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Study on practical application of a catheter-based intravascular rotary blood
pump for assisting renal blood circulation in acute cardio-renal syndrome

Sumikura, Hirohito

12,800,000

4 mm 25,000 rpm
0.9 L/min 18 mmHg

In this stud%, we developed a minimally invasive catheter-based
intravascular rotary blood pump which can perform renal blood perfusion on renal ischemic
dysfunction in acute cardio-renal syndrome. We proposed the flow control method of the rotary blood
pump which has two outlet ports against one inlet port in order to assist simultaneously to both
kidneys and confirmed that different flow support is possible for the left and right kidneys. In
addition, we constructed an automatic optimization system consisting of computational fluid dynamics
(CFD) analysis and optimization algorithm, and optimized the shape of the blood pump. Based on CFD
analysis results, a wire-driven catheter-based intravascular rotary blood pump with a diameter of 4
mm was prototyged. As a result of performance test, a flow rate of 0.9 L/min and a pressure head of
18 mmHg were obtained at a rotational speed of 25,000 rpm. It was suggested that the target
performance could be achieved by improving the drive system.



B X C—19, F-19—1., Z—19 (dm)

1. WFZERRLA S D75 5

SPELREMERECB T 2 EMEB AT L, MBI s 25 E 2 W e R o &AfiBh iz
L 2B MATEIRE DL EAIE, BHEREDRHEIC L DR BRI S LA OBRBIC S22 0 | Ak
D EBREEREOEME R A W HY 2 aREMEEZH LT 5, EITEICB VW T, ik, n—F—Ro
T W ARSAME R IC L D @I R R B LIRGT 2170 Bl TEIE O B LC R B O
Mgy, KFEEOFMEZ R LTERZY, L, AFETIINEHFERLETH 5 - HiF
MREL, BERADEBREICERRAAHEEZ D, TOD, KEETHREDMATEIED L E
{bEFREL T HMMIEEREENMLE L E X HILD,

2. WtoHBY

AW T, Bicxr L, RHICIRMR RIS CEERESNICIREMB 21T 2 2 & T, S0 BE
RIS B 2R ZW B0 0 | DA RBE OOHERE DR CEIE 2Rt rTRe /2 1 7 — 7 L
MR 7O Z B E LT,

AR TIE, BAFIORTIEE 25506 L=,

(1) ABMEMBH AT — 7 LRI AR > 71 TEA OB kT Ui 2 i BB 217 5 729
DO ERIENEIZ OV T, EBRHMEAR > 7 23R E L, BEIEER P 2 AWl 217 - 72,

(2) WEKRBARZEIT->TEZ 2 DOMH A ZHTHIMEA Y 7zt L, Lo/ MU AR, U
A Y —BREH D T —T VKBRS T ELR LT,

(3) MEARy 7O L2 B E U, BB (Computational fluid dynamics LAF.
CFD) & b7 v T U XAz o H L BERE (LS AT LA E2FTZITHEE L, IiRA > 7 F
R BEREICOWTHRB 21T 72,

(4) CFD fifhlr Ot R % FLIC U A ¥ —EBRENV L 7 —F LRI o 7 D LR &2 RIE L, R 7 PERE
R AEIT o7,

3. WFFED kL

(1) B L4l Bh A 7 — 7 L 2R AR o 7 O

BHILFEAHBI B 7 — 7 AR AR > iE, NIRRT, B E B X O T T A0 b
W LTz, 7 —T ViR E 3 A/ MNUME R > 7L, A>T, T TV L ADCE—H,
= 7 AR = 2 — LSRR L = TNERICRE LA T AT T LR DC
E—HICL o THERS 5 2 & Tl EMT 28 L Uiz, /IR AR o 71X RKERENRD
AL, BRI OGS RKEIRNICHIES 5, 2070, IR AR - 71%, A BRI
LRI ICABh 21T 5 72012, AL L EPTc LCitin 2 2 A4 5Bk E L2 (K D), I
WA 7O BEMRIT, AAEBIRIC L Ci&E 1 L/min (FABFBIARIC)E L 500 mL/min) . 45
230 mmHg & L 7=,

%mﬁﬁﬁbf~ﬂ»l|4@mw®7| (b) B FEREEN T — T L
(a) BMiEMBI 17— 7 VAU A o 7K & AR > 7 D FEr
X1 i i b 7 —7 LR iR AR o 7 O

(2) BB A A 7 —F A RUMIE AR o 7 O B T B3 5 EER A LR

ARG MGEHBIA 7 7 — 7 VRUR AR o 71, 72 OB gz RRHZHBI T 2 72012, AR 1
EATICR LR 2 BATOMHE A2 H/ T2 & W) Fs %o, EAFNENOBIgIxT LiEs) 72
TREMBI AT O 72D O EHIENEIC OV T, EEENRRE 21T 72, WREHEEL, £4 2 H
Frovi it 0zl 7 st LR 5@ ST, BT, A XT3 — v o 7S LG s w]
B oML Liz, Z07d, A U _RIMEEZELSEA T =i O o2 =Xz
FEloZEHZ LT, EARHONbOREEZHIEAREE Lz, AEHIEEICE L T, 4
FNEE NN TANC B e B EBRH R L S N EIRE LR B 21T o T



(3) U A ¥ —BRE N 7 — T VAU AR > T DELR

BIIE £ CIZBHS L2 & MGtaiBI 7 7 — 7 VAU AR o 713 BRI+ Th 2 23, 3RIE
PEOIRELIL 16 mm & fED T —T VTR, BET L2 Z L3 L <, £z, BERTH LT
—ZIZOWT /MR KB L E 2 bivi, £ 2T, MRAR - 7EO/NVE b " Re7r, UA ¥ —
BRENM ) 7 — 7 VAR o 72 BR LT, U A Y —BRE 0 7 — 7 Vsl aR > 7%, /i
AR 7 T =7 v BB — 2 DRk LT, /NI AR 713 A T r—=v T
2, VA Y — BEOU Y 7 bR L, VA Y =3V T =T AWNICRE L2, AT
EUAY SR AaEE L, VA Y —RImit LB HE— 22 v 7 hEHWTER T L2 L
T, A T ZRIERERET 5 Bt & L7z,

NTF—FIL 74—

BB E| 5( HF—FI ] MNEMERY T N RA L T E
2 UAY—BRED T — T RN 7 OB

(4) B My miB i A 7 —F A RUIE R o 71280 5 iR R 7Tk 0 2 B ) faifb

BB T — T VUK AR o DR S YERED ) LA B & L, CFD & w7 u =Y
ALZEIH LT HEREL Y AT D EHICHEE L, RE > 7RO A #EmE ki oV TR
HEITo T,

ABEERE(LS AT A%, 3DCAD Y7 b =7, CFD V7 b =7, BILORHEEY —L»
SRR L2 (X 3), R AT AL, 3DCAD I X DFENTET /VOAR « B, CFD I X DT 21T
VN, FRMTRE SR X0 BREHER Y — LY B BRI OB A I U7 S SRR E RIS E CRME AR Y
W2 & T MERAR > TR OREbE BBV TIT 9,

HROBE X, 7 —T7 AR > 7 O R v 7 PERE L EERE D\ A B E L, B0 R K
b, BEOR Y T EIRO R KB AWIS D OR/IME E Lz,

fEATE T UL, CFD T D 324 VE 2 314t 3 5 72 60 DK EBR ORI 2 FFERL4 5 7202, iR v
T T —T . B L OB MAAEAL (N 10 mm) 2> B LT, fEHTET V1T, 2K 65 mm.,
BAME10 m & L, KR 7ORBIZNE3.2mE Lz, 4oL, 2F 7.5 mn, B3
mm & L7z, fENTET VORRGHERIT., A o _XTHiE (D1~D5), A X7 v F (P1~P5), ¥t
AEmS EDO 1L EHE LE (K4),

CFD AT ST, WA DICHE R 1.0 L/min 22 B HEH Lzt 2 5 2 . B o 0 ixEh
BEHR L LTO0.0 Pa, A 2T DEIEEEIT 45,000 rpm & L7, Hei{bFiElT SHERPA & L, FHE
[m1%0% 500 [B] & L7z,

Inlet —>m=
I

Design exploration software r/
Automatic optimization process )

CFD software
| CFD analysis of original design

Setting of objectives |

3DCAD

Modeling of original design

and setting of design 3DCAD

variables Changing of design variables and
remodeling of pump geometry

Preference of optimum ‘ CFD software

designs CFD analysis of new design

Outlet
Calculation is repeated until number of
calculations preliminarily set up.

CFD analysis model of
original design (Impeller)

X3 HEE#ELS AT LD T o —F v — ' o
4 4 fEHTE T L& RREHES



(5) UA Y —EREV H T —F VKUK AR > 7 D EEORME, I LR FHERE R

CFD & i b7 = U XAz ol Lc HERE G S AT SIS K 2 e b R 4 2R MR v
TORMEEIT o Too A VT LR TIRBEILIRICE Ui idE b R L 0 s WS REA S D,
MOIMIRAR > 2B T DREmE AWIS OBV EREZERLFEELZ, RIELEA XT3, B
£E3 mm, AR T mm, MEAR X, B4 m, R7EHER 37T m THDH (Kb5@), 1
FEUAY—EmEHEBEEL, VAP —Kmi AT E—F tEx y 7 hERHWTERTHZ
& TA T ZAERERENT DL L2 (K 50b)), ELTZU A ¥ —BREE 0 7 — 5 L2l i
RN T, BERIEER A1 &2 W T2 R o 7 HERERRBR 217 o 72, 14, TEBEN IR ITRIE O /KE K %
W, RIMIEAR 7 % B EIRIT R OIS KREIARNICR E LB+ 2 Z L 2 E L, iAo 7D
HEEMEREZ . WIS L& 1 L/min, 452 30 mmllg & L7=,

AT—TI

INEfEART |

AN

(a) /NI 7 4B (b) U A ¥ —ERET B 7 —F AR R o T
X5 UAY—BEEE T —F LRI R 7 O

4. BF7EE R

(1) P SRS S

FEER MG AR 7B D EAREAOOR S 7HREEZK 6 1R Lz, RBROFE. 1T %
1.5, 0.0, 1.5 mm & BARAAEICTHZ & T, LiE 0.54, 0.44, 0.37 L/min, FHJitE 0. 43,
0.57, 0.65 L/min &, EADKEICEEZELSEDLZENAETHTZ, 7272 L. A XTI
0.0 mICBWTELADOHERENRLRS>TWEZ 2D, A I IEOTHEA T DR
WZOWT, HARDRANLELE 2 S, RiEESIENEIC TEA ORI L7 2 &)
MWATBER Z L AN R ST,

-@-Left outflow_+1.5 mm -0-Right outflow_+1.6 mm
250 -&-Left outflow_0.0 mm -4-Right outflow_0.0 mm
@ ¢ -B-Left outflow_-1.5 mm C] ‘B-Right outflow_-1.5 mm
g 200 ﬁ
k) Kl
L1 o
-1 &
2 150 E
g 100 8
A R
50
0
0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08

Flow rate (L/min) Flow rate (L/min)
(a) AR FMERE(+L.5, 0.0, —-1.5 mm) (b) AFHE AR 7 HEE(+1.5, 0.0, —1.5 mm)
X 6 FEERAMER S T I2BITAELTE D OR L 7 HfE

(2) Fc i bk F

B b RO 2 X 7R Uiz, XIOREHENT R 2 | fEfhl 3 R i AWS 72~ LT
W5, 500 [BIOREHER 21T > 72 f5 8. 3DCAD LTI —, BL ORI A4 =T W
A EBRS 404 BT A RS LNT, W, BRKEEREE WIS 123 1000 Pa 22 5T YA
NZOWTIEARZ Z 70 BERNTWN D, FHEREEEEINT 2122040, SRESHEM L, KR mH
AW I MK T3 2 3RS S A7z, e bAE R L v AU T T A o (B 17, 2 mnllg,
e REEM - AUWNIG ) 788.5 Pa) LLblg LT, B & G REEEE AWIS ) & blcgaEs T
WA UBNEBEGEONT-Z ERERINTZ, M TICBWTERENE . ol KEEm B ABS S 2
BWF YA 2R L TRV —MRE LT, FV T ATHAL XL — MR EOTFTH A
NZDWT, A U R_RITRO EIT S TR, BRROKKRIbE A T HAMA (P1) O,
BLOA T (P4, P5) DOWDITHEND D LR i (K8(a)), £7-. & ABEH
AW D/ IME & sl EE ORI . B KO PR OBINCHRER & 5 Lo &tz (K



8(h)), XL — MEZRBWT, AV PFATHA B LEENE L. D oBEEE AWS 10
B LT A (No.466) ZHRET VA VBB LZX7), @7 A1 0%, SHEN 79.6
mmAg, B REEEE AW /178 528.3 Pa TH Y, AV PFATFTHA L0 b HRENTESI N,
Fo, EBRlfE b A FRIC, R TP 0 ORFHERIC 2 BEAMZ T2 1385 L, L0 EA
> T O QIR DN T [ RE IR FRNTE T M TRl L 24T o T2 fE R, AR 2 TR DR A iR
R 7 OMREN BICH 535 Z BRIz, Bio, BRBEIC W T, R 7 HEED M L%
BEX L7 BB BRoR KR ZEEE L, WPEFED M L2 EX L- BB 02 2 H
L b EITol 2 A, —HOBRIBEBOERTIZE Y A L RXIBRICENNRELDZ N
RBEN, R TVEREZEHERF Lo, IEIMIEREIC K L CTH T A 2 AR TREZ R & & 2SR
SINTe, ARillb s AT DAL D 2 &SRR, R 7 HREWEIMAERE & Vo o o
REZ X TR TR A BB CAERRRIC /R D E B 2 b,

EDARA

1 E No.392 No.350 No. 430 No. 269 No. 494 No.456 No.469

Original design Optimal design Pareto designs

1000 —t \ RSOOSR o osbos ot OO GRS
- 900 Low Pressurehead High
&n 800
Em s B o e Pal o (2) S5
§ 600 ® § .
@ 500 & e i
.§ 100 = Pareto designs ‘L .,L Q
£ 500
£
% 200

0 No.392 No.350 No.430 No.269 No.456 No.494 No.469 N .1
0 10 20 30 40 50 60 70 80 90 i Pareto designs § Qdeinal
Pressure head [mmHg]
7 %i@ /f [ﬁ;jﬁi':l: % Low Maximum wall shear stress High
(b) AW
X8 FVIFNATHA L
R— R FHA
(3) R o TP RERBRAE 5

RAEL 72U A Y —BREVEL D 7 — 7 VUM AR > 7 & B iR B (A1 S B L. AN > 7 PERE R BR

%ﬁoto%@F%\@%ﬁZ&WOmeT\MEO9LMm %&ummg#%gnt(l
9), L2rL., &Y EEEHE TCOREMNKRETHY . BIEMERETHDHIE 1.0 L/min, HFE 30 mmHg
EERTHIENTE o7, KA E LT, B HE— ¥ DREzE VA vl HBEGET S
OO X 7 FOBEHRNIZL D2 bD LB LN, 20D, UA v—BRE 07 —7 AR
VT OERENRERE L, LV SEESGER T O A RIS S Z & T, BAEMRE A kAT 2
LRI X T,

35
,éo Q) feerrerrrasrrsnnire | E E{E
g 25
£ H © N=10,290 (rpm)
% 20 ° @ N=15,610 (rpm)
515 i @ N=20,230 (rpm)
20 © ® N=25,270 (rpm)
2 °
~ :
A5 ° i N: Rotational speed
0

0 02 04 06 0.8 1 1.2 1.4
Flowrate (L/min)

B9 N7 RE bR R

23 ik

(1) Hanada S, Takewa Y, Mizuno T, Tsukiya T, Taenaka Y, Tatsumi E, Effect of the
technique for assisting renal blood circulation on ischemic kidney in acute
cardiorenal syndrome, J Artif Organs, Jun;15(2), 140-5, 2012



13 0

(48)
2020

€1
2019
40
2019
35

2019




(58)

2019

40

2019

Sumikura H, Aoyagi K, Ohnuma K, Hanada S, Tsukiya T, Mizuno T, Homma A, Takewa Y, Tatsumi E

A study on optimal pump design of a catheter-based intravascular rotary blood pump for assisting selective renal blood
circulation

26th Annual Meeting of the International Society for Mechanical Circulatory Support (ISMCS)

2018

(56)

2018




€1

2018

(45)

2017

(54)

2016

Sumikura H, Ohnuma K, Hanada S, Tsukiya T, Mizuno T, Homma A, Mukaibayashi H, Kojima K, Takewa Y, Tatsumi E

Hydrodynamic evaluation of a catheter-based itravascular rotary blood pump for assisting selective renal blood circulation

Annual Congress of the European Society for Artificial Organs (43)

2016




32

(16)

2016

2016

(Taenaka Yoshiyuki)

(00142183) (84404)
(Tatsumi Eisuke)

(00216996) (84404)
(Ohnuma Kentaro)

(50527992) (32717)
(Takewa Yoshiaki)

(20332405) (10107)
(Tsukiya Tomonori)

(00311449) (84404)




(Mizuno Toshihide)

(40426515) (84404)
(Homma Akihiko)
(20287428) (32657)




