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MR Angiography of Steno-occlusive Lesions of
Intracranial Arteries: A comparative study
between turbo MRA and conventional MRA

Masato Kominami, Naoaki Yamada,
Satoshi Imakita, Reiko Uchida,
Sachio Kuribayashi, Kohji Kimura
and Makoto Takamiya

[Purpose]To compare the quality and diagnostic accuracy
of images of intracranial steno-occlusive lesions obtained
by conventional MRA and turbo MRA reconstructed using
the zero-filled interpolation technique in the slice-select
direction.

[Materials and Methods]Eighteen patients with suspected
steno-occlusive lesions of the intracranial arteries were studied
with two types of three-dimensional time-of-flight angio-
graphy and conventional digital subtraction angiography. In
total, 45 steno-occlusive lesions were quantitatively measured
using calipers and correlated with DSA stenosis. A phan-
tom that simulated vessels with stenosis was also imaged using
the two types of MRA under the same conditions as those
employed in the clinical study.

[Results]Compared with conventional MRA, turbo MRA.
reduced the jaggedness of vessels and offered appearances
more similar to those of DSA in the antero-posterior and lateral
views. The severity of stenosis was classified into five grades
based on the percentage of occlusion: not significant (0-24
%), mild (25-49%), moderate (50-74% ), severe (75-999), and.
occlusive (100% ). Neither turbo MRA nor conventional
MRA showed any discrepancy from DSA above grade-1
stenosis,

[Conclusion] The advantage of turbo MRA is its ability to
reduce the jaggedness of vessels on conventional MRA, and
to simplify the recognition of vessel contours without pro-
longing acquisition time. Turbo MRA and conventional MRA
have equally high diagnostic accuracy for steno-occlusive
lesions. '
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i Bh AR O TOF-MRA (time of flight magnetic resonance
angiography) DFEFRAIA FTEIERET S hoobh b, YHITHE
T 7 ) TEIC L BEEOHEFR SN TS, #
437 —1) TEEIZZF] (zero-filled inter-polation) & b IFITh,
k ZEOHPLHED T — & ZIELIRY % 0 THD 2 Fik
Thsb.

U & o TZEMGHRRE T B ARSI L ooR(gns
ME T 5 ENFTMRETH S5, —F, TOFEICLY
REFHTERS T P TRAMZMLEEEDZ EHT
BETHHY. Lovl, &7 —" TiEORRRIAE B2
LIz E A LR, Bibhbhii, #57—1)x
R e L 7-3Rk18E | turbo MRA (BLF, t-MRA) % FEFR{EH
THRKEB/IDOT, 772 PAEREZTHILEEDIZ, M
B (DSA) & FHE I L THEREEMRA: conventional MRA
(BLF, c-MRA) &-MRADEE B & A BEFFATAE % ik
HRET L 72,

MR EFE

POl

77 Y MAIRXT 7)) VARIC 5 RO F 8 L /- 22
ZAERBL L, GA-DTPAZKIEE (2.5mmole/l) # e L7=d D%
vz, ZEROBEZE(MEE) I 4mmTH Y, 2
iz (%25, 2.0, 1.5, 1.0, 0.5mm) % & L7, FR
BlIZ19974E10 A 225 19984F 8 A O IZTEEPIBIAR DHezE,
FILHAEN DY L v ¥ - THEEDE-MRA £ c-MRADS
fThh/:BED) LDSA L I LIS/ 184ERITH S, DSA
T RTOBE TSRS & OB REBIIRB AT
b7z, DSALMRADNEATH DM 6 7 BLAT, ¥
221+ 43.1HTH o7z, BEDERMIIS0EH 5728 (F1y
58.15%) T, BY1461, L a4BITHoT.
B &

TERRAEIL Y — A 2 A BMAGNETOM Vision (1.5T)
T, AWz — 2 L Z1L3D FISP (fast imaging with steady
state precession) T#H 1), t-MRA * ¢-MRA & 3 IZMTC
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Fig. 1 Phantom images.
A: c-MRA, B: t-MRA.. Diameters of the five vessels were 4 mm with segmental stenosis of 2.5, 2.0, 1.5, 1.0, and 0.5 mm at each central
portion. Slice-selective orientation was horizontal; readout orientation was vertical. The vessels had a smooth appearance on t-MRA,
and a jagged, heterogeneous appearance on c-MRA.

(magnetization transfer contrast)?+* & TONE (tilted optimized
nonsaturating ex-citation)® 3 X ’'MOTSA (multiple overlap-
ping thin slab aquisition)¥*' 2 EH L7z, #fE/\7 A -4 D
9 Bflipangle (25°), A7 7#(3), A% 7IE(32mm), parti-
tion (32} FOV (150mm x 200mm) {£t-MRA & c-MRA T
L7 Py ESB T a— Fx BT a-
K) ﬂit-MRAZ‘J‘lGO x 320, ¢-MRAD192x512T, A7 4 A
JZi3t-MRA - ¢-MRA & $1.0mmTaH o7z, 7 — & IR
RFOVALETE SN2 K7 2L A4 Z13t-MRAH0.94mm x
0.63mm x 1.0mm, c¢-MRA{Z0.78mm x 0.39mm x 1.0mm T
Hol, 12771, tMRAILBWTRES 7—) #ETH
v, BTy a— FARDY M) v 2 ARS12ICHET S
EEBIZ, AT A AKFMIZ0.5mmI & IHERHTEIT -
7z, L7zd%o T, B SNIZEB{EO BT 0K 2t
A K1Z-MRAIZ2WTIE, 0.94mm x 0.39mm x 0.5mm & %
27z, F7-TR(ms)/TE (ms)/excitationiZt-MRA T35/7.6/1,
¢-MRAT39/7.0/1TdH o7z, HfZHMI3-MRAD® 8 5759%5,
¢-MRA#1253 0 B CTH o 7. 15N HfEIZt-MRA Lc
MRA & T LVOI(volume of interest) % i \», MIP
(maximam intensity projection) THRLEH L 7=,

77 ¥ b AEEBRTII-MRAB L Ue-MRAZNZFNIZE W
T, MU (Z20) (AT % 51 & iE 72 1 R
Iva—F, AEKTYa—-FhER, 294 2AHRDVT
W2 FmzdEln 4T, Gte#dbh DREEITo72. MIPIC
L BEITIETE (5 KOME AN A THZ 5 HM) Tiro7z.

BB T, A F 7120M (orbito-meatal) line |2 AT,
EAVNAHT Y a—F, figsEEZ= Y a—- FAmEE L
7z, MIPOFF RN FEATMO#MB & O LT R OEHOLHE
DiZFEhZh30°B& & L LI Carget MIP (G5 H §
AEIROEFICVOIE BRE L 7=MIP) %2 {ERL L 7-.

1T

(B)

B, MeE RRIEEIIR) DR 2 LRI ?“b‘_]:i,f. IhAERE
RERA LA, SRZBRBEIGRZEED & 1) A o IEF ML % Hilg
tLT%MG%mLL.ﬁ@quummA&TﬁD&%
[ (QE T 32 72 () S0 [R] CEME TiT > 72, DSAEMRAIZ
Bl 2 MEEFRISEEOZIICHWAE Y 4 » FUTHRRL
THREMICHE L7, WEHODSA & ORELEEMEICD
WTIE, DSAY 2 FEHOMRA % i~ T I A BE NG A0
WCThsZ iR LT[t-MRADHDENS |[c-MRAD
FHAENS |[HEFS% O 3 FCHREAICERME L A, SRAIMm
EoibEEIcoWwTIE, B BARERICELTESLS
DL DRI CHEDFELEBRTEL0EINL VI
Ehs, B - fEHB X UL T AT 2 B OMRAZE
AFRTHEL, 1ARTH LYK E TR TE2MEI DS
iZ) ZERTWE E L,

w R

RERE

BRPR B Tl IBIRA DIRTERE, BIETRADDSA & OHE
FRLLE, B X UHRBEIE ORI OV THETHFHE 2 4
(Y.N, KM)DEEDD LIZHET L7z, DSAB X U°2 HE
DMRAD HEHIT, EHREIR (PGB, HAREIIRAT

FR11E9A25H

77 Y FAERIIBWT, AT A4 AFMHME DFEST
Waf L CHEE RS, (-MRADFHe-MRA & Y BEFL DS
HEROFHFTHY, 777 FAIZEVWBIKTH o7
(Fig. 1). B##H= > a— FERMMHT v a2— FHEDS
MEDETICH L TEELEFIIZEEN 2oz, 0T
MDYy —2 2y 2AThH Immbl EOFORAEIRIFIZIZIEL
R ENAzAS, 0.5mmEOEZEAM T SN2 o
T

FEHBIZ BV TDSA F 72 13MRA T 1 fEGNIZ R 1 7 B,
BERMSHPTICIAED B\ IZPEDSEED L. NERIZPIEEE)
k28 A B, W ARMNMEIAR 124 BT, HEBRUEEIR S 7P TH -
7o, IS ERER LA RDSA L 2 FEOMRA DAL
L CHBE LA, AEETLVD DOE-MRAD )T H%-MRA &
DY, LLEVHBE RS (Fig. 2). HAERE%0~-24% (not
signficant), 25~499% (mild), 50~74% (moderate), 75~99
% (severe), 100% (occlusive) ® 5 FEIZHIF, MRAIZBWT
MEES IR CAZELO0, TRASHEINLZ EPDL
AL TWEWEEZ LNBEAII9%FEL LTHET
b &, Table IO L) RiERE L), DSALMRADED 2 B
PELLEIC 5 (72 21, mild%severe L HIET ) Z & 1dt-
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Fig. 2 Correlation of % stenosis between
. MRA and DSA. The linear regression equa-
/ A: conventional MRA; O: turbo MRA. tion and correlation coefficients were simi-
ne : . ] lar between the two kinds of MRA.
0 o5 50 75 100 | ¥ =1.02x + 1.07(R2 = 0.79)for turbo MRA
: ; (sclid line)
DSA (% stenosis) y = 0.94x + 6.70(R2 = 0.73)for conventional
MRA (dashed line)
Table 1 Correlation of stenosis between DSA and MRA
Severity of stenosis NS 0-24% Mild 25-49%  Moderate 50-74% Severe 75-99% Qcclusive 100%
DSA 2 20 16 3 4
Turbo MRA
NS 2 3 0 0 0
Mild 0 15 3 0 0
Moderate 0 2 9 0 0
Severe 0 0 4 3 0
Occlusive 0 0 0 o 4
Conventional MRA
NS 1 4 0 4 0
Mild 1 14 1 0 0
Moderate 0 2 11 1 0
Severe 0 0 4 2 0
Occlusive 0 0 0 0 4

NS (not significant): 0-24% stenosis, mild: 25-49%, moderate: 50-74%, severe: 75-99%,
occlusive: 100% stenosis with no visualization of the downstream artery.

MRA, c¢-MRA & 727> 72(Table 1). MRAIZBI} 5 Jkse
FEADSA L [F LEEICHITIES, RirsBicdhiiEs s
T5&, tMRADIEZEIE73%, c-MRADIEZZEIZTI% T
Hotz. Tz, PREESO%LLEZEE, 0%kt IELE
L35k, sensitivity, specificityldt-MRATFNZ187.0
%, 91%THY, c-MRAT95.7%, 91%Th o7 7:751
C3-4DFFEIZE N FDOFRM(C2-3) TTHELTAR-DD
52 Bld o 7z (Fig. 3). MRA & DSADHREAFELMEIX, 4
BITt-MRAD F%c-MRA & ) & I OB RAF1 >0 B
T, DSAITIEVEETad o7 (Fig. 3, 4A).

FMME O eI F18HI, B - WEH DML
BWTIE, -MRADHIEN T W=D 2 fl, c-MRA L [F
FTholOM16BITH -7 (Fig. 4,5). LT HBEDETIE

18

£FIF%ETH -7 (Fig. 6).

£ =B

FHIENBIIR DFRE T 72 ZAE L BT 5 B TOMmEHR
ik, TEHLTHERENITIEITEIN TS, E
B, BECHt ¥ —12BI1T 2 ZETH9ODSA L KIRIZ R
LTBY, 4%dZoEmMIHEd DERDRSL. ZDZ
LB BMRAIC & BEkFEREOEHNE % 5 5 = & IXEREREY
WRELBEHEND D,

TERMRA T3k 2 BARFHMI§ 5 L Vb T & 7299,
Yamada 5213, PAEMHZIIHT A MRA Dsensitivity (38
bOD, ZEMMERESIILEEE L VEV 0 IkEZ B
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Fig. 3 Lateral images of severe stenosis at C4. A 50-year-old female.

A: conventional MRA, B: turbo MRA, C: DSA. t-MRA presented a more similar appearance to DSA than c-MRA. Measured stenosis at C4
(arrow)was 76% (DSA), 75% (--MRA), and 99% (c-MRA). With both types of MRA, C3-4 had a double-barrel appearance, while DSA

, III
-

presented an almost normal appearance (arrowhead).
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200 a’m‘gz,é Fig. 4 A: Typical lateral images of c-MRA

(left)and t-MRA (right). A 72-year-old male.

The peripheral branches of PCA and SCA

were visualized almost equally with the two

types of MRA, but in -MRA, the borders of

100 . . arteries were smoother and more easily rec-

1 4 ognizable.
L b pi((zzl st g B: Profiles of signal intensity of peripheral

arteries along the indicated line (white bar).
Contrast was greater with t-MRA than c-MRA.
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Fig. 5 Antero-posterior images of left M1 stenosis. A 57-year-old male.

A: c-MRA; B: t-MRA; C: DSA. Stenosis(arrow)was revealed as 44% (c-MRA), 23% (t-MRA), and 33% (DSA)compared with the normal

caliber (line).
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Fig. 6 Caudo-cranial images of c-MRA(A)and -MRA(B). A 67-year-old male. The two images have almost the same quality. In t-

MRA, peripheral arteries in the antero-posterior direction appear slightly thicker than on c-MRA, because the phase encoding matrix
was 160 with t-MRA and 192 with c-MRA.

AL TLES & LTWA. F/2, Korogi 597 IZMRA

gt M B2

—77, ABEOWFEHER TR EDOFHIIZ B\ Ti-MRA

(conventional) & IfiL & 1% % & % ROC (receiver operating
analysis) |2 & V) EMEAYICHE L T, MRADZWHHEE 1355
BE50% Rl DA ITE S DD, 50% LA EDIHZE N L
TIHERERMEWE LTWwa, 20FEREIE, Frreip- ‘P[ﬂl""ﬁ:
Wig 7% EDFFHEGNES DB OEIR TOR KDY &

FICLYVEShTLEHIZLIZHY, JL[FW&%?/EH.E.?Z)_
ETRENMBEESE &5,

TRzE DB KEFM % b S 18D LG LT,

20

Zc-MRA L [FELLETH D, FAMH & SDSAIH L TH
L <@ REFl4 2 ML 22 2> o 72 (Table 1), MIPALELZ 3B
WTHLEEOERETEE LTI 8, DNEBBOHEE
z H\7=MIP (targe MIP) T HJHETH D, 4lbhbhd

e TITLEI S U Clarget MIPZ iV 72, 72, TTHEED

MFEfEFT EHFROT Y b IR MR ETUE, MIPALE
LTHMFpEEFIFREINLE Z e WETTHa. a2~k
7 A MR Z A4 X, TE(BRIHR S & K4 Hlop-

HARERSE #590% 115
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posed phaselZ7% o TV AP ED), EFHEEL, 0% <
DI8F A= FHHELTVA LD L KEIETE R0D
OO, GROFETIELE ORLTHWHO NI MRA LY IT
Egoay b ANERMELTWEEEZONS, /2

L, AEobibhhorfzeTd NEEIRDC3-43 5 Dikse
TRZENTHE K C2DIEHE R A3 < & 2 726145 2 Bl d - 7= (Fig.
3). THIIC3-4EGDIAED - DOIZFN L ) KO
EDHE L, C2ERST Din-flowZhRATER BT L THRkAERR
AR DERDNS, SRIEIIhG 2HEEE LTI
WA drolads, MVEEIORMIIPRE L THAXLHE
BHY, BHICERERETS.

BEEFTOF-MRAIIMTC??, TONE®, MOTSAYS % w5
ZETHEAM L L, BTG T =) ki L 0k
BREEOEMFE - EEEOR EER S TwE, #e7 —
Jxgkid, kK ZEICBWTHEEBEOI Y bFA MIFET AP
WMHEDES, ThbbEEERSGOT7T— 7 2 EL,
B OEEEEES % 0 THD 2 FETH A9, Zhick
o> TT— Y YUER 2 8 5D, HBHVEa FFA b
OmE_EHHFETE B, SREbIVb DS 2t-MRADHRIE
NT A= T, WEHEEZLLERT AL LbICNEL
PHRICHELEB LR T TAI LD TEL. FHEME
DRETERE DFHIl KA M E ORI BV Tt-MRA £ c-MRA
OB THhEZ LD o720, HEIZ-MRADOFIFERL TV
7=

7ol 21, Fig 4R L7z & 912, BARMEIRARE B
T, EM{ECHIEE Tc-MRA X D t-MRADHHT > b T A

N ASHHBE CIE ORI AB S Th o7z, —J, inplane®D <
by 7 A% 4 X34 EHVZt-MRA Tlde-MRA & /&
{, ZEMREREIGEREETETT 2205 S LI R
o7z (Fig. 6). AEHV:zc-MRAIZBWT b BE#HT 0
— FHBEO T — & PRGIEFHRICfTbTB Y, RO

BN 6% 509

SMRREIXFOV (200mm) % HAGICS 12 THlo 72 BEFE L D 465,
Lo THBER L v 3— FHROFHEICBNT, -MRAIe-
MRAL DT L LA DOTIEVEBRDLNRE, 50%Fkze
IR & L7z L & Osensitivityld, t-MRADFHH-MRA L 1)
PRENEFTH - 72H%, DSAL O IZ-MRAD F AT

L A& o7z (Fig. 2) DT, t-MRADHZEREFHI#EIXc-MRA
EEIREELEEEZONRD, WTRIZE L, tMRATII
AT A AKN L ETo/2 2 & TEREMED 2 M5 A
FrREEXR ELTRELR T hofzbt i b, 2272
L, alEixE Lclki$s5M0) b, TR/TEIZt-MRA & c-
MRATIZRZ-TBY, MERERTOLBEMAETIIZW
BIEETAHLEXS L. FLMRAICBITA 711 —#IE
DERDIY P FAFORLEIZES L TWBITEESEN D
5,

ARHFFE TIEDSA &[] CHFE 7 1A T i % &l & 47 o 72
A, MRADZ FD 6 DFARIZ L YDSA TG 5 %\
Wrew b 62 AGEDHY, HVIFRMRADDSAICE S
DALTREMND S 5. EBRA B OFEF) O THAE R OxF
RIZ Lo 7285, MRAEIKZEDRD HN72b DDODSAT
BMEBELOELR ) ODHETERP72HD5 1 HdH - /2.

B =

t-MRA & c-MRA ®MIPE % ILBHRET L7z, t-MRAlZc-
MRA X 1) 45\ (R T IS OB AT 0 B 1 1
R, B X UEMNEORBENLRRRIER L ko
=, t-MRAZIREIM 2 EEE-TEENE L L, »ofkse
FEEHEIZ B VT he-MRA L R EOIEREEZFETH DT,
BARMIZERATS 5.

(BRLDEE X525 MBI T & THRELZ. )
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