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AHHOTANUA
OMOoIHM3anust — MaJIONHBA3WBHASL XUPYPrUIecKas MpoIeypa, IpUMeHseMast JUls yMEHbIICHHUS IIPUTOKA KPOBU
K TaTOJIOTHYECKUM y4acTKaM opraHu3ma /laHHOe BMENIaTeIhCTBO ITO3BOJISCT IPOBOJUTH XHPYPIHUYECKOE
JeYeHue ¢ 0oJbIIel TOYHOCTBIO0. DPHEKTHBHOCTH POy PhI 3aBHCUT OT OAO0Pa SMOOTH3UPYIOLIETO areHTa
W CO3/IaHUS MOJIENe, CIOCOOHBIX MOJICTUPOBATH KPOBEHOCHOE PYCIIO.

B pabote nmpoBeneHo MozaenupoBaHue Iporiecca aMOoau3annu. McenenoBanus MpoBeieHbl HA MUKPO-
¢monanoit ycranoske Qmix Pro Ext (Wingflow AG, IlIseiinapus) co cienuanbHO pa3paboTaHHBIM pabouuM
y3JI0M, B KOTOPOM HPOUCXOAUT CMEUICHHE TIOTOKOB BOJBI (MOJEIBHON Cpe/ibl) M AIMOOIM3UPYIOIIEro areHra
(opranmueckoii (a3sl). Boay momaBamm mo JuUMETHCYIb()OKCHA-YCTOHYMBBIM KaMJUIApaM, a SMOOIH3H-
PYIOLIUH COCTaB — uepe3 LINPHIlLl ¢ uritaMu Kaauopos ot 23G mo 30G. Koncrpykuus pabouero ysia mnpej-
yCMaTpuBacT €ro repMeTusanuio BO 1/136e>1<aH1/Ie CMCHICHHA HIJIbI OTHOCHUTCIIBHO KallWJuIApa, a TaKXKE HEXKC-
JaTENBHBIX MPOTEYEK MOJIEIBHBIX cpell. OnTHyeckas Mpo3padyHOCTh KOHCTPYKIIUH TI03BOJISIET KOHTPOIUPOBAThH
nporiecc in Situ, KOJMYECTBEHHO XapaKTepU3ysl ero BPEeMEHEM, HEOOXOAMMBIM JUIsl HIOJHOTO OJIOKHPOBAHHS
Kanuuisipa (Bpems SMOOJIU3aLum), U JUIMHOH chopMHupoBaHHOTO dMO0I1a. /Iana3oH CKOpocTei BOJHOM cpe/ibl
BapbupoBasd oT 0.5 10 17 MJI/MHH., YTO COOTBETCTBYET CKOPOCTSM KPOBOTOKA B KPOBEHOCHBIX COCYHaX.
OMOONMHM3UPYIONIMH COCTaB TOAABaIM C TOCTOSHHON CkopocThio — 0.5 mi/muH. B KauecTBe MOJEIBEHOIO
SMOONM3UPYIOLIETo areHTa NpuMeHsin 6 % macc. pacTBOp anerara LeJUII0I03bl B AUMETHIICYJIb(OKCHIE.

B pesynbrare paGoThl Oblia MOATBEP)KICHA TEPMETUYHOCTH pabouero ysia W BOCIPOM3BOIUMOCTH
Pe3ybTaTOB, MOJyYaeMbIX Ha ycTaHOBKe. OmpeneneHo BIMsSHUE KanuOpa Uikl U CKOPOCTH MOJAud BOAHOU
¢da3el Ha Bpemst SMOONU3AIMK M JUIMHY 3MO0Ja. DTO MO3BOJIAET JIaTh PEKOMEHJIAIIMU TI0 HAlpaBICHHOMY
no00py KaauOpa WIIIbl 10J] KOHKPETHBIH KPOBOTOK. TakuM o0pa3oM, MpeioskeHHas YCTAHOBKA ITO3BOJISIET
MIPOBOJIUTH MPOLIECC IMOONIM3ALNN CTAOMIBLHO C BAPbUPOBAHUEM HEOOXOIUMBIX TAPAMETPOB U MOYKET CIIYIKHUTh
JUI TECTUPOBAaHMSI 3MOOJM3HUPYIOIIMX areHTOB B YCIOBHAX, CXOXKHX C KPOBEHOCHOM CHCTEMOH UelloBeKa.
VYCTaHOBKY IUIAHUPYETCS WCHOJIB30BAaTh ISl PACIIMPEHMs [AWarna3oHa MWCHBITaHUH Ha JApyrue 3HaYeHHs
CKOPOCTH I0JIa41 SMOOJIM3UPYIOIIETO areHTa 1 APYrre THIThI SMOOTU3UPYIONUX areHTOB.
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Abstract
Embolization is a minimally invasive surgical procedure used to reduce blood flow to pathological areas of the
body. This intervention allows surgical treatment to be performed with greater accuracy. The effectiveness of
the procedure depends on the selection of an embolizing agent and the creation of models capable of simulating
the bloodstream.

The embolization process was simulated in this work. The research was carried out at the Qmix Pro Ext
microfluidic installation (Wingflow AG, Switzerland) with a specially designed working unit in which the water
flows (model medium) and the embolizing agent are mixed. Water was supplied with dimethyl sulfoxide-
resistant capillaries, and the embolizing compound was supplied through syringes with needles of calibers from
23G to 30G. The design of the working unit provides for its sealing in order to avoid displacement of the needle
relative to the capillary, as well as unwanted leaks of model media. The optical transparency of the unit makes
it possible to control the process in situ, quantifying the time required for complete capillary blockage
(embolization time) and the length of the formed embolus. The velocity range of the agueous environment varied
from 0.5 to 17 ml/min, which appropriate to the velocity of blood flow in the blood vessels. The embolizing
compound was supplied at a constant rate of 0.5 ml/min. A 6 wt.% solution of cellulose acetate in dimethyl
sulfoxide was used as a model embolizing agent.

As a result of the work, the tightness of the working unit and the reproducibility of the results obtained at
the installation were confirmed. The influence of the needle gauge and the rate of water phase supply on the
embolization time and embolus length was determined. This allows you to give recommendations on the targeted
selection of the needle gauge for a specific blood flow. Thus, the proposed device allows the embolization
process to be carried out stably with varying crucial parameters and can serve for testing embolizing agents in
conditions similar to the human circulatory system. The installation is planned to be used to expand the test
range to other values of the flow rate of the embolizing agent and other types of embolizing agents.
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