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Quantification of Blood Flow Using MR
Imaging with Pre-Saturation Band

Riwa Kishimoto

A velocity profile was obtained by magnetic resonance
(MR )imaging with a pre-saturation band (PSB)and automati-
cally analyzed using a personal computer with the data trans-
ferred through the picture archiving communication system
(PACS). A phantom study showed a good correlation of the
measured flow rate to the actual volumetric flow rate (R"2
=.984 ; MR rate = 0.11 + 0.90 X actual rate ml/min). Im-
ages were also obtained in | | healthy fasting male volun-
teers during a 16-sec breath-hold. The average portal blood
flow of these subjects was 16.2 + 5.0 mil/min/kg body weight.
Quantitative MR imaging with PSB is a practical and non-
invasive technique for measuring volumetric flow rate in the
portal venous system.
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L O 1A 72 5FAiffi | Zhemodynamics DM |2 BB 2 540 %
2505, BAEL AThNTWAESE NIk TiE, #
454 (velocity profile) MEFild 2 S Tw v, MRIC &
B iH N E R IR 2 kL LT3 E ST 2 ks
HHNTWDEH KB L Ttime-of-flightXh45 2 Hv: 5 4
% & phase shiftsi % 5 D H 5. 2D Bime-of-
flight® R 2 Fv» 5 5RO Sz U D R 2 555 &
B TMERCLES 7 b, BSORE -3 0REL2 ST
WO e FlmiAidh . £ D% T pre-saturationi: %
FICZENE, S RO CHBOMEIETTS, B
FEEEN Dvelocity profile SEIEZET & BFRIEICHIEH L9
WET® A, LA Lphase shiftsiH % v 72 5305 21FH
BRI OFHI 24T 2 A DIt L, pre-saturation Tl
% LT BRI ZFFli % 17 ) LEAB Y, 74 L LARCRTL
TEXDFHIiZ 4T 9 LRREDPKE CEMELEIEDTTE W,
ZD &) IR YRT A7z, H{EEHY A5 L (PACS)
DAy VT—2 %4 LTHEET I NVT—-F%E%EL,
—VFNar¥a—-5 ETEBRNIFET A 00T7 7~
b AERREAT, & B I PIIRILGI % 3802 BRER I
o YA
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1. 7 %

pre-saturationifEIZTCE, RO T —F 7 7 2 MERO/-
ICEEENLHEC, A yLa—FETClnEESS%EE
TrOIfb T\ 5, I Dpre-saturation D% & k< L
TEIINT % 2 L CHljf% 4% (pre-saturaion band, LU FPSB)
Ao bR, —EREE BV TIREEITD &Mk 0%
EHHEOEGTIIZ OEROBE AL TE 5 (Fig.1). I
VR DM SE (X Z OB BYRERE 4 BT ERS TR 5 2 & TRF
BHahs,
2. ¥ B

FEHIHAEI ISIEMENS # - BIMAGNETOM H15(1.5T) T, &
—7 ¥ A132D FLASH (fast low angle shot)* |Z4mm ®PSB %

HAERERE #£56% 15
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FAV:72. TR 100msec TE 12msec FA 30° FOV 200mm Hi%{
[lE 1 [, AF A AE10mm, < 1) v o X256 x 128, pre-
saturationiZ, selective T/%) ANEIZ2.5msec, HREZHFRE 1L
pre-scanf¥H % E015.61TH 5.
3. 77 NLAEERR

CP#ihead coil i L7z, EHWMAEE T VIEAFEIcmD
#H'F A AT (FC43 Emulsion © #HE1.43g/cm?, HiEE
4.5x% 10%g/em * sec) L, AAY) ¥ ¥ —TiiE % Eill
L7=(Fig.2). ift#130.33 I/min7*% 1.86 1/min (#ii:E : 7.0~
39.5cm/sec, Reynolds%k : 225.7~1273.5) £ T128R12%:1L
X7z, PSBEENL TS HE{EES 2135 T TORMIX
20msec & L 7-.

SEMER L7232 —4 » AT, PSBZENNT A EAE E%
3RTCHIHET A Z EASTERVWOT, BRRICHT HBEIC
R E B BMEDAT A AFEIIH L THE ZRE25E)
HhH, OEERHEEL, FI7AEEATAAFMEIIEL
BA37°F TV, TOAELERICIVEONLHEED
BIfRB L UAEIT A RIEOKET b1T o 72,
4. BRERIGHA

MRIIBREE 114 TERII23HED 545K, FH298 +
6.45%, FIEEG2.4 +6.1kgTH 72, body coil Zf#F L,
P II LR fTo7. 77 v b AEROKEE PR
DILFEEHDZ N T TOHEV 1Y T12~25cm/sec TH B -
LEEE L, PSBOBEDHHEICFEE SND L) HNASHE
2L T TOMNRIZ0mseclZiFE L7z, 9RO
MRA % #55 Liie d MRS Z 320 S M A W 2 #R L,
PR |- il 7 AT OPSB 2 EIN L 72. PSBDALE (3R -
B PR R AR AR & EA PIR B R o i & L7z,
T BIED T T, 0 EDIZ3 ET2fTo7:. $7:PSB
EREUWITE, B UFIIRICHE - B 17y, PR
DOWHEMB L AT 4 AEIA T HAEE KD,
5. BERERKTIEICLZATE

ik 772 TMRI & F#EOALE T PR O iz it E

E.

s i

3 ."H T .1 - A G
Fig.1 Coronal FLASH image of normal volunteer with pre-satu-
ration band (PSB). It shows hepatopetal displacement of the band.

ER 841 H25H

DHIEZAT - 7=, FFEFEIZIESSA-100AT, 3.5MHzt
7y 7u—~gRv, R URERKHz, 7Y iR
3mm®D/ VA Ky 77 HETEER 3 BT 2oflE L7z,
6. mMEFEAHZE

BEif% 77— % 1$HU (Hokkaido University) —PACS % 4L
THEL, 78—V FNar¥a—4%(PC98: NEC) L THE
KHARBLAEY 7 ML) TRTOME LTz, DK
AL = 72 & A Dintensity DN Gk KD B Z & TERE
A Dvelocity profileh™F H L, LB H KD TH V]
FLETO» CHBEMIREINS, Th e EIFH
THE S 2 L THREDSHE O N, Mo LS F 2213 sk
BT 5 2 L2k D iEL RN L7 (Fig.3). 3722 Dprofile
ORTHD BEEEOK X VEOTE T REHEE L.

5 e

1. 77> MLER

ERRI215 5 N 7zvelocity profile & Fig. 4127”4, EHIME (y)
& pre-saturationihlZ & o TR 124 (x) & OMICIZABERE
r=0.984, p<0.0010BiF4 KB HONz(y=0.11
+0.90x) (Fig.5). F72HFAEDAT A AH AN HEE
L OBRIIFig.6D L) Thotz. THOLEHEDA
AT L, MEEBDTAEmICHY, 20° LS LR
LA OIERY, 37 TRAKI4.5%DEZEEZRLIZ. HE
1233 2HE % cos 0 THRT 5 2 & TIF ) (Fig.7) L1371
%\ A L7z,
2. BRERICH

FIRMLTE X &P CHIETREThH o7z, 77 ¥ MAERT
BoNABERE, yOIRH0IE{HEN 1 ISEWOTER
REIDFHEICBWT O BIERFT ) LB RWEEL, FIE
EhEohfErzoT EHEL L. MROR
£ AT HMEE(0)1312.5+7.4° T, 77 ¥ b LAEROWE
B 5 PIROME & AT AHESLELEZ, cosd THRT

()
— D
(r I Pump )
/ ———
Bore )
4
[
E} MRI system

Fig.2 Circulation model
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Fig.3

Fig.4 Velocity profile on personal computer

HZ ETHEIELT:.

pre-saturationiX {2 & o THR® & M7z e @ ift#1320.1 +
4.5cm/sec, L& (L16.2 £5.0ml/min/kg body weight Té 1),
FREBID 3 [ DR TE BT B EHERZE O FI132.65 +
1.81cm/fsec TdH = 7.

R ICEERRE T2 72, 3 BBV TOLEED S Ol
EERATD, 2BIIBVTNE L F 79 ¥ — 20T Al
DOORELL EE 2 Y, EUREAFHEONLE oD T, F0
D 8 Bl BV TIIEME LS DREZIT- 72, Z DR
9 B & KD 72 BT EDTY1317.8 + 44T, FBEFID 3
[\ DHIE 12 81T B ERHERZEOFZ1.59 4 0.83cm/sec T -
7. pre-saturationi%|Z X 1) 3R 7-fl & DHABIIIFig.8 D T &
(T, r*=0.529, p<0.05DOFHELAHBEARLT:.
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(A)

(A)MR imaging with PSB of circulation model and (B)the scheme of flow volume measurement
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BEMBRHAEICIZBEE F 7S ERELIThATHS
W, ZOEREICEEMOHESATEY, (1) FYimikE
Eokwl, QMEE F7IE—L0HBE, (3)FHEED
WEDTTRENS ALY, FICPRICE L T3, FEHimik
T E % SR B BRI BRI AR B A1 TR B HED
ERTWED, ZOEIHREICLINI LI ETHYO. 0F
RREBICLIVELZZTMHEDSH 212D P 0b o, @E—
HICHROTHOWLNTWA, Mm% LEREN O % 5
VB, TDERENOERESE (velocity profile) % % L
RHEALETH LD, BEEF77HECL2METIZE
NP ENTVERW, ZODMY 2 AEISES
NIZHETYH, REIEOFEMIIITZ T PHHE LMk
wOFFCIZ8# £ 97, gold standard & 137 0 2 2D TH
B, A2 20b 5, MRIC X 2 T ML & O 5
WKBWTHBHER N /L3 LT 8EHZ D 2.
2P, ThoDEHD S SEIIREAEDA LB L L
=N

MRIVZ & BHTEEIE RO 2 THPSBE BV - AL, &
HIZEFEF Dvelocity profile 235 h 5 HH % HETH 5
B, COFECLLHEMNETH PLOBMORERED A%
R L72HE 9D < profile Z e L7212 R4 726 7%
V. ZHIIPSBIZIXIENH Y, F-HEE L TIIEFORRIC
R B T OBRRI I EEH 2 profile 512 { £, Fh
W2 7 4V ARCRTETERNIZZF DI 24T S O3 HEE
RizOEEZLND. 4, PACSEMT S Z & TH{EDF
VEINF— S DRERIBBESHLEERY, IE#EI Ca—2
ETETT a2 il o TRESEEMESh, FEIC LS

AFEREE £56% £15
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2r y=0.10526+0.90161x

R"2=0.984 p<0.001 ir’
/é///

flowmeter (I/min)
E\\

MR Imaging (I/min)

Fig.5 Flow volume measured with MR imaging (X axis)and the
flow meter (Y axis).
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Fig.6 Effect of flow obliquity on flow volume. Y axis indicates the
ratio of flow volume with various angle degrees to that with 0.

A % R OPERATRETdH o 72,

77 bAERICBITAHBIIEFICERIFTHY, BFE
BITH ZNF TORBBEECMRIZ W i-ifig) 9 19k H 3k
FIOEWEEZ R L7z, BWEEOKRE CIIBER NI
SINVEWER LB NS Do, ZHIZINT TS
NTw5 L9112, hHEEOREIEEICED 125> TIMmER
PRI T H7:0, BEEBRETIFNTIARS PVET
BEORBIEL DEFIIFH LY, BFTETWELR W
REMD B A, TGRS DEETIE, PRARLVE
HISEWHZHIE L TWARENH ), BEQFRELE %
STWhEEZLNS,

FIRDIEE 123t A IS L TRAEE W #HiEL B
BHY, 772 b AEEBRTH20 iDL HEESKELRDY
WMELXEETREREZS, SROBKRFIOPTHEREA24" 3
THbN, 5%, WEROEFIOHRELIEEEELDL
AEICIRDH 2 TREEYH Y, WIER1T) AV EHTH 2
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Fig.7 The schematic drawing of angle correction. 6 : angle be-
tween imaging plane and the flow direction.
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Fig.8 Maximum flow velccity in the portal vein measured with MR
imaging and Doppler sonography.

FIRR MG AT R L BED 1 CT& { oS 525, 3
EXZEAEEBEEF 7 7HEEHVTRISATYS., L
LR OBEH FH 2B L UOETHLEICELALD
12, F7EICEBERPEHEZLMENTEY, LhE
B2 HESRKO SN TWA, PERILHAIL E - 2 Reynolds
MoaskB00k h, BERRIBHLEZLONATVEY, Ll
SAEEFHTOLT LOEBRERTHEEHICE > Tniwy
Bl RON(Fig9(A)), F7-EIRIEEIR & MEIRO&FHD
BEIHRDVBLROSNDHIL Ho 72 (Fig9(B)). FRELER
I o MAFTIE, PIIRDERESARICELIHRT A EESEL D
D, MLHE ORI KRS & BV Rl AR R Td
5. F7o#ES A idhemodynamics (2 BT 2 EERFHRTH
D FDEEMRHED B TOSBOIEHAIIRENS.

AEOFEOMBESE LT, WM 167M 2 T8y
HOFRMEITITDHTE RV S, 3 RITH T - HEg I 138
DPSBADRIT HNRVEDSHITONE, FIEIHT A28EN
FEE LT, ERICIEFMEICFIHE L TwbBRIEAS
{, 30x20€ 7 2NBETH LD THELY LRI A IVO[MHIC
IYBLES R BRET A e TENE, BEEMI
HiETEETHH ). BES IV bra—FEza—-7
=LY, SHICHMEEITELELONS, £
PARARE 2 MR & L CHERECIX, EHNO—MEO A%
FIE L ThMsEdEl RO TB Y, BHEASKREFMT
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Fig.9 Coronal image with PSB shows (A)a flat profile and (B)the combination of two parabolic profiles in normal volunteers.

& Lphase-shift A F & W HEICH L THAENSH 5.
HOmBEHPRH N, EWEEED 3 KTH % 7 — 7 RED
TENE, XY IEELRFEITTREE 25 THASS.

PACS ZFIH ¥ APROREM L LTI, EXRMOE SH
HIFSN A, HU-PACSTIIE{ET — ¥ 2471 2 &
WBRE L TWwa 0, MEOBRT 4 A7 IZIRUH T2
~2 G RET LY, EEOFMBIFED & R TRk AH R
WEVRRICEMETREE Bbh b, PACSICIZ T 75t~
SHERDLH DN, PACSENMLTT VI LT— 52 BHIC

B)

S, WHETELEIIPACSOREZFIETHY, 4%, &
HHETOMEET — & OERN, EEMEHEIZBT 2 FH
HfFan 5.

fiz#2 B247-h, TIRE, THEEBDLY F LAdbEEk
mm@-ﬁﬁ%aﬁﬂ%wﬂ R HEERLET, 1
— FIRATICH 7D SR B THRM L R R TE Aok KA
&[E AEEE, INEET R MR S A L E T
BRI OER I FE220 B AR I ES S S (KK,
1994) 12 THFE L.
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