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Abstract

In recent years, ultrasonic contrast agents have been widely used to
enhance ultrasonic backscattered signals in various imaging modes.
However, research on estimating hemodynamic parameters based on
traditional indicator-dilution theory with ultrasonic contrast agents is still

at an early stage, due to complications encountered in clinical situations.

In this thesis, we experimentally investigate the validity of applying
the dilution theory under various flow conditions. Both a spherical ball
system and a perfusion phantom system are explored. Parameters derived
from experimental data and deconvolution of input and output curves are
compared to theory. Results show that experimental parameters are close
to theoretical values only in some specific situations. Nonetheless, when
the experimental system deviate from an ideal system, qualitative analysis

1s still possible but flow quantification requires further investigation.

Keywords : Ultrasonic flow analysis, Ultrasonic contrast agent,

Dilution Theory, Time-Intensity curve
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1.1.1 A2 5k Hreb B i &

AR Z G AFAI L 0 35 2% im A H L E](Contrast Agents) 2k
HEPELEORTTORRLZOER » #ldo X ARBEEFEH M
Bk SR iF ik ~ BRGET R AT R AT AL A B9 2 st H L B - DA R IR AR
B RS ESBALHILEE - AR T RART > BERTAME
FrAd B &9 $ L B 69 3 B B AT i A BAR R A 18 - R AT R H LA M
TR A 1968 s > Gramiak & Shah!'# M-mode & BRA2 Tk 8F > ¥
#23] 24 indocyanine green FE &FEMEHFTETEIANLCER > BE
KO EREBORER  HEF S ARRE P A EMTRBEE A R
BUEyE] SRR 0 AR A B AR AR ] 3R 00 £ ARG BIEAHR
AT AR QB RUR AT R AT 0 T i SR RE B AT R R 89 RURAT A
AP gbtk 0 FERRF G RREMEER T LR T RE L > a5
Bk &4 % % & (Colloidal suspension) ~ 4-4% & A5 H 43L& (Emulsion) LA
B BAEAR A S o ) KR D o do B8 F Ok H L B LA R
MR BER SN RBFTHRA BN EBRTHE  EMAERERETE
BHBEMAERE RSB BB ERHLB R TREIRES
TiRBMER S BREGEFMN - HER - 2% - BERD - XK
RABEFEER  ABRERALOERC &L EREHPLTRK
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AEFLHE A £ 0948 Bk b
4o Echovist[] ~ Levovist[] (Schering AG, Berlin, Germany)% * %
452k B v 04 2F FUbE (galactose) okt T Fo 4% 44 8% (palmitic acid)fe & B 7E
HAFAEGEHEGER TR TULOGHK IS EMERL I Z
HBEWET

ARREEE A XL HHILE
4v Optisonl] ~ Albunex[] (Molecular Biosystems Inc., San Diego,

USA)% » & A% &G 7% & (human albumm) 838 AR B BT A A EI
AL LTUEHFIREHB BB BRAINEDFET

Aot B X 6942 5 H LA

4v  Perfluorooctly bromide(PFOB) ~ Imagentl] (Alliance
Pharmaceuticals, Tucson, USA)% > Sb38 ¥ LL &) & Rlan b & M Ak g,
B AN RARHOREELE RAEHELARSHEE &S
AT BR F &9 Kupffer cell AR#AER » L H AT 9B T+ 5 A 2K -

# phase shift M| & 4 8RB 6942 T R H LA
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A BLFE » 45 % phase shift -

IE o B 69 A2 & Ik S EL B
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1.1.3 B A7A8 & & ¥ tb &) 89 48 B A 7548 %

1.1.3.1 2506 69 W32 451 47 D)

S RHILBWES LB ENBREIEZARAMAEHL TR
A EE  —ERHTFRABTANENTHERA DR
(scattering cross section, O)RE & > M H 4T @A &9 RONBOR N HLST T
Fo i BENFHRHEORE > X(I-DRE LS @HAfoBE N E R 4G
BB L Bl 4%

_am bk kg 1o, -p)H B
G_9Kr%</( §+352ps+péﬁ A(1-1)
X P KA R 4 E (compressibility) ;s pA T E A T2 s 89543
HFEE ™o RS T RN ERATFAMAR
R RN ERKYBEEAR 107 89 £5E > #F15K(1-DH K
FEINFPRAIEMEAEKN > REMAEAEKPHB T EAABRBY RS E

Z o

BESh o BRI AR TR E oY £ IR B £ (resonance) b, & i AR 78 2L )
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A M BHA BHEFBZRNET RO SA R - s eBENY
0 5 BB 1 5 B BA Py Bepy kom0 R SbAR R 69 HIRIA F () B

__L 3w .
A—Zmﬁ/% X,(1-2)
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mA RKBZETIERAFE -

AR AMBEE S T @ BOIEMECBEE SRHEBT R
MIE B F IR A BAR SRR G R s 15 b A 5
%gmaau&xﬁ%ﬁmﬁ%&k%%z

1.1.3.2 A5 &k ¥ b 5 3% % 1% (Harmonic imaging) &4 3 %

IR R %1% LA 54 B 4A (fundamental frequency) 33k #

W =4%48(2nd harmonic frequency):IE ey 7 X E & ° B HRAZ T K E%
IR AT AR R R ey B o #éﬁm%@%ﬁ@ﬂ
Finite Amplitude Distortion) &) 24 J& % # R f & ik, > A EH AR T &
FAE 385 » % + 6y FAE 3URMA53F % - 0¥ PEMARLE
KRB 0 S AR R B MR RIRA R > AIA AR
BEN BB T F) R H ARG BRI A A 0 bR A A M
i Fo 48 8K 2E IR AR &Y A R AR R B 0 KON AE L A ARG IR IR K B
1000 4% > B pb B A 808 3 547 44 4 % IR (perfusion) &y 8 A1 - B
AT O 3F % B J 4T ©A% A BE R AE A 69 A2 & Ik ¥tk ] (Albunex[ ~
Levovistd 2 )R 3¢ H 38k 450 o R 7 Bihr ik 4h #hony — A3 9R 38 K 5 >
A%~ v AEHE 64 3% SRR LA B R 35k (sub-harmonics ) 3R5E 89 FF 72 8 AR 3
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Fo BRI 60 A AR AR B LB IR e AR IR T B R A AT

B~ PLAEAE 1 5850 0 WA IR TR BB a9 B o S IR AR
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1.1.3.3 BERH LB HA F #IRLH B E

BRSO  EHBE AR R A PSR T AAR
¥ hma R & 0 LSBT eh 3 oo B SRS BB ~ P09 R ~ PRI~ Bk
R E A MR 0 B RW ARG @ fu AT & ARG
(0>90" )H R @ (6<90") > AT eh 3 5 AR AEAR D B4R 0Y & 4R
F AR Bmdmndpitemizl A rERwE(-1):

V'S
broadened
original
! e
O=45" 0=135"
Positive Doppler freq. shift Negative Doppler freq. shift

B(1-1) #HiEliem @it P HRFRETEEH
HRETARAR RS EREEREEAHILA OB - AE
THRXERGEMRGEE > BEmARLERG T 0BE LB
e e B e IRE S @B E o B R G B AR IR R -

B AT % & A e O R R IR LB SN a9 AR SRR AR AL 0 AR MR
FAa s ey An H A CAkdR 8 - Tortoli P. ~ Pratesi M. 24 & Michelassi V.
SURBMABCEEFERTEE R MBENNER B
(radiation force) & #, % 71 (drag force) » B3GR E RS T4 h A B X
R MR AREZGREHER > AR BH AR —K W
SLEFAR RUB B S iR A B R F R E) 0 AR LRELER - &
MAEBTERBERPEREREAZE DS > MG ERFRSE T
R ELFRF



1.1.3.4 725 & #f b B 42 3 49 & % (drug delivery) b &9 /& A

TRHILE B EEEMB R e H T B 0 KA E
F RO S AR OMAETEEANS L > HAMAERER
A EREF 0 A BRI AR FIRAE A N F A RA B o B R
ERENEEY > MER IR RAXGEEZ LB -

1.1.3.5 8%F-w & 7% & ¢h 4% (Time-Intensity curve)dy 547

EEER RS O

d SRR YT AR | B R e SR E R A R A 0 AR LA | B AR
RBA AR ERRFANFS AR LBEUSLRARS - BbF S AY
RUAARRE B FERER 2R - L. M. Wang & K. K. Shung 4% 8§ 3% fn 77
s #r(time domain blood flow estimation) 7y 7% J& FA 7> 48 5 /& $ L 5] 69
FAHSR B o 5 B BRI R B B Rl R &% SRR S B 9 S L(B 1-2a) -

3 A 1B PR SRR R Bl AL B R 43R H R I e #AE(B 1-2b)% >
3T AR R A8 B o Bk RAE &9 R R Bk -

max. max

att att

At : 1
>

0 O

000 \ 7/ 000 \ /

o 11 o511 <:|

o o [o] [o]

e (1 flow Heg ol flow
T L4 A)

1-2a 1-2b

# #2312 # (Indicator-Dilution Theory) &) J& F

sb ik A& LAAB 5k # b B A 45 o | (indicator) © 2 A indicator-
dilution #9323/ R FLFRF ~ MR FELI RSN 0 LA RB I
FE b AT A s 4 -
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1.2 Indicator-Dilution 7 ;% &g !

F 4 1920 F4X > Stewart & HF 7 ¥ Bp & 32 & T A A 45 o1
(indicator) &4 # F& 20U R AE 3 iR F 89 KN » Stewart g BFix £ £493%
A “HRN—ETHERRN AL 0 RE A ow B 1838 85 R (transit
time) &) R FEN LA LOERMAE” > FX Q RFME ~V &7
B~ t ROTIE T BRB Y PR 0 B L BT AT R AT

v=Qxi X (1-4)

A(1.4)Bf & Steward-Hamilton equation o 2R b — i F-1B 7
it AETHASKTRBERE P R RABHIRLAER ZBRHYL
EREEXARHBAZAESTREAL)NERUEAD ~ O
&ﬁﬁ%%i%’M&ﬁL?%%ﬁﬁﬁﬁ@%ﬁﬂ’%ﬁﬂﬂﬁ

HRNER RN -

@R 693t B > Hamilton #2 35 AR & S Asm 6 o~
B & 4 0 R AR L R (BpE NG9 IR L ¥ 8% R] % 1L & impulse
function) > LA n,(t) & =~ A2 SbARAE T 80 3% PR 245 09 R JE $H 05 R 44 oh
& 0 R F5 B 6P 381805 B 9T LA MTT (mean transit time) R 4& & >
SHEFAA

txn (£)dt
MTT = L

[ 0 ()dt A(1-5)

B R(STE & MTT 432 & & A s ey P38 8t
Bl RAWMBRESHEECHENME -

tbf% > Newman B H &1 50 B B 28 3097 = 47 649 R L S 65 Fo] 1t oh
Rl T B0 o (B 2 4% )AB 30 7 45 3R S (exponential decay)#y T R, >
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SR T n, ()8 BB
0

n,(t) =nje X £,(1-6)

EXY QO RAE -V ABEBE X A—SEGE BERAAEHT

BIRREASELZSKTIHAHER > HYREGBMETE ZKEMLL

o KM GHEAGE X ki X(A-O)BEAETHELNYER -

%] T 1950 % » Nylin & Celander #5 X (1-6) 4 # 2 B L /E B it K H 4+
RS @BME  THBMETV A

__ 90 .
V= XS f‘(l'7)
AR X IMARBRERGF  ETURFTXEFL2AEHEY “TR X

sb B 1 BIEE) > AT EREARMIERER LN ESR > MtsE
2 9728 indicator-dilution # j: &y FJE A °

%X EE 2R ERMNER > RREANANE T FE AT
&4 g A< 7 #b 28 88 B 2L B 0 indicator-dilution Fi54 MRI -~ CT %84
JERZHE S > MAaN AR TOYEaRE THUBEYEAIL -
indicator-dilution 7 kK 8y %8k % UGG I B E - A4
T NTE T TR R R - £ T RGBT P BERH
EE B 6945 B0 B AR H IR RAR T SIS E 7 X 0 AR T H LA
A5~ B & ER indicator-dilution P &YEB T AR BB A RZ
— 0 AR B REHER S E R AT RPN S bRk
% (ejection fraction)'"!~ 73 ik €4 Wk # £% & (coronary blood flow reserve)!'”!
%oy B J0 ke 438 AT 0 B AT 69 BT J0AR BAE M (qualitative) 89 & R o4t A
X > LA Z(quantitative) &9 & A7 & B AZ o



1.3 #Eh#

ERFRT > KRIIARAB T RH LR OB ERRBRAR > £
ARk ey M FEFE 3 H o R &9B 48 B S BRI 47 AR R
BEBEANER AL BRAMLofT > FRT T AR £RL4H St
KA E ~ RBITELORBIIGERME A) > AL —0HF
ARERBESERLAAGEN -

BN HEEGOEE T HILEEOEL RMEARAALRE
B XGARE > HBAMGABRENEZRE  RLAAREAEZHR
GEBERIY THAMEKITERNERAKLARSO—K
Mo BAMESBARS B ET IR A LGHE  UREL—FAR
AR b by B 7 At

ENHBEERTHNFRLZLE AR ZSNER  RITRE
iy ) 3 T I 2 B AR IRTY R Bl A9 ALY 0 SRR B BBE BT M
AR ERAT  UERENERARLZARNER - —F oM
BV R SBBERAIEREN - BBBERT  HFEREBHEEREAN
FRAR T @RI B THSEER > 2 T7HALERMESBEARE A
A7

W

e H LA EGRAMG AT RREAR AT EME 0 T
REBEREARANETMN - BEHBELHO SN FEAEDE—F
SEL— AW E E AR R LW EA EwEZ -



1.4 @XF45

AHXLEFE—FPNLBTRIAHLB R S - 48 - A K4E
BE  HNHBEEREE - LREONE - AF_FF > KoK
PRI A a0 BHWNRE H R b e 809 2804 0 X
BINBR B Hsh s R o 7 X EHCGRA . F=F AT -
NALIFRETRHLEOERET X - BREK EOEXRABNIRE 4
BUBRE  FuEATRERN > AR BERARF TR
HEHETEREL > B a2 RIECGRIE#EMN > RZw AL
FEEA AR O SR APEE Y YW AELER
BEE )R RSN EIE DS — e R e &% o

I
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B AR

2.1 ##323% (Dilution Theory)

ERERHLBEAARSE > MALTHEE QRRE S AR
WK BT 0 BRI A 5w Bl (indicator) » % B — B B AR

B) B 2| B AR 6B FE AL » R TT LABE R A Ak bl ~ VB E A Ut eh IS B A
76, B4 B Fa]-JB L #h &% (time-concentration curve)Z # » b eh 47 @G
MEBABRRBETHNREMA REGEIL - 2FBQ2-1)> Q AR
FMNeyomE >V, V, RREEAKRXBETORBAD  AHEESR
PAEEEE R AR B E A “mixing chamber” - £ &84 mixing
chamber R &4 78 & kg BF Rl 421 dh 42 55 5 LA ny(t) ~ n,(H) & ny(t) & ow R
EAHEE S > AR mixing chamber F #E &7 i B34 £) 3y 208y
&4 TF > 518 mixing chamber &) %8 EART LA —F5 8RR A R

i > #% 4 transfer function » M pb4s B 3% Ik 89 85 f] % 2T 4 Bb mixing
chamber &) B FAv AR E LA > o R (2-1) ¢

h(t —El AL
= E;e_m 120 £(2-1)

535 % #2335 5 — 18 mixing chamber % & — 18 42 M JF 85 44 (LTT :
linear time invariant)#y % % ° LA(B] 2-1) P % — 18 mixing chamber %

B] > R AR RIEIRE ny(t) ~ By 3w A AU IRE ny(H) A L mixing
chamber &4 transfer function ] &4 B 14 & — convolution &4 X, » Bp

ny (1) =no () U~y (2) #,(2-2)
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JF BP % mixing chamber &8y AN JEE HEFRM e S L L R H
transfer function €. 4o B - Bp o] 3 B iy /R Z e R ey 42 b dh 4 -

h,(® hy(®)

yt) (1) nx1)
Q—(C_ 1 vV, — v, | 0O>Q

B(2-1) 5 ~#m4&%H1E nixing chamber s* &8 * A(1) A
mixing chamber &) transfer function

2.1.1 &% x4t (bolus injection)

RARUT > BXRIE TR EH BB TR HEANETE G
WERIZAED, QKRRE  RAIEAIETEGEERBTETS

no (1) = (D, /0)0(2) X.(2-3)

45 K. (2-2) » 42 mixing chamber #3572 B #Hof R 09 444L T &
K2R KQDKE  BRAHXQ4A)  THERXQHDNAH—HR
FRET R, 0 T Rk F BLBP A R & mixing chamber &4 B R # ¢

0 <0
O e 120 A(2-4

max,]1 e

ﬁ(2'4)‘# Dppax 1 BB RRRE KA D, / V, 2 D, / Q7,

2.1.2 = i = (constant flow)* 5¢

ERFEAT  H RIS EE— T REWRRH » ZBEIET
BlAEU—BETRBILRPFERALT » T, 2T EHFRH > V, &5
FREANSS T B 0408045 > BISEAZE BRI S Ib R ]T R A ¢
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) D, 'V, 0<t<t,
ny(t) = .
0 E 0 otherwise A (2-5)

FARARAE A(2-2) » T 4% LB mixing chamber &9 &) IR & & 0%

0
O 0 t<0
E l—e_%1
nl(t)zl:nmaxl T OSZL<T0
’ “to
0" s X.(2-6)
[ —(t—roy
E Nmax,1€ i t2 Ty
DO l_e OTI

BN, KA o

K(2-1) ~ K(2-5) & K (2-6)Z B 457 T & Bl 4o [B] (2-2) i o1+ -

0.9

Input function

0.5

10

Output function Transfer function
o

2 4 6 8 10
Time

B (2-2) LB > #ARE n(t)
BRBEAA—ZE > AEEHT
# ;¢ » mixing chamber &
transfer function h,(t) » % 35
Ak K 5 FE  mixing
chamber &%y & 8 & n,(t)
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B RS89 5 LT 0 mixing chamber 3% 8 B ¥ % R 4410
B9 T 2R 505 Pl 4 2L BP & 0t mixing chamber #9853 MA LR
BES PMANRM A AT RYXGHEILT » ST &3
B B F] % 0475 4 b mixing chamber 8985 R % 3 0 BT # & 2R
mixing chamber &% H3 kM - KBGE M A8 E B 0985 % 8 R
¥} 4k mixing chamber &4 8% R % B IEAE B9 HEE 5 M % A LT R
224 SR T o B o 3R R T AT RAT e B 1O BRP ot AR R R L
mixing chamber » 2R 47 =T 3 2 ] 05 2 Bl B A Ry o 0 0 3 ¥ 8y
N By 38 & A7 2R 4% 2] b mixing chamber &) 85 R # 2k H 4k
S I 23 R S m 4B o
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2.2 Time-Intensity v 42 89 28 - #F

2.2.1 Time-Intensity g ¢ 28 ¥ =&,

ho B (2-3) A7~ 0 % E T A AL F IR H L B 69U R 8 1B
BMARTHEAT @ ERE-—RBEKIRA  HEBHENE P
RER ERRBETARAE T EAHFHGEILEN > AT ER
Yo B (2-3)F AT HE AT o LB AR B orh > e BIRE > HFE T
BRE P R BIRGIAIET  AERE T 0 ARRR] AfrdhE by o Al
sbeh 42 BF & TI ¢h 4% (Time-Intensity curve) » 4% % TI #h4g -

AR R4 EFRELREABDREERE > T1 dhR bR Fo
B Pl -2 & b 42 (Time-Concentration curve) sk bz » f£ 0t > ARG 2F
% S dpenta AR 2RI gk R S EF R B A BB R E A
IE Lb B 45 S B A & B B9 AE B MR AR GEAT AT 0 TR Ao 3R B T &Y Bl 45
LS5 R FHme T o

TI Curve

ROI : Region of Interest

Intensity

AU

(2-3) Tl dh&#BT &
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222 HREHNH

% TL #hsg R h75 » Bp T (R $ABT P St ol b S0 45 1k ) 81
£ S BRI T K B il T

> T ~ MTT2 181119

baseline =0

MTT
B(2-4) T MIT $#4850 E B

TEAMEHERRREGSH > B BB RRMEHE > T2
curve-fitting &7 R, » K45 BRI A X R BRI F 7 3% 24545 T A7
HEOTE » TEARRK SR T HEEE > ANIRETEIS 8
e o

MTT {4 % mean transit time ° A & % %A 35 5~ % & % mixing
chamber &-F¥u%h] » ABEHM LY E R AHBH O oM B(ESHT
A EERD) SR A R(2-7)

IXn, (t)dt
MTT :L

[ “n(6)dt X(2-7)

EHR A GO ERGEHBE SR P ey > IR A — 35 TR
e A (5% K (2-1)89 h(t))8F > tb mixing chamber &9 MTT {5 & 7
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T1E > TREBp

_Lmtxh(t)dt _J'Owtxe;tdt )

MTT =4 —
J’O h(t)dt IO°° e dt

T

SERAT AF T B MTT 89 047 &8 R tL R » L o A 84:
by S8 o

> AR EQABEBEMV
#4748 %k L mixing chamber f£ t BFR| 098 BB n (1) > TiF4
BERI t B 4 4k mixing chamber #% A A9BSR EEEMAE
£ B8 F N A RUBB 30 > AR sb R B BRI 1R 0 PTAT R B A
i# 1% mixing chamber £ f L GY4MERL > MAPATEAL RGBT F
M>BiAEQA
M

Q=—F— ‘
J;)no (¢)dt A (2-8)

FBRRBBRIFA G T g fobi -8 Z dh e Ml A ELE 4% o
HERETRATENGHILE B E M S » AHMREX(2-8)
TRAAERE R B GRERD -

% B & — % 3% b mixing chamber & MTT & %7 H T o5 Al %
wro pwd MIT=T=V/0 gaxosys

0’
V= ﬁ,[ot X n, (t)dt X(2.9)

Bl ey > sLESFR V A0 AAa HE > AP 7T BABL{EAF S0 R [F] mixing

chamber Fayta A R/ BH LS B R CEZ R EHAE M
g1t -
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> curve-fitting!"’

% mixing chamber & #8469 A 05 > H TI dh /2 R AE R A
B o35 BRI A RBE I 5 Bboh 0 BERATIF Y TI dh i@ v A 3
%M 0 Bt KIS BAT > RIAVAEFAT DY TI dhag
#% curve-fitting » B LA fit 1% 69 eh L2 B 7 ©

#47 FF 3% A 89 & gamma-variate function R4 curve-fitting > H AV
A4 TF -

n(t) = ng x (t =t,)" x e %(2-10)

gamma-variate function ¥ 24 n, b a Z (AL THFEL > n,
2 scaling factor * b & a % %|Fveh 4% B R Etbfe R EL 89 B 14 0 t, BY
AR B AE Y R a0 o RAF =B fit 848 5 RIFESF FH16]
T it F 6 dh & RAERGE S 32 E R ER AR F 69 S8 0 o B (2-5)
IZiR

n(t)

baseline smnnnin

TP | HT

(2-5) curve-fitting 4 &4 % EHEE
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(2-5)F &S B ay Rl o T

e PI (peak intensity) : (& 78 & » & i A{aFv baseline & £

e TP (time to peak) : F|:E s E ) 0FR] - b2 HEIEAMA
AT IE B 6 B R

e HT (halftime) : a3 FF 5] — F K] o4 85 i

e DS (descending slope) : T3 b4 e94t % > AL L 85%
£ 35%EE ey a R B RE

o PW (peak width) : & T E » M/ NETER A%KEL
B-3E RAASKER SERER —BE > EHRARE

W ey B K
e AUC (area under curve) : A4 @mAE » RIFEX(2-8) » sb2%
FoiR = AR L

e GF (goodness of fit) : #7& curve-fitting s IHEF & IE4E 0 &
db % 20380 B &5+ curve-fitting %k AL 0 sb Bk 0048 & FT 4L fit
RAHEFZILE T > B F curve-fitting ¥ AL £ REYRE
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2.3 g A8y 33 T1 dh 42 KER transfer function &4 3% 33

% mixing chamber $iy A% &) 5 -8 B Rk B AR E N 0 TFEE
HAFRIAB LR MAEA — B R EALFR A KR a AN 0 BIAR
#E X (2-4) > &y ey iR -JE B R 3LBP A mixing chamber &4 transfer
function ; X & &y A% 09 78 L $ 05 ) S ALAT 2 0 B ok X2 4485 -
By v OB E Y 3 R0 B F B Z 7 8k mixing chamber &9 85 R ¥ % o
R E Z R 8 E 38 69 3 5% BP T 4 40 mixing chamber &9 0 Fd % 2 -

R BERKATY  BEBIANAREEZ T REGFR -
BHBEBESIR R FHUAGIFAL I FEBEFIREAAR
BRBEESHSAKRBTR > EHIEFRA KRBT LAV TCT
BAH LY Bk %ﬁ%ﬂAﬁ%ﬁ“%ﬁ?ﬁﬁﬂ&ﬁg’
HAVE) B F AR A AR B han TL shag > BB BHWMARE
& % TI b &7 69 R 32 2R (AR A% LT e AR B3R £ o

AR FEIE % P 518 mixing chamber #FZ4EM A SR
A Ey 2 A ¥ A% Fu transfer function & convolution ° F pbi§# B
3% ¥ Ey AR 1E deconvolution Bp @] #4F mixing chamber &4 transfer

function » Bp

Transfer function =

(Time — Concentration curve) O (Time — Concentration curve), A (2-11)

output input

& B #:49 deconvolution 77 X Z 45 8 A & 8 th 3% TI o sp e ff 3 3
$83% Z IR 0 SR EGR IR AR AR A ARG S 3 9 30 1 SRR 93k ) B
B ARl B RAT TR A MR 0 MR AT AR LAY
ML % b % RSN e AR EE(pole) ¢ i3 Sb A% BE AL AR 4 60 1B R E
AR R By BIRK G F > EAFFREOHAIRRBBRAGBE
A ok 4848 B — sk deconvolution 893X 35 L4 3| & ErE GG & R -
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#4945 B Wiener filter & 4 deconvolution®” > B pAdp ) 2k 213 &
KEIA R R » ° sbF kA& B parametric deconvolution » 75 B f&
deconvolution ATZE 26 A — A A 4 WL sk A7 & i 4% 0 R s SR FIER A AT
il 9 gamma variate function AL curve-fitting o AR $5F %% & HH20] »
Wiener filter 345 =& KX 69 A2 » £ 4& curve-fitting 1% 9 e 42 4 y(7)
fit AR BRNES nt) > B V(WA NRELEA FH o A
Wiener filter 89 % — &R KX 4

Y(w)

(@)= Y(w) + N(w) A (2-12)

—# K 69 Wiener filter 83% curve-fitting Fv & iF & ¢h 4% %
2YEWER  AMERLERTIRA TEH) curvefitting » H LA F
— R F =48 X &9 Wiener filter :

Y () + (Y(w)*N(w) + Y(w)N(w)*)/z

W, (w) =

¥ (@) + N(w) A(2-13)
__ Fef |
Y +N@) A(2-14)

WAF S5 BAH20]69 45 > KE# curve-fitting B93R £33 K > W, &)
BHER > W; 9B AE R Z MRS > W, RINNE o 518

A @A P o =48R KX &) Wiener filter #f 5 3] g > B R
deconvolution % 89 B IE R R RIFAH A K » AME—F 58S
Moo B Wiener filter 89535842 R3% £ 7 > M4k B A 3

Y48 -
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F=F ERES

3.1 E5x A Hb#
3.1.1 AABEEEGHE

T EAA Bk L A 0y R AR S PR R 0 ST A S UBRR
BT #] A A% G 7% & (human albumin)fo K & % &, &4 R4k R & 542
TR HLE] 0 FE R — T e 0 IR AR BN T 4R % (4 20kHz)
B ERT > B A AR BT A& AR S BB el /el
BMETRE T LA AT X BTERELTHAHLE > TARER
Bt % 0.1ml @& & ~ 4ml KBS Iml 842 R - 525 R4 RE
HERMUALF X RDHERE > HRB+ 5 RAGEHHZTEHEILLASR
EahmE LR SARRGHTE > @ T RRAADRIAYGEN
K eEik > BT RYE RANRTREFELT RELEER -
LUK S BA SRR B AT A B Y B N RO AR A S B dw B (3-1) AR
S FLE A4 20um 2] S0um R AR AB AW EEECRBA
By miEE > BRERANAY ETEANKRMGERER -

B(3-1) AAZEBMERZATARYF LA L
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3.1.2 4# B Levovist[]

BT ECH BN E RS H R ETE R
Levovistl(Schering AG, Berlin, Germary):¥ 41 #| & B AT & & 75k — 4%
BT AR T RELE > A RARFIEH IR ETRBEYE B
X 24 B % F L (galactose) & 20 3 447 14 B (palmitic acid) - #
ARG G E A BIREATUN R RGATE R4 A 2~-3um >
HPRBERABREYET > RIERKEA —RIZHEALE - T E
LR TR B EEMBEE MO EREE -

HKA9FrBE B 6y LevovistO & #5455 2.5 N %65 LevovistU &
G R AU ERRFEEHRER G SRR AEBFER > Bk
FETRWHILBIRE A 1.25 %8 Levovistd & &k R » RIEAE
AR rilamn 5 Enadky  SRZHKRE  $E
2 R AR OR A A BUE RN RGE 0 JEE e B X 4 (bolus injection)#y
FERAT > URPEGRE(H 3 2] S HE)ENETRA KR EZIGIR -
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32 %gjﬁ’ éft,’%:ax

3.2.1 RIEE S R

B EEREE R A ey TI thag » RAIAHEIH LA Tk IR
B AGRR DB HRBRHE > MERASLAERABRS AER
FARATE— 4 B (3-2)A75  ° # & LA pulse-echo &9 4E X FAECGAIE 5
B BB S ;%c}?'\ﬁﬁﬁi% 3.5MHz A2 K 4R5E & sbIB R4
Levovistl &g ¥k 48 % 2 GRS R ST > FBE PO E
3.5MHz & F #5860 > R EBBEAASE 0 A TE 2w
NB i 3 B9 ERIE] 5 B9 2R 0 Bk A — & BNC &g A5 480 &0 s 2%
SHRFWGRIE ) £ZCHBERT WMARW AR 0.5 Hag
SR B —REIR 0 EER 2 548240 RS M) - MAE IR B A
EERYAER | S5 R — RN > S RIFH 5 542300
RAFGHEI) B B RIS PR A 8918 B A R (3-1) ¢

Input Output
= VXImodule - - PC based cards -~
D/A Card smmskssssnnnnnnn ; ................... .* D/A Card *
Pulser Pulser
A/D card |« A/D card |«
[] []
data storage data storage

B (3-2) RBFXRE  TRATALRMNIE S ELATALAL
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BN g
Panametrics / Panametrics /
7 1] ")b
Ty /AL Model 5800 Model 5072
Pulser BAHAEE 50 W 52
BOR REF 60 dB 59 dB
. LP: 10 MHz LP: 10 MHz
B3 HP: 1 MHz HP: 1 MHz
Bk / A EE | Panametrics / V381 | Panametrics / V381
£ 388 NN 3.5 MHz 3.5 MHz
£ IE 2.75 inch 2.75 inch
" Gage /
7 1] e
e he [ Rk HP / E1429A CompuScope 12100
A/D Card FEHT L 12 bits 12 bits
Sample rate 20 MHz 20 MHz
FEWE R R +1 Volt +1 Volt

&G-1) BARE R B RS L

322 BB ER

FEILEERR T 0 A— 4 260ml 8y %2 o3k 32 A mixing chamber -
2 AL X mixing chamber &) LB LM E AT LML E
T o BB L4 B (3-3) » /Kty 7K A% 7 4% pump FhER & 4% - 37 pump
Firdd 8 84 7K 2 Bk fEr X g9 K > B BbE o4& 3% dampener 18 H Bk B -

Hk o MAERE AR - BB — NRE TR EBRFAWM AR
Bugiy AL 6 ES B > URBEMAARELEE T E#ILE
REIFE » ARRARAT & mixing chamber EAEE3R £ o MAAREK

RN AR REEANETRO LT U —RBERRBEHAR
HBWCGRIE > EEARENE A TR RIS TI 4y > PR
IR A EN TR A R4 o ATAE A B9 3R E A4S 0.8cm wy &y B % >
K F AR G R RIR G R 455 0 1B RAFIRE 245 B P 69 R 4T3R5 -
MABEZCHKBPHIRUEBAREW LRI > R AEER
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EREGYIE E O A — R E RIS RBVCGRIE 0 SR dshay TI dh
Beomp AR—AEFERAKLMRE  TREBEETREHE - mE
TBEASH BRGMABGKARE 2SRRGB E > R
B IR KAE RN ERE M AREE -

Water Tank

didn’t return

Pump  Damper

Injection of
Q /Contrast Agent

Phantom Mixing Phantom
(Output) Chambe  (Input)

to water tank

Flow
Meter

(3-3) = OHETER

3.2.3 2.2 #% mixing chamber &7 &,

2SR A 8 mixing chamber & $ A SUB L M E 84T B AE
&) > — B4 &AM AT EAF 8 mixing chamber 2 $y A Ffo s 3 B 0 4T
BAR—AHKEGHK > kB (3-62)F5F > &K fd bRt %45
HE AR RN RBRE S AFREW E % MABRELTRR
BREREREBR R AL > B RIFIFERT T B G-6b)H X ey
mixing chamber » EE# A R E Hw g O R I 1m0 BLABEAN
mixing chamber % € F 8 k0GR a9 ¥ 0 A B ZF R B R Y mixing
chamber > LA b X &9 mixing chamber #0 & B P43 64 48 = R R Ao U
BTt B AR A S > FemflfoE -
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Outflow  Inflow

Outflow
Inflow

(3-6a) (3-6b)
B(3-6) Z2.3kB mixing chamber &% &,

324 wRENETER

b B 2L m,&ﬁ#ﬁ (dialysis cartridge) 2k #% % A 82 + 20 7% 'R
(perfusion) &9 15 7 » B 5 Z2 #hAn 22 S I AE B B £ 248 ] > 2 A 4£ mixing
chamber &4 347 LA w9 AR 48 7] 89 o ik B AT B BRAX, » 4o B (3-4) AT © 4
P45 P 8 fn i B 47 % & B % TERUMO N3 Fri & » BARaikid
& TR 8600 AR EAE 200um B EA@F MMM NE 0 B
w  EHESTTRARER AT MERNAL > BT CTEF S
SURK P 3 RPN o sk 4E B T wWARAR B 89 iR E AT 0 BAREN
BRI A PR BT IR R AR T B RALENF - MBI R A S
BT AL B AR TR A MR 69 F S 0 AR $ 69 B B AG 3= H B AK % BF R 7T
IR AR Bl B 3G A B K o

Water Tank

didn’t return Pump  Damper

to water tank m

Flow

Mete [ Valve

v Injection of
N
CD Contrast Agent

Phantom Mixing Phantom
(Output) Chamber (Input)

(3-4) HmREHNETER
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33 EREHRE

AR OSH TR A G 0 BRI HEEER 1000 BB R 0 B
| #p48 B —ZOREE > BERERE 3 54 BEREREHRATHERY
ZH & 1000%180 &Y4EE > 4o B (3-7)FF o+ :

baseline #AEE]E PR TE B B
el 3 \

a 2a 100 120
Time (s)

(3-7) #HREMTE

B(3-7)F AT E M A% T RER > B ILERMAEF F KRR
HP3 o pre ey sh 42 Bp & Time-Intensity dh 4% @ o #5479 LA dh 4% AT
3R S UIE Y kB 45 28 25 5T 69 T 3 4 A b #h 42 49 baseline o & 45 43 4%
R R B 3Z sample volume AT 89 R 443058 A K - A &R A TR
ARG IR QM o PTAT Ay d SR 4R L& baseline &g Koz 0 BAE
T E BRI -
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EARAEY > GBAARHEERAEARRTRIGHTHERAEE
LAt b 3% & S 6y T B MTT Wy 30547 8 RAF B3 09 1R4% » sbag#
PR 69 R SHE T AE L8 TR M R AR (8 3 #048) » s AR I Aa H
#> transfer function 2R 3R & ¥4 impulse &9 X 5 H K > KA
deconvolution & 77 X, AR5 7 5] & By A3 B 3 &y 3 T AT 38 AR
HIRE  RTRE OIS ER > DUREMFEIE RN M R S 0983k
1% 0 BRIV T A MTT ShEAEARBA S B AT &R - AT AR
WS B SWBE > BIRRMHEIERER -

4.1 HBEERAERBRTRESHTHEARABFH

LA R E SN T AR R AMERAT @4 KRS
AN RIKF S LA BRAIAM 0 @38 mixing chamber #93%3
7 3. > mixing chamber #5855 K |~ ~ # LB AE 8RR F] 425869 mixing
chamber % - BEMTHEKRATER RS -

4.1.1 AR Z A KX &Yy mixing chamber
G ARBEUREA X 8922 o3R8 A mixing chamber ¥ 58 454

P 8 B 5 AR B B F) &) B (3-6a) & B B R 1 [ (3-6b) 2 o
7K 8% % mixing chamber &5 -
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1% M B O ) e i 283K

B A S B (B-3)FF © By A 47 52 ~ mixing chamber
By i vh A% B8 K A X HEF)] 0 mixing chamber 2 [8 (3-6a)% X, 49 P
TR WARWEmHA AR —HEE L BHEA 260 ml 5 AT{EA
LB AUAREGEGAEMAOMACRER S BAZLKTH
FEIMAN 0 BLBEREAM 5 RABEAG TR AEH WL
HEATRER -
BRAWEHFTHERAFN T sy TUUE R AT EZMAN
i# A\ mixing chamber 4% » 3f %k 481834 4 &4 4 # B mixing chamber >
A B A AR e w0 Bt TI Rk REM L & A —ER
BF 2R e M {E > A A% R0 B B 38 B mixing chamber FF 3% A%, > 40 T B B (4-1)
o Bl(4-1) 2 A8 0.5 Umin 85 2 S8 A8 Hss el TI d (5 i
AL R, SbB A GIRE A E AL A 1 0 45 R T ® A
B AIRAEE]) o Hr w4 T R AT F B 463 SR 0 A HA A RS B
WBATIE AR BB RIFRZ GRS EERELHERL

Input TI Curve (Same) Output TI Curve (Same)
1 0.3
0.8}
> 0.2
Z 06| =
z g
E 04 =
0.1
0.2}

0 50 100 150 200 0 100 200
Time (s) Time (s)

B (4-1) eédisn Tl v T8 HMAELA ARAKBBHYR R
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BEEHHBEY > ZRABABIE SO HREMNGTE
ARAEZEBBRAOMERR S CERSHED OB E > Bt
EALHE LB AR > RIE TI & bR AMAMBE 10 amnig
B THE 0 SRR R AR R B R A o

B (4-2) 5 b B sy g TI sheg v B MTT &493tE & % > MTT #
BRRFEREBRSBMAGTAL > ™ T ENE R BT R
& LR E N (flow = 0.3, 0.5 I/min) 7 £ R A% T 48 & B 41K
REFMLAEIRE mixing chamber 8978 48 #HEUK » &R &Y = 538
SRR 0 Tl hg R A FAHIER B ABBBRY » B30
WMERRARGE B8R Y E B AFABHBBG R EN
LRAEFRBRESIEHER -

Spherical / Albumin
60 -
—E=MTT

>0 Ideal
40 -

=

=

S 30 -

w2
20 ¢
10;::F’*‘=h~§__:
O | | | | |

0.3 0.5 0.7 0.9 1.1 1.3
Flow Rate (I/min)

(B 4-2) BMuRl&ZEoR/ G aHbilgms R

Bl (4-2)F “ideal” whéR HRBEHBEIEHU T = V/IQ FHEAFH
AL LB T B T R MTT ZReIEh @/ MF % BEom 4 &1
HMERAGT  MACHHEZRLER 54 5HEER PRt
Mk EZREAARZDRTOAAARNBELEHBBE T R
48 mixing chamber > & kG S HBEH PIRU T L/BAR B HIE
7 R 4 mixing chamber &9 4% 4 » 4E4F 547 & 69 S BUE AR /) o

31



RO REEESHK

A A LAR O B &) 89 %20 3K A mixing chamber 3 R+ 5@ A A
HFEE W 0 i — P&t T B (3-6b)#y mixing chamber > H & i 3%
FoEg NG B 2 AR R G ") 0 EM A AL mixing chamber ‘1’7;%‘ B
RoyF G0N > UFREHNBURE  BFEFAERT£7
LURAR A ey R 2 > B(4-3)ALEATREA 0.5 Umin a8 A/
By divhay TI dhag » By AR By w3t @i B (4-1)4a Bl 6y R 32 » &
WARGRTEL AR BNEMABRKKRDF S - THERE @G-
—

Input TI Curve (Opposite) Output TI Curve (Opposite)
1 0.15
0.8}
506 z 0.1
5 5
E 04 =
0.05
0.2}
0 ‘ ‘ 0 ‘ ‘
0 100 200 0 100 200
Time (s) Time (s)

B (4-3) mEHoRmZE.SEA nixing chamber fF =438 T1 b4 -
THEEBER SR ARBBYEHABRD T
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st A R mixing chamber 49 £-8t 547 & R 4o [B] (4-4) A7 o

Spherical / Albumin
40 i —_—
—— MTT
30 1
o)
=
S 20 -
A
10
0

0.5 0.7 0.9 1.1 1.3
Flow Rate (I/min)

(4-4) FoRE 2R/ G% G HILE

FoB(4-2)th & FbiAe R > B(4-4)&ERTRBEAH ¢ & MTT
MEBRTH S RERRERRZHILHEEGFHBRAT B MTT
B Fo B A + - BT 0 BRS AL R mixing chamber ¥ g LR
S OBEEH PRI o fo MTT Lot & 7 1569 07 & R Ar R ek
N R F S e EIE BUARNARBRBBYRSTIEUR
2B EWHMA  AABRZT > MIT 9 ELARE LB R @22 MHER
HONZHE > dsbTAE MIT R —ELtb T A e R THAEMRBER X
by 5% o

4.1.2 A 3k B #% (effective volume) &) %5

WAE S # XEL[12] » % £A.78 58 T 48 mixing chamber #1344 &4 4%
#4Fv mixing chamber &8¢ K/ NF B KBB4 > & mixing chamber
B RS FE R KRB MLAE YT A5 B st & 7k 2 iE mixing chamber ¥ &5
18 A 3% -
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AL B A A RE AR B K 89 mixing chamber REATE B 0 AAEMN
(4-4)F B + mixing chamber &9%2#& A % 260ml > #4924 580ml
&) mixing chamber 4 — R B4 89 B & > H& R B (4-5)A7T ¢

Spherical / 580 ml
80 _ —— T
=== \MTT
60 I Ideal
o)
=
S 40 r
(% -ﬂ\!_-’-‘.
20 \§ + T T
- 1
0

0.5 0.7 0.9 1.1 1.3
Flow Rate (I/min)

B (4-5) %%% 580ml mixing chamber & & 5% %

FoB (44 & Rk > B(4-5)F &3 v S MTT &4 R Fo 223
e £R % 0 BBSRAE LT8R AR TR 580 ml /M7
% ERFIGERERT AR ZE LB (4-4)F ey 260 ml
A ERREIEHETES B ERRB D -

4.1.3 1 A R E) 6942 &k # LA

BT RBRIIAAR SR G AT ARG H b B A5 M A B R T4
AEWLAABEERTARRGEZR ARG HILE R EHE
ERit B R R BE > KL LT LIbeyA2 F ok # k] Levovist®
RMEI - BREWRATERBIE A 1/2 4 2.5 g 89 Levovist® 4 by &,
A4 ml gk EEEZATEL 45 ml 9 FBRRIFR S BIARIER
B o R e ey 2.3k 4 mixing chamber @ B By 22 3% 4o B (3-3) % 244
Bl - BEAFAESR 5 RERRFH > AMToERE > LERR
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1B £ Ko B (4-6) P (HN A BA R ey T R A& R AT H
W) © Ao B (4-4) 0 &5 R bR R+ o B(4-6)T & MTT e i 47 %
Ao 3T A+ oy Bl 7T o R B 6 A2 R B LA A A e) AR RUE
T AREEMTT M RAF 1 L T B4 % 10 £48 04 £ 56 thie B (4-4)
HESRAREEE R 0 THEZR L b RO T B e) BRI E B
15 82 % a9 FEE > T th R4 2 baseline 2 T Rz AFE » B
AT TR REEAEE -

Spherical / Levovist®
40 ——
@ MTT
30 | , Ideal
i)
=)
S 20 ¢
%
10
0

0.5 0.7 0.9 1.1
Flow Rate (I/min)

(4-6) Ze.o3k/LevovistUOE B 4s £
AT B B B &S RT BAZE 3 0 MTT 89 57 & RARE T £ o

BAEGE > EAT BRI TRGEHARGBE > T MTT
AL T RAEAR R AR R S8 -
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4.2 LA 3% % 7 % A mixing chamber

BT A Z A A mixing chamber RiEATEHHR RIS 0 i — 5 KA
S THRHEESRA LA X mixing chamber 4 # P eyiE A K
¥k A f i & A7 % & mixing chamber DAARE#E A BE d 424 4 3 TR B9 B,
% 0 HBAAIAE 324 6 P F ik o

JE DA S0 3% A H7 B A mixing chamber FRELEIEER T 0 4 5 EEAR

4 050709 A& 1.1 Vmin ERERETH Tl shég > BHERE

Ak — B WAR IR EAEMESR 0 HbdAH 16 ARG H

o Fn ESHBMERILAR BT R WRATTN TI dhRMBAEKX >

LB R B 89 B BAs R 0] 10 RBHCE 0 ARIKRE R A &R
RTAERGBE

A E AT et s TI shag ¥ A8 R AE R
[5) &9k % 448 38 i® mixing chamber #9387 % » ko B (4-7)FFF -
Dialysis cartridge ; flow = 0.7 I/min ; X2

0.07¢

20s 30s 70s
0.06}

0.05}

0 50 100 150 200
Time (s)
& (4- 7) Tl v Ba T~ MR EBLEBNE T A
o 4R B Y Y
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BARRENE A —BEESOARL  MALTEHF L REY
BEBMASAEM Y BT TI HEFEIMAE, A
BBORL > RE@-N %R AB - 20~30 A E —48 > MARIET
LA &8 ; 30~70 A F 4 MABEHBRAEENE S 80
MRAEF =8 TRIRGAEENETFTHUALCERBRLENEL - £

; : .

S
bejo
e
g
=
wi
i
s
i
&
Eé\
it
EE
&
\na)
e
N
%
_\_
&
=
i
w
s
\-

5 =2

MESEFEN AR MR AR A ey M A1 48 > B LR B A4
AR B —A  MERSZAESHREFIRH A AH BB FE —FFa
B ALEAEHEZHERRRERSGHFENT A €48 =2 =B/
ROBFEEL ) BAmEmSB o LR - N R EBRE
A BRBAOHENR S > RLXB@-7) 515 0 HIIPFEHH 8
JER 30~70 #pFey T R MTT > BT » EHLBELE
AR HARERE TR A RAY G IRE B A AT 0 H At eI
AR Ay T LAEE Fo AT B3R E o

4.2.1 gy iisn TI & & 547

Bl (4-8) A& 41 & ¥ g TI whsrrr a7 ey ¢ & MTT & » X1 »
X2~X3~X4 pRlR&E— B WARBREN TR R - EH ERR
FH S (B R)ABREIRFATAT 6 238 B %A KR - (2 N 2 A
B R > 3 T AMTIT A& RS RERE R TREE
ZRRNS o WEARRERENERIERARE > BARERELEEH S M
B % 2 BE AR 0 AEFFAR SR ERE o
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T MTT

25 1 0.5 80 0.5
0.7 0.7
20  —=09 —&—09
——11 60 I —a—11
215 T 2
S T 1§40 -
w10 r T A
L T
| 20
0 0
X1 X2 X3 X4 X1 X2 X3 X4
Number of Dialysis Cartridges Number of Dialysis Cartridges

B (4-8) ZHrE 8w S8 ER

4.2.2 #| A curve-fitting K53

BT AR S ESM T ROTE > RRBRRE T thék A
B AN mey AR TE > KM KE dm TI dag
gamma variate function #4 curve-fitting 4% > BRI & Xt E 1 &
MTT » 4 R o B (4-9)FF -~ © 4818 curve-fitting 4% 7] BA B2 45 3L 4L A A &9
BATREZNELNMES > BRER - TREZOFEASIHMAL
WEEER > ReH RDHRER S wERERE R GRS T8
W% ABHERRETHARE  BRIRE 0.5 Umin £ £5 > H4h 3

B EARA AR e B4 5 BN R & curve-fitting B4R > 7
B MTT s £ R+ 588
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60 1 05
50 0.7
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- 407
=)
S 30 r
7
20
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0
X1 X2 X3 X4
Number of Dialysis Cartridges
MTT
60
0.5
50 | 0.7
40 - —®09
g -] ]
5 30 r
%
20 ¢
10 ¢
0
X1 X2 X3 X4

Number of Dialysis Cartridges
(4-9) #HAF % & curve-fitting 44 69 L2 #

LA gamma variate function 2R fit FExA74F89 TI eh4peF » e
HEABAEYR £ > B gamma function & E R FABEZBRATEHH
X% T b A AT 54 @B B RS A B REMUD RIEA MR
R B et DR A B o curvefitting @ B B R AR ol SRR £ D
ik fitting 498 R R+ 5328 > SLIFHMEETZ 8 Tl i X L&
BOEAR A ERAA > RAMEEH L FELRAK > B midg—
EREHRE -
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Bl (4-9) 84 v 45 dh 4R DA SR M ) B 09 T B AAR 0 PRAF a9 A -
AR IE B AR B A Bhe R (4-D)FTow o PR ABGE T cc)& B 095
R R A B AR B AR BN 2B e K o AR IEAT
BANE > BIrIEEARNSHAETELE A4 RNt E Y@
R T=V/Q A4 RA Q' 4t F A EMRRATMH 1 A
BN EHE R T ORI RS > B (4-9)8) b b R Fo B A R IE Fo A 3
5 AR B Rk KRG AREM AR » REf X AT M
Bird i as R e 2 —REMETRBENEER - ARER —HHAF
FREARAET 0 THEBRLRBEOAZME  ERNE4A 100 ml > M
8L AT E B AL 4 B TC(100Um)**30*86000BO ml - 3 4 J& it fia R
NBEHERPTREGBE M AR EB SR -

Flow(l/min) | Slope(s) | Intercept | c.c. | FlowxSlope(ml)

0.5 12.75 -3.15 0.920 106.27

T 0.7 8.76 -2.22 0.989 102.16
0.9 7.45 -4.04 0.997 111.76

1.1 6.02 -4.18 0.963 110.28

0.5 14.25 -4.96 0.946 118.78

MTT 0.7 8.50 1.11 0.978 99.18
0.9 7.28 -1.72 0.998 109.27

1.1 6.26 -3.53 0.969 114.73

k@) SMEFER
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4.2.3 2# o4 8 Hit

B ST e iR P NPT ERAT Y T1 th AL A R AR 530
Hbh AR EEUALY KBMBREREA T4 252K K
18 R~ ROGESRSE B 15 3% 5% 6y 0 R ~ 4% b 42 3% K ey B R & 31 H baseline
BB o KM BMAUTRGER TS5 RATFTKBRE+ o4
B BAERER AR EIARATREZEAEAITRERRSE > R
LRI E B — e R KT L AR B > B R
Fo AN THR B2 09 45 R AL B 0 SRRl ZE 09 H BT Xdm T

e Baseline : #TIeh&n Mm% BER(EEL—EREE) > KRFH
7% /N Abaseline

o RAMBEFR ¢ S dh a8l —ERIE R B IE R 0 RARGEAT
TR ESR o B EER KA 6 B R

o RATMIRFALEIE RGBT ¢ R L BIRBIE IR B1E 0 RABE T
TEAL R GALZ R ARG T 0 TR B B R R 1R 69 R RAEAL
BooHd
1. 3x R1E Z 1% & BE 41 A A #] B
2. % i@ i K A 20%084 B R A H) Bt
BREFREMEBGRAOFN A EHBELTEHEMNER

b & A B R AR R AR BT

c BEBBHXTHME | RAF LTI F HUAER LA SL BT
TR E & KA P 10%89 85 R - e H BT R B sE0F > X
FTHAERLERMBANRELE > Bt E AR L%
25 #1074 (#2025)F 1 B 45 3% L 04 85 1]
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ey Hlr 7 Xow & 54 T B (4-10)

flowe = 0.9 Vmim ; X4

0.18} }
0.16+ R
IS PNELSTE! .Il
014} \ | |
0.12! I 1!#. lﬁ '
i | k
v 0.1} [ |‘|'~.
S AN
0.08} i 'I|ﬂ |I fit 7 fEFIEZE 10%
006 | |' | \ | BRFIN 20 Bk
il h|
\i iﬂ AR N
0.04 |II \ |I |‘I'} 2% baseline
R b Mﬁ ................. L S
0.02} WU 2098k A lf:'l*' A
0 ) ('-' LI ' . ’ IJ r':'.k“"’%?ﬁ"i’ﬁjl';"i""ﬂ *-;'I"'q:‘:‘-:
20 40 &0 80 100 120 140
Time is)

(4-10) &8 F) 25 H] BT~ &

SR 0 By H BT X AL baseline R i AL B &Y H) B &
FEEAE  RATRIRA LI R RIa FI BT R R S SR 0 A H A
53 AE LLARCTI db 43 5 i, — 3| =B 8% 40 3R 3 98 XK B BA oY B 4%
1EAE @ FIET4E3% 0 2R M LB Bp4E A TR 23R A R oL RE 7 28 s B
Fx BAI O FIET T @R RYF 0 XENA B e — Ty EEE
PeR B RGBT R RAEH 2 M B E A IR o L3R 69 5 HF
HERWwB (A1) » RERERFHSBMAEAATREGERES -
B E 0.5 /min BF&) AR LMK » SR Z LA K -
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Second

Second

45
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60
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r 0.5
=07
=09

——11

X1

L =07
—==09

——11

X2 X3 X4
Number of Dialysis Cartridges

MTT

X1

X2 X3 X4

Number of Dialysis Cartridges

B (4-11)

LAAZ X ) B B B BE ey 4T 4 R
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4.3 #]F deconvolution /& AL & 69 B &

J 4.1 B 42 g P o 3538 % mixing chamber &% 1 3% )% 7 R &t
KA RARE TRic T @AM - £Leh 7 R HE
M R RABGR A BN - ARIBHFEIER 0 KA M
LR E ¥ aF ] 48 fbAv mixing chamber &9 % J& (transfer function)fi
convolution » BP 3T 43 2| ¥y th 3% 64 R B #8548 4E > AT T XF AT
B 2R Ep 25 15 8 BA 14

4.3.1 ¥ — mixing chamber

B HRAIERA 89 F B 42 3% ko B (3-3) A7 5k 0 mixing chamber
A R&eZOHKEE  HILB ALK OB E MR AR FR
HIFFBABARLHER  BEFALUERETRRL T - EHWLE
TEST R 0 B BA K F B ] E S Ao R B R UE ST (GR 43 B ) 49 25~30 £04E
AHRRRERE CERY AR A F R)REEMANL - ROFHE4
FIAF- 69 /B Asm T1 dh s 38 5 5] LA (2-12) ~ X(2-13) B K (2-14) A
i &4 Wiener filter 42 deconvolution » B gh 43 k4% & 04 45 B R S 4
oo e AR B o

WEBRER T ABRM@-12)H7F > B ¥ TAEEHRANEYRILM

# impulse BRI H AV A B EOZE > REFHEAFELT AT

FEY SRR EE R AN S BRIF R > © & MTT #1445 10 £

45049 £ 3B o & 05 #y A& 3B Wiener filter deconvolution #9145 £ 4% » PR

FO S8 a iR 2B G IR AR > BrE» T AMIT &
18 % # k3R > deconvolution #92& B A MK A3 BV B F a9 fE -
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50 1 —— Short
i +Long 40 [
40 Wiener dec.
30 r
-4 30 3
g g
220 - %\K ! g 20
[ =
10 L L 10 -
0 0
05 07 09 1.1 1.3 05 07 09 1.1 1.3
Flow Rate (I/min) Flow Rate (I/min)

B(4-12) EFM ARG IS ETHRESR

3 L 42i& deconvolution 1% ° HARE T W AR KL F LT

B R SBORE LR GRS AT AT ERATEE T &8sk

B AN X Wiener filter 89 deconvolution 7 7% H FR 4] (4o 4 48

B NI B 2R ST ~ LB A —BAEE 1 L 3% R

Bk BE) Bb kA5 4 B + 4 3 42 89 deconvolution ©

deconvolution &4 7 XA FF % #48 » F A LEENHFT NAEHFEE
ey ar &R o
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4.3.2 W48 mixing chamber

#: % #4471 & 8 18 mixing chamber #3#k5LF deconvolution &9 B
1% B A% Ak 3L 0 mixing chamber 3R 444 % 5 22 3% 4o B (4-13) A7 51 » AR
% M 89 %18 mixing chamber #FZH v K& 69 3K > HEAL TR
YR58 4 B4 W8 mixing chamber ## 3% #0 TI o &2 a9 BAE(E F K
& B3R A IR R R ) ¢

Bolus Injection

Chamber 1
V =260 ml )<4—Flow
Flow
Chamber 2
) V =580 ml

B (4-13) w8 mixing chamber 54T 5

EEEF B (A-14)prm(TH MTT 98 REM) 0 =T H&»
B F o ER B 3%~ REKE H 38 & 4838 deconvolution 1% ¢h 4289 MTT
B SR AARBR R BT E R - EBLE - DR %
By MTT & RAviZimfi+ o83 5 M R3RE 3o > Eawm Lo
ey MTIT R Z &SN HEHE MTT e948m™ > &% mixing
chamber &9B# R % 85 > T {H 44 E N 2 AT & mixing chamber 7 18 &)
oo R RMIBERATFU A AR N THS > STRLEAMA
AR EWRE mixing chamber BB FEE T4 » 3F 5 MACEEEN T B
2 mixing chamber & @ » BEBAKT ¥ % > 1£45F TI dh 42 A 1B K — 3
f7 €48 baseline 2T > B MTT {4 K9 R taE » Fsaitih
HRS528 -
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MTT

80 = /]\ER output
B —=— IR output
70 N \ Wiener dec.
60 | N = = = = /]\EK ideal
50 ¢ ~ RER ideal
2
% 40 -
30 -
20 ¢
10
0

0.50 0.70 0.90 1.10 1.30
Flow Rate (I/min)

B (4-14) w8 mixing chamber &9 E B & £

BE@1)TEE R RRE IR S BATE R FAIRY KR
deconvolution & &9 ¢h 42 3% A & 87 T (a4 % - T (518 B & Bl 4 R 4o
TRE BE A E S B ARE R E M6 £ %] - K2 2R3 > deconvolution
B R R MR M T R £ 0 MK R b AR
PR AR oI R E L RA MR F (L% %A “ KK output”
thig i) B AT ERMIGOTREHET > L &5 HE mixing
chamber 9 MM EBFHERER » RRFERIFH AL TR
REABRREMERLK -
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4.4 HE4b 5B H

AR EREL T AR MTT 892804 ° BT t & MTT 4 -
MAEHSHEMBEE A EEO S Bl RE - BHEAR curve-
fitting %A E&BLHME - N TR EF o ATEE 23T
Wﬁﬁ%f&bﬁTu%%%ﬁn&ﬁﬁﬁ%%%%%’%ﬁ@%h
Wit ARG RR T2 — -

44.1 BERERHEMH

ERHRE(QABMA(V)eRE E > &7 A albumin 3 & ¥ tb H|
B 0 ¥ 6 Bl E R EEAFFEIES] 0 &4F albumin ~ Z R ARG A E
%ﬂ%ﬂ&%%ﬁm~u&ﬁﬁ?#ﬁﬁ%mﬁﬁﬂéﬁﬁ%%ﬁ
WA IRE R » B 3b4fe albumin &9 F B P %A LR 2L K (2-8)
&%Q%%i%ﬁﬂ\ﬁﬁﬁ/i&%%

L Levovist®AF e B8 ¥ > BN AR e B E B & > B b7 A
SHRERBBLIE - ANERATFARS T EHRE MIEFT EMA
B R 0 B bR AR B R AR IELL 8B TF 0 RIE K (2-8) & K
Qo EEERAAHERMFLYE  FEL R T 8 EM@-
15) - Bl(4-15 LB AAHAE > HPeyEHEdg Tt A= 0.7 /min
BIZE - ARFIMNEE A ZERZIE WA 0 TERERATFER
FoIB R AE AR A BT 0 AR EAE S RE R 7R B R 2 P 6948 BB
% ©
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Relative
0.010 r Q

0.008 |

//
0.006
-|_ J_

0.004 I—/J_

O . 002 L —&— Relative Q

Relative Ideal

0.000 ‘ ‘

0.5 0.7 0.9 1.3
Flow Rate (I/min)

Relative V
025 r

020 -
015

0.10 r

0.05 r —— Relative V

0.00

0.5 0.7 0.9 1.3
Flow Rate (I/min)

B (4-15) HAHERERBBANSEISHER

Bl (4-15) T B AtaH Mt B4R > d N & E — 18 mixing
chamber > ¥/ L&/ RE S VAt A B BB — 1 > MERE
K 10%~15%093% % - ERASHEAHBERRTRADETHRER
s JE L AR RE R L FRA B AN ARFEAQ9) > BBEAGRER
B REHE TR EZEUT IR BEARSEYERE > Bt
BRI ELAZOTEBELS -
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4.4.2 curve-fitting 14 & %318 £ ¢

EENEER T o Tl ¢hag 4838 curve-fitting 14 7T A3 13 % R B
MEH - 2FBQSFHEBELE > for B MTT &AM 28 A
PW(peak width : & & ) ~ HT(half time : & &{4 %3] — £ & 8y
BF[]) & DS(descending slope * #h &2 F 3 a9 #t R) % » B =M@ 5
BEBRY>VE R4 T BB (4-16)475F ¢

B E((4-16)TA & PW - HT & DS #9 5 En & R AR ELFA
T ERBMAERBRTARBNER B TE 0w Eeyiga -
Fo T B MTT M 4#ibiisesk - PW--HT R DS ahB E & LA RE
EORRE > THARERBDAOMIER S > AL RNMB ATHETRE
HESLERAEED  KmEHBENGTRZX > BETURBARY
5B BEMNE > BE-FHRIAL oG EME -
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Second
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B (4-16) PW~HT R DS &y 2 & 5 s R
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% =z
FRE BRaHH

HAHEERERANRBTRNOAR G BRI RASR > H
Fodof i By MBI RERANEIRNER AR ENARE  H A
L AR LR FIRE > B B ARH U S AN R AR % R AR
ERALOBABR > Aritmed 0 845508 AN IR R LA FR
BHEORE F 58I MBEHR - FR ALY H KT >
deconvolution JER B9 FIAR%E - AR Y > R TRIL—TTHER
TS EERHH T AMIT 458 o HER@e) TRAG:R » UA
7> deconvolution £ F R E R B K EayTATHM—4F > RREL
sLERE FAEE— SRR AR o BT 4 B 4 ¥ S BB E ARG

51 7 A MTT &5

1 St R AR 2 B A £ o $AP9E B, mixing chamber #93% 3t 4 X ~
mixing chamber #982F5 A ~ HLE W EBEER ZH e H I EER
ER—ARENDE  BAABF TG4 TERENETRELS TN
—HB MR TALAE  RAFSZRETRBESHIMHER
NS B oS RN RIS AT A RTH

MR AR TR B e R G

MBI T o 4 F A A mixing chamber 74 © /B LB B
B ehdE 0 AR E R Z WA E mixing chamber - £ 8 ahi@ 2
+ > mixing chamber #9384 TLB—AREE “BYKE @K
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Ko ABEGEHRER - ARG ETRRATLERESH HE 0 2
FA7 P 2% 31 89 mixing chamber 2145 > & #y AR 8 38 69 B 0 ) &y BF -
T T RIBEHR T AP Z KA A E mixing chamber » i BP 45 5§ ¥y
H B A B O 2% 3t AR R %) (4o [B] (3-6b) &9 mixing chamber) » 1R $k
B &AL T £ mixing chamber + & % 434 4 6933 °

REABDEHIHIOBERTTEEG-2) ~ B(@-HAE
A-S) B R oAb > Tl FHERM AR > KM "W
A¥IFE5E - mixing chamber - #3458 UAKFREAYF X LE
F(EEFEXTHAMRELT » dRRBAL L) EHEAER
AE SRR R TR S B ERBLE > &R BE(5-1)AT

o’ MTT
50 [ EE
40  F I ——KF
- T
30 -
E T
8
A 20 -
I
10 -
0

0.3 0.5 0.7 0.9 1.1
Flow Rate (I/min)

B (5-1) KPR FEH L% NTAtbir

BAEAEZNER T  REEA mixing chamber ¥ 89 8% %)
FHUEE  RABLYY > TURMAGERY D HRE > Bt
IR e S BB R 0 Mt 2B R R B 6038 BRI 0 B L
UVmin 89 2R A RRBME > REOARH NGB EREE
W ATAF MTT {EABH48 ] © T %o /% #8 £ mixing chamber F &) 7R )15 7
P T % mixing chamber % X4 B 5k - R B R A WA FiR
HEXREE - By RETARR -
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i B Ao 58 B ) 44 Bl 4%

BE T EFe TI A R4t w5 7% R 205 e S AuER
R MR PR S AR E R %It - Eoriid
HAVBERG D F 5 E oM RABEEREL > E2FF LR EF
55 FE B ARG 2B R 63 hu T 3 5% 0 AR H K I8 1B S B AU IR B 6 R
LR B e o R EA R A — IR B 0 B AR A
LA -

EEFERNTF > HABARERERRAEFREAR A 69k
B g AN E R Y R MRVEIRE R A R 478 E M 69 B 14
poS

5O _ -a10, n(t)|j+ gy (l‘)D

5 0 s O A G-

EXF n(t) AR E&E > Py() AR EE S > Py REAKRES
¥ LB AT 89 R AT303E KN 0 & baseline 89 Ay » 7 g B E ST HEEH
AT B9 R 4t 14  (backscatter coefficient) » o , & ¥ Lo | #% & 78 89
attenuation cross section’ g 4 8 & differential backscatter cross section °
BAG-DTHHEEAE g > 0, 0, F5E FFT@dBRGT
AN BERIL AR AmaRAl ey R MBS HEAEHETRENT

B#2MALBNEHE LB EFEEAXG-DEALRASE -

FEBMNERELE T BN AR LRRARETERELE R

HABIEREGHLFEAMBE > HLTHEEXFHodxAET
AR 55 B - IR L 8834 AT (i 1E A

L RO

(®) =72 HEIEE x(5-2)

a
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RARR(5-2) B R 4ol L~ 0, LA T & MTT e93H 5 > &
MARAR 428 » & B O B ISR AR + %35 > ko B (5-2)Pow > B A
FREBRIETEBRHA DT RENAG EHNARBE LT £
BB AARMYASLTREETRAINEBLToNOEN  BELHLE
Ay 3AE L K AR T 0K AT A7 ©

I e EEEN
04 7
4
0.35¢}
03¢ 3.5¢
0.25¢
NH 3 [
0.2 =
>
0.15 2.5¢
0.1 ol
0.05¢
0 | 15| | |
0 50 100 150 0 50 100
Time (s) Time (s)

(5-2) AR EBAT =TI dhspigE Ko ey tbix

seth > R EETRERLABLTOMARCRERLABRE NS
By E S > PR T ATl ey B A K 4o oh > %%tbs"ﬁ'lii%w}‘ﬁ o iR
RAABBOMACERR R D~ 28N & BRGAKRE ~ B 4305k
SRERIARE e HERE KRR - RENBE  mMEH
iE 8k W F AR AR AR AL R AR A B E ey .

BEBAA L » BAIAT LB AL R H LB R RHIEEL S
WA XER BRI T > BT X. Chen R H#H % E BER N B R L—
RIAESL » HALeYF e % R AT A A2 G 4% 35 B4F B-mode %1% > #&
ZEZEROI R E TI dhésp > mBLARHENHAMRES £ REINE L
MR BEIERIH > RE-REMGMGERELEEEELE © KA
MERAZNE—FBAITINR > BRBEHNIN L HSHOERET
TAEYE > MmEHIRE--5RE M IR 0 B AT R R A RIE by
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DEPE S MmENREE--RER S > B ATRAI R ARG by 48

B g ORI R m R R M RERE A B R AR B 0 2L
BATS B AT MILBR @R RS VR EL R E G EAEMME -

WBIE L THRIS1 R > s R RE B R B A R R L R R B
B X RIARRAF $ 0 AR L B B 5R B B AR AR L B4 LR AR R B RGBT AR
13 R R B AES T A MTT 890 46 B3k 0 "B %48 L
BERAPEFHLERAEBMYTRAAKT LFRIL

R

ERENTPHRATIZRBAEMNALARAG B ARTRERY
FAEEWE - ERE AR PAE T T thig b & H AR 09E(E -
BUAEAR AR ORI TR RENZSKTE L > BPE R NE AR
ARG RBAA TRERBROTE » 15 T B WA B REYZE
£ 0 qo B (5-3)F ¢

1. 7=1043s
A‘ ‘‘‘‘ peak
0.5

B (5-3) LEATEARSKALTARGFETI dhég
TR 10 # (538K )F — peak * 1E4F T & 0 H R E5E

56



BG-3)LBATRE AR —mEsn TI shag > 223m EH ¢ /HE3%48
Bl o EE& 10 R A —BMNEEER > EF T EHISHERNTH
% WRRERHU—IRERA B RIER > MAAL T X EREEHE
BFXARIER - BT bR EH MTIT B8R > AT AL
SBHE T MTT 45T 4 o

sbgh o 4% mixing chamber #iy & 3% &4 TI ¢ 4748 5 & B 438 38 5y,
o M RE R B4R o 0 ARFEIL e P AT L 0 MR AR 500 TI dh g o
BN R AR HOIRARBRBIBER Y > MG TRHIRE
A BB AR S 0 bR 0 T MTT 69 547 & R Bp AR fiE
JE i AR BRI

B BEE vs. baseline

MREIE S P AT R GG AR LR L L 0 B R A R E @ BT 8
BEAE > A baseline &% > 12T & ArE4F T ¢h 469 baseline %
— AR EBE EFRAAEIHRECAEYE MTT i EE
R MTT 18 €1 % E 4R 69 BAR ™ BB o 5 SRR
1#£4%F TI eh4 K30 %4 baseline SATF » Rl E MTT L&A A E Y
THER AR —TE ERETEANFEBRIAIVE B—Kd
BATAFE) T EEZ AR 0 AR T B BRI MR 84 mixing chamber
PRI ARG Y > BF T iy A A 88 R H HFI R IR
N BLEEEE R SRR 532 baseline 2 F 0 o A i@
BT THEBRND BTSN EETXBBRRNBE > RELERE
ZILMTT 22|09 EEK - MMAEHRERERIRFBERA - F
MAERESET > MALTAREIRHNERIRR » SMAE
W ESTIRE LA — THYSE N - B L AT -
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seoh o B RGEAETRE BB P o 1B BT AE € [ 2 0F B M R R
b BRI EAR 0 B EAF TI dhs A — SRS Rk 0 R A
S EERE > SR B AT SR AR RIS EH K -

CRIEs o

3 TI shipts > BERLARIT TR — EREHRE - &R
B AT 8y curve-fitting & kA gamma function &y dh 4% > M fit 14 &9 eh 4%
Fo R AR A LA RIFELEER - fit AT e MTT @
TR 0 12 T AR SER K 0 BaoEE AR curve-fitting T LA 3]
A TG HEBERERBE - ASMERABRAE > £ Tl B L&
FRRE > LHE A EFAEFHE KRR TR e HER(L
B MTT )& R AR E -

L ey B TR R F M — I &R EK(GS-D)

BER % T 1A MTT & 3

KPR vs. EHEX FER FEAR

=i
&
b2
o

HOR& vs. BaR® R R Re X | MTT % &#&)

A D> BE 8 T
F3R o g

% RTINS S 81 P

4178 B I B0 g1 fiﬁgﬁ;

MR 81 S0 | MTT % %800

&(G-1) BRBESEIHBEF
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EEPRIESFENT MTIT et B E S8 > BERER
S E H MTT fEeyrktbAe c A4 » B v BN IERME - Bk
IR A SRR RERANETIRRAR > MTT A2 — Bt EE
(RS SR
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5.2 Deconvolution &3 A 1%

B AT %41 £ &4t ¥ F] — 18 mixing chamber &9 #; A B & 3 T1
424k deconvolution * & R FwEri > T g TI R R AT
B% ] 7£ 4% (bolus injection)Bs » &y 3w TI R 2 A€ BE
i 4&3i® deconvolution 1% A — T2 B 8915 L3R - &kM# A Wiener
filter 2R f#% deconvolution &9 €)1F » L RIZAMSE B & Fémah 43k -
AR L LB AR — R LA S R B R R T 60 R B B bR Y
A filter 8RB > B ATER MR XA — B4R T & RAY KT
& st Wiener filter 6947 & & 4& R4S T » 7T A O304 PR 54 3P 7 R 89 4%
TBoFRRBETYEMBE— TS oM o AMILAE A BEEANY
deconvolution 7 X, > | K& BEROBEE LT AN EE
EHRATRERNAHELOREN  3ERATUFR B EYE
R APk AR RE S B R G 6o AT A 89 gamma
function & R @ SH WA FEEE YKL -

4& Wiener filter deconvolution &9 2246 T » sk i Ll gy &k2Es » 7]
DA EBCHBEARBEEN » #lomBe 2 AXIBTRER
HRME S EFV gL Rb XS TURAREBREAEYH
deconvolution F =&, > £ R FAZ KR K &9 K DL T #4 deconvolution »
BB AL TR ESRER N > RMbF LT deconvolution
4 R4S T ML R K o f£ deconvolution F X e9iEIE L > LELAL
ReYAE T Mefn EREME Z B — B3 > B % B AT A 69 8 B B Ok
PRI R & 0 RSB A BB LT X B RS FRIZITH TS
RFERA LT X EA EFHER -

f& #fB LA £ mixing chamber &) E 5@ > BT 4.32 ghprisiiey
BEIL 0 RAME G FRBUAEH T REBITE ARG T 5 A M & RAR
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AEER - HTARGBRRERR T Lip PAARIIGEZER L5 > £H1E
LA b mixing chamber &) B ¥ ° A7313% 89 7R F) mixing chamber [
Ay tbds o B sbfe B mixing chamber $y sk E R8> SRR T D
AR RS R T R BRI AR EA AL E R i H e
WA Sh > BREEIERI G R R AR AEA R E B R R B & > TRBr i@
¥y mixing chamber % f/A &) F LA RAAE G RAEIRE) 8842
TR FEE - FAERTEENETRERLAREELE  EHAR
35 B0 o 0 SRR AR 3R AR B 3 R B AR RB R Ml k0 ke sk
DUF A R deconvolution A AE/F R B AIE &R - KM ARIE
MY &8 > AR REAMGHAG LR FHLAFEN  SBHRGE
Bt > f& mixing chamber ¢y N @ L FER&F RF S5 E 0506 0 7T
REABES S ERGE R — 5 sbdh > BN F —18 mixing
chamber &%y &3 > S RER E A % —18 mixing chamber & 3 35 &
WMRECKTHRS - Bbsbimey TI BRTRAR S IR K
baseline AT#e 53¢ > EIF DT ERT ELA - B AT A RAIIERAER
# R yb# % deconvolution B RAREGR R - A2 HATR A R T B
22 MEAR T AE R & A& &2 M JERF 44 (LTI, linear time invariant)gy 4 4% > 4
#, 8y impulse response €K E I A K A E M S > ME L
deconvolution ¥R AR AR EZRF > MBAMETRE T ATBE G
FlAg > M ATRNARRBEEFL—%ReBs 28w E -
B AT &R AR E 3wt — R TR AARE T X - Z4RE
A mixing chamber 8922 3% % & & R ERX AR E o

61



AARBXP > BMF R THBEERETR AL AR
B AHREREZEHERYERERBRROBE B TREXT
EPEERNERASLIN > ALY BBEREANAR ST TS
BRI A HREE B -

MR+ BT BRGEN  ERIF/RUTER M
AR HF 0 %4938 & mixing chamber FRAZ G REIR AR T H 69 H
%’@%%%%ﬁnmmgmmwﬂ¢%%iﬁﬁ A3+ B AR AF 8 &
AR T A B i E 0 MR A S TGS AR
FEMIEHIZT 3 G FHABARM A @RI > &35 mixing chamber #9
FRae ~ AN MAENEBRES e HBRIELER — TR

BEOHE - A EEBTREFAIESFEGRLT » KA L&A
BADBAMBIEREARNEER LT CHBREKETOARA LT
HEZENIER LEORENENERT a2 HE#HE
I K 0 i F 89 curve-fitting oW S R A BRI H B -

ﬁé@iéﬁé}#ﬁi » #E R A MTT e EAEM RAE T M L ERERN
T BRABSGERANETRARAKY Y  BHAZRABBES
B THERFINEGHENYWER > ERXBNARTBEHOBERKR B
MEORE G ERBABBANITE L by 287 & » PW -~ HT
B DS 4R oEER  nABRAFHARERE A5
— R R AT

BRAERAKLTINA —LEUFHAEERGGEME > Bk
deconvolution 5 BRERER T 2MFETALH > £ LR T RAE
TAEPEE T > mixing chamber 3 JF & — B4R PEJE 0S84 8 & 4%
MEEATRTPHBIHEE AATHEABRRET PLEEE
BA - BEMAHBRERENEARARNBATREAETANET N A
®t o

62



54 xARTA

AARBAMCERT —ERENERASK > FHIMOEIIR
RABEBLRETAK AR T LT BALLRAT RGN BT
AL 32 A8 deconvolution R ETEHRBENR  2¥M ML ERF
HRESEOBEA RN - BIRFLE A L8458 deconvolution
N e

b

AERE B A CHEE— BT UEFIR & 6y i
EPHREEZARB R pulsatile RET LI AT €
3
4y

BB #

c‘fv?

%8R,
a

RS

2%
DAL AR R iR eI 3 & 0 AR ek R B AR R
Bl /B A ARG BRI SHA/ HE EE

BHRFAHLBEAME - WA WA RIRBARABH B OBE
AT EFARRAE S REFTEZAARTRPFRMOER >
é%%%%%ﬁ%ﬁ@ﬁﬁ@ﬁ@%%ﬁ%w’&ﬁﬁﬁ SRR AR
FRBE T B AR B IR IR BT A 0 RIRFT RIS
&R IER -

=k

Q

g
2
W
T

\

63



%4

[1] B. B. Goldberg, "The Beginnings of Ultrasound Contrast", Ultrasound
Contrast Agents, P1-8, 1997

[2] Gramiak R. Shah PM. Kramer DH, "Ultrasound Cardiography Contrast
Studies in Anatomy and Function", Radiology 92, 939-948, 1969

[3] J. Ophir, K. J. Parker, "Contrast Agents in Diagnostic Ultrasound",
Ultrasound in Med. & Biol., Vol.15, No. 4, pp. 319-333, 1989

[4] B RE, “RBERHLBBEN”, FPERBLETAE S
http://www.sumroc.org.tw/sumroc/book/echo5-6.html

[5] F. Forsberg, "Physics of Ultrasound Contrast Agents", Ultrasound Contrast
Agents, P9-20, 1997

[6] F. Forsberg, B. B. Goldberg, "New Imaging techniques with Ultrasound
Contrast Agents", Ultrasound Contrast Agents, P178-192, 1997

[7] deJong N, "Improvements in Ultrasound Contrast Agents", IEEE
Engineering in Medicine and Biology, P72-82,Nov./Dec. 1996

[8] P. Toertoli, D. Bagnai, and D. Righi, "Quantitative Analysis of Doppler
Spectrum Modifications Yielded by Contrast Agents Insonified at High
Pressure", IEEE Transactions on Ultrasonics, Ferroelectrics, and Frequency
Control, Vol. 46 ,No 1, January 1999

[9] P. Tortoli, M. Pratesi, V. Michelassi, "Doppler Spectra from Contrast Agents
Crossing an Ultrasound Field", IEEE Transactions on Ultrasonics,
Ferroelectrics, and Frequency Control, VOL. 47, NO. 3, MAY 2000

[10] L. M. Wang, K. K. Shung, "Contrast Medium Assisted Fluid Flow
Measurement", IEEE Transactions on Ultrasonics, Ferroelectrics and
Frequency Control, Vol. 42, NO. 2, March 1995

[11] K. K. Shung and R. R. Flenniken, “Time-Domain Ultrasonic Contrast Blood
Flowmetry”, Ultrasound in Med. & Biol., Vol. 21, No. 1, pp. 71-78, 1995

[12] F. S. Grodins, “Basic Concepts in the Determination of Vascular Volumes by
Indicator-Dilution Methods”, Circulation Research, Vol. X, March 1962

[13] A. N. Demaria, W. Bommer, O. L. Kwan, K. Riggs, M. Smith, J. Waters, “In
Vivo Correlation of Thermodilution Cardiac Output and
Videodensitometric Indicator-Dilution Curves Obtained From Contrast
Two-Dimensional Echocardiograms”, American College of Cardiology, Vol. 3.
No. 4, April 1984:999-1004

[14] S. Kaul, P. Kelly, J. D. Oliner, W. P. Glasheen, M. W. Leller, D. D.Watson,
“Assessment of Regional Myocardial Blood Flow With Myocardial Contrast

64



Two-Dimensional Echocardiography”, JACC Vol. 13 No. 2, February
1989:468-82

[15] D Rovai., S. Nissen, J. Elion, M Smith., A. L’abbate, O. L. Kwan, A. N.
Demaria, “Contrast Echo Washout Curves From the Left Ventricle:
Application of Basic Principles of Indicator-Dilution Theory and
Calculation of Ejection Fraction”, JACC Vol. 10 No. 1, July 1987:125-34

[16] T. R. Porter, A. D’sa, C. Turner, L. A. Jones, A. J Minisi, P. K. Mohanty, G. W.
Vetrovec, J. V. Nixon, “Myocardial Contrast Echocardiography for the
Assessment of Coronary Blood Flow Reverse: Validation in Humans”, JACC
Vol. 21 No. 2, February 1993:349-55

[17] X. Chen, K. Q. Schwarz, D. Phillips, S. D. Steinmetz, and R. Schief, ”A
Mathematical Model for the Assessment of Hemodynamic Parameters
Using Quantitative Contrast Echocardiography”, IEEE Transactions on
Biomedical Engineering, VOL. 45, NO. 6, June 1998

[18] D. O. Cooney, "Biomedical Engineering Principles", Marcel Dekker, INC.
New York and Basel, 1976

[19] A. D’ Sa, “Acoustic Densitometry” ,white paper of Hewlett-Packard Company

[20] J.H.T. Bates, "Deconvolution of Tracer and Dilution Data Using the Wiener
Filter", IEEE Transaction on Biomedical Engineering, Vol. 38. No. 12,
December 1991

[21] W. K. Mark, G. William, T. Kuldeep, G. Adrian, K. Sanjiv, "Myocardial
Contrast Echocardiography Without Significant Hemodynamic Effects or
Reactive Hyperemia: A Major Advantage in the Imaging of Regional
Myocardial Perfusion", JACC Vol. 12, No. 4, October 1988:1039-47

[22] B. Schrope, V. L. Newhouse, and V. Uhlendorf, “Simulated Capillary Blood
Flow Measurement Using A Nonlinear Ultrasonic Contrast Agent”,
Ultrasonic Imaging 14, 134-158, 1992

[23] J. Hindle, A. C. Perkins, "A Perfusion Phantom for the Evaluation of
Ultrasound Contrast Agents", Ultrasound in Med. & Biol., Vol. 20 No. 3, pp.
309-314, 1994

[24] S. L. Bridal, O. Lucidarme, J-M. Correas, P. N. Burns, J-F. Moreau, G. Berger,
“Quantification of Ultrasound Contrast Agent in an In Vitro Perfusion
Phantom”, IEEE Ultrasonics Symposium, 1999

[25] L. Axel, "Cerebral Blood Flow Determination by Rapid-Sequence
Computed Tomography", Radiology 137:679-686, Dec. 1980

[26] H. Medwin, "Counting bubbles acoustically: A review", Ultrasonics, vol. 15,
pp. 7-13, 1977

[27] A. T. Kerr and J. W. Hunt, “A Method for Computer Simulation of

65



Ultrasound Doppler Color Flow Images - I. Theory and Numerical Method”,
Ultrasound in Medicine & Biology, vol(18), No. 10, 1992.

[28] J. A. Jensen, “Estimation of Blood Velocity Using Ultrasound”, Combridge
University Press, 1996.

[29] Rsmussen K, "Review: Methodological problems related to measurement of
quantitative blood flow with the ultrasound doppler technique”, Scand J
Clin & Lab Invest. 47(4): 303-9,1987.

[30] P. N. Burns, C. C. Jaffe, “Quantitative flow measurements with Doppler
ultrasound: techniques, accuracy, and limitations”, Radiologic Clinics of
North America, 23(4):641-57, 1985 Dec.

[31] M. Casty, D. P. Giddens, “25 + 1 channel pulsed ultrasound Doppler velocity
meter for quantitative flow measurements and turbulence analysis”,
Ultrasound in Medicine & Biology, 10(2):161-72, 1984.

[32] 2 B#, “BARE&EIE”, Chapter 8, 73-76, 1999

66



B4k A 184 Doppler £ X, 89 F 7% &[R4

Doppler 7 3% ff wt*

ZREBE(A-DEEN > BERIFE f, SERBEHAR TR - K
KRB o ERNBET G LR — b IRRGA T KA Bbé
M FRIE LAV, 693 R A GIRERE) -

transmit freq. : f|

blood velocity : v, / sound velocity : ¢
® \<<®

B (A-1) Doppler % & & B

B MR ERMRAE > N KPR ERASE > £E
B T PATAEJR ) Bk B 3G b T/A 3 o By cT/A+VT/A 5 R gt
BEA oA AKEAMMBEH YR ET KA E [ B
(CT/A+v, T[T =(c+v)[A > Rl gbudey 4T b $h3A R0 75 5

—fof =" :
Ja= 1, s £,(A-1)

T aRAMRAS G > WRRBHAHE RZ > ABH AN
PR F

MARAEFRBES G EARE S R N HERBE
o BIEARIE T G e i B A By O o) (B SRR By e ) A 08 Sk A
B 0 X (A-1)2ZBF L cosOR & IE 5 phéh > Ba AR EZ AL RIF
SR AT RAEPGRIR » ARBRFREZ TN ERSBREIEE > 3
B 6998 R AR A5 @ hods 0 B ULF /%éﬁzri NE R E T PN W

fd=

A(A-2)

67



H PO A Z %A (Doppler angle) » A & f ik R b 48 Bk AR
W|HE LR 20 A8 DB IR AR AR o

R~ ag T X TR R BB AR E Rk 0 H AR AR P E R
EERRRFHRRE > AhF FHRBOHREARR > BEERE
R R Aw P 0 Sk fA (BP AR Fﬁi]ﬁ)ﬂ"\a‘iﬁr o PR 0 &R b B X Y

DE AT S AE LHUSLRGRA] > EFEFSHEATHERER
FARREFRE o AT EHE M H 7 X REE BB AMNE

P ESTEVYE DK

RAehEHmaFiaagdNELY TS ZELL > HbERH
EFEGYd B NARH BB O E @R EEITARRGBE > XA
4mm B 8mm &y FREMT 0 FERGREME 0.5mm > R ATR]
FZ R EERES 25%K 12% 5 BRI E B IS 5L AR M B &)
MEMRARN » AR T A LHRAMBETL > g KRE A £R
R AP B BRI S A Rk o b A
SRECHE 0 NEH TR oLbiBiafk e hd KRG % B (vessel
wall) B E 453ty B 2 0 X oA8 Tk e %8 T kiR & 1540m/sec > 48 ¥
ABEEE 37 BT 4 1580m/sec ARG M G NIEE A 0.12 3
0.22mm™ YR 2 % | B AR CBAEARE Y > HRTHERLE
F 20%uy % & B sbAe B E 0 LB LT 6 O KRG e F B AR
R ik R — 3R £

a0

& 3% % 3k (beam)Fo fo 5 &) & f B9 53T
PENEEECEE SR EES 4 E A D R
Yo UrRVEHARGE  TREENTACHBRAGEEL - 8

WA A E RS R AA BT K, F R RIS YL R L o i

68



BERLBREBAGZE AMLBEHIEERALERIE > BHH AEE
R E CAAHNARR T T CHFSARERRLEL D
AEMBESMNE N X BRI R IHRERAMAR > EEMAE
B A ZITE  RERWBSUAA AL EHE  HETRAMREIK-

— A AER N B X BRI 0 AR N B AR 50° 0 EE A K
WD R ZRELBR > ARBTEERAED 5 Ak
MEWRES 85%  ZERAES 5° R E®RES 9.9% 7 - F
SRR R A ERE AT e AP . FU R AR T E
BAEOFT X RERAZEHERREL S FEAFNA 2 =A%
KARBAE 2RI R\ T GG AL > (R4 P BRI A B T A8
B EREREFFATRLREAETHR > HABKREHEELR

N

& o

fn LR B A 3T

BT HRBAKRR TR EANBRARIER I H A&
PR — BRIk % (B wall filter) RIEFRRIAIES b #1338 > 2R &
/F‘F/\ﬂ“f}:ﬁ'f}n é‘JTE']Hfr ’ {'Za"']— ;l%-‘fﬂ-/)ma é’] 5%5)}%7@% ’ ﬁlkbiwﬁ%‘;’i
R RS e H LR RO EMNARROBE -

o BRAREHOERHA AR EANA EZHBE > R EE
IR 22 ] &) B ] A% By 4845 B 1 (transit time) » 3F AP K45 BB ERK
T B R ey B AR 2 ] > s &oh ey PRI BFRE R4 0 ARAF 21 6948 b
B3R A e R A IR H A F L o FAB T RS B 6y ik kAo

f R Ty e Y Sk AARCNEE AT BT A R B RR ARk 0 B
157 ) B B R L5 RS T B 3B B B 2 BT B AT 3 % A 0 PF B4R 3t e B
B8 o

69



M+4% B  Wiener filter X 3 &

H—RREE R A O A BT S » ZyORBE ~ x(O)FBA
n(t) & & ok 30 0 Rl & Rk 2(H) B

n= 0+ 1)
= 0 H+ 1) A (A-1)

A (A-1) ¥ 0 % 5% convolution &) 3 & - £ Fourier transform #4 &,(A-1)

B3 B ARER 0 TAF
Z w)=Y w)+N w)
=X wH w)+N w) K (A-2)

HP xOA z() SR KRG » dN MK RT 0 0 2 K45
#2477 deconvolution #9335 » & x(H) & z(t) A7 K4F h(t)ey A X E R 5
H(w) = H(w) + N(@)/X () X.(A-3)

HRBAABE KA EREE+HFRBE - HAKA —
b I5 [R5 3R 64 B 4 - Wiener filter &9 457 42 738 08 8 o 3% 30058 2(1)
BBILEK B% 0 EANAI) PR EAR M P HHRE T TR

X |~ 2
J= I_ ) ‘H(w) —H(w)‘ dew X(Ad)
o HW=Z(W(W)/X(w)
B R(A-4) » T g

[T OE@ V@) TP @)+ N @)
O X(w) 00 X(w)

—H@)F
L]

K(A-5)

# & oMA R E) H(W) PP B A7 K -

70



&R K 0 B A(A-5)7T K45 Wiener filter a9 — A% #2

_ Y(w)
M@= Y(w) + N(w) A (A-6)

B R(A-6)FF KTy W(OBEEWYBR » 2REMETE > A

K(A-5)8 #1 %

W, () = \Y(ot))\2 + (Y(a))*N(a)) + Y(a))N(a))*)/z

2
¥ (w) + N(w) X(AT)
% BB A IR R 2 A AR B 0 BT AF
T v +Nw)? A (A-8)

F£ K (A-6) ~ K(A-T)ER(A-8) F F13x Y(W)A N(WA Lk > 28
MR EHEAT LR TR T2 408 B F 6 #MAIR - £ Wiener filter
B94E @A T 0 LA d i ak EAF AR RR B B R 3RE 0
BB AR R 8 B o 2 2 0 Y (@) R Rk et
v R 0 R

N(@) = Z(w) -Y (@) X.(A-9)

% U D(W) &R~ BR& R E > Bp
Y (w) = Y(w) + D(w)
N(w) = N(w) - D(w) A (A-10)

Al A R(A-60) 53] o047 =48 A X Wiener filter 493% £ > 743

D(w)

Hl(w):H(w)"'X(w) K (A-11)

R{(Y (w) + N(w) )D(w) *} +] {(Y (w)+N(w)) N (a))}

H,(w) = H(w)+ ;
X(w)(Y(w) + N(w))

A(A-12)

71



H(w); = H(w),

N H 1 d
X (w) 51 +|N(w) - D(co)\2 / Y (w) + D(w)\2 E &,(A-13)
) H(w)H 1 H

1 +[¥(w) + D) [|N(@) - D@ B

& — B AT B AR ARG IEAE E R S 85 > W (W) £
TR BEERNER  BEMAERATHIELIENMK 0 B W(w)
WMEBKR 0 Wy(w) ~ Wy(w)ah3% £ F T RE %15t W(W):E /] o 8541
B @R P > Z A KX ey Wiener filter R B R - B E 42
deconvolution 4 R #x 4F &4 filter & — & &9 2B mH7 o

72



