RZE

Cd-DTPA i 1 & A =&t coronary MR angiography
OBk MHEE TR B & UBEAERE I3 22 MR OB

B —
A FEF R RE 3

F L&

Coronary magnetic resonance angiography
(LUF, coronary MRA) i3, SR %z IFRE
BCHH T A HETH D, Bt LEBEDOZE
BEO—> & LTEREANDORADEAICTD
NAH LD > TER. ZTOELBREETFR
- F o=t (2—dimensional, LAF 2D) cor-
onary MRA TH5H, KEETIIFREIEAR
+5nEA, FMIC+ 5 EE O MRA 4253
BonBEWI EBHWID. RITICR DR
IN-ERFEHIEE G L =%kot (3-dimen-
sional, BAF 3D) coronary MRA %, EBIiF/&id
BIRDO MRA %55 Z L BAHE & 70 7283,
AES EBRIGAOOICE, aV 5 AT
W EOREENRS B0, £ T, TOFR
FHiZBEA L7z 3D coronary MRA {2, gado-
pentetate dimeglumine (LAF Gd-DTPA) #f
FEEHERRIC X AR TV, ZORROBER T
TEINR O HBE T K UBZEREITK 4 5 2 ThE
Ol EDOFELBE L.

HHRE LV HE

WL, FR1041 3 X0 7 B & CICEPR
BEAL M o fE Ifn M DR B A BE N, coronary

MRA {7 2 n7-5 19 61 (B 16 6, ok
44, 50~78 7%, FHFER 644 TH5.
£z MRA fifT 2 BEIDAK, BT5—TFV
ERAWICEBIRERES BTSN TV 4.

MRA & ZE 112 15T OB BEEHMRIZE R
(Siemens #- ; Magnetom Vision) % {f fH L
7=. £ #IZ phased-array coil Z{FH L, &EA
L CHRER BT L. 7SIV AY—4 /A% 3D
fast low-angle shot (FLASH) ¢, ff#HT v/
— FEFIL linearly ordered phase encoding C
H5. FEF—F—T ok X A5FRENRE
%Ot L7-. Table 1 [Z#RICH W /2/85 A —
XHART.

Table 1. Pulse Sequences and Parameters Used for
Imaging

3D-FLASH

¢ TR: 620-1141 ms

« TE: 2.7 ms

« Flip angle: 20 degree

o Matrix: 128 X 256

» Acquisition time: 5.52-12.04 min

e Slab thickness: 48 mm

¢ Slice thickness: 2 mm

« Chemical shift-selective fat saturation pulse

« ECG gating (diastolic period, 400600 ms, after R
wave)

» Navigator-echo-based respiratory gating

F#—TJ— F MR angiography, coronary artery, three-dimensional, Gd-DTPA
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RANCALE R D A OEREER, FIRETE % %
Bk, EATBIROBIERSBAS L5 ICHREA
STRIFITEKFCHREL, FFEZDMRA %
W7 Lic. RICEBEOTBENT A — 2 6 LUK
BASTICTCEEHEOMRA 21T 72. &8
#11T Gd-DTPA % i\, 0.1 mmol/kg % i &
R A WIEFEEEIRY 5 BFOICZ T HREH
TR & RIS H 3~4 i THRRAICE T L
7o \BB%RIT, SEER R L UER MRA LI
2 mm JE © multiplanar reconstruction (ELF
MPR) I & % BERE & = FH L7/-. MPR
FERBIIRNREERIRATEHRZTRELRS
NAWEEZHRE L, ChERNGEERO MPR
B 5HH, —DOFE RIS SEEINR A #
INTEWEELDHY, TOBHFRMESTHTROD
R7p 58O MPR BEREGZ1ER L7z, FHE
% &I AREIROYT S A/ Mid, American
heart association (AHA) #¥EIC 1) 55 FE)
FREAEER (seg. 1), ASEIIRERT (seg. 5),
e EEIRET FIBLEALE (seg. 6), ATEINR
EfERGEALE (seg. 11) & L, HHEBEETOT
Ei%, MPR BE#RGmE % FICLTDa), b),
C)D 3 BT OWTEHE 21T - 7.

a) IEEREIRIC BT % EERIEH

TEEPRER CRAENTRD e - IEE
BiRICEBWT, FEFBLIUEF MRADOE
Y7 AV RS EDETEE T TTE G ETHE L
7z BEIROBEBEICOWTEEEI AV T
hH& % 10 BOY 7 LIV RIRL, FHE
DT AV NOETHEE S L.

(D signal-to-noise ratio (SNR)
=EEROEERE//Nv 7 75TV F /A
ADERERZE
@ contrast-to-noise ratio (CNR)
= (EBIROE B BE — SBIRAB OB
BRE) /Ny s 7S5V /4 RO
Rz

LEZEL, EENEHMEET 7. ks, HEtE
BIRHIIC O\ Cld, tREE B L7
b) SEEDIRHE HAE DR AP

T s & O MPR & ICI W T, EFIT
X A EE PR RO EL A T 57201, 3
ANOTEERICLD, 7 AV I IR
MO % 1T - 7o, FEER & EFMRA % il
LG, B LD EEIROFMIREAH 500 CR
ELAbOESRAVE, BERELALLD
TARA UV, BUEBRONZVWLD%E IR
AV E, BEETLZLDE2HRAVE, B
EMICET LIZSDE LIRS VM ELE. &
YT AV FEBWT, R v FOFHfE/FEE
B BRAVE) #XxDOETAV FORTAT &
LT, Aa7BR 10U EPBAWIE 1.0 TR
THIHEPHEI N E P ZHE L.
c) FRAEFRZSICH 3 % 2 WTRERT

FEEBIUEEMRAICBWT, £470
R, MPR &5 % b ¢ SE8IRORAEDE
EOHEEIT - 7z, HENREZREDORRTH
LIV 2HZDOREEICE> T, £E7AV
T X IT AHA 5D 50% LA EOfZE DB EIC
DWTHRE L7z, 2 RDBRBT—HOHEIT
BHICEORE L. £, RESSEGFET
LEEFZOCT AV PATRO N/ &b E
WIRFEE R T DY T A FOREFTR E L.
T EIRE & B A& % gold-standard & L Tk
L, &%, %% MRA ITJ 5 sensitivity,
specificity, positive predictive value, negative
predictive value, accuracy & H L7-.

] R

a) IEFEBIRIC 1T % EEAFHT
FERERLUEE MRA KT A{ET A
F Z & D SNR % Table 2 {2, CNR % Table 3
WCRT. 3XTOET AV FITEWTSNR,
CNR £iCHE MRA OERERICHE > Tk D

19994E 3 A 29 B 199945 A 6 HIE]

BIRIEERAE  T181-8611 FUREZEMHI620-2 HHREEFBESRELHE HUE—
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Table 2. The Mean SNR Measurement of Normal
Coronary Arteries According to Contrast Enhance-

HRIERE £819% 58 (1999)

Table 3. The Mean CNR Measurement of Normal
Coronary Arteries According to Contrast Enhance-

ment ment

AHA seg. pre-contrast post-contrast AHA seg. pre-contrast post-contrast
1 34.74+ 8.80 57.91x13.29 (n= 6) 1 27.96+£7.25 48.85+11.13 (n= 6)
5 33.49+12.39 48.45+16.02 (n=14) 5 21.22+8.90 34.70+1541 (n=14)
6 37.64+11.70 55.24+17.36 (n= 7) 6 22.69%+9.06 38.91+19.31 (n= 7)
11 34.14+12.88 47.98+13.66 (n= 9) 11 20.44+9.27 31.85+12.90 (n= 9)

Fig. 1. A 57-year-old male with normal coronary arteries (conventional coronary angiogram
revealed no stenotic lesion)

A, B: Multiplanar reconstruction (MPR) images show course of proximal right coronary artery
(RCA) and left anterior descending artery (LAD).

A: non contrast enhanced image, B: contrast enhanced image

Contrast enhanced MPR image (B) demonstrates obviously increased signal intensity of coro-
nary arteries rather than non contrast enhanced image (A).

C, D: Axial 2 mm thick source images from three dimensional MR data set demonstrate prox-
imal part of LAD.

C: non contrast enhanced image, D: contrast enhanced image

The image with contrast enhancement (D) shows enhancing coronary artery compared with im-
age without contrast enhancement (C).

Ao=aorta, SVC=superior vena cava, PT=pulmonary trunk

(@=0.01), BERICLAEBEDR EAHER SN RODIRNMERICH - 7=
7 A FRITIE, SNR, CNR #(T seg. b) EEINRHRE AL DR ST

7.

1DBHICEBHRPFZIKEL, seg. 11 78
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Table 4. Visual Assessments of Contrast Enhanced Coronary MRA

source images

MPR

Visualization

Points Seg. 1

Seg.5  Seg. 6
(1) (218) (1)

Seg. 6

Seg. 11 Seg. 1 Seg. 5 Seg. 11
n=13) | (n=13) (n=14) (n=14) (@0=12)

All Assessments
Mean=+SD

1.37+0.28 1.22+0.31 1.25+0.32 1.19+0.18

1.28+0.27 1.14+0.28 1.18+0.33 1.19+0.24

No. of Assess. 42 45 39 39 39 42 42 36
Each Observer

Mean: Obs. A 1.33 1.27 1.28 1.18 1.28 1.10 1.17 1.19
Mean: Obs. B 1.38 1.16 1.23 1.18 1.26 1.12 1.17 1.22
Mean: Obs. C 1.38 1.24 1.31 1.21 1.31 1.19 1.19 1.19

Fig. 2. A 48-year-old male with severe stenosis of proximal left anterior descending artery

(LAD)

A, B: Multiplanar reconstruction (MPR) images both without contrast enhancement (A) and
with contrast enhancement (B) reveal stenosis in LAD artery (arrows).
C: Conventional coronary angiogram, which was standard of reference, shows corresponding

90% stenosis of LAD artery (arrow).

Table 4 {Z7~9 . JTHER, MPR EEREILIC
FTRTCOVT AV FICBWTRA V FOFH
fE/ 2Ll B RA V) O 1.0 Ml kD
BERLTRY, &FICXAEBIRMEEED
mErmER N Fig. 1). 7 AV FRIT

1%, seg. 1R a7 ALHE G, MPRG&EICHK
g o Jo. TTHEER E MPR & & O R THE,
7 AV 11 BB TMPR & XD & ToE#
O AP EE - Tk, TTEEOHPEFIC X
LRHHBEORENR IV KEVWEEZ LN,
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Table 5. Detectability of Coronary Artery Stenosis
in MRA

pre-contrast post-contrast
sensitivity 77.8% 77.8%
specificity 82.9% 85.7%
PPV 70.0% 73.7%
NPV 87.9% 88.2%
accuracy 81.1% 83.0%

PPV: positive predictive value
NPYV: negative predictive value

B, BT X 2EHIROM M A5t LR & 7
BN o 7z,
) BRAEFREITK § 5 2 WRESHT
TEENREFHRAE T AHA 555 509% DL ez
RSN/ 2 I8HEICOWT, FEEH, &
% MRA I 51 % sensitivity, specificity, posi-
tive predictive value, negative predictive value,
accuracy % & %« Table 5 IC/R L. JEEE,
BT sensitivity 12 77.8% L £ b &1
»oiz (Fig.2). —F, =207 AV T
FWTC, FEEE T false positive TH - 7= &
DRBERIT KV true negative & 7% - /=71
(Fig. 3), specificity T 82.9% 7 & 85.7% & $
THICER Uiz, B/, REOBEHECEY
IR TR ERZEF RSN T, accuracy & 81.1%
5 83.0%DEFRICE EE 7.

£ =
19914, Edelman 51 k0, MRIic k%  C ~ e
SEBHROHHI 55020 THED SUTLIK, coro- ol vight ool mate Wit pormal prose
_ . L imal right coronary arteries
nary MRA DEEIRIGR DR ABEAIC (xe A, B: On multiplanar reconstruction (MPR) im-
NTW5. S BIFLZEMSRELRA L, age (A) without contrast enhancement, steno-
I ORI fE 1L F G0 B R 25 AT AR 7 S R sis in RCA was identified by two radiologists.
e b _ However MPR image (B) and source image
BEOBESPIRESFEL 5. T P coro- with contrast enhancement reveald no stenotic
nary MRA Tid, BA2%4%) X ¥ gradient echo lesion in RCA.
RAOEEBEERE, 2D ®Bic - nF—x 1C: Convenliicozal ’?‘rﬁgi(;gram showed no stenotic
. . esion in . e focus on images without
(e SIENERTE - 7z Manning & contrast enhancement was considered false-
1%, k-space segmentation #F|f L7- 2D 05 positive finding.
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BIRBEIC XD, 39 I 2T MRA LEE
P& R & OX A T> Tk D, 50% LA L
PeZE Tt L sensitivity 90%, specificity 92% &
HELTWBY. F-EHED b 2D-segmented
turbo-FLASH #:% F\ /= 153 FlIZ 2\ T DO
HEHE LTS, 90% L EOEERAEC
st L T sensitivity 879%, specificity 95% & D&
W—HRRBBLNTWEY. Z02DEICEW
T, —EOHEM- D 15 BREE ORI
IEBBERINSG. AP —EBEOHEE T—
DOWTE LEA LB TER WD, EEIR
DOLBEZEEPE OGNS E T, TOFRELEY
flE g DRI BHENSS. Coronary MRA
THAGPOEBREZETAEETHY, FIIE
B SCEELRAS TIE ORISR SRS
HEPEL %L, BEZETI®DRESH
e RERFRRE > TR, EELOBK
AT IBE BRBICKE DD EVORRT
Ho /. E-ERMICH AREIEREED
EHLIKEL, FEIC L AFELZT BRIFLE
BaBsl EHNREE S50, BETERHET
15701213, &S FECE OB
BDLBENE L INLORBRTHHIY.
COES/R2DETOREEREZT, T
R, SDIETT— X RET HHERSE S
RAONB LD/ - TETWAYD, 3Dk
TRH—EOHRBIC LD —EDRY 12— ADEH
TIET 5720, HORSA AElE L TES
CEMFRRTH Y, 722D ED XS ICHET L
ASA AHMEBRT HUNELEL, FCE
EOBER 2 NI & L. HREEHELEE 10
SREETDH, 2DED K D ICHRBELKIES
BONHETHEETRVBTHED WD,
EEROBERBIIER T2 —ABLENEE 2
bibd. TO3DETHE, —EOBRBRHAIC
R IEEFTS T & REEER 2D, WRFEEAE
TREGHT 55, SEEAE, BREOLET
EE A T4 — L C—EONREHDE S &5
bzAFEr—&—Ia—&EIC X 5FRA
ECXLY, FRICHESE—Y a VT —F T 7

7 FOERER S 7o, Z ORRRIEIE T,
ERE PR I A REE T B Z & 7n S BETRE:
728, BERDEZR EI/HILNTES.
L2 L, 3D B\ TR wTRE R B IR IE A
S7OREE, HENPRAOREEIRICEE S
nTLEY, KMEOFHEIIRETHS. Fic
PAEREOHHERIC > W CIBER TRA+5
<, Post 581 20 FlO BEHIC O W TEEPRE
BORR AL, 50% L EORFEREITS L
C, sensitivity 389%, specificity 95% & DF5E
FHREL TS, T, AL ITHDOERE
BRI EBNGE O AT 5 7o & 2
%, AHA ZETDI0% LL RT3 LT sen-
sitivity 41.7%, specificity 100% & Be%e % 38/
T AERAD D, BAERE O ITEKA
FIEPRES C ERPLD LT TV 5.

4 EEEIT, 3DEICEWTGA-DTPA %+ H
WeEE AT, HERR RO R LI LUk
FEREEICKH T AR OYESR b 5 iR
L7, BERZHERLHE T, Vrachlio-
tis 528, FERMEIET CTD 3D-MRA % T
BR/SA NAZ 57 FOBFOFHIICIGHE LR
HFhrERPRLTWAD, SEIOKEETY,
EEEEIRIC 51 5 EEMFEE Tk, SNR
(Table 2) B LU'CNR (Table 3) iz EL
TEY, BECIAIEEOR LAER I N,
Y7 A FRITIL, SNR, CNR #(C seg. 1,
WITseg. 6 ICBWTERAERNBEL, seg. 5D
Bt seg. 11 THHABRWEBICSH - 2. TTF,
EERIICB W Thseg. 12613, seg. 5211
X 04 SNR < CNR O#fER =<, ZHudaA
WOREBEROEE T, seg. 1% 6 BHRMIC
seg. 5 11 L D {AEFIEWHFALICHFAE LT
BORELPRIFCH A= EORRMPE LD
N5. GEIOBHNT, EFRICE N TEOER
FICHEE L5 EPRIN.

EENIRHEHREO B AFHE (Table 4) T,
JCHE R, MPR #3tic, & MRA B4XTD
Y7 AV FCRWTHHEOR EARD b
7o. JTER, MPR &MEIIC seg. 1 OEUES
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mbm <, EEMNHEDO SNR, CNR O L& %
FMed pfER L x o, €7 AV B 1L 2B
TREEOEMAMPRE LD & LE-Th
D, TCEGOHHEHER EOMRIF N &
250, iz MPR &Gl THE R TORRE+
SEMPLENTWEWT SICRD, SHBITEY
R Z I ARRICAE DL TRIME OB S BHETH
55.
EHROEATRICEA L T, EADOMET Y
a— FEFIE, k-space EOEBEWEE S DT —
Z BB D F DL TH LN 5 linearly ordered
phase encoding # B\ TEK D, ZDOFLAE
DOF—FZRBEBROIV T A M eRETAHW
729, BBROFUATICTEERIRAOEFHIRE
PE—TICET 5 XD ICEFHOEATTE LT
ETLLERDAHY. FEDEE 3D-MRA ©
WEC BT HEERNOTEARELE LTL, &
ERAED 1~2ml &t KENIRICHET S
J71E  (bolus injection ¥£)12:13) » ERERIICWD -
<D EEAT AT (slow infusion ) 238
519,15 §iiz O bolus injection % B\ hnid,
BEOFMEEIC BT 2 BEIRAOEEFIEBE
TRRICED D EBFETH LA, LORER
TRARICEBEMETLTLEY, HRERHERN
EWEEICE, BREREANTOREOE(LPK
EVERT LIBHEORE LI ERICES L
TWEEZLNTWS. Lied-> T, #EEHOD
HEACBWTE, SEIZHERHED 8~12 4
WD, 3~4 5T - <D EEEH
I LG I IR EBIIR C DS AR O
BBPWHETRRA L), §81F, &%
FOEAREOHEIL X 5B 5REDOELOK
HAMEEEZ OGNS, FRATIE, AT
vVa—FEFEEE L, BEOFYECEEO D
VS A MERRET A BERZER EOESETER
S5OF—R 28 5Jtk (centric ordered phase
encoding) HBFINEF MRAICILH S K
TETWAELID, Slow infusion ¥ T, bolus
infusion #k & H#G L TV — 7 REOEEHIBE T
KL 7250, BABRRVWEE CEFFIBERY
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—ZICE LI, TOEBECPITET LHER
RRMICHOI-VD5—EU EOBESFE S &
0725 EFRINS. EEIIRNOEEHIERE 2
V—7ICET ARAICEGRO TV FS A MRk
ET HIERERG DT — 2 %", BIL—EOE
Ex R TOARHRIC SN TOBRBAKRT I 5
FOMMHT Y a— FRFIZRET S 2 L 57]
BE & ehid, TERIEHIEROE 4 5 RicE S
TAHEREM LD 5.

Gd-DTPA % i\ 7810 & 0 EEIR H 4D
eI B L7, BEREOZEIRICOW
T, EFIEBV N I-DMETEZVHDD
BERETERREIRDONT, BWROM
RCHE L WER /. LB T, B,
ROMBIMRBITELE AT, BFFEBW
BHERNERIV TN EEZONS. 2RO
B RICFS L WERZEOAEZ ONER
— DR EOLHR L[ LI 51F &Ik
SNR,CNR O LR B +45 T, av/ 5 A
FOBEDPEICHETH S I EBHERIINS.
SRIT, BEAOEFZRGEOBR & &b,
R & OMBEANERATED & 4 7 Cld7x <
MEPNCREFR & &% 5 MEPLEREHIOBSS
EATEY, ZOHRIC L > T, KiExa
VI A NS REOBED R SIS N
518,

PEERR LICES LEWERO—D2 2 LT,
IRAE D coronary MRA T3 225 BEEIC B 5
BEOFKINRD 7, av 5 A W REED
HED A TIEREERTE & OWM L RE DR
HOPWRELZZ ERETFONE. SEHAW:
128x256 D< + VU v 7 AT, B4~5
mm AT O & ORAERRZE & BARKICHEH 3 21
BAT5ThH 5. ZESREICOWTUIEN D
TRy 7 AFEER LD A5 A AE &S
T5CESEF EIIFEETH A28, BB
IR URENICAE > motion artifact 12 & 5 BB
DET#BIERI LAY, aVFSAFBMET
T AR EHR T ARERKEL B, BIR
THR#ELEZEZONS.
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WA BIFICHE S 572004 5 —D0&E
B BERICID BFERESETFONS. 3DE
BERRICEA LT, fEski D MPREEREFERA L
TEICH, TOBBRETT D BEICRAETAICH
SRR DY, REBEPTIEELT S
T L AR EOBKMIRRE TOREO—D & L
THREIL T\ 51920, EEiE, MPR&E &
ICTCER 2R L CREO R E|2HIE LI,
ZOESTHRE L HICERERIC maximum in-
tensity projection (MIP) E#x B\ TE W2
ReB/BTOHHEV B, 4413 MPR ELL
NOBBREOBRN OHELEZLNS.

& E

1. '’ R #A % Bf A L 7z 3D-coronary MRA i
stL, GA-DTPABEIC L AERZHITL T,
FOH M OWTHRR L.

2. EEMBECERARETHAITNTOETAY
FIZEBWTSNR, CNR g E L7z, &7, &
HHIRHE T bR REDO R E AR I N

3. BRI T HZMERICHE, FRELEN
BObNEh Tz, GBI, SEFOEERE
BEOBRSCHBREORR T ERNREEEZ
ns.

a2z 542D, H5E, HEMYBY
T LR KRR R R E R E SR IE—
HRICFER T AHBERTH E L BIT, KiEH
£ VAV o A OVAL BV =77 L e S €A e LAY
LE7.

FIT, BRI TRIEEB I\ i2 &
F L7oASE 2 AR ORERESIC, BESHAL
BLEFET.
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Three-dimensional Coronary MR Angiography with Continuous Administration of
Gd-DTPA : Delineation and Detection of Coronary Artery Stenosis

Kenichi YOKOYAMA

Department of Radiology, Kyorin University School of Medicine
6-20-2 Shinkawa, Mitaka-shi, Tokyo 181-8611

Three-dimensional coronary MR angiography (3D coronary MRA) with Gd-DTPA administra-
tion was performed in 19 patients to evaluate the vascular delineation and diagnostic capability for
stenotic lesions. A 3D fast low-angle shot (FLASH) with a navigator echo respiratory gating tech-
nique was used with a superconducting 1.5 tesla MR system (Vision, Siemens Medical Systems, Er-
langen, Germany). Administration of the conventional T1 contrast agent with extra-cellular distribu-
tion produced a significant increase in the SNR and CNR of the proximal coronary arterial images. Visual
score of both the source images and the multiplanar reconstruction (MPR) images assesed by three
radiologists was superior to those on control images (without contrast enhancement). The MRA findings
of stenotic lesions of the coronary artery were compared with the results of the conventional coronary an-
giographic study. Overall sensitivity and specificity for the detection of stenosis were almost the same as
those of control images. In conclusion, 3D coronary MRA with Gd-DTPA administration improved coro-
nary artery delineation. However, further technical improvements are required to enhance the value of the

technique in detecting stenoses.
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