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Introduction. It is believed that vascular anatomy has a direct
influence on the complexity and course of mechanical throm-
bectomy, and its outcome determines the degree of reperfu-
sion and clinical effect.

Aim. To analyze the influence of the curvature of the intra-
cranial arteries and the composition of the thrombus on the
results of thrombectomy.
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Materials and methods. 64 patients who underwent me-
chanical thrombectomy for acute proximal occlusion of the
ICA or MCA were prospectively examined. (44man/20women
among them, the age of the patients ranged from 47-89years support for their study.
(67.2+1.2). The study was performed by measuring the

ICA-M1 angle on angiograms in direct projection. Angles © Al authors, 2023
were compared between patients with successful (mTICI

group 2b/3) and unsuccessful (mTICI group 0-2a) reperfu-

sion. The functional result was evaluated according to the mRS scale as positive (0-3) and
negative (4-5). Removed thrombi were examined by light microscopy with hematoxylin-eosin
and orange-red-blue staining.

of Lviv» (No.13 dated 08/09/2022). The
study complies with the principles listed in
the Declaration of Helsinki.

Funding: The authors received no financial

Results. Among patients of the mTICI 2b/3 group, a larger angle of the ICA-M1 was mea-
sured (126.4+2.8°) compared to patients in the mTICI 0-2a group - 107.1£4.9° (p=0.05).
Among patients with 1-2 passages, statistically significantly larger ICA-M1 angles were record-
ed (129.8+3.3°) than among patients with a number of passages >2 (109.2+5,7°, p<0.02).
The duration of mechanical thrombectomy was <60min among patients with larger angles of
the ICA-M1 (127.6+4.4° vs. 119.6+4.5°) than in patients with long interventions (>60 min)
(p<0.05). Successful reperfusion (group mTICI 2b/3) was achieved in 47 (73.4%) patients. A
clinically positive result(mRS 0-3) was observed among 37(57.8%) patients.

During microscopic examination of thrombi among patient groups mTICI 0/2a, fibrin threads
with signs of aging with purple and blue color were present on the periphery (24-48hours).
With a favorable outcome of the operation, the coagulated fibrin fibers were stained red
(<16hours).

Conclusions. With a smaller curvature of the ICA and its branches, and in the presence of “fresh”
thrombi, the efficiency of operations increases, and the number of passages and the duration of
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3MEHLYTbCA. HeBponoriyHMn CTaTyC Naui€HTIB NMpU NOCTYMNNEHHI KOpentoe 3 dYyHKLIOHaNbHUM

pe3y/sibTaTOM Ha MOMEHT BUTUCKMU.

KnrouoBi cnoBa: ok/03i9 BENUKUX CYAMH, FOCTPURA iLLEMIYHUIA iHCYbT, MeXaHiyHa TpoMbekTo-

Misi, cknag Tpomby.

BcTtyn

IHcynbT — Apyra 3a 3Ha4YUMICTIO MPUYMHA CMEpPTI
Ta TPeTHa 3a 3HAYMMICTIO NMpUYMHA iHBaNiAHOCTI
y BCbOMY CBITi [1]. FocTpa uepebpoBackynspHa
noAis € YacToK HEBPOJIOMYHOK HaA3BNYAMHO
cuTyaui€to, 0CobanBO B KpaiHaX 3 HU3bKUM i ce-
peaHiM piBHEM A0XOAY, A€ MPOTArOM OCTaHHIX
YOTMPLOX AecATUNITb crnocTepiraeTbca 100%
36iNblUEHHA 3axBOPKOBAHOCTI Ha iHcynbT [2].
Foctpuin iwemivyHni iHcynsT (1) (oanH 3 ABOX
OCHOBHWX MiATMNIB iHCYNbTY) BUHUKAE BHAC/i-
OOK iweMii ronoBHOro MO3Ky, WO Hah4acTiwe
cnpuynHeHa Tpombo3oMm abo embonieo uepe-
6panbHux cyamH [3].

[JJO BNpoOBaaXeHHs MeXaHiYHOi TpoMbeKToMii
(MTE) gk eHAOBaCKy/nsipHOro NiKyBaHHSA €Au-
HOIO 3aTBepAXXeHol penepdy3inHOO Tepanieto
y Bunaaky [Il 6ysB Tpombonisnc 3 BUKOpUC-
TAHHAM BHYTPILUHbOBEHHOINO0 TKaHMHHOIMO aK-
TuBaTopa nnasMmiHoreHy (rtPA). OgHak 4yepe3
BY3bKe TepaneBTUYHE BiKHO MOro mMoxHa 6yno
BMKOPMCTOBYBATU JINLLE Yy HEBENMKOro BiACO-
Tka nauieHTiB 3 'II [4]. Kpim Toro, AocnigKeHHs
NiATBEPAXYHOTh, WO BHYTPILHbOBEHHNN TPOM-
60ni3Mc HeedeKTUBHMIN NpU OKIIO3ii BENINKUX
cyanH [5]. MeTta-aHanis KniHiYHMX BMNpoby-
BaHb MTE BMSBMB, WO MMOBIPHICTb OAY>XaHHS
y nauieHTiB, akuM nposenn MTE, BaBidi BULLa,
HIXK Y NauieHTIB, AKi OTpUMYyBaau NuLLE CUCTEM-
HUI Tpombonisuc [6]. MpoTe Kinbka iHWKNX Me-
Ta-aHanisis AoBeNu, Wo MexaHiyHa TpoMbeKTo-
Misl He Aa€ 3MOrn AOCATTU HaXaHOoro KiHIYHOro
edekTy B 30-40% onepoBaHMxX nauieHTiB [7].

3 KJIHIYHOro nornsay BaXMBO BU3HAUUTKU
3HauyLWi KNiHiYHI, reMaTtonoriyHi Ta iMyHono-
riyHi npeankTopu ycnixy abo HeBAaui MexaHiy-
HOT TPOMBEKTOMii, KOMNOHEHTU eNiMiIHOBAHOro
TpoMby, @ TaKOX OUIHUTU KNiHIYHWI pe3ynbTaTt
yepes Tpu Micaui nicnsa nikyeBaHHs [8].

BeBeaeHHa MTE y KniHiIYHY MNpakTUKy 3HA4YHO
36iNbWKMA0 4acToTy [AOCArHEHHS penepdysii
MO3KY, WO TAaKOX CMpusno KpawoMy BiAHOB-
NEeHHI0 HeBposoriyHnx dyHKUih. BoaHouvac
npmbnusHo y 10-25% nauienHTie 3 'Ll Bce we
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HEe BOAETbCS AOCAITU MOBHOIMO BiAHOBMEHHS
kposoToky (TICI 2b/3) [9].

byno BuCNOBNEHO MpUNYLUEHHSA, WO Ha Uue
BNNMBAE Kinbka dakTopiB. BBaxaeTbcs, WO
Ha pe3ynbTaTn penepdysii Moxe BMAMBaTU
TUN i paBHICTb BuAaaneHmx Tpombis, yac MTE
i KiNbKiCTb MacaxiB, a TaKOX B3aEMO3B'A30K 3
MMOBIPHOIO AUCMEPCIED 3ryCTKY B AUCTaNIbHUX
BigAinax cyavH. JocnigxXeHHsa NiaTBepaXyroThb,
wo 6arati ibpmHoM (6ini) TpOoMbM NoB’A3aHi 3i
36iNbLIEHHAM KiNbKOCTI penepdy3inHMX MaHe-
BpiB Mig 4ac npouenypu TpombekToMii i nigBu-
LLIEHOLO CTINKICTIO A0 TPOMBOi3MCY NOPIBHSAHO 3
«4yepBOHMMKU» TpoMbamun, baraTmmMm epuTpoLm-
Tamu [10]. HabyTi 3HaHHA Npo cknag i Bnactu-
BOCTIi 3ropTKiB KpOBi MOXYTb AOMOMOITN PO3pPO-
61TK HOBI NiAXOAM ANS KPALLOro BUSIBIEHHSA Ta
YCYHEHHS OKJt03ii CyAUH rOSI0BHOMO MO3KY.

CbOrofHi HeMa€e [okasiB TOro, WO aHaToMis
CYAWH BMAMBAE Ha YCNiWHICTb penepdysii B
MTE. Y pocnigxeHHi MTE 3 BUKOPUCTAHHAM
peTpuBepa pREset (Phenox, Boxym, Himeuun-
Ha) ycniwHa penepdysisa 6yna 3HAYHO MEHLU
iMOBIpHOIO Yy MAUIEHTIB 3i 3HAYHO BUKpUBIIE-
HOI cepeaHbOl MO3KOBOK apTepieo (CMA)
[11]. Y nauieHTiB 3 I'lI nicnga oknto3ii CMA, Zhu
Ta cnieasTopu (2012) ouiHMAN KOHIrypauito

TpoMby, BMKOPUCTOBYIOUM TPaLIEHTHO-EXO
MP-306pa>xeHHs B OCbOBOMY MOMepevyHoMy
nepepisi, i om™Ke, aHaTOMilO CyAMHW B Micui

oknto3ii. OgHaK Len MeToa AAa€ Nnulle Henps-
MYy iHOpMaLito NPO KPUBU3HY CYAMHUN, TOAI K
aHaToMia cyamHu nobnusy Big Micus okto3il
He MoXke 6yTu Tak npoaHanizoBaHa [12].

MeTa pgocnifidXeHHs — NpOBeCTN aHani3 gakro-
piB NPOrHoO3y Ta BUpOb6NEeHHS TaKTUKMK NiKyBaH-
HS | BU6OPY ONTUMaNbHUX TEXHIYHUX NPUAOMIB
onepaduii METOAOM MeXaHiYHOi TPOMBEeKTOMIi y
XBOPUX Ha rOCTPUN iLLEMIYHUI IHCYNbT.

MaTepianu Ta meTtoamn

MpocnekTMBHO ob6cCTexeHOo 64 nauieHTn, SKi
nepeHecnM MexaHiyHy TpoOMOeKTOMilo BHacsi-
AOK roctpoi okto3ii Tpom6om BCA abo CMA nig
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mechanical thrombectomy decrease. The neurological status of patients at admission correlates
with the functional outcome at the time of discharge.

Keywords: Large vessel occlusion, acute ischemic stroke, mechanical thrombectomy, thrombus

composition.

Introduction

Stroke is the second leading cause of death
and the third leading cause of disability
worldwide [1]. Acute cerebrovascular event
is a typical neurological emergency, espe-
cially in low- and middle-income countries,
where a 100% increase in stroke incidence
has been observed over the past four de-
cades [2]. Acute ischemic stroke (AIS) (one
of two main stroke subtypes) results from
brain ischemia caused by cerebral vascular
thrombosis [3].

Before the introduction of mechanical throm-
bectomy (MTE) as an endovascular treat-
ment, thrombolysis using intravenous tissue
plasminogen activator (tPA) was the only
approved reperfusion therapy in the case of
AIS. However, due to the narrow therapeutic
window, it could only be used in a small per-
centage of patients with AIS [4]. In addition,
studies show that intravenous thrombolysis
is ineffective in large vessel occlusions [5].
A meta-analysis of MTE clinical trials showed
that the probability of recovery for patients
who underwent MTE is twice as high as for
patients who only received systemic throm-
bolysis [6]. However, several other me-
ta-analyses showed that mechanical throm-
bectomy is clinically ineffective in 30-40%
of pa-tients [7].

From a clinical perspective, it is essential to
identify significant clinical, hematologic, and
immunologic predictors of success or failure
of mechanical thrombectomy, as well as com-
ponents of the eliminated thrombus, and to
assess the clinical outcome three months after
treatment [8].

The introduction of MTE significantly im-
proved reperfusion, which, in turn, contrib-
uted to the better restoration of neurological
functions. At the same time, some patients
with AIS still fail to achieve complete blood
flow restoration (TICI 2b/3) — approx. in 10-
25% of patients [9].
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It has been suggested that several factors in-
fluence this. It is believed that the reperfu-
sion results can be affected by the type and
age of the removed thrombi, particularly the
MTE time and the number of passages, as well
as the connection with the probable clot dis-
persion in the distal parts of vessels. Studies
show that fibrin-rich thrombi (white) are as-
sociated with an in-creased number of reper-
fusion maneuvers during the thrombectomy
procedure and increased resistance to throm-
bolysis compared to red blood cell-rich throm-
bi (red) [10]. The acquired knowledge about
the composition and properties of stroke clots
can help develop new ap-proaches for better
detection and elimination of cerebral vascular
occlusions.

There is currently no evidence that vessel
anatomy affects the success of reperfusion
in MTE. In the MTE study using the pRE-
set retriever (Phenox, Bochum, Germany),
successful reperfusion was significantly less
likely in patients with a considerably curved
middle cerebral artery (MCA) [11]. In pa-
tients with AIS after the MCA occlusion, Zhu
et al. evaluated the thrombus configura-
tion using gradient-echo MR images in axial
cross-section and thus the ves-sel anatomy
at the occlusion site. However, this method
provides only indirect information about the
vessel curvature, while the vessel anatomy
proximal to the occlusion site cannot be an-
alyzed [12].

The aim is to conduct an analysis of prognos-
tic factors and the development of treatment
tactics and the selection of optimal technical
methods of operation by the method of me-
chanical throm-bectomy in patients with acute
ischemic stroke.

Materials and methods

We prospectively examined 64 patients who
underwent mechanical thrombectomy due to
acute occlusion by the ICA or MCA thrombus
during acute ischemic stroke in the period
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Yac rocTporo iWeMiyHoro iHCynbTy B rnepiog 3
CiyHa 2021 poky go cepnHs 2022 poky. BoHu
oxonnatoBanu 44 4onosikiB i 20 XiHOK Yy Biui
BiA 47 no 89 pokiB (B cepeaHboMy 67,2+1,2)
3 OAHMM 3 TAaKUX TUMIB OKJIIO3Il:

® MNpoOKCHMManbHa YaCTMHA BHYTPIiLLHbOI COHHOI
aptepii (BCA);

TepMiHanbHa 4YactmHa BCA (6idypkauia BCA);
npokcumanbHMin M1 cermeHT CMA;
ancrtanbHuii M1 i npokcumanbHuii M2 cer-
MeHTn CMA;

i3onboBaHun M2 cermeHT CMA.

Bci nauieHTn, akum nposBoausv TPOMOONITUYHY
Tepanito, Tex 6ynu BKOYEHI B AOCNIAXKEHHS.
Mpu HaaxoaxkeHHi, nicna 360py aHaMHECTUYHNX
OAHUX Ta OUIHKW TAXKOCTI IHCY/IbTY 3@ LUKasow
NIHSS 3a npoTokosioM MiHicTepcTBa OXOPOHM
300poB’s, nauieHTiB 3 NI obcTtexyBanu 3a ao-
MOMOIroK HATMBHOI Ta KOHTpACTHO-NiACUIEHOl
KT. lMicnga uboro, 3anexHo Bi4 TepaneBTUYHOro
BiKHa, po3no4ymHanacs TpomboniTuyHa Tepanis
3 nojanblMM nepexonom Ao TpombekToMii abo
oapasy nposoaunu MTE. Tlig yac gocnigXeHHs
BMKOPUCTOBYBaIM TPy TUNU acnipauinHmx karte-
Tepis: React 5Fr i 6Fr, Navien 5Fr, SOFIA 5Fr i
6Fr; i nBa TMnM cTeHTiB: Solitaire X 6x40MM i
4x40mMM i Solitaire Platinum 4x40MM i 4x20MM.
Bubip kaTeTepa i CTeHTa NPOBOAMIN B KOXHO-
MYy KOHKPETHOMY BUMNAAKY 3anexXHo Bih CUTy-
auii, Habopy iHCTpyMeHTIB i BMMOr onepaTopa.
CrerHoBuii nigxia 6yB BMKOHAHWI Yy BCiX BU-
nagkax. XipypriyHuin KaTeTep BCTAHOBAOBaIU
NMPOKCUMasIbHO Y BiAMNOBIAHY BHYTPILLIHIO COHHY
apTepito, a acnipauiiH1in KaTeTep MakCUMasabHO
Habnmxanu Ao NPOKCMMANbLHOro Kpat Tpomby.

lMpoBeneHo ornan pagionoriyHMX 3anucie i BU-
Mip¥ KPUBM3HU CYAMH Ha OCHOBI 306paxeHsb Lie-
pebpanbHoi aHriorpadii: KyTn MiX TepMiHanb-
Hoto yactmHot BCA Ta cermeHToMm M1 CMA (kyT
BCA-M1), ix agiameTp y Micui po3TawyBaHHS
Tpomby, nepeBaxHo B cermeHTi M1. l'eomeTpuny-
Hi getani cermeHTa CMA 3MiHI0OTb HanpsiM Bro-
py i BHM3. ToMy kyTn CMA Hankpalle Bi3yanisy-
BaTW M OLHIOBATN B NepeAHbO-3a4Hil MpOeEKLi.
Lle pocnigXeHHs TakoXX Maso Ha METi OUiHUTK
iHdbopMaLito Npo NMPOrHOCTUYHI FpaHWU4HI 3Ha-
YEHHS Ta NOLMPEHICTb HECMPUATNNBOI aHaToOMIl
CMA. OuiHtoBanacs peHTreHosoriyHa ta KniHiy-
Ha KapTWHa ycnilHoi penepdys3ii OKN030BaHNX
cyavH. AHriorpamun go i nicnga MTE ouiHoBanmu
3a MoAuGdIKOBAHOW LWKanow Tpombonisucy y
BUNaakKy uepebpanbHoi iwemii (MTICI). KyTtu
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NOpiBHIOBaNM y MNauieHTiB 3 ycniwHow (rpyna
mTICI 2b/3) Ta HeBaanoto (rpyna mTICI 0-2a)
penepdya3ieln. byab-g9kuin CcTyniHb penepdy-
3ii BM3HauaBca sk mTICI 1, 2a, 2b abo 3, a
ycniwHa penepdysia — gk TICI 2b-3. OcHoB-
Hi yCKNaAHeHHs, NoB’sa3aHi 3 iIHCTpyMeHTapieMm,
BM3Hayanucs K nosioMKa KateTepa, nepdopa-
Lis cyauH, po3wapyBaHHs apTepin abo emboni-
3auia paHiwe HeypaxXeHUX AUCTalbHUX TifoK.
KpuBUW3HY i AiaMeTp CyAMHU BUMipOBaau 3a A0~
nomMmoroto nporpamHoro 3abesneveHHs RadiAnt
DICOM Viewer i crneuianbHOro iHCTpyMeHTa Ans
BUMiptoBaHHA KyTa (Puc. 1).

. il

- a&r‘

-
L

A

PucyHok 1. MeToanka BUMIiptOBaHHSA KPUBU3HU CYAUH Ha
aHriorpamax B npsmin npoekuii

Ha Puc.1 nosHaueHun kyTt BCA-M1 ana nisoi
BCA.

Onepauisa 6yna 3aBepweHa, akwo: 1) 6yna
JocsarHyta nosHa penepdysia mTICI 3; 2)
6yna pgocsaArHyTa dacTtkoBa penepdysiga mTICI
2a/2b, ane pusnk noganbWwMX MaHiNynauin
ne-peBaxas MOTEHUINHY KOpUCTb, abo AKLWO
cyAnHa He 6yna BigkpuTa nicns WecTu npoxo-
AiB 3i CTEHTOM-pPETPUBEPOM.

TakoX AOCNIAXEHWI FiCTONOriYHUIM cKknag i Bik
BMAaneHux Tpombis.

BupaneHi Tpombu dikcyBanu y dopmaniHi Ta
JocnigXkysanu 3a AOMNOMOrow CBIT/IOBOI  Mi-
KpoCKonii 3 reMaTokCWiH-e03MHOM Ta OpaH-
XEeBO-4epBOHO-ronybum (O4Yl) dapbyBaHHaM
y moaudikauii 3epbiHo O.4., Jlykacesuua J1.J1.
KniHiuHW pe3ynbTaTt aHanizyBanu 3asexHo Bij
e(eKTUBHOCTI BUKOHAHOI TpOMBOeKCTpaKLii.
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from January 2021 to August 2022. All pa-
tients who started thrombolytic therapy were
included in the study. They included 44 men
and 20 women aged 47 to 89 (67.2+1.2 on
average) with one of the following types of
occlusion:

Cervical ICA

Terminal ICA bifurcation

Proximal M1

Distal M1 & Proximal M2

Isolated M2

Upon admission, after collecting anamnestic
data and assessing stroke severity according
to the NIHSS scale under the protocol of the
Ministry of Health, patients with AIS were eva-
lu-ated using native and contrast-enhanced
CT. Thereafter, depending on the therapeutic
window, thrombolytic therapy was started,
followed by the transition to thrombectomy
or immediate MTE. Three types of aspiration
catheters were used during the study: Re-
act 5Fr and 6Fr, Navien 5Fr, SOFIA 5Fr and
6Fr; and two types of stents: Solitaire X 6
and 4x40mm and Solitaire Platinum 4x40mm
and 4x20mm. The catheter and stent types
used were selected on a case-by-case basis
depending on the situation, toolkit, and op-
erator requirements. Femoral approach was
performed in all of the cases . The surgical
catheter was placed proximally in the corre-
sponding internal carotid artery, and the as-
piration catheter was brought as close to the
proximal edge of the thrombus as possible. A
triaxial system was used to approach the cor-
responding ICA, and an aspiration catheter
was placed adjacent to the thrombus.

We conducted a prospective review of radio-
logical records and measured vessel curva-
ture based on the DSA images: the angles
between the terminal ICA and the M1 seg-
ment of the MCA (ICA-M1 angle), their di-
ameter at the thrombus location, mainly in
the M1 segment. Geometric details of the
MCA segment change the direction up and
down. Therefore, MCA angles are best visu-
alized and evaluated in the anterior-posterior
projection. This study also aimed to evaluate
the information about prognostic cut-off val-
ues and the prevalence of unfavorable MCA
anatomy. The radiological and clinical picture
of successful reperfusion of occluded vessels
was evaluated. Angiograms before and after
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MTE were evaluated according to the modified
scale of thrombolysis in the case of cerebral
ischemia (mTICI). Angles were compared in
patients with successful (mTICI group 2b/3)
and unsuccessful (mTICI group 0-2a) reper-
fusion. Any reperfusion was defined as TICI
2a, 2b or 3 score, and successful reperfusion
- as TICI 2b-3. Major catheter-related com-
plications were defined as catheter break-
age, vessel perforation, arterial dissection,
or embolization of previously unaffected dis-
tal branches. Vessel curvature and diameter
were measured using the RadiAnt DICOM
Viewer software and a special tool for angle
measuring (Fig. 1). We also analyzed work-
ing projections made before and after vessel
reperfusion.

Figure 1. The technique for measuring vessel curvature
on angiograms in antero-posterior view

The surgery was completed if 1) complete
reperfusion was achieved; 2) partial reper-
fusion was achieved, but, the risk of further
manipulations outweighed the potential ben-
efit, or if the vessel was not opened after six
passages with the stent retriever.

We also examined the histological composition
and age of the removed thrombi.

We fixed the removed thrombi in formalin
and examined them using light microscopy
with hematoxylin-eosin and orange-red-blue
(ORB) staining as modified by Zerbino D. D.,
Lukasevich L. L. The clinical result was ana-
lyzed depending on the effectiveness of the
per-formed thrombectomy.
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Monanblwe ckaHyBaHHA (KT abo MPT) nposo-
OVNN BCIM NauieHTam 4epe3 24 roAvHu ANs
OUiHKM remopariyHoi TpaHcdhopmauii. Y pasi
HapoCTa4oro HEeBPOSIOriYHOro noripweHHs
aogatkoBo nposoaunu MPT abo KT. Kposo-
BWIMBM OLUiHIOBanM aK cybapaxHoiganbHui
KpOBOBWIMB, BigaaneHa uepebpanbHa rema-
ToMa Ta 3rigHo kpuTtepiiB ECASS (European
Cooperative Acute Stroke Study) sik remopa-
rivHui iHdapkt 1 abo 2 Tuny, abo napeHxi-
MaTo3Ha remaTtoma Tvny 1 abo 2 Tuny. Cumn-
TOMaTuU4Ha BHYTpPIilWHbOYEpernHa KpoBoTeua
BM3Hayanacs sk 6yab-ska BHyTpilWHbO4Yepen-
Ha KpoBOTe4ya, NoOB'A3aHa 3 MNiIABULLEHHSAM
6any Ha >4 nyHkTn NIHSS [13]. 3a HasiBHO-
CTi paHHiX cyauHHuUX o3Hak I Ha KT ta MPT,
BPaxoOBYlOUN TrinepaeHCHY cepeiHio MO3KOBY
aptepito (HMCAS), BisyanizoBaHy Ha KT, Ta
KBiTyumn aptedakTt (BA), nomiueHuit Ha MPT
[10], TpomMbu knacudikyoTb sk baraTi epu-
TpouuTtamn [14]. Y nauientiB 3 HMCAS Bia-
3HAYaETbCHA BULA edeKTUBHICTb 3aCTOCyBaH-
HA CTEHT-peTpiBepiB NOPIBHAHO 3 KOHTaKTHO
acnipaui€to Woao niABULLEHHS edeKTUBHOCTI
nepworo nacaxy [15].

QOyHKUIOHaNbHMA pe3ynbTaT OLiHBanM nig
yac BUNUCckM Ta vepes 90 AHIB NiCNd iHCYNbTY.
OuiHky nposoawnn 3a gonomorot NIHSS Ta
moaundikoBaHoi wkanu PeHkiHa (MRS). mRS
kKonueaeTtbcs Big 0 ao 6, e 0 o3Havae BiaACyT-
HICTb CMMNTOMIB, @ 6 O3Hauyae cMepTb. OuiH-
ka Big 4 no 6 mRS 6anie iHTepnpeTyBanacs
K MOraHWI KAiHIYHWI pe3ynbTaTt, Todi gk 0-3
BBaXaslacs XOpOoLWnM KNiHIYHUM pe3ynbTaToM.

Pesynbtath i 06roBopeHHs

KyTn BuMiptoBasin Ha 3aKOYHUX KOHTPOJIb-
HUX aHriorpamax BCiX BifibpaHMX NauieHTIB, Y
TOMY 4uuncni 3 T-OKNO3iE0 COHHOT apTepii, iy
BUNaakax, konu penepdysia He gocsaranacs.

OCKinbkn CTeHT-peTpiBep BTArYETbCA A0 KaTe-
Tepa yepes CU/IbHO 3BUBUCTUI CErMEHT CYAWHM,
CTEHT-pEeTpiBEP MOXEe 3MEHLUUTU MOro MOBHE
NMpOCTOPOBE PO3LMPEHHSA, WO MNPU3BOAUTL A0
3HMXEHHS 3axornsieHHs TpoMby Ta cunu 3aye-
nneHHsa (edekT, onncaHmn sk «tapering - 3By-
XEHHS»). 3HAYHO BUIHYTI CYAUHU MOXYTb NOCKU-
JINTU TepTHA MiXK CTIHKaMW CyAuWH, KaTeTepamu i
NMPOBIAHWMKOM, LLO MepPEeLUKOAXAE NPOXOOAXKEHHIO
i BUoaneHHwo TpoMby. Mig yac BuaganeHHs Tpom-
6y Moxe cnocTtepiratmcs 3miHa aHaToMil CyAuH.
Konun TAra 3acTOCOBYETbCA A0 pPO3ropHyTOro
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CTEeHT-peTpiBepa, BiH nepefac ulo Hanpyry Ha
CYyAVHM, 3MYLUYKOUYM CErMEHTU CYAWH BKOPOYY-
BaTUCHA MPOKCMMabHO | MOAOBXYBATUCA AMUC-
TasbHO Bif MiCUS pO3KpUTTA CcTeHTa. Len edekt
6inbl BUPAXKEHUN Y CUIBHO BUMHYTUX CyAMHax
i MOXe wWe binblue 36inbWNTN KYTU | TepTa MiX
TPOM6OM i CTiHKOIO cyauHuM [16]. 3BUBUCTI Cy-
JOVHWN He NoB’a3aHi 3i 3Ha4YHO 36iNbLEHO KiNlb-
KiCTIHO MOCTNpoLeaypHUX YCKIaAHEHb, TaKUX SK
avcnepcia Tpomby, nepdopadis cyanH abo BHy-
TpilWHbOYepenHui kposoBunme [17]. Hemae ao-
BeAeHOi 3Ha4YHOI nepeBaru XoAHOro 3i CTEHT-pe-
TpiBEpIB, WO BUKOPUCTOBYHOTLCH, Nepes, iHWNMHK
KOHCTPYKUISAMM Yy MNAUIEHTIB 3i 3BUBUCTUMU CY-
ANHaMK, Xo4ya HaMHOBILWI CTeHT-peTpiBepu 6ynu
po3pobneHi ans 3abe3nevyeHHs 6inbLoi ctabinb-
HOCTI nig 4Yac BuaaneHHsa TpoMby 3i 3Ha4yHO BU-
KPUBMIEHUX CYAMH, | OTXXe, AaloTb 3MOry YHUKa-
TN SIBMLLA «3BYXEHHs» [16].

AnbTepHaTUBHI MeToaM, Taki Sk hopcoBaHa ac-
nipauis, BapTo TakoX po3rngaaaTtv y nauieHTiB
3 BUKPUBNEHNMWN CYANHAMMW, OCKIiNIbKW MOBIAOM-
nsnocs nNpo 4actoty penepdysii 4o 95% ans
uiei metoamkm [18]. Kinbka pocnigxeHb dop-
COBaHOI acnipauii BUABUAM Cynepeynmsi pe-
3yNbTaTv; OAHAK XOAHE 3 UMX AOCNIAXEHb He
aHanizyBano CyaAnHHY aHaTOMito K akTop, Lo
BMAMBAE Ha ycnix penepdysii [19].

Y nauieHtis rpynn mTICI 2b/3 Bia3Haue-
HO 6inbwnin kyt BCA-M1 (B cepefHbOMy
126,4+2,8°) nOpiBHAHO 3 NaLieHTaMW B rpyni
mTICI 0-2a - 107,1+4,9° (p=0,05) (Puc. 2).

Y nauieHTiB 3 N1 aBi aHriorpadiyHo noAibHi
OKJ/1H030BaHi CyAWHW MOXYTb MO-Pi3HOMY pe-
aryBaTuM Ha MexaHiyHy TpombekToMmito [14].
JocnigxeHHs, sKke BMBYANO, UM BMNIMBAE LUBU-
OKICTb BMAANEHHS 3ropTKiB Ha edeKTUBHICTb
npoueaypu nigTBEpAMNO, WO LWBUAKE BUNY-
YEeHHS Ma€E mepesary npu 3ropTtkax, 6araTmx
dibpuHoM. LLBnaKe BUAYYEHHS WBUAKO MOGi-
Ni3y€ 3rycTok, Aato4yn 3mMory 36inbwmnT TAroBy
cuny [14]. CyanHun, 3akynopeHi 6aratumum di-
6pnHOM TpoMbamu, Takox NOTpebytoTb binbLue
rnpoxoAis nig yac MTE ana aocarHeHHsa penep-
dy3ii NOpiBHSAHO 3 CyAMHaMU, 3aKynopeHUMMU
TpoMmbamu, baratummn eputpoumnTtamm [20].

Y Hawwux nauieHTiB, Konu nig 4yac MTE 6yna
noTpibHa HeBenuka KiNbKiCTb NacaxiB 3 Ka-
TeTepoM abo cteHTOM (1-2), peecTtpyBanucs
CTaTUCTUYHO AOCTOBIpHO Binbwi Kyt BCA-M1
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Follow-up scans (CT or MRI) were performed
for all patients after 24 hours to assess
hemorrhagic transformation. In the case of
increasing neurological deterioration, ad-
ditional MRI or CT scans were performed.
Hemorrhages were evaluated as subarach-
noid hemorrhage, remote cerebral hemato-
ma, or ECASS (European Cooperative Acute
Stroke Study) hemorrhagic infarction type 1
or 2, or parenchymal hematoma type 1 or
2. Symptomatic intracranial hemorrhage was
defined as any intracranial hemorrhage as-
sociated with an increased >4 NIHSS score
[13]. In the presence of early vascular signs
of AIS on CT and MRI, including hyperdense
middle cerebral artery (HMCAS) visualized
on CT and the blooming artifact (BA) seen
on MRI [10], thrombi are classified as rich in
erythrocytes [14]. Patients with HMCAS may
respond to stent retrievers better compared
to contact aspiration for higher first-pass ef-
ficiency [15].

Functional outcome was assessed at discharge
from the ward and ~90 days after the stroke.
The score was established using the NIHSS
and Modified Rankin Scale (mRS). The mRS
ranges from 0 to 6, where 0 means no symp-
toms, and 6 means death. The score of 4 to 6
MRS points was interpreted as a poor clinical
result, while 0-3 was deemed a good clinical
result.

Results and Discussion

Angles were measured on the final control
angiograms of all selected patients, includ-
ing those with T-occlusions of the carotid ar-
tery, and in cases where reperfusion was not
achieved.

As the stent retriever is retracted toward
the catheter through a highly tortuous ves-
sel segment, the stent retriever may reduce
its full spatial expansion, resulting in reduced
thrombus capture and engagement strength
(an effect described as “tapering”). Consid-
erably curved ves-sels can increase friction
between the walls of vessels, catheters, and
the conductor, which pre-vents the thrombus
passage and removal. During thrombus re-
moval, a change in vessel anatomy may be
observed. When traction is applied to the
unfolded stent retriever, the latter transmits
this tension to the vessels, causing vessel
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segments to shorten proximally and length-
en distally to the stent deployment site. This
effect is more pronounced in highly curved
vessels and can further increase the angles
and friction between the thrombus and the
vessel wall [16]. Tortuous vessels are not as-
sociated with a significantly increased num-
ber of post-procedural complications, such
as thrombus dispersion, vessel perforation,
or intracranial hemorrhage [17]. There is no
signifi-cant advantage of any of the stent re-
trievers used over other designs in patients
with curved ves-sels, even though recently
developed stent retrievers have been de-
signed to provide greater sta-bility during
thrombus removal from considerably curved
vessels and, therefore, the phenome-non of
“tapering” should be avoided [16].

Alternative techniques, such as forced aspi-
ration, should be evaluated in patients with
curved vessels, as reperfusion rates of up
to 95% have been reported for this tech-
nique [18]. Several studies on forced aspira-
tion have shown conflicting results; howev-
er, none of these studies analyzed vascular
anatomy as a factor influencing reperfusion
success [19].

In patients of the mTICI 2b/3 group, a larg-
er ICA-Mlangle was noted (on average,
126.4+2.8°) compared to patients in the
mTICI 0-2a group - 107.1+4.9° (p=0.05)

(Fig. 2).

In patients with AIS, two angiographically
similar occluded vessels may respond differ-
ently to mechanical thrombectomy for not
angiographically apparent reasons [14]. A
study ex-amining whether the speed of re-
moval affected the effectiveness of clot re-
moval found that rapid extraction gave a
stronger advantage to fibrin-rich clots. Fast
extraction quickly mobilizes the clot, allowing
a higher pulling force [14]. Vessels occlud-
ed by fibrin-rich thrombi also require more
passages during MTE to achieve reperfusion
compared to vessels occluded by erythro-
cyte-rich thrombi [20].

In our patients, when a small number of pas-
sages with a catheter or stent (1-2) were re-
quired during MTE, statistically significantly
larger ICA-M1 angles were recorded (on aver-
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PucyHok 2. AHriorpamun B npamin npoekuii: rpyna mTICI 2b/3 (a); rpyna mTICI 0-2a (6)

(B cepeaHboMy 129,8+3,3°), HiX Y NaLi€HTIB 3
KinbKicTio nacaxis >2 (109,2+5,7°, p<0,02).

TpuBanicTb MexaHiuyHoi TpoMbeKTOMii CTaHOBU-
na <60 xB y nauieHTiB 3 6iNbWMMN KyTaMu Cy-
avH BCA-M1 (B cepegHbomy 127,6+4,4° npo-
™ 119,6+4,5°), HixX y nauieHTiB 3 TpMBanuMm
BTPyYaHHAMKN (>60 xB). Pi3uuus 6yna cratmc-
TUYHO 3Hauywot (p< 0,05) (Tabnuus 1).

Ta6bnnys 1

Pe3ynbTtatn Ta nepebir onepatMuBHMUX
BTpy4aHb y xBopux Ha MTE 3anexartb
Bia po3mipy kyta BCA-M1 (y °)

1-2
129,8+3,3°

<60 x8
127,6+4,4° 260xs

I 119,6+4,5°

Tpwusanictb MTE

mTICI 2b/3

126,4+2,8°
107,1+4,9°

120
| I
0

YeniwHicte MTE (mTICI)

140

mTICI 0-2a >2

109,245,7°,

o

0
o

o))
o

N
o

N
o

KinbkicTb naccasxis

JocnigxeHHs, npoBeaeHe Girdar et al.
(2020), npoaeMOHCTpyBano, Wo BUKOPUCTAH-
HA CTeHT-peTpiBepa HOBOr0 MOKOMIHHSA, KU
AOBLWWIK Ta/abo 6inbwuin y piameTpi, nonin-
WYy€E yCcnix BUNy4YeHHsa pibpnHOBOro 3ropTka 3
nepLworo nacaxy, He 36iNbLyOYN PU3UK YyLU-
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KO-O)XeHHS cyauH [21]. IHwe pocniaxXeHHs
nigTBEpAMNO, WO AOBXUHA TPOMOY iCTOTHO He
BMN/IMBAE Ha ycniwHicTb penepdy3sii npyn MTE
[22].

Mn BuMipsann pgiaMeTp KpPOBOHOCHWUX CyAWH
B Npoekuii Tpomby B cermMeHTi M1 cepeAHboOi
MO3KOBOI apTepii, i BiH CTaHOBMB B CepefHbO-
My 1,82 MM. CTaTUCTUYHO 3HAYYLLOi pi3HULUI B
piaMeTpi KPOBOHOCHUX CYAMH Y NaL€HTIB 3 10~
CNigXyBaHUX rpyn BUsSIBNEHO He 6yno.

@OyHKUIOHaNbHUI pe3ynbTaT OUiHIOBaNM 3a
wkanoto MRS gk no3umTuBHUI (rpyna mRS:
0-3 6anun) Ta cnocTtepirascs y 57,8% nauieH-
TiB i HeratueHuii (rpyna mRS: 4-6 6anis) y
42,2%, BiANOBIAHO. 3 HUX reMopariyHa TpaH-
cdhopmauisa Ha KT, npoBeaeHoi yepes 24 ro-
OWN-HW, Big3HayeHa y 27,0% nauieHTiB 3 rpy-
N1 3 KNiHIYHO MO3UTUBHMM pe3yNbTaToM i Yy
55,6% XBOpUX 3 rpynu 3 HEraTUMBHUM (PYHK-
uioHanbHMM pe3synbTaToM. HeBponoriyHui
AediunT, oUiHEHMN Ha MOMeEHT rocnitanisauii
3a wkanotw NIHSS, ctraHoBMB B cepegHbOMY
13,6+£0,8 6ana B rpyni mRS 0-3 i 17,5+1,2
6ana B rpyni mRS 4-6 (p<0,05). PiBeHb rni-
KeMii Npn HaAXOAXEeHHi B Ui rpynn CTaHOBUB
y cepeaHbomy 6,3 i 7,5 mmonb/n, Bianosia-
HO. INR ctaHoBuB 1,14 i 1,25, BiANOBIAHO, Ha
MOMEHT MOCTYMN/eHHs. ApTepianbHUN TUCK i
aHanisn KpoBi, B34Ti NMpW HaAAXOOXKEHHI i nig
yac nepebyBaHHS NaLUi€eHTa B CTauioHapi, He
Bigirpanu CTaTUCTUYHO 3Haudywoi poni npu
NOPIBHAHHI Fpyn 3a HEBPOJIONIYHUMWU Xapak-
TEPUCTUKAMMU.
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Figure 2. Angiograms in antero-posterior projection. a - mTICI group 2b/3; b — mTICI group 0-2a

age 129.8+3.3°) than in patients with several
passages >2 (109.2+5.7°, p<0.02).

The duration of mechanical thrombectomy
was <60 min in patients with larger angles
of ICA-M1 vessels (on average 127.6+4.4° vs
119.6+4.5°) than in patients with long inter-
ventions (>60 min). The difference was statis-
tically significant (p< 0.05) (Tab. 1).

Table 1

The results and course of surgical
interventions in patients with MTE depend
on the size of the ICA-M1 angle (in °)

12
129,843,3°

<60 m
127,6+4,4° 260m

I 119,6+4,5°

duration of MTE

mTICI 2b/3
126,4+2,8°

140

mTICl 0-2a >2
107,1+4,9° 109,245,7°,

120

101

o

00
o

[o2]
o

B
o

N
o

successful MTE (mTICI)

0
number of passages

The study conducted by Girdar et al. (2020)
demonstrated that using a new-generation
stent retriever that is longer and/or bigger in
diameter improves the success of the first-
pass fibrin clot retrieval while not increasing
the risk of vascular damage [21]. Another
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study indicated that the thrombus length does
not significantly affect the success rate of MTE
reperfusion [22].

We measured the diameter of blood ves-
sels in the thrombus projection in the M1
segment of the middle cerebral artery, and
it was 1.82 mm on average. There was no
statistically significant difference in the di-
ameter of blood vessels in patients from the
studied groups.

The functional result was evaluated using
the mRS scale as positive (group mRS: 0-3
points) and observed in 57.8% of patients
and negative (group mRS: 4-6 points) in
42.2%, re-spectively. Of them, hemorrhag-
ic transformation on CT performed after 24
hours was noted in 27.0% of patients from
the group with a clinically positive result
and 55.6% of patients from the group with
a negative functional result. The neurolog-
ical deficit, assessed at the time of admis-
sion according to the NIHSS scale, aver-
aged 13.6%0.8 points in the mRS 0-3 group
and 17.5x1.2 points in the mRS 4-6 group
(p<0,05). The level of glycemia at admis-
sion in these groups averaged 6.3 and 7.5
mmol/L, respectively. INR was 1.14 and
1.25, respectively, at the time of admission.
Blood pressure and blood tests, taken at ad-
mission and during the patient’s stay in the
hospital, did not play a statistically signifi-
cant role when comparing groups with neu-
rological characteristics.
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licronoriyHe  AOC/AXXEHHS
TPpOMb6IB

Tunosi TpoMbKW ckNapatoTbCs 3i 3MiIHHOI YacT-
Kn ¢ibpuHy, TpomMboumnTiB, epuTpouUNTIB, Nen-
kouuTiB, daktopa doH BinnebpaHaa (VWF) i
nosaknitmHHoi AHK [23]. AHani3z oTpMMaHoro
TpoMmby, npoBeAeHWN B HeAaBHbOMY [AOCHi-
JXXEeHHi, BUSABMB ABa OCHOBHWUX TWUMW AINSAHOK
3 pi3HuM cknagom: (I) 6araTti eputpoumnTamm i
6igHi @ibpuHom; (II) 6araTuii TpomboumTamm i
dibpuHom [24].

EKCTparoBaHux

B3aeM03B’a30Kk Mix (ibpnHOM i ABOMa iHLWMK-
MW KOMMOHEHTaMM CBiAYUTbL Npo Te, Wo i-
6puvH NO-pi3HOMY B3aeMoAi€E 3 epuTpoUUTaMu
Ta TpomboumTamun. ®apbyBaHHS BUABUIO Ha-
ABHICTb WinbHOro ibpuHy No BCboMy Tpomby,
6araTomy TpomMboumnTamm, WO NOMITHO KOHTpa-
CTY€E 3 TOHKOW (PiBpMHOBOI CiTKOID, iKa OTOYY-
Bajla 3aMoBHEHI epuTpouMTaMn AiNSHKN [24].
IHWe pocnigXeHHA CTPYKTYpPWU  iHCYNbTHUX
TpoMbiB BWABMAO 3araibHy OCO6/MBICTb
BHYTPIWHE S4pO 3ropTka, 6aratoro epuTpo-
uMTaMM, OTOYEHE 30BHIWHBLOK 060N0OHKOM,
O CK/IAfa€ETbCA 3i WiNbHO YyNakOBAaHUX KOM-
NMOHEHTIB, BpaxoBylun ibpnHOBY 060SIOHKY
M arperoBaHi TpoMbounTn [23]. MoXxHa nNpu-
NyCTUTK, WO OCKiNbKM BWAANEHi TpoMbu Bia-
Pi3HAOTBCA 3a CBOIM CKJ/IQAOM i CTPYKTYpOIO,
TO peakuis Ha nikyBaHHA I Tex 6yae Bigpis-
HATUCA.

lcTonoriyHa  XapakTepucTuka MaTepiany
TpoMmboembonii MOXe BNANBATU Ha pe3ynbTaTu
penepdysii. licronaTonoriyHMn cknag TPOM-
6iB, WO nignsaratoTb BUJIYUYEHHIO, KOPEJSIOE 3
TPYAHOLWAMM Nig Yac BUAANEHHS 3ryctky [14].
BupaneHHa TpombiB 3acobamum TpoMb6eKTOMIi
[ano 3Mory npoBecTu AeTanbHWI aHanis Mop-
donorii Ta rictonoridyHoro cknaay ix.

KapaioemboniyHi TpoMbm MaloTb BULLMI BiACO-
ToK ibpuH-TpOMbBOLMTApPHUX KOHroMepaTiB
NOpPiBHSIHO 3 HekapAioemMboniyHMMKN TpoMbamu
[25]. KapaioemboniyHi TpoMbu cknapatoTbCs
3 TpoMmbouuTiB, 3rpynoBaHux y 6aratux di-
6puHOM obnacTtsax, Ha BiAMiHY Big Hekapaio-
emboniyHnx TpombiB, Ae Maca epuUTPOUMUTIB €
OOMIHYIOUMM | HAWMOWMPEHIWIMM TUMAOM KIJli-
TUH. MOPIBHAHHA UUX ABOX MiCTONATONOMNYHUX
XapaKTepUCTUK 3 BUKOPUCTAHHAM KIIHIYHUX
rnapameTpiB nigTBEpPAMIIO 3HAYHI BIiAMIHHOCTI B
mMoaudikoBaHin wkani PeHkiHa (MRS), wkani
iHcynbTy (NIHSS), KinbkocTi MaHeBpiB i 4acy
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Ana pocsrHeHHs penepdysii npu MTE, npwu-
YoMy KapaioemboniyHi TPOM6U NOEAHYIOTLCA 3
riplwmM pesynbTaToM NikyBaHHs [25].

BioxiMiuHM cknap TpoMOy 3MIHIOETHCH 3 MO-
MeHTY iHCynbTy [26]. CnoyaTKy YyTBOPKETLCS
CBiXMn TpoM6 3 MOPUCTUM KapkacoMm ibpu-
Hy. Ha uboMy eTani eekTMBHUI TpOMbBOni3nC.
3ropTtoK serko po3dnHSaeTbes tPA, ocKinbku
3wmnBaHHa @dibpuHy Ta iHribitopis dibpuHO-
nisy nig pielo aktmBoBaHoro daktopa XIII
we He Biabynocs [27]. Y noyaTkoBux ¢asax
3ropToOK CKNAAA€ETbCS rOSIOBHO 3 aKTUBOBAHMUX
TpoMmbouunTiB, dDibpuHy 1 epuTpoumUTIB. Y Mipy
3pOCTaHHA BigknaaeHHa @ibpuHy Tpomb cTae
6iNbll KOMNAKTHMM 3 MEHLWWMKU nopamu, Lo
Npu3BOAMTb A0 MeHLWOoi iHdinbTpauii tPA i 3HM-
XXEeHHS edeKTUBHOCTI TpoMmboniTnyHoi Tepa-
nii [27]. Ckopo4YeHHa TpoMbOoUMTIB Yy 3LIUTUX
3ropTkax npu3BOAWTb A0 BTAryBaHHS i cTabi-
nisauii TpomMby, a TakoX A0 CTUCHEHHS OUCKO-
noAibHNX epuUTpouMTIiB B BaraTorpaHHUKK, WO
we 6inblwe 36iNbWYE WiNbHICTb TPpOMOY i Nia-
BULLYE NOro CTilKiCcTb Ao TpoMbonisncy [28].

3ronoM yTBOPEHHS 3ropTKiB BUKJIMKAE 3anasibHi
peakLuii, Wo NpM3BOAATb A0 PO3BUTKY LIUTOKIHO-
BOro Kackagy, iKW B NoJanbLUOMy MOAOBXYE
3ropTaHHs. AKTMBOBAHiI TPOMGOLMTM CNpUSIOTH
NPOHUKHEHHIO nenkouuTiB. Konn nenkoumtu
NPOHMKAIOTb i aKTUBYKOTbCS, TpOMO CTae e
cTinkiwnm ao Tpombonisucy [29]. IHdinbTpoBaHi
HEeNTPOdININ BMBINbHAKOTbL NpoTM3anasnbHi Meai-
aTopu, YTBOPKOOYM HEUTPOdIiNbHI MO3aKIiTUH-
Hi nactkm (NET), ki cnyryoTb Kapkacamu ans
epuTpoumuTia, TPOMOOUMUTIB i NPOTPOMOBOTUUHMX
MONEKy/, TMM CaMuUM Crpustoum CTabinbHOCTI
Ta peKoHCTpyKUii TpoMby [30]. 3ropTku 3 uepe-
6panbHMX CyaMH TaKOX MICTSTb 3MiHHI KifIbKOCTI
vWF, BignoBiganbHOro 3a TpomMbu, L0 3B'A3yH0Tb
TpoMbouunTK 3 KonareHoM i hibpuHOM. Brucokuii
piBeHb VWF y nnasmi € cunbHUM NpeamKTopom
iLeMiyHoro iHcynbTy [31].

Hawe MikpockoniyHe pocnigxeHHs Tpombis,
oTpuMaHux nicnga MTE, nposeaeHe npwu no-
6inbweHHi x200 y nauieHTiB 3 rpynu 3 HeBAaa-
noto penepdysieto (mTICI 0/2a), BuaBuno
HeBenuki AiNgHKM B UeHTpi TpombiB, 3abaps-
NeHUX B YepBOHUI (3a 6-24 roavHN A0 LbOro)
abo uvepBoHO-dioneToBun (3a 16-24 roanHm)
HUTKamn @ibpuHY, a Ha nepudepii — HUTKK
@i6-puHY 3 03HaKaMM CTapiHHSA dioNeToBUM i
CUHIM KONbOpOoM (24-48 roanH) (Puc. 3).
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Histological study of extracted thrombi
Typical thrombi consist of a variable share of
fibrin, platelets, red blood cells, white blood
cells, von Willebrand factor (vWF), and ex-
tracellular DNA [23]. The analysis of the
resulting thrombus performed in a recent
study showed two main types of sites with
different compositions: (I) rich in erythro-
cytes and poor in fibrin; (II) rich in platelets
and fibrin [24].

The relationship between fibrin and two other
components suggests that fibrin interacts differ-
ently with erythrocytes and platelets. Staining
showed the presence of dense fibrin through-
out the platelet-rich thrombus, in marked con-
trast to the thin fibrin mesh that surrounded
RBC-filled areas [24]. Another study of the
stroke thrombi structure revealed a common
feature — an inner core of the erythrocyte-rich
clot surrounded by an outer shell composed of
tightly packed components, including a fibrin
sheath and aggregated platelets [23]. It can
be assumed that since the removed thrombi
differ in their composition and structure, the
response to the AIS treatment will vary too.

Histological characteristics of thromboem-
bolism can affect reperfusion results. The
his-topathological composition of the throm-
bi to be extracted correlates with difficulties
during clot removal [14]. Removing thrombi
using thrombectomy means made it possible
to conduct a detailed analysis of the mor-
phology and histological composition of the
latter. Cardioembolic thrombi have a higher
percentage of fibrin-platelet conglomerates
compared to non-cardioembolic thrombi [25].

Cardioembolic thrombi consist of platelets
clustered in fibrin-rich areas, unlike non-car-
dioembolic thrombi, where masses of eryth-
rocytes are the dominant and most common
cell type. The comparison of these two his-
topathological characteristics using clinical
parameters showed significant differences
in the Modified Rankin Scale (mRS), Stroke
Scale (NIHSS), the number of retraction ma-
neuvers, and reperfusion time after MTE, with
cardioembolic thrombi leading to a worse out-
come [25].

Over time, the thrombus’s biochemical com-
position changes from the moment of the
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stroke [26]. First, a fresh thrombus is formed
with a porous fibrin framework. At this stage,
thrombo-lysis is effective. The clot is eas-
ily dissolved by tPA since cross-linking of
fibrin and fibrinolysis inhibitors under the
action of activated factor XIII has not yet
occurred [27]. In the initial phases, the clot
consists mainly of activated platelets, fibrin,
and erythrocytes. As fibrin deposition grows,
the thrombus becomes more compact with
smaller pores, leading to less tPA infiltration
and decreased thrombolytic therapy effec-
tiveness [27]. The contraction of platelets of
cross-linked clots leads to retraction and sta-
bilization of the thrombus, as well as to the
compression of discshaped erythrocytes into
polyhedral, which further increases the den-
sity of the thrombus and increases resistance
to thrombolysis [28].

Over time, clot formation causes inflamma-
tory reactions leading to the development of
a cytokine cascade, which further prolongs
clotting. Activated platelets contribute to the
penetra-tion of leukocytes. When leukocytes
penetrate and activate, the thrombus be-
comes even more resistant to thrombolysis
[29]. Infiltrated neutrophils release anti-in-
flammatory mediators, forming neutrophil
extracellular traps (NETs), which serve as
frameworks for erythrocytes, platelets, and
prothrombotic molecules, thus contributing
to thrombus stability and reconstruction [30].
Clots extracted from patients undergoing
mechanical thrombectomy also contain vari-
able amounts of VWF, responsible for the clot
binding platelets to collagen and fibrin. High
plasma VWF is a strong predictor of ischemic
stroke [31].

Our microscopic study of thrombi obtained af-
ter MTE at a magnification of x200 in patients
from the group with unsuccessful reperfusion
(mTICI 1/2a) showed small areas in the cen-
ter of thrombi stained red (6-24 hours be-
fore) or red-purple (16-24 hours) with fibrin
threads, and on the periphery - fibrin threads
with signs of aging with purple and blue color
(24-48 hours) (Fig. 3).

With a favorable surgery outcome (mTICI
group 2b/3), coagulated fibrin fibers in the
central part of the thrombus were stained red
(the thrombus was up to 16 hours old) (Fig. 4).
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PucyHok 3. MikpockoniyHe gocnigxeHHs TpoMbis, oTpuManux nicns MTE, 3abapeneHHa OYl npu 36inbweHHi x200 y
nauieHTiB 3 rpynu 3 HeBaasnoto penepdysieto (MTICI 0/2a)

PucyHok 4. MikpockoniyHe focnigkeHHs TpoMb6iB, oTpuMaHux nicna MTE, 3abapBneHHss MeTtogoM OYl npu 36inbLlueHHi
x200 y nauieHTiB 3 rpynu 3i CNpUSTAMBMM pe3ybTaToOM Xi-pypriyHoro BTpy4yaHHs (rpyna mTICI 2b/3)

Mpn ycniwHoMy pe3ynbTaTti onepauii (rpyna
mTICI 2b/3) koarynboBaHi BoO/IOKHa dibpuHY
B LleHTpasbHili YacTuHi TpomMby 6ynm nodap-
60BaHi B 4yepBoHU konip (Tpomb 6yB BikKOM A0
16 roauH) (Puc. 4).

MexaHiyHi BnacTuMBOCTI Ta cknag Tpomby Mo-
XKYTb CYTTEBO BIM/IMHYTU Ha e(PEKTUBHICTb i pu-
3UK BTpy4YaHHs. Binbw Bucoky penepdysinHy
e(EeKTUBHICTb <«4YepBOHOro» TPOMBY MOXHa
NOACHUTU MNOro @Ii3YHMMKU XapaKTepucTu-
KaMu, AKi MOKa3ylTb 3HUXEHY >XOPCTKICTb i
nigsueHy AedopMOBaHiCTb MOPIBHAHO 3 «6i-
num» Tpombom [21].

Takox niaBuLeHa KinbKicTb ¢ibpuHy B TpoMbi
pobuUTb 3ropTOK TBEPAIWMM i enacTUYHIWnM,
TUM CaMUM 3HUXYHOUYM MMOBIPHICTb YCMiWHOrO
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34eneHHs | B3aEMOAil 3 eKCTPaKTOpOM TpOM-
6y [13]. binbwe TOro, «6ini» TpoMbM MatOTb
BULWMMA KoedilieHT TepTHa, HixX Tpomb6, bara-
TUIA epuTpoLMTaMK, LLO YCKNAAHIOE BUITYYEH-
Ha 3ropTka. Mig yac MTE 6aratumin ¢ibpuHoM
TpoMb 3abesnedvye niaBMLLEHY CTiNKICTb A0
KOB3aHHS B3[0BX BHYTPILIHbOI YAaCTUHWN CyAu-
HM abo kaTeTepa npu Moro acnipawii, Wo, K
nepenbavaeTbcs, € pe3ynbTaTOM MOr0 3HUXKe-
HOI 34aTHOCTI yTpMMyBaTu BOJOrY i nigBuLle-
HOT CMPUMAHATAMBOCTI A0 CTUCHEHHS 3 KOXHO0
cnpoboto TpombekToMii [9].

MexaHiyHa cTabinbHicTb TpoMmby, TO6TO WMoro
B'AA3KICTb, €/1aCTUYHICTb | >XOPCTKIiCTb, HaM-
nepwe BM3HaYaeTbcsa dibpuHOM. >KopcTkui
i dpukuinHnii xapaktep 6aratoro ¢i6puHoOM
TPOMOBY 3HUXKYE MMOBIpHICTb MOro dparmMeH-
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Figure 3. Microscopic examination of thrombi obtained after MTE at x200 magnification in pa-tients from the group
with unsuccessful reperfusion (mTICI 1/2a)

Figure 4. Microscopic examination of thrombi obtained after MTE at x200 magnification in patients from the group with
a favorable surgery outcome (group mTICI 2b/3)

The mechanical properties and composition
of the thrombus can significantly impact the
intervention’s effectiveness and risk [23].
The higher reperfusion efficiency of the “red”
thrombus can be explained by its physical
characteristics, which show reduced stiffness
and increased deformability compared to the
“white” thrombus [21].

In turn, the increased amount of fibrin in the
thrombus makes the clot harder and more
elastic, thus reducing the probability of
successful linkage and interaction with the
thrombus extractor [13]. Moreover, “white”
thrombi have a higher friction coefficient
than red blood cell-rich thrombus, which
makes it more difficult to extract the clot.
During MTE, the fibrin-rich thrombus offers
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increased resistance to sliding along the in-
terior of the vessel or catheter when it is
aspired, which is assumed to be the result of
its reduced ability to retain moisture and in-
creased susceptibility to compression with
each thrombectomy attempt [9].

The mechanical stability of the thrombus,
i.e. its viscosity, elasticity, and stiffness, is
pri-marily determined by fibrin. The stiff and
frictional nature of a fibrin-rich thrombus re-
duces the likelihood of its fragmentation com-
pared to erythrocyte-rich thrombi [32].

In this study, we analyzed the effect of ves-
sel anatomy, assessed by antero-posterior
an-giogram, on reperfusion outcomes, sur-
gery time, and the number of passages with
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Tauii nopiBHAHO 3 6HaraTMmMn epuTpouuTamu
Tpombamu [32].

Y uboMy [ocnigXeHHi My npoaHanisysanu
BMJIMB aHaTOMii CyAWH, OUiHEHOI 3a A0MoMo-
rolo uepebpanbHoi aHriorpadii, Ha pe3ysb-
Tatn penepdysii, Yac onepauii Ta KinbKiCTb
NpoxoAiB 3i CTeHT-peTpiBepaMn y MauieHTiB 3
rOCTPUM iWEMIYHUM [HCY/IbTOM MNiCNg OKMO3ii
Be-JINKUX CyAuH. Bbyno niaTBepa)keHo, Lo na-
LiEHTM 3 HeBaanot penepdysieto (TICI 0/2a)
Ma-10Tb 3HAYHO 3BUBUCTILLI ANCTAsIbHI CErMeH-
TWU COHHOI apTepii, cermeHTn CMA, HiXK naui-
€HTM 3 ycCniwHWUMK pe3ynbTaTamu penepdysii
(TICI 2b/3).

BurHyta ¢dopma 3ropTka cCBiguuMTb Npo Te,
WO BiH YTBOPUBCA B 3BUBUCTOMY CErMeHTI
M1 CMA, ge 4JacTuHa MexaHiyHoi cunu, npu-
KnageHol npu BTAryBaHHI CTeHT-peTpiBepa,
6yne po3noaineHa paaianbHo. HaBnaku, nps-
Ma dopma CBigYMTb Npo nNpsAMUIA Bigpizok M1
CMA, e MexaHiyHi cuaum MOXYTb AiaTW Ha Uui-
NbOBUN TPOMO 3 MEHLUMM IMNEeAaHCOM.

Tpombu, wWo BXoAsaTb B 6inbll AMCTanbHI cer-
MEeHTUK apTepianbHoi rinkm Big ctoBbypa CMA:
1) € B MeHWin apTepii, 4OCTYN A0 SKOi CKnaj-
Hiwnm; 2) 36iNbWyTb KPUBU3HY A0 CErMeH-
Ta rinkm CMA, po3cCitoloun 3ycuins, Wo BUKO-
PUCTOBYIOTLCS ANSA BUYYEHHS TPOoMOY Mo NiHii
OCHOBHOro crosbypa; 3) NOTEHUINHO LWiNbHi-
We ynakoBaHi B CyAUMHHY CUCTeMYy i CTilki fo
eKCTpakuii; 4) Moxe 3HagobmTucs Kinbka nNpo-
XOA4IB AN BUyYEHHS parMeHTiB TpoMmby 3
Pi3HUX TiSIOK KiHLEBOro cerMeHTa.

PaHHi Ta 36araueHi eputpoumTamm TpomMbmn 3a-
3BMYal MoOB’A3aHi 3i CNpUATAMBUMWU pe3yib-
TaTamMu, TakKMMM K BULLKMIK ycnixX penepdyasii,
KOPOTLUWNI Yac BTPyYaHHS Ta MeHLA KifbKiCTb
nacaxis. 3 iHwWoro 6oky, 36araueHi ¢ibpnHoM
TpoMbM MakTb MEHLW CNpUATAMBUIA pe3ynbTaTt
rONIOBHO 4epe3 iX XOPCTKICTb i CTiMKiCTb A0
MeXaHi4YHOT TpOMbBeKTOMii.

MoripweHHs NpPOrHO3y MnoB’dA3aHe 3 MOoCUJIeH-
HAM aaresii TpoMby A0 CTiHKM CyAWHW Ta MNpo-
TPOMOOTUUHUM edeKTOM MicLeBOi 3anasbHoi
peakuii cyavH [33].

Y nauieHTiB 3 NOPYLUEHHAMU CEPLIEBOrO PUTMY,
WO Npu3BOAATbL A0 Tpomboembonii roNoBHOrO
Mo3Ky, B 50-60% BuNaaKiB criocTepiratoTbCs
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NPpOTPOMOBOTUYHI 3MiHW, MOPYLUEHHSA remMocTa-
3y, @ apuTMii NpM3BOASATL A0 TPOMOBOYTBOpEH-
HA | TpoM6oeMb0oNiuHOI OKAIO3iT MO3KOBMX ap-
Tepin [34].

CyyacHi MeToauKWM 3MiHWAW napagurmy Jiky-
BaHHSA FOCTPOro iHCYNbTy i MOXYTb BBaXaTu-
CS 4YaCTMHO 3BMYAMHOI MeauuyHOoi A0MoMOorn,
npoTe 3anulWaKTbCa NMUTaHHS WOAO HalKpa-
WOoro remMoaAMHaMiyHOro BeAeHHS MNaui€EHTIB
3 INI. Xoya nigBuWeHWNIn apTepianbHUN TUCK
(AT) € nowumpeHuM gBuweM y Bunagky [1I,
MOro NpOrHOCTUYHE 3Ha4YeHHS HeaoCTaTHbO
BM-BUYeHO [35]. [deski AocniaXeHHs BUSABUIN
Kopensuito MK rinepToHi€eo Ta NMoraHMMmn pe-
3ynbTaTaMu NikKyBaHHSA, ToAi AK iHWI noBsigo-
MWW MPO 3BOPOTHI B3aeM0O3B'A3KM [36]. IHWI
OOCNIoKEHHS BU3HA4YMAM MiABULLEHUA apTe-
pianbHUA TUCK K (AKTOp PU3MKY PO3BUTKY
HabpsKky MO3Ky, KPOBOBW/IMBY Ta 3arasioM rip-
WKX KAiHIYHUX pe3ynbTaTis nicng I [37].

Y BUCHOBKaXx:

1.KpmBKM3Ha CcyauH i CTpyKTypa Tpomby cyT-
TEBO BMJINBAKOTb Ha YCNIWHICTb, CKAAAHICTb
i TpMBanicTb MexaHi4yHoi TpoMbekToMil npu
rOCTPOMY ileMIYHOMY HCYbTI.

.Mpu meHwin kpusmsHi BCA i ii rinok (6inb-
wwnin kyT BCA-M1) i 3a HaBHOCTI «CBIXUX>»
TpombiB edeKTMBHICTbL onepauin niaBuLLy-
€TbCHA, a KiJIbKiCTb MpPOXOAiB i TpWBanicTb
MeXaHi4YHOT TPOMBEKTOMIi 3MEHLUYIOTbCS.
.Adiametp CMA B cermeHTi M1 y Bunaaky ['1I
MEHLUWI, HiXX cepea 3aranbHOi nonynsauii,
WO, MMOBIPHO, NMOB’A3aHO 3 CYAMHHWUM aHri-
OCrMasMoM.

.HeBponoriyHuin ctaTyc nauieHTiB npu no-
CTynJIeHHi Kopentoe 3 PyHKLiOHaNbHUM pe-
3yNbTaTOM Ha MOMEHT BWMUCKWU, a PiBEHb
rAIOKO3M, apTepianbHU TUCK | NapameTpu
3rop-TaHHsa KpoBi He Bigirpann cTatTUCTUYHO
3Ha4ywol posii nig Yac NOpPIBHAHHA rpynm.

3asBa HarnsA[o0BOI pagn: 40C/iaAXeHHS 6yno
BMKOHaHO BiAMOBIAHO A0 NpUHUMNIB [enbCiH-
CbKOI Aeknapauii Ta cxBaneHo ETUUYHOO KOMi-
cieto KHIM «1 TeputopianbHe MeanyHe o06’ea-
HaHHSA M. JlbBoBa» (N°13 Big 08.09.2022).

3asaBa npo iHpopmoBaHOy 3roay: iHpoOp-
MOBaHy 3rogy OTpMMaHO BiA YCiX Y4YaCHWKIB
[OCNIAXEHHS.
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stent retrievers in patients with acute isch-
emic stroke after large-vessel occlusion. Pa-
tients with failed reperfusion (TICI 0-2a) were
shown to have significantly more curved dis-
tal carotid segments, proximal M1 segments,
distal M1 segments, and/or proximal M2 seg-
ments than patients with suc-cessful reperfu-
sion outcomes (TICI 2b/3).

A curved clot shape indicates that the latter
was formed in a tortuous segment of the M1
MCA, where some of the mechanical force ap-
plied during retriever retraction would be dis-
tributed radially. In contrast, a straight shape
indicates a straight segment of the M1 MCA
where mechanical forces can act on a target
thrombus with lower impedance.

Thrombi entering more distal segments of the
arterial branch from the MCA stem 1) are in
the smaller artery, access to which is more
complex; 2) increase the curvature to the seg-
ment of the MCA stem, dispersing the efforts
used to extract the thrombus across the line
of the main stem; 3) potentially more tight-
ly packed into the vasculature and resistant
to extraction; 4) may require multiple passes
to retrieve thrombus fragments from different
end-segment branches.

Early and erythrocyte-enriched thrombi are
usually associated with favorable outcomes,
such as higher reperfusion success, shorter
intervention times, and fewer passages. On
the other hand, fibrin-enriched thrombi have
a less favorable outcome, mainly due to their
stiffness and resistance to mechanical throm-
bectomy.

Worsening of the prognosis is associated with
increased thrombus adhesion to the vessel
wall and the prothrombotic effect of the local
vascular inflammatory response to the recent-
ly occluded embolic thrombus [33].

In patients with heart rhythm disorders lead-
ing to cerebral thromboembolism, prothrom-
botic changes, and hemostasis disorders are
observed in 50-60% of cases, and arrhyth-
mias lead to thrombus formation and throm-
boembolic occlusion of cerebral arteries [34].

Although these advances have changed the
paradigm of acute stroke management and
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can be considered part of routine medical
care, questions remain regarding the best
hemodynamic management of patients with
AIS. Although elevated blood pressure is a
common phe-nomenon in the case of AIS,
its prognostic value has not been sufficient-
ly studied [35]. Some studies have found a
correlation between hypertension and poor
outcomes, while others have reported inverse
relationships [36]. Other studies have identi-
fied elevated blood pressure as a risk factor
for developing cerebral edema, hemorrhage,
and generally worse clinical outcomes after
AIS [37].

In conclusions:
1.The vessel curvature and the thrombus
structure significantly affect mechanical
throm-bectomy’s success, complexity, and
duration during acute ischemic stroke.

.With a smaller curvature of the ICA and
its branches (larger ICA-M1 angle) and in
the presence of “fresh” blood clots, the
efficiency of operations increases, and the
number of passages and the duration of
mechanical thrombectomy decrease.

.The MCA diameter in the M1 segment in the
case of AIS is smaller than among the gen-
eral population, which is probably related to
vascular angiospasm.

4.The neurological status of patients at

admission correlates with the functional
outcome at the time of discharge, and
glucose level, blood pressure, and blood
coagulation parameters did not play a
statistically significant role when comparing
groups.

Institutional Review Board Statement:
The study was conducted in accordance with
the Declaration of Helsinki, and approved by
the Ethical Commission of MNE “First Territo-
rial Medical Association of Lviv” (No.13 dated
08/09/2022).

Informed Consent Statement: Informed
consent was obtained from allsubjects in-
volved in the study.
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