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Zero Point Drift Compensation Method using Pulse Transit Time for Blood Flow Meter
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: We have developed a blood flow meter especially for an axial flow blood pump. However, zero point drift of the

flow meter is caused by external factors such as temperature change and external forces. This factor makes it difficult to
measure flow rate precisely for long periods. Therefore, we proposed a zero point drift compensation method using Pulse
Transit Time (PTT), which is not affected by external factors and correlated with the amount of pressure change. We
measured PTT and the amount of pressure change on the pulse wave simulating the heartbeat. As a result, the correlation
was confirmed between PTT and the amount of pressure change. This result can explain zero point drift is compensated.
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Fig.1 An example of the correlation between flow rate and
power consumption under constant rotational speed
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Fig. 2 Blood mass flow meter with two strain gauges



3. WETILIYXL
3-1 IRRIGHERE - B

R A HE I (PWV : Pulse Wave Velocity)id, BIfk% e
JENRM: O TH DD, @RO BT, R 2 SEICET
DR 2Lk Lic & &, PWV L, 20 2 KB OKRHZETH
DR ARTERF(PTT : Pulse Transit Time) & 2 s o BEpHE
(AL 5, () TEHZSIND.

pwy = AL Q)
PTT

—J7, PWV L& OMEDRFRIX, Moens-Korteweg @

Xne, XQ)THREIND.

EXxh
2rxp

PWV = @)
ZIT, ElXv R, hIMEEOEX, HZmENDY
2, p \ZIME DR 2R, Yo S RUSNDNT A— 2T
YU TR TEEEN/NES L, PWV IIFIE Y o 7RI
EELTWDL ERETS. £, Y 7RKiE, XG)TET
TLINTE A,
AP

E=3xap 3
AP (FEE b E, AD IZMEREONRE(EEZRT. K3
2, FEAZEA R AP DEFRETT. RNGB)EZR(D), QIZRA
L, % a b LTEHTLE, K@ OND.

AD
- /_ @
PTT =« AP

K@) 6, PTTIE, ENECER OARE L&D AR
Thb. ZOLx, ENWELEE, OTHFS—VICiE
LNDHDICH L, NEEER, HUARETHD. 22
T, WERELE L ENRBEMOBMRICIEH Lz, T8
M43 &, WEIFIER TN, ok, ENELER
—EETDHE, FEHREEOBEMIfE, ARITZE LD
b5, DFEY, AREMEE, /ha<Rb. ZZTHE
TIRARAE & WRRZEAL B BIRRICH 5 Lirl 95 &,

AD =B xP, (5)
T 2T, PLIEM 3 IR MBI QT NIRAKE, B I3fREE R
. RO ZR@ITRAL, EEy L LTEAET L L, KX
(OLXETZY (RN

P, =y X PTT X AP (©6)
bbb, EREMT, PTT L ENVE(LEOHETH L.

3-2 ¥Rm K T MEEE

ARIMFEFHE, LB _T=LBY, OFTH»LIREEFHH
LTW5a., LEeR>T, MsHZAELHMED KU 7 &
WETH7=0iE, OFTARICAELLEa i RY 7 b a4l
THNENRDD. Z07=H, R(6)L VBB PTT &7
BB VENRARMEORRN S, OTARIZAET D Er R
KU 7 hEgfET 5.

ErR RV Z MIE-T, BEERERK3 DL HIZZE{bL
TERETD. Z0& &, JENEE AP ITE(L LW,
OTHOPa AR 7 M2k, U7 ML7EEZ Pom
ETDE, PLIE, PPpg IZELT 5. LnL, OFTHS
—VICEVHHMENTZENCEe S R 7 T TY,
PITIZ—ETHD. LEN-T, Eri KU 7 MEOK(6)
I, RO LSICRINS.

P, + Pprie # v X PTT X AP Q)

FMIZEAL L0, e RY 7 Mok o2&l
T5. LIER->T, Z{E LD P+Ppy &, 2T 20

LIFE2012 2012411 A2 H—4 B &8 (& HEKP)

DPICEZWZHZ LT, Bum R 7 FaME+5.
PLEDOIFEIZL Y, SARBERICEEB IV PTT &, O
PLHF—UNHEHHITE S AP ZRIAT 522 T, Pri
KU Z hefifid s LR TES.

4. EBAE
4-1 PTT & PLDIRIEEKER

M4 (27, NLMFRFFOOT T =2 2 (kP A,
TP BICET B P& PTTHEHOUOT AT —2 (kv
OIZFIT 5 PTT & ORIERZ 2720, fEEmEi 2518 L
T IE R A i L7z

RBREKAX 5 1R T. BERRTE, MRy, &

Pressure(measured
# by strain)
P * PytPorin
o L]
PR S - Pu

Flexible tube to
measure PTT

Sensor C

flow meter

Commercial
pressure gauge

Pump speed
/ | auto control

device

Tube for PTT measurement

Fig. 5 Mock circulation loop to measure flow rate by blood flow
meter and relationship between PTT and P



(L& = VBLOFEE F = — 7 (MERA Exceline-H, R LEF L
EMR), RMFEaE, WAL =V RIOWE T = — 7 (Fipked
MA—=x, B2k, PIT WMV, @EF =
—7, MY F— NFrER, RTERTEG)), MET =
— 7T D k) B SN IAIEER R A B L 7= PRl
BEERAL, BEEENICKERZ Lz, By Cix, A 12
mm, B 60mm OEEIZ, B AKROBFEEE EX0.2
mm OOTHAF—=DEUEA L, OFHRBETRT VL 9,
WIE % 150 pm £ THAML L7z, o9 C & ARMEEHZ,
4R T LIS, PIT 2L <3579, 1.0 m
DA E = VOGO F = — 7 T LT, WS HHTIL,
Ji 5.0 L/min, £/ 100 mmHg & 725 X O L=, ®WIE
REED-DOTRE M & LT, EFHAP641-G, H
ANFER)) & B FH(T402, Transonic System inc.) % iV 7z,
OFRE, EFEOF4E N E(DSA-100A, H #EEMTR)
TR L, 8 a > TRYVIAALE. 7 U v 7RI,
10kHz & L7=. BRERTIE, R ARk A i+ 2% = & T,
%930 bpm DEWIEZE~T-. ERED AP 1%, 80 mmHg,
100 mmHg, 120 mmHg ® 3 §ff& L, PL% 10 mmHg 32
s, £ERSEMEICE TS, B ALC, BT
B & CiZxtd 5, HEMSE) 10 [215 0 PTT & PLOFH 4K
W, BErH AL C BUHBECIZONT, KER(G6)F
Rd7-.

4-2 ¥OmFY 7 MMEEEER

BrA N 7 MEEEOR A RGET 2720, Hbh
TREXRZFIAL, Eaf KU 7 MEEFERE 55 L.

AREREEEIE, 4-1 CTHEALEZLDOEFR—THD. EBRT
1%, 4-1 [FRR, R 7 ORERAHIE L, AP 2% 80 mmHg
@D & X P 30 mmHg, AP 7% 100 mmHg @ & % P 2% 30
mmHg, AP 73 120 mmHg ® & & Py 73 20 mmHg T—/E & L
7o, %130 bpm OERFEEEoT. ZDL &, OFTHT
TOL 7y VERETDH LT, MEILOTHAOE A
KU 7 haRESER Eabi RN 7 N eRESEER
D DASHEAE) 10 B3 D PTT L O Pi+Ppgs ZFHIL, &
P AEC B BECIKBITERY 7 MEOKIER(®?)
Rz, KU 7 MM OKRIERZ L, PLICBa A RY
7 MDA U TWDIRE, B LTS & ifE L. [,
ARGt & R EFC LV IREZFT 5 2 & T, K
BIEOF M X 2 i EFHUIMEAE & Tk B3 O & % L
L, AMEEDOR AL RRGE LTz

5 R
5-1 PTT & PLD#RIESRER
tUHALC, EUYBECIZEIT S, PTTEPLOHBBIR
IZ2WT, APA380 mmHg, 100 mmHg, 120 mmHg? & & D
WA, ThENX6(), (b), (IZRT. 77 7 ORI,
KR VRIZAETHPTTTH Y, fitlhix, HREE T
HLK3IZBITDPLOMEERLTWD.
6(a)7> 5, APAS80 mmHgD & &+ H+ALC, B UB
LClzBIT ARER(6)IE, FhEh,
P, = —11413.54 X PTT + 346.24 (8.1
P, = —12201.05 X PTT + 349.92 (8.2)
L n, MBIREIIE L0995, 0976 TH Y, EmHE
BRI A 157,
[X6(b)7> 5, APAS100 mmHgD & & HALC, £ IB
LCIZBIT ARIER(6)IX, ThEh,
P, = —11069.67 X PTT + 338.91 .1
P, = —11159.52 x PTT + 322.96 9.2)

LIFE2012 20124£11 A 2 H—4 B B4 (L HEKRP)

L0, FBEREITZENZN0.878, 0.981 TH Y, EUHH
MR 257~ PL2Y10 mmHElZ BT 5 AL HC
DPTTIE, PLA320 mmHg DOPTT# FIEIY , PLD LFITLEN
PTTABATHFE L —H L2V AR H o7,
X6(c)h 5, AP2M120 mmHgD & & HALC, 9B
ECIZBIT RER(6)IL, FhEh,
P, = —7389.16 X PTT + 229.19 (10.1)
P, = —17077.52 x PTT + 472.38 10.2)
L0, MHBERBIEENEN0964, 0.982TH Y, EFH
BILR & 1572,

80
70

T T T T
P = —11413.54 PTT + 346.241

R?=0.995

— 60 ® SensorA-C |
on 501 A SensorB-C
E 40
o 30

20

I PL=—12201.05 PTT + 349.92

A

10

0- R*=0.976 . . .
0.022 0.024 0.026 0.028 0.03

PTTJs]
(a) Calibration equation of AP = 80 mmHg

T T T
P = —11069.67 PTT + 338.91-

R*=0.878

EDSO- ® SensorA-C -
= 40'_ A SensorB-C -
i L
20 -
r PL=—11159.52 +322.96
lg LR 0.981 . .
0.024 0.026 0.028 0.03
PTTJs]
(b) Calibration equation of AP =100 mmHg
50 T T T T T T T T
| P, = —7389.16 +229.19
401 R®=0.964 -
"0
E 30r ® SensorA-C -
g A SensorB-C -
— 20 _
Q-‘ -
10 PL= —17077.52 + 472.38 h
0 R =0.982 . . . . . .
0.022 0.024 0.026 0.028 0.03

PTTJs]
(c) Calibration equation of AP = 120 mmHg

Fig.6 Relationship between PTT and Py in the sensor A—C and
sensor B—C
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Fig.7 Comparison of the flow rate measurement performance according to the presence or absence of compensation



