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Fig. 1 Schematic of the reaktime LST

experimental setup

# ] 5 AR L 42 69278025) A JCHE T AR Rl Ak 42 963701211) ¥ BhIo H .
Wohs HL I 199807 13 Wi 204 ks H 1 1999-02-10



572 h [ i ot 26 %

- e ] 111 B Bhil R ARG, SEHL T RE Ol A e G A A 2k ) S IR A i

2 ik
2.1 XBESEBEERS CRXARENLR

(EARIUT SE A I 3 IOV Y, 5% 3h A HUBRCo e 9 1 vl & 1 — e sl e s gt . e
JITAR, S ) 9 - B Al 1 He Ne S0 o 45 55 50 10 S o2 B 28 e i Y ol . e R4 Ly
F A TRO6 Hi i b i e A PG ER 4R B i, 19 2 — RADCHK M A B EBGEBE Lo, D6 R E3
AR XA, FEg H— R Ak E S .

PR 20 HT 033 R AL, Bk Hglak 1k 4F R Y 0B 8 Ly W Ly (EFZT F, &4
Z(BJ AR 25 00 28 M 0 S G A E A T e OB S Ly IO R AR T L, BERE B 6 A i
B2 F Ly B S AL, Y6 RS T Ly S 45100 L il 4F R G013 2100 M - e ) £ S FE o
56 A5 5 10 - VIR ) B ae 2 M IASC RN

1| h
W= 2F| ﬂ.[_ V(; [1‘3(”5] (l)
e 6 P 2 R
Vp = f; - Ve = f;_ = TN (w/s) (2)

okt F BB ARG, b DR A R, Ve
89 10 R YR (03 BD 2R B8, R o J OB 60 3 3

~ ]
' \IE Sehr b, SRR IEAE 4F R GE. 0 R Tk
N7 by Nlrector] EFRRARLIRA, 1P 2 TR, it i b R 6 AR T
closin@,/ v ) ’ ' WERLESE L, IRT A (F+ Ay &b, SeHNEIAEL, 5 H5( F
colimaing rsing SIS ) g CWKHE MRS, 8= 20 R{EL 3
YO U, LA tanB = B LA 62 ] SR AR 3

F+ 4
F
sweepingy

M2 XARENRAELRA Y RALKE M T LB BN ERS 15 B RN
Fig. 2 Optical system for leaflet velocity ALS
measurement L = FBI l - F? (3)
H(3) A RAICHRFAHE L Ve A
dL ., dB ALt M . da Ayt A : AL® A
Vp = A = F di 1 - P 2F de | 1- e = 2Fw 1- P2 (4)

I R Y S B e T Vi, M A SO N b, W O HRTHIR T B 46 400 1 3
BE Vao = (Ve+ Vi), YRR G A SORBER I ) BT OUBKE R 5 a0

h h (5)

Vet 2F0 Lt A2

F
ti(5) AT 15 3L FRtE ol R, ORI RE B IS o 56 E SO0 - WEAERF B Ae 2 10)

| -

h ‘ Ay e Ay
s~ Vel , N

1

= 2F (6)




6 1] AV SC A FE T ROGE SRR i A 0o S 1 TR S I 4 TR R 573

MEL &5 30] W (6) A AR FEEWOE B (1 2 5, A F00E 85 10 FE T U R % i e B 0
B G Tk 2R 30 v I 8% b, e AR R R I AN S e Il 1 45 S e e A ARIR A R R
ZEE PO T B S o e 2w AR T E 2 Ay g R S MO T s o2 5 AR T TR RE 2 A (P 3R, 2R Ok
PRy, RELRUEILh — AN A%, BRIy ER 2, B3 P 3 (1) 0 285 A AR, B Be (R Uk A2 05 1R
JEE, Qg i 25 AN K TR EE T 1/ 10, 6 3% 1 38 0 22 207 246 1 158 2265 /T 17100, m] WO 3 ik
] G % P I A R IE AT ZI, T S 5% A AR R A G 1) A 2) .
2.2 LHAMBER RS
WO R G BURE 6 M AL A AN SCBEOAE H, (1) s K % SE 4 Y 6 A AR Rl ik
M, LU bl Rk b ) 1) o S5 IR R Pl P 2 230 e W 3 85 (2) S 0 v B 0y v LA S Ml e e,
T A IEAER Ve, 20 AR B AHRAROESE Vae = b/ ot KT Ve B KRHIES), RZ 2
B el T f iz By R T 1 6 AL AR AR 280 mm, N AR 260
mm, 1A 11 mm B0 RS [0 4T #h 2 i F, — RS2 Z0 ¥ 800
VAWK K, A Er st 3 s . HA A BVA RS T
I, A ER R 20 25 1, A e BA WAy, B = £ i RS 44 pl
.1 THAEL, EME X h = 1.1 mm.
B o, — 5RO CHHE s S Ve KT i e 98 8g
e SN SR 1 SR, BARIE 9 0 SR X b 4
AN AR L 07 T R G RS e, DA ey sz 1
ar AN (1) FN(2) K5 TSI (1) 5 By # 335 0T - i 8
B3 SR m PR e s e R . CLATR A B4R 5 A B o i, PR ZoR
Fig.3 Schematic diagram of a Yy — 0K I IGHLE T IS FEIR AT B, A8 A P B8ORS b 73
practical grid B vt 5t G MIE 217 S I3 E, ) 6 Ml e i B U A e 1 R
SUPRS s P ) R v, DA 20U LI A R AT AR 4 . SR A SOV P sE 5 5 ir B AR
Jai, g0 2l A I v S i 32 )0 P R S8 B0 s, BB 2 R ] TR) P e i AN e B B
173K — 23, 0 3k 305 22 3 0 ' M 0 2 2 08 kvl i A, K] O SR ] — L I R S i e i A
2.3 ERESLERAR
Pl 4 it L TR P AT DG PR BB A A 25 i 1 Et‘]ﬁ%FﬂHyk?LPfﬁ“"“‘“ﬁ"__ll_J,,
SWNE . WO A T A A R B T A R - 08 R) R S TE] A ‘

B S TS, BATD A A P G T 8 D OK 28 E B O HL A 5

Y e B RAEE AT 7 SR A RO A 2 i, A0 e A A 0 o i 1

FEAFF) S0 AT 5 P S B IR 20 o, I A (R E Bk b (S

5P P KPR S M K fE NS, JFRUR LR e som i S e

g, b AR K RN K GRS R — APy 15 S HIBK . Fig. 4 Typecal LST photorsignal trace
AT B g S S AL By (RS N, IR T4

SR AR 7 TR B v, R0 250 o V- O ) B ) () e AL T, DR (R A v 8 000 38

— AN RS, HA S ZE A BT v, B, A ER A RN, Wl P 5 —

P G5 2KE, WEERF F—A Py 55 BEREHAGE L 7, WA —~08h 8 1 s s

WEOCPAREPE A S U O R, AL T I R AR v T e K [ e 75 {5 i




574 i [ W b 26 &

oo [ ] [ o [aom] 60N 15 0 (83006 T, HR LR T 0
Seoals|_ampiire - Tt | RORH k- WAL 7], SO T A0
. 390 VB P o OBLUER. K, I T R 4 K

2 T,—ﬁ T AT A R R
state digital da interface WA S S R T L AN - W ]

rigister "input port decoder

T Z~ Mian
IBM PC At = K1 T— KiT= (K- Ki) T= aK;+ T (7)

S D JKPHIE Y, M0 B 554 KI5 G AL
M5 CHORPIE A STIARSIRIT e s A0 B0, 45028 TF B30 OB FL A 55
“ okt O MTFRIZENT, JIEE) B R L AL, e B I
Fig. 5 The block diagram of the reaktime \ . e e A e T L X U e fae
PRI DI, 6 HLA 5 o, DL [ Y, SE LR

T T AT U - URARLIVT S Ay (R P IEAI0E S #e 5h — A

NGO 1 P S B 1) A e DOy TR LA T 1 A e, WG 0 52 I 3 3 18y

| h—= —4 (8)
I Zm,— ;e ZM(,-
i=1 i= 1
¥i(7), (8) IUARN( L) F(2), v 5 M f 5 S ek i) ff i B2 o M B P s 2T E Vi 3 53 A

processor for LST

Ve =

| I
_ _h - I} .. '
%= 5p.p AK; E&K,— (rad/s) (9)
i= 1 J
1 I
Rk .. _
Vpi = 1« T AK; ZQK;' (m/s) (10)
: i= 1

AT IR 045 48 0 00 K LA BB JL I 04 0 5 A A4 S5 i )
BRI AR S A R et LA T G A7 — o5 JEL T A B 0 1024 90 2
B, EATKEFF VAR . SURKHIHEARRT, A R 1 5 85— AR T o, 5 Vi, AR

%0 6= DAy .
i=1

3 SEIGHE

A FAS SO I BB T G PR I AR O SE 2 W R 46, 76 N L0k sh M S 56 & b
BEAT T ST . BLRLSE 0 &t bl A B3z, BREA O RO % Egh Ik ) B il i fE
B BRSO . SIS0 P AU MR 29 mm PR AL IR PR I, G o s B A R 2 R = 14.5 mm .
MNFERGZE B F ) AR F = 105 mm; PFE ML) Ve = 22 m/s, e HE R = 1.1
mm . {55 ALEE A 2R B IR RS R 1 kHz~ 0.5 MHz; 15 S U {E v, = 200 mV, Ik
(RS I TR )RS T = 1ms, T= 0.02 Bs. SEH A H] 486 TlL, 26 M TT I Ji5 AR R 1 ] 1Ay,
BT Sk g e £ O P D A 2k, B 6 BT s 0 43 i R 120 UK/ min 175 YK/ min B R, SE
DA 30 (1 P G A e Y 2 . A S B ol 2 R B St X 0 DR P L R I = ANB B (1) TR
I8 0 A I, P AR AN K (2) I | 4 0 R PR I, S M R ((3) BRI R A A
JE R . % g B 9 Miami K2 £ 5 i 43 i 45 02—,



6 1] AV SC A FE T ROGE SRR i A 0o S 1 TR S I 4 TR R 575

MHV
g (a) !
Pl 6 S A SCHR HE i) AL G P R 52 I 0k =
. R . e e . Ny
T Bk 2R 0 BT P O AT R i £ X
(e ) 0038 120 0 ming (b)) 03 75 U min - 10 I L0 LS
Fig. 6 Typical leaflet closing velocity trace of a monoleaflet Time/ms
type MHV got by using the reaktime laser sweeping @
technique present in this paper il 5.”_\‘?
E
{ a) heart rate 120 beats/ min; { ) heart rate 73 beats/ min = 3
= 1 o ——
— 1
6 0.5 1.0 1.5
Time /ms

Z % X M

1 GuoG. X., XuC. C., Hwang N. H. C.. Laser assessment of leafllet closing motion in prosthetic heart valve. J.

Biomedical Engineering, 1990, 12( 6) : 477~ 481

Wu Z. J., Wang Y., Hwang N. H. C.. Occluder closing behavior: a key factor in mechanical heart valve cavitation.

J. Heart Valve Disease, 1994, 3(suppl. 1 ):525~ 533

3  George X. Guo, Chalie C. Xu, NED H. C. Hwang. The Closing Velocity of Baxter Duromedic heart valve prostheses.
Trans. Am Soc Int Artif Organs, 1990, 36( 3) : m529~ m3532

4 WangS. K., WaZ. J., Wang Y. et al.. Deceleration of bileaflet MHV at closing and transient pressure reduction.
Annals  Biomedical Engineering, 1993, 21(suppl. 1 ): 21

[

Real time Diagnostic of Instantaneous Closing Velocity of Mechanical Heart
Valve Prosthesis Based on the Principle of Laser Sweeping

Liu Changwen Wang Shikang Liu Jie Qu Xiuzhi Shi Zhaohui
( Tiargin Unwersity, Tiamin 300072)

Abstract By combining a digital counting processing method and the computer sampling tech-
nique, a reaktime signal processing system is realized to construct a laser sweeping technique
(LST) with reaktime ability to measure the instantaneous closing velocity of mechanical heart
valve prosthesis. After a brief review of LST, the effect of the positions of the collimating lens
and the moving grid on the measurement resulls is analyzed. A practical grid construction is
presented, and the principle and the construction of the signal processor are discussed in de-
tail. The statistical behavior of MHV closure can be drawn out from realtime realization of in-
stantaneous closing velocity obtained by using the new laser diagnostic system. The system has
been used for the diagnostic of leaflet closing velocity of a monoleaflet type MHV. and the ex-
perimental results are given.

Key words laser sweeping technique, realtime measurement, instantaneous closing velocity



