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MRI Phase Contrast Flow Measurement of
Portal Vein: Influence and compensation of
respiratory motion and propriety of
phase correction using background

Satoru Nakano, Tsutomu Katoh, Kouji Wakimaru,
Yasutane Mori, Junichi Kageyama, Ichiro Hino,
Katashi Satoh and Motoomi Ohkawa

The purposes of this study were to(1)determine which
condition, breath holding (BH) or quiet breathing (QB), is
better for phase contrast (PC) measurement of the portal flow
(PF); (2)assess the usefulness of respiratory compensation
(RC), a technique that diminishes motion artifacts due to
breathing, on PC flow measurement; and (3)evaluate the
propriety of phase correction (PhC)using background for PC
flow measurement. For purposes (1)and (2) respiratory simu-
lation phantom (RSP)was measured, and PF measurements
were performed in 6 healthy subjects (H3)and 53 patients.
Thirty of the patients had liver cirrhosis (LC)and 23 did not.
For purpose (3), flow measurements were carried out in the
phantom and 6 HS. (1)In 6 HS, intra-subjective coefficients
of variation (CV)were smaller under QB than under BH (p
<0.05). And PF in patients with LC was less than in those
not under QB (p < 0.01). This difference was not statistically
significant under BH. (2)In the RSP study PC flow mea-
surement with high sort RC showed good reliability. (3)Intra-
observer variation was smaller without PhC than with PhC
(p <0.05)in the HS study. It may be more useful to perform
portal flow measurements under QB with RC and without
PhC than with PhC or under BH.

Research Code No. : 508.9

Key words : MR Angiography, Phase Contrast, Flow
Measurement, Portal Vein
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Phase contrast (L FPC)EIZ K B iR HIEIREH DX F X
F oM CH SN TWAEYS, L, FlkEFZCo LT
Z B HEIEO M HE 12 BT W { 2 D HEE 253

L. TOPTROEEL SO, WPREEIOFEIZXY,
PCHEIZ & & MM A A IERE % 2 T it 5 Z & T
HHY. 612, MIROMUGTHEEE b R OIEE I X > TE(L
G B 72 ORI T COMEIZIE ST Y FH34: U B ] ag:
DR SN TV B0 S EZ NS OREE T 5729,
I IIIRES) 2 Bl L7k 7 7~ b AR B CHlEEAN
DR GHT L7z, R 2 Oy & L CIRgEg) o
IT=ALT—=F 777 FEBERT 5FED—DTH bres-
piratory compensation (ELFRC) 2§ 5 Z & g I
DWTH R L.

JEEB e MR CHf2 4 % &, MEBGESHC X 5 o' — A b &S
NBT—F77 7 b4 Lglre il EZ 0w f ks 2
EDohH, O, T— A MG IHRETRIDER I X
DI REIT A 201 E L, T-A FOBbhLANE
SRR & ) B 29 RCIEMILES) 2 =% — L,
Z M AZfE v phase encoding DMEF Z #E1ET 5 Z &1 X D k-
space LIZAE S NS 7— & FOMEREM% 2> ba— )L
4. low sort RCIZHELAAY (I [B] 2 A scanliy ] &K C—[m]
& 7% % & 912, highsort RCIZHEMES X 0 & MW EMIAYE { 7
% & 9 IZphase encoding DI % #{ET 5. low sort RC
T T—Z MIEMRIZES D X 512N, high sort RCT
T — A MIEED L EBERFOVIMZ LA S N D
(Fig.1).

S61Z, HFIZBVTIIEE R T 7 14 T2 T4
TTOWE & ZHFE T COlE D BHREDZERIZOWT
A L7z,

L) —2oOMER L LTEFONEDIIPCETILRNE
TBHWEIINY 77577 2 FROIERET 20 ENI2O2WTT
5. WERFO IR B O 12 & 5 8% Hi1E
TBOIISY 27T FROIDBREILEEEZOND
—HT, FUROEENAZMTE % % &R, wbEo
RESERLBEREGOHELREWEEL, N 75w
> FROICD&ELEﬁ SHIZHSE A IEREC T AR D E 2 b
5. BEOHETIE, MBEROFELMHMET L0012, #l
TER OGN A DM % & F 2 VBRI Ny 2 75 >
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Fig.1 Schematic illustration of the

effect of respiratory compensation.

/

' o % FOV: field of view, G: ghost artifacts,

g ' 4‘ ( RC: Respiratory Compensation. In no

9 . 4%‘ — / RC image ghost artifacts appear at

~— Y ~—— e —— random distance from the origin. In
FOV low sort RC ghosts appear near the

origin. In high sort RC image ghosts

no RC low sort RC high sort RC move away from the origin and are

out of FOV.

FROIZEE L TWAHEINROENE—~HFT, Nv i35
7 ¥ FROIDFE #ATH T I MIHIE 1T - -8 b H 17,
ZOMHIHTHRHMIIE—E L TWARWODPFBIRTH A
I, ANy 275 FROIZHRELBELRE LW
BEOERIZOWTEHMT 5720, MEEEOEEE Y
FAWTHRES L 7-.

7, MRS ZEET A6, FICBL Tudhk
DAENHYTH L2 T, PCHEC L PIIRILTEIE
DFF LTS3 D TRRET L 72,

MREFE

1. MREBE /XWX -4 X
77 v b AEE, REE, RUEREIE I, MREE X
General Electoric 144Signa Advantage1.5T% Jfi\*, 2D Phase-
Contrasti#: |2 Tt # {ll5%E L 72, body coil # iy, TR/TE/
flip angle = 34msec/12.8msec/20° T, FOV, matrix, A7
1 AR B L UUINEREIE 2232 x32em, 256 x 128,
5mm, [ & L7z, flow encoding gradient!dslice
FHIIZENE L, flow compensation|Z2WTid

BRI 4 e o, WEEHM~DOROIDFRE 21X
phase image & FI\*72. Phase image % 7 1 > FiiF2000, 7 A
Y FLNW3501CTERRL, BHMETHMERF 2 — 7D
N & TERDPDEDREFOTHND %\ ERG AT i 72 BR 1
BEIENLWVE ) AFHICROIZEE L7 (Fig.3).

777 LB ARGEINESRLOF 2 — 7 L ERT
HWIE TIT R o 72, flEHEB L UBERENZ BT 2 IREEO
PeElZid, 97, SPGR{L(TR/TE/flip angle = 18msec/
2.6msec/30°, FOV =32 x 32 cm, matrix 256 x 128, 0%
11T ORE 1 nex, ZCHHITR T OFEF 2nex Thigh sort RCHEA)
& DA 4 A Smm, ¥ v 71.5SmmDAFAHERTE % #
gL, TOEBEDHRNS, FMIRAFBRITES D PRI
THEMED 280w 3 A5 A4 ZARATOMIRAKERONE
R, [FHE % & A PIIRAER (2 AE$ 4 Wi 2 C I il E
BiTo7e.

2. 772 hNLEEBR
DNy 7759 2 FIC K AAIMIE DA I X 2 Mt
77 P ARNE IO Y = L F 2 — TR E KT

slice Eread® 2 JEIZHINL 72 (Fig.2). 77 ~
I 4 BT Dvelocity encoding (VENC) 137 7 ~
; AN DFEEIZIE L T35em/sec* 5 100cm/sec &
My, dagiso & L 728 20 LA RIEH T17 -
7o, fREE R UERR G T OME TIEVENCIE
35cm/secw HV 72, ZOBE, WREIETTO
{Hll5€ Tl 3/4rectangular FOV ZHEH L, B IlA
TR &I L 7 BTG L. —F, &
T T C OBl EiEElow sort b L < iZhigh
sortDRCE A L, WFhoBad, ekl
(& DR A AT 1L & 1658012
L7z, 2?09 %, lowsort RC & iV TORIGE
Tld3/4rectangular FOV & iV 72726, HR{@EER
1349 1 7330F0HIETaH B A%, high sort RCE H V>

RF

G slice ——/__—"l ﬂ /\r\j‘

G phase

G read

Wi

flow encoding

A

gl

7B Ed I — A F #FOVAMI#EATT 728, phase
Fm o7 — 7 U Ematrix B 2 5L L7 D8

18

Fig.2 Phase contrast gradient echo pulse sequence for flow measurement.
Flow encoding gradient is performed only in slice direction. Flow compensa-
tions are added in slice and read directions.
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Fig.3 Phase image useé to manually place a region cuf. interest
(ROI)around the main portal vein(F1). Volumetric flow rate of the
portal vein was measured with or without back ground ROI(B1).

WCELALDT, Fa—7MICI3KERER L. F2—
THOWAULETRE LB L5 L4 /N FIET2000L T & L
7z, F 2 — 7D %60ml/min7> 5 820mi/min ¥ TS F &
TS, PCHEICLDHIERRE L, F2—7h bk
L7-EBoiE S 2B Lz, PCEEIZ X AHlEIR Ny 2 7
T2 v FIC X BAAARIE 21T - 72358 LATh R Va0 2 8
D TITo 7z, WIEETIBEIINY 775 FROIZRE
L, ZOHDEE 7 LVEONAMEDS, ROIEHRDTY
DNAHFFE &K, FOMERmPIZED /- DIZiE Sz
ROINDEE S LV OMMAE L VU7, HIEERELD,
EBROFE L PCIEIL L AR E L OEFEM, B XU
PR T RO b, MBREII oML ) FESEL R
L7
2) MRS EERL 7 7 > b A & ARET

EREO7 7 PAZ/NS L REIZEY, E—F—¢EH
H, 79 70#AEHLEIZLD 1 4MIZ19E, FEHEY lom
OFEEB 1T £ 12 Lz HEHERIIMREB DT >~ b
) —OREHENAT o 7205, RERHEROF -7,
M LEAHENI30° DML & - TRLE L7z, Hfgimi
Fa—TIHET B L) IFRE LAY, DL Ephase i)
X EFIZ, frequency Hlal % A ICEL L7z (Figd), 7277
YIMAPIZT=A T —F T2 PEAELB LI, KB
R AGETL, TR, W ERo o Fa—TEHAEDE
7o — A AR = N E Ophase HFNZE 7z, BLED
Tr Y hLaER, TR MEERENS LA LBV
ZNEThIZonT, RCEHVARWEE, lowsort RCF 721
high sort RC% Fl\W 72358 OFE 3 FEHO Bk CilllE L7z,
A & LTI SHE T EIC EFhEh s |3 20l
EFET7 Y NAF2—THDHERE—EL LT T
W, [J—RHEIC & % 5 B OHlEEOFHEE & R E % R
Wiz, i, WEOHBMLRE T 5720, HEEIES

TR 104E8 A 25 H

o7 & 491

D EDIREEL L AR Y, FHETEREFEE YRS S
ZEIZEDEIELL.

3. @EE CORE

D8y 7759 FILEDMAHRIED A X 5 llEH 1M
EENOIE

6 FFRILL EOREER A L 72258820 537 £ T (F1929.158%)
R AT 6 BB VTPC L X 2 MIRILITHIE =47 -
7z. #5117z phase image |l TSR S AELLECMR E £72 5
5 LT B BEHREHE 3 At E e ERIIZROE i LY
PRILFEREZ HIE LizhS, FRFENSy 2059 FiZks
AMIE 2 W2 E W HEONZE TIT> 72, #
EETIBEEINY 2759 FROVEMIRO T E B730F
ELTHIROEDLY #FT L 5 IZRREL, MIROK 2~51
OB TP EREETLVEBET 2L IH LG
72 (Fig.3). /23 7 7759 ¥ FRONZ & A OHIEIX i
277 v P AEREFERTHS. WELEMOMEIZDOVWT
(3, BT EICEEBOEEREEEM L. 0%
FRELDENIZDNTUE, FERIZIEHEESRD e h o
727 ANz PN FRRRE S T AW L /2.

2) LT & %45 11 T T ol E TOFBIME OB

EFED 6 ZOMEFERAIENRE TOFREIEE, low
sort RCd % Vv {Zhigh sort RC% H\y TOZEHHIFIL T O 3 58
D OEFFETS BT ORMSHOWPIEEIT -7z, WIEIZIEN
v 7 TGy FIZL ANMEIEII T b o i, SEH
EHICSHERE T 5 MIIE L7l & 0 R, B,

AN
\
\
\
\
i
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/
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Fig.4 Respiratory simulation model with a moving phantom. The
moving distance was 1 cm, and the frequency was 19/min.
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800 ~ /E (

(without PhC)

200 - z{//

N

flow volume measured by MR [ml/min]

1000 — /

600 -

y=1.04 x-6.65
400 - r=1.00

p < 0.001

0 200 400 600 800
true flow volume [ml/min]

|
1000

{Thotz. W2 79y FERWES
Fuwewiiad, EBRORE L OMBREIL L
DIZLO00TH o7z, ZHUF0.1%LL T Ofshgsc
ARERARR &g shiz,

2) WP BB R, 7 7 > b AT & B KRR

SEDIFRER) 2 kT AL 77 v PAF 2 —
7' Dphase encoding J7 AT ER I fE ) 7 —F
777 ML 72 (Fig.6B). Low sort RC% \»
LEZDT=F 770 W77 aFa—T
ICELRD, F2—7HPERL TR (FigeC).
High sort RC% fIv» 2 & SRR AL D 7—F7
77 MIEEAEEEL, Foa—TOERLY
&7z (Fig.6D).

T—A MEERE 77 ¥ N AF 2 —T Dphase
encoding A E W 72854, RCE W2 iED
I'— A I ldphase encoding HIIZILFEICHEATY 7
7Y bAFa—TIZbELR > Tz (Fig.7A).
Low sort RCE W /=84 TldT— A FOHTh
FERRMRENTVE 00, F1—7HEN

Fig.5 Volumetric flow rate of a phantom (ml/min). Graph shows linar regres-
sion of flow rate determined by phase-contrast MR imaging without phase
correction (PhC)using background (£)vs true flow volume, which was almost

equal to volumetric flow rate determined with PhC ([(]).

EEREe ml U, e L 2EHREOEROA I
OETE, HRICERMEI O N ozl AL
7 BN E & AT o 7.

4. BRER{ITOERRET

JFFHE B BEV 1 T MRIRASHEAT S 1725340112 2V T PRI I
FME L. WIEORE R LD 6 B oMkt 287
L7z, IEHEEIERTII LDV B2 oTwnad, FheE
NOWE T HEIIFERATORE LFAKETH 5. B
TOMRAE R & AHIEIZ19954E 6 A & D 10H 12f7hh,

Bk o B, LiksHloh4BITH Y, FEEiZ40~755%, F
¥505@ Th o7z, 09 LIFHEEZ D DRERIE 9 fIT
&H o7z, lowsort RCE WV 7ZHIEIX19954E10 H £ 1) 19964
3 iArbisz, Bk, ke Flosdpicdy, £
HilLS5~805E, EX6T.TMTH o7z, Z D) bIFMZES
O HFEFNL13FITEH - 72, high sort RCA FHV 7 85T 121996
FESHEY 9 Bigrbhiz. B9 Bl, it e BloatisHl
ThHY, Flida4~77%, FHSIETHo7. ZDH b
JFRRZE % 3260 B HERNE 8 BITH - 7z, AfERI 304 12 JFFig
BERBOLN, FFREEOBHIE S FIDFAIC LY, il
R bz, RE 1Kgd 72 1) PIIRMLFE &AL RE &
FEIFIEZERE L OB THEBEENBD LN LZDENIZOVT,

FNENOMEFET LI, tREET-7-

w R

1. 77> NLEER

)8y 2777 FIZ& 2NAMIEOA I X 25
777 MNAFa—THOERDGREE NNy 2757 F

V2B X W WEEOPCHE: TOMIEfEIXFig. 5D

20

2 L CH 2 72(Fig.7B). High sort RC% 272
BAETIEFOVAIZIHIZE AL T— R MEED S
ny, ThFa-7HABICRZ 7 (Fig.70).
MEMEOEIRENC X AHFTTId, T—2 k
FEHRD & B BT Hhigh sort RC%E 7258
DEFHN RO /NS Do 7 (Table 1), F 72, SEBIERED) &
Bl s oMlEfE 1 L LLEOFNFROKET
DOPEMDOFE, T— A MEAFEHDH 54 1Xhigh sort
RCEFHWE6H Mt 1 12V iiTd - 72 (Table 2).
2. f@EE TOME
)32 77777 2 FIiZ X BAAHRNE DG B X 5 il 41
LR OWRE
MAHRHIE 24T - 7358 ORE S MO LB RIS AME15.7
%, e/MEL7% T, OHiilE10.7% TH - 7oL AAHIE
TRV EOEIREIIRAMET.0%, Be/MiEi2.5% T
fili3.7% T o7z, (AAHIEEZIT - 25/ LT bR WGED
LEIREE LT 5 L 5 %LU T OB CiMsiE 2 47h
RWHEDBEBREAVN S, WERMIIBIT 2 ET VNS
» o 7z (Fig.8).
2) IR & VR A2 1L T T oillE TOFBIM OMRE
A2 11, T C 0sEf5e I sE T OZRBREU R AAE3T.5%, &
AMiE6.9%, HUE18.2% THh - 7. LWL T TOHOEE R

Table 1 Intrasubject coefficients of variation (%) for 5 flow mea-
surements of the phantom under respiratory simulation.

respiratory ghost artifacts
compensation =) (+)
None 1.9 11.3
LSRC 6.0 18.6
HSRC 1.9 1.9

LSRC := low sort respiratory compensation
HSRC = high sort respiratory compensation

HAER G #584% How
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f ; 2 (c) Sl &
Fig.6 Phase images of a phantom: A)when respiratory simulation was stopped, motion artifacts were rot s

ik 7 % 493

¥ 4 '
* 3 # P 1 "
- i ) ! "
§ ¥ " 4 & &
b, § I i 4
i 5 i
o 2 il
¥ - % L [ .
-8
A
o . :‘
1
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(B)

e E -..Lﬂl $} 3 D))
een; B)without respiratory

compensation (RC), motion artifacts (arrows) were seen in the direction of phase encoding (vertical)under respiratory simulation; C)with
low sort RC, motion artifacts were diminished but the phantom tube appeared crooked (arrowhead); D)with high sort RC, motion artifacts

were markedly diminish and the phantom tube was seen as round.

¥idlow sort RCE HV 75 G idii KA17.9%, fi/Miid.3
%, "HULES.1% TH Y, highsort RC% V72354 3 A il
12.4%, #/Mii3.9%, Hofifi4.6% Tdh -7z (Fig.9). MR
IEFTOMIEI A, I T TOMl%E L high sort RC,
low sort RC & %125 % LLT OfEME TH BEISETREAD Y
S, BB TH -7, KiZlow sort RC & high sort
RCOZENIDWTIIHEEIZFED 2\ (p=0.0747) b D Dhigh
sort RCl&low sort RCIZ { & ~ZEEIRELAVS S W ATFRD
L7,
3. HRERMI T DA%ET

IR A5E 1E T T OHIE TIZEE 1 Kgd 7z ) OMIRAE O M
TR DY + R 2 AP 2R T10.7 £ 4.5ml/min, JFEAT
MZETET15.1 £3.9mminTd - 72, LHEITIL T Tlow sort
RC% A5 A1 ZEHET10.6 £ 3.8ml/mindEfFRIZERE T

FRHI04E8 H 25 H

14.6 £ 4.1ml/minT& > 7=, high sort RC % W 728545 Tl
JIFAEZEEET8.6 £ 5. 1ml/min, FEIFAEZRET17.8 £ 5.2ml/min
Tdh-7:(Fig.10). YLD E L, 3 HEOWTNRS FFEZE
FEOR DRI AN S WA ATR S, $F ISR
TFlow sort RC T3 5 % AiMOfEIREE, highsort RCTIE 1 %
Al DR TIREH AR A B L R0 7.

z =

PC#:(2 & 2 MLl 5 13 AUEPEDflow encoding gradient &
HWT, ZDgradient & [ ANZHN 5 HERS % MET %
HiETH A, B2 Dslice HTILZflow encoding gradient % AL
L7BaE, SE27 L VEOTE L TEN,S, MENAKT
2K, MENEEROTREE KDL Z ELFETH L7, 7
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7 ¥ PAEBRZ L ) FOIEMES LRI MEE ST\ 59,
CHICF S ETORED TET, HBIES 7—F7 7
7 P EBERMEEL I LICX YV ERATOEAEDHE SN
TW39, LaL, Fikx A TPIRILE 2 HIET 21218,
DTFoIZE (O DOMBELIEZ SN D -DI24 B DR
EITo 7,
F—rHOMBIZ, PCEIC X A MIEHIE CIIBREEDOR
H—RWMEROHLEIX )BT ORI TFEED 2ZLL
TWwWhwized, #E L TwW 2 I TFoigrimdsird s L5
WKHIESNAEZETHA. SO L RIT L0, e
AT A AHADRNDEENERFIZS Y 7 7 F 77 FROL & 8%
EL, HESMETOMBEROEELEFEICTTFHIL, MIF
CHWTWARHEL S 59, L L, MIRIMEGTHERO
phase image® A% &, #KIEA T A ANOMMIIH—TI3 %
{, N 277779 FROIDIFEHM DA HETH 2.
UL, BEESOARE—LWERICIZ, ML o

22

Il & REAHHIE

Fig.7 Phase images with ghost artifacts from other flows and high
intensity materials: A)without RC, showing ghost artifacts (arrows)
around the phantom tube; B)with low sort RC, showing ghost artifacts
arond the phantom which is seen as crooked (farrwowhead); and C)with
high sort RC, showing no ghost artifacts on phantom tube which is
seen as round.

Table 2 Mean relative volumetric flow rate for 5 measurements
of the phantorn under respiratory simuiation

respiratory ghost artifacts
compensation (=) (+)
None 0.979 1.086
LSRC 1.189 1.167
HSRC 0.996 0.980

LSRC = low sort respiratory compensation
HSRC = high sort respiratory compensation
(flow rate measured without respiratory simulation == 1)

MK, AP E #EILEORKE (B2 IBENOEED
HELDHLEEZLND., 0L, SHOENTHRY
—EBHTWENRY 27590 Vi, WIEICHNLIBE
B SN TVBEMA LY, Nv s FT9 s FOR
¥—oBERIZRHEROAL LT, ﬁﬁrf¥m¢6%®@5
HEEZ, 40NL, BRLMOMIEZEF %W T,
ééﬁﬂﬂ%%ﬁmﬂ<ﬁ ﬁmmmﬁiﬂhﬁbioL
Ny 77T 2 FROLZ#RE L7z, ROIDGSE idphase image
TITo 7285, Tk, M, 7’ F7 77 MIXBAAHE
DENG L, Ny 77T FROVER FHE LTIV T WES
MOMRLHFG R 720 THY, 7oL &, magnitude image |
TROIZ 3% L T b EFEOMEET LI b DI T
HY, [ UHATIIROI# RET UL, BRIBFE LIRS, 4
EOMFT TIIMIROFERIE 2BV TNy 2 7o o F ok
ANAHHIEZ T EEEB CHEEOEEITKE L ko
7o, TR, LSO ba—VIZfEnidais b &HlEEs
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Fig.8 Interobserver coefficients of variation(CV)in 6 healthy
subjects. CV was calculated from measurements taken by three
observers. PhC: phase correction using background.

DL 2R S/BRPKESDINY 2 7577 FROI %,
bELERY LNy 7Ty FICBRELEZOIZ, il
ELBTHEBITNEEI R o72bDEEZLNEL, HIC
ISy 275 Y FROIZKELBRWHATY, 777 bAE
B LT, EBORELBIFRBBERL, v 2757
¥ FROI# #%5E L2 A & B IZFMDOIIERG R Th o7, =
oDl &L, FEEFRLETMIRMELMET 2L &(X
Wy 7757y FIZEBMMHEZITLRVWENERED
BWllEEASEohLEEZ NG, 12720, FETE
B, £ TOZOMRER T4 Rl OHE & F—D# R R
BEESRVRTH S, {HE I TS0
—R, WEROEEORERLHIMIE &R DO EMR
BEBIZL-TRLR>TWALDTHA, FDIzb
v 7 759y e AwICmiiilE 2479 HE13 %
MREBZ L1277 AKX DVHERTAONET L
WweEIbhs,
F_HBOIGES OB L TIE, MR
BADI-RGES) - L) FEESHE L TVWDEICH
5. ThbLbLEHRICBT2MKHETIRBINT
BZE LY, MIRT S MES) I > THIESALAS
FEALESN ¥ 5 7= D WEEAAIERE I % 2 W GEMEHH
b, SOICEHIFR T CMIRMELMEL L) T
B ESERNC L o T ER)C L 2 T— A b7 —F
777 MZ& ) MIREE OO RE & 2 b Rk
EENHDL. AUl hoOME»NET LT —
F7 727 MERIZBITARC OFRMERE L. 4
BD77» s LAFEBEOFKRLY, T—A FEAERD
& % %6 1dhigh sort RCE V7285 A 2% b AR ST
BIFT, -l dEBOREICRLE, o7,
IDZEEY, TR PDORENED B IRRT
I, high sort RCOBEHAVEINTH D LEZ LN S,

FHE 1048 A 25 H

Fig.9 Results of portal flow measurements in 6 healthy subjects.
Intrasubjective coefficients of variation (%CV)were calculated from
five serial measurements by one observer. BH: breath holding.
LSRC: low sort respiratory compensation. HSRC: high sort res-
piratory compensation.

PR ML ZE 12 B v TIEE B 2o 5 b 9 —D DfiE
(2, MR M GTHEEE BRI R WL T 2728,
FIETTHIES % & 2 DY IR A5 - O DRIE |2 it ) & 8
PRIFET A2 L THH9, SRIOKBETHREEICE 2
EEDZEE IR T2~ E L T TR ED o 72,
L, IR T ToflE TR & A MR 0%
Btk T LS B i o a0l L, L
TCIREOEADWERORERLBEITOADMS 5 LD
FRFAIDEEILND.

portal fiow [ml per min/Kg]

35
p<0.05 p<0.01
Sl o I
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Fig.10 Volumetric flow rate of main portal vein in 53 patients.
liver cirrhosis. LC: with liver cirrhosis. BH: breath holding. LSRC: low sort
respiratory compensation. HSRC: high sort respiratory compensation.

N: without
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