh B oIfiHmi OMK mnpu maroioriyHux 3miHax
y TOJIOBHOMY MO3KY, 30KpeMa, MpH OKJII03ii MaricTpanbHuX cymuH ['M Ta
MIpYU KOHTY3iIX BHACHiJOK OoioBoi TpaBmu, Toii sik meron N.A. Lassen
OyB HemocTarHbO iH(pOpMAaTHBHUM. Pe3ynpraTh perpeciiHOro aHaiizy Mix
naaumu Y31, ODEKT Ta HelpoIcHXoIoriyHOTo TECTyBaHHS MOKA3yIOTh YiTKi
JIHIMHI KOpeJALiiiHI 3B’3KH, aje siKi BIAPI3HSIOThCS, 30KpeMa, i 3a 3HAKOM
B 3aJIC)KHOCTI BiJI 1iarHO3y Ta CTYIEHS NMaToJIOTIYHUX 3MiH.

ABSTRACT

Background. According to single-photon emission computed tomography
(SPECT) data, the most common technique to calculate volume cerebral
blood flow (VCBF) is N.A. Lassen method. Following it, VCBF in different
segments of the brain is assessed in comparison with blood flow in the
cerebellum, where it is considered to be constant. However, this approach
does not take into account that in some pathologies, in particular, injuries,
occlusions of blood vessels, VCBF of the cerebellum also does change.
Therefore, an original technique of calculating regional VCBF based on
polyphase scintigraphy has been developed, which will make it possible
to make a more accurate assessment of the effective perfusion of the brain.
Purpose — to evaluate the clinical informative value of the developed tech-
nique for calculating effective cerebral blood flow according to **"Tc-HMPAO
(hexamethylpropyleneaminoxime) polyphase brain scintigraphy data.
Materials and methods. The study is focused on analyzing two groups of
patients: Group A represented by patients with signs of chronic cerebral
ischemia and Group B enrolling patients in the interim and long term of
explosive minor brain injury (n=22). Group A patients were divided into
two subgroups, depending on the presence of structural and hemodynamic
changes in the vertebral arteries (VA) according to ultrasound (US) of the
major vessels of the brain. I-A subgroup (n=13) was made up by those
patients who had structural lesions of the vertebrobasilar basin; II-A (n=27)
patients had no relevant signs.

All patients underwent a comprehensive clinical examination including
neuropsychological testing, ultrasound of major vessels, magnetic resonance
imaging, single-photon emission computed tomography (SPECT). Effective
volume cerebral blood flow (VCBF), according to the SPECT data, was
calculated based on the original technique (VCBF,). VCBF, values were
compared with the SPECT data using N.A. Lassen (VCBF ) method and
the ultrasound data.

Results and discussion. Analysing the data of the groups of patients with
hemodynamic impairment in the vertebro-basilar basin shows that, according
to the scintigraphy of VCBF, I-A group patients differ from II-A group
on average 1.82+ 0.06 times the amount for CBF_, and 0.95+ 0.04 for CBF___ .
The total mean blood flow in the carotid and vertebral arteries of
I-A group patients was 748.19+198.42 mL/min, II-A group patients —
1112.23463.71 mL/min. Comparing the mean values of the hemodynamic
parameters of the brain of Group B patients with the data of Group II-A

Lasse

OpuriHanabHI JOCTiIHKCHHS

63 Original research



VYkpalHChKHl pagionoriyauid Ta oHKonmorigHu )xypHai. 2021. T. 29. Ne 2. C. 62-75
Ukrainian journal of radiology and oncology. 2021;29(2):62-75

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

patients, VCBF_, was 1.33+0.25-fold decreased, while CBF __ showed
1.034£0.14-fold decrease of perfusion (in total average blood flow of
vertebral and carotid arteries according to US of Group B — 1760+580 ml/min).
Conclusions. Preliminary clinical studies, using the developed technique
for calculating volume cerebral blood flow according to **"Tc-HMPAO
scintigraphy data with the corresponding software, showed a rather high
sensitivity in assessing VCBF in case of pathological changes in the brain,
especially, in occlusion of the major vessels of the brain and contusions resulting
from battle trauma, whereas N.A. Lassen method was insufficiently informative.
The regression analysis of US data, SPECT data and neuropsychological testing
shows clear linear correlation relationships, but they do also differ in sign
depending on the diagnosis and the degree of pathological changes.
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3B’s130Kk po0OTH 3 HAYKOBMMH NPOrpaMamMu,
IUIAHAMH i TeMaMu

PobGora BHKOHaHa B paMKax IUIAHOBOI HAayKOBO-
nociigHoi podotu [epkaBHOT ycTaHOBH «IHCTUTYT Helpo-
xipyprii iM. akamemika A.Il. PomonanoBa HamioHansHOT
akaJieMii MEIMYHUX HayK YKpaiHm» « BUBUUTH CTPYKTYpHI
1 (yHKUIOHAJBbHI TOpPYLIEHHS LEHTPaJbHOI HEPBOBOI
CHCTEMHU B IPOMDKHOMY Ta BiJiajeHOMY nepiojax 0oio-
BOi BUOYXOBOT JIETKOi YeperHO-MO3K0oBO1 TpaBMu». Homep
nepxapHoi peectparii 01170004278, mudp temu: B/LK.
26.02.10.17, mpuknaana, Tepmin BukoHanHs 2017-2019,
kepiBHUK — akaneMik HAMH VYkpainu [lenadenko €. I.

BCTYII

OmauM 3 ocHOBHUX 3aBiaHb cuuHTHrpagii (CI)
rosoBHOro Mo3ky (I'M) 3 minodineHuMu pagiodapmipe-
naparamu (P®II) e gocnimkeHHs eekTUBHOI 1iepeOpasib-
HOT nepdy3ii. Haituacrime 11st AKiCHOT OLIHKK 00’ €MHOTO
MO3koBOro KkpoBoToky (OMK) BHKOPHUCTOBYIOTH METOI
N.A. Lassen [1, 2]. OcHOBHa iJiesi IbOTO METOY TIOJIATa€e
B MOpPIBHSHHI paJioaKTHBHOCTI B 30HI iHTepecy (3I) 3
palioaKTHBHICTIO MO30uKka, 1e OMK BBa)ka€Thcs MOCTIH-
HOW BennunHOK — 55-65 mu/xe/100 r [3]. Onpnak, 1e
3HAYEHHS! MOXKE ICTOTHO 3MIHIOBATHCS IPH MATOJOTIYHUX
HNOPYIICHHSX, OCOOIMBO TIpH CYIWHHIM mnaronorii i
TpaBMi [4]. V 3B’sa3Ky 3 MM Hamu OyB pPO3pOOJCHHIA
METOIl KUIbKICHOI oIfiHku abOcomrorHoro OMK [5, 6].
Tepmin «abcomroTHUIY Mae Ha yBasi po3paxyHok OMK
0e3 3acTOCyBaHHS pe(epEeHTHOT 30HU 3 BIIOMHMHU IMOKA3-
HUKaMH KpPOBOTOKY, @ TaKOX MOXJIMBICTh BHpPaxyBaTH
aOcouoTHI #oro 3HaueHHs y Mii/xB/100 .

VY pe3ynbTari Hamoro KIiHIYHOTO JOCBiAYy BHUKOpHC-
TaHHs po3paxyHKy abcomorHoro OMK i po3poOku
BIIMOBITHOTO TPOTrpaMHOro 3abe3neueHHsi Oyia Bij3Ha-
YeHA HHU3Ka OCOOJMBOCTCH aHami3y JaHUX, IO BIUIMBAE
Ha KOPEKTHICTh pe3ynbrariB [5, 6]. Llum ocobnuBocTIM
NPUCBSAYCHA TONepeHs myomikaiis [7].

Meta po6oTH — omliHKa KIiHIYHOI iH(opmMaTHBHOCTI
PO3pO0JIEHOr0 METOy PO3paxyHKy e(PEeKTUBHOTO MO3-
KOBOTO KpPOBOTOKY 3a aaHumu mnoiigaznoi CI' I'M 3
9mTe-rekcameTinpomniieHaMiHokcumom (P Te-I'MITAO).

Relationship with academic programs,
plans and themes

The study was performed within the scope of the
planned research project “To study the structural and
functional disorders of the central nervous system in the
interim period and long term of battle explosive minor
brain injury” at State Institution “Romodanov Neurosurgery
Institute of National Academy of Medical Sciences of
Ukraine”. State Registration No 0117U004278, research
project code: B/LK. 26.02.10.17, applied, period for
performance: 2017-2019, led by Academician of National
Academy of Medical Sciences of Ukraine Pedachenko
Yevhenii Heorhiiovych.

INTRODUCTION

One of the primary goals of scintigraphy of the brain
via lipophilic radiopharmaceuticals is studying effective
cerebral perfusion. Most frequently, in order to accurately
assess the volume cerebral blood flow (VCBF), they use
N.A. Lassen technique [1, 2]. The main idea of this method
is to compare the radioactivity in the area of interest
with the radioactivity of the cerebellum, where VCBEF is
considered to be a constant value — 55-65 ml/min/100 g [3].
However, this value can change significantly in case of
pathological disorders [4], especially in vascular pathology
and injury. In this regard, within the scope of the study,
the method for quantifying the absolute VCBF was
developed [5, 6]. The term “absolute” means calculating
VCBF without applying a reference zone with known
blood flow parameters, as well as the ability to calculate
its absolute values in ml/min/100g.

Due to our clinical experience of calculating absolute
VCBF [5, 6] along with development of appropriate
software, a number of features of data analysis were noted,
affecting the accuracy of the findings. The former paper [7]
dealt with those peculiarities.

Purpose — to evaluate the clinical informative value of
the developed technique for calculating effective cerebral
blood flow according to *™Tc-HMPAO (hexamethyl-
propyleneaminoxime) polyphase brain scintigraphy data.
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MATEPIAJIN TA METOAU JOCJIIAXKEHHS

Iayienmu. Kniniuaa iHQOpMaTHBHICTH METOXY pO3-
paxyHKy 0a3yBajach Ha aHaJi3i JaHUX IBOX TPYI XBOPHUX:
rpyna A — MamieHTy 3 03HAKAMHU XPOHIYHOI imeMii MO3Ky
Ta b — marieHT# y npoMi>KHOMY Ta BifJalleHOMY Iepiofax
3 BUOYXOBOIO JIETKOIO YePEITHO-MO3KOBOIO TPABMOIO.

[Mamientn rpynu A Oyii po3HOAiieHi Ha 1Bl TiATPYIH:
I-A cknamm 13 mamienTiB, cepennii Bik 53,8 £ 13,5 pokis,
KiHOK — 3 (23,1%) onosikiB — 10 (76,9%), 1o Manu CTpyK-
TYpHI ypaxkeHHs y BepreOpobasmisipHomy Oaceitni (BEB)
a00 reMOIMHAMIYHO 3HAYYIIli aHOMAJTIi 3a JAHUMH YABTpa-
3ByKoBoi miarHocTuku (Y3]l) maricrpansHux cygua I'M.
VY 1mux mamieHTiB Oyny BUSBJIEHI CTEHO3 XpeOTOBOI apTe-
pii (XA) (4), oxmo3ii XA (4), a Takox Timorutazii XA,
L0 CYNPOBOIKYBAJIMCh O3HAKAMH T'€MOAWHAMIYHOTO
nedimury (5). Iigrpymy II-A cxmamm 27 mamieHTtiB 06e3
V3]] 03HaK OKITIO3UBHO-CTCHOTHUYHHX YPaXKeHb XA ; cepea-
Hii Bik 50,1 £ 13,9 pokiB, xkiHOK — 16, qooBikiB — 11.

[Mamientu rpynu b — 20 4onoBikiB Ta 2 KIHKH BiKOM
29-51 pik, 3 TOCTKOHTY3iliHUM cuHApoMoM. KoHTy3ito
I'M xBopi oTpumanu mpu mnepeOyBaHHI TPHBAIUH dYac
y 30HI OoioBux nifi 3a 0,5-2 poKH 10 MPOBEICHHS
IAHWUX JTOCHIKEHbD.

Yci marieHTH MpOUIUIM KOMIUIEKCHE KITiHIYHE 00CTe-
JKEHHsI, SIKe BKJIFOYAJIO0 HEHPOIICHXOJIOTIYHE TEeCTYBaHHS,
V3]1, maruiTHO-pe3oHaHCHY ToMorpadito (MPT), Ta omgHo-
¢doroHHy eMiciitHy koM 10TepHY ToMorpadito (ODPEKT).

V3JI npoBenieHe Ha MiarHOCTUYHHUX CUCTeMax Sonoline
G-50 (Siemens) u Aplio MX (Toshiba) 3a crangapTHOIO
meroaukoro [8]. Ilix wac V3 mocmimKeHHs TeMOAMHAMIKH
I'M ouintoBaBcsi kpoBoTik y coHHuX (CA) i xpebeTHuX
(XA) aprepisx. Takoxx BUMiproBanHcs KpoBOTiK y XA Ha
piBHsAX V2 i V4, niameTpu cynuH, MaKCHMaNbHI 1 cepeHi
IIBUIKOCTI KPOBOTOKY.

Cyunmuepagiuni docnioxcenns. Ilporokon 360py CI
JAHWX TIPOXOIWB y KiNbKa €TamiB: pafiOMeTpis MIIpHIa
3 POII mo i micnms in’exmii mamienty (1 xagp 3a 6 c),
Hempsima  adriorpadis I'M i ceprs mpotsirom 120 ¢
(1 xagp 3a 1 ¢) Ta nposenenns ODEKT.

OO6cTexeHHs MpoBoauiIocs Ha rTamMMa-kamepi «E. Cam»
(Siemens). O®EKT 3miiicHIOBasiacs 3a CTaHIApTHOIO
Metonukoo: 120 mpoekmiid, marpuus 36opy 128x128,
akTHBHICTH *"Tc-I'MITAO= 740 MBxk.

3acanvna memoouxa pospaxynky OMK. Meron 1pyH-
TyeThCSI Ha ToMy, o I'M momaHO y BHIVISALI MPOTOYHOL
cucteMH. BigmoBimHO 10 1HOTO, pigMHA 3 00’ €MHOIO
IIBUKICTIO 1 PO3YMHEHNM Y Hill IpermapaToM 3 KOHIICHTpa-
LICI0 z HAOXOAWTh B €MHICTE 00’eMoM V' 3 imeaabHHUM
MUTTEBUM IepeMilryBaHHAM. YacTuHa mpemapary 3axor-
JIIOETBCA TIOBEPXHEBO AKTUBHHMH €JIEMEHTAMH OpTraHa,
1HITa BUBOJUTHCSA 3 €MHOCTI. Y IIbOMY BHIIAJKy CHCTEMa
BiAMOBIAHUX MU epeHITIAIEHUX PIBHIHB Ma€ BUTIISA [5, 6]:

xzd_);:D((l—l/S)e”‘”‘ +1/8 eik”)—Wx—lgx

Z .M
E—y—k3x

dt
Je X — KIUIBKICTh BUTBHOI (He3B’s3aHOi) Qpakiii

PuTe-T'MITAO B I'M, y — ximbkicts P®II, copboBanoro

MATERIALS AND METHODS

Patients. The informative value of the calculation
technique was based on analysing the data of two patient
groups: Group A represented by patients with signs of
chronic cerebral ischemia and Group B enrolling patients
in the interim and long term of explosive minor brain
injury. Group A patients were divided into two subgroups:
I-A made up by 13 patients, 53.8 £ 13.5 (average age),
of those, 3 female patients who had structural lesions of
the vertebrobasilar basin or hemodynamically significant
abnormalities according to ultrasound of the major vessels
of the brain. Vertebral artery stenosis (4), vertebral artery
occlusions as well as vertebral artery hypoplasia, accom-
panied by the signs of the hemodynamic deficit (5), were
detected in those patients. Subgroup II-A was represented
by 27 patients without US signs of occlusion-stenotic
involvement of the vertebral arteries: 50.1 + 13.9 (average
age), female patients — 16, male ones — 11.

Group B patients included 20 men and 2 women aged
29 to 51 years with postconcussional syndrome. Patients
received brain contusion while staying on the operation
area for a long time, from 0.5 to 2 years before the studies.

All patients underwent a comprehensive clinical exami-
nation including neuropsychological testing, ultrasound,
magnetic resonance imaging and single-photon emission
computed tomography (SPECT).

Ultrasound was performed on Sonoline G-50 (Siemens)
and Aplio MX (Toshiba) diagnostic systems according
to the standard methods [8]. During the ultrasound study
of brain hemodynamics, the blood flow in the carotid
arteries (CA) and vertebral arteries (VA) arteries was
assessed. The blood flow in VA at levels V2 and V4,
vessel diameters, maximum and average velocities were
also measured.

Scintigraphic study. The scintigraphic data collection
protocol was performed via several stages: radiometry of
the syringe with radiopharmaceutical before and after
injection to the patient (1 frame per 6s), indirect angio-
graphy of the brain and the heart for 120s (1 frame per 1s)
and SPECT.

The examination was performed by means of E. Cam
(Siemens) gamma camera. SPECT was carried out accor-
ding to the standard methods: 120 projections, acquisition
matrix 128 x 128, activity *"Tc-HMPAO = 740 MBgq.

General technique of VCBF calculation. The method is
based on the fact that the brain is presented in the form of
a continuous-flow system system. Accordingly, the liquid
with volumetric velocity and dissolved agent in it with
concentration z enters the container with volume V with per-
fect instantaneous stirring. One part of the drug is captured
by the surface active elements of the organ, another one
is removed from the tank. In this case, the system of
corresponding differential equations is as follows [5, 6]:

. d iy k
xzi:D((l—l/S)e i 1/Se k‘z)—Wx—lgx

y , (1)
y= 4 :k}x

where x is the amount of free (unbound) fraction
of #mTc-HMPAO in the brain, y is the amount of radio-
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crpykrypamu I'M, k, — koeQilieHT ImBHAKOCTI 3aXom-
nenHst POIl 3 kpoBi TkaHMHamMM MO3Ky, D =uvz,
MaKCHMajlbHa MBHJKICTH nputoky POIl y IM, z -
MakcuManbHa KoHueHTpauis "Tc-IT'MIIAO y kposi,

((1—1/6)@”"" +1/8 e’k‘z) — JBOXEKCIIOHEHIIiiiHe Habmu-
JKEHHS (QOpPMH KpWUBOi IIBHAKOCTI OYHMINEHHS KpPOBI
Bix P®II, k”, k12 — TapaMeTpH JBOXEKCIIOHEHIIIHO1
Mozen, W=U/V — BIJTHOIICHHS MIBUAKOCTI NMPHUILTUBY
POIl y T'M (v) mo edextuBHOro 00’€My pO3BEICHHS
npenapary B Mo3Ky (V). AHaniTiuHe pimenHs cuctemy (1)

HaBeJIeHO B [ 35, 6].

Ipoepamne 3abesneuenns. Jlns aBrOMaru3amii Ipo-
necy oopooku i anamizy CI' 300paxens I'M y nporpam-
HOMYy cepenoBuini Matlab 2016 0Oyno po3poOieHO
nporpamue 3abesmnedenns (I13) 3 inTepdeiicom Kopuc-
TyBa4a «ScintiBrainy.

I13 «ScintiBrainy Mae MOXIJIUBICTh 3YMTYBaTH JaHi
3 DICOM-¢aiiniB, mpoBOANTH aHadi3 JAaHUX HEMPSIMOI
anriorpadii i anpokcumanito kineruku PDII maremarny-
HOI0 MOJICJUTIO, PEKOHCTPYIOBaTH Ta CTaHIapTU3yBaTh
nmani OOEKT i cymimatu CI' 300paxenns 3 MPT/KT,
OynyBat JBOBUMIipHI 1 TpuBmMipHi 31, y TomMy wmcmi
Ha mijAcTaBi KoMIT'roTepHoro amiaca I'M 1 po3paxoBy-
Batnt OMK. Hanami OMK, po3paxoBaHuii Ha OCHOBI IIi€i
Metonuku Ta [13, Oynemo mo3Hagatu OMKSB.

Ilobyoosa  30n  immepecy. s  imenTHdikamii
napametpiB mMozeini (1) HeoOXigHO 3a JAaHMMHU HENpsIMOl
anriorpadii orpumary IBi KpHBI «aKTHUBHICTH — Hacy
y mpoekuii I'M 1 minsHIi, IO XapakTepusye KIipeHC
kpoBi Big POII. 3azBuuail B sikocTi OCTaHHBOI BHOMpa-
€TBCSl TPOEKIiS Cepls YM IHIN MaricTpaibHI CYIHMHH,
Hanpukiajg croBOyp unerexeBoi aprepii (puc. 1) [9].
Y npoMy BHMIAIKy KpHBa MIBUAKOCTI OYHIIEHHS KPOBI
Bim POII 30epirae ABOXCKCIIOHCHIIMHMIA XapakTep 1 xa-
PaKTepu3yeThCsT MEHIIUMH BUCOKOAMIUTITYJHUMH (ITyK-
TyamisMu. B sxocTi modarkoBoro wacy auriorpadii f),
o0Mpasy TOYKy MaKCUMyMy Ha KpHUBIiH KIipeHcy.

ala
Puc. 1. ITo6ynosa 31 Ha 300pakeHHsX aHTiorpadivHoi (a3u: a — BUXigHE cyMapHe 300paxeHHs (cyma — 120 xanpis);
06— 3L 1 — «I'M»; 2 — «Cepue»; 3 — «KapaianpHay 30Ha — CTOBOYp JIereHeBO1 apTepii
Fig. 1. Building Al on angiographic phase images: a — the original total image (120 frames);
b— Al: 1 — “Brain”; 2 — “Heart”; 3 — “Cardiac” zone — the trunk of the pulmonary artery

s apromarmzarii nporecy nodynosu 3D 31 I'M 3a
maanmMu ODEKT po3pobrieno arnac, mo HaKIaJaeThes
Ha ODEKT-300pakeHHs Marfi€HTa.

PeanizoBanuii O®EKT-atimac mictu Taki 3I: Lobus
frontalis, Lobus parietalis, Lobus occipitalis, Insula, Lobus

pharmaceutical sorbed by the brain structures, k, is the
rate of capturing radiopharmaceutical from the blood
by the brain tissues, D =uvz, — maximum rate of radio-
pharmaceutical inflow into the brain tissues, z, — maxi-
mum concentration of *"Tc-HMPAO in Dblood,
((1 —1/8)e™" +1/8 e’k”) — two-exponential approxi-
mation of the curve of blood purification rate from
radiopharmaceutical, &, £, parameters of two-
exponential model, W =v/V — ratio of radiopharma-
ceutical inflow rate in the brain (v) to effective dilution
volume of drug in the brain (V). The analytical solution
of system (1) is provided in [5, 6].

Software. To automate the process of processing
and analysis of scintigraphic images of the brain, software
with “ScintiBrain” user interface was developed in the
software environment Matlab 2016.

ScintiBrain software is capable of reading data from
DICOM-files, to analyze indirect angiography data and
approximation of radiopharmaceutical kinetics with
a mathematical model, to reconstruct and standardize
SPECT data and to combine scintigraphic images with
MRI/CT, to build two-dimensional and three-dimensional
area of interest (Al), including computer atlas of the brain
and calculate VCBF. Hereinafter, VCBF calculated
on the basis of this methodology and the software will be
referred to as VCBF,.

Building areas of interest. To identify the parameters
of model (1), according to indirect angiography, it is
necessary to obtain two curves “activity-time” in the
projection of the brain and the area characterizing the
blood clearance from radiopharmaceutical. Generally,
as the latter one, the projection of heart or other major
vessels, for example, the pulmonary artery trunk, is chosen
(Fig. 1) [9]. In this case, the curve of the rate of purification
of blood from radiopharmaceutical retains a two-expo-
nential nature and is characterized by smaller high-
amplitude fluctuations. As the initial time of angio-
graphy t01, the point of maximum on the clearance curve
was chosen.

To automate the process of building 3D Al of the brain,
according to SPECT, an atlas was developed, which was
superimposed on the SPECT image of the patient.

The implemented SPECT atlas contained the follow-
ing Al: Lobus frontalis, Lobus parietalis, Lobus occipitalis,
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insularis, Lobustemporalis,Nucleus, Thalamus, Cerebellum,
Pons, Hemisphere (niBkysst ['M, BUKIIIOUaI04H MO30YOK).

VYpaxyeanns mxkanunnozo ¢pony. JI7st OIIHKY IBHIIKOC-
Ti ouumieHHs KpoBi Bijg P®Il mo kapmianbHiid KpuBid
HEOOXiJTHO BPaxOBYyBaTH TKaHWHHUI (oH. HakommyeHHs
PmTc-I'MITAO B Kap/iaibHIA JUISHII MPOTATOM MEPIITUX
XBUJIMH JTOCITIPKCHHS MOJICITIOBAIOCS (PYHKITIEO

1,=1(1-exp(k,( )

Ie Ip — Kinpkicte P®Il y kapaianpHii AinsHII,
Ipo — MakcuMaJbHa KiJIBKICTh Tpermapary, 1o CTaHOBUTH
¢onoBy akTtmBHiCTE P®II y KapmianbHIA mUISHIIN,
kp — mapametp, ¢’ — dYac, B SIKOMY 3a IMOYaroK BiJUTIKY
BHOWPAETECI MOMEHT MAaKCUMAaJIbHOI KiIbKkoCcTi POII
y 30HI IHTEpECY KapaialdbHOI JUISHKH. Ipo BHOHPAETHCS
Ha piBHI 95% IIBHUAKOCTI pafiOaKTHBHOTO DPAaxyHKY B
KapmianbHil gisaI Ha 120 c.

Ioenmucpivayin napamempie mooeni. lneHTHdIKALis
napametpiB mozeni (1) mpoBoamnack B 13 «ScintiBrain»
BimnoBigHO M0 [5—7]. Hus MiHimizamii moxubOOK ampok-
cuMarlii KpWBHX HempsMoi cuuHTHaHTiorpadii Ta mo-
nanpimoro pospaxyHky OMK 3acTocoByBaBcsi MeTOq
Mounrte-Kapio [6, 7].

Busnauenns egexmusnozo 06’emy poseedennsi POIT
y I'M. Y poborax [5, 6] 6ys10 moka3aHo, 1m0 eheKTHBHHN
00’em posBeaennst POIT y I'M Bu3HA4a€ThCS KIITBKICTIO
BokceniB 3a nmanumMu O®EKT, nme mBuakicte pamio-
aKTHBHOTO paxyHKy HepeBuIye neBHUN nopir L. [lanuii
MOpIr BU3HAYA€ThCA EMIIPUYHO 3HAWICHON (YHKIIEI
L=fw):.

L =0,0493 ln(W) +0,9144,
) )
R* =0,62,
nme R — xoedimieHT KopemAmii MiK  (QYHKIIERO
arpoKcUMarii Ta eKCIepUMEHTATBHIMH JaHUMH.

3enaodocysanna ODEKT 306padicens. PiBeHD BiicideH-
Hs GoHY L nis OmiHKH e()eKTHBHOTO 00’ €My PO3BEICHHS
PO®II B I'M BingpaxoBy€eThCS Bii MAaKCHMATBHOTO HAKOIIH-
yeHHs npenapary y Bokceni Ha 3D ODEKT 300paxeHHi.
OpnHak, 3aJ€KHO BiJl KiTbKOCTI npenapary y ['M, po3niis-
HOi 3marHOCTI CI' 300pakeHb, 9acy eKCIO3HWIIii KaipiB
npu npoBeneHHi nocuimkerb Ha ODPEKT 300pakeHHIX
BHABJISIOTHCS Pi3HI apTedakTd i mymH. Y CBOIO 4epry Iie

MIPU3BOAUTE 10 HEOOXiAHOCTI (piybTpamii 300paskeHb.

Omrumansai mapamerpu dinerpauii o, n, 3D
¢inprpa ['ayca BU3HAYANKCH 32 TAKUMH PiBHSIHHIMH:

G0 =—6,7Dyy, +0,2, Ny = Llo,, +2, 3)

ae Oy, "; — cepelHbOKBAJpaTHYHE BIIXHUICHHS
Ta NOPSNOK (1)1JI.LTpa 'ayca (y mikcemsx), D, — MozyTb
LIBUAKOCTI 3MIHM MaKCHMaJbHOI INBHIKOCTI panio-
aKTHBHOTO paxyHKy npu 3rmamkyBanHi ODOEKT dimsrpom
layca 3 o :.0,4 Ta n, >3. n, OKPYIISETECS JO
HaKOIMKIOr0 11JI0r0 3HaueHHs 3, 5, 7 un 9.

PE3YJIBTATH TA iX OBTOBOPEHHSI

Bubpani rpynu nami€eHTIB HPEICTaBIAIOTH IHTEpeC
yepe3 MOXJIMBOCTI mopiBHsAHHS nanux Y3 1 CI
(tabm. 1).

Insula, Lobus insularis, Lobus temporalis, Nucleus,
Thalamus, Cerebellum, Pons, Hemisphere (brain hemi-
sphere, excluding the cerebellum).

Consideration of tissue background. To assess the rate
of purification of blood from radiopharmaceutical on the
cardiac curve, the tissue background should be taken into
account. The accumulation of *"Tc-HMPAO in the
cardiac area during the first minutes of the study was
formed by the function

1,=1,,(1-exp(k,1)) ,

where Ip is the amount of radiopharmaceutical in the
cardiac area, L, is the maximum amount of drug that is the
background activity of radiopharmaceutical in the cardiac
area, kp — is the parameter, ¢” — the time, at which the
moment of the maximum amount of radiopharmaceutical
in the area of interest of the cardiac area is selected as
the starting point. I, 1is selected at the level of 95% of
the rate of radioactive counting in the cardiac area for 120s.

Identification of model parameters. Identification
of model parameters (1) was performed by means of
“ScintiBrain” software in accordance with [5, 6, 7].
Monte Carlo method was used to minimize the approxi-
mation errors of the indirect scintiangiography curves
and the subsequent calculation of VCBF [6, 7].

Assessment of the effective volume of radiopharmaceu-
tical dilution in the brain. In [5, 6] it was shown that the
effective volume of dilution of radiopharmaceutical in the
brain is determined by the number of voxels according
to SPECT, where the rate of radioactive counting exceeds
a certain threshold L. This threshold is determined by the
empirically found function L = f{W):

L=0,04931n(W)+0,9144,
) @)
R*=0,62,
whee R is the correlation coefficient between the
approximation function and experimental data.

Smoothing SPECT images. The level of background
cut-off L to assess the effective dilution of radiopharma-
ceutical in the brain is measured from the maximum
accumulation of the drug in the voxel on 3D SPECT image.
However, depending on the amount of drug in the brain,
the separation power of scintigraphic images, the exposure
time of the frames when conducting research on SPECT
images, different artifacts and noises are detected. In its
turn, this leads to the need to filter images.

The optimal filtering parameters o, n, of 3D
Gaussian filter were assessed by the following equations:

0,0 ==6,7Dyy, +0,2, 7y = Llo,, +2, 3)
where Oros My is the standard deviation and the
order of Gaussian filter (in pixels), Dy, — the velo-
city modulus of change of max rate of the radioactive
count when smoothing SPECT with Gaussian filter with
0, =0,4 and n,>3. n, is rounded to the nearest
integer 3,5,7 or 9.

RESULTS AND DISCUSSION

The selected groups of patients are of interest due to t
he possibility of comparing ultrasound and scintigraphic
data (Table 1).
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Tadauns 1. [Toxasuuku kpooroky I'M namienTis 3a qanumu Y3/ Ta CI'
Table 1. Parameters (M) of blood flow of the brain in patients according to ultrasound

TMoxa3zuuku remoauaamiku I'M
Hemodynamic params of the brain

I-A rpyna, n=13
Group I-A, n=13

II-A rpyna, n=27
Group II-A, n=27

b rpyna, n=22
Group B, n=22

FVI (mn/xB)

*
FVI (ml/min) 892,0£131,6 1123,1439,4 1760,74+579,45
I 743,4+127,0 890,6+63,8 1444,16+526,69*
FVI., (ml/min)
FVI_, (M/xB) (max/min)' 479,83+64,02 / 489,93+37.21 / 690,01+239,81%* /
FVI_, (ml/min) (max/min)' 375,01+£53,13 400,75+27,64 754,16:313,06
1 1

CA max/min’ BIHH:OIL s 1’34:]:0328* 1,20i0,03 O,97:i:0923**

CA maxmin, FE1AIVE UNits
FVL,, V2(mn/xB)

XA S

FVI,, V2(ml/min) 211,6£25,8 287,2+17,2 287,80+127,63

FVI, V2(mi/xB) (max/min)'

X

FVI,,, V2(ml/min) (max/min) '

187,43+15,99 /
61,44+11,97*

183,90£10,21 /
103,4448,62

183,53+59,59/
133,05+57,13

A BigH.ox'

XA V2 max/min’® R . 4’28i1,91 *
relative units

1
XA V2 max/min °

1,53+0,08 1,28+0,12% **

V4, cM/c (max/min)'-2
V4, cm/s (max/min) '2

69,92+6,47 / 41,89+9,14

65,76+3,26 / 57,52+2,72 -

\Y cM/c

VCBF, I'M, ml/min

ocH A’ 66,17+6,58 66,85+3,27 -
Vinse > SIS
V ..., cM/c (max/min) 102,15+2,56 /

CMA + + —
V Lica» CIV/S (max/min) 95,20+6,90 / 86,40+6,30 95,04+3,91
OMK, I'M, mn/x8/100r "
VCBE, brain, ml/vin/100g 48,04+27,54 60,0123,60 45,83+15,10
OMK, IM, m/xs 529,64+112,67 621,10+261,01 530,37+196,78

IpumiTka: | — BUKITIOYAI04YX 3HAYEHHS IIBHIKOCTI KPOBOTOKY B CYHHI, SIKi npsMyoTh 10 0; 2 — y BCix mariieHTiB [-A rpynu mBuaxicts
KPOBOTOKY CIIpaBa Ha piBHi V4 Oyna B cepenHboMy Ha 60% HIDKYOI0, HIXK 311iBa, TOAI SK y nauienTiB II-A rpynu He cnocrepiraeTbes
nozibHa XapakTepucTHKa acuMeTpii; * — CTaTHCTHYHO 3Ha4MMa pi3HMILI mopiBHsSHO 3 rpymoto II-A 3a U-kputepiem p<0,05;
** _ CTAaTUCTHYHO 3HAYMMa Pi3HHIL OPiBHHO 3 Tpymoto [-A 3a U-kpurepiem p<0,05.

Note: 1 — excluding the values of blood flow velocity in the vessel, ref to 0; 2 — in all patients of Group I-A, the blood flow rate
on the right at the level of V4 was on average 60% lower than on the left, while in patients of Group II-A there was no characteristic
of asymmetry like that; * — statistically significant difference compared with Group II-A by U-criterion p <0.05; ** — statistically
significant difference compared with Group I-A by U-criterion p <0.05.

Crnix 3a3Ha4MTH, MO TepeBakHA OUIBIIICTH CTaTHC-
TUYHUX TIOKa3HUKIB XapaKTepH3yBallach aCHMETPHIHUM
3aKOHOM PO3IOIUICHHS WMOBIPHOCTI, IO HaOIIKyBaBCS
no ramMa-posnoniny (p<0,1+0,05). V 3B’s3ky 3 1M,
CTaTUCTUYHO 3HAUYMMa PI3HHI MDK TPYyHNaMH TIOpiB-
HSHB OIIIHIOBaJiach 3a HemapaMmeTpuyHuM U-KpHUTepiem
Manna—Yitai. CTaTHCTHYHAN aHANI3 MIATPYIN TMAIiEHTIB
3 MOPYIICHHSM TeMOTUHAMIKH y BepTeOpo-0azmisipHOMY
Oacetini mokasye, mo 3a manumu CIT OMK marieHTiB
I-A rpymm B cepenapoMy Bimpi3HsieThes Bim II-A rpymm
y 1,82+0,06 pasu st OMK, 1 0,95+0,04 s OMK, .
Ile cBiguuTh, IO OMKLassen HE IIOKa3y€e HOCTOBIPHOI
pI3HUII MK JBOMa TpyIaMH, XO4a Yy TepIIiid rpymi
TIAIIEHTIB 3arajlbHUA KPOBOTIK 3a maHmMH Y3l icTOTHO
3HIDKCHUN (cymapHHU cepenHiii kpoBoTik y CA i XA

It should be emphasized that most statistical indicators
were characterized by an asymmetric probability distribution
law that was close to the gamma distribution (p <0.1 +0.05).
Therefore, a statistically significant difference between
the comparison groups was assessed by the nonparametric
Mann—Whitney U test. Statistical analysis of subgroups of
patients with hemodynamic disturbances in the vertebro-
basilar basin shows that according to scintigraphy, VCBF
of I-A subgroup patients differ from II-A group on average
1.82+ 0.06 times the amount for VCBF, and 0.95+ 0.04
for VCBF . It points to the fact that VCBF _  does
not show a significant difference between two groups,
though in Group 1, the general blood flow, according
to US, is substantially decreased (the total mean blood
flow in the carotid and vertebral arteries of I-A group
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Ui mamieHTiB [-A rpymu ckmaB 748,19+198,42 wmi/xB,
s manientiB [I-A rpymn — 1112,23+63,71  mu/xs).
[lpn mopiBHSAHHI CepeHiX 3HaueHb NOKa3HHUKIB TI'eMO-
muHamiku [’ manientiB b rpynu 3 manumu 11-A rpynu
MoxHa mnobauntd, mo OMK,, OyB 3HWKeHHH y
1,33£0,25 pasu, Tomi ax OMK, = m+okasaB 3HMKCHH:
nep¢ysii B 1,03+ 0,14 pasu (mpu cymapHOMY cepeHbOMY
kpoBoroni mo XA ta CA 3a manumu Y3J[ y XBOpHX
rpymu b — 1760+£580 mn/xB). ¥ 16 manientiB b rpynu
KpOBOTIK 3a naHuMu Y3/l OyB y Mexax HOPMH, Yy IHIIUX
4 nmamieHTIB cHocTepiranacsi BHpaKeHa — acHMeTpis
apTepiaJbHOTO KPOBOTOKY, LIO CYIPOBOMXKYBAJIOCH SIB-
Humu ginsiHkamu  rinonepdysii Ha O®PEKT, mnoxi6Ho
JO THUNOBHX 3MiH y Tpymi I-A. 3arambpHi NOKa3HUKH
remoavHamiku ['M HaBezeHi B Tabu. 1, ne FVI — cymapunit
kpoBoTik y coHHux (CA) i xpeberHux (XA) aprepisx,
FVI., Ta FVIL, — cymapnuii KpOBOTiK y COHHUX Ta
xpebeTHuxX (Ha V2) apTepisx Bianosigno, A., Ta A, —
acumetpis kposotoky B CA Ta XA BiamosigHo, V., , —
JiHifHa MBUIKICTE KPOBOTOKY B a.basilaris IM, V,, —
JiHIHA IIBUKICTH KPOBOTOKY B CEpe/IHIl MO3KOBIH apTepii.

Y namientiB rpymu [-A  crmocrepiramach 4iTka
Kopessiliss Mixk KpoBoTokoM y XA ta CA (puc. 2), Tomi
sk s manieHTiB II-A rpynmu mocToBipHi  perpeciitHi
3aJIeKHOCTI He Oynu orpuMaHi. Ile moB’s3aHo 3 THUM, MO
st [-A Tpynu 3MeHIIEHHsS KPOBOTOKY uepe3 XA crpuse
MIpoTIopIiifHOMY 30UIBIIEHHIO KpOBOTOKY uepe3 CA.
s xBopux rpynu b BinnosigHa perpeciiiHa kpuBa Mana
Bunsia: y = 0,0908x + 185,44, R? = 0,35 (R — koedimient
KOpessilii MK BHUMIPSIHUMH JaHHMH Ta MOJEIBHOIO
npsmoro). Ile cBiAYMTH NPO TEHJAEHIII0 OJHOYACHOTO
30ibIIeHHs KpoBOTOKY B CA Ta XA.

patients was 748.19+198.42 mL/min, II-A group patients —
1112.23+63.71 mL/min). Comparing the mean values of
the hemodynamic parameters of the brain of Group B
patients with the data of Group II-A patients, VCBF,
was 1.33+0.25-fold decreased, while CBF __ showed
1.03+£0.14-fold decrease of perfusion (in total average
blood flow of vertebral and carotid arteries according to
US of Group B — 1760+580 ml/min). In 16 patients of
Group B, the blood flow, according to ultrasound, was
within normal range, in the other 4 patients there was a pro-
nounced asymmetry of arterial blood flow, accompanied
by obvious areas of hypoperfusion on SPECT, similar to
typical changes in group I-A. The general params of
hemodynamics of the brain are provided in Table. 1, where
FVI is the total blood flow in the carotid arteries (CA) and
vertebral arteries arteries, FVI_, and FVI, are the total
blood flow in the carotid and vertebral (on V2) arteries,
respectively, A, and A, are the asymmetry of blood flow
in the CA and VA, respectively, V_, ., —linear blood flow
velocity in a.basilaris of the brain, V., —linear blood flow
velocity in the middle cerebral artery.

Group I-A patients showed a clear correlation
between blood flow in VA and CA (Fig. 2), while for
Group II-A patients, no significant regression dependencies
were obtained. This is due to the fact that for Group I-A,
the decrease in blood flow through VA contributes to
a proportional increase in blood flow through CA.
For patients of Group B, the corresponding regression
curve had the form as follows: y = 0.0908x + 185.44,
R? = 0.35 (R is the correlation coefficient between the
measured data and the model line). This indicates a tendency
to simultaneously increasing blood flow in CA and VA.

600 - FVIsya, MIUXB %
500 y =0,6086x - 136,71 o1 rovia
R2=0,2892 Y
400 - <1l rpyma
300 o o
200 - =~
100 - y =-0,4146x + 510,04
0 T |O R 03?776 1
0 500 1000

1500 FVIsca. MI/XB

Puc. 2. 3mina cymapaoro OMK y XA 3anexHo Bix cymapHOro kpoBoToky B CA 3a qanumu Y31
Fig. 2. Change in total VCBF in VA depending on the total blood flow in CA according to ultrasound data

Perpeciitanii aHani3 06’€MHOTO KPOBOTOKY 32 JTaHUMH
Y3/ ta CI' nmpencraBneHo Ha puc. 3. Crocrepiraerbes
nocroBipHa Kopemsamis (p<0,05) Mix cymapHuUM apTte-
pianeHUM KpoBoTOKOM 3a maHumu Y3 ta ODEKT mis
I-A ta b rpym xBopux, mns [I-A rpynu 1ocToBipHUIA 3B’ sI-
30K He npocTexyerbes. [lpu npomy, ko ans [-A rpynu
KOpeIAIlisl MK TeMOIWHAMIKOIO B apTepisx Ta edek-
THBHOIO Tepdysiero B I'M Mae ponatHe 3HaueHHS
(pu 30iNBIIEHHI KPOBOTOKY Yepe3 apTepii 30UTbIIyEThCS
edexTuBHA Tiepdy3ist), TO A MAIIEHTIB 3 MMOCTKOHTY31H-
HUM CHHIPOMOM — BiJl’€MHE.

Regression analysis of volume blood flow according
to ultrasound and scintigraphy is presented in Fig. 3.
There is a significant correlation (p <0.05) between the
total arterial blood flow according to ultrasound and
SPECT for Groups I-A and B, for Group II-A no reliable
relationship is observed. However, if for Group I-A the
correlation between hemodynamics in the arteries and
effective perfusion in the brain is positive (increasing
blood flow through the arteries increases the effective
perfusion), then for patients with post-concussion
syndrome it is negative.
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Puc. 3. Perpeciiii 3a1eXHOCTI MiX CyMapHHM IpHILTHBOM KpoBi 10 I'M mo CA i XA
3a mannMHu Y3/] Ta cepenHiM eheKTHBHAM 00’ €MHUM KpoBOoTOKOM 3a qaHuMu CI' mins rpym xBopux: @ — [-A, x —II-A, @ — B.
Fig. 3. Regression dependencies between total blood flow to the brain through CA and VA according
to ultrasound and mean effective volume blood flow according to scintigraphy for patient groups:
o-1-A, x —1I-A, ¢ -B

JocToBipHUI KOpeNsiiHUIT 3B’ 130K MiXK TOKa3HUKaMHU
V3]1i OMK, _  dakruuno He cnocrepirases, kpim OMK
onniei 3 miBKynb Mo30uka 3 FVI , s Beix rpyn XBopux.
VY upomy Bunaaky koeilieHT KOpenswii 3HaXOAWBCS B
mexax 0,85-0,91.

BigcyTHICTD JTOCTOBIpHMX 3HAa4€Hb KOpENSLil JJist
naiieHTiB b rpynu Mo)XKHa MOSICHUTH 3aKOHOMIPHOCTSIMU
edpextuBHoi mepdysii 'M y HOopMmi Ta marojorii, Tak B
HopMi OMK I'M mpakTU4HO HE 3MIHIOETBCSA B JTOCHTH
HIMPOKOMY Jliana3oHi nepdysiiHOro THCKY KpOBi BHACIIIOK
aJlanTaliifHUX MPOLECIiB, B TOH ke Yac MpH MaTOJOTTYHUX
3MiHax OMK I'M 3MiHIOETBCS B 3aJI€)KHOCTI Bijl KEPYIOUMX
napaMmeTpiB, sIKi XapakTepu3yloTh 3axBoptoBanHs [10].
VY nauientiB [-A rpynu OMK 3HIKeHuit yepes3 CyTTeBy
penykirito mpuruiuBy kposi 10 I'M. Ile 06ymoBIt0€ BUCOKI
KOPEeJALiiHI 3aJIe)KHOCTI MK CUMHTUrpadiyHUMH Ta
YIBTPa3BYKOBUMH JTAaHUMH (TIPUILUIUB KPOBH € JIIMITYFOUUM
¢daxropom). Y mauientiB II-A rpynu nmpurmiiMB KpoBi B
MO30K JIOCTaTHIN 1 edexTuBHa nepdy3is TKaHWH MO3KY
BU3HAYAETHCS IHIIMMH npouiecamu. Y manieHTiB b rpynu
CIIOCTEPIraeThcs B CEPETHHOMY JOCTOBIPHO OUIBIIHI (X0ua
i B MeXax HOpMH) INPUIUIMB KPOBI MO MaricTpajbHUM
aprepisim 1o I'M, nix B rpyni II-A (guB. Tabn. 1), Toxi
SK KIIHIYHI O3HaKH Ta KOTHITHBHI MOPYLICHHS Y XBOPHX
b rpynu 3nayHO Oinblie BupaxeHi. IMOBipHO, HemocTat-
HicTh edexTuBHOI nepdysii TkanuH ['M y BiamoBigHOCTI
3 ¢iziomoriunnMu mnorpebamu y malieHTiB rpynud b
KOMIIEHCY€ThCsI 301IBIIEHHSAM 00’ €MHOTO MTPUILIUBY KPOBI.

Ha puc. 3 Mo)kHa OMITUTH, 1110 JCSKi MAI[IEHTH MAIOTh
nocuth Hu3bki 3HaueHHs OMK 3a pmanmmm O®EKT.
[Ipo Take pi3ke 3HMIKEHHSI KPOBOTOKY Y XBOPHX 3 CYIUH-
HOIO NATOJIOTiEI0 MO3KY 3a3Ha4Ya€eThesl, 30Kkpema, B [11, 12].
Cripg Bif3HAQUWTH, WO TOPU BIAJIIOMY BHOOpI MeTomy
nikyBanHs OMK Moxe BIIHOBHTHCS Maiike 0 HOpMalib-
HUX 3Ha4yeHb [11].

[opiBusiHHs moKa3HUKIB edekTuBHOI mepdysii I'™M,
AKi OLIHIOBAIIMCH 32 OpUTiHANBHOK MeToaukor (OMK,)
Ta 3a meronoM OMK| _ ‘naBeneno na puc. 4. Ananis orpu-
MaHMX JaHuX cBigumTh, o0 OMK CTATUCTUYHO HE

Lassen

BIZIPI3HSIETHCS B IPyNax XBOPHUX, HE3BAXKAIOUM HA CYTTEBI

A significant correlation between ultrasound and
VCBF,, .. was not actually observed, except VCBF
of one of the cerebellar hemispheres with FVI , for
all groups of patients. In this case, the correlation coeffi-
cient was within the range from 0.85 to 0.91.

The lack of reliable correlation values for Group B
patients can be explained by the patterns of effective
perfusion of the brain under normal and pathological
conditions, so in health, VCBF of the brain scarcely
changes in a wide range of perfusion blood pressure due to
adaptation processes, while in case of pathological
changes, VCBF of the brain does change depending on
the core parameters that characterize the disease [10].
In patients of Group I-A, VCBF is reduced due to a signifi-
cant reduction in blood flow to the brain. This causes high
correlation dependencies between scintigraphic and ultra-
sound data (blood flow is a limiting factor). In patients
of Group II-A, blood flow to the brain is sufficient and
effective perfusion of brain tissue is determined by other
processes. Patients of Group B show on average a signifi-
cantly higher (still within normal range) blood flow through
the major arteries to the brain than in Group II-A (Table 1),
while clinical signs and cognitive impairment in patients
of Group I-B are much more pronounced. Probably, the
lack of effective perfusion in the brain tissues in accor-
dance with the physiological needs of patients in group B
is compensated by an increase in volumetric blood flow.

Figure 3 makes it possible to notice that some patients
have rather low values of VCBF according to SPECT.
Such a sharp decrease in blood flow in patients with vascular
pathology of the brain is mentioned, in particular, in[11, 12].
It should be emphasized that an appropriate strategy of
treatment can restore VCBF to almost normal values [11].

Comparison of the parameters of effective perfusion
of the brain, which were evaluated by the original
technique (VCBFg,) and VCBF =~ method is
provided in Fig. 4. The analysis of the obtained data
shows that VCBF, __~ does not differ statistically in
groups of patients, despite significant clinical differences
between them. VCBFg, for Group B is significantly
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KIiHiuHi BigMinHOCTI Mik Humu. OMK , ana b rpymu
CYTTEBO OUIBIIMHA, HDK B IHIIMX Tpynax (CTaTMCTUYHA
3HAYMMa PI3HUIII MK HUMH HAOJKY€eThCs 3BepXy 110 0,05,
10 SIKICHO BiAIIOBiJja€ KJIIHIYHMUM CHMIITOMaM.

greater than in other groups (statistically significant
difference between them is close to 0.05, which qualita-
tively corresponds to clinical symptoms).
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Puc. 4. OMK I'M 3a nannmu ODEKT (M): A — 3a opuriHaJisHOIO METOAMKOIO aHami3y nanux; b — 3a metomom N.A. Lassen
Fig. 4. VCBFof the brain according to SPECT (M):
A — according to the original technique of data analysis; B — N.A. Lassen method

Crin 3a3Ha4nTH, 10 JUIA MalieHTiB b rpynu coctepi-
TalOThCS BaroMi KopessmikHi 3amexnocti mix OMK
Ta pe3ylbTaTaMd HEWPOICUXOJOTIYHOTO TECTYBaHHSI.
Jis reHepanbHOI CYKYHHOCTI TAami€eHTIB 1€l rpymnu
KOpEJAIiHI 3aJeXHOCTI HE INPOCTEXKYIOThCA, ajle MpHU
MOAUII XBOPHUX HA MIATPYNH 3a CTYNEHEM TSKKOCTI
HEPBOBO-BETETaTWBHOI AMCHYHKIII Taka 3aJeXHICTh
npociigkoByeTses (puc. 5). Ilpn HeBHUpa3HUX KOTHITHB-
HUX 3MiHaX UYITKHHA B3a€MO3B’SI30K MDK ITOKa3HHKAMHU
Heliporicuxosnorignoro tectyBanHa Ta OMK BincyTHiH,
a TpY TIOMIPHUX Ta BUPA3HUX O3HAKaX KOTHITUBHUX 3MiH
CTIOCTEPITaIOThCS YiTKUH B3aEMO3B’ S30K.

It is worth pointing out that for Group B patients there
are significant correlations between VCBF,, and the
findings of neuropsychological testing. For the general
population of patients in this group, correlations are not
observed, but when dividing patients into subgroups
according to the severity of neuro-autonomic dysfunction,
dependence of such kind is visible (Fig. 5). In indistinct
cognitive changes, there is no clear relationship between
neuropsychological testing and VCBF, while in case of
moderate and pronounced signs of cognitive changes,
there is a clear relationship.

60 OMKSB Hemisphere,
MI/xB/100T v =9,6356x +21,942
50 i . J > o _ >
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l'inep36yminBicTs, Oamn

Puc. 5. Perpeciifni 3a1eKHOCTI Mik MOKa3HUKOM HEHPONCHXOJIOTIYHOTO TECTYBaHHs «Tinep30yamusicTs» Ta OMK,
B miBKyisix I'M juist mauientiB b rpynu y pasi:

/\ — HeBUPA3HUX KOTHITHBHUX 3MiH; @ — MOMIPHUX, CEPEIHIX KOTHITHBHMX 3MiH; [l — BUPA3HMX KOTHITMBHHX 3MiH
Fig. 5. Regression dependencies between the indicator of neuropsychological testing “hyperexcitability” and VCBF
in the brain hemispheres for Group B patients in case of:

/\ —indistinct cognitive changes; @ — minor, moderate cognitive changes; WMl — pronounced cognitive changes
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3a3HaYMMO, 10 POJIb PATIOHYKIITHUX METOIIB HEHPO-
Bi3yaJtizallii B OIHI[I ICHXOEMOIIHOTO Ta KOTHITHBHOTO
CTaHy MAalli€HTIB Ha JAHUH 4Yac 3aJIMINAETHCS JUCKYCid-
HOIO 1 3HAXOUTHCS Y CTaJIil JOCTIKEHb. Tak, y poooTi[13]
JIOCTIIDKYBaBCsl B3a€MO3B 30K MiX TPaHCIIOPTOM Joda-
MiHy 3a nganumu [IET 3 korHiTmBHUMHU (QyHKUIsIMH Y
TMAliE€HTIB 3 TOBEIIHKOBUMH po3nazamu. Y poGorti [14]
MPOBE/ICHI JOCHipKeHHs mono MoximBoctein ODEKT
Ta METOJIB MAIIMHHOTO HAaBYaHHS, SKi aHaJI3yIOTh
npocropoBuii posnoxin PDIT y I'M, posmizHaBaru Ta
KJacuQikyBaTi KOKaiH-3aJIe)KHHUX MalieHTiB. [Ipo BHCOKY
yytauBicts ODEKT y nopiBHSHHI 3 IHIIMMH MeETOJaMHU
HelipoBi3yamizaiii y TAI[i€eHTIB 3 TMOCTKOHTY3IHUM
CHUHJIIPOM CBifuathk pobdotu [15, 16]. Pesynsratu mocmiz-
eHb B [17] cBiquarh mpo TOUIBHICTh BUKOPHCTOBYBaHHS
O®EKT I'M gmns omiHKM e(EeKTHBHOCTI JIIKyBaHHS
XBOpUX 3 TIOCTKOHTY3IHHMM CHHIPOMOM I MOJIIIIEHHS
KOTHITUBHUX (yHKIii mamientiB. IIpore Bci mi myOumi-
Kallii OUTBIIOI MIPOK SIKICHO XapaKTepU3yHTh HEHpo-
NICUXOJIOTIYHUH CTaH XBOPUX Ha PIBHI «IIO3UTHUBHA-
HEraTHBHA IUHAMIiKa», Ta Y iHINa rpyma. Hamn mocmiz-
YKEHHsI HaJ[al0Th MO>KJIMBICTh CTBEPIKYBATH, 1110 HA OCHOBI
nanux O®EKT I'M 3 mnepdysiiitnumu POIT moximBa
KUTbKiCHA OI[IHKA KOTHITUBHUX (DYHKI[i MAI[iEHTIB Ta 1X
HEHPOIICHXOJIOTIYHOTO CTaHYy.

BUCHOBKH

[NomepenHi KmiHIYHI AOCHIIKEHHS TP BUKOPHCTAaHHI
PO3pO0IEHOTO METOAY PO3PaXyHKY 00’€MHOTO MO3KOBOTO
KPOBOTOKY 3a MaHUMH cruHTUrpadii 3 *"Tc-I'MITAO
3 BIAMOBIIHUM TPOrpaMHUM 3a0€3MEYCHHSIM MOKa3alln
JOCUTh BHCOKY Horo uymmBicte B ouinuni OMK npu
MaTOJIOTIYHUX 3MIHAX Yy TOJIOBHOMY MO3KY, 30KpeMa, Mpu
OKJTI03i1 MaricTpanbHux cymuH I'M Ta mpH KOHTY3ifx
BHAcCIiIOK 00#ioBOi TpaBMH, Toxi siKk MeTon N.A. Lassen
OyB HEIOCTAaTHbO iH(poOpMaTHBHUM. PerpeciiiHuii anami3
Mix nanumu Y3J[, ODEKT Ta HeHpOnCHXOIOTIYHOTO
TECTYBaHHsI IMOKa3aB YiTKi JIHIMHI KOPEIAIiiHI 3B SI3KH,
aJie sIKi BIAPI3HAIOTHCS, 30KpeMa, i 3a 3HAKOM B 3aJICKHOCTI
BIiJl IIarHO3Y Ta CTYIICHS MATOJIOTIYHUX 3MiH.
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The Retention of [99mTc]-d,I-HMPAO in the Human
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Analysis. Journal of cerebral blood flow and meta-
bolism. 1988. Vol. 8. P. S13-S22. DOI: https://doi.
org/10.1038/jcbfm.1988.28
2. Andersen A. R., Friberg H. H., Schmidt J. F., Hassel-
balch S. G. Quantitative Measurements of Cerebral
Blood Flow Using SPECT and [99mTc]-d,I-HM-PAO
Compared to Xenon-133. Journal of cerebral blood
flow and metabolism. 1988. Vol. 8. P. S69-S81. DOI:
https://doi.org/10.1038/jcbfm.1988.35
3. TIto H., Inoue K., Goto R. et al. Database of normal
human cerebral blood flow measured by SPECT: 1.
Comparison between 1-123-IMP, Tc-99m-HMPAO,
and Tc-99m-ECD as referred with O-15 labeled wa-
ter PET and voxel-based morphometry. Annals of

The remarkable thing is that the role of radionuclide
neuroimaging methods in assessing the psycho-emotional
and cognitive state of patients currently remains contro-
versial and is under investigation. Thus, [13] investigated
the relationship between dopamine transport according
to PET data with cognitive functions in patients with
behavioral disorders. In [14], studies were conducted
on the potential of SPECT and machine learning methods
that analyze the spatial distribution of radiopharma-
ceutical in the brain to recognize and classify cocaine-
addicted patients.

A high sensitivity of SPECT in comparison with other
methods of neuroimaging in patients with post-concussion
syndrome is evidenced by studies [15, 16]. The results of
the study in [17] indicate the feasibility of using SPECT
of the brain to assess the effectiveness of treating patients
with post-concussion syndrome and improve cognitive
function of patients. However, all these papers to a greater
extent qualitatively characterize the neuropsychological
state of patients at the level of “positive-negative chan-
ges”, one or another group. Our study provides an oppor-
tunity to assert that on the basis of SPECT data of the
brain with perfusion radiopharmaceutical, it is possible
to quantify the cognitive functions of patients and their
neuropsychological status.

CONCLUSIONS

Preliminary clinical studies, using the developed
technique for calculating volume cerebral blood flow
according to *"Tc-HMPAO scintigraphy data with the
corresponding software, showed a rather high sensitivity
in assessing VCBF in case of pathological changes in
the brain, especially, in occlusion of the major vessels of the
brain and contusions resulting from battle trauma, whereas
N.A. Lassen method was insufficiently informative.

The regression analysis of US data, SPECT data and
neuropsychological testing shows clear linear correlation
relationships, but they do also differ in sign depending
on the diagnosis and the degree of pathological changes.
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IlepcneKTHBH MOTATBIINX A0CTITKEHD

Po3poOka Mertomuku 00’ €KTHBI3aIlil OIIHKKA 3MiHU
HEHPOTICUXOJIOTIYHOTO Ta KOTHITUBHOTO CTaHy MAIiEHTIB
Ha ocHoBi JaHux ODEKT.

Konduaikr inTepecis

ABTOpH PYKOIKCY CBiJJOMO 3aCBiUyIOTh BiJICYTHICTh
(axTryHOTO 200 MOTEHIIITHOTO KOH(IIIKTY IHTEPECIB 1010
Pe3yNBTAaTIB Iiel poOOTH 3 (papMaleBTHIHIUMU KOMITaHISIMH,
BUPOOHMKAMHU O1OMEAWYHUX TNPHCTPOiB, adiniiioBaHUMU
3 aBTOpaMH OpraHi3alisiMM Ta IHIIUMH FOPUIUYHHUMHA
ocobamH, YUl MPOAYKTH, HOCIYTH, (iHAHCOBA MiATPUMKA
MOXYTb OyTH OB’ 5I3aHi 3 IPEJMETOM HaJIlaHUX MaTepiasiB
a00 sIKi CTIOHCOPYBAJIH MPOBEICHI TOCITIPKECHHS.

Indopmanis npo pinancyBaHHS
dinaHCyBaHHS BHIATKaMu Jlep:kaBHOTO OMOKETY
VYkpaiHn.

Ilonsika

Apropu Basuni M.B. Imo0i ([lepxaBHa ycraHOBa
«IHcTutyT Helipoxipyprii im. akagemika A.I1. PomogaHnoBa
HarionanpHol akazeMii MEIUUHUX HAayK YKpaiHHW») Ta
JI. B. Pymak (HaykoBo-mociimHuili iHCTHUTYT mpoOiIeM
BIICHKOBOT MEIMIIMHU YKPAiHCHKOI BifICBKOBO-MEIHYHOL
akajieMii) 3a CIIBIIPAIIO Ta HAJaHHS PE3YJbTaTIB YIBTpa-
3BYKOBUX JIOCII/DKCHb ¥ JaHUX HEHPOIICHXOJIOTIYHOTO
TECTyBaHHS XBOPHUX.

Prospects for further research

Developing the technique of objectification of assess-
ment of changes in the neuropsychological and cognitive
state of patients via SPECT data.
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