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Jlucepralliss TPUCBAYCHA TEOPCTHUYHOMY Y3araJlbHCHHIO Ta BUPINICHHIO
aKTyaJIbHOI HAayKOBOi 3aJiaui — BJIOCKOHAJICHHIO JIarHOCTUKH Ta MPOTHO3YBaHHS
po3BUTKY miabetuunoi peruHonarii ([IP) y xBopux Ha mykposuit miaber (LI/]) 2
TUITY Ha MIJCTaB1 aHAI3y 1HAUBINYaTbHUX MEXAaHI3MIB PEryJsiii TpOMOOIIUTaApHOT
JIAHKU F€MOCTa3zy.

/] 3anmummaeTsCs OAHIEIO 13 AKTyaIbHUX MEIUKO-COIIaJIbHUX TpoOIeM 3
OTJISiy HA HOTO TOMIMPEHICTh 1 PO3BUTOK YHUCICHHUX YCKIAAHEHb, IO BaXKKO
miAgal0Thes JIiKyBaHHIO. Ha ChOromHINIHINA JeHh HEMAa€ YiTKO1 KOHIIETINli MO0
CYTHOCTI ¥ MeXaH13MiB AUCHYHKITIT MIKpOIUPKYIATOPHOTO pyciia oka 3a ymoB JIP,
1 TOJIOBHE — HEBiOMI ()aKTOPH, 110 BU3HAYAIOTH IIBUJKICTH 1 XapaKTep PO3BUTKY
pPETHHAIBHUX TeMoparid. BaXIMBUM yYaCHHUKOM PO3BUTKY Te€MOparii CiTKiBKU
oka mipu L[/ BBaxkatothcst TpomOomwmtH (Ti). HeoOximgHo Bu3HATH, IO JOTETEp
KepyBaHHS TPOMOOIIMTAPHOIO JAHKOIO TeéMOCTa3y Ta 3alalbHOIO peakiiero mpu 1P
HOCHUTH BUKIIFOYHO EMITIpUYHUHN XapakTep. Y 3B'SI3KY 3 MM BBAXKAEMO 32 JIOILTHHE
BUBUATH (GeHOTHNH TI[ 1 aKTHBHICTH peuentopiB (KiacTtepu (PyHKIIIOHATBHO

aKTHUBHUX PELENTOPiB), sIKl OepyTh ydyacTh B TpoMOOreHesi 3a ymon J[P.



3aoauamu docnioxcenus oynu:

1. BusHauutu (pakTopu pU3MKY Ta MPOBIAHI MATOr€HETUYHI YMHHUKH, 11O
JIeTepMIHYIOTh po3BUTOK JIP, Ha OCHOBI O(TaTIbMOJIOTIYHUX, KJIIHIYHHUX Ta
a00paTOPHUX JTaHUX.

2. BcraHoButH 0COOJMBOCTI  IHAMBIAYalnbHOI peakTuBHOCTI Ti Ta
MEXaHI3MHU 3MIHM iX MpPOarperaHTHOro cTtaHy y mnaimieHtiB 3 JIP 06e3 3MiH Ha
ouHomy 1iH1 (Hema JIP, piBeHb TspkkocTi 10).

3. CniBctaBUTH (YHKIIOHATILHUNA CTaH pPELENnTOpIB MPOTPOMOOTEHHOTO
¢enoruny Ty y Mami€HTIB 3 JIETKOK 1 MOMIPHOIO CTaJIIMU HENpoiepaTuBHOI
JP.

4. BcTaHOBHUTH MOXJIMBI KJIacTepu (QYHKIIIOHYIOUHUX PELenTopiB 1 (eHOTHUIT
T y mamientiB 3 nponidgeparuBHoro P, 1110 MOXYTh 3a0€3MEYUTH POrPECYBaHHS
3aXBOPIOBAHHS.

5. Po3pobutu marematudHi MOei MPOTHO3yBaHHs cTaiid JIP Ha migcTasi
aHaJI3y IHIWBIAYAJbHUX MEXaHI3MIB PETYJIAIil TPOMOOIEHE3Y.

HaykoBa HOBU3HA OTpHMaHHUX pe3ysbTaTiB. Briepiie BCTaHOBIEHO, L0 NPHU
JIP y mairieHTiB HeoJHO3HAYHO 3MIHIOETHCS BIAMOBIAG TI1 HA aroHiCTH agpeHaliH,
KojareH, aHrioteHsuH 2, AT 1 AP, sxa oOymMoOBJIeHAa HASBHICTIO PI3HUX
KJacTepiB PyHKIIIOHATIBHOI aKTUBHOCTI perienTopiB. Jlanuii heHOMEH MOB’ sA3aHUMN
13 IHIUBIYaJIbHOIO PEAKTHBHICTIO OPTaHi3My Ta MPOSBISETHCS PI3HUM BIUIMBOM
TYMOpPAJIbHUX MAaTOTeHeTUYHUX YMHHUKIB [/ Ha BHYTpINIHBOKIITUHHI CUTHAJIBHI
cuctemu Ti, saxi acomiiioBani 3 GPVI-penentopamu 10 Kojareny, a2-aapeHo- i
ATl-peuentopamu, nmypunoBumu (P2Y1 P2Y12) i ®AT-penentopamu. JloBenena
B3aEMOJIisE matoreHeTHyHnX 4uHHWKIB [/ 2 Tunmy (ekcmpecii komareHy i
aapeHaniny) B Momyismii GyHkiii T, Mo 103BOsIE KOHKPETH3YBATH THAYKITIIO
TPOMOOTEHE3Y Ta MOPYIICHHS MIKPOITUPKYIISIT CITKIBKM OKa y XBopuX 13 J[P.

Bnepumie y  mamientiB 13 HempousidepatuBHoro [P BusiBieHO



pOoTpOMOOTreHHUH (TinepaapeHOPEeaKTUBHUN) (EHOTUI TPOMOOLUTIB, KU MOXKe
CTBOPIOBAaTH YMOBHM [UIsl TPOTPECYBaHHS 3aXBOPIOBAHHS TMpH [ii KOJAreHy,
anrioteH3uny-2 1 ®AT. V¥ nauieHTiB 13 npomideparuBHoto /[P Boepiie noBeneHo,
[0 MPOrpecyBaHHsS TeMopariii, PpO3BUTOK 3amajeHHs 1 HeOoBaCKyJspu3allis
B1I0YBaIOTHCA 32 YUYacTIO MPOTPOMOOTE€HHOTO (TINEePaHrioTeH3UHOBOTO) (peHOTUIY
Tu, sikuii Xxapaktepusyerbes BUCOKoI0 peakuieio Ha AJlD 1 DAT.

Brnepiie po3po0ieHi Ta BIPOBaKEHI B MPaKTUKy HeHpoMepekeBl Mojelnl
nporHo3yBanHs craaii JIP. Jliniiina Moaens nporHo3yBaHHs crafiil JIP 3acHoBaHa
Ha aHaui31 ABoX (aKTOPHUX O3HAK — arperarlii Ti, iH1yKoBaHOi kKonareHom 1 AJ1D.

OtpumaHi HaMU pe3yJbTAaTH 3aCBIIYYIOTh, 10 y XBopux 13 JIP 6e3 3MiH Ha
ouHomy nHi (Hema JIP, piBenp TsxkkocTi 10) BigcyTHI 3HA4yml(l po30iKHOCTI
OCHOBHHMX TIOKa3HHKIB (DYHKIIOHAJIBHOTO CTaHy OKa Ta JaHUX ONTHYHOI
KOTepeHTHO1 ToMorpadii 32 yMOB CyOKOMITIEHCOBAaHOI Ta JEKOMIIEHCOBAHOI CTaliif
A Y 18 (47,4%) mnamientiB 6e3 3MiH Ha ouyHoMmy nHi (Hema JIP, piBeHb
sokkocTi 10) — 1-i kimactep, aapeHa iH-iHAyKOBaHa arperailis Oyna merie 75%.
OYHKIIOHAIBHUN ~ CTaH  JOCHUDKEHHX  perentopiB  tpombOorutiB  (Ti)
XapaKTEePU3yBaBCs TIMEPPEAKTHBHICTIO TIIKOMPOTETHOBUX penentopiB VI Tumy
(GPVI), anriotensunoBux penentopis 1-ro tuny (ATi) i mypunosux (P2Y1 P2Y12)
pelenTopiB, 3HaYeHHS SKOi HE BiApBBHIMCI MDK coboro (p>0,05). Tinbku
aKTUBHICTH perentopy o (aktopy aktuparii TpoMOoruTiB (PAT) Oyna mene,
Hix Taka GPVI-penentopie (Ha 27,8%; p<0,001) i1 BignmoBimana mgiamna3oHy
HOopMopeakTuBHOCTL. Y 20 (52,6%) mamieHTiB 6€3 3MiH Ha ouyHOMY 1HI (Hema 1P,
piBeHb TspKKOCTI 10) — 2-i1 kacTep, agpeHaliH-1HIyKOBaHa arperaiis Oya Ouibiie
75%; mpu mpOMY 3pocTaja PEaKTUBHICTh BCIX JOCIIDKCHHX PEIEHTOPIB, SKIIO
MopiBHATH 3 1-M KiactepoM akTHBHOCTI perenTopiB Ti. OmHak, TUIBKA
peaktuBHIcTh GPVI-penenTopiB i mypuHOBUX PEIENTOPIB CTATUCTUYHO 3HAUYIIE

NepeBuillyBalia Taky B 1-My Kjactepi peuenTopis, BianoBinHo Ha 15,9% (p<0,001)



1 11% (p=0,003). BusiBneno 3poctaHHs KoHueHTpauii iHTepienkiny (IJI) 1B B
cupoBartii Kposi B 2 pa3u 10 38,6+ 5,0 nr/mu (p<0,001) y nmopiBHSAHI 3 KOHTPOJIEM.
HasBricTh Bucokoi kopemsmii (1=0,805; p<0,001) Mix 3HaAaYEHHSAMHU aJpeHATIH- 1
OAT-inaykoBanoi (r=0,604; p<0,01) ATu ta piBaem IJI-1B migTBepauiia 3B'130K
MDXK aIpEHOPEAKTUBHICTIO OPTaHI3MY 1 CUCTEMHOIO 3aMajIbHOI0 PEAKIIEIO.
[IpoBenennii aHaniz nerkoi crazaili HempodidepatuBHOl /I[P He BusBHUB
CTaTUCTUYHO 3HAYYUI[O1 PI3HMII MOKAa3HUKIB (PYHKI[IOHAIIBHOTO CTaHy 1 CTPYKTYpH
CITKIBKM OKa NpU CyOKOMIIEHCOBaHiM 1 aexkomneHcoBaHid ctaaisx L/ 2 tumy.
Opnak, y maiieHTiB 0€3 MakyJsIpHOro HaOpsKy TOBIIMHA B LEHTPAJIbHIM 30HI1 1
00’e€M MakyJsIpHOT CITKIBKH Oynu BianosiaHo Ha 6,2% (p=0,008) 1 16% (p<0,001)
Ounblle, HDK y XBOopUX 0e3 3MiH Ha ouHOMY AHI (Hema JIP, piBeHb Tspkkocti 10). V
NaIieHTIiB Maja Miclle TiNeppeaKkTUBHICT T CTOCOBHO TpPbhOX AaroHICTIB:
aZpeHaiHy, aHTIOTeH3UHYy-2 1 kojareHy. I[lpudomy peakuis Ti Ha aapeHasniH
NepeBuIllyBajla TaKy Yy TalieHTIB 0e3 3MiH Ha o4yHOMy nHI Ha 42,6%,
aHrioteH3uH-2 — Ha 25,7% 1 xomareH — Ha 18,4% (p<0,001). V 8 (42,1%)
naiieHTiB 3 HemnpoiidepatuBHor JIP (yHKIlIOHATbHA aKTUBHICTH PELENTOPIB
3HWXKYBaJlacsi B DSy JOCHIKEHUX HACTYIHUM YHHOM: 0Ol2-aJpEeHOpELEenTop>
GPVl-penienitop > ATi-penienitop> ®AT-peunentop — nmypuHoBi perientopu (3-i
Kiactep peuentopis). Peakiiis Tip Ha agpeHaIiH MepeBUIlyBaia TaKy Ha KOJareH i
aHTioTeH3WH-2 BimmoBigHo Ha 7,5% 1 22,0% (p<0,05). V 11 (57,9%) namieHTiB
KJIACTEP aKTUBHOCTI PEIENTOPIB AEKLTbKA 3MIHIOBABCA: Op-afipeHoperentop> AT-
penentop> GPVI-penentop — ®AT-peunentop — mypuHOBI penentopu (4-i
KJIacTep penentopiB). Y  BciX OOCTeXKEHHMX  TAIlIEHTIB Maja  MICIe
rinepajpeHoOpeakTUBHICTh: peakiis Ti Ha aJpeHaniH MepeBHIlyBajia TaKy Ha
aHrioTeH3uH-2, kojareH, ®AT i anenosurmidocdar (AJD), Binmosigao Ha 23,5%,
31,5%, 32,7% 1 37,9% (p<0,001). 3Bepraec Ha cebe yBary, o B KJacTtepax

BinpizHsnacs (p<0,05) Tuibku peakiis Ha KoiareH. B 3-My kiactepi peakTUBHICTb



Ty cTOCOBHO KOMareHy nepeBulyBajia Taky B 4-my knactepi Ha 24,1% (p<0,001),
toAl Ak peakiis Tu Ha anrioteH3uH-2, ®AT 1 AJD craTuctuyHO 3HAUYIIE HE
BimpisHsnaca (p>0,05). Takum YMHOM, Yy TALIEHTIB 13 JIETKOK CTadl€l0
HenpodipepatuBHoi /[P BusBIEHO NMPOTPOMOOreHHUM (TrinepaapeHOPEeaKTUBHUMN )
¢enorun Tu, axuil XapakTepu3yeThes IBOMa KiiactepaMu (PyHKIIOHATBHOTO CTaHy
penenTopiB, MO BIAPI3HAIOTHCS PI3HUM CTYNEHEM 1HAYKYIOUOTO BIUIMBY KOJareHy
Ha ATu. CrniBcraBineHHs: MOP(hO-(YHKIIIOHATBHOTO CTaHY OKa Y XBOPHX 13 JIETKOIO
Ta TIOMIPHOIO CTalissMU HerpoiidepatuBHOi [IP BUABHIO 3HWKEHHS KOPETOBaHOI
roctpotu 30py (Ha 61,2%; p=0,004), 3pocTaHHS TOBUIMHU IEHTPAJILHOI 30HU
ciTkiBku (Ha 26,1%; p=0,019) 1 06’emy makynspHoi citkiBku (Ha 13,5%; p=0,009)
npu nporpecysanHi [IP. [Ipu nporpecyBanni HenpodidepatuBnoi [IP 36epiraeThes
npoTpoMOOTeHHUN (TimepaapeHopeakTuBHu) ¢denotun Ti. VY mamieHTiB 3
npodidpeparuBHoro J[P manuit deHOTMI XapaKTepHU3YEThCA JBOMA IHIIMMHU
KjactepaMu perentopiB Tii, siki BinOuBaroTh pizHUN PyHKIIOHANbHHM cTaH ATi-
penenTopiB, TOOTO iX HOPMO- 1 TiNeppeakTHBHICTh. 30kpeMa, y 5 (41,7%)
NaIieHTiB  (QyHKIIOHAJTbHA aKTHBHICTH PEIENTOPIB NpEJACTaBIeHA HACTYITHUM
yuHOM: op-aapeHopeuentop = ATi-penentop > @AT-peuentop = GPVI-penentop
= mypuHOBI penienropu (5-i kimacrep peuentopib). Peakmis T Ha ®AT, konareH i
AJI® Oyna menmie, HiK Ha apeHANIH 1 aHTiOTeH3WH-2 (mpubnuzno Ha 20%;
p<0,05). ¥V 7 (58,3%) mamieHTiB KJIacTep aKTUBHOCTI PEIENTOPIB JEKUIbKa
3MiHIOBaBCS: O-ampeHopenentop > DAT-peunentop > GPVI-penentop > ATi-
perenTop > mMypuHOBI penentopu (6- kmactep (YHKIIIOHATBHOTO CTaHy
penentopiB). Peakiis Ti Ha agpenanin mepepuimyBaia Taky Ha AT, komnares,
anrioreHsuH-2 1 AJI®, BignoBigHo Ha 9,4%, 16,7%, 29,6% 1 34,6% (p<0,05).
OCHOBHOIO BIAMIHHICTIO 5-TO 1 6-T0 KjactepiB € akTuBHiICTH ATi-pernenTtopis i
OAT-peneniropiB. B 5-my kmacrepi peakTuBHICTh TII CTOCOBHO aHTiOTEH3WHY-2

nepeBuillyBalia Taky B 6-my kiacrepi Ha 29,6% (p<0,001), Toxi sik B 6-My Kiactepi



peakilis Ty Ha AT Oyna Ounbliie, HiX B 5-my kinactepi Ha 14,3% (p<0,001).

Y xBopux 3 mnpoiideparuBHoro JIP He BuUsBIEHA 3alEXHICTH MOpPQo-
(YHKIIOHAIBHOTO CTaHy oka BiA TpuBaiocti L[J[ 2 Tumy 1 cranii KommeHcarii
3aXBOPIOBaHHA. BCTaHOBIEHO CTAaTHCTUYHO 3HAUYIIE 3HUKCHHS MaKCHMAJIbHO
KOPEroBaHOi FOCTPOTH 30pY, 3pOCTAHHS TOBIIMHM B LEHTPaJIbHIN 00JacTi 1 00’ eMy
MakyJsapHoi citkiBku (p<0,05) y MNOpiBHSHHI 3 BIANOBIIHUMH TOKa3HUKaMU
XBOpUX 13 HenpouipepaTuBHoto JIP. AHani3 GyHKIIOHAIBHOIO cTaHy T1l y XBOpUX
3 npounideparuBHoro [P cBIAUNUTDH, PO HASBHICTD TEPPEeakTUBHOCTI Tl CTOCOBHO
BCIX II'ITM BUBYEHUX aroHICTIB: KOJareHy, ajgpeHaliHy, aHrioreHsuH-2, AP i
OAT. Haitbunbiu cnenudiyHUM 1 YyTIUBUM JIarHOCTUYHUM TECTOM PEAKTUBHOCTI
T y xBopux 13 nponidepatuBnoro JIP O0yna AJI®-innykoBana arperamis. Y 12
(38,7%) mamientie 3 npomidepatusHoro JIP (7-ii kmacrep penentopiB) AJID-
1HayKOBaHa arperaiis Oymna menmie 65% 1y 19 (61,3%) namientis (8-i kmactep) —
ounbe 65%. B 7-my kimactepi HalOUIbII BUpaKeHY aKTUBHICTb MposBisin ATi-
peuentopu (72,0+1,6%). Januii knacrep GyHKIIOHAIBHOIO CTaHY AOCTIIKEHHUX
penenTopiB Moxke OyTH mNpencTaBieHuM HacTynmHuMm uyuHOM: ATi-peuenrtop >
OAT-peuenrtop > mypuHosi peuentopu > GPVI-penentop = az-anpeHopenentop.

VY 8-my kmactepi 3HaueHHsS (QYHKIIOHATBHOI AKTUBHOCTI PEIENTOPIB 0
aHT10TEH3MHY-2 CTaTUCTUYHO 3Hauyie He BiapizHsummcs (77,0 1,4%; p>0,05) Bix
Takoi B 7-My kjactepi. Binrak, y mamieHTiB i3 npomnideparuBHoro /AP TpomOonuTu
JE€MOHCTPYIOTh MaKCHUMaJlbHy akKTuBHICTh AT -penientopiB, 3Ha4YeHHS SKOi
MepeBepIIyBago0 aKTUBHICTD 1HIIUX JOCTHKECHUX PEIETTOPIB.

Ile#i wmacrep (yHKIIOHATBHOTO CTaHy pEIEenTopiB y XBOPUX 3
nponidhepatuBHoto JI[P Moke OyTu TpencTaBIeHWH HACTYITHUM YHWHOM:
ATi-peuentop > nypunoBi peuentopu > D®AT-penentop > GPVI-peuentop >
a-agpeHopenenTop. OCHOBHOIO BIAMIHHICTIO 7-T0 1 8-TO KJIacTepiB € aKTUBHICTh

nypuHoBux-penentopiB 1 ®AT-peuentopi. B 7-My kiacrepi peakTUBHICTH 11



ctocoBHO AT mepeBuinyBaia Taky B 8-My kiactepi Ha 6,3% (p<0,001), Toxi sik B
8-my knactepi peakuiss Ty Ha AJI® Oyna Oubiie HX B 7-My kiactepi Ha 11,1%
(p<0,001). Takum uymHOM, y MAaIll€HTIB 13 npodidepatuBHoo /[P mporpecyBanHs
reMopariii 1 3anajgbHO1 peakilii, Ta HeOBaCKyJsApu3allisa BiIOYBalOThCS 3a y4acTiO
MPOTPOMOOTEHHOTO (TimepaHrioTeH3NHOBOIO) dbenotumy Tu, AKAN
XapaKTEePU3YEThCS BUCOKOIO peakTUBHICTIO HA AP 1 DAT.

BusiBnena iHauBilyanbHa pPEaKTUBHICTH TPOMOOIUTIB CTOCOBHO BIUIUBY
natoreHeTHyHUX QakropiB [/ (ekcrmo3uiii KojareHy, axkTHBalli CHUMIATO-
aJpEeHaJoBOi 1 PEHIH-aHTIOTEH3WHOBOI CHUCTEM, AyTOKPHUHHOI CTUMYJISIIT
TPOMOOIMTIB 1 PO3BUTKY 3alaJieHHs) OOIPYHTOBYE HEOOXIIHICTH PO3pOOKHU
Mojene nporHosyBanHs cranid J[P. Jlnsg BU3HAYEHHS TPOBITHUX JIETEPMIHAHT
PO3BUTKY cTafiil /[P mpoBeaeHO CTaTUCTUYHMIA aHATI3 3 BUKOPHCTAHHSIM METOJIIB
noOynoBu OaratoakTopHUX HEUPOMEpPEKEBUX Ta JIOTICTUYHUX perpeciiHux
moxenent. [IpornosyBanns cranii JIP B nBodakTopHill NiHIMHIA HEHpOMeEpeKOBii
mojeni rpyHtyBanocs Ha ATi ingykoBanid AJ[® i xomareHom Iin Vitro, To6To
aHaiizl mpoarperantHoro crarycy Tu. 3 99 BumaakiB mporHo3yBaHHS MOMMIKH
JIOTyIIeH] CTOCOBHO 18 mairieHTiB, TOYHICTH mporHo3y ckiana 81,8% (95% BI
73,5%-88,8%). Onun xBopui OyB BUKIIOUEHUN 13 JOCIHIIKEHHS, OCKUIBKH 3a
TEXHIYHUMH YMOBaMHu He Oyio mpoBeneHe aociikeHHs ATIi B moBHOMY 00Cs3i.
JIP Ge3 3MiH Ha OYHOMY JHI TMPOTHO3YBajlacs, SIKIIO arperais iHIyKOBaHa
KojareHoM mnepeBuiryBana 81% 1 AI® - 43%, HempomidhepaTuBHA — KOJIA
KoJareH BinTBoOpioBaB arperamito MeHime 80% ta AJD wmenme 45%, 1
nponidepatuBHa, sAkmo edextn komareHy i AJ® mepeumyBamu 61%. Otxe,
aHai3 MEXaHI3MIB Peryydiii TPoMOOIMTAapHOI JaHKA TEeMOCTa3y 3aJeKHO Bij
PEaKTUBHOCTI OPTraHi3My JO3BOJISI€ BAOCKOHAIWTH MIarHOCTHKY 1 MPOTHO3YyBaHHS
cramiii /IP y xBopux i3 LIJ] 2 Tumy.

[Ty6mikamii. OCHOBHI pe3yabTaTH JUcepTallii BUKIajaeHi B 12 myOmikamiax. 3



HUX 5 poOIT — cTaTTl B XypHajnax BianoinHo 10 «Ilepeniky (axoBux BHUIaHb
VkpaiHu, B SAKUX MOXYTb NyOJiKyBaTHUCS pPe3yJbTaTU AMCEPTAlIMHUX pOOIT Ha
3100yTTS HAayKOBUX CTYNEHIB JOKTOpa 1 KaHAWAaTa Hayk», 3 HUX | crTarTs
omyOJiKOBaHAa y BHJAHHI, [0 BXOJIWUTh 10 HaykoBoi 0a3u Scopus; 1 — y
NepioIMYHOMY HAyKOBOMY BHJIaHHI JEpKaBH, SIKa BXOAHUTH 10 €BpPOINEHCHKOrO
Coro3y, 3 HampsMy [KOro MHIATOTOBJIEHO IUCEPTallilo; 5 — Te3u y Marepianax
HAYKOBO-TIPAKTUYHUX KOH(PEPEHIIH.

Knrwuoei cnosa. odiabemuuna pemunmonamis, yykposuil Oiabem 2 muny,

mpomooyumu, YHKYIOHANbHA AKMUBHICIb peyenmopis, NpocHO3.

ANNOTATION

Maksymtsiv M.L. The effectiveness of new methods for diagnosing and
predicting the development and progression of diabetic retinopathy in type 2
diabetes. — Qualification scientific work as a manuscript.

The dissertation on competition of degree of the doctor of philosophy on a
specialty 222 «Medicine», 22 «Health Care. — Lviv National Medical University
named after Danylo Halytsky, Ministry of Health of Ukraine, Lviv, 2021.

The dissertation is devoted to theoretical generalization and solution of the
actual scientific problem — improvement of diagnostics and prognostication of the
development of diabetic retinopathy (DR) in patients with diabetes mellitus (DM)
type 2 on the basis of the analysis of individual mechanisms of regulation of the
platelet linkage hemostasis.

DM remains one of the urgent medical and social problems because of its
prevalence and the development of numerous complications that are difficult to
treat. Up to date, there is no clear concept about the nature and mechanisms of

dysfunction of the eye microcirculation under the conditions of DR, and most



importantly — unknown factors determining the rate and nature of the development
of retinal hemorrhages. An important component in the development of
hemorrhages of the retina of the eye in case of diabetes are thrombocytes (Tc). It
must be admitted that the control of thrombocyte stage of hemostasis and
inflammatory response in case of DR is still strictly empirical. In this regard, we
consider it expedient to study the phenotypes of Tc and the activity of receptors
(clusters of functionally active receptors) that participate in thrombogenesis in
conditions of DR.

Research objectives were:

1. To identify risk factors and leading pathogenetic factors that determine the
development of diabetic retinopathy, based on clinical and instrumental
examination and laboratory data.

2. To establish peculiarities of individual Tc reactivity and mechanisms of
their proagregant state changes in patients with diabetic retinopathy without
changes in the ocular fundus.

3. To compare the functional status of the receptors of prothrombogenic
phenotype Tc in patients with mild and moderate stages of nonproliferative
diabetic retinopathy.

4. To establish possible clusters of functional receptors and phenotype of
thrombocytes in patients with proliferative diabetic retinopathy, which can provide
progression of the disease.

5. To develop mathematical models for predicting stages of diabetic
retinopathy and the risk of macular edema based on the analysis of individual
mechanisms of regulation of thrombogenesis.

Scientific novelty of the obtained results. For the first time, it was found that
in DR patients the response of TC to agonists adrenaline, collagen, angiotensin 2,

FAT and ADP changes ambiguously, which is due to the presence of different



clusters of functional activity of receptors. This phenomenon is associated with
individual reactivity of the organism and is manifested by various influences of
humoral pathogenetic factors of diabetes on intracellular Tc signaling systems,
which are associated with GPVI-receptors for collagen, a2-adreno- and AT1-
receptors, purine (P2Y1 P2Y12) and FAT . The interaction of pathogenetic factors
of type 2 diabetes mellitus (expression of collagen and adrenaline) in the
modulation of TC function has been proved, which allows to specify the induction
of thrombogenesis and retinal microcirculation disorders in patients with DR.

For the first time in patients with nonproliferative DR, a prothrombogenic
(hyperadrenoreactive) platelet phenotype was detected, which can create
conditions for disease progression under the action of collagen, angiotensin-2 and
FAT. In patients with proliferative DR, hemorrhage progression, inflammation,
and neovascularization have been shown for the first time to involve the
prothrombogenic (hyperangiotensin) Tc phenotype, which is characterized by a
high response to ADP and FAT.

For the first time, neural network models for predicting DR stages have been
developed and implemented in practice. The linear model for predicting the stages
of DR is based on the analysis of two factor features - aggregation of TC, induced
by collagen and ADP.

Recieved results confirm that there are no significant differences in the main
indicators of the functional state of the eye and the data of the optical coherence
tomography in conditions of subcompensated and decompensated stages of
diabetes in patients with DR without changes in the fundus. In 18 (47.4%) patients
without changes in the fundus (cluster 1), adrenalin-induced aggregation was less
than 75%. The functional status of the studied thrombocytes receptors was
characterized by hyperreactivity of type Il glycoprotein receptors (GPVI),
angiotensin receptors type 1 (ATi) and purine (P2Y1 P2Y1,) receptors whose



values did not differ (p> 0,05). Only the activity of the receptor to the platelet
activation factor (PAF) was less than that of the GPVI- receptors (27.8%; p<0.001)
and corresponded to the range of normal reactivity. In the 20 (52.6%) patients
without change in the fundus (cluster 2), adrenalin-induced aggregation was more
than 75%. At the same time, reactivity of all investigated receptors increased, if
compared with the 1st cluster of activity of receptors Tc. However, only the
reactivity of GPVI-receptors and purine receptors statistically significantly
exceeded this in the 1st cluster of receptors, respectively, by 15.9% (p <0.001) and
11% (p = 0.003). The two-fold increase in the concentration of interleukin (IL) 1B
to 38.6 £ 5.0 pg / ml (p<0.001) in serum has been found if compared with control.
The presence of high correlation (r= 0,805; p<0,001) between the values of
adrenaline-induced aggregation Tc and the level of IL-1B confirms the relationship
between adrenoactivity of the organism and systemic inflammatory response.

The analysis of the mild stage of the nonproliferative DR did not reveal a
statistically significant difference between the parameters of the functional state
and the structure of the retina in the subcompensated and decompensated stages of
type 2 diabetes. However, in patients without macular edema, the thickness in the
central area and the volume of the macular retinitis were 6.2% (p = 0.008) and 16%
(p <0.001), respectively more, than in patients without changes in the fundus.
Patients had hyperresponsiveness to Tc with respect to three agonists: adrenaline,
angiotensin-2, and collagen. Moreover, the reaction of Tc on adrenaline exceeded
that in patients without changes in the fundus by 42.6%, angiotensin-2 - by 25.7%,
and collagen - by 18.4% (p <0.001). In 8 (42.1%) patients with nonproliferative
DR, the functional activity of the receptors decreased in the following series: a2-
adrenergic receptor>GPVI-receptor>ATireceptor>PAF-receptor — purine receptors
(3rd cluster of receptors). The response of Tc to adrenaline exceeded that for

collagen and angiotensin-2, respectively, by 7.5% and 22.0% (p <0.05). In 11



(57.9%) patients, the receptor activity cluster changed a little: a2-adrenoreceptor>
AT, receptor>GPVI-receptor — PAF-receptor and purine receptors (4th cluster of
receptors). Hyperadrenoreceptor activity was observed in all the patients
examined: the response of Tc to adrenaline exceeded that for angiotensin-2,
collagen, PAF and adenosine diphosphate (ADP), respectively by 23.5%, 31.5%,
32.7% and 37.9% (p <0.001). It is noteworthy that the clusters differed (p <0,05)
only the reaction to collagen. In the 3rd cluster, the reactivity of Tc with respect to
collagen exceeded that in the 4th cluster by 24.1% (p <0.001), while the Tc
response to angiotensin-2, PAF and ADP did not differ statistically significantly
(p> 0.05). Thus, in patients with a mild stage of nonproliferative DR, a
prothrombogenic (hyperadrenoreactive) phenotype Tc was found which is
characterized by two clusters of the functional state of the receptors that differ in
varying degrees of inducing collagen effect on aggregation. Comparison of the
morpho-functional state of the eye in patients with mild to moderate stages of
nonproliferative DR showed a decrease in corrected visual acuity (61.2%; p =
0.004); increase in the thickness of the central retinal zone (by 26.1%; p = 0.019)
and the volume of the macular retinitis (13.5%; p = 0.009) with the progression of
DR. With the progression of nonproliferative DR, the prothrombogenic
(hyperadrenoreactive) phenotype Tc is marked. In patients with proliferative DR,
this phenotype is characterized by two other cluster of Tc receptors that reflect the
different functional status of the ATi—receptors, that is, their normal and
hyperreactivity. In particular, in 5 (41.7%) patients, the functional activity of the
receptors is as follows: a2-adrenoreceptor = AT; receptor> PAF- receptor = GPVI
receptor = purine receptors (5th receptor cluster). The reaction of Tc on PAF,
collagen and ADP was less than that of adrenaline and angiotensin-2
(approximately 20%, p<0.05). In 7 (58.3%) patients, the receptor activity cluster

changed a little: ap-adrenergic receptor>PAF- receptor>GPVI-receptor>AT;



receptor purine receptors (6th cluster of functional state of receptors). The reaction
of Tc on adrenaline exceeded the following for PAF, collagen, angiotensin-2 and
ADP, respectively, by 9.4%, 16.7%, 29.6% and 34.6% (p<0.05). The main
difference between the 5th and 6th clusters is the activity of the AT; receptors and
PAF receptors. In the 5th cluster, the reactivity of Tc with respect to angiotensin-2
exceeded that in the 6th cluster by 29.6% (p <0.001), whereas in the 6th cluster, the
Tc response to PAF was greater than in the 5th cluster on 14.3% (p<0.001).

In patients with proliferative DR, the dependence of the morpho-functional
state of the eye on the duration of type 2 diabetes and the stage of disease
compensation was not revealed. The statistically significant decrease in the
maximum corrected visual acuity, the growth of thickness in the central region and
the volume of the macular retina (p<0.05) was established in comparison with the
corresponding indices of patients with nonproliferative DR. The analysis of the
functional state of Tc in patients with proliferative DR testifies to the presence of
hyperresponsiveness Tc in relation to all five studied agonists: collagen,
adrenaline, angiotensin-2, ADP and PAF. The most specific and sensitive
diagnostic test for Tc reactivity in patients with proliferative DR was ADP-induced
aggregation. In 12 (38.7%) patients with proliferative DR (7th cluster receptor),
ADP-induced aggregation was less than 65% and in 19 (61.3%) patients (cluster 8)
- more than 65%. In the 7th cluster, the most pronounced activity was shown by
the AT receptors (72.0 £ 1.6%). This cluster of the functional status of the
Investigated receptors can be represented as follows: AT, receptor> PAF-receptor>
purine receptors> GPVI-receptor = ap-adrenoreceptor. In the 8th cluster, the values
of functional activity of angiotensin-2 receptors were not statistically significantly
different (77.0 £ 1.4%, p> 0.05) from those in the 7th cluster. Thus, in patients
with proliferative DR, thrombocytes exhibit maximum activity of AT, receptors,

the value of which exceeded the activity of other investigated receptors. This



cluster of functional state of receptors in patients with proliferative DR can be
represented as follows: AT; receptor> purine receptors> PAF receptor> GPVI-
receptor> ap-adrenoreceptor. The main difference between the 7th and 8th clusters
Is the activity of purine receptors and PAF receptors. In the 7th cluster, the
reactivity of Tc with respect to PAF exceeded that in the 8th cluster by 6.3%
(p<0.001), while in the 8th cluster, the reaction of Tc on ADP was greater than in
the 7th cluster by 11.1 % (p <0.001). Thus, in patients with proliferative DR
progression of hemorrhage and inflammatory reaction, and neovascularization
occur with the participation of the prothrombogenic (hyperangiotensin) phenotype
Tc, which is characterized by high reactivity to ADP and PAF.

The individual thrombocytes reactivity with regard to the influence of
pathogenetic factors of the central nervous system (collagen exposure, activation of
sympatho-adrenal and renin-angiotensin systems, thrombocytes autocrine
stimulation and inflammation) has been shown to justify the development of
models for predicting the stages of DM and the risk of macular edema. To
determine the leading determinants of the development of DR stages, a statistical
analysis was carried out using methods for constructing multi-factor neural
network and logistic regression models. The prediction of the DR stage in a two-
factor linear neural network model was based on the ATP-induced ADP and
collagen in vitro, i.e., the analysis of the progregant status of Tc. Of the 99 cases of
mistakes predicted for 18 patients, the prediction accuracy was 81.8% (95% ClI
73.5% -88.8%). One patient was excluded from the study, because the technical
conditions did not carry out the study of aggregation in full. DR without changes in
the fundus was predicted if collagen-induced collagen exceeded 81% and ADP-
43%, non-proliferative - when collagen reproduced less than 80% aggregation and
less than 45% ADF, and proliferative if collagen and ADP effects exceeded 61%.

Consequently, the analysis of mechanisms of regulation of the thrombocytes



linkage of hemostasis depending on the reactivity of the organism allows to
improve the diagnosis and prediction of the stages of DR.
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