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yCTpOMCTBO Ana AMUTaLLUU NYyNbCOBOro it

KpoBeéHanosHeHUA GPIOUJHOTO oTaesia aopThbl
M.P. Kogenko" 2, A.B. M'ycesa’

" Hay4HO-NpaKTUYECKWIl KIMHUYECKMIA LIEHTP AMarHOCTUKN W TeNIeMeINLIMHCKIUX TexHonorui, Mocksa, Poccuitckas ®enepaums
2 MOCKOBCKMIA rOCY/apCTBEHHBIN TEXHUUECKMIA yHuBepeuTeT uMenn H.9. baymata, Mockea, Poccuiickas ®eaepaumsa

AHHOTALIMA

06ocHosaHue: KoMnbloTepHas ToMorpaduyeckas avruorpadus (KTA) sBnsetcs «30/10TbIM CTaHLAPTOM» OUArHOCTUKM
BosbLUMHCTBA cOCyAMUCTBIX NaTonoruin. ONTUManbHbIA METOL, COBEPLLEHCTBOBAHWSA 3TOM AUArHOCTUKM — UCMONIb30BaHWe aH-
TPONOMOPQHBIX TKAHEMMUTUPYHOLLMX GaHTOMOB, NockonbKy KTA-uccnefoBaHue CONpOBOXAAETCS IYHEBOM Harpy3Koii U pu-
CKOM af/iepruyeckux peaKLyi npu MCnob30BaHWM KOHTPACTHbIX BellecTs. [loMuMo cobntoaeHns COOTBETCTBUS PEHTTEHOB-
CKWX CBOMCTB COCYAa HeobX0AMMO TaKKe BOCMIPOM3BOAMTL MyNbCaLym, BO3HMKAlOLWWMe B aopTe in vivo. 0630p cyLecTByroLmx
PeLLEeHMiA JeMOHCTPUPYET MaJioe YMCII0 O0TeYeCTBEHHbIX pa3paboToK B AaHHOW 061acT Npy CpaBHUTESIBHO BbICOKOH CTOMMO-
CTU 3apybexHbIx aHanoro. Kpome Toro, CToMT 0TMETUTL OTCYTCTBME BOCMPOM3BOLMMON METOAONOMMM CO3[aHUs YCTPOWCTB
MMUTaLMM NyNbCOBOTO KPOBEHAMNOJHEHWS C UCMONIb30BaHWEM [LOCTYMHBIX M HEAOPOrUX MaTepuUano..

Lleste: paspaboTka rMAPOKOHTYpa ANA UMUTALMU NYNIECOBOrO KPOBEHAMOJHEHWSA B TKAHEUMUTUpYIOLLEM (QaHTOME aopThl.

Memodsi: npoBeAEH NUTEpaTYpHbIA aHanu3 CyLLEeCTBYHOLLMX YCTPOMCTB MMMTALMK MYNbCOBOTO KPOBEHAMNOJHEHMS, a TaK-
e TKaHeuMuTUpYtomX daHToMoB bptowHoro otaena aopTbl. ChopMMpoBaHbl MeAMKO-TEXHUYECKME TpeboBaHWA K Npoek-
TUpyeMoMy ycTpoicTBy. PaspaboTaHa cxeMa ynpaBneHus, onpefeneHa cxeMoaneMeHTHas 6asa u cobpaH MaKeTHbIN 0bpasel,
rMApPOKOHTYpa. Ha ocHoBe 0630pa nuTepaTyphbl ONpefenéH Matepuan, NPUroLHbIN 1S BOCNpoM3BeLeHUs b1uoMexaHU4ecKux
XapaKTepUCTUK apTepuanbHOW TKaHW. M3roToBneH ynpoLLEHHbIM GaHTOM cerMeHTa bprowHoi aopTbl. MakeT ycTpoiicTBa
BKJIKOYaeT B CebA: yNPOLLEHHbINA haHTOM BPIOLLIHOM aopTbl, CUCTEMY YNpaBAEHMS, HAacoC, AaTYMK AaBNEHUS, pacxoLoMep U pe-
rynsTop notoka. [lpoBeeHo NepeUYHOE TECTUPOBaAHME Pa3paboTaHHOro KOHTYpa B pexuMe 6a30BbIX CUTHANOB U B PeXUMe
MMUTaLMKM peanbHoro npoduns notoka. basosble curHanbl npefcTaBnsanu coboi NepuoaMyeckue NPAMOYroNbHbIE CUTHAbI,
BOCNPOM3BOAMMbIE C Pa3fINYHOM YacTOTOW, UMUTUPYIOLLME HOPMaTbHBIW, YYaLLEHHBIA U 3aMeAneHHbI nynbc. C ucnonb3oBa-
HWEM LLUMPOTHO-UMNYNBCHON MOAYNALMK NoNydeH Npoduib NyfbCOBOM BOMHbI ABJIEHUA.

Pesynemamei: pa3paboTaHHas KOHCTPYKLMA MMAPOKOHTYpPA MO3BOSMMA YCMELUHO BOCMPOU3BOAUTL NPOdUAM AaBNeHUs
M CKOPOCTM MOTOKA B TKaHeUMuTUpyloLleM daHToMe aopThbl. [lanbHelilee pa3suTvie NpoeKTa NpeanosiaraeT U3roToOBAEHUE
W BanMAaUMI0 KOHTYpa C MCroNb30BaHWeM aHTponoMopdHbIX Bepcuin haHToMa, MofennpoBaHue aHrMorpaduyeckoro uc-
CnefoBaHus.

3aknoyeHue: nonyyeHHbIe pe3ynbTaTbl MOryT ObiTb NONE3HbI ANs cOBepLUeHCTBOBaHUS MeTopuk KTA, a Takxe ans pas-
paboTHW aHMMOXMPYPrUYECKUX 0BYYaIOLLMX CTEHOB.

KnioueBble cfloBa: TKAHEMMUTUPYIOLLMIA haHTOM; BPIOLLHOI 0TAEN a0pThbl; KOMMbloTEpHas ToMorpaduyeckas aHruorpagus;
TMAPOKOHTYP.
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Hydraulic circuit for pulse flow simulation
in the tissue-mimicking aortic phantom
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2 Bauman Moscow State Technical University, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Computed tomographic angiography (CTA) is the “gold standard” in the diagnosis of most vascular
pathologies. The optimal method to improve this technique is the use of anthropomorphic tissue-mimicking phantoms,
since CTA is accompanied by radiation exposure and the risk of allergic reactions when using contrast agents. In addition to
compliance with the X-ray properties of the vessel, the pulsations occurring in the aorta in vivo must be simulated. A review
of existing solutions demonstrates a small number of national developments in this area at a relatively high cost of foreign
analogues. Moreover, the lack of reproducible methodology for creating pulse flow simulation devices using available and
inexpensive materials is worth noting.

AIM: To develop a hydraulic circuit to simulate pulse blood flow in a tissue-mimicking aortic phantom.

METHODS: A literature analysis of existing pulse flow simulation devices and tissue-mimicking phantoms of the abdominal
aorta was conducted. The medical and technical requirements for the designed device were formulated. The control circuit was
developed, the circuit element base was determined, and the hydraulic circuit prototype was assembled. Based on a literature
review, a material suitable for reproducing the biomechanical characteristics of arterial tissue was selected. A simplified
phantom of the abdominal aortic segment was made. The device model included a simplified abdominal aortic phantom, a
control system, a pump, a pressure sensor, a flow meter, and a flow regulator. Initial testing of the developed circuit in the
basic signal mode and in the real flow profile simulation mode was performed. The basic signals were periodic rectangular
signals reproduced at different frequencies, simulating normal, rapid, and slow heart rate. Using pulse-width modulation, a
profile of the pressure pulse wave was obtained.

RESULTS: The developed hydraulic circuit allowed successful reproduction of pressure and flow velocity profiles in a
tissue-mimicking aortic phantom. Further development of the project will involve fabrication and validation of the circuit (using
anthropomorphic versions of the phantom) and simulation of the angiographic study.

CONCLUSIONS: The results may be useful for the improvement of CTA techniques and the development of angiosurgical
training stands.

Keywords: tissue-mimicking phantom; abdominal aorta; computed tomographic angiography; hydraulic circuit.
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