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Flow Rate Estimation in a Pneumatic Artificial Heart Using the Driveline Air Flow
Kentaro Ohnuma™*, (National Cerebral and Cardiovascular Center)
Akihiko Homma, (Tokyo Denki University), Hirohito Sumikura, Yoshiyuki Taenaka, Eisuke Tatsumi,
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Isao Shimosaki, (Medwill Technology, Inc.)
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The purpose of this study is to develop a flow rate measurement method of a pneumatic blood pump by means
of the driveline air mass flow. This report presents the correlation between the pump-output and the driveline

air-flow examined by the mock circulation test.
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(Artificial Heart, mass air-flow, Flow rate estimation, Blood pump, Mock circulatory system)
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Table 1. Specifications of the mass airflow
sensor.

0-200 L/min(std)

60 msec (Max)
1.3 mmHg - 10 SLPM
4.0 mmHg - 20 SLPM
Calibration gas Air
100 mV (Max)

'Flow Range
Response time
Pressure drop vs. Airflow

Power consumption
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Air hose
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= § Nt s Top dead point

Cylinder piston
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Fig. 1. Overview of the mock circulation test
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Fig. 2. Overview of the wearable pneumatic
drive unit for VAD
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Fig. 3. Photograph of the mass airflow sensors
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Fig. 9. Flow rate estimation.
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Development of a wearable pneumatic total artificial heart system
Akihiko Homma (Tokyo Denki University)*,
Hirochito Sumikura, Kentaro Ohmuma, Yoshiyuki Taenaka, Eisuke Tatsumi, Yoshiaki Takewa,
Eiki Akagawa, Toshihide Mizuno, Tomonori Tsukiya, Nobumasa Katagiri,
Yukihide Kakuta, (National Cerebral and Cardiovascular Center Research Institute)
Yasuhiro Fukui (Tokyo Denki University),
Isao Shimosaki (Medwill Technology, Inc.) ,
Hiroshi Mukaibayashi, Kazuo Katano, IWAKI Co.)

A wearable pneumatic total artificial heart system was developed. The performance of the system was
confirmed. The pump output of more than 8 L/min using a diaphragm type left blood pump was achieved. The
mean electric power consumption was approximately 20 W at 105bpm of pump rate.

F—TJ—F : ZEERHSHNLATOWE, BHER, V=777, FABEHE,
MER 7, A—"—7 o —EERRERER
(Pneumatic total artificial heart, Drive unit, Wearable, Noncircular gear,
Blood pump, Overflow type mock circulation loop)
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Fig.1. Wearable pneumatic total artificial heart
system
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Fig.2. Mechanism of the pneumatic pressure generation
system

Motor
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Crankshaft

Cylinder-piston

Previous system

Newly developed system
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Fig. 3. The pneumatic pressure generation system
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Table 1. The size and weight of the pneumatic pressure

generation sysutem

Newly developed system  Previous system

SizeA 101 x174x155mm 88 x 183 x 180 mm

Weight 1350g 1490g
Cylinder volume 100mL 90mL
Cylinder diameter 80mm 60mm

X4 FEMFEE

Fig.4. Non-circular gears
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(2:2) VY HE—ERLY Ze R EFRAME I, Table 2. The size and weight of the left and right blood pump
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YU F—ER R OEBESICIREERN R ERET. 7 Size(WxDxH) 91x64x47mm 100x 70x 45 mm
Y RBIEO L —AMEEA LTS, YU v F—ER b Volume 205mL 185mL
& iR yi&&ﬁ?é:?—ﬂ:—z IR 6mm. B X 2 Diaphragm stroke 45mm 40.2mm
mOMHEF 2—72HEL TS,

(2:3) SD LLREWE L)Y —CRA M OEEE Air hose
B i) B ERHAFH & e o (SD ) X, =50
EEh e 2 727 v 7 NERIC T RER L TR Y Blood puttp
fHiFbhic 2 BOFABEECLVERSN TS, 3FH
HEEO—FIZE 4 ITRT, 77V VR DC T—4 OEER Alr pressure
BBAIRS 07 v r 7 MEN L TERERCERS NS Rgﬁf¥

B, B—FOERAEESH N FEABEREIIC L AEEEER
EHCEEN, SDEEEVHLTWS, Liz2->T, SD
Hixd o UORH LEBEEEL - TS, EBEOFEHR

The pneumatic
pressure generation

FioBWTIT, BEDOIREBIZHE LT- SD L2 FoREhE % system
HEBUHAELTH 2 L THET 5, v

(2-4) BRESEHEME  BEBHEREL RS A ol
777 A EER UERBACHER S - BRERIRAIC Fig.6. System under test

EVEIREND, v v F—NEDOREENREREZ &
2BE, NEXOATHAL LA TWIFBEAVTERZ K,

REREZBZ 5 LAREVTEREER VAL, BB - BRE Afterload

AREBEED LTV I v ¥ —L LTHL 2 L TiRERES ,

ERMERY 7~ 3 & 2 EBEL TV, Afterload
3. HiE Preload
(3-1) {EFFEERRKIC K HEaEiMERR 4 —/1—7 Blood pumps

o —BBERERERE AV CERKERERBOMHITEN
Bl 2 IToTc, R LIEEEX AT 77 ABMKFR T
DOHEER 51, STEPCEEER 2 177, ALRIZIE—
#4 (Medtronic Hall valve) Z{Ef L. BIR—EHAHEIX

The pneumatic
§ <4— pressure generation

) . ) system
EALbH 75~80mL & 720 T3, Y
Afterload
100 mmHg
Afterload
30 mmHg

~ Left blood pump Right blood pump

X5 AERmERT
Fig.5. Left and right blood pump
MERY 7 & BRIERAEMEIENFEHAE S OERK S
EOTELEN 2m ¢RBH I T—F—R (WEF=2—
7)) ZRAVWTERLE (K 6), A—/\—7 o —RIEEER
HE (K 7) ZAVWT, EMERY 7HAROBTI AR I
10mmHg, HHRAOEAR T 100mmHg 12725 X 5 IZRE

X7 A——7 o —BEERE R R AR

Fig.7. Overflow type mock circulation test



L7z, RRRICEIRAR > 7 OfMARORTAR I 10mmHg,
HHR 0% AR L 30mmHg & 725 X 5 IZBRE Uiz, /BB
FIZIIAKEAEEAL, FAMERIREOB SICL Y B
EToTW5, ERFHER 8 ITTT, ZZTiRA Ly
M 77U My hFa2—T70OREIX 14dmm T, EXZZN
i 20cm, 30cm & L7z, EMHBEROHEEIZ., 77 b
Vy PFa—T7IRYMTZBEEKES (T106,
Transonic Systems Inc., New York, USA) 2L V{T-oTW
%, FEH%I 10bpm IR T 50 25 105bpm F TEL ¥,
&R 7 OEESREBIIELTMHTLBHICRD L5 ICH
¥ L7z, SD LB D=8 35%., 40%., 44%D 3 FEME & F
Rl

K3 RBEHF

Table 3. Experimental condition

Left blood pump  Right blood pump

Preload 10 mmHg 10 mmHg
Afterload 100 mmHg 30 mmHg
Driving condition Full-fill and full-eject
Pumping rate 50, 60, 70, 80, 90, 100, 105bpm
SD ratio 35, 40, 44%
Air hose length 2m
Working fluid water

4. R

(4-1) REEIRERRIC & ZHRETMEEREE A2
— 7 u—RERERE AW EA KRR Y 7O RS
H2K 8, MIICENEFNRT, SD bk 35%., 40%., 44%D
EREREHETAVZREO, ERVCTFOEXBEHET.,
MEHE 105bpm BICEFH T 8.1L/min, 8.4L/min.
8.6L/min & 72 o7z, RIFEIC SD K 35%., 40%. 44%DZEX,
EREEEL WO, AR 7ORKHHEX. #5
# 105bpm FFIZZ 21 10.1L/min, 9.4L/min. 10.2L/min
Lizolz, HHREAEROFEAHEBRENEZH 10, € 11
Y, ZREREMBOLHHEERE N, EALKER
T OERRFIZBWT, i 8~21W DFHEANTH - -,

5. &%

(5-1) WRMEREIRRIC & 2 HRETHERERICONT
VIUVH—ER N EAVWEEREREBE OB ET
W, ARBEEREIRRIC X AT EREBR 1T o /n, EME R
YR EBWT, 8L/min U EOHHITEEZR L, £ AL
L THo AR EEZ AL TWAZ L 2R L,

(6-2) SD I=2WWT  4[E 36%. 40%, 44% D 3 &
D SD IZOWTHER AT o 7228 BB EIRRBRICB WV
THRRERZEZRONRholz, BMALLEEEN, £
AL DIEDBZE TR MVBLOLE I FEERT, LDE & niK

Flow rate [L/min]
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Fig.8. Flow rate (Left blood pump)
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Fig.9. Flow rate (Right blood pump)

Mean electric power consumption [W]
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R FDA v vy hR— FNBREESRNB =0, BBWAT Fig.10. Mean electric power consumption (Left blood pump)



Mean electric power consumption [W]
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Fig.11. Mean electric power consumption (Right blood pump)
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D CREEMEL LRVWEEZORD, EL, ER
MERECLE LR — FOBERREBIZEVRWFERETLD
BEALH Y 2D X 5 2BAICIX SD OB/ LR
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(5-3) EEHERBEOFE-OLVT AFE. £AM1
R FIXENTNERR D LETERAEME L 8T 2K
ELoTWhHd, TNThOEKEREBRBOREEE
BlaZRETHIENTARETHD, 5k, BBEEZ SO
AN T BT, B—FR7 T 7% 7 MRS
B L. 1DOE—FTZoDV ) U F—ER N REET
BV AEERE X OND, ZOHEICIE. EFLENR
CIRRUHBE CEREI IS D, EAAHREEEY D
FAREDICIE, EAMERY 7OREE2EZ T—RHBHE
WWEAZZDITE,. BRBBREEOBRECLVELERD
T3, BESIBRICEV Ay T 74 ) v IBEERERL
ERER2DITDREDN ONPDODFERB L bND, T
LIZOWTIIABOFMRRTFBPLEL Bbh 5,

(5:4) V7S5 TLEBHEBOERLIZOVT 4
B, RIEL-ERERERBOEARRE 2=y Ml 1350g
LEBCBERETHIN, 5%, BFEEEL LTRRLTS
7=dIiE, RIAREK, 77— LEK, EREIEK. St
R EMDSR—Y B — oD — RTEHFRALLERH D, T
NHEDOR—=Y ZHMBALVTERETEDLS bVWOKE SRE
ENERTEINEIDIZOVWTIRSEORTBBLETDH
B

6. #Eim

ZEEBHRN T =T 77 NVEANTUE Y AT ADORFEEZ R
e L., MR- EREREHEOMEETMCRET 2R
iTol, A—"—7 o —EIEEREREREHWT, 8
#¢ 105bpm FFIZ 8L/min U EOHETMEZER L, FHH
BENIT20WRIE TH o, BELEEREREBBITZE

SRR =7 T INEALLBY AT L2 EBRT DD
CRHEREAMEEEAL TV LEXLND,

BEE . AFRO-—BIREFARMEYGE REES
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