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Fast Cine MR Coronary Angiography
Compared with Conventional
Coronary Angiography:
Criteria for coronary artery stenosis

Masahiro Higashi'’, Jun Arisawa'*’ ,
Takeshi Johkoh", Shigeyuki Yoshida",
Junpei Ikezoe"**', Hironobu Nakamura'’,
Hiroaki Naito?and Toshiki Takahashi®

Magnetic resonance coronary angiography (MRA)was
performed in 5 healthy volunteers and 13 patients to evalu-
ate its diagnostic capability. Ten to 15 continuous cross sec-
tions were obtained for each coronary artery using fast car-
diac cine MR(FASTCARD) with breath-hold, and
recontructed images were made.

The control study showed good demonstration of the left
main, proximal left anterior descending (Seg. 6)and proxi-
mal right (Seg. 1, 2)coronary arteries. Abnormal findings
were classified as interruption, stenosis (severe or mild), ir-
regularity, or decreased signal, and they were compared with
the findings of conventional angiography in proximal seg-
ments (Seg. 1, 2, 5, 6). Twelve of 15 lesions with signifi-
cant stenosis (> 75 %) were depicted as interruption or severe
stenosis (sensitivity 80%). The sensitivity was 100% (6 of
6 lesions)in the right coronary artery and 67% (6 of 9 lesions)
in the left coronary artery. The positive predictive value was
75% (12 of 16). Comparison at each segment revealed that
the sensitivity, specificity and accuracy for interruption or
severe stenosis were 92%, 79%, and 86%, respectively, for
severe stenosis (> 90%), and 85%, 79%, and 83% for signifi-
cant stenosis (> 75%).

Interruption or severe stenosis on MRA is presumed to be
an appropriate criterion for the detection of significant stenosis
in the proximal coronary artery.
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Narrowing

Interruption severe mild~
(>75%) moderate

Irregularity DS

Normal

Pol:b D% 0FRA b ELE THEIZOWT
i, KEEREFAOTEHRIZBNT, €7 XL b
EDORL Y FOIESDEDOFMIZOVTH LD
FOBE BTV (Kruskal-WallisiiE), &£ 2 ¥ b
B TORHFEDE X MRIET A 72DV 2 BEOZED
H5E 24T o 72 (Mann-Whitney Bi5E) . PRSI oW
THFRIKDRE LTV, EHICHREBEMTOHENH
IOV T ML O ORE # 1T - 72 (Friedmankh
E)., WThOBRETHp<0.052F7EL L1,
TEENIR BB EZ 2OV TIIFEBMRAIE 2 v,

AT =7 VEHRECREDORER TS R\ 2 40
BUHEHEMEQ ALH N)IZE - T, #iEATw

Fig.1 Schematic representation of criteria for interpretation of MRA. DSI:

decreased signal intensity

(332 x 16~24cm, < M) v 7 A13256% 128~192, A5 A
A% 3mm. [Mlifrephasing, B X UMb 7 M &FIH L
THERGHNE 2 BEF L, 1SFPHI B DI AE F T C— R o >

AMREFEDOH G2 G772, BENICEEESHIROSE,
parasagittal /[ C € O AR % & 385810 ~ 1 SHT T OMe(E %
LRROFEIZTIT o 72, BRI EERED 6 KRS 20T
T, AT CTHleE S 2 #1000 OWig %47 - 72,
EFNENOPERRMI320~305Tdh o 72, EEBIIRE&E
DDA T 2 451213 & & | Zparacoronal D 5~ 101
HOWGEEBML7:. KI5 1 7Tk S R TELR
Bk e b2k L, wEBIIRELR136ITIL 3 B TLATE
IR, 5 BITHBEBIRD A, 5 GITEEENRDAOHEZFT -
7z,

DEOHZETHEONIY AE{ED S, SNIEAR L, %
TEEBIIR AT BIF L ST 2080 b D FMRAFH O
Wi e LCRIRL, RBEAHOMEME S % 5 3 RL7—
FEWEH LI, RICZDOF— 5y Mo LT @8R
MHTELLRTRCEH SN LMW EZZEL, 1.25mmEAD
FHHERE (Reformation & % 7EHE, = AW 4@ 6k OMRA(E
& L7z, EBIRO B BFEIRAT | Fl LI S h e wie
1243, BLF MBS HMORL 2 HBMOMRABL & VB L
7=,

IEHHFET 274 7T OTLEESB L UFHEMRA S T OEH)
RO HIEEER, 3 ADOFHEM. H.,J. A, H.N)IZL D,
AHAGHD X7 A FTLIZ0DB 3RS VFTO 4B
RETRHE L 72, JEHifEIcowTid, L shTwnad
DxE3IRA b, B L
HERhTWwabD% 2 K4 >~
b, #EAROLOE | KA >

B G DREBARFZIRDOFFE % 7 - 72, T MUFig. 10

THRIZHE, MREOBHE - BEWT, MAFFOPME(E

FE . NEOWIS% 5B 5O, 1R ~d%EE 1 75
WUTDLD), BERYE, (RECHMEEEDRV)EFE
T, BELTEHEZHITHRZE L. 280EAIAR—E OB
FICIERIC L o TiE L7, EBiikER CokrsfiEid
AHAZHIZHES 72, F L TMRAFTR, & E@IREEIT R L 0
B AR T ERERRBTLI1C, BIUPET AL b
LT o7, R A Y MERLOFITIZE W TIE, MRA,
HREIRIERZE DI, FOE T Ay VATHED LN DL S
WREITRARKITR L LTt 247 7.
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K7 274 7T, WREBIIREALER X A BT (4
SN7z. Fig2ll GBIk Z R L L RBOTHIE & Fi
MMRA% (Reformationf§) D) % 7§ .

LREBIRA: (Seg. 1~3), 3 & OLETEEIR EEHRA S /T
TATHE, [BIBERGRNT (Seg. 5, 6, 7, 11)12354F B3 AEEEM
DFER % Table 1 (JCHEI{E), Table 2 (FHEBMRAE) 1277,
% BIEEEIRENL & b7z 1 BlOGFEBRkSeg. 2 PUT I
FHI R A SR, TEEZRIZOWTIE, 3 ADFEiiE I &
LHHEEE A » b OFHEIIEEBIRIIAER (Seg. 1, 2)B
L UETEBINR T (Seg. 5), B FATHLIALE (Seg. 6) Tl
26M63.0LE o 7205, FIL Y RS L ZEElER TIX1.9
DFThorz(Table 1). EAEE#RES, €72 Tk
DEA 2 MUES5DEHFEDHT2(p<0.001, Kruskal-Wallis
BE). 7 A2 bTLOMTIE, HREBIIRLENES (Seg.

Table 1 Visualization of the Normal Coronary Arteries in MRA: Original Image

LCA
Seg. 2 Seg.3 Seg.5 Seg.6 Seg.7 Seg. 11
(n=4) (h=4) (h=5) (n=5) (n=5) (n=5)

b, #ilhEhTwivbo% o RCA
KA bE L. BHEBEOE Visualization | Seg. 1
filild, M & LT RIFICH Points (n=5)
WSk LT

DE3INRA b, HEEMEE L Mean + SD

No. of Assess. 15

THAH SN2 ARARE L & IHT

27+0.1 3.0+0.0 19+04 |26+02 27+0.2 1.4+04 13+04

12 12 15 15 15 15

ETERVWLDE2HEAL Vb,
R MEE LT shs:
Low | KA b, HBshi

Mann-Whitney test ).

16

Values are mean + 15D of visualization points graded by 3 observers; 3: well visualized, 2: fairly visualized, 1:
poorly visualized, 0: not visualized. There is significant deviation of each segment in RCA and LCA. There is
significant difference between proxymal segments (Seg. 1, 2. 5, 6)and distal segments (Seg. 3,7, 11) (p < 0.05,

HAERERE #5748 Hiew



2) ETERT FATBGEALER (Seg. 5, 6) 13 FAHHR (Seg. 3, 7)
Mann-Whitney#5€) . FFERMRATE DR R, HHigeR 1

v M OFHEIIETEEIIRIALE (Seg. 1, 2) B L ULEER
E##(Seg. 5), B FATHLEA B (Seg. 6) Tld2.7452.90
Bz L b c’)rﬁ' L, FKAEE &R TIZ230FTh-
72 (Table 2). EFBIRTIIL I AL PTEDES >~ FDIE
LoX Lﬁ%ﬁ% B 7203 (p < 0,001, Kruskal-Wallis #&
E), BEHRTREETE Lo/, 27 A T Loxt
BT, TS~ FATBOEALER (Seg. 5, 6) LRI TATHL

Table 2 Visualization of the Normal Coronary Arteries in MRA: Reformatted Image
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Fig.2 Original images(Aland a reconstructed image
(B)of right coronary MRA in a healthy volunteer.

A: Nine incremental parasagittal images with 3 mm
thickness obtained by fast cardiac cine MR
(FASTCARD).The right coronary artery is depicted
separately in six images from the origin through the
proximal segments (Seg. 1, 2).

BB: A reconstructed image. The proximal right coronary
artery (Seg. 1,2) is shown as a continuous vessel
between right atrial appendage and right ventricle.

ERER (Seg. 7) L MIBER: (Seg. 11) & ANHFEIZERL TV (p
<0.005, Mann-Whitney ##5€). AiEBIIRFMER (Seg. 3) 1
ATEEIIRITATES (Seg.1, 2), ZHA~UEA ¥ MR oo
BRI Lo, F2FR UMRABIZOWT ORISR

TOFHNDZEL, Hid#lkSeg. 1, 2, ZaEEIRSe g 5, Seg.
6, Seg 11 TIHRAT 1 RS ¥ bz, F/
Seg. 11 TIIEEM TOHEEZED(p<0.05, Friedman
HE). BkXy, bhbholETIEESRSeg.1, 2, 5,
6D 4 FBHEE L TRIFICA A=V 7rsnbl E, iz
HHEMRAZO BGRIITHEBOREICREEKFT LI L
DSl o 7.
2. BEEERE

KT T4 T TOMEHERIC

RCA LCA T E, AHFEEIR AL (Seg.
Visualization Seg.1 Seg.2 Seg.3 Seq.5 Seg.7 Seg. 11 1, 2)8 & Ok EE IR a8
Points (h=5) (n=4) (n=4) (n=5) (n=5) (n=5) (Seg. 5), HIJ—Fr]Ht SERLER (Seg.
All Assessments A Efﬁ“ 2uE, MR
Mean + SD 27+01 29401 2.3+£0.4 |26+01 27+04 15+03 1.5+05 L BAR 3 5 mﬁfﬁ%ilﬂf L7.
No. of Assess. 15 12 12 15 15 15 HEERER TIE, EEHBEHIX
AHAZ3E50% LA, -Foflix7s
I\EnaCh Oobze“;ef . 3 . ve 76 . %L EDRETFEL LIS,
ean: Obs. - 2. { : ; S EAET 20 N
Mean: Chs. 2 26 o8 18 o8 14 ] /L—_I,;ifulacoso%ikfpﬁ’)ﬁ\J (%9
Mean: Obs. 3 26 3 25 q 12 1.8 = 7, 13[§|J ':‘F', MR A & *‘J’ltﬂ
IOD (pts.) 0~1 0~1 0~2 0~1 0~2 0~1 FEZ:Seg. 1, 2, 5, 6MF28E 7

Values are visualization points (VP); 3: well visualized continuously with no stenosis, 2; fairly visvalized con-

A ¥ MIZ15TE T O F Bk R

tinuously with some caliber abnormalities, 1: poorly visualized with dicontinuity, 0: not visualized. IOD: interobsever 22, 19T O IEf Bk & 3R
difference of the VP. There is significant deviation of each segment in. There is significant difference between B

proxymal segments (Seg. 1, 2, 5, 6)and distal segments (Seg. 7, 11) (P < 0.05, Mann-Whitney test). There is no

significant difference between three observers except for segment 11 (p < 0.03, Friedman test).
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Table 3 Comparison of MRA and Convenitional Anbiographic Findings in the Patients Tl ME B X ONIEE (Flg 5) &
with Ischemic Heat Disease: Lesion-to-lesion Analysis flsE SR, EEREISHEDS b
Coronary Stenosis in Conventional Angiography (AHA Classification) MRA T - BEWT F 7213 B BE S AML
100%  90~99% 75%  256~50%  Normal EHE SN S DIX125EZ (80%) T
No. of Lesions 8 5 2 19 - Hotz. =7, MRATIEM - HEW £
(RCA/LCA) (4/4) (2/3) (0/2) (8/11) 72 BERR/IME & HISE S M7z 168R1L
DH L, EEREL THERETD
MRA Findings o 72 DIX12EBAL(75% ) T, %5 4
Interruption 7 & 2 2 ERED 9 B 2 BT 1EE ,!;':,“(1150%1,)
(4/3)  (22) an) 1 (0r2) TOIEEHIE, 2 HEERTH-
Narrowing: severe 1 72 (Fig.6). MRACBERE ¥ 7-13 (5
o (o) IMEZ D V) EEET L fsE S h
Narrowing: mild~meod. 1 1 QIS \ 3 S AN S T
| UL 7o WO &5 1S EIIRE R OHes
Irregurarity 4 2 B, L
(1/3) (2/0) BE & 4 OMRAFTRGEICIZ BB &
DS 5 . FOMIEDR SN, FFH O
(2/3) (3/4) Dy 5 FRAL (Table 3) 1T
Normal 1 2 Fig.5, 60 & ) IZTLE{EOEE AR
5 (0/1) (1/1) FHLLDOTHo 7.

MRA &EBIlikEZT R E O£ 7 4
¥ b T E ORI E28FHIIZ DWW TET

DSI: decrease in signal intensity (without narrowing)

DFEBNRER & MRADKS HAE T % Table 310K T . EETO >7z(Table 4). EENRENL THEIRAEZFFO13L T A 2 b
SEAPAYE 8 A TIX, 7 WZENMRA Titih - BT (Fig.3), D) H11(85%) 1IMRA k-, & - HElr T 723 mE ML+
A 1 BN EEEME (Figd) & LT &7z, 90% L) TAMEflEESN:, —F, EETOEETI3EEE
OB 5 RETIE, 4 WEHEM - BT, 5 1 egg15E 7 A b D) £12(80%) IFMRA TIZERES/MELL
IR MEITH Sz, F7275% 5822 2 25 IEMRA TTHhotz, #FZTTabledDF—4 %4 L2, Fik ODMRA

y /

Fig.3 A 49-year-old man with total occlusion of right coro-
nary artery.

A: Conventional angiogram shows total occlusion of proximal
right coronary artery and a homocollateral vessel.

A - B: MR signal is interrupted at the proximal segment in the re-
constructed image of MRA. Small vessel signals are indica-
tive of collaterals.

C: The coronary artery distal to the occlusion is demonstrated
in the other reconstructed image.

Q| m
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Fig.4 A 53-year-old man with total occlusu:n of left anterior desc ending artery (LAD).
A: Conventional angiogram shows total occlusion of proximal LAD just after the branching of the second diagonal artery.

B: MRA finding is severe stenosis (arrow).
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%%%<,it%ﬁ,ﬁﬁl,ﬁﬁmwv,mm1w$
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AR O HHR R DML I L ) MRA T O mmm#mﬁ
REE 20 1), IEFBIOMER, EikEY L O ET-
T ST wva, UG S O TldSegmented Turbo
FRASHZEZ W 7 BIR OMRA & @8R 552 & Db T20
FEBIFPIBREEIL % C, 2 BB OATH -2 LTW

A‘B

&

I-ng 5 False negative MRA. A 56-year-old man with
75% stenosis at left main trunk. Left main trunk is not

clearly visible in the original images (A), but no signal

loss is indicated in the reconstructed image (B).

19
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HF: #4, 0 Ex:

" 6/
‘.52

A%, F/zManning 5 133961123 LBk R & MRA DL
ATV, BB, FFREPGEEIRTI00%, 78%, Zzﬁsﬁbﬂlﬁ

EHETI00%, 100%, FIFITHET87%, 92% & ik L
W59, SRlOMETTIE, Taﬂf@ﬁﬁ%%mﬁﬁwm

2) B L UEEBIIRESE (Seg. 5), A FATHLEN#F (Seg.
GUIIRAFICH S/, - EEREBEEIZOWTIE,
- AEBINREAIES (Seg. 1, 2) 3 & U/EEBIIR EEEE (Seg. 5),
A TATEGEALER (Seg. 6) DELHH DA EH7EHE © 1 ITIRE T
&, bhbhoTiEogikiGtge, wekibigiz o
HEIINIZIZET 2 0 Bbns:,

—7}, MRATOEEIIRIEAE OZRTILE 2> W T ORBEHZ
PER, T3IATbMTE LT, Shbivbhid I s
DERE L7z, # L TEBRER &L O3 lLo#SE, MRAT
EEESMED LR BB L LB AICHENREDE L (82

Table 4 Comparison of MRA and Conventional Anbiographic Findings in the Patients
with Ischemic Heart Disease: Segment-by-segment Analysis

EEIRMR A

-
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Fig.6 False positive MRA. A 66-year-old man with 25
% stenosis at the branching ostium of left anterior de-
scending artery. MR signal is interrupted in the origi-
nal images (A) and in the reconstructed image (B)

%), JEFEE(85%), HFREE(80%), FIRIEZE(79%), M
EZEB6%) VWU TEMEERL, BEOBMEMTIZS
NEZHELEL T ORI VERDN:, $/2221)—=
YIREDE ) IRE LR ERT LA, BERAMED
AEBEETAZELEZ LN (BE%).

18 4 OREEHOME T, WERE~HEREIZONT
I, Z2Ror e DR BZEHR O KR M E O H D 729,
MRATI390, 99, 100% e XllIREETH =72, —7,
MRA &EBIRERZAT RO —F 0 7= DB A1 & 7
2 T2EEIZ DT, BERITEE DL AR, ZORKEE
L CLERFEE TP M OENZRIE & BB 2 RIE
Wéﬁ_ﬁwﬁﬁkﬁiont.itﬁ@ﬁmatt@ %
Wi OB DI I DIE S T—E L e & D BT
A, L L ZOMBEIZRE ) — o, TTliEd fie7:
HER L HHD L OREE N Bk
ThHBENICTE, B - B
DFFE TP TELEFHEND.

Coronary Stenosis in Conventional Angiography (AHA Classification) SEOMEThhvbhi, EESE

100%  90~99% 75% 25~50%  Normal FOWEZIZE 5 3 KTEF— 7 H o FH

No. of Segments 7 5 1 9 6 MQQE%E;MR‘A MRE(EL IV i A 'j: 1

AFHEEACED, OMWISERR %2

MRA Findings LTS O A 12 A 2 - TEMRT 5 &

Interruption 6 4 3 9 I O F T % 25 2 Ty { multiangle

Narrowing: severe 1 obliqueiEAtdh 59, T DFikk 7

Narrowing: mild-~mod. 2 BobhvbhoFEOREE LT, F
Iregularity 1 FUIRIERFOMTER I BED B I L

DSl 3 & AT HREBIROIERE 155 D@ L

Normal 1 2 TWAZ L, REIMERNE L, I

DSI: decrease in signal intensity (without narrowing)
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Table 5 Detectability of Coronary Artery Stenosis in MRA

CAS: coronary artery stenosis, PPV: positive predictive value, NPV: negative value

325

SNBERETHAT.
F'O G U OTEBIIRS 11 A & 8

¥ 7-MTC O

MRA Criteria for CAS Sensitivity Specificity PPV NPV Accuracy
b s,
Positive for CAS TEBIR DIEBIMAT A A — 2 > Zidls
Interruption 77% 80% 77% 80% 79% NN 81T 2K & L ikED—o
Severe Narrowing~ 85% 80% 79% 86% 82% THhHb, FLTEFOIT—NVIELEW
Mild-mod. Narrawing~ 92% 67% 71% 91% 79% D DIIMRA & Bbh, HIRTH MRA
Irregularity~ 92%  60%  67%  90%  75% SREBIR AL EOMAITTED R 27 1) —
=2 T R HIRE DAEBBRE +53E

B E, ERO LD ICEMRER O EDES D
GG - BREEREERE LA L, BTN E, 7272
Lbbh O L EECIIRED 0D T L AF ¥
|2 B R A3 2070 B 72 dmultiangle obliquei: |3 & 722w
EEZ, AT VFATA ZAFEFRBLT.

bivbh OO & LT, 2o MRIES
DYREE, WERO 2> S A MHPFEIT NG, ZEMSHEEC
DV, FOV 32cm, < MY w7 A256% 192, [E& 3mmT
WIEEAT S 7B DR 7 LI H A Xi31.25 x 1.67 x 3mmTH
5. O ERE TIOEBINRELGER D & 5RO S AR 2L
IFRF L LTHRETZ 5795, BEOREIZEFNE & DX
VHEEETH B Z LTSN, SRIOERSZF0E) Tho
72, FAEEIIR R R TATR O AN L IEFHIT L #i A5R
HThotz, —F, DEEHOMHIIMD 2L RTART
HY, ZOHEEL LTEEI MV E O D ) E5055 <
Al MEEEICFATICR AWM AREE LIC{ wZ ki
MEZ LN, MEERO T > kT A MERIZOWTILIMEE
rephasing®IIH2, {22 7+ =FIH Lr-RHHmH & 66 L7
B, EOMBEATTEEHEbH o7,

D EoORM@ERICHd 20 E LTIk, —a—75 -
D &) HBEERIRIC & 5 1 BINRAE IR T T 02D R £
233D A A=Yy, i S -y —1a—EolnH
WX BMRIEEEILA A= 7Y L 2 4 VORSE,
Lo BRVIETHREDOBRS Y, SRR % &4 ERE

ATE 5. homZBEE L % EH)

WROIERIMEY 7 > 24 777 7 1 Tli,
BTE - L2 BIOBEHCTE HW A S DWAH 5%, PRt
MIZTEE & % 2 EEIROM HEEA R, &5 2EEHO
fEH &R D BI0H OIFRAF IEATRAI KT, N A VCT
D& HENEIZ L BHNA T A A MR COBEEEMER D
TEWIthEaERZDLL, BT LUMRAILGS kL
FEZ A, bBAHA, EEHIRMRAIZ D D% { ORE
PERINTEY, TOWMGEARITSHERECERT AT
REtEDH S, LA LED LI LRI T S EBRPE AT ED
Kot s, BIEELZ L) EDLINEVIMEDE
B S W T, FOMEIZEB L TSR oL
FHIBRED2LDEEZ TV,

B &

1. B AMRiEE HVMRAC & 2 EEIIREE 1 AE & F8
BICHE L7z, #5R, AETRIAEEIREME (Seg. 1,
2), TEiEBilR EFH (Seg. 5), B TATEOEALER (Seg. 6) 3%
%Lfﬁﬂrﬂméﬂt

. EEIREEEZEOMN TIX, TEIIRER COLERIRE
u%,ﬁ?ﬁhfwﬁ,mTﬁﬁﬂi%ﬁﬁﬁﬁﬁﬁ%@
MRAIZ X D BEARIBIEC & /2. F-MRADRE OFREE & fkze
DB EBB L F4IE LI
3. MRATIXi&iff - BERT 3 71 EE IME % B B OB WY
HUEL T AYEIC, RO BIRESED -7,

X
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