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Summary

A direct bolus imaging method, which was developed for flow quantitation, was applied to the
cervical regions of four normal volunteers to perform magnetic resonance angiography. A transverse
section of 10 mm thickness was selectively excited to tag blood flow in the supraclavicular region and
a projected image of the tagged bolus viewed in terms of anteroposterior direction was obtained after
the echo time (TE). Like cine magnetic resonance imaging, multiple images representing four to 16
cardiac phases were obtained with repeated excitations.

With a relatively long TE, ranging from 50 to 200 msec, we advanced tagged blood farther
downstream, so as to elongate the visualized bolus along the vessel. Within the visualized bolus, the
outer layer close to the vessel wall, where the blood flow velocity was slow, stretched like long tails
behind the central part of the bolus producing arrow-head shapes, and the tails were assumed to
represent the vascular structure. Bilateral common carotid and vertebral arteries were visualized in
each image size approximately 5cm obtained at the systolic phase. Since prolonged TE yielded less
signal intensity, the bolus was not clearly visualized when TE was longer than 100 msec.

The cine display of images with multiple cardiac phases produced good evaluations of dynamic
changes of pulsatile flow, and this method is expected to be a useful diagnostic tool which combines
the capability of flow quantitation with non-invasive angiography. The accuracy of this method in
delineating a stenotic lesion was also evaluated using phantom with steady flow, since it is one of the
most important capabilities of a clinically used angiographic method. In the upstream region toward
the stenosis, a tapering bolus was visualized, presenting the shape of a tube. However, in the down-
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stream, visualized bolus did not maintain the diameter equal to the stenotic part and then the ex-
panding form of a tube was not precisely delineated.

Though further refinement is required for the accurate demonstration of stenotic lesions, this
method can be used in non-invasive angiography.
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Fig. 1. Concept of direct bolus imaging.

A plane perpendicular to flow is selectively excited
to tag a bolus. The fluid flow advances the bolus
during echo time, then a signal is sampled. The bolus
is visualized at the advanced location on a projective
image viewed from a side of the slice, perpendicular
to the flow.
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Fig. 2. Example of a direct bolus image applied to the human abdomen.

A 10mm transverse slice is excited in the systolic phase and an anteroposterior projective image
is obtained with an echo time of 50 msec. The horizontal band represents stationary spins within
the slice. Two boluses moving upward and downward of the band indicate the blood flow in the
inferior vena cava and the abdominal aorta, respectively.
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Fig. 3. Examples o« direct bolus images of the
neck obtained with long echo times.

Four boluses of the common carotids and vertebral
arteries upward and two downward boluses of both
jugular veins are visualized. The boluses correspond-
ing to arteries advance farther up from the horizon-
tal band in the systolic image (top) than in the dias-
tolic image (bottom).
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Fig. 4. A series of image strips including the bolus in the right common carotid artery.

The interval of the cardiac phase between images is 40 msec, and the pulsatile change of blood
flow velocity is clearly demonstrated. The echo time is 60 msec and approximately 4 min are re-
quired to obtain all these images with two separate scans.

Fig. 5. Comparison ot conventional spin echo and direct bolus images.

a: conventional spin echo image of a stenotic model filled with stationary water.

b, c¢: comparison of direct bolus images obtained with echo times of 81 (b) and 150 msec (c),
respectively.

The location of the excited plane is indicated in Fig. 5a and the water flows upward. The di-
ameter of the visualized bolus does not increase, despite its reaching the expanding portion of the
tube.
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Fig. 6. Comparison of spin echo and direct bolus images in a stenotic model.
a: spin echo image of a stenotic model indicates the locations of the excitation plane for Fig.
6b~d. 6b~d: comparison of direct bolus images with various locations of excitations. The echo

time is fixed at 150 msec and water lows upward.

In contrast to the expanding part of the tube, the

visualized bolus is tapered at the upstream portion, representing the shape of the tube correctly.

488 —



K FDLLTVWRWZI EBREHL N LRI

Te % 150 msec izEgE L Fig.6a &R/ Lz 2
74 21,2308, BiigmoMBE EX TR
# L DBI @ig%, #hZh Figs. 6b~d IR
4. Fig. 6b i Fig.5¢c L[@—D LD ThH B,
WEBANICBWTRIERfThbhifl & LTRL
7z. Figs. 6c,d TEBEmONMEBE zhZhE
BB LT PREF LR OES B L OEHBE
D LIEDBERIE L, R 54 2E% 30mm,
SOmm (L 72FAERLE. fHiHEheR
— 7 A0, MELLEOBRELSKDL
Twiz. Fig.6dm & 5 iz, FRBKEIZHIT 5
WHTE, F— 72 OBHIFZFOMIRICIEL <
S>TWh. LHLA—F 2 OFEHEIIT T Tlokse
BO—FEREROWAETEFELTWBICL hhb
HF, BMSHIK R->TRY, BOBKEIRES
TW3. ZhiEF—F 2 DEFEROLER, B0
BREYV DO LAENORESIHE M BT 5
lehlEZON, WEORWEFIZBITBERTL
RNIRFRICHHEATWSE L 51D, Z Dy
NEEEIZ>VWTIE MR 7940574 —-L1L
THVYSEE, BEEXLETHS. -
NIBDOTIR & AR HitE + 5 7w iz, Figs. 6bc,
d oL, B4 REEENTS Z L b
B FELEZ LRI

% =
AFEICENT MR 7o 945574 —~0
WA &3 A - DBI gk, MEEREE LB
ENbLDTHBH, MENOMIEDO—EE B
KECHER L, BREEGRE LTBETSL0TH
D, EEFEERL LRIAT S X RigER
HBCELLTWS., BIRMENE W X v E#E1T-
b, EEREEcoORERE Te # 100 msec {f
BECEES WD LItk ->T, EHshi-mg
PlERFMICRCMEL TSR3 X o1
Ralcl z 5, X RLEEF O X 5 ZLEE2E
DR S h - FREIELNAR D - D, T
BIROEEN 2K Scm iI2b/- > THEBZ LB TE,

TSI i BT {5

Atk MR 70247574 — L LTGHATE
rEILNT.
ABETILEE O MRI ook i 3885
MEEZHZEICE->T, ERLMER—F
OBEF HEFAELEET WS 2», fio MR
TovPA TS T74—nE Y, FELisHiE
HBPrODEBTEHESEILDDOERNIRD, #
FHEGR T 50 FHEEY) OLER V. HHE
HDEGRE EORE IR BREMELE LTSN
bOFITH~, FETRBEEESEE 2~4
SBELEVI 2, BOUBELRET, YKL
LIBRTHZLBFETHY, £ % MRI
LRIk LERRIHEE HAEbE, BiEL LT
BWETBZ LIRS THD. XBL XTI+
57 4—%3 % MRI LR#ic, = o DBI Ek
LB BET sz kit Y, #ILEKRE LTHE
BLEGA S, IEBELZIEARL T Aok,
BEL LTRTT L, FEOBREO—DTHS
HEEEMELHBASINS S 212, MFEoHEIME
{LBBERICEDb S h, REEEEEHLZHFLY
BB EEZEL LT, BERCEH/T 2
ZEMTERZLEZDLNZ.

4Eo DBl %icks MR 7o 94757 ¢
—DRAZTIE, Te z2ERESEHZLICXY, #
Hah s K — 7 2 ofE Rl H -~ Mg x X
->fz. DBl et A0 s/ 554z bxza—%
HAwiz@mE o MRI ¢, Te i3 10~30 msec &
EThY, zhllichs LESBPABICHEDT
3729, SEI0 X Hiz 100msec ##Ex 5 X 5 &
EWwTE @A LEHAVYLRARW. LOELBEED
SRTH HMIRIT, EFEAOHBEE LTidddk)
FEv 200msec PLEo g T, 2ok
»O TE #IEESETLESRIHEN X B
h3. SGEORT T4 TERICBVWTYH, TE
7% 100 msec BEE TThIE, ESHREITT+H
i<, iV THVWERRO R —7 2 Bi%
THRICFAIRIL S hiz. EERRcHEHEh S
A—52DOFEFEHTIX, Te & 200msec & LT
LIEBRIRXDZENTERERD Y, MEOR

— 489 —



SEW T, #9BHCFAT LN TEL LE
2bhi. L LEEOEERES v 24
&, BohsfE Te OEOFEEKRTH S -
», TE OERIFWHEDOKENMEEL BT
DTCHEESSBETHS. 2 Te ORI TR ©
EEICHEN), —HOBETHLNDILRFED
BrBYv+ 50T, Bile LTHBET 3580k
FINBELIRTT 2. LicdioT, mEEkike

LT Eh 32K — 5 20+ AES #I%T 2
AL, MEEEESHE L LT oo #EEY
EHTIBEETE, TE 2FCDITELERDS.

ZDEM FERTA RERELEEBZ LD,
AW THHEN 3K — 5 2 DR EBICEE:
Hx25L#ExbNh5. 274 RE% b BEEHEM
€5 L, G EhsWooEBErEmL, "R
fbshsX—5 20R LMY 30T, LFEE
AW ST Lo & h 5 R » &%
T&, AErEEREs LR 358Icl
BHTHAS. 274 ZABEOHEMZHEY, il
haR—520EEL, MFCH->ThHHEREM
ErsiExbhS. L, Bi@shier—3
ZAMWEVWR T AL ZhE+HicikibH5 X9, TE
BRRVELTILERDLY, £RATAZAND
WA, BB EEORIC, FA L THSBKE
EBoFEICE - THopcBRENS XY, TR
EL+a0ERLY, TE OIEED X 5 ICEER
BRGRIHFCERNVEEZLOR S, Lizho
T, HABRETHIHRNOBEEIIEL TR T4 2 EIZ
BEECRETHIHENHS .

Bz, 77 v ki HACTHRR LR
eI oW T, REHERTRIA—F 2 OFFHE
BEOTIRE L—H LT Wikitd 22bb T,
FTHTREL->TW. HRERTHROGEHPKREI
LET A TR, HhoHMHERRZZ Y, oW
BERE ICi@AAE T T, il S etk s+ E)
ETET, FOoRLBOLBHHEIALEELD
3. Ll X BEEE CIBEACEAS
NIEEZRPRERTRICE W T b B2k FE
MLTWL DT, BETHLRTA ZRDEERPNE,

Te EDAT 2 —F—2FlLEE, WEETO
BREFrTEET X BIEEZICGREREE5Z
LTk oT, HHENRET ZRIHEEED 5.
WAL EFRTREOWRBPERICEDb IR
Z, K—F ZADOFFHEL THMICH~Z LHL
oo, ZTHIIIRE E R Y HIEERSEZ v
2K K, EREROELERT, FHhvilhic
Aoz b b—HEZZBRBEH, BOKWE
NEFE LD, EBRRELRZFE—-F2AHD
BHEPKEP oz ), ZOEREL->TWVS
THHH. ZDLICHIOMERLEOWIR»E
HiciedicohT, SESERERVPELRE
TIoichs. Lo THREREZILDELT
BTN 0TS h B REILE O EREl#ibic
¥, 77 v AKX MERETICESE, &5
KB EMA 5 HERDB.

&

1. 440ERS V74 TEHHRLELT, di-
rect bolus imaging #:iz X 2%HHBEMRD> MR 7
VOF 5T 4 —RAE, Sl TIERD
MFEHIHE Sem 2bizo T a7z,

2. DEFHO RS 2 EREIEICEE L LTRT
T3 LTk Y, WBiEOFWEEL»HPRICE X
bz,

3. EEWZ 7 v haERAY, SEROMIHE
CoWTHREIEMA Tz 25, FRBVIEKRT 55k
I THEBMIE L HiH S e dr o722, L
DERDPRE DT 5HH TR, FOWRMNIE
L{EKbahi.

4. ARERHEEEMZ X CH L WIEREY
MmEEEEE LTHEFETE 5, BERRY, K
MM OBHIZ IS O CKRBBPSLETDH S.

#

k-3 #

MRI ic & » iyt EEERE L LCHRE IR
DBI (direct bolus imaging) % i-f L, EESHE
RMEFEREL LTERShTWS MR 7ou¥
* 7774 —RHI.

— 490 —



4R/0OBERT VT 4 TERRLE L, HIFHINR
i &5 o wg{F EMoENEE 2 54 X E
10mm C@IREICHHE L, == — Te #ic,
HEORF X v FEGEE LTEELE. BRI
LERRSHZ AL, 1.0 4~16 [Eo i
PR TZLicXY, 1EORF v o THIEH
DEGE Fl. FRIEE oM Te & 50~
200msec NEEFATER B LIcky, R
SNTMPBER—F 2 B2 54 2Fh b KE KT
HLU, BEFPIFCHR > TECHHER2 X5
Lz, TE OEEICFEWCIUEBERT < OFEFEDE N
AR — 7 2 DFelE L v B ~RBRICE
LM Tiitish, MEOETERDLTVNS L
Zzohi. 2flics vt R oo 150 msec
HOWFERME T, FHOREBIIRE X OCHETBIR
KH Sem DRI blzoTHiHishiz. L
L Te # RETBONWTESHRESETL,
100 msec ##x % &L K —F 2 BREEH L 2o 72,
B O NI ERFFROESR % IBICBIE & L TRTR
¥ 5 &, MRHE OHBHE i BIcBET),
ERMEEZ LML W BEREL LTHFT
¥rLEZDLNI.

MmAEERE L UK B b EEARAETIC
My oHiHEEER, BEREE L7 7 baeB
WTHRA L7z, BEHEROFOEELBLT 5
BATRA—F 2 bREICHL LY, FoFRE
BEERICRDbT LEX LN, L LIRERD
THTIE, BOEEPIERL TV bbb
T, SR 7eR—F5 2 IRETWOHVEDE %
T, HOWRELBR - TSz, KBy
EEEL LCSHATRETH S, o MR 7o
VAT T T 4 —hERERRIC, BETOMBICITE
LICKBBAULETHS.

1

2)

3)

4)

5)

6)

7)

8

9)

10

~

491 —

Teb SR s i T e

X Bk
Macovski A : Selective projection imaging: Ap-
plications to radiography and nmr. IEEE Trans
Med Imaging MI-1: 42-47, 1982
Wedeen V], Meuli RA, Edelman RR, Celler SC,
Frank LR, Brady TJ, Rosen BR : Projective imag-
ing of pulsatile flow with magnetic resonance.
Science 230: 946-948, 1985
Dumoulin CL, Hart HR: Magnetic resonance
angiography. Radiology 161: 717-720, 1986
Nishimura DG, Macovski A, Pauly JM, Connolly
SM: MR angiography by selective inversion re-
covery. Magn Reson Med 4: 193-202, 1987
Gullberg GT, Wehrli FW, Shimakawa A, Simons
MA : MR vascular imaging with a fast gradient
refocusing pulse sequence and reformated images
from transaxial sections. Radiology 165 : 241-246,
1987
Shimizu K, Matsuda T, Sakurai T, Fujita A,
Ohara H, Okamura S, Hashimoto S, Mano H,
Kawai C, Kiri M : Visualization of moving fluid :
Quantitative analysis of blood flow velocity using
MR imaging. Radiology 159: 195-199, 1986
Matsuda T, Shimizu K, Sakurai T, Fujita A,
Ohara H, Okamura S, Hashimoto S, Tamaki S,
Kawai C: Measurement of aortic blood flow with
MR imaging: Comparative study with Doppler
US. Radiology 162: 857-861, 1987
Evans A], Blinder RA, Herfkens R]J, Spritzer
CE, Kuethe DO, Fram EK, Hedlund LW : Ef-
fects of turbulence on signal intensity in gradient
echo images. Invest Radiol 23: 512-518, 1988
Alfidi RJ, Masaryk TJ, Haacke EM, Lenz GW,
Ross JS, Modic MT, Nelson AD, LiPuma ]P,
Cohen AM: MR angiography of peripheral, ca-
rotid, and coronary arteries. Am ] Roentogenol
149: 1097-1109, 1987
Bottomley PA, Foster TH, Argersinger RE, Pfei-
fer LM: A review of normal tissue hydrogen
NMR relaxation times and relaxation mechanisms
from 1-100 MHz: Dependence on tissue type,
NMR frequency, temperature, species, excision,
and age. Med Phys 11: 425-448, 1984



