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MR flow measurement of
the common carotid artery
using RACE

common carotid Y
arteries X

imaging

slice /

projective images

Fig.1. MR flow measurement of the common carotid artery using RACE.

The patient lies supine and the neck coil is used (X-axis : patient’s right to left direction ; Y-axis : patient’s
dorsal to ventral direction ; Z-axis : patient’s head to foot direction). The flow of the common carotid artery
through the imaging slice produces a phase shift on gradient echo due to an accumulation of phase during the
period when the slice selection gradient is active along the Z-axis. During signal acquisition, the first-order flow
compensated readout gradient (direction of X-axis) produces frequency encoding perpendicular to the main flow
direction (Y-axis). It allowed one-dimensional spatial resolution across the region of interest. The data were
obtained 255 times continuously with a temporal resolution of 20 ms (a total of 5.1 seconds). These projective
images show various signal intensities indicating a phase shift in proportion to flow velocity of the common
carotid artery. Region of interest (ROI) is drawn over the signal intensities indicating the common carotid artery
on the projective image. Flow velocities are plotted against time.
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Fig.2. A transaxial image (FLASH sequence, TR=
23ms, TE=10ms, FA=35 degrees) in the same posi-
tion as the projective image.

Arrows indicate the common carotid arteries.
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Fig.3. Projective images obtained by RACE before
Matas test.

One-dimensional Fourier transformation is shown
horizontally (left, patient’s right ; right, Patient’s
left). The vertical axis represents the temporal
modulation. Projective images show various signal
intensities (arrows) indicating a phase shift in pro-
portion to the flow velocity of the bilateral common
carotid artery. The areas on the columns with lower
signal intensities show phase shifts which indicates a
higher flow velocity in the systolic phase of the
cardiac cycle.

Vi

Fig.5. Projective images obtained by RACE during
the right-sided Matas test.

Projective images show no phase shift for the right
common carotid artery because the flow had been
obstructed by manual compression.
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Fig.4. Left common carotid artery flow velocity
against time before Matas test.
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Fig.6. The left common carotid artery flow velocity
against time during the right-sided Matas test.

The left common carotid artery flow velocity in-
creased during not only the systolic phase but also
during the other cardiac phases as compared to their
velocities before the Matas test.
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Fig.7. Original images obtained by 3-dimensional
time-of-flight MR angiographic technique.

Original consecutive transaxial images show the ante-
rior communicating artery (arrow). (arrowhead : ante-
rior cerebral artery)

& ES

MEREIRDOTEEAZENE S N1 5 B 6 ]
Th -z, BT OXHEFRSEEIRDO— LD
SERIFRE DEAEE1Z1.74+ / — 0.36 (mean+/ —
S. D), xEWBEOEAEIZLIT+/—-023 T
bHolz, MFEFFOECOWT, FEE (Fig.
4) LHARTHEBEE (Figb) 13400
DEFANRRE SN, ORI 6 MLz
Sz, %72, MR angiograms ¥ X OV EE &

(Fig.7) T 5 fleflicpiz @R H s h,
cross filling 23FIREZIREETH B Z LRI NI,

z “

BHE N & O'SEES O interventional radiology
B OFAMT D 72 012 —RI 8 2 > 13K AR 12 SHES
WROPAZENS LB ZENH 5, ZOBRIEIC L 2
FEIM R S B HHE 2 FEIT 5 72012 Willis Bk
B O HIENMATEE % FFi 9~ 2 L E A% D, Matas
test R UNZ DEEIMTHONTWEI™Y, S320D%R
& TIR—HIANSEBIAREAZERFIC BIZERT D 60~75%
DOMFmESIEIMITEC & D E-hhid, &g
(\: é j/L‘( ’[/) 6 2),3),10),11),13).

ARFFETIE MR @O RACE 12 & 2 Fsfl & B o
MR angiography OF %% Fv>C Willis Bk
2 UTAEIMTROGEEHRTE 20 ES
wERRE Lz, 2 OFSR, AT EET—H
DIRSHENIRD T2 HZE T & 154 1o AR SEE)
Uk D Fi R 13 74% L F L 7. S E OB T
Matas test BFIZ 38 1) % BB BEIR O Fis 0 i &
ZEHE L Twewnss, BEinL M id Willis 8
fiii, R BT EEINR R 1 U C BAZEEI D KR%E
Kicfin/ize&z2 65h3, 20 RACE Tiifs
DWW TIRIEREICHMT T & 2o nads, MERIZE
D375\ L3 2 LMTRE DK 14% RN T 3
NG, - T, FENRIFICR SN
&, BIEIMATER W X 2 Mik2H#EETE 2 L Bb
ns., ZoOK, WEHORERECEL, 20

319



AHESE 5513465 (1993)

BEFE DT D _EF A L\ T & o S HEH
DAt o RIS g3 EF IS L Tw 5

LHEESI NS,

—7, —RIOREERSTLAETESE
WA E & R ) SHEREEIIR O FE S EA L&
WERTEEIMITEE 2 R d 5 W ISHEEE)
A2 & 1%35@E R % 9 2 IR TEE SR T
22 e5#E 2 5N 5, Matas test 12 & VRO
TRWEEREBETHY, Willis BifRERLELE D
MFEERE R & SR ET HILEVD S,

AHFZED X 512 Matas test Bz SEEIR K& O'HE
ENOMRE2EEFHEA 7 — 77 THIEL 723k
&350, ZOHERFIHRENTLLS LLRH
WRRICEIE CE BRI D B, LrL, ME
LR OAST 5 AE ORI % TN EIER
EIFEMT L e, BIECPHEET L 0D
RENDH 5,

4 E O MMFEEIE 2 AV 7z RACE X phase sen-
sitive flow measurement method D—2>TH
%3, ZhRMMHOZELE —RTTICEET 5 75k
TTF—F NEBHBER LFEEESFEBH
D 2~24 - SRR O MR OZAL % T~ 5 DITHE
LTWw3, %72, o presaturation ZFfH7 2
J3 % phase mapping @ & 5 12U EMEHLT
BECAKREEOMBHAED T& 2, 5@
BEAT—RTITDOI I EEI LV,

L L RACE OME L, —BINCRO LS %
BEASD S, £7, WMHECHED HEELE1
WITICHRET 5120, B AMCIENERS
BIEEFERLEENTE R, RS EOHE
ETIBEENR T 137 < WEEIIR D A DMk %
HZEL 72V, EBCIIEREOD 27— %
INEET 5 DI3EEL <, WHEHENIREEE IHTE
L7z, %7z, MMELSOEBEEBROAMAEDOEA
& D EBOTE L D K HIE S B AR
DB, &S WHIERTEIXME L EARZL TWwi
FIIZIERECEIE T &30,

SEOFEEIEIC DWW TIZT ORIES D H
3, %7, BIEMTHEIZFEICERIGEATYS
28, AIAH O S AHIMTFRICER L TV Wi

320

BEMER DD, FT, BFEHEOF TMRZTRY
ERAL DR I HLE R REA T H D, ROI DE
FOREICEZDAE UL AIRENENS D 5, fE- T,
MEWER L RE»r S BEHI N2 MREEEZS 5
IZRIEREC 25 2 D TEHEIDORE 2> & 13BRS L 72,
Lo L, BIERE S Mt O3 AE XU ROI
DOEY 573 ¥ ORIFEAE, SEIOBKRET TldimE
R ERBIEROZEFETHHMEL T % O THRHRS
nzrEbns, RACE OMEE, FREISE/N
Sl SNE Z L2 DOWnTIE, EEOFEHF]
LTNELBRS5TWBEDNH 5 WIixd LHEIET
Do RREORMAH D, B 52T
FTZDEEREETE b TEEVY, &
bz T3 2Lk DRERNESS S TR
ans,

Matas test 12 2> CTIZEBEI D MFEATEEIT
W T & 7ep £ 5 % SR OGS TR E G
THERTE 2L WIFEND S (Figh).

L, UTFD &S 2R H 5. HEE)
FRDMFE D & TR O ERILL TWRwn
TEEER D 5. Flz21E, JHSEEIRP R EEINR
DOEENTHETE Ty, 72, MEEOM
FRMBEAMEE IITHH T E TRy, 3561
WERE BH B BREEIIR R e 2PAZE T 5 1 I3RE
BhHY, FES 5G4 HITTEEAZETHo T,
SHEMEPBEOEFREZEETE L LR
open type ® MR scanner CILFRHEIE »RIHEIC
g, TORMERBRTES,

SEBIIRE E W £ FIRE S & U CIERET, O
f=1k% ¥ OSBRI S I & S fEkRiE, SEBREE
AT Bl 7 7 o — o HE X 5 MER
DfEBRYE, B OB MIRE I >
BIRERAOGRE R ENEZ 6ND, Ly
L, SEOKRETIIEHREEICLD, EFE 2
FrlbDREhol,

RACE #fv»7z Matas test 123 EF2oD Z & <
oM ORIES LD % b DD % OEFRIGHE DAY
BRI N,



MR flow #I%E % Fi\>7: Matas test

&

3

1) MR @ RACE % f\>7- Matas test DEEFRIG
FWSEJRED £ 2 2 RRE L 7z,

2) #HEBEOHIVESIE, ERRIC Matas
test FFIZ B 1F 2 SHAI O IRSEEN IR T D ZAL H345
Y, MR angiography CHIZBENIRODEE %
BB Zkicky, Willis BifiRis 2 L= BRI
T OFEDERIHEE T X T2,

oo
~

3)

4)

oo
=

X [

Matas R: Testing the efficiency of the collateral
circulation as a preliminary to the occlusion of
the great surgical arteries. Ann Surg, 53: 1-43,
1991.

Matsuda H, Higashi S, Asli IN, et al.: Evaluation
of cerebral collateral circulation by Technetium-
99m HM-PAO brain SPECT during Matas test:
Report of three cases. J] Nucl Med, 29: 1724-1729,
1988.

HHEE, G5 # XeRmNERAUTEE B
WizHT Ly Matas’ tast, &#EZ, 25: 1326-1331,
1970.

TCHBE, ZER—, BURT, b REHIK
FEIRVIRR, FERER L BRIy >~ F 0B Bz D
T. B&, 33:299-304, 1987.

Overbeck B, Rosanowski F, Grunwald F, et al.:
HMPAO-SPECT unter Karotiskompression
(Matas-Test) in der Diagnostik vor zervikalen
Tumoreingriffen mit moglicher Karotis-
beteiligung. Laryngo Rhino Otol, 70: 422-425,
1991.

Erba SM, Horton JA, Latchaw RE, et al.: Bal-
loon test occlusion of the internal carotid artery
with stable xenon/CT cerebral blood flow imag-
ing. AJNR, 9: 533-538, 1988.

Morioka T, Matsushima T, Fujii K, Fukui M,
Hasuo K, Hisashi K: Balloon test occlusion of
the internal carotid artery with monitoring of
compressed spectral arrays (CSAs) of electroen-
cephalogram. Acta Neurochi, 101: 29-34, 1989.
Atkinson DP, Jacobs LA, Weaver AW: Elective
carotid resection for squamous cell carcinoma of
the head and neck. Am J Surg, 148: 483-488, 1984.

9)

10)

11)

12

~

13)

14)

15)

16)

17)

18)

19)

20)

Martinez SA, Oller DW, Gee W et al.: Elective
carotid artery resection. Arch Otolaryngol, 101:
744-747, 1975.

MTREN  BREZEEEI SN 7554 FTF
Matas 7 2 » —SEBIRRUIER. M OEISHRE—.
HEE&, 94: 1315-1325, 1991.

FHEKWE EA/EN, BF #, {: Balloon
Matas test # & O* Dynamic CT iz X 2 PNSEEHIRE
FEONEIZBIT AT, BERR OS], 150 188-193,
1987.

N Ed, EARME ZB E, f: Balloon
Matas test B¢ D #2585, NSk Wedge pressure
DEIZDWT, MEZEFOHE]L 16: 293-299, 1988.
Terada T, Nishiguchi T, Hyotani G, et al.
Assessment of risk of carotid occlusion with
balloon Matas testing and dynamic computed
tomography. Acta Neurochi, 103: 122-127, 1990.
Su CC, Watanabe T, Yoshimoto T, Ogawa A,
Ichige A: Proximal clipping of dissecting intra-
cranial vertebral aneurysm-Effect of balloon
Matas test with neurophysiological monitoring.
Acta Neurochi, 104: 59-63, 1990.

Edelman RR, Mattle HP, Kleefield J, Silver MS:
Quantification of blood flow with dynamic MR
imaging and presaturation bolus tracking. Radi-
ology, 171: 551-556, 1989.

Tamada T, Moriyasu F, Ono S, et al.: Portal
blood flow: Measurement with MR imaging.
Radiology, 173: 639-644, 1989.

Caputo GR, Masui T, Gooding GAW, Chang JM,
Higgins CB: Popliteal and tibioperoneal arteries:
Feasibility of two-dimensional time-of-flight
MR angiography and phase velocity mapping.
Radiology, 182: 387-392, 1992.

Marks MP, Pelc NJ, Ross MR, Enzmann DR:
Determination of cerebral blood flow with a
phase-contrast cine MR imaging technique: Eval-
uation of normal subjects and patients with
arteriovenous malformations. Radiology, 182:
467-476, 1992.

Mostbeck GH, Caputo GR, Higgins CB: MR
measurement of blood flow in the cardiovascular
system. AJR, 159: 453-461, 1992.

Sommer G, Noorbehesht B, Pelc N, et al.: Nor-
mal renal blood flow measurement using phase-
contrast cine magnetic resonance imaging.
Invest Radiol, 27: 465-470, 1992.

321



HEERE

21) Mueller E, Laub G, Graumann R, Loeffler W:

22

~—

RACE-real time acquisition and evaluation of
pulsatile blood flow on a whole body MR unit.
Society of Magnetic Resonance in Medicine, 7th
annual meeting, Book of Abstracts: 729, 1988.
Mueller E, Finelli D, Laub G: Real time
quantification of blood flow on a whole body MR
unit using the RACE sequence. Society of Mag-
netic Resonance in Medicine, 8 th annual meet-
ing, Book of Abstracts: 894, 1989.

23) Kahn T, Muller E, Lewin JS, Modder U: MR

322

24)

25)

$813% 65 (1993)

measurement of spinal CSF flow with the RACE
technique. J Comput Assist Tomogr, 16: 54-61,
1992.

Masaryk TJ, Lewin JS, Laub G: Magnetic Reso-
nance Imaging, 2nd edition, ed. by Stark DD,
Bradley WG, Mosby Year Book, St. Louis, 1992.
pp307-308.

Gill RW: Measurement of blood flow by ultra-
sound: Accuracy and sources of error. Ultra-
sound in Med & Biol, 11: 625-641, 1985.



Matas Test Combined with MR Flow Measurement :
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Purpose

Prior to the temporary or permanent therapeutic occlusion of the carotid artery, evaluation
of the cerebral collateral circulation via the circle of Willis is necessary in order to prevent
complications. The purpose of our study was to evaluate the flow velocity of the contralateral
common carotid artery using Real Time Acquisition and Velocity Evaluation (RACE) before
and during a Matas test and to estimate brain collateral circulation.
Subjects and Methods

Five normal subjects were studied with a 1.5T superconducting imager (Siemens, Erlangen)
using a neck coil. RACE is a one-dimensional projective flow measurement technique using fast
low angle shot (FLASH) without phase encoding gradient (FLASH sequence : TR=20ms, TE=
6ms, FA =90 degrees, FOV =220mm, slice thickness=8mm). The total acquisition time is about
10 seconds without need for electrocardiographic synchronization. Flow velocity of the common
carotid artery was evaluated using the RACE technique before and during a Matas test. The
relative flow ratio of the contralateral carotid artery (flow velocity during the Matas test
divided by that before the Matas test) was calculated. Additionally, using a head coil, 3
dimensional time-of-flight MR angiograms of the brain were obtained for each subject order to
evaluate the anterior communicating artery.
Results and Discussion

Six out of the 10 common carotid arteries were sufficiently compressed to stop blood flow.
The relative mean flow ratio was 1.74 with a standard deviation of 0.36. The anterior com-
municating artery was visualized in all subjects. Increased blood volume is thus thought to
maintain the blood supply of a cerebral hemisphere affected by compression of the common
carotid artery via the anterior communicating artery.
Conclusion

MR flow measurement using RACE before and during the Matas test seems to be a
noninvasive method for evaluating cerebral collateral circulation via the circle of Willis.
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