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Portal blood flow in chronic liver disease: measurement of portal blood flow using 2D-cine phase
contrast magnetic resonance angiography
Atsushi Yamauchi”*, Norinari Honda?, Chiaki Kawamoto””, Koji Yakabi”

Purpose: The evaluation of portal venous hemodynamics may help determine disease progression and prognosis
in patients with chronic liver disease. Although pulsed Doppler ultrasound is used to measure portal venous flow,
accuracy of this method is dependent on the proficiency of the operator, the obesity of the subject and the presence
of gastrointestinal gas. We used two-dimensional cine phase contrast MR angiography (2D-CPC MRA), a technique
not affected by the factors described above, to measure portal venous blood flow (PBF) in patients with chronic
liver disease to test the clinical value of the measurement.

Material and Methods: This study consisted of 43 subjects: 35 patients with chronic liver disease (13 with chronic
hepatitis, 22 with cirrhosis) and 8 healthy volunteers. A 1.5-T MR imaging unit was used. The cross-section,
plethysmography-gated, multiphase images of 2D-CPC MRA were obtained from the center of the portal trunk.
PBF was calculated from this area and the mean velocity of portal vein at each phase. Boundaries of the liver were
traced manually on T;- or T,-weighted transverse images covering the whole liver to calculate the volume of the
liver. PBF was divided by liver volume (PBF/LV) to obtain volume-corrected index. Doppler US of the abdomen
was performed on the same day as 2D-CPC MRA. The indocyanine green retention at 15 minutes post-injection ICG
R;5%) was also measured when the subjects’condition permitted.

Results: PBF was significantly reduced in patients with cirrhosis compared with healthy volunteers (mean= SD;
511.0% 204.6 and 889.8=+ 289.5 ml/min, respectively).

PBF/LV correlated positively with hepatic volume in healthy volunteers (r=0.8, P<<0.05) and in patients with
chronic hepatitis (r=0.20, P<0.05), but correlated negatively in patients with cirrhosis (r=—0.60, P<<0.001).
PBF by 2D-CPC MRA correlated with that by Doppler US measurements (r=0.5, P<<0.05). PBF by 2D-CPC MRA
weakly, but significantly correlated with ICG R;;% (r=—0.16, P<<0.05).

Conclusion: PBF was reduced in patients with cirrhosis in this study. PBF/LV correlated negatively with the liver’s
volume in patients with cirrhosis, but positively correlated in healthy volunteers and in patients with chronic hepatitis.
These results show that PBF and PBF/LV by 2D-CPC MRA may be used as an index for disease progression.
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ANDFRA MR E DR 70% IEMIRICHKT 2 & ENT
W5, ISMERFEE TR, ZOWEIC K Mk TE)RE
WERRRICE LT B H, Tzl L <MY 2332
FHERB A HEDRHRSS, THREZNS L THEHGERE R
HAREMEN D 5 L EZ 5N5. [EkD 5 MIRIMNT THIfE
RS 2 51 LT, ATr—T7 V20T
AFFIARIERE V0, RMMIREE 2 R EMNFIH SN TE
Tz, TSI MIETMATES OF > FIIRIEHIE & PTRE T
HHM, RENKEZIAZDIITABMETIERV. —
77, fEECIHMZEE D DEFISEE R T OMmEE:
WIEHER Ry 7o =05 5. T DJ5kiE Satomura
BIckD Ry 7o —shB 2 Uiz mifE g fliE it e
U CAITI956 fEICER SN, Mg, ki Ry
TI—=iETHO, BAEMEDFNCE SN TV,
Baker 5 W E I VA R 75 —1k7 1970 4RI B %
THTEICKST, BMEW Ry 7S5 e
EEOC LIRS Y. TS K DEROHEES DMk
HIEDATREL 720, BEONAMFRHIEICFH I NS
Kootz ZLT, BEP/SIVA Ry T I—k7%x
FAWTPMIRIMGEZHE L, 18R EDOHRREIC DN T
et LGS WSO RLNDE XS Ick-> 127,

MRI TR O M EHED K TN
HIFHSNTWSD, MR angiography (MRA) 1X#RES
HBOES ZMHICK FEE 5Ky, MEMEE
L, MROEHRZ MM 2515 TH 5. ekl
AW IHMREMICIE 2/ TE, MROADNERZ
HU D HiL15 % MRAIZ, Time-offlight 4 (TOF i) '
&, Phase contrast it (PCE) ¥ Ol KRE
%. TOF{EIIWmB AT A4 AT A LUz iR H EE
FIWCEB AL, ZOmEEZH0 H UREd
511ETHO, PCIEF MO R RE E RS N 2 15
s iicky, Ta bk rOMHOTNNEL ST
EZFHLT, MROARDNSESHHTLSKIICT
KEINFRBHETH S, CTOBE, MitHOTHNEZ
M LT B 728, PCIEIEI#EZ )W U 7z [E){% T
Ho, ERMZAET WG HEEEA 5. PCHETH
VA Ry 7T —1EIc X B MR IR EIRE O I E
BXU
MRS DS S>, LB N A AL X % BB h D7k
VISTENTWS. PCIEICIE LREI R CHisg T
=% 2 Ryt L BRI REEICEN T3 XOTIHEN D B HY,
K4 x2 oy 88— Rz Wiz PC i (2D-cine phase
contrast MR angiography; 2D-CPC MRA) ZF[H L, 18
PERFE R 4 B OMIRIMIREIREZ MG LU, SSADFHIC
EHLS2D0EMRE T 5D, Kit%tzk ko
7z. 2D-CPC MRAT & & & 7= PRI BN E D H E R R
&, BER OVA Ry 75—k K 2 MIRIMREIRED

i

W, o

HEARE R & et U7z
(HRE LUV FHE]

AWZEIE, W OZEBICE LI E i T E Nz
R DR Z T HNIC O LTETH D, ARit5E
FATRER T OMBHES CIIMMEIREORLEL RN E T
NTWEDICEZHT 5. 2D-CPCMRAG®, £TD
M, KT VT 7 (RTHSICER LERD, X
rld, BEICOECTRERZG THifTE N, FRRGH1
HEXOVRK64FE12 H X TOMIC, WEERRKEREGE
gt v 2 —H—NRHCEIEFER L UT AR LA
Kt L TWaEED S B, DU OEHE TN,
F A E LW E NIz 3b FlEgEE e Lz, &
FHIIIMEEZ Wz HIC, 2flicimgimd, EHRHES
Wy, REICIS CTHE CTREZTT - 7o, MR
BHT6 7 HY LicH 7z o fREliEEMED FA L, 2
EZRUTze DZEMFR & U, ASTEBNIORHEATEE
O ERZESD, ME7 IV I AT (<3.7 g/dD,
MO T (<10 /5 /mD), Y@ ba e VERHEO
IERE (>13.5 sec), % PTOK T (<80%) D4=T 7 iifs
L, D, IEEEERMRE T, HRmorM™, Hd
fmo#ifk, FRELI—DORE—k, BEORTER
5, Tz, MEECTICTHIFRImOMTY, HzOd
b, MEDORTZRO BGEICIHEEZE L2k L. i
Rz T L727 BT, ZOMRZE - THEEZK
L7

W5, ERlOXGREH 20 5mh 5 787%) 3541 &,
FHER & U CTHREREM IE R R R R > 7« 7861 (5
PES B, P34 FHEERSD © 39.14-8.8 %) D&t
BHPITHB. WNREEDS B, @A 136 BE
84, M5Bl ; FHFERESD : 51,9119, 55
B HUSPEAT 2 2 6, R O CHRUBMERFR 116 T - 7z.
0 22 NG EZ T (BIE 146, M8l e
i SD @ 61.3+9.45%), 5 HBRIFFEZ 24, CHRIAF
WEZS 151, 77 )0 a— )UPERFEEZE 161, SRR 4 51T
HoTz.

PH R 22 5655 0D WL L P R s 8 £ 10 B 72 2
H, TNHIFHETHRIBEME ISR UTAE (Transcatheter
arterial embolization) ¥ ** PEIT (Percutaneous ethanol
injection therapy) **'* %4 Tl 3ZIF TV =,

DL EDOX5IT DO T 2D-CPC MRA % W PR L7 B
R i, ZERERRICHGGT U7z, RIREZRBINCIZ ICG Eifar
R Z TV 15 o fE RS (ICG Ry %) ZHIE LTz, &5
WCHEEPSVA Ry 7o —dZ2 AV, MIROFEHD R
B TRAB PRI 4 5 19 1 (@M 3 1], I ZE 16 451D
DWW T MIRIMRENREZ #i5f L, 2D-CPC MRA DR
el Lz,

1.2 D-CPC MRAIC & % PIAR I RENRE D RIE
a. WIJE I O E & ik
1.5T MRI #:& (Signa Advantage, GE Medical
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Systems, Milwaukee, Wis. USA) Zffif{ L, Gradient 2D-CPC MRA DfiAHE S =T, FIRAE 72 PR TS B
echo {EIC & 2 PRI IE RIS 38U % b IRWHRfSic & O DViEIEK (Region of interest, LXK ROI) 7 &Rkt
FIfRAS SR 72 (Al E U 7z, PIRRASER A S LS JE 1 72 R E TEICREL, B4MRIENIAE T D RO N i
L 2D-CPC MRAZ % U7z, w028 G TIdflEm 2 RE L7z, TROTHIAE X RO I si s X X
& UCTHlgZz iV, £ E0 156 TIE MRIZEE O B fitH & DIRFRZE | 2 SR C 21Tk, —DJE
IAPOPIIRAERICIERS 9 2 RS2 - 7z (Fig. 1a). Hicolc> THE L%, OE (/min) 23 CTM
TERARILZIC X % Retrospective gating i X O —0\JE 137 & (ml/min) K& 7z (Fig. 1b) .
A7z 32 (s 28451, XUd 16 (32 15 D) MiAHIC &l c. BIESE M, MUBISRHENEZTOHIE

UC, RiEmmi5 GEHE OMRIEGR) & AiHE G L 23 ZNDO@IEE (BI55 A, #5555 B) HIENZICROI
BT B35 A— X —7%Table 1l</R9 . 2Rl LMk EZ & LT, BIEENOLTH %2
b. FAMR L N O PR a7 e M2, —h H OSBRI ORI BIEH ADVHER

Table 1. Acquisition parameters for cine 2D-cine phase contrast MR angiography

1) Imaging plane:
transverse passing through the center of portal trunk:
first 28 cases
perpendicular to portal trunk passing through the center of the trunk:

last 15 cases
2) TR: 26.0 - 36.0 ms
3) TE: 9.9 ms: first 28 cases
12.8 ms: last 15 cases
4) Flip angle: 20.0 degrees
5) Section thickness: 5.0 mm
6) Acquisition matrix: 256x192
7) Field of view: 30-38 cm
8) Number of excitation: 2
9) Velocity encoding value: 30 cm/sec
10) Encoding direction: perpendicular to the imaging plane
11) Retrospective gating with fingertip plethysmography
number of time frames
32/heart beat: first 28 cases
16/heart beat: last 15 cases

):3
so1
20°

L o

Fig 1. Measurement by 2D-CPC MRA. Measuring plane was prescribed on a breath-hold coronal image passing through the
center of the portal trunk in transverse plane or oblique plane perpendicular to the portal trunk (a). Region-of-interest was
placed on the portal vein in a phase image of 2D-CPC MRA at each phase of plethysmography-gated images (b).
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H 23 N E A U, [ARRICPIRINGEZ S &
Bz, WEOREDHAARZIER L, HEDHZ 5
Tholz. YIBOMITICIZEEE AD L [E H OHlE
fili7e .

WKz - BIEFR - IFEZD3RE, 72,
Child-Pugh #¢HE/73HA - B - CO3BHIC, ZNZEN5
U, PINRMFAEORER L 217 - 7z

2 BER/IVA Ry 75— K B PIRIMTENREDAIE

HIE /LS DIED It > Tir- 7= (Fig. 2).
R 35 MHzD AV R\ 7 AT —7 %
AV, ZEZEIERAICNEALIC T AF v > Lz, PR
Aipl Ry 75— — LD ASA1360 LN & &
&9 8B, Ry FI5—E—=LDOAHMHN
60 FELL L7226, MIARAER H IR EEIC DOV T
R4 L7z, 72 1E 2D-CPC MRA filifTic 5 [ #i Z [A]
HIcTT7% - 7o, a2 EiRE X ALOKA SSD-2000
(ALOKA, Tokyo, Japan) % i\ /=, @&V A Ry
7T =R X AR R & 2D-CPC MRAIZ X 511
iR 35 & O ERRAHBE 2 Hr 217 - 7z

3.ICGRs%

ICG R;s% & ATREZAHNC DWW T i1/ > 2. 2D-CPC
MRA #: £ #& 7 15 1% IC Diagnogreen® (&5 — 3 Fk
A=k, WHD 0.5 mg/kg 2@k NIEA L, TEA15
I BRI U T i s 8 # (ICG Ris%) 23R 7z.
2D-CPC MRAIC & % Mk i & & ICG Ry;% D HE AR
FHBE AT 217 - 7z

4 FFEROAE

2D-CPC MRAD {7 H & A HIZ, HF Spin echo
5Ty, XU Ed Spin echo 7% T, SEERMENT 572 it L,
ZOHh S FEIR O R 2B IR LTz, B RATA
AT LI 2 IS B L— A L, ROI ik
RTz. TOMWME AT A AR E OfE, AT
EOWm OB TR L, FFARE L. 2L,
P B P FR A TS o L BRAY U CTlllE U .
agE, BXU, HERREETEHESNSC &
M BRFAR L (L/m") OZNZThr, @ -
TEVPERTSS « AFREZS D3 BER CLE#R Uz, [6) U =RER
THARD DD E LTz,

5 . B{AEFIRLTE

MR =72 FFPARE TR U7z ME, 3 7%b BAFHAL
AHEH 72 0 DMk E (PBF/LV) ZHE ML, A
OB RN UIiEEE Uz, W5z, 18%
FF2s, RFREZE D3 BEIC DL, PBF/LVHORER Lk
Zirole. TO3IRDZFNEFNT, HHARE PBF/LV
& OERHEBE M 21T Tz,

6 . FREHNIE

etk &, PR HLERIC 13 Kruskal-Wallis #7E &
T T 5| & i & Scheffe 17, FHEHDFRE I Pearson
tREZ, TEOMEICFMEZ, TNENHH L.
e 5% T2 aEE Lz,

W, o

(% R]

2D-CPC MRA & [AREIC 1T 72 MRITld, x5 35 )
W&, PRI T 3 X OE/KEZED R > T2 B
SO E#ZICIE, 2D-CPC MRA ETDIEH CT T
FIRIES 2848, AP v > b, BIRENIAH COEYS
RIEDIEF A>T BmEYILE VIfiiEld 2D-CPC #z
sk (ICG Rys % it T ED IS IIAFE LR D o T2
1.8REM, RUARENEH
PIRAERE, TXTOREFITABICH TS L
M T&E (Fig. 1. MIRILAREOBISSE M OB %
BiE, r=097 (p <0.001), BILEENOHBRENL,
r =0.97 (p <0.001) T, #EtICHRE, »D, &b
ST BAFzIEMBEZ/R U7z (Fig. 3) .
2 BMFHREICET ZPIRMTFTED LEEIRES
PR I35 D P E i L i 5 R T U 889.8+289.5
ml/min, 1EVERFAEFRETld 674.1£239.0 ml/min,
JHEZS B B T3 511.01204.6 ml/min TH - 7z.
AR L, (@S e AR ROMICH A
ATz (p<0.05) (Fig. 4).
3. FFEEZESERE (Child-Pugh 948) & FIARMMFE DL
PR I35 & 13 Child-Pugh A #f (9 f5I) ©589.0+
166.8 ml/min, Child-Pugh B % (8]) TiZ528.2+
196.0 ml/min, Child-Pugh C£f (541 Ti3336.9+
210.8 ml/min TH - 7=7S, =BERICHEIIA E AR
I 1z (Fig. 5).
4.2 D-CPCMRAELBER/NIVA Ry TS5 —EDLEE
2D-PC MRAVE L HBE I/ SVA Ry FS—iEL D
sk clk, MIIRIMTREICDOWT, W&
NS Bz LEiR B s (A R B iz (r =0.5,
p<0.05) (Fig.6).
5. PIARMEE & ICGR, 5%
ICG Ry % (ZB MR 13 Bl 1261, FFREZ 22 3]
184, & 30BIC DV THIE TE /2. BIEAFRED

A*B *°n

PBF (ml/min) = 7

PBF: Portal Blood Flow

A: short diameter of portal vein
B: long diameter of portal vein
V,..x: the maximum velocity obtained the Doppler spectogram.
6: the angle between the Doppler beam and the portal vein
0.57: the coefficient obtained from an experiment 7).

Fig 2. Principle of flow measurement by pulsed Doppler
ultrasonography. Adapted from reference 7.
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T BITHENICG Rys % N L 7z, 2D-CPC MRA
I CHIE LIS 72 MR MR & & ICG Rys % RO FHRE I,

HEtICEETH B EODOMBRE r=—0.16 (p <
0.05) &N RN H - 7z (Fig. 7).

6 . &

HFARIE T X TOREF TEBICHE TE . flH
EREOMAEOT131132.24+170.1 ml, BT E
FHREC13963.6+333.1 ml, AFREZHBHEETIX1097.9
4736 mlTH O, =FHRICEELAEIRSNEN >
7z (Fig. 8a). iFARE MAEmk (L/m*) ORERF L
TIIE U =R E E ARSI - 1= (Fig. 8b).
[F] U =B THAEDO DB (37 b 5, HFAEDH
ANHEE ICHEA I Eh -7z (p=0.1—0.2)

7 . FFREBERIDPBF/LVDLEE

a
2 140
E 120001 Y=-3.69+1.002X
of =0.97(p<0.001)
~ 10007
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5 8007
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NC CH LC
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1) PBF/LVDOY(EIE, &R T0.8£0.1 /min, 12

PERFR EFRFT0.720.2 /min, AHEZBRHRE T
0.6+0.4 /min CdH>7z. PBF/LVIE =HERIICHEE
R® -7 (Fig. 9).

2) AR & MIRMIT S X UPBF/LV & OFHE]

fH EH R CIIAR L MIRiRE, PBF/LVOR
WICIEDOMBEZ RS Tz (r=0.8 — 0.98, p < 0.05). F
T, BUEAFREZFRETIX, AR MIRDTEE,
PBF/LVORIC, $9 0 EDMHEZEZESD - r=0.2—
0.48, p < 0.05). FFEEZRE T, AR & MRS
EOMICIEEZSMHBIZRD T o 12, AR
& PBF/LVORNC DB Z 5887z (r=—0.6, p <
0.001). FyREREIC I 5 PBF/LV & IFARO B
X % Fig. 101C 7~ 9.

16007
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12001 r=0.97(p<0.001)
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Fig 3. Reproducibility of 2D-CPC MRA flow measurement: inter-observer variation (a), intra-observer variation (b).
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Fig 4. Group comparison of portal blood flow by 2D-CPC
MRA stratified by disease: normal control (NC), chronic
hepatitis (CH) and cirrhosis (LC).

Fig 5. Group comparison of portal blood flow by 2D-CPC
MRA stratified by functional category of Child-Pugh
classification. There were no statistically significant
difference.
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ITAE MRADMERIC X 0 B, ElROMEIES, Mmik%zE
EHICHIETE 3 X310, LELERIGHEN T
%. FRICPCIEIC X b0, HEHEMRAERIMEER & Rk
i, BHEAFREL EOMIRIZ, ABICFEETE, Mk
DJFIE EICHHDARETH 2 7. Bk Tl I
FOHHORE ST, MRAIC X B IO ER{EICD
WTEMRTENTWAS. 1991 4EIC Caputo 5 1%, PCi%
% WD THREN IR & 0028 O I 758 i e O I i & i D W
TR LTe. 7a—7 7 > b LEEBR TSR VA
Ry 7I—dERHVEIEREE X< —BL, PCikic
X B MEFEE 2R & U BRI s, OBk
MREEORERE L HHEERBRIFTH B L ZREL
T3, [[A4E Kondo 5 &, KENIR M O fitidh R i 758
g L fminEE, @8EE Ry o —goflEfe K< —

.8

g

= 1800

- Y =250 +0.85X o

T 1500 1 = 0.5 (p<0.05)

g 200" ° °
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Fig 6. Correlation between portal blood flow measured by
2D-CPC MRA and that by pulsed Doppler ultrasonography.
There are statistically significant, but fair correlation.
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I BT &, FRFCHGE U 72 HEE O PR RS
B, FEMIRIMFRICOWTE, 35 OVA Ry 7
T X BWEME KRERE T T >z M5 L
. Pele 53 REMWIIIZET, PCHEE#E/ OV
ARy 75—k R UTMIRMGE R, BEhER,
I E IR DRI DWW TG L T2, %
OWEMIEHHE TR HBET % T & 21992 FFICH
LT3, Applegate 5%, PCIEGARE M, FFZ,
FEAf R, HFLS, R E O B O PR D # i EE
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Fig 7. Correlation between portal blood flow by 2D-CPC MRA
and indocyanine green retention 15 minutes after injection
(ICG Ri;5%). There are statistically significant, but rather weak
correlation.
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T, BEEMRE L FESETH S L1993 FICRE L TV
22 cnbORHEREFEC, SHORLDOMETE,
AEIC BT ZMIROFEHEENZIEFICEN TEHD, @
HWHE, BUIEAFEE L B OMMROH H B K TR ST
&, MIROFEEE, T XTOHERENRHICIBNT
BATHERRETH > 7. T LT, AELBER IV
ARy 7S —72FH UHE UMk EORIC, 1F
OWEAMNHE B N1z (Fig. 6). A A Ol 13 4
<, MIRIMFROPE X HIAER R ChifTcE5 2 &M
HIFoNn, MEOHRMEELEWT &, O EE
HADFBIZ i NT &, HFROZEH ORI A
INENWT &, —RIV—F VB D Eh TR T
TTEZT LR EFENZND. KiEOREMZ, T
TC & © WEMEARG B D IEREPICIFEE TS B I, R—X
A—A—25H, PHFRMEGNC T T TERWVWERE
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DMEZEZVCEEEDICUTHERT BT LIcKD, 7%
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* PBF: Portal Blood Flow
LV: Liver Volume
Fig 9. Group comparison of portal flow/liver volume stratified
by disease: normal control (NC), chronic hepatitis (CH)
and cirrhosis (LC). There were no statistically significant
difference.
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Fig 10. Correlation of portal blood flow/liver volume
with liver volume in healthy volunteers (a), chronic
hepatitis (b) and cirrhosis (c).
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B SARFEOR L L EEEBBD TRIFEEZ 5N
(Fig. 3). —/5, HEH/ VA Ry I —EIc X %1
FIEIE —E D% F TR AMERICEDGENH 5.
BB TE, EHICE> T Ry FS9—E—L0D
NG %60 FELL FICRETERWT EHH D . AGHA
60 FELURICT 2728, A niiE ¢ iz il E
BEBEZEWVEIND - &L Ry FS5—E—L
DIxTANKE R BIHEOHEEINC R DT 72
b, Ry 7I—E—LASAZ60EL FCRETER
WIS 22 50 EENT VWS, £, I
BEEDHRICHE S N AWz, MK ER LENE
WT RS DS E RIS FHAC 2 201 7, i 2 Som b 7
A CIEREICPIIRZ T E R0, MRl > b a—
VI 5B CIRIE I RATRETH . £z, K
7T —Ta—Ic XBHEMEIE, HEEOPGERESD,
BOENTENMET S LT MG H 55D,

S MIRMFEE, BFOBEZLIC VPRI
HEIFHC 2300, MIRMFERICIEZEDTNE
ENTEHO, TP EH S 2P0 e LUk
hyperdynamic statelc KE SR L TS EEZI DN
TV, D%, BIEIFRENETS SICONE
KU T8 20 5 PIIRRICIRA VAT IR A LR = A
WA % LI KD ImMEWTmREMNEML, MIRIFRAHE
FBEINZLWVWHIEZSTHS. HREHIE, BER/ SV
ARy 75—k U MR EOK T, FHE
BOFIEEICH D ST MIRIMMITERITZL LEh >
FERELTWSY. hic & MIRIMFERIZZE LA
LT BHMEHEILE NS, Kashitani 5 (3 2D-CPC
MRAZ#EZFIH U2 HIE T, IFNY v > bR TE
AT, PMIRMITENEML TWE T & ZMELT
W5, LhL, [[EL2D-CPC MRAVEZFIH L7T-F <
OMFTTIE, BHEIC K SNIFRZ RS CIEAEICM
AR ILER DD LTz (Fig. 4). T ORI, AFEE
OHETITH DD S TMRIMARITZL LRV, B3
WG % o ety & 13 a o e, BRI EAT
R, WEW Ry 7T —2FH U MR T8RO RE T
DR TIXIBHEAFREOHER & & &I MIRIMTR &I
T2LITHHEE RSN, 51T, FTIELL
7z & 5122D-CPC MRADKEEIZmWVWEEZ 5N, At
ZOFERIIHNE DR LIFF 2 R0,

FFEZE O PR IR B DO (LIS DWW THE— L7z AR
MESNTWIEWIEO—DIC, IEINESDFEEIC
X0, WEMCHEA LRV HIIT E R WDIMTEDE
T3 EZILNS. X, HEHRRTI5—
TO—Z Wzl S OWE T, FFEEZH & FFEH]
IZBWT, MIRAERE RS & PR AT R Tl
MRENEZ O, PRGSO MR &K
LT3R L TED, D2 HEICIEES Rl
WMEFICK D, MIRWAMTBEN D LTS A HetED
HBT BTV B. L L, AWZETIE2D-CPC

5, i
MRA & [AJRFIC fiei U 72 S MRLC PR & M7t o

RN > 2 & h 5, MiREHh THIEIEICHENS
MR EEZ 5N, ERdIiCHRT 2 HERA DR
Bl neEZ NS, MIRERIEAESICKDE
b3 2r[REMENH B C L EER L, HIEH A% R
2ERE L, DD, TOEMEIEN T EICHERIC X
DAIELTHIET ZRETHS LEbNS. 2D-CPC
MRA (& PR I R E i O FRIE A A D O HEMENH
O, JIENMITEEDEE LT & Z DI & i e a]
RETH 2R mAH 5. MIRMITEIREDFEHTICIZ T DF)
MM BHAT2D-CPCMRAZFEAR L TEHRELEZI LN
%. Bk S, BP9 IO TiREE & A RIATF IR & %
&b BT Z/EEE LTICG Rs%hdH D, I
HR, vav I kEDORIWERANYEL, REILE&
LTW5%. ICG Rs% &AL TR L NMIRIL R &
LSRG L7zhy, BETIEH 2 DRI T
Eho Tz (Fig. 7). 2hUd, ICG Rys% D E W3 A E
S RELINNTTZD EHHRN SR TE 5. £
Tz, HFTAERESRFN « SRRSO FEEICHE 528 x
ZEMENETHICLE, METFHLEMTH
D, ZOOUERANHPLT N ENBEREEZS
N7z, ME/KIZ2D-CPC MRA Ff O MRI CIE(EE S, Ik
WA CIREE IR A>T e b, ThHIEHIE
AEDOER TR,

R IR A DHE RIS VR D B WIS L, FRiE
Wb L DN EZE LTV L. FHCITFREZE TIAT
3R 2 ic 22 R U, FPEEREAL, A5
FZL TV EENT WS, SRIOMKET, FFEEZH)
THABPEAL TV E DL 5L (Fig. 8). M
AR IMATEHEE & AP D K& T DORRIC OV TR L TW
BHE XD, LD FHE Ry 7S5 —%
W, AMIRETX R & PRI O M AR iR R &, B
mode &I THARE, HHEOKREE LR, ThE
n, WELTEDHFEDKE T H 7z b ORI E
% Flow index & L TR, HOAKZE L, MR TH)
REL OFMRZIE U™, ZOE, BIHEFAN 5,
FFREZE AN LI BANHETT S 2 IS DN MR IMFE 2 K R
FAEAMNR SN, Flow index EFHEZE Tl AETE I3 iE
K, HEEFZFHLTOICEDDDETHEL &I
DU TED IO —EAHED 7z O ORI k>
LTWa & Uiz, AWFETI, (EESHE S Flow
index & [AZFDfEE L UT, MARIMATEZ ZEOIFA
FETBR U 7zMl (PBF/LV) Z Mt L7258, ATl
P3RS & PBF/LVIZiFHRE U 72 (Fig. 10 ©). —75, {7
HRECIIHATAR & PBF/LV B IEOMRZ /R L 7z (Fig.
10 a). 1BYERFSHE CIEAFZAME & PBF/LVOE & IEDOH
B7ZzRd A, MR EREI D NS ko1
(Fig. 10 b). ARG OFERIEE, Ll &<, EES
OWELFARETH S.

B4 ld, NFREZEIC 3B1) % PBF/LV O AMNT DWW TLL
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ORI HERR L7z, BFREZ CAFHITE LA O HiHE SO 57
HEDHEINL, TS EFOEERPARICEFSLTWVS
EEZ N5, IR O FIIRN D 5 (2
AR DI X D EKEIN TS, HHW
PRI G AFIREICHEI NS, HHW0iE, Th
SWEMNE LW EE ZAUE, FFEZE CRrARIMTR I iR
L, PBF/LVIZHFARICHMHE L TERERTIE R,
PRYERT 28 Tl PRI I 9D LR WA PBEF/LV & JFA
BEOMBIRED A Uz 21, BFHALLI O
RRHEDHIINZ D 2 & DD HZAIZ EEE TRV EEZ
NEFIHARETH 5. I, BFAME & PBF/LV MO
BIREUE, MBUHERFRE DR DML 7 [ Wd % ]
REMNH 2 EEZ 5N 5. DL ENS2D-CPC MRAIC X
% MR 0T TERE D FRAT XA PE AT R O IR B & I
TEZAREMEDREN, & SITHEFIZRD L TRETT
HMEN D % £ BbNns. FRCHARE & PBF/LV 0O
FHBHIE AR & O E L 1R BN Z G 200 EhH 5 &
Bbons.

(F&s)

1) 2D-CPC MRA i1, MIARIMA r8IAeZ2 FEitE & < &
BHETZ 52BN HIETHS.

2) ARETHE LMk g, HEEEETHER
7% AN QA

3) HABIIIFHA TRAT LEHDET,
ERAYIENZRCY gbrl

4) AR & MATAREMIRITE = (PBF/LV) FHEE L, {2
WHE CIEIEMHE, BIERFRTEIEMEBE T 2 & MHE
FREUTIRAD U Tz, SRS TlEwitER cH - 7z.

(3¢

AWFFEDEF I 23 [0 H ARSI BE 22 K2,
HAm HAPAFREES >R L, DDW 1999 (AASLD),
55 85 [ LR A e R TRE L. AREKRZBIC
Hiz0, BNV HEEER AR EE Y
2 —[HE WA el ZBBER, B TR HEBIRICE
W B L LBIl, BRARIRZTAVTE R BICHHE
LET.
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