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##5074814130 : MAJOR MEDICINE

KEY WORDS - CORONARY ARTERY DISEASE/ MAGNETIC RESONANCE IMAGING/ DIPYRIDAMOLE
PAIROJ CHATTRANUKULCHAI: DIAGNOSTIC ACCURACY OF DIPYRIDAMOLE STRESS
CARDIOVASCULAR MAGMETIC RESONANCE IMAGING FOR THE DETECTION OF
COROMARY ARTERY DISEASE. ADVISOR: JARKARPUN CHAIPROMPRASIT, MD.,
CO-ADVISER: MONRAVEE TUMKOSIT, MD., 64 pp.

Purpose To prospective determine the accuracy of dipyridamole stress cardiovascular
magnetic resonance (CMR) by using stress and rest perfusion imaging combine with delayed

enhancement for detection of coronary artery disease (CAD).

Material and methods Thirty-nine patients (24 men, 15 women; mean age 59 + 11.4 years)
suspecled of having CAD or who had experienced a previous myocardial infarction and suspected of
having new lesion were enrolled. Both dipyridamole stress CMR and subsequent coronary
angiography were performed with mean time interval of 16 {1-30) days. The dipyridamole stress CMR
protocol includes stress and rest dipyridamole perfusion imaging followed by delayed enhancement.

Per-vessel analysis was performed using the correlation with 17-segment model.

Results None of the patient experienced serious adverse reaction during CMR protocol.
Coronary angiography depicted significant CAD (2 70% stenosis of major epicardial artery) in 26
patients (55 coronary artery vessels) calculated to 67% prevalence of CAD. Dipyridamole stress CMR
combine with delayed enhancement provided 89% for sensitivity and positive predictive value, 90% for

specificity, negative predictive value and accuracy o depict significant coronary stenosis.

Conclusion Using of dipyridamole stress CMR combine with delayed enhancement with visual
interpretation is the novel noninvasive diagnostic tool which'has high sensitivity, specificity and

diagnostic accuracy to depict significant coronary stenosis.
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1.1 ANNAIALAzNNIAD91TU19I1UIeE (Background and Rationale)

o

TutlaqiiugilaeTsanduianialagindanannnioziduiaeniinlatalsusausu
(coronary artery disease; CAD) HRIHIUANNKINTWEEE) AINANIWN1TANTWTIR ludapuT
dl 1 =l [ o a rdld o o
wasuudasldiduineaiun I sWRLI 3 neI1n1n19N 1T U AR AN Ua N LA s aNnuane
d? as 2 a 5 9 XK 7 = 1 1 1 = 16) & dl
NINTU FBNNIATIRFLEMARA noninvasive AddNIHLNUINse laildd e aualdienas
aa o 1 Z’/ 1o k% v a A aa o
adalsamaduusddendeslaaidluntsldidunuanagluntssndulaiaanisnisinen

dglu/ 3 s o a v 3 A o aa o/ v
uananudsaunsn lineansninisanitiulsavesdiloalsaduiaanialalalsusnusulidn
pogi(1) Tneinadia noninvasive Atian 4 luilaaiisdnainuaes leun

. . . @ adl &l o 9 = =

1) Anatomical imaging \J1AgNsATIaNaAANERLENINEN NaduLaen talsulT
\14 coronary multidetector computed tomography (CT), coronary magnetic resonance
angiography (coronary MRA)

2) Functional imaging \{%38n13n33amenn A matiasiesaniunisnsssuliing
nagndnileialaainiaendansnasaaniseanniasniavisaliansydu  (exercise or
pharmacologic stress induced myocardial ischemia) wlﬂﬁﬂﬁhdjm% 1w single-photon
emission tomography (SPECT) 11 Tc-99m MIBI (methoxy isobutyl isonitrile) scan, N9
AramauAeadsiausiala (echocardiography) 99804 stress  myocardial magnetic
resonance imaging

o = Ny A A A . a

N19RATIANIELATEY  computed . tomography.. (CT) UDLAL AR LAENFARNITINA
nad19iAeaaInnNs @1 AUTIA (contrast media) | LMW B1AANNAY contrast  induced
nephropathy(2)  daun1sm3ran1ealaim@e s 11 SPECT  ANANNLAENABNITANE
o 4 o d%’/ o Yo v £ dl & 2’/ -dl 2 2

wunnnTEnesdihauazidutihninianisunnd (3) uazluuneaiannilsanaulanals
A1U1NANN attenuation  artifacts  419AEN  WANAINANNNIIATIAAIELATES magnetic
resonance imaging (MRI)  Teiuad19tAead19sutiaandtuazn1anaaan lEmn1swWmun

Uiutlpuases MR Tddse@nsnawannau vinTiluilaqiu MRI Asdnaniunuimetinemnn

Tun9atasanInznasilainlarnaidananniduiaaniinlalalsuanu s



wanwiaanyszdnsninlunisiiaduniazaniindnfiaumiessuusinlanay
naenAlaen 1w lsalain1sumAniiile (congenital heart disease) ANAALNGRYTRIARA
aaaunslunjieaasni (aortic disease) Naznanuiilaialasniay (myocarditis) ugu(4, 5)
Tngsan@annisnga MRl lussuuialanasvaemanmildn cardiovascular  magnetic
resonance imaging (CMR)

MRI ldgnAunulutl a.A.1946 taetiniAnd T Edward Purcell uaz Felix Bloch wag
QI ¥ = L Ly a o d‘ . =
SR RunLInennsung tnaunaunnea128L1WEnusa Raymond Damadian Wl A
1971 uaz Professor Sir Peter Mansfield 11Tl a.¢. 1976 Gesianlain simunseiiaanals

% dl 173 = A a v tﬂl = 1 .

a¥ranninldgnisinanauaesiaenlunszualainle #iFandn Magnetic  Resonance
Angiography (MRA) T Charles Dumoulin luil A.A. 1987 aunseviadngeaninisiin CMR
dtlseynaldlunisnsaainmgilaelsanialantendnsaens Inganiznisatiadaniclsndu

wansalanufu Jautadunisfineludanienin @natomical study) A MRA 2891&u

woaunalalautd uaznsAne lu@ennin1mwn9v197u (functional study) léun stress CMR

o aay ¥ = o a al ¥
NNFIAN1FANN196394 stress CMR HANNANTAZS A11190R39aMANNRALING 16
A (high contrast and spatial resolution) Iaginaiian 14 1N 2 35 Ae
1) Pharmacologic stress perfusion CMR Tmﬂsls’ﬁmmzéju‘l,ﬁﬁmmq:ﬂ&’mLfi@ﬁﬂ@
1AReAtIATIY 1T dobutamine, adenosine 38 dipyridamole wdanalagnismgaany
UFNUNT perfusion defect lulilanatsiiiasiala naeuasanans gadolinium L3euiia
1 o o Qll v Yo % Y a v é’ o A
syndneaneinivansigUaelasuenszuliiianiaznanuitiatinlaanaiaen
2) Phamacologic stress induced wall motion abnormalities CMR @1:1905993141
a a = o o 2 dgll o dl 4 =X o ] N
ﬂ']qlllilmﬂﬂ[ﬂiuﬂqﬁ"ﬂumqsﬂﬂ\iNuﬂﬂ@’]ﬂLu@V')I@Wﬁﬁim@uﬂqu]LLV“QWWQﬂWﬂﬂWWW@QL%uL@@@
i lalalsuisndngnsan wauauMeua R FUENIZFuNNsInuaIBInANtiainla (6)
Pharmacologic stress perfusion CMR @ui ldunsvanelugae10 Tndiuun Inadau
Tunjfanld dipyridamole viza adenosine” ilusdninldiiananuiieialaannaendansa
(stressor) TnaidiAnuusiuginlunnsItadaIndiAeaiu (6) dipyridamole Hs1AAignnan el
A lUNNIAIAUIUNT AN TR LEIAINENNITEZNANRANONENWIUNIN(T)  uATINE
wRaueuiy dipyridamole stress induced wall motion abnormalities imaging Tep1AunIg
fJusaaeandnmuilerlainlnidiuladouniladusiquilana  wudn dipyridamole  stress

perfusion CMR @1un3avinladnendnnaugiazlmanuaninng (specificity) AMn91aniies(8)
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Wadaiannanunnglsanalauviaanigaining (American College of
Cardiology)(4) l@auedetiamnmnnzanlunnsdemnsaa stress CMR %14 2 38 lunnsanade

o o Aa o Wy v PR = o . .
nozduaaaialatalsuisausuliun filoandenistsdsonnu §  intermediate  pretest
probability waziaauliinilaiudanaldaiunn (uninterpretable  EKG) 1w Hnnae left
bundle branch block visagtlaailianisnnsaafaanisiAuanen (exercise stress test)
16 daugiloand intermediate pretest probability saxiuaaulniialaulanaliuazaiunsn
pIaadenisiiuaeniwliiy dedsadsldaruamagdiddaanlifiatsudusell)
oA N A - | o A Ay ny S a P

iiumeaiugiaafd high pretest probapility — $auAuAaIN1s7dn1H FearaRatsoundau
dunaulilgnisandiduiaanialaias Tnaataldaniusdesiiunisiinagaaudoanatia

noninvasive test

Hnanaifadeninasearnaultugn lunnsnsa dipyridamole stress perfusion CMR

\ s a = A - By ~a
[ Use@NBNTNT89LATad MRI NNAAMMTHURATN VRN, ﬂ?‘&i@‘]_lﬂ’}ﬁ‘m“ll‘ﬂ\‘]LLWWBQLLﬂ@N@IMﬂ?m‘VI
aunalagldnnsiinazfi@enmnan (qualitative visual analysis) 99uDgAINgNUDITsA
(prevalence) ATNADNUANLANFAINT Y TIHNARD positive A< negative predictive value U84

Iy 4 a2 A vy Al SNa e o AR =
NITATINNIEILATANNA UL mnmmuﬂummﬂ@mma‘mwmwmwm ‘W‘i.l’]ﬁilﬂilmﬂ’ﬁﬂﬂ‘iﬂ’ﬂﬂ

dl 1 ] o dl v Y a v = v al/ =l o = U
NaenuAtaudutnnasldgdsludia e lnensaudnssislunnuie@ans Susaniae 16
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a =

=2 | ndl =8 a o A | a o Adl o v o =
AT UNNIVRINUAN BT TUN Iﬁﬁm@LﬂuﬁquqqﬂLL?ﬂVlVIWIuQﬂ’JHiVIH NIN19ANE1 T
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Tsanenunaqiasnsnl aelaaiinastaligilaedaitinasnaga stress perfusion CMR Tudaq
TR UANIUNN LINaRIANARINLNKEN(diagnosis  accuracy), AN ke (sensitivity) Ay

ANANIE (specificity) $9uTI9AN diagnostic value 8147

1.2 ADINURINI529¢8 (Research Question)
lunnsadadaninziduiaanialalalsunsausuatwliladAtysaeas dipyridamole

=

stress perfusion CMR Inenfeuieiunasiiadeninsg une nsandiduaenialailen
AN (sensitivity), ANANNNZ (specificity) LAZAIH LN (diagnosis accuracy) A

= = 1
ezl

1.3 '3'61:11]’531105 (Objectives)

WarAnuIu1Aa1NT (sensitivity), ATINANLNNE (specificity) hAZAYTN LN EN

o o o

fuasinalddnAny

[

(diagnosis accuracy) lunnsatiaganinziduaenialalalsusay



AneR3 dipyridamole  stress  perfusion CMR wiansldvizaldldimaila delayed
1 = [ aa [ % A a a v A
enhancement $axlunisutlana tnefFeumauiuniiiadaninsgiune n19andiduiaen
Wlalalsuis

1.4 NTAUUUIAMNAA LUN153]8 (Conceptual Framework)

B Dipyridamole ¥ RS WA S8R

WA intracoronary Wiz
intercoronary steal

imrlldmanduisnmian

CMR usma I
perfusion defecl

ANN 1 BAANNTALLUIAINN AR MIN1T94a 8l

1.5 4annadtiiagmu (Assumption)

- ftlaafidhduneiteeeliiunsisdidudanialalalnnimalustazioaiifige
Tnelaifin 1 Wweunenaadnsun1smIia dipyridamole stress cardiovascular magnetic
resonance imaging

- fihaazldfuannnadesiuinelsailalalsuisAusunuianisaiawazsunns

ARAATINTEINTaN1RnAduaaniinlalalsun e ndadnsuN1ImIIa CMR



1.6 ANRNATY (Key words)
Coronary artery disease
Magnetic Resonance Imaging

Dipyridamole stress

1.7 ey In19a526554 (Ethical Considerations)
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232

o -&l A aa o s dd‘ Y o ol/ -lg’ ¥ o a o o
ﬂ')’ﬁ\lﬂ@‘ﬂﬁﬂﬂ@]\i L‘ﬂuLﬂﬁ"ﬂﬂ\l‘ﬂluﬂq?Qu@ﬂﬂﬂqﬂﬁ‘ﬁﬂﬂiﬂﬂuﬂ'ﬂﬂ UANAMNUHNINTTIREEN
o o Yo = tﬂl o v IS dg/ :j/
ﬂ’]ﬂumLﬂmsﬁﬁluﬂ’]ﬁ‘ﬂm;&ﬂ’]ﬁl’ﬂ@ﬂ@qﬂﬂqﬁ‘ﬁmﬂqLW@ﬂ')’]ﬁJﬂ@’ﬂ@ﬂﬂ‘ﬂ'ﬂ\iﬁiﬂ’lﬁl UNITTLIIAURAD LS

N19R9A uariniisdetiuaananniilaenewinniamnga



unn 2

a [
NUNIUATTUNTTNNLNEIURB

[ %

dl 1 % 1 | dl 1 v v = 1
INANHNIAL91 TUTNA9TE NN CMR 1@LﬂqMWNUVIUWW‘ﬂﬂWQNWﬂIHﬂW?

D)

a o 13 A o a A o = o a o dll
Hadani1ziduiaaniialalalsw TauAY Lasin1TWmUILN ﬂuﬂﬂﬁ‘Uﬂ@\‘iLﬁ‘ﬂﬂNW[ﬂ’]N

o A

ATUINTTURILATAINAN N AN LA T NINTU AINAITNUNIUITINITUN LN TRINLINE

1
v o

MANMANEINLUNNTAN T T dee L stress perfusion  CMR Tnadaulunjidunanu
ANuWANTIRAZIUAN

411151 pharmacologic stress CMR v lulgneniden 4iinanaeiiaugu dobutamine,
dipyridamole Wa adenosine 44811 2 ﬁwr&"&ﬁﬂ@iﬂmifa@ﬂqmﬁrﬁlﬂé’lﬁmﬁu Tmer dipyridamole

v v
AufUSaN1IAUNAY (reuptake) 284 adenosine aNneeLITa8uges] adenosine deaminase

&
o 1%

inliseALzes adenosine §4a% WATeaNANEAUTUAIL (receptor) NEATYAS

Zhe

v
%

A1 receptor : N 9ANA atrioventricular node (AV node) conduction delays 29NN
17190 intraventricular conduction pathway fagl
A2B receptor : N A ALE LA ALAN U EIFA (peripheral and coronary vasodilatation),
NRAAANUARILRLLNAY (bronchoconstriction) WAZ N1IUAIA13N mast cell (mast cell
degranulation)
dJ 1% | o © Y a T ] = 4
TeHaAINa1dnin InaN19e intracoronary WAy intercoronary steal(9) Nl

% d’l o A nl/ a dl dgj 9 A o dld a o/ [ [
ﬂf\]"]NLu'ﬂﬁ"ﬂ@‘fﬂﬂL@@m‘ﬁQﬂ?WQIUUﬁ‘LQMWQﬂLZ\]?LI\‘II@EI duiaaavialaninisaumAuatnau iilu

a

v
o

NN12898NN19MT9a pharmacologic stress induced myocardial ischemia €194 2 fad
> A Ao o o 8L o A o = o

N@ﬂlqﬁLﬂﬂ\Tmﬂf]ﬂfyﬁ@qﬁﬂ@\iﬂu AR UADAANUARNILDLUNAY (acute bronchospasm) LAY

high grade atrioventricular block i l#in1smWIEN W TlunquiEeinadwhasias

N91 114 regadenoson (CVT3146), binodenoson (MRE0470 or WRC0470) Ilaz apadenoson

" syndneflendies luduAnumanes auipnaial

%Mﬂu selective adenosine A2A agonist ne

n131NN faga len1eAaTin
ilevinsasia myocardial perfusion CMR w1 ldsanlunsudsua dipyridamole

stress test azinlfanunsoueniFnnnduiielaianaden duiudunnauuaanan s

o =< o ' 9 A aa a >
ﬂﬂiﬂﬂﬂquLMuﬂmﬂﬁ L@uL@@ﬁWNWﬂqﬁ@ﬂqW1ﬂ



uanaInifadlnisimaila delayed enhancement MRI - dstoelidayaifinima
dl o a dl = ¥ d’l o . . . [ 2 1 o é’
Neafutsnureinduiiieialania (myocardial infarction) aginewliusugininau
nsudananinildann dipyridamole stress perfusion CMR @xnsautialéiilu 2
WMANAUAN 1Fun n1senuualdaLsunns (quantitative  analysis) taeeNAe software 299
LATRIATIA IUNITATUI NN AN signal intensity curve WFHLTELTENI19T0UL Stress AU
rest  BAIEUI ITNaNHANNLNNE1g9ndIN198uRaTATINATIAT AN (qualitative
visual analysis) 81uNalaelFaLeUdNTLFRe9 subendocardial perfusion defect Tu
A~ o & LA PRORpRPN TR,
NNt stress el rest wea Tl TeRaduiudsndanuulsdsusyndnsgauna

g9 AufuLlszaunisnizaunmeisazyinu (operator dependent)

. aa [ & o a .
Stress Perfusion CMR uluﬂ']%")u@‘ililﬂ']')%ﬂﬂquLu’ﬂ‘l)l’ﬂ’ﬂ"ll'lﬂl,ﬂ’ﬂﬂ (Stress Perfusion

CMR for Diagnosing Ischemia)

== A P = A Iy o
@qﬂﬂq?WUWQuQ??Mﬂﬁ‘?Nﬁlu'ﬂﬂm‘ﬂN']u&l'] UNAIENITANINIAYAURINU Stress

perfusion CMR 991093 multicenter clinical trials Lﬁﬂﬁfajﬁ(ﬂ-w) FaNA1AN AL

ANHANNIZLANFANGTU FININD 2

‘ E amanals o AAsaE ‘
100 ga b/ > 9; 93
90 Vg, 8890 s o gs®9 8789 85
0 7° < = = - - 76 75
70 - ! - B B R i 67
57 LJ |
60 - B
50 \
40
30 £ |
20 - i
10
|:| 1 = = — = = — o = = |
NSNS NS P WD B &
N ‘-:?hr o ¢ & W ) W A& &
& M & 3 2 > A & o
© Q& Gl & & & ¢ &g &
& o ¥ oF &) A&
Y Nl <3 o° J
SinM\ter trials Multicenter trials

ﬂ'\Wﬁ 2 LL@WNﬁiqﬂ’]quQLL@?&ﬂqu'ﬁflLWqZﬁ (LL@@QLﬂu%ﬂﬂ@:ﬁ) U84 stress perfusion CMR ﬁllél
. . A = aa o A =< Ao
RINNNTTIUTIN clinical trials WLﬂﬂNﬂq?WWNVﬂu‘ﬂﬂmWN’]qu sﬁ\iﬂ@’]uqu‘ﬂ?‘z‘ﬁ’]ﬂﬁqu

AN3ANEA (n) wansNeiuaanll(14)



A ' 2y om = | . .
WaldurunnulginsAnenaunalnniilu comprehensive  meta-analysis 184
Usz@nsninlunisngaavnninsduiaenialalalsudfnusiu #2eds pharmacologic  stress

perfusion  CMR iHawlFauiauiunisandiduiaaniiala(e) nudlA1A N Ay

1 v
o o

o a dldd v v o d”?/ o’ =® dl 1%
ANANNNCInLRALNAAS Faaay 91 Laviatay 81 AMNANAL BNRINTLIAWIZNTANEN L

v v
= o o

dipyridamole 11 stressor ARNNAIFRNA I TuUliTanun 7 n1sdne laewnatialdlunisg
anunazesnsAnemaidaulun) 14 qualitative visual analysis fasnasingidu N1sANHII09
Takase B. wazAz(15) MHanenuuaaes dipyridamole stress perfusion CMR lun13afiase
nazduaenvialatalsusausu laeinnisdaneludilesi inalifunnsitadelsaduiaen
o 1 1 dl [ = Y dl aa o 1 = A o a o/ 1 v =
Walannaunsianisnasde viradilianpadiadedndiduiaaninlafusiuagudauazd
A o p ol { ~ o A Ay oA o = '
a1n1snasdednazinsaufnnnlvd wWraumauiuni@edduwaenialalalsus wuen
TnaganiA1mannla (sensitivity) 5888 93, AINALNIE  (specificity) ¥aeaz 85, positive
predictive value 3aeiaz 95, negative predictive value fagiaz 81 Tnan1sAniilaugnag
19A  (prevalence) $8814% 75 WANAINNUINNNNTANEIURS  Schwitter wazAZ(16) L4
neAne ludilaediuou 66 Au Iaeldaaniseaunasae qualitative visual analysis lNATA
1Al o AL v % [ o A 1 9 A
WUIHAIANN T LATAINANNNTARTREAY 87 LasFasay 85 MNA1AL Tnaniadduiaen
o = | ANe o o A A a9 oA o A o % X
WalanuatsldadAyilananisasdiduiaaaialanunismusuuinninfesas 50 auld
naillunsAneigaladTeuiaudszdntninlunisinaderes CMR Wauiu nnsmsaiine
\lunadia noninvasive anasiignilifasing mN-ammonia Positron Emission Tomography
(PET) scan @A lanaaaulnaLasaii
v o =8 a o

Sakuma  WazAz(17)  nin1sAnETauiial AnulauazaNani e
dipyridamole stress perfusion CMR iU Thallium-201SPECT lun13ailasaninsiduiann
ilafusnndvsemiiufanay 70 aannnsdediduaeniola Tnaldauaudiloaianun 40

¥

AL WA LenUgn Tdanaztilun198 LN an AT LA L NATHLEULADALAR S A UITAB1WNATIN

& aa

NIUNA ALUHAMN AN AT LAt T Tag1ATUN9aDRNIAN LAY ANNANNIZARI 2

7

WATA HNIN19IR81491191979 2 WATiA noninvasive Hanun3n ldanaLnuiuls Fam13199 1

a Q



AN519N 1 LaAAIANNIILAZAYINANNZYDY stress CMR WgUAL Thallium-201 SPECT
PlfannnisAnenlng Sakuma wazAm[17] (MuNEwWe - LAD : &wiaenawns left anterior

descending, LCX: Euiaenuwad left circumflex, RCA : Wuiaenuaa right coronary)

ArAla (Fasaz) ANANAUNTE (5REAL)
=
LAULARA LA Thallium-201 Thallium-201
Stress CMR Stress CMR
SPECT SPECT
LAD 73.7 72.7 72.4 79.3
LCX 63.6 455 96.6 82.8
RCA 72.7 63.6 93.1 79.3
57 69.7 60.6 87.4 80.5

Stress Perfusion CMR Tun1suanwennsnilsnuasgilieaniinziduiaanidlafusiu
(Stress Perfusion CMR for Prognostication of Cardiac Patients)

’Q’]ﬂﬂqﬁ‘VIUVI’JuQiﬁ‘GAﬂﬁ‘iNﬁLﬁﬁl’l‘ﬂ”'ﬂ\‘iWUd’] miﬁm:m%mwnﬁmiwﬁmwmmm

a a

stress perfusion CMR lunisngansnilsagilaslsandnsiiiatinlannaaengnanuning

a
¥

Ingkanisorn warAUz(18) Teandeen adenosine LudadninlfiAnn19znauiieialaann
A ] = Y dl 2 a 72 {3 2 [ LN dl Yo aa o
iaan innnsAnen TugthannaiesanidusaeinisaunEian s dndiaenliiunisiads

P A o P o = v Aa )
AaznaNileia lapglRe UNAUeaNAINNIIANSE N@WUQW%‘]J"J?JV]NN@ adenosine stress

[

perfusion  CMR HaUnadANanwizgedefesasr 93 Tun1siin CAD  outcome 84
1senaudng N19AIRANLANNRALUNFANNNITAREILNIU, AFaNLN1LEaanTATIuTAL
o 1Y a a A a 7 dal L% a aa v

AUNINNINFREAL 50 AINNITRAA, HNITNANITNANNILBRA AR WAZNTLALTIRAYE

T2pviqla nasluszevioan 1 Tuasdndunansa CMR

o o ©

= = RSV | @ v o ELY = ,
LN@@JN@T@\‘]ﬂq?ﬂﬂH’]WIﬁ dipyridamole L‘]JumﬂmuﬂﬁﬂmmL%ﬂﬂﬂ'ﬂﬂ@L@'ﬂﬂWUﬂ

a 6

A3ANENT89 Vicente Bodi wazmniz(1) wudnglmnisainisiina major adverse cardiac

3

=

events (MACE) 1nnndnatinedniaunialuszaziaan 2 U lufilsefising dipyridamole stress

perfusion CMR Rainfatinatioe 1 segment Weuiugienuansaaing
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a aa /s &’ L —
ununaadgtnAadm Delayed Enhancement 'l,um'i'mq'azlqunﬁwLu'awﬂqmzl FANDY
a ) aa o ¥ o @ =
ﬂ']%‘LWNF”I'J']NLLNu%I’]dluﬂ’]ﬁ"JUQQEIﬂ’]’JzLﬂuL@’ﬂﬂ‘M’ﬂ@ﬁlU (Role of Delayed
Enhancement to Diagnose Myocardial Infarction and Incremental Value to Detect

Significant CAD)
i = ao o o a a
ANNNNINENUNANTANENISENauun o Tfaqifummiia delayed enhancement 08
1 un1nsgIu (gold  standard) lun1sanasen1tznanniiasialane (myocardial
infarction)(19, 20) Iase1AuuANNI3NINANT gadolinium Haualuanareaudlvn) uway
high volume of distribution M linasaINgnaingLéuiaansuaziingiinlaudn azld

u

1 dl 4 & v v dlzj o Y- o dl e o
annnsniuitieumadidngnislumadnduiiainlald sauiunisi gadolinium gndueen

a

annnéuiiealatn (slow washout  kinetic) QQLLmﬂ@giuﬁuﬁdNu@mmﬁ (interstitial
space) safReleunaly (scar)ilful,’m M@ nnsamsaanuiu bright signal T ludu
nénsiieriala Tmﬂm@%ﬁﬂﬁmﬂﬂ;m%u subendocardial scar viseUEneufau transmural
scar A faildnaal¥lu manuan n Gas malaenarfildlunismeaa stress  perfusion
CMR

finsAnEnfeuvifiugalifiutsnnaiussdvanwlunitasannsduiden
Walanusiudaanisinatia delayed enhancement 3aufiLmAA stress-rest perfusion CMR
K Igor Klem wazansz (21) lavianasnsilugitlas 92 au wudinisldinadia delayed
enhancement 398711 stress-rest perfusion CMR 8A1A3x 1 (sensitivity), ARSI
(specificity) WAZAINLNUEN (accuracy) WML 38882 89, 87 LAY 88 ANNATAL %aquiﬁ
NIAIINARELNATA stress-rest perfusion image WeNagnaden (BA1anTa, Aruamne

wazANUNLEN WinAu Fenas 84, 58 uaz 68 NansL) TnalinnsAnmiinudiliaanugnaes

TsaduLAanin laRLIMNe9T Ay 40
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28N19ALUUNN5IRE

3.1 gUuuun153498 (Research Design)

JNUIRETINTIOUN (descriptive study; diagnostic test)

3.2 sziiiauagnn9948 (Research Methodology)

lszgngiiluung (Target Population and Sample)

1%

o A - = o9 Y o o " o =
QTJQHV]LLWV]?JE\J ﬂ‘]:f’]ﬁxlLLNuﬂ'\?IME’\!ﬂrJﬂlel']?‘l_lﬂqﬁ‘m?’)“]'ﬂ@@LguL@ﬂmﬂQIQIﬂI?uq?

! o A o

%
(elective coronary angiography) $aNALRAUANNET N36ALAansIsa T
ry angiograpny

1. nwnaustlunisdpaendandnen (Inclusion criteria)

- filaefiasdadnagionnsfiinannnisiiufuresdudenialalelaud lnaf pretest
probability I;T\‘ILeri intermediate %uvl,ﬂmm American College of Cardiology/American Heart
Association (ACC/AHA) 2002 Guideline Update for Exercise Testing and for Management
of Patients with Chronic Stable Angina(22-24) (ﬁqmi’mﬂ' 15 TUNIANWIN ©)

2. nnilun1sAReanaINnI1sAnE (Exclusion criteria)

o PRy Y — = a4 = o Yo A Ay A o
- fihaninsiduiaealafuRaunaugusiuazfias i iunsandduiaeaiala
Al 72 dalue (ldgannsnsesunismeda cardiac MRI AeuLA%ARETANITUNITRAR LI
elective case 1&31’)
U tdld U U =l al 3 A o 1 ] 1 dl dl 1
- Hilandeiinlunisadaruduiaaniala iy nmaglaninuunndasnidesie
= A a a
N1 contrast nephropathy #178 ANaziaaaaanNALNR
- fihenddaiinlunis@nen dipyridamole (25, 26) wiu 183unnsafiadednTsaveuiin
= 1 dl o o a 1 o v 1% 1 :l/ 1 al =l
vira lsnguantaanaandeilionnianiigues, nnazialawiuginga 45 afasiaun, second 17
third degree atrioventricular block Wag N19zANNAUIATRAT (ANA systolic Haendn 90
NaaLmslsan)
v dld Y Y o Y o . [ % a
- grlenRdevinnluiudniunismnea cardiac MRI(27)  Asnanssnuazidnly
www.MRIsafety.com 1 LdFun1sunfadaiaTeanszfuniaifiu a099ala (cardiac

1o

pacemaker), dsinaallaneinEnnaziduiaenltlaneslugnas (aneurysm clip),
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N13NANLAL (claustrophobia) Lufu IngdrsdeannuuunasuLansdamissziuas
dar1n1un199 5 uN19M99a MRI (F90H 17-19 Tunnaewan A)
- fiheiiaeliFunns[n s coronary artery bypass graft (CABG) (iasannanasinlif

NaANAAALAAeUlUENUNA AN vascular territories TULTIRIUNRNNTHGIA bypass b6

v Qi E/ o A t%
- fulenssassiviza LNy s

3.3 ﬁﬁﬁmuﬁaﬂﬁﬁmﬁ‘lumﬁﬁ'ﬂ (Operational Definitions)

Y A % a 1 a o A =l a v A o al
WWuilaaavalanuatwltadifny  Aa wanisandiduiaaniialalalsun? (coronary

arteryangiography) WUNNSALFARNANNIwiTawInAY Feaaz 70 2wl (270%)(17, 28)

3.4 N1TATRIUARIANIBENG (Sample Size Calculation)
o 1 dl o v A v a = 1 U
UAAIRENNATWALLS AR 32 Al IAEE19R9aINNNTANENEUNTINYeY Takase B.
LazALY (28)

P o A gy
Gﬁ\iﬂﬂqf]mﬂéﬂsﬂ'ﬂ\ﬁﬁ‘ﬂ?ﬂﬂf\]g 75 LL@ZQJﬂqﬂquiqm'ﬂ\?ﬂqﬁ'mﬁ")qmiﬂﬂﬂﬁ 93

n+ = qu/z PQ P = sensitivity
AN Q = 1-sensitivity
n+ =1.96" (0.93)(0.07) =24 A = Relative error (10% of P)
0.1° A=005 Zg,=1.96
n = n+ = 24 = 32
prevalence 0.75

3.5 NFAINALAZN159IA (Observation‘and Measurement)

1. Aaundslunisiag
Tun ArAann e, ANAaTwne wazAnkdugn Tunisatasaniaziduaeniialalals
aa o d‘ v . . . ?z}/ dl v 16) & a
wirAuAunlaan dipyridamole stress-rest perfusion CMR an Muazldlfmaila delayed
enhancement IaganuaaLenANIdUaanTalauiazidy (per-vessel analysis) baw L&
@RALAY left anterior descending, left circumflex WAL right coronary uazauNawLL Y

AUUNANNLELLADA (per-patient analysis)
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2. iAsasdanldlunisinnanis

1. Cardiac MRI 1.5 tesla GE system: Signa Excite HD, SSFP (eight-channel
cardiac coil placed over the anterior chest wall), gradient echo, echoplanar imaging a1
electrocardiogram gating waz MinALA inversion recovery technique @115UN133HA%
delayed enhancement

2. Coronary artery angiography e/l standard biplane coronary angiograms

3. wuuiunnniaiudaya (Record form) taedayaiiiuriunnilsznausiae

- deyainldaesdias ldun 30 winana ee wa waatlszandagiloauan waf
Tnadwinanunnsnsiald laadezansi Wy winaw lsaausuladings nacladulu@en

a dl 20’ o o Y P
a9 UsrdRnnsguyns dnsndagilag kazmangs lnedeunininamseanngiae

- dayaaniziiaafiulsaiinla ldud Uszdilsnduaaniinlalalsuasusiu ety

Y o S oy A o, = % o o o °

N1 funnsamaanadulaaniialalalaugg sauivenlsavialanldlszan Inaaauninain
7 =
Hilae uarannTszidey

- %’ﬂﬁ;ljmmqﬂﬂ’]?mfm dipyridamole stress cardiovascular magnetic resonance
. . dl o a c o K 6 o
imaging Feadnatnefaaunne tTunnadluuuunefusagylunianuan

o a a9 oA o A Ao = o P
- fayanaainnisnsIsandiduaantialalaliun? niunnualagenysunndlsnialag

a A ¥ = v A =S 6 k4 o -8
AN ﬁlﬁ‘fﬁ@‘ﬂ‘]_lN@iﬁ@’]ﬂmﬂ]ﬁ‘xmﬂu@ﬂ’m NIANANNNNAINNFIUIDHAADNNNIADT

=2e

v dl a dz{ v 1 Z’/ ada o
AYANIIZUNTINDRUNNATU (DIH) TEUINAITATINNG 2 91 (mgﬂl‘ummmﬂ Q)

]

3. AEn1sANMN

1. @%mﬂﬁﬁgvﬁqéwﬁﬁﬂLﬁﬂfﬂLﬁlmﬁumﬁ‘éfmimmm3LL@$°§urﬁmumﬁf5ﬂ

2. dnlsedn mumuﬁ@g@ﬁlﬁ'm%’mﬁumm&ﬁmiﬁmﬂ@ﬂ M998 FLTINTRYA
FlN PN RLLTTIAN

3. Widsannsisuasieluluusenidniannasdds (Informed consent)

4. filaedaaannadeuusianendniunsnmae o IntPsRRURsANE iy 1,
nun 24" daluariewdnfunisnas, qumﬁﬁmm@mﬂﬂwﬁwmLfﬁmﬁﬂmﬁﬂfﬂﬂimﬁ
1&url enngw organic nitrate 24 FalriaudnFunmINe stress CMR Faihite l9uavesen
dipyridamole  aanana L aniudnFunInmA stress  CMR AHNMALANIAITIU
(standard protocol) ﬁiﬂuimwmmmﬂmmmﬁ

fupauN1IAIIA stress CMR udnadan i 3 taaFuannmsanistufaeanduiie

P lasnemaila steady state free precession (SSFP) cine white blood imaging
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éTumwﬁ”wgmum 2-chamber, 3-chamber Waz 4-chamber (minimum TR, minimum
TE, flip angle 25 degree, matrix 224x224, bandwidth 125 kHz, slice thickness 8 mm
without gap) anuazFuinnnlsien dipyridamole 0.56 daaniu/nlaniu MmMadudensnd
wndn e 4 undl wdsannlsianasy 2 uniiazEurinnnanama stress perfusion image o
ANANTNLTA gadolinium 2u1A 0.065 Nadlua/Mlaniu foadnsuda 5 FTAUN AuFae
normal saline 20 3 MadiAenan AuAIMAEnduneladaemalia 2D fast gradient
echo-planar pulse sequence (TR 8.9, TE 2.6 ms, flip angle 25 degree, bandwidth 125 kHz,
inversion time 237 ms (>230), martix 128x128) W short-axis view TuneusiellazGuanen
aminophylline 100 Naaniu Lﬁ@rﬁl’f]uqmﬁrm’mﬁ@mmemﬂﬁq@fmm dipyridamole leinn1g
Wuiaenandlu 4 wii sewdnvtazifun s uresndanifeialagaamaile SSFP
cine white blood imaging ?ﬂﬂﬂ%\‘iﬁfsﬂguum short axis

wdsaniuazsalszanni 15 st il laduunnnaen dipyridamole faziFuify
ANURUE rest perfusion AAELNANAAEAAUILAIN stress perfusion FupausiellAanisify
NN delayed enhancement ﬁQﬂs\qlﬂJum 2-chamber, 3-chamber, 4-chamber wag multislice
short axis lagnAila inversion-recovery gated fast gradient-echo pulse sequence (TR 6.9,
TE 3.3 ms, flip angle 20 degree, bandwidth 31.25 kHz, inversion time 200-280 ms to null
myocardial signal intensity, slice thickness 8 mm, no gap, field of view 32 cm, matrix
256x192) fé”w,ﬂu%umuzgmﬁm muldinanlunnsnmalnaiade 45-60 wifl

sz Funtsnsa filagazldiuntsiianindnasusulain, dnas, aaulnd

Wiala wazA oxygen saturation ieLEszdaniazunInda
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Cine function

:23and 4
chambers
‘_Lﬂ minute
30 35 45-60
n u”"'"“""""”] l ! J
.-"'" - g
f’ Rest ~ ; DE N
uﬁp&lﬂlslnn V. ~ _perfusion_ o \-.________,..-"'
Gd 0.065 mmollkg Gd 0.065 mmol/kg

m Cine function

: Short axis

AN 3 WAANTURDUNITAILE dipyridamole stress CMR (WN1€1L4AF) - Gd : gadolinium)

5. nadn31N1971994 stress CMR @Faauudngileazlfiuntsandiduaeniialalals
wirne luszazinan ladiiu 1 iheniduaindudniunisnsaa stress CMR Tnen1sandiduaen
ilalalsuisasldisuazdunaunumansgunlaiunseeniuua diuialy tunnuanlias
Tuuuunesunvesacuiala MatileasdnsagaunieiAuAuIA3A AN UNNERNIN1aRaNS
Tinefnepaneduiaantialalalsuns (balloon angioplasty) sialiliaef dauiunasftiases

e vl
unnean
4. N159m (Measurement)
o JRiEy . . o a o = [ =

1. Medaualeaann dipyridamole stress CMR Tneids@unvelfiiananqysnuduiann
o = ! a ~ o ~ oo oA ! o =
Wrlanazranniaan 1 911U aznaddulanarialain1smUsu HAaNUI1INENaIRINN1IRAANT
gadolinium contrast & subendocardial perfusion defect Anguiilavialaatinetias 3 nnse
U WazeL1NeY 2 section AAML-(at least three consecutive temporal images and at least
two contiguous sections)(29) Tunwanue stress WMaLAY rest A UNAAE qualitative visual

. = . A . ] o a A =
analysis il reversible 178 fixed defect faufuivise LN delayed enhancement uiawua
o a v 431 o dl d” 9 A o 9 9 dl
HuauIuLTIan (segment) ra9nansiidaialangniasinaiduiaaniinladuladuniiaann
Mamum 3 LW{U (regional wall along coronary artery territories) A9NINA 4 Uaz 5 sanriyld
LEUT MANNTB N URALTUNATIAN (positive test for CMR) YIANARL (negative test for CMR) #4

AN997 2



Coronary Artery Territories
Vertical
Short Axis Long Axis
Apical i Basal
==
LAD ch

N' dl o @ o A dl aglJ
NN 4 uars 17 segments model N1l LN silananNANAUS T LE R ANNLALN
AUUNATNLERLADALAY left anterior descending (LAD), right coronary (RCA) uae left

circumflex (LCX)[15]

L pLb4

Horizontal
S Long Axis (HLA)
(4 Chamber)
Mid-Cavity

Apax

ealvird

. Vertical
Long Axis (VLA)

Short Axis (SA) {2 Chamber)

MNA 5 LAPNHNNBITBY myocardial segments m\‘i‘]slumﬁ‘l,l,ﬂﬂmﬂ CMR Tagig1989ann

Humﬂum@ﬂ'mmim echocardiography[15]
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AN5197 2 UARILNUT lNgulana Myocardial Perfusion sauiiuiaiindelayed

enhancement [17]

Stress Rest Delayed Conclusion

hypoenhancement hypoenhancement enhancement

Normal (_) (_) (_) Negative
test
.Induciblle (+> (_) (_) Positive
ischemia test
delayed test
enhancement
Fixed without (+) (+) (_) Negative
delayed test
enhancement
Occult | (_) (_) (+) Positive
myocardial test

scar




18

C

2. nadanailéian coronary angiography azvinnisutlanalasunnsdideaaigy

®

b

anegAnansaNalsaiala 2 Muauiu lnadadduwaaniinlalalsulsinisiusiuacinei

q

'
o o o A

AdAYIaKANNIRAANLNIALFUNNNNdvTaWInAUSesaz 70 aufuUT o ldwung
Ausuluduaanduhaaiu aannstssiludaaaann (qualitative visual estimation) lae
81A" 2 views image(30) atliduaanduiiusiaadi major epicardial artery vi3a anaiflu

9 1 Ly a a

major branch & Augnanlddoandl 2.5 NaAWAT(30) @IUNTUNNNL1BANINTD

a

A A o

o A . 2NV FES o A A a A o LA
WWLARALAY left main aznadNAUNAag1NTIgAN ULHANRRAANLNITALUAUNINNITUTE

1 1 v
v al o ' a

Wi $eeay 50 winuanlaainni98uuA TAEUANEEITINT10YY 2 vinunamw iRty
azandanisulanalialinand quantitative coronary analysis (QCA) el ladeasilugilqe

Q a

H
TIEUU

atiialideyaaania 2 3Bn19a99aUA0 AzEUNAINETLATI sz AN Inees CMR
lunnmnasanzduaaniilany wWraune uiuniReaduiaentiala Tnaudinisanuua
aandu 2 Tauan lAun

1. per-patient analysis UN1EAINIT UINNAT IFANNN1IATAT CMR LazNTand
9 A o = a 9 A o EN = o |d? o 1
uaanviala nuiinendaninvesduiasnialalugiaasanaaiu lnaladauiudias
A0AARAINUANNANLUNNNNEA N RenYTa ld inadn CMR Afaduniaziduiann
o = v %
Wi lanulagnses

2. per-vessel analysis A8 N138IUHAILUNANMALLADAUAILAAZIAYN MNIAIINTN
Ha7 lFannnnIRgaae CMR waznisandiduaaniialalugilaasatu daswuaauiailng

3 A 73 a o [ [ 3 A % . .

weaduiaenLaddungany lanaziduduwannund left anterior descending, left circumflex

1199 right coronary aa01a41 CMR Atladtn1nziduwaasvilanulsgnsias

3.6 M359uUsNTaya (Data Collection)

Hlelferardasianfldnniinasiineuds asiigiaaidniunasaseadae  CMR
Husfuusnudaniuiufindeyaniseunaaniidunmeasiu record form waziinduana
uaaaalalalsus Tnatntaualdldangsunnsdisntinladandnsuna (blinded observer)

v ! v
ANTUUIILIINUAT AN 2 35 AdaiuasszuupeNiame s B aunaudiAszidaya

sl
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3.7 M53lATIsUTaya (Data Analysis)

Suafildannia 2 AsunAwInfnssiiEwmesaunvntssdnanwluntsiass
(diagnostic test) NaziduaaniialalalsulFau fu TpednaBenaildannnIIanaduanniivla
dunmsgiu Ausnniesazaeddtanla (sensitivity), ARNA1NNE (specificity), AYH
WA 1IN (accuracy), positive predictive value Was negative predictive value ?Qmﬁﬂmﬂm;ﬂ

18413A (prevalence of disease)
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uny 4

NANI5ae

[
=1

paun 1 TayaiuzrurasdssrinslunmsAnynias

A
=l ¥

o =) a o a o dl v dl
@ﬂﬁmzwuﬁquﬂl'ﬂ\iﬂﬁ‘ﬁi‘ﬁ'}ﬂﬁ‘iuﬂ’]ﬁ‘ﬂm:l"]ﬂ]@ﬁlﬂﬁ"\ﬂ{]ﬁ"]ﬁl@‘zvﬂﬂﬂﬂ\‘lﬁ]"]ﬁ"]\ﬂ/] 3 E;!‘]J’JEW]L‘IJ’]

&

1
1% =

$ANNNIANHARUNANUWIUAIAN 39 AL TuwATIEawI 24 AuAsTluFatas 66 anLaat
2091seanswini 59+11.4 T (Hagsz1idne 37-80 1) filhadaulnnjilsnanusiulaings
(Fatiaz 54) vive lnsiuluinensiineasiednasaageatinn (Fasas 51) sendneigiloadndan
= a o R A Yo o R = A Ay oA o =
nsAnudae luiddiaesalanlaiunadrwnenaiinguussainnisandduiaanialatalouts
138N19911 stress CMR Ejﬂfaﬂnﬂmuﬁmq:mimumuﬂmﬁ'wms;lm’@ pharmacologic stress
BENAUMNITAN KU IN1TANTRANARIadARNERY RFIN1TFNYesTalaiNTuEasas 10-
15 daflun1smevauesidni liinine hyperemia
nansanddwaeainlalalsudanudaiifilaganuan 26 Aundduaanialafuatig
al o o o 1 A = YV = o = 1Y = dyd a
NilpdAunatanainaviduiaesiialafiuninndifesas 70 nsAnetasiamgnuasisa
Wuiaaarilanuaniuiesas 67 Ingfianuwadiduduaanialanuianun 55 1Eunanme
éjﬂfmf%'mqu 7 AulNINY single-vessel disease (Getiaz 18), 8 AUNNT9Y double-vessel
disease (38818 20) kAT 10 ALNNILY triple-vessel disease (Fatias 26) nsuUananITan
al A o =l =® d” £ Ca U o A
aduiaaninlalalsunzlunisdAneildangsinndianizneaulsavinlawaznaaniaenila
Ha 2 AU lnaNANNAenARed89N1TLLanAan19R A AL LA lalaTsuN s T ud N unnETaDa

vinuilueeinggd (excellent inter-observer agreement 98.25%, Kappa = 0.9647)



A15799 3 LL@mﬁﬂwm:ﬁuﬁmmmﬂi:mm

AMAnuzylae

ang : T; 1RAEESD, (199918))
VNATNE  A1101 (GReay)
AGUNIANE <ma§%mso)

Naegu (NN./ANR?)

<19 (NN.ANRT?) : AU (FREay)

>25 (NN.ANA9D): AU (Gaaay)
ANNAUlaRAgS : UL (Faeay)
LLNUANY ; AU (Faeag)

luiuraaisanasaag : 91U (Foeaz)

'
a

UYWS : U (Faeay)

2R

s

@ O ¥ P s 3 %
5LIRATAUASAULNISALAUIARATIALA : 1191 (FREAY)

|l

UszaRnaNtdamalamaNIAa Ul : auiL (Gagay)

2D

LASILENELAULARATA LARAEUAAIN : AU (5REIAY)

=

datisdlunisanfidudeniiala
AINITNARNN : UL (FReaz)
dAnuRaUnAaIn nuclear study : A119U (3aEAz)
NANEnUnRAaN exercise stress test : AU (FREIAY)
Chronic LV systolic dysfunction : 1191 (38818%)
NaRg2998 noninvasive aulaidaian - i (Ganay)
ANuEALlnAAINNTARRIdULAana lalalaung
uailn@ vianuatgliivadAn : auau (Faeay)
Isolated left main disease : a113U (58818)
One-vessel : A1 (FR81az)

Two-vessels : A1 (Faeay)

Three-vessels : a113U (3a88%)

A1

59 +11.4 (37-80)
24 (61)
24.9+3.2
24.5
1(5.1)
16 (41)
21 (54)
15 (39)
20 (51)
10 (26)
11 (28)
9 (23)

1(3)

11 (28)
5(13)
10 (26)
8 (20)

5(13)

10 (26)
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ABUN 2 NANTTASIA stress-rest perfusion CMR lWARF293RARENELFULRAANA LA

TAlsusauAY WeauigununiIsandLtduiaaniiilatalsuns

N =S [l A k% %’/ ad a v
gilaynaalunisdnunlinudniniezunsndenguuseainnisasany 2 35 Jfiae
= prp o = . . ] | B | =
Wew 2 geiiniaznadnameeainan dipyridamole  laun wdumiinan walaldazaan
namdaannliien aminophylline miadwiaanniainissineindugniazng
IEAZLRUANANITAIIN stress-rest — perfusion  CMR — sanfiLinAllae  delayed
y Al o d oy .
enhancement Wamavnziduaanialalalausiu wanslumima 4 a9ldamaed
v 9 A L% %’/ 9 4l Z// [ | %’/
dayaaniduiaanvinlaianun 117 1w (Angdesianann 39 aw) aquuniduianun 622
segments tnaliFn 2 segments aan WWasanidu segments  1aaduiaaniingliiunig
o Y o PR ] o < P o § v
fnnziduanntialanuaienis ldanaANInauntn (coronary stent) TA1ANHAN LN
auEananalunisulauals apnnsndnduiiiaialamseinnlnanliininshusuaeg
9 A o A 1 ¥
Huaenvinlanaaaeatudd
AN9199 4 LAASHANIIAIIA Stress-rest perfusion CMR fANALINANA delayed enhancement

dll a a A o a | o v dl Y
ianiAuialnFresduaenialalalsuds wanuaailuanuou segment angilaeiidniy

Y v
N19R293 1UN1IANERTVNA 39 AL

NANISATIAA S Delayed enhancement
stress-rest perfusion ) 2 - total
neLnG Unm
Inducible 46 165 211
Fixed 14 26 40
Normal 8** 363 371
Total 68 554 622

naneun - aweniuianun 622 segments Tnel@sin 2 segments aen Wasainiiy
9 A -dl Yo o 9 A o = v 1 1 v
segments 1a9ldulagaAa liFuNN IS NNz uae At lafuAen1sldraaanninawtin
dl = o vl a 14 dlal 4 dsj o

(coronary stent) TsanaiuanliuAuEanatnlunsudanals aannisninatuiiaiala
| a Ay oA A o 9 A o & .y
praaipnlaanlidnsfuiurasduaanialanaaaaat s

** 8 segments WHNaINHae 3 AUN stress-rest perfusion TWHAUNF WA MNI0AIA

WuANRALUNR IHaNn delayed enhancement images M1 ludanani1smnsaaiii positive test

é’mmﬁﬁﬂﬁ delayed enhancement LX incremental value QN7 stress-rest perfusion

R399 ldny lunistadadniiduidanlalaunsAuFy
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F19797 5 119 AN319712 wassdediayanuainnisuiana dipyridamole stress CMR 14

NMduazldldmaiia delayed enhancement 3au WFauauiunanldainnisan

A
AULADRA

Walalalsuns anuundmszinaiily per-patient analysis waz per-vessel analysis (B4iilun1s

WANLAIANNIEULADALAAZLEL)

M15199N 5 LAANNANNIAIIN stress-rest perfusion CMR (Tmﬂiﬂgﬂ'wmﬁﬂdelayed

~ & o I , .
enhancement) angaIN1zidulaania lalalsnianusanusu Ine per-patient analysis

nanisnsas stress-rest perfusion CMR wWanssam

nazwaehaendelqlalsunsausiaandy Tee per —patient analysis

L prsdndduidenalalalsund
Stress CMR = AR Y - gy
Auatnnivee | AulBEnInsEEes (1)
winusansz 70 70
HaUng 24 5 29
Ain 2 8 10
974
(162) 26 13




M15199 6 LAASNANITAIIN stress-rest perfusion CMR (Imﬂvl,a\isl‘ffmﬂﬁﬂdelayed

enhancement) WanauIN1IEUARAYE 1A left circumflex (LCX) RUuTaRLFL

umn1snsa9 stress-rest perfusion CMR Wsnsasm

= P al g
mazvaandeaidlalrlsusRufeuEen LCX

msanAduLAE AR LS lALsUIT
Stress CMR \ Ed. . . T
fumanniawde | Fudeeniideens ()
winnudenaz: 70 : 70
|
HouUna 11 3 14
Alih 5 20 25
593
(i) 16 23

24

MA1519N 7 LAPNHANITATIA stress-rest perfusion CMR (‘Emﬂ”l,aﬂs’ﬁmﬂﬁm delayed

enhancement) Wam9auINzIdaansiala left anterior descending (LAD) ALIs

5 stress-rest perfusion CMR iftensaam

- im
FRARBANI L

nsanfAuIRBANIlALALSUNT
Stress CMR | _ P 94
fumanninuda | Audeendidenns (i)
winnusesaz 70 70
fnuns 22 a 26
e 2 11 13
FTaH
24 1
(vdu) 3




M15199N 8 WAAINANITATIR stress-rest perfusion CMR (imﬂvb\isl%mﬂﬁﬂdelayed

enhancement) WaATaMINIIzLduLaaniala right coronary (RCA) AuviTasLsis

nansnRsaa stress-rest perfusinn CMR #ansaam

marRenfanis lalalsuEiuimdufian RCA

nsandiduiRaAva lalaleuns
I
Stress CMR | _ MY/ PP .. 594
Fusnnnavie | Fudmendndeess
s, | {Li‘u]
wianuseusz 70 | 70
o 13 1 14
i 2 23 25
$IH
1
(16) 5 24

AN5197 9 LAAINANTTAIIA stress-rest perfusion CMR fauALIALA delayed

enhancement (DE) Wiamnanininsdiiaaniiabatalausfauing per-patient analysis

- Pem—r P -
mamsasaa stress-rest perfusmﬂ CMR saunuwmatia DE wiansaam

mazwaandapidlalalsuniiuvseanduine per-patient analysis
NSANALAULRBANI \ALALSUTS
Stress CMR -
satnein DE | Aumannaiuse | Audeeniidesas (s8)
wihnusesaz 70 70
il 27 a 31
ﬂ [
i 0 8 8
. 27 12
(du)
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A5197 10 LAANKHANNTAIIA stress-rest perfusion CMR $aufiLmALA delayed

enhancement (DE) tamsaninTnziduaantiala left circumflex (LCX) AUVEaRLIAY

wan1sngaa stress-rest perfusion CMR saufuwaiian DE

o - r 3 ol T
WansrTnmaEmaanmansalalalsusiunwusan LCX

mMsanfduiRenna lalalsuns
Stress CMR 117 .
sauvumain DE | fusinndw®e | fudsendindesa: (1)
wianuseeaz 70 70
ol 13 2 15
Wik 4 20 24
93
(i) 17 22

M990 11 LAASKHANNIAIIA stress-rest perfusion CMR 3auAUWMANA delayed

enhancement (DE) WamarInNazidaaniiala left anterior descending (LAD) AL

snaaa stress-rest perfusion CMR saaiiumaila DE

= - il RE e
WHE ATITMIN 1SR EA LR THUNMFULRER LAD

nmesdanfiuiaenwalalaleuts
Stress CMR |
daufumaiin DE ‘ d K 2 L L & T
fudnndvese [ Audeeninsenas (i)
windudaeaz 70 70 |
hoing 24 3 27
Uni 1 11 12
594
(1) 25 14

26
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AN5197 12 LAANKHANNTAIIA stress-rest perfusion CMR $aufiLmALA delayed

enhancement (DE) iamaanInaziduiaaniinla RCA AuUiTagasu

uaniensaa stress-rest perfusion CMR saufiumaitin DE

il ] o3 and n
WaRTIImMEwRInman®t MlAlsusaunEuinan RCA

nsanALdULREANA lALALSUNS
Stress CMR | \\177/
i S9H
sanfumatin DE | Sumannaiuia :Eﬂu"ﬂﬂﬂ'iﬂéﬂﬂﬂﬂs (Lﬁ’u}
E wiriudanas 70 | 70
unUnm I' 14 | 1 15
. A 12=5%
i 1 23 24
|
|
g4 |
() ‘ 15 24

v
%

NaReuNaNlAaINN1IAIR9 2 35 AR CMR  kagn13andduaentialaniuila
a o a Y . . d‘ A 1 0% dl
naLLFLe U Tmﬂmmm?ﬂwmﬂaﬂmmu per-patient analysis T9azNaI MHALINIHNS
}%3 A o = A o 1 % v a o Z’/ aal
psaanLiduRenilaRuvsagaauatnetas 1 uludiieauinaiy aannnsmmania 2 35
WUIINNTMIIA stress-rest perfusion CMR agaipeninglutinmaiia delayed enhancement
w9 lunsudana Arrannla (sensitivity), AINRNNTE (specificity) WAZATNLLLEN
] o v v v o o dl = o I~ o
(accuracy) winfiu ¥aeaz 92, Faaas 62 uazfeuas 82 AN AU WaWELILNNTATIREUEY
Tnedndduiaeniilalalsnn? wazieinmaila delayed enhancement &1 lfdanlunnsuda
1 a o 1 o QI é’ [ v %
N WUIHNAIAN T, AR LazANLiugn NAwe Seaaz 100, Seaas 67 uaz
Foray 90 muanau InaiAn negative predictive value geanliliiv¥oaay 100
° o a ey R A £ = py Py
AnFunnsdiasziidieyauuL per-vessel analysis TarDadn WHaluLaNHaNaR A
9 % o 9 A o a a v A
AMINNNTATIAAE stress-rest CMR  FRIRaAUAINNIENINT e duAeATLNNTRAALE AR A
Walalalsu? lnananlanudn lddnazidunismaasiag stress-rest perfusion CMR 8gn4LAen

A | [ a
NTRIINNUNALA delayed enhancement
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lunnsifaselsnduidenialafiuegamuiidudenuns left circumflex e,
negative predictive value, positive predictive value LazANAINLNUEN fgnnddledeuiy
m%ﬁiﬁmméﬁmﬁ@m left anterior descending L& right coronary

Slafansnnuaiildainnnsnma stress-rest perfusion CMR $auiumAllA delayed
enhancement Tun1s3iadenandannidudonuns right coronary WuU4MHAN diagnostic

value FIN97gININ NA9RANINNITEAT 90 YNAT AIM1TI9N 13
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M157199 13 Ldm diagnostic performance 284 dipyridamole stress-rest CMR Tunnsiiiage

9 A o A o o . H
nziduaanialalalsusnusy wenudanawlu per-patient AL per-vessel analysis

Per-patient
Stress-rest perfusion
Combined DE CMR
Per-vessel (total)
Stress-rest perfusion
Combined DE CMR
LAD

Stress-rest perfusion
Combined DE CMR
LCX

Stress-rest perfusion
Combined DE CMR
RCA

Stress-rest perfusion

Combined DE CMR

NNLUG - AITHRLARNTUT e Az
LAD : id1damuma left anterior descending

LCX : l&uanawAd left circumflex coronary

Sensitivity  Specificity PPV

92
100

83
89

92
96

69
76

87
93

RCA : i{damuLma right coronary

62
67

87
90

73
79

87
91

96
96

83
87

85
89

85
89

79
87

93
93

NPV  Accuracy

80
100

86
90

85
92

80
83

92
96

82
90

86
90

85
90

79
85

92
95

DE : delayed enhancement

PPV : positive predictive value

NPV : negative predictive value
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WaRasuniedsz@nsninainnisnsiadiaamaila delayed  enhancement WL4N3
gilaaliuauon avfinenmanusasurailu (scar) lundnsilatialanisdu 20 anvisunn 39
A wanuasfluwduwaeniinla 24 1&u Ineynidwdeniinauanain delayed enhancement
= = A o a// Qy dl = o a A A o :j/ da’ N d” S =2
HnsRuvisesuaduietuiulnenisandduwaentiola stangilon 20 aull Agiaena 11
pui e dilszdRTsandnsnilatinlasng (myocardial infarction) snnawuuiin daugilae 9 31e
Insrudndindnuidevinlaniuegnen fainasansaanusesunaiugoawmailan  delayed
enhancement NnAuluATLMNdanAABIRUNI9RAAIEUIABATR1aTATIUNT Avdnatingly

NINT 6

AN 6 waneN1IRIA CMR Tudilhedpaldiunimuadaninenduilaialasefuiiala

2

dquntin (anterior wall) . ‘(@) AW Stress perfusion L&ANLEN hypoperfusion NN 1& R
a 9 A . . . = = ,
UTIURNLAULARALLAN left anterior descending WA left circumflex (Qﬂﬂﬁ‘mm’]'}) GREETN
ANMNAALNA NN rest perfusion (b). AIWAINMALA delayed enhancement (c) WARS
A a 9 A . . = < 9y
hyperenhancement (scar) NUFULAUAAA left anterior descending (§NATAU) GRERIL
Aulsyamgilae. de) nrandduidanidlanunisiiviesas 85 10LEULARALAY left
circumflex (gnAsa119) WuiuALUN1IAUTatay 95 101&UADALAN left anterior descending

(qnATARN)
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UN 5

aflsanauazdalduanus

[ %

fuaeRddnenznendinasdunioslsadwdenialaiusiu, n1sdinsmadaeis
wAile noninvasive  lalitosuriflensaatiudunnsiiaselsawintu uadianunsnlduannis
wensnfradlpLasiAenian SnE TN auldEndas fafunisnsiadands dipyridamole
stress CMR ludthefiasdalsadudanialaiu fuflaauanunanlunissuungianeaniu

]
oA

~ 4 4 o >y e o
NANNRAMNAENAN, AL Uannany wazpanmdeNgeld deludihanguiiinonideags

Q

(% '
=

tazilunquiazlafulsylsaiatinegelunisdsgiaedniunisand duiaenialalalsua(a1,
| P | Al a = o= o @ v Yo a A
32) wansngangilaanguinanisngaanulAINIAENAT Felananlufecldiun1sana
9 o o A A = A o = o oAl v
WuaeaialalalsunTiinie QAINITNANANNLARNAN NN TANEAAN T LA LAansae
AMNNNTANHNAABRNLLINNT I dipyridamole  stress  CMR fanfiumaiia delayed
enhancement @ u1sniiuANN LR lun19A g lsaduiaanialafuiledFa L uiy
nsmIaamae dipyridamole stress CMR Ligagngiaga lidnazidunisudanauuy patient-
based analysis VIaNITUUANALLL per-vessel analysis
Tunsdmziidieyatiiy vessel-based Wi N5l dipyridamole stress CMR Liiei
1 = A 1 o aa o 9 A o = dl 9 A
AENNLALNYIAIINAL delayed enhancement Tunisanagelsaduiaantialapuniduiaanung
left circumflex NANAMNLNULN FINTNATAINN T AT negative predictive value AINIIAN
AINNNIATIANEUABALAL right coronary WaE left  anterior descending aginedalau 1iail
dl L dld a dl A 3 9ul/ v d” o a %
\Wesanngilaeninensaniniiduwannied left circumflex 1 nafxLHaia AU left
lateral Tmﬂmulm]ai@zgﬂLamimmwju\‘]L’Zﬁulﬁ@mLLGN posterolateral  AqA. dominant  right
coronary. artery system
o = a A ' P o S o
AINTaYAAINNITANE IUBARATNNAIUNINLGN N19AFIAUIN1LLEULIAD AN TAR LAY
fa8138 dipyridamole stress perfusion CMR faufiuwmATiA delayed enhancement HANA7M
12 szmdnedeeas 80-93, ANANNAINNY TE19195REAZ 60-89 LAZANANNLLLEN TTrineFan

o

az 75-88 Tunguiszainsifipangnaesisaduaeniolalalsuwisfudunainuaiasendng

3
v oAl

¥aeay 52-74(17, 28, 29) @aiilawFauiauiunanisAne st uinuIN N A InALAsarTL we

uniauladiannnisAneiiidaiaanulouay NPV Aigendnpawiniufasas 100
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ANNTATITITagALLL per-patient based Tl laliaadsnaeuaInnIsAnETY

Tarrauniin wpnaietaiini lesuneld AslunisAnmil nguilszaanaiiannAnmiiui

o v

A A A o A o o ! o o o
ANIdeNazilsaduaanialalalsunsauiiAeuinegs muvaninmusilunisdnaantilas

WinsnlunsAneaegiloaazsieadl pretest probabilitylunisiilsaduiaanialatalsuizayly

1
=]

o = ~ R A o P A = ' o
?gﬁﬂ‘Uﬂ’]uﬂ@’NﬂQQQ LV@N@VI@@\?W@ LN@W@’]?GA’W}“MMmﬂmwlﬂuﬂ’]?ﬂﬂwﬁﬂﬂuﬂuﬂ RiNGaH

KTl

. o o . - P R I
7211919 38-141 Au el BFauinauiiu lunisneildednNauiafiet1anAaud1etiosndn 39
anaudaunilanyinliaanulawas NPV gesaanndniazwuldunyinnisdnsiludseains
FinatiNaWn gy

ANNALANAN (false positive) AINNI9BIUNA stress-rest perfusion CMR  §9unL
wmAlA delayed enhancement@1any b lugiloanininzmanusulaningavizeunmanuiiiu
d’j o o v a a a d%’ A (=3 . o :j/ dl
Fafannuu vinlilAaRnUnAalLluduaenlan) (small vessel disease) AaTilLie
AIIAA2E Stress-rest perfusion 81AWLANNKNALNA subendocardial  perfusion  defect
Tnaisau (circumferential) lunananse stress fianlalaianunananduaanialalalsung
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AMAN 10 NMINUAAINITANENAIITU radiofrequency pulse WaiAN192 relax 184
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Pulse Sequences
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7399 CMR 'l§ur nsssifiunnainsuaesduwiala, ventricular function, blood velocity, flow
measurements, myocardial.. perfusion, delayed enhancement imaging lag magnetic
resonance angiography

Spin echo X artifact anlanzdnaiAeaiiaanan w1980 T A dEnauILn
gradient echo mwﬁlié’ﬁ@mqu (nigh resolution) Realdlunis@neinagninlaesinaes
ila LAz mediastinum iU thoracic aorta WA great vessels 97 Wil T1-weighted
spin echo wateLalEnmRTie lasuiudenn uazidenaziudsn (olack-blood) g9t T2-
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srpdnailadaniuianiaeanuidasda (neoplasm vs. thrombus) WAZLNBRIIANILATNIBINABA

weawadlaanss Tun1smIaa MR angiography (MRA)
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A19199114  UAANIUIANIATFIULRY gadolinium  chelates 1ldlun13nsaa CMR - Tl

preparation N fialUAe 0.5 Aad lua/@E

UszinnuaInIsngIa Gadolinium Dose (cc/kg)
Myocardial Perfusion 0.15
Delayed Enhancement 0.3
MR angiography | 0.4
ECG Gating

[

o A = A o a ~ o \
qadrAryniraulaluniafiunin CMR fa tialaazdinisiiuuazaaissinatnannion
1 a o dld d‘ o d‘ o v a . .
dwaeatudesninisiadaulmausmaznisvigla Tsaiunzoinl#ifa motion artifacts Tu
A wla nasndunnglaszudnafuniwaas Iy varasiiiuiuneas dauniamaaulniaes

i laanunsoudlaléson “ECG gated imaging” Aaziun nanzanlaanuileans cardiac

1
g o

cycle foﬂﬂﬁﬂmmmﬂwamﬁwmmmaﬁq (diastole) lagaAzy R wave annARulnin
WalaifduandnedeinazldGuiuninaieneann R wave Wuszaziaiwinla iy
mwﬁmﬁ@mmmﬁmﬂuﬁm (R to Rintervals)

nslmeliatiidasadmAnaulgisy anay misgating @ﬁ@wuluéﬂQﬂﬁﬂ§u1Wﬁﬂﬁq1@
1 T wave paudnsgoitliisiaadnladuilu R wave sisafiaefid low ECG signal i nnaz
qmu‘iﬂqwmé@iﬁ, Fau vnndnsasnn, ﬁﬂuﬁmﬁ@ﬁuﬁq%ﬂ?mmmﬂj ugi sinlfieses
anansafadudaynnns R wave Tdusiuduihfinas u@nmnﬁéﬂqaﬁﬁﬁq%Lﬁuiﬂaﬂ'ﬁme
|1 N9z atrial fibrillation a8l R to R intervals 7 sinaivin 1AW 14 artifact 18 &
artifact AnafianisnwyldLingAe magnetohydrodynamic effect %‘\‘]Lﬁﬂ@ﬂﬂﬂ’]ﬁ‘ﬁﬂ?:ﬁﬁﬂi/\lﬁﬂu
nszuaLAe AR AT AN A I dananausie voltage waznMsS Uty nynniTes
m?iuiﬂﬁﬂﬁﬂ@ﬁﬁwﬁaijﬂw mMazilgnunsoutleldlnenns149s vectorcardiogram  gating
(VCG) %'qmm;mLmﬂﬁﬂ;ﬂ;’]mmiﬁﬂwwmﬂiuﬁﬂ@ aanandayryrmuainiszq ialuy

=
NTCLALARA
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2Mnh 14 uassnaiiuniniagld ECG gating, L30MMOLAMALN LAAITAGIANT

1 v
=)

AzNSALATN (acquisition periods) @LutauReainluyne cardiac cycle ANtz

v
o

Any o ' o A ) o
ﬂ'TW‘V]VL@N’] L?HQW@”’IﬂuLWﬂﬂ?ﬁNQ@ N@Lﬂuﬂum@u@ﬂm’]ﬂ

Cine Images
. . Y = , e P v @ ~ o

Cine images A8 nanpaerletdu) naunsauansliiiiunisiuuazaans s
1899qlaaual cardiac cycle LN ninaande ECG triggered segmented imaging GRGH
dunnsudssieaumasdaeues cardiac cycle 8aniili multiple segments (frames) B1NN
Feasantuiun weaaulug (cine) 1ag cardiac cycle Busun R wave 1asaaulniniala
LazAugan R wave 994 cycle tald Malufenusisaaniilu 10 D9 20 segments, TUALARI
nasiuaesinlaauii lnassndnadunanfag s daniiataanianaumiela 10 e 20
o X o -
UM TUALLFaZmATLA

a :il/d e 1 = o z o N

walatfldsslgndadrsnanlunisAneanasinesanaesauiala, nnslualauses

A b4 % o v ﬂal o 1 o/ = o al
nzudlaanniglatiasiala Larn1I9ILIAINATNNATR 1A 1Y NsuunAR T IUsa, N9l

nsaguresnieialatTinalattnnuilaninilng (wall motion abnormality)T4enauaALig

¥ dal o A
nazndanilavialatiniaan

N\ /\ /\

MNN 15 LAAINIILALAIN cine imaging Ineiande ECG tracing (LLrﬁimLm‘uaLLﬂm
F9N1TALNINLEAL frame) ‘Emﬂmw’LuLmuELﬁf;|qﬁu%gﬂﬁﬂmmuﬁumﬂumm cardiac

cycle
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MWA 16 UdASNIN cine imaging A7n 4 chamber view @@ xnrannlHiaaanlm

Tondlunneums (movie)

qmﬁnﬂmwmqﬂnstﬁﬁfinﬂuﬁm%’u CMR (Necessary Equipment for CMR)

1. SEULWNIMANUAN (Main Magnet System)

1.1 dluszuuwdwdnsaingeenn (Superconducting Magnet) Inafiaanuidiuees
AUNLHUANTUNT LU 1.5 8an veTANNENNTauUAn 1AW 175 05,
12 HezuumiuRuiduLsuivan (Shielding) @ia  Active Shielding Tneifitdi

WNUHANN9EAL 0.5 mT (5 gauss) atineluiied MRI AifauuaLyini

i '
= o

1.3 HAAuANaNe89dUINLEman (Magnetic Homogeneity) N7
1.4 Hezuul5umnuasnaNa1audAan

N o A A = | @ oo
15 HERIINNIQEYMAEEALININAN I ITUUNARLE WA

2. STULAUINLILUANITIANA (Gradient System)

2.1 § Strength( mT/m)1dA1n91 33 mT/m wae Slew rates(T/m/s)ldm1nan 120 Tim/s
22  AanuddiadaL i EuAun 9N

N A [y o Lo o . , oA A
2.3 AN ININIINT M UAIUFUNITATI9NIN ( scanning) AHNABLUANNA

2.4 321y Dual mode %78 Twin speed

3. szuuAaUINg (RF)
3.1 iluszuy Digital NANWIUTdasfudtynnuazilszanana 32 dasdnynin
3.2 # Receiver bandwidth l3iaandn 1 MHz satas

3.3 HILUUAALAENIUNIL acoustic noise reduction

4. unsaldusuaudynnm Vital Sign aangilas
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4.1 Y Respiratory trigger Lﬁ@ﬁzﬁ’mivu pulse sequence ﬁLﬂu free breathing

42 # Peripheral pulse trigger

43  VCG (Vector Cardiogram) gating il 2L function nsmsaavialalazaaniAen
SNV BTN il

5. Scan Specification

51 Field of View gagnalaiAingn 480 Hadwums
5.2 Minimum slice thickness @195 2D image M0 iAW 0.5 Raawms
5.3 Minimum slice thickness @751 3D image ¥ AL 0.1 RaRINAT

54  Acquisition matrix §34alHAIN91 1024 x 1024

6. UARIAARUINE (RF Coil)
6.1  UAa3A Body coil AARIagNIelugluas
6.2 H coils AMmFuAsAEalada w1 g0

= . dl dl Y o 1 1 1 = a a -ﬂl 1
6.3 coil 81 7 Na1NIalnaedarndduzesinieetalidssanannine ensie
ugAALANELE
4 Hszuu RF Coil Sensitivity Uniformity Correction

4

6.
7. Nusuldswnsunisldanu
7.

G5

1 Spin Echo; conventional, fast spin echo, 2D-3D multiple echo, single shot spin
echo, modified spin echo, dual asymmetric variable echo
7.2  Gradient echo, Fast gradient echo, fast spoiled gradient echo, dual gradient echo
7.3 Inversion Recovery (IR) technique oA FLAIR (1 T1 4az T2 waz echo planar
imaging), fast STIR, dual IR
7.4 Echo Planar imaging
7.5 Real time interactive scout
7.6 Spectroscopy Imaging

7.7  Cardiac imaging
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AfalAnfzuuees CMR  Mwilandin1smeaa noninvasive 1indw7 vy 13id ionizing

effect ﬁmmﬁﬁrfimjﬂqaLmzﬁﬁm’iﬁmqm@Lwaﬁﬁﬂﬁﬂ@@mﬁﬂiwﬁﬂLL@:utﬁqr}%ﬂmaﬁﬁ%'\1
LANFINNAIN nuclear imaging L single-photon emission computer tomography (SPECT)
CMR I miiiannuanda sreazidangands Taelignsunauann adjacent bony artifact
38 air %QLermrﬁiN@’m echocardiography wazlunnsudanasad operator dependant ﬁﬁ@ﬂ
N9 weNaNLNNTaAANITLEA l1t CMR azld gadolinium @slannaLfia allergic reaction 138
N9 contrast media induced nephropathy UPEN9N iodinated contrast media ‘ﬁllﬂu
Computerized Tomography (CT) scan

wAlA Steady State Free Precession (SSFP) 289 CMR lungeniuiudn Ty

¥
A o

mmﬁmslum?mq@ﬂ?xLﬁumiﬁuﬁqmmﬂﬁmu@m% (global and regional ventricular
contractile function) wagz ns faqiiufeliu gold standard lunsuseiuilss@ninwnisiiy

o o v 1 7 .
FINUB917 M A Baa19U91 (right ventricle)

sy o o

atinglsAmIN CMR ﬂmmmnmﬁLLﬂﬂﬁm@fmmﬂﬁﬂﬁwmmﬂﬂw 11 Aa9aFeAfN
saudaangihalunisnaunmela, liaruisonsealudihannaanuauls (claustrophobia), 14

t:ll ! =2 1 o [ L
sraizian luntsamalagiafeeniunundn CT scan @Q?’J’WQVLN L‘VIN’]Z@N@’Wﬁﬁ‘ﬂﬂ’]?ﬁl?’)’ﬁluaﬂﬁlﬂ

o o

o an A A T -
néryyrouanlidash, Hdasinlunisasaluieeninisindnldwman gunsnilaveuneaiia

(ferromagnetic  objects) b lud19n1e 1Y LATRNNY AW UIe9qla  (cardiac
g ) )

o  ar

pacemakers), cochlear implants ﬁl,wﬂ'fuslu, aneurysm clips 19atia luanes sy 4aanmin

%

o = P I ) . . a Y o =
ng‘v}wﬂm\‘l CMR ﬂmﬂﬂﬂuﬁ'ﬂﬂuumﬂmﬁLN@LV]EI‘Lm‘]_Iﬂ’]?mQ@ noninvasive T ILRAIENN

q

FANALNENIIHNAN

datisilutlaqiiufignansald oMR lumsdasiitiase
1) Coronary Artery Disease (CAD)
1.1 Global ventricular function and-mass
1.2 Detection of CAD
- Regional LV function at rest and during dobutamine stress
- Assessment of myocardial perfusion (adenosine stress)

- Coronary anomalies (MRA)



1.3 Acute and chronic myocardial infarction
- Detection and assessment
- Myocardial viability
2) Cardiomyopathies
2.1 Hypertrophic cardiomyopathy
2.2 Dilated cardiomyopathy
2.3 Arrhythmogenic Right Ventricular Cardiomyopathy
2.4 Restrictive cardiomyopathies (Sarcoid, Amyloid, Eosinophilic)
2.5 Myocarditis
3) Cardiac and Pericardiac Masses
3.1 Cardiac tumor, thrombus Primary cardiac
3.2 Pericardiac masses (including pericardial mass)
4) Pericardial Disease
4.1 Pericardial effusion
4.2 Constrictive pericarditis
5) Valvular Heart Disease
5.1 Quantification of regurgitation
6) Congenital Heart Disease (CHD)
6.1 Assessment of shunt size
6.2 Occult atrial septal defect, Anomalous pulmonary venous return
6.3 Ebstein's anomaly
6.4 Pulmonary regurgitation
6.5 Surveillance post surgical collection of tetralogy of Fallot
6.6 Surveillance in congenital corrected transpaosition of great artery
7) Diseases of the Aorta and Great Vessels
7.1 Aortic aneurysm
7.2 Aortic dissection

7.3 Intramural hematoma

52
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MANUIN U
s el LAl L4 <
mmsﬁlums‘ﬂm@@n Eﬂ’ﬁﬂL‘ll'lN'ﬂ,uﬂ']iﬁﬂ‘]:I’]

meen 15 waasnisanuungiaslaaduiaeavialalalsudauviregasuniy  American
College of Cardiology/American Heart Association (ACC/AHA) 2002 Guideline Update for
Exercise Testing and for Management of Patients with Chronic Stable Angina RULUNAN

pretest probability of CAD mm’qqma‘, VA LASRINITLARAN [22-24]

T'ypical/Definite  Atypical/Probable  MNonanginal
Age (yrs) Gender ngi.m Pectoris  Angina Pectoris Chest Pain Asymptomatic
30-39 Men Intermediare Intermediare Low Very low
Women Intermediate Very low Very low Very low
40-49 Men High Intermediate Intermediate Low
Women Intermediare Low Very low Very low
50-59 Men High Intermediare Intermediare Low
Women Intermediate Intermediate Low Very low
60-69 Men High Intermediate Intermediate Low
Women High Intermediarte Intermediate Low

High : { pretest probability 1annqndasias 90

Intermediate : § pretest probability 831191958818z 10-90

Low : { pretest probability agiszndnsiasaz 5-10

Very Low : Y pretest probability HeENINFeuas 5
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Tnaazldanlan195EILAzIaMNN lUN1915UNN9A9IA MRI

WARNING: Certain implants, devices, or objects mav be hazardous to vou and/or may interfere with the

ME. procedurs (ie , MEI, ME angiography, functionz] MEI, ME spectroscopy). Do not enter the ME system room
or ME envivonment if you have any question or concain regarding an implant, device, or ebject. Consult the MEI
Techuologist or Radiclozizt BEFORE sntering the ME system room. The MR system magnet 13 ALWAYS on.
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O Yes
O7Yes
O Yes
O7Yes
OYes
OYes
OYes
O7Yes
O7Yes
O Yes
O7Yes
O Yes
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OYes
O7Yes
O Yes
O7Yes
OYes
O Yes
OYes
OYes

O Yes
O7Yes
O Yes

Ooo oooooooooooouooooonouoooonoooooonang

Nao
Ko
No
No
Nao
No
Nao
No
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No
Ko
Nao
No
Nao
Ko
Nao
No
No
No
Nao
Nao
Ko
No
Ko
No
No
Nao
No
Nao
No
Ko
No
No
Ko
Nao
Ko

Please indicate if you have any of the following:

Ansurysm clipds)

Cardiac pacemaker

Implanted cardioverter defibrillator (ICD)
Electronic implant or device
Magnetically-activated implant o1 device
Neurostimmlation sysem

Spinal cord stimulator

Internal electrodes or wires

Bone growih/bone fusion sinmlator
Cochlear, otologic, or other sar implant
Insulin or other infusion pump
Implanted drug infusion device

Any type of prosthesis (eve, penile, etc.)
Heart valve prosthesis

Evelid spring or wire

Artificial or prosthetic limb

Metallic stenr, filter, or eoil

Shunt {spinal or mtravenmiculary
Wascular access port and/or catheter
Badiation seeds or implants

Swan-Ganz of thermodimtion catheisr

Medication patch (Wicotine, Nimroglycerine)

Any metallic fragment or foreizn body
Wire mesh implant

Tissue expander (e g., breast)

Surgical staples, clips, or metallic sumres
Jomnt replacement (hip, knee, eic.)
Bone/joint pin, screw, nail, wire, plate, stc.
IUD, diaphragm, or pessary

Dentures of partial plates

Tattoo or pennanent makeup

Body plercing jewelry

Hearing aid

(Remove beffore entening MR system room)
(Orther implant

Please mark on the figureis) below
the location of any implant or metal
mside of or on your body.

PG LT LEFT LEFT RIGHT

A IMPORTANT INSTRUCTIONS

Breathing problem or motion disorder
Clan:mophcbia

Before entering the MR environment or MR system
roon, you must remove all metallic objects including
hearing aids, dentures, partial plates, kevs, beeper, cell
phone, eveglasses, hair pins, barrettes, jewelry, body
piercing jewelry, watch, safety pins, paperclips, money
clip, credit cards, bank cards, magnetic strip cards,
coins, pens, pocket Enife, nail clipper, tools, clothing
with metal fasteners, & clothing with metallic threads.

Please consult the MRI Technologist or Radiologist if
vou have any question or concern BEEFORE vou enter
the MR system room.

NOTE: You may be advised or required to wear earplugs or other hearing protection during

L the MR orocedure to prevent possible problems or hazards related to acoustic nojse

NN 17 duinasuuanItanf77e 9 nasdaiind lni17dn5unisnsa MRI
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IFyes, pleace describe
A Are o pregnant of suspect {1 1F1] Wl are pregrsnt?

If yes, please describe:

I. Hawevou had prior aggery o an operation (eg., arthroscopy, endoscopy, cic.) of any kind? Ao Ve
I ves, please indicate date and type of arpery : Dale / ! Type of argery

2 Hawveyou had an injury o the eve involving a metallic objact ¢e.a., metallic elivers, foreign body)? kel Ve

3. Havevou ever been igured by ametallic object or foreign body (eg., BB, bulls, stoapuel, etc)? Oko0 ¥

A Ma Ve

A

WARNING: Certain implante, devices, or chjects may be hazardous ta you in the ME environment or
ME syatem rowm. Do net enter the ME envirsrment or ME evetem room i you have any question of concgm
regarding an inplant, device, or object,

0 Yes
O Yes
0 Ves
OYes
O%es
£ Ves
O YVes
O%Yes
O%es
[ Ve
O YVes
Aves
% es
Y es
OYes

O Ve

O Mo
O Ma
O Ma
O Mo
O No
0 Mo
O Mo
O Mo
O No
0 Nao
O Na
[m I
A Na
M ™
O Ne

O Mo

Please indicate iFvou have any ef the Tollowing:

Aneurysm ¢ lipiz)

Cardiac pacermker

Implanted eardioverter defibrillater (ICL)
Electrenic implant or device
Memmetically-activated implant or device
menrestimmlation gystem

Spin] cord stinmilaloe

Cochlear implant or implanted hearing aid
[nesuling or indusion pag

Irmplanted] diog inflsion deviee

Any type of prosthesis o imp
Arificwl or prosthelic limls

Any metallic fragrmentar foreign hody
Any extermnal or intermal retallic object
Hearmg aid

(Remand Bofie datdrivg (e MR gM‘r--rJ 545 2 |
Cther implant

& IMPORTANT INSTRUCTIONS

Remoy e 2l metallic objects before entering the MR
environment or MR system room including hearing
aids, beeper, cell phone, keys, eveglasses, hair pins,
harreites, jewelry (dncluding body plercing jewery),
watch, safely plos, paperclips. money dip, credit
cards. bank cards, magnetic strip cards, coins, pens,
pocket knife, nall dipper, stecl-toed boots/'shoes, and
tonls, Loose metallic objects are especially prohibited
In the MR syslem room and ME environment.

Pleaze consult the MIRD Technologist or Radioloaist if
you have any question or concern BEFORE yon enter
Lhe ME sysLem reon.

ANA 18 wuLNafuLdnITanassedatazdaiinlun1sdnun1smaaa MR (5ia)

TOUR INFORMATION RESOURCE
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MARNUIN N

vanasauastayaglas

1. FalAganisias
AMNLNUEN TUN17R 99U N2 EUIAR AR 1A TATIUNTALAY Aaan T nAAuaETIawly
durunsnan Taaldanlalnianlua dnunliinn1nzndauiilaialagniaandansng

(Dipyridamole stress cardiovascular magnetic resonance imaging)

2. InguszaeAnINIsANEIIAY
= 1 o ¥ A o aa o ¥ dl
AnmauAniiugalunnInseanIN1zduaena ta lAlIuNTALAU ArenINARY
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Code of subject ......ooovviiiiiii
Gender (M/IF) ..o
AGE (YEAI) vt
BMI (KG/M?) v,

Diagnosis and indication for CAG

Previous history of Ml (YES/NO) ..o e e
Previous percutaneous coronary intervention (YES/NO) ...........oovviviiiiiiiiiiiiieiien e
If Yes [lLap lex  LIRcA L™
Residual stenosis (%) ......cocovevniiiieiien.
Baseline EKG
Previous MIBI (Yes/NO) ...........ocoooviiiiinin..
Date of MRIstudy ..o,
Date of CAG study ...,
Baseline serum creatinin (mg/dl) ....cco..........

Current drug regimen

Yes No

Beta-blocker

Non-dihydropyridine Calcium-channel blocker

Dihydropyridine Calcium-channel blocker

Nitrates

Caffeine derivative drug




Comorbid disease

Yes No

DM type 1 or type 2

Hypertension

Current smoking

Male > 45 or female > 55

Family history of coronary artery disease

CAG procedure

Complication



Comprehensive MRI findings
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MRI interpretation
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