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(Cardiac magnetic resonance has better performance for the
detection of functionally significant coronary artery stenosis

compared to single-photon emission computed tomography and
dobutamine stress echocardiography)
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1. %

Tl

TeMEEERE A (Coronary artery disease ; CAD ) HREITkI9 2 G LHAA L
PEAT o s OHEBLZR EIEE20EORIC AR E LWIBRA AT 223, CADITARZIZE
M THROBISLAEIEOEDIK T2 b7o b EHERRE L LTET b b2 BRI
FRA > #—~_ 2 3 (Percutaneous Coronary Intervention ; PCI) 1%, wE#Ehik
PeAEH APk d % Z 212 X 0 @il AmAE (Coronary flow reserve ; CFR) % iE
L, DEMAEET 52 L2 BE LT0D. fEk, PCUIEBIRE A
(Coronary angiography ; CAG ) (2 X BIERERIRHIGZ IS\ i Tl T 7, B
RRAYRHMT DA FE DUV PCTIT R HREI 6 L C P RUGEI R SR ST
V3, ZAUTTHBIRAAC X o TE U SFZEFIEOIEOIR T (FHEKR) 1%, dJEhikO
B INNIERTEO 72 H T, PR, PRAEERE, MREEE, Mjis s Sk SER K7
BE5-LCRY, RENREM & BERENRHEA LT L —E LW Z E AR E 2R TH
%45, PCIDEISRIE DTz DIV L ERRZAE ORSEERIRHI 2 1E L <47V, OFRREIo
HIAZDZWT5 2 ERIEFICEETHD.

LM T bt (fractional flow reserve ; FFR) 1%, eENRIAZDORERN)ZHAE
HIRHIFIETT, HzE0d 5 EORERTE (A) &, BERANCHAZO72E CiiE
WNOEREE (B) D : FFR=A/B] L EFIND. PAEORVEFIME TIE1.0&
720, 0.75LL FHOMERERIA BZE & STy, ITHE O KBURE AR & S e L 7=
TRFRSTCIR0.80A M 2 TRREHEIC I & LT\ 58, ZRIRAZ %5 & L7-FAME:R
BT ClE, FFRIZEEASWZPCIEHZCAGIZHA W= PCIRH I TR DUGE & [RRE
OHIBEIRDHA BN E STz, Fe, RS S FAME2RER T, FFRIZHK
SW-PCIOEEFMRIEL 10D FRBER RS, FFROBRKRA) A M
AEA SN TE TN D, TO72®), FFRITH LWL MAHLD 2 —/1 B2 K 2 —
RELTALFIHAEND L1272 >TETNDED, REIRAE L TH 5 72 ORIERE
DMEEPHED FTEEMEEORESR L & 5.

EEIRIZAEC K 2 O MO IR BRI T E T 5, Afp Ui LR A
Wl v o — X WiEiksit (Single photon emission computed tomography
myocardial perfusion image ; SPECT-MPI) , R7 ¥ I VAfLT 2 —[X%E
(Dobutamine stress echocardiography ; DSE) 1%, LIRii& W IA< B HEFEROL CfE
AENTWD. F2FE, ARt R m5 (Cardiac magnetic
resonance myocardial perfusion image ; CMR-MPI) 73, UfRREIMZ2HT, 1B5w)&
HIWr D728 HEEERIZHONSILTR TS, L LR D, FxITHFEEKT, 2
S RA OO ML O EDAT S T OO Zd6 1T D& AR 2 Z L3
72720 Fx ORREOZWREDORET, & L IISMER OZEEED Hlsding 3852



< DFATHFZED G Sk v 912, CMR Dy VEEE 275 502 SPECT, DSE 12k
LWREDENIMEZ R LTSN A D45 9101814 L LARAR G, ZiHuhOH5E

I3, EEIRE EPAEOHIKT A CAG 12 L ADIERENEH &2 2SI L2 0 TH Y, Sk
D LB IEREFARHIOMRAR D 5255 CAG &L Lot ORE ST 55
45, FFR |2 X DHEREMEE ATl 2 e L L7=, CMR-MPI, SPECT-MPI }x !
DSE DORZBrae D x OffitiId 275, BUED & Z AFHREIRAE THH 2D 3 2D
A OB 72 LRGN T TH 5. ABFSETrE CAD BE A %184, PCI O
BT D72 FFR I X D HRERESE R4 L L7z, CMR-MPI, SPEC-
MPI, 30O DSE OB D2 Brae D it 2175 Z &L 2 HigE L7z,



2. Hik

AT IALIHE R RS ABE L, Dl 7 —7 /W& Z i T S 7= CAD BED
56, EERMNHEIIRERA(QCA) T 1 L EIZ 50%LL EOFAEZTRDTZ, 25 4
(75 EENRIER) &2 %52 & L7, FFR IZEELLAMEGHENR 8 B2 & bIThifTL, 77
=1 Ul (ATP) 160pg/kg/ 5 OFHGERHIENRNEE 12 K o Tl ST R E)
ARMEFE ML CRIEZTTYY, FFR 23 0.80 i T o 7= 3rB A BEREmI A ESA2 & L
7z,

CMR B 1L L kT 51  3T(Tesla)- MRI JE{E A1 L, ZoipisL
ATP(160pg/kg/53)£ifai Dynamic Perfusion MRI ##4:447-7-. QCA X' FFR
TEHRDINL LT 2 4 DR E I L > Tz T -7, sE@hfike Xfidselk & CMR-
MPI OFIROBMRIZONTIE, KEDOETS (AHA) 2428 L TWD RIS
WE L7z, CMR-MPLIE, jEBREGESEH O M OA A HE Lz, E 7R
(EEEARARIT & LT, £ 16 KEiZisl ) 2.0, 0~3 D 4 A —
WVCOFHEZ T o7, FMEFEBRIOAXE AR 27 OGFH & RpiERA =27 & LT%
(EE BN ERAE IR ROCHENT DT DI L7z,

SPECTRREFIE L AT I71E « A5 DB LAESPECT % [7] H (AT 9 1 HYAIC THEAT
L7z, SEAIEATITATP(60 png/kg/ MFfiRkE G- CIT 7. 727 3 F 0 LML
i b L—Y—@EmTe -7 FrAR 2 I )& VW TSPECT ISR 41T ~>7-. CMRE&
[FIERICAHA DRI ZFEAW TEEEIMRCSAL IR C X5 L 7. SPECT-MPLLEER
BRI S D RE L DA B2l L7z, e BERIRRRGRHE & LT, &K 0.OiE
TtlE, 0~4D5mH A — /)L TORMlZAT > 72, A XA 27 ORI & D7 %
JIFT PRI A 27 & U CROCHT D7 DI L 7.

DSE WEHE LTS« K74 2 0% 40y & COMBEECAIRERE L, DSE %
fiAT Uiz, D —EifgE, CMR & RS EENRERIRIC X5y L. DSEIZ
X5 OB IR OBSEEN A (WMA) O, F7-i3E b A ~d ke L, o
R S OB R ML DA 2y L 7=, e B R AR WMA 2 1~4 @ 4
AT — )V COFHMEIT o 7. AEENRSERIRO KE A 27 DA 7% XEE CERE
L7cb Oz RpRsEiEh 2 2 7 Uiz, s K EARIREO RpEEE) 2 =2 7 f5ix
ROC it 7= 7=,



3. MR

RIRBENL 6% IEMET, N 67.5£72 1 Ch o712, FEMESLIERE I 21
% (84%) T, WAL E W% (Canadian cardiovascular society ; CCS) Fl»
FEESEE NI HT 64 (24%) , CCSHAIERT 114 (44%) , CCS /FEIIEEX
44 (16%) Thoto. BIEFEEEEIL 44 (16%) Thol-. PHFEAILEIE 16
4 (64%) , FERIG 15640 (60%) , AEERFIE 194 (716%) Th-olz. HWinkks
LTCTAEY 8204 (80%) , AXTF 319 A (76%) , B HEWEEAS 10 44 (40%)
IZHEG-S TV,

FFR 1% 71 W#RE: CHIE 21T o772, SEERE OS2 53+21% C,
FFR 1% 0.8440.15 Th-o7=. HREHIPZER L FFR OFIZITIRVVE O H - 7=
(r=—0.78, P f#<0.001).

BRI ORLEE, R, EZRITENZE1 CMR-MPI T 93%, 79%,
85%, SPECT-MPI T 69%, 79%, 75%, DSE T50%, 90%, 74% Cih -7z,
CMR-MPI ®j&f#1%, SPECT-MPI, DSE ([CH~FEIZE -7 (ENEH P
=0.02 & P fii=0.001) . ZAHHAEMVDIZITIE, SPECT-MPI OFEIT 53% & —
B8 (SVD) D 86%|Z &<, MVD (236 T SPECT-MPI ®jg&/# 13 CMR-MPI
(A TH BT - 72(93%%t 53%, P fE=0.03).

CMR-MPI, SPECT-MPI, DSE ® ROC iz T, ROC g FHif&(AUC )
IZFNEN, CMR-MPI 0.92, SPECT-MPI 0.73, DSE 0.69 ¢ CMR-MPI &t 2
DI LA RBICKE o7 (N F1 P fE=0.006 & P {iE<0.001) .



4, B

AR IHERE R BN BAE DW= O D, IR 2515 Th 5 CMR-
MPI, SPECT-MPI, X U'DSE ZEEHEE L7z, AWETIE, eBlRbEE o
PITREDIRFNZ IV T CMR-MPI 13 V2 IreE 2 A L, BRI 2 S ORAEIC L

NFEICE N T

CMR-MPI OFEATHIZE & DL

FFR<0.75 ZHRenaBhicfy BaRA2DOHMEL LT, Folfd A Zfidi T, CMR-
MPI O EEBEOBZWIRE 89.1%, FrAME 84.9%, HEWREEEDRLE 87.7%, &
F OV 88.6% & i\ V2 IWiRE NS ST 15, ARAFZECH ST 2@ A L,
CMR-MPI | ZeFBIRE felsk g ORI Z 38V VTS 93% & 3 SOMED T CHEICE
VVBFE AR LTS, FRELEE 79% & URTOHME AR DO Th o7z, 2D
E1E, ABFFROXBUZ mWEIG OFERPIEE (60%) 3 X OWEIMESRE (64%) &5
TN Z EREL TS EEZ LD, FERIGOR IR e & T, s IME
RIEEAROD ZENH Y, WM IMERFEENAET 5 & OIMNRIAEEBIIRIAS & 180
EER 2 B WO T MBI OFRIE CTd 5 CFRIKIE & 72 573, OIMBEIREEIREAEE
fEHECd 5 FFR LA L 70 5 TBEIR A RO 5 2 L3 5 16. CMR-MPI I 3JH45 5
S8 CI R RN & U USEAINEADNBIE T 572, EEAIOHIEEERBIRE 48123
L, EEAIEAROEZRET 5 2 & CUHRMOAROUE 217> TWD2, i
VR CAMELAEEDIRD A Tld 7 < e IMBER DFEE S 32T D T2 Oy IMBBR IR E AMFAES
LHY%a121E, FFR & OEMOHIBICTeBE A 780, BEEEAE T2 BB X b
7.

SPECT-MPI & CMR-MPI D Eris:

SPECT-MPI & FFR OxfHIZB L THE < OFATISERH Y, SVD 2BV T
SPECT-MPI & FFR 12 & & U MaHli O —EERITm W 2 & AiE S Tung 17
LML, MVD 72 EDEESMEIZROTIE, SPECT-MPI & FFR 0.z o
A—Ef5l23% <, PCI ORI KEE R = & 238 5 1819, FFR [T GoaBE kD
CFR D& F Z#EeHE TR LTV DD L, SPECT-MPL LU ~D k L—H—D
HERIK T 2 thoohr & i L, FRxi7: CFR OIX T2 Eifg b L G L T\ 572
¥, MVD O X 5 e RAROBMAET S K 9 72T, BRI OfFAE % 1 N
LTLED MRS Y, FFR EA—EAROLERNE LTET bins. AWET
%y, SVD BHFIZHBWTIL SPECT-MPI DL 86% & minv- 7228, MVD BEHIZE
WTIE 53% LKW T E SRR S L2, ZAUTkE LT CMR-MPI D& X MVD %



2BV TS 93% & SPECT-MPLIZHAFREIZE W Z &R Sz, CMR-MPI 1%
SPECT-MPI (Z bt~ 7= 223 ifRe 2 A L5 72 0N RIS MBS O
27l 5 Z & 23A[REC, SPECT-MPI Tz [BA 13 & -7 MVD B& 128
WTHEWWEZERERH LT D 2.

DSE ¢ CMR-MPI Ok

AWZEClE, DSE DJEED CMR-MPI [ Z A IR & AR S L7z, W)
WRMEZARIZ L B 0z E, CFRAK FIZ &L 5O OBESE T2 & & ke & OB OfkiE
IZE VAT DD, £iud CMR-MPI % TRl S 2 DR LV EE D, 20
#%, DSE T Lo Tt &5 DAERREFRE - CUGHERERR D WMA 23l s d =
EVHIBINTWS (BilLofE) 2. >FE Y, DSE 23T 28EL, ChEEE D XL
VLT LTORDUZIBWTAE U DEEDR LN E SNTWD. b, BEERAlZ L
it b L—t—& UCOUAE RS 2 WMA & RIRHZRHMET 5 Z ENHERS R74#
VRS R Y T A b a—iEE W LRTOZE T, DO ILIRIIEED B
OFFHER SR OFPAIE, WMA 7R3 #PH L 0 SFPHTH D Z EAHlE STV D
22, Z DNEEREL T & WMA & O ORI ZE AR A OREFAZ D723 5
&2 5.

AHFFEDRRSR

ARFFEZNTN ODDIRFRH 5. 5 1ITAIFZENE PCI SRR D72 HEEFI D
CAD & (DS>50%) DAZ%I%E L, FFRIZ X HHGERA B e BRI D4 i
FRAE DFZWrRE DgET 2 BRI A T > T D, WRIZ, ABFEORE R Z iR
72 CAD HBEDRIEDT-OITHIT 5 Z L idisk7ev. BEo CAD & LW HIRD
TR IR OMSRENA BB OB O IMEIS AIRETH 5. 5 2 I[TARIZE
BB OSMIREDIRG 21T o 7223, L O X3k % 1t U7 e B RE T A - s 4
[ZEID Y THZ ERHRARNZ L THD. F3ITAIZETIE, CMR, SPECT (&l
FRIILREA A —  ZHRBHRHINC X 0 BLOREZAT o 72, DFFILEA A — 2 73
ANz C, CMR (IREEENRY, FIEEE ORI Z —EIATS Z L3FERET,
CMR-MPI Fii S BB E 2T 2 N 2 5 2 &2 & 0 EBhRE RO ZIRE D) )3
mENTWS 824, F72, SPECT IZBWTYH, DMBIMIREA A — 2 7 ORI
2 X RN, DERIFHA A— 0 7N X DI SsERERT 25, — @Mk
KPR 26 EDOFMIZNZ 5 Z 12XV, FRC MVD BEIBWTRIHED R E3HE
SNTWD. ABIFETH 26 ORHliZ FIRHIAT 9 Z &2 X B OZWrEE S U
THAREMENH -T2, 4 ITABBE T, SRR I RO ORI O]
EE{T-TND. I, SREIZBO CLHMTES WMA OE &1727 i iTEE



TR TETWD 2138, Z L OFHliZETT 9 Z & TRBIV THEEM O S VOFBREILO

HIBNFTREL 720, LanL, BUED &L ZATRTHASEARFIH SN TV D LITER

P, AEIORFNCIL oo, RICABIZEL, BHROBRR PR

ZENMPIE LTHEITOND.



5. IBIE LihEm

AR I\ TRERER B B AZE OB =0 D, FEREN 2 i THh 5
CMR-MPI, SPECT-MPI, #JXO'DSE % szl U=, dshiRk ik omahc
FBU T CMR-MPI 13 FFR THUE & S RerEENRA EPZE D@\ RiHREZ 7~ L
7. ZOFFIE, TERENIRHE CREBIIRIAZ SRR S A7 B8 O PCL OGO
BT OZ ERHIFESND. ARIOKENE, MEGIOREZRRETCTh L0, L%
JEFIOMIZE CABIORE R a2 T D VLEN D 5. eEh RS O DA 24T > T
W28, SHBITBEBEORF BTV, TOBMHEORG, BEERNG-2 DN
DOWTHLNTTHMENHDH. £72, CMR-MPI fEHRICHS = PCI OF#I12o
W, CAG X FFR, MERRAEIZIE ST L O HLEE S,



6. B

ARREAEZDICHTZY, ATEOR 252 TOTIE< & &b ITHRARERT) 0 218
FRE LI 215 0 £ LIz AE R R AR A R R S R BRI RE R 57
B R ZEI TR L BT £, pRE ORI E s bro ) R E 2 5 Y
£ L7z AbmE R RSB RSP TER AR IR BRI RE N0 B il T BhAsI TR
SEHOZEERLET.

%72, DSE OaHliiA#ii v e 72 & F U7 AbmE R R B A R R i
JEFRERINREP RIS LESGHEAT, KE X vy B —RFEAT ¢ It o 7 —1ifER
a Bk EPPRLeESe, ARmBEER Y X —IEBRGRPEL /IMARESESEAE, CMR R
(T TR S £ U7 A E R PR e A e ARG i R A R i .
SRET-RAAT, AoMAEAYeE, SPECT ORI /THE & L7 AbmE R
TR REI R AR EARIBENEL, A E R R AR R
FRBEEERIAIENA T VR BIEE, ERRESRbHEERGINE  TEERL
A, WEEHIITIZ 872 O BHEE Vo 72 & £ U7 ARRE R bt B e R S v o #
—  RIEERHERNCE L2 R L R &R



10

11

12

10

7. 53T

Roger, V. L. et al. Heart disease and stroke statistics--2012 update: a report from the
American Heart Association. Circulation. 125, e2-€220 (2012).

Kubo, M. et al. Trends in the incidence, mortality, and survival rate of cardiovascular
disease in a Japanese community: the Hisayama study. Stroke 34, 2349-2354 (2003).
Boden, W. E. et al Optimal medical therapy with or without PCI for stable coronary
disease. N. Engl. J. Med. 356, 1503-1516 (2007).

Tonino, P. A. et al. Angiographic versus functional severity of coronary artery stenoses
in the FAME study fractional flow reserve versus angiography in multivessel
evaluation. J. Am. Coll. Cardiol. 55, 2816-2821 (2010).

Christou, M. A., Siontis, G. C., Katritsis, D. G. & Ioannidis, J. P. Meta-analysis of
fractional flow reserve versus quantitative coronary angiography and noninvasive
imaging for evaluation of myocardial ischemia. Am. J. Cardiol. 99, 450-456 (2007).
Task Force on Myocardial Revascularization of the European Society of, C. et al
Guidelines on myocardial revascularization. Furopean journal of cardio-thoracic
surgery - official journal of the Furopean Association for Cardio-thoracic Surgery. 38
Suppl, S1-S52 (2010).

Tonino, P. A. et al Fractional flow reserve versus angiography for guiding
percutaneous coronary intervention. N. Engl. J. Med. 360, 213-224 (2009).

De Bruyne, B. et al. Fractional flow reserve-guided PCI versus medical therapy in
stable coronary disease. V. Engl. J. Med. 367, 991-1001 (2012).

Greenwood, J. P. et al. Cardiovascular magnetic resonance and single-photon emission
computed tomography for diagnosis of coronary heart disease (CE-MARC): a
prospective trial. Lancet: 379, 453-460 (2012).

Schwitter, J. et al. MR-IMPACT II: Magnetic Resonance Imaging for Myocardial
Perfusion Assessment in Coronary artery disease Trial: perfusion-cardiac magnetic
resonance vs. single-photon emission computed tomography for the detection of
coronary artery disease: a comparative multicentre, multivendor trial. Fur. Heart J.
34, 775-781 (2013).

de Jong, M. C. et al. Diagnostic performance of stress myocardial perfusion imaging for
coronary artery disease: a systematic review and meta-analysis. Fur. Kadiol 22, 1881-
1895 (2012).

Jaarsma, C. et al Diagnostic performance of noninvasive myocardial perfusion

imaging using single-photon emission computed tomography, cardiac magnetic



13

14

15

16

17

18

19

20

21

22

23

11

resonance, and positron emission tomography imaging for the detection of obstructive
coronary artery disease: a meta-analysis. J. Am. Coll. Cardiol. 59, 1719-1728 (2012).
Schwitter, J. et al. MR-IMPACT: comparison of perfusion-cardiac magnetic resonance
with single-photon emission computed tomography for the detection of coronary artery
disease in a multicentre, multivendor, randomized trial. Fur. Heart J. 29, 480-489
(2008).

Nagel, E. et al Noninvasive diagnosis of ischemia-induced wall motion abnormalities
with the use of high-dose dobutamine stress MRI: comparison with dobutamine stress
echocardiography. Circulation. 99, 763-770 (1999).

Desati, R. R. & Jha, S. Diagnostic performance of cardiac stress perfusion MRI in the
detection of coronary artery disease using fractional flow reserve as the reference
standard: a meta-analysis. AJE. Am. J. Roentgenol. 201, W245-252 (2013).

Murtagh, B. et al. Role of incremental doses of intracoronary adenosine for fractional
flow reserve assessment. Am. Heart J. 146, 99-105 (2003).

Caymaz, O. et al. Correlation of myocardial fractional flow reserve with thallium-201
SPECT imaging in intermediate-severity coronary artery lesions. /. Invasive Cardiol,
12, 345-350 (2000).

Christou, M. A., Siontis, G. C., Katritsis, D. G. & Ioannidis, J. P. Meta-analysis of
fractional flow reserve versus quantitative coronary angiography and noninvasive
imaging for evaluation of myocardial ischemia. Am. J. Cardiol. 99, 450-456 (2007).
Chamuleau, S. A. et al Usefulness of fractional flow reserve for risk stratification of
patients with multivessel coronary artery disease and an intermediate stenosis. Am. /.
Cardiol. 89, 377-380 (2002).

Motwani, M. et al High-resolution versus standard-resolution cardiovascular MR
myocardial perfusion imaging for the detection of coronary artery disease. Circulation.
Cardiovascular imaging: 5, 306-313 (2012).

Nesto, R. W. & Kowalchuk, G. J. The ischemic cascade: temporal sequence of
hemodynamic, electrocardiographic and symptomatic expressions of ischemia. Am. /.
Cardiol. 59, 23C-30C (1987).

Leong-Poi, H. et al Perfusion versus function: the ischemic cascade in demand
ischemia: implications of single-vessel versus multivessel stenosis. Circulation. 105,
987-992 (2002).

Klem, 1. et al. Improved detection of coronary artery disease by stress perfusion
cardiovascular magnetic resonance with the use of delayed enhancement infarction

imaging. J. Am. Coll. Cardiol. 47, 1630-1638 (2006).



24

25

26

27

28

29

30

31

12

Bernhardt, P. et al. Combined assessment of myocardial perfusion and late gadolinium
enhancement in patients after percutaneous coronary intervention or bypass grafts: a
multicenter study of an integrated cardiovascular magnetic resonance protocol. JACC.
Cardiovascular imaging: 2, 1292-1300 (2009).

Taillefer, R. et al. Comparative diagnostic accuracy of T1-201 and Tc-99m sestamibi
SPECT imaging (perfusion and ECG-gated SPECT) in detecting coronary artery
disease in women. . Am. Coll. Cardiol 29, 69-77 (1997).

Hida, S. et al. Postischemic myocardial stunning is superior to transient ischemic
dilation for detecting multivessel coronary artery disease. Circulation journal - official
Journal of the Japanese Circulation Society: 76, 430-438 (2012).

Ishida, M. et al Quantification of myocardial blood flow using model based analysis of
first-pass perfusion MRI: extraction fraction of Gd-DTPA varies with myocardial blood
flow in human myocardium. Magn. Reson. Med. 66, 1391-1399 (2011).

Berman, D. S. et al Quantitative assessment of myocardial perfusion abnormality on
SPECT myocardial perfusion imaging is more reproducible than expert visual
analysis. J. Nucl. Cardiol. 16, 45-53 (2009).

Petretta, M., Soricelli, A., Storto, G. & Cuocolo, A. Assessment of coronary flow reserve
using single photon emission computed tomography with technetium 99m-labeled
tracers. /. Nucl. Cardiol. 15, 456-465 (2008).

Marwick, T. H. Measurement of strain and strain rate by echocardiography: ready for
prime time? J. Am. Coll. Cardiol. 47, 1313-1327 (2006).

Steeds, R. P. Echocardiography: frontier imaging in cardiology. Br. JJ. Radiol. 84 Spec
No 3, 8237-245 (2011).



