BAFEM 2= Xl 9lo] Pulse Inversion
Harmonic 24 % AW ] 294 FAE
o] &3 ATZxH 2ESIFHAY YAH 84!
Tc-99m sestamibi SPECTS}S] v]l

AAhea e
o g
a4 71 %



DAEm 2= Z ko] o] Pulse Inversion
Harmonic G4 8 AW g 2GA| FoA &
o] 23} Az 2&3AAY 9AAH FE&A:
Te-99m sestamibi SPECTSFS] v] Al

o] =EE A4 FYEFoE AT

19994 129 o

A s
g I 3

A4 71 %



A7 B 44 T LTS

4494

4494

4494

AA Nz ek

19994 129



e 2

2 =

o] 4HEE otggle Wiz 878 FE

e

FFA A WA LA &of W} =, B o
Tol g 2Uo E&E R4 FUF @Y, of
3% 2597 2 PAE =PI ofed molX
A Zdgol AATA $RYF A5E, 22 A}

Fate ol 24, o}s FHoA o) =EL wFUL

A



FTE QOF  resrsectssentstsssnesnssinsnstatssisassnenssanssntstosesnansnssnessssnesnsannanaasnss 1
[. AJE  creverssmsemsssnnssssssninsssssiss s st senes s s aes 4
II. AE 2 HP  ccrrcssmsminnsnnes s s ssssasssasssesasses 8

1. QT TJAL  crevsrsssnssnnsnsssistnsnsnssnesssnessnsnnsnssanenssssesenenssanasesnnas 8
2. HFY]  sesnssscesssnissnnsniinnisnnissensanssnsensansanassanessus sisasnsnsassesnensnnssn 8
T, PESDA o A] werersersesesssssmarnsssesssssssssssssasnsasasasssacassansssasess 8

U, AZZ2 G AR ST} corrvererersstsssssmssssssssnssesssasasssssenss 9

e T 9

2. BAFE IR G drerrrsmnsnensnnsnasetssnssanesersasssisassnansnsnarsnes 11

O, GAFREE SJA]  covereersmmsssssssisessssssssisesssnasasnsssssses 1

IR DY ER RN I P O — 12

[ T} ceresersrsrssrersssssesssssnsntninsssasnssssasssssssssssssessssssssssasessssnenssses 13
1. THAFEAFY] BA]  coverresrrstncnsmssmssnssisimnssnossssnssessnssasssasascses 13
2. BAET GAE EA  crrsesressesssssssisnssasasssssssnsssssss s 14
3. A2 BEAM BAM s 14
4. BRI BA] cenrnniinieiieisneansssesaisiesansanaa 17

5. AM A AEE crererererrrrsssesesssnssssntsssessssssssssessssasssssessssaens 17

6. THAFZF AT YR Borrrrerererssnssnrsmsssarnsnesnssssssssasssesssssassssnss 18
IV, TLEF  ceereescscssesenssisesnastssssssnsssssssssssssssasasssssssasassessassasssarasanssas 19
V. ZE  crrrrriermisninisssinnsssssisnsessesssssaesssasessaesssasasnsssnarana 23
BT RS 24



Table 1. Baseline characteristics of the subjects sessessesreseseracseesnsses 13

Table 2. Accuracy of myocardial contrast echocardiography and Tc-99m

sestamibi SPECT in the diagnosis of coronary artery disease.

Table 3. Sensitivity and specificity of MCE in the diagnosis of coronary

artery disease according to the vascular territory.=sssssesereraess 15

Table 4. Sensitivity and specificity of Tc-99m sestamibi SPECT in the

diagnosis of cronary artery disease according to the vascular

terri LOry. seesssssesessesniecnantienaresseateracainasesssennsarasansasnases 15



Fig. 1. Principle of pulse inversion Detction. 7

Fig. 2. Schema for MCE acquisition which was performed on the same day as

Tc-99m sestamibi SPECT . ss*sessescaccncncsnsunssascescsnnasasasenassecevunncancac 10

Fig. 3. Observed agreement on the detection of coronary artery disease between

two modalities according to the vascular territory. =resessseesserase 16

Fig. 4. Observed agreement on the detection of reversibility of perfusion

defect between two modalities according to the vascular territory.
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Fig. 5. Observed agreement on the detection of coronary artery disease

between two modalities according to the myocardial segment. *e 17



Fig. 6. Observed agreement on the detection of reversibility of perfusion

defect between two modalities according to the vascular segment.

Fig. 7. Observed agreement on the detection of coronary artery disease

between two modalities according to the patient, sesesensssncees 18
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#A5Y PFF Ao 9lo] Pulse Inversion Harmonic F4F &
A ) YA FAE o] £ AT 29349 gAY

#84 : Tc-99m sestamibi SPECT $}¢] u]a

5HA4 AFAGL g4 AU g3 BFFR YAl FagozH VA
AeoA e A2 BFF AdHA Zie, BFRF S 278 W olE
HEs F7F A71A Edto] @Y. w2 HEY AFAEE Fdsied A
SEFSAL it FLF Frbgoly g9 ¥ E A=Y Fad W
T2 ALen. A BFE H/Mee YYo= a4 FY BHEQ thallium
201 °|4} Tc-99m sestamibi & ©]4-3 FH YL AF2AH 229 A2
ZAHmyocardial contrast echocardiography:MCE)7} it} AZ#FE H7ist
te FdA F ZAAbEe HdAT Ak Aojrt k. FHYL VRS

e AT BR B ol ATHL 2L Aot A2 AE A%

]

¥UE & vk 4229 4223 PAE 420 9 DFE 27]9) vlA]
AEE BHE ZYAE TG F AER U BF =t nAsEe) vl
o 4@ Ht 2e3Y 4AE o8] A2 TAERY A4S FA 42
BFE Arhote Wgoln. A2z A2 ENUAE WA} Hlgo] AA B0 3
Wol Mmy Busn P4 F 54 44 Frk A5 A dE 4o
RN FHe BN BEE 4 W] W) FALL BREA B} FT B

¥ & QXM (spatial distribution image) ol o] HAAF =7} Holvlm 2 BFHE



A2 249 371E AFs] JrtE 5 Us FHo] Aoy, nAr|EE &Y
9 U2 AA 9 oo} st dFo] Ao Y HZ e Fi4H
W2 &% BEAVAE &3 HAZIEY AFPE FY A7,
second harmonic imaging, intermittent triggering, pulse inversion harmonic
imaging 71 & MEL 7€ /L2 AVIZE A W FAL Fo2A @3
& FE & F A Jyd

B dFoME FEE FLE U4 8 FAA UFLE I B
46 39 FAE Y22 3o perfluorocarbon-exposed sonicated dextrose
albunin(PESDA) & A% W} A &3 HAH Fo FFE o8 229 x5
e A4AH FE4E Tc-9m-sestamibi single-photon emission computed
tomography(Tc-99m sestamibi SPECT) ¢} ¥j& 3}t BAFTY 2d¢ 23 ¥
AEH W7 g&o] 70%014 2 B-E v e #AFYH 5o A9
FAE W, AS2Y A2 RPN A AFE 70.7%, ol 95.8%, ¥
HAdEx 87.8%, S ASE 88.5% 2™, Tc-99m sestamibi SPECT & 2%
E LR 75.66, So)% 98.9%, YHAZE 96.8%, SH AZE 90.6%31c}.
BAEY 29ded HFEHY FF Azt ofd, BEEH BHFE ¥y
8t Tc-99m sestamibi SPECT o} ®l w3l g o), AA o3&t 46 35 F 3
AP RFOA #FEEE BA B9 168, F A 2FOA B4zl
22908 A ANEL 82.65(K=0.64) At A 138 A VFFH 99
(vascular territory) A4 & Y& o] 86.9%(K=0.63) 1o, 736 7§ A2 ¥
A ¥(myocardial segment) XX VT UXF o] 86.8%(K=0.55) Hct.

ol Ae BFFY HEAF T H2HAFAEE I3 A2z



3 2&HPATE PECTS £& AUAAES Holn §A18 94 §84
& ZEoe g BAFUYG. adY, AARIMY wAAZY 3,
basal lateral wall®] <3}@#”3(attenuvation)Fol 2 ¥ 9 F77t &
£ B sjolof @ AGoIn, AA PN BEEW A8 ATBF I
el BEHOE olgH] ANME DlAZEY Fol P, BE, FH o
A5 BAZEY AL 5 R AN A€ EARH acoustic pover,
gain control, dynamic rangeS ABE I ¥7) ¢ W) GE o B

< 477 98 A4,

A =He I FHAAM AR, A2F9 229 HA}, perfluorocarbon-

exposed sonicated dextrose albumin(PESDA), Tc-99m sestamibi SPECT



#ANsE &5 Addo] 29 Pulse Inversion Harmonic G4 2
A Y Z2GA FAE o] &% 222G 2S9AA 94F

484 : Tc-99m sestamibi SPECT ¢}¢] vl

<AE X @ 4 2F >
AAdistm st o sta
A 71 @&

I.A4 &

HEY AFAEL A2 EFET @R @ B2 FFH 27A0lY £
Yoz dsto LAY, ol BYFH A, F-d A H2EAF AW
T OE 9dd g7 BAY F ey, Y EE 492 Y% aYEH
o FAFHAGFoIH, ol A3 ol FH/Y WPl Fage=H JAZH
dA A2 BRZF ARAHA G428 sy, E94FY IV oFE W &
7ol HEs 7 HA XY meN EY AFAEE JAdstedy A2

d)

FHREFL v T2 Hrgoly XN&9 oFE AAd=d FaF ¥y
2 ZggchKaul ¥, 1996 ; Kaul %5, 1988).
A AZBFE5HA 71 €8 AHgE3 de UEL thallium-201 o]y Te-

99m sestamibi & ©°]& % FYLA FHF Aot} 2y, olE FYLYAE o



48 BFEAL 179 Fuje A Mol g FHR, u gD AZho] gol A8 ©
o 2 @AE FAYL: FIL2 Ak ) dEC FFYHIM HL 3
Zldle od8e Aol Ut BAFY 29&9 A¢: ASAHA WPez 94
o] man Hgo] gol £t FdA 3EA AFAF A Ao
2 HA}A ¥4,

HZ d7HI e TAHZIEE o8 A2 G 42 SHPAE 4-20um 9 o
Fe WA7IZE 7T 29AE AW U FAG F A2d @FHE HAY
Eo WALEo] 4@ HE 235k 4FE o]83td A2@FE Hrhee Y
o]th(Kaul, 1991: Wei &, 1997). A2x 9 A2 333 A E AL vlgol AA &
o o] HlmA st AAL F FA §UAF Hivt sbed A Ydx A
29 ojdY FEE FAH FEF F 7] WEA FHLL BHR2VRG F
+ ¥ gi(spatial distribution image) ol o] HF=7t Hojyez #
FHE A29 F99 271 38 H{HE £ g FEE HAx o
(Vernon %, 1997). & vAIZ|EE vlAEHE T4 o) JIA7HE P53
7] W& AZzd AxEAPAE A2 nAEd ERE HE ¢
t}. (Kaul and Force, 1993).

Z7]0 L PAZIES AUEVIE ol8% Ao, VX9 AANH A&
do] ol AH FAFUAA =AE FUANA 24AE FAdf st FEFH
A9=7t g2t dfol AHIto ¥, 1992 ; Villanueva 5, 1992). 1},
H2 2 /M 71ed 2o nArIEE AW U 59 ddk A2x9 A=
SFALE BT A2#HF |/t 7bed A Perfluorocarbon 3 22 &3

B3 G4ol e Fe TER JAE ol8ste] MAZIEY AT &4



£ 7 NJlE el AgEdeH, odd MEE Jdez dER vA
71ZE AYog o E© F dcEe SHAHM F443 gasd =9
F A Hol #3FH e HA WAZIEE FYdok = dFE SEIH
HAHPorter % Xie, 1995 ; Skyba %, 1996). UAZ|¥7} 2& o] =& H
W g3 $£5& B A5 oscillation) & YorE=d ojmf WA
XE PolEd 257 FHAFY wig Fo4E e MIHE % B =
Z W} A, ol g B2 wAbE o] Q& backscatter 2SHE FHE W
T “second harmonic imaging”?]| Y& 53] vlM7| X g & Fx AZ
& o83 vArIEe AF 4L HEHoR IS F UA =HAKSkyba F,
1996). HZolE AAZIZZ & o FA=E AL P T
258 FA S9(27 25-30 ARG HL AF2 25HE FASE FEHY
FARYE & AZAFI] FoAA Y] FHFVAWR 2ndHE E:=
intermittent triggered harmonic imaging ©] AZHi QUi Porter ¥ Xie,
1995 ; Wei %, 1997). ol ¥ez 3 WA, 5 WA AFFE7 vt} B &
Z7)d 2094 g doW WAVIE & 93 HAFHE AL AAF
€9 F A HAG. ASFH 2L 2FL 2L F43H9 23 Hlinear echo) S
WAL EA R 2 g oo o FH3 PF& wEst= vAr|EY F¢E dE T
¥ (non-linear echo) 9] %F3& WHAIET} Pulse inversion harmonic imaging
7L Fig 1. 3 Zo] S €8 2339 vHligs 249 2 S inverted
pulses)& YARAIL F tA Hujo] WALE 242h9] linear echo % non-linear
echo & #3te] linear echo ol & g AA FozA z2GA ) s FA

% harmonic image & A EHoZ AL 4 UA HUHVannan F, 1998).
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Fig. 1. Principle of pulse inversion detection.

AAAA JAF @A AR} o) wWANZE ol &F AI=2Y
A2 EHHALY FHHEAE o8 BF2WQ Tc-99m-sestamibi SPECT & 234
€ ¥2d d7E BX 9ot 2 dFoME 94 HEAE AFAEY Add A
o] perfluorocarbon-exposed sonicated dextrose albumin(PESDA) ¢] A< Wl
&2 A& %9 pulse inversion harmonic imaging 71§ ol & A2z 4

2237449 F84E Tc-99m-sestamibi SPECT & w|mLa} iz}t 3ot



I. Ax 2 4y

1. d7d%

19999 1 Y55 QA distn s 4FFHAE F5& F422 Ud
o g2 FoA gAFLE A B e} ojHd] FFHAHoE A
o e 83 46 & Ao 3. §4 ASBNFT B8 A2 6 )
4 o A2FNFY HHo] e FAE oA A3

R\

7}. PESDA = A

Per fluorocarbon( ¥ 2% 188 g/mol) 8 ml & 5% dextrose 12 ml, 5% human albumin
4 ml 9} FA7] oA & Ego] EFEAY. o] THEL 80 2 FL 25
#fl(electomechanical sonication ; Heat System Inc. LA, California, USA)
€ A&, 2SHEANFL A7IAATE 71AF AR §) 2 A8 H
o, 2L S 2 & Y(naximal output) 9] 25 + 3b(meant SD)7} HA =
Asto] AA 2LAEH ALFFL 1241 15W S Z1ANAA I ALHA 8 QA0
o] YA = 0.5~inch ZSHEH ¥ dAE B34 HLH7) wFo 2&3
3 % dHoM 9 A E 98 £ 11 Wer’ 7} AGET. o] oz s
PESDA £ 2 27|17+ 4.720.2pm, BF FE7F 1.3+ 0.1x 1¢ microbubbles/m!

2 ¢2#1x UK Porter 5, 1996).



Y. d229 A2 &334

A 2xJA(PESDA)E F43t7] A 434 H=(apical 4 chamber view), A3
3 W=(apical 3 chamber view), 4 %2 *x(apical 2 chamber view) 2 AZx&
SHALE Al ¥sta, A2)4 B4 (normal saline) 100cc ol PESDA 0.05cc/kg & 3
Hstel e Flee/min) AMTE A W Tdg N3P AU Wl =
GAZt AAAA FESA 83 2eatd AFF/ vplLD, 3 WA 43
F7] wtei(1:3), 283 5 WA ARF7] viok(1:5) L7 £57)d EH F
AH(triggered intermittent harmonic) B422 HAxFHAHALE A HsY. o]
o= A3 49, A 3HE, A4 2HEE 44 @] 422dAE F7
AR LT P9 2Y4FF A=E FFAUG. o F 4 F ZA
dipyridamole (0.56mg/kg) & A™ W FALE ©& 10 £ ool LT 32
A @o] 2952 A=E vudHdd. d2E33AE digital ultrasound
system(HDI-5000, ATL, Washington, USA) & ©|&8} 911, pulse inversion
harmonic imaging 7| §-& A}8-3tlch PESDA £ A 44L& 432 30Hz frame
rate 2 dlov PESDA ¢ Folt P 4-2 transducer £ 1.67 Mz & FAI314
3.3MHz(harmonic) & Zol FFE& T FANF & H-E gain & HFH
o2 23 F A KAHYS

o AZ28F 27(Tc-99m sestamibi SPECT)
ARt AZBF 20 A22g AxSH3H4A4% &L G FAd A

3} A cHFig. 2). Tc-99m-sestamibi 7 mCi & A9 FAIF £ 60-90 8 ¥ #F



271 Tc-99m sestamibi SPECT & A 331 A2 Y HxFHHAE A F3Ho
dipyridamole o A Ax&FHJ4E AUt Dipyridamol & 4 £l A A
A ) $3l3 dipyridamol A™W W T} €9 F 3 Bl Tc-99m-sestamibi
20-25nCi € AY W FASL 60-90 ¥ F dipyridamol ¥ 3} Tc-99m sestamibi
SPECT & Aj 3t A229 A2S0HAIE 4L J3dxg 2L A28
Ao ASHFE H7et7) 98A A A4 Y x(apical 4 chamber view), A H3
Wx(apical 3 chamber view), 432 W %(apical 2 chamber view) ¢ 713 &
A FAZZEUY(vertical long-axis view) I F3833F A (horizontal

long-axis view) & A2#FH 7} o]&3%id

Tc-99m sestamibi L.V. Dipyridamole 0.56-0.84 mg/kg L.V. for 4 min

Baseline PESDA MCE Dipyridamole stress PESDA MCE

Dipyridamole stress Tc-99m
sestamibi SPECT

Baseline Tc-99m sestamibi SPECT

Tc-99m sestamibi 1.V. 3 minutes after the dipyridamole

Fig. 2. Schema for MCE acquisition which was performed on the same day

as Tc-99m sestamibi SPECT .
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g @45 =9

A2z23 A2 S 3%33A9) Te-99m sestamibi SPECT & Al 3 F 48 AJZF oo &
e 29e€ A¥soq YT FARA9 FAAEE FAsGAG. B
FHEGE L Seldinger ‘Bl 25t dEHF Ao Aoz Y=AE FUT
F Judkins Yo 2 HSAFTHN HA=AE T3 o2 AAE F SN
o2 Zxzox PG A-con projector & ©]85 BAFAY WAEL
Caliper 2 S35 & FHAA M3 7718 FF B35 %9 A7 vx
3t A& AEE YREZ BASGT. BFFY W) 708 o) FolHE
o vl e @4 dFez s

o}, AR Y

39 #2A7) PESDA o) 93t pulse inversion harmonic image & A2 FF
FHFE AZY BFEAE AFE %l Fgley, FA4E 164 BEE U
o] ¥4 3%u Z $AE AAd = FAsPA, FIHHFY, 182 +B
AEW T 3709 BT 92 ERIAY. AREEL A2 2957
=7t dipyridamole & FALE7]  Ad:s AYBVF 42AE Ry
dipyridamole FA} ¥ @7 EEE Y F$, ET dipyridamole & FA}317) A
FEH #5248 2 F92 A 74 #EAE 4§49 98H 3R,
Tc-99m sestamibi SPECT 12]x @3 F A2 Pds 2AFHE Z2& FHdA H71 3t
ATt Tc-99m sestamibi SPECT 2 ¥& F4 £ 3 39 #AAZ dtofg It
SHAl 8t3, JA A2z AxSHFA € #YFUzde AR 224 &

Ao, A229 AxS973A19) Te-99m sestamibi SPECT oA Al #FH AL

1



o AS AIZY WHAEIL dipyridamole & FAE7] Aol B3N
dipyridamole A} Fofl A ¥ 3¢ 7193 FFAE2=2, dipyridamole FA}
AFo 22 A= Fad BY ¥793 BFAELE AU ol &
Az Aol vE ¢ g9 A3 25 A

vt 2FEY 2 FAAY

BHEAZEEE AP 3D AFFFG0% ) 4229 4259
Artel A7 A2y 24 4 FFE vasd 4229 AP 34
T 3T A YoM Y U ok, FPAZEY SHASEE T
3FATh. Tc-99m sestamibi SPECT 2 #&d #F Zd+x T Wloz 43
Aok 2 BAA, 2 I BFFAAAY FF FF dFEHE A
ded 5T AAEYe Ae dXE(concordance) & F3IIT. a8l FFEE
g BA AY, 4 BRAETA 7M1 di® F AxEe AddAES T
8ot Aet YA &L Kappa statistics & AH-83}9ch. . (Kramer ¥ Feinstein,

1981)
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1. g &xpe 54

e B2 2F 469 olden, I F 29(63%) H o] @A, 17(37%) F o] o
AL, AdHL HF 642 MG U B2 F I ASF4F #AE @
AeH, EAAY dAdFol 15 H(33%), AAFA HAZF o] 31 H(678) ol
g 82 EFolx A2z 2353 AM9E Te-99m sestamibi SPECT Al ¥
48 A kol #FFH Q=< A Y sgled, B3 =Y AF 4
3 oAy B 2740 22 7.8 22 M Bt ddEREY ¢
43 &AL Table 1 3} 7).

Table 1. Baseline characteristics of the subjectives.

Age(yr) 64 + 8
Male 29(63%)
Stable angina 31(67%)
Unstable angina 15(33%)
Left ventricular ejection fraction(%) 62 = 20
Risk factors

Diabetes 18(38%)

Hypertension 23(50%)

Smoking 26(56%)
Coronary angiography

1VD 12(26.0%)

2 VD 7(15.2%)

3 VD . 5(10.8%)

Near normal/Minimal disease 22(47.8%)

13



2. #3EY I9¢ £4

BIEAZ e AF70%01F ¥ e FIAE B IA9E WA 138 A
9 F A ANG. AS2F 2ERPAM BFAEE B Aol 29 71,
Aol 93 AR NAT 70.7%, Folk 95.8%R2H, I dAE=e &4 9
&z 742} 87.8%9} 88.5% %t Tc-99m sestamibi SPECT & ZA-$+= #Fd

&€ B #AFY 4go] 31 /M, FAEol 96 N2 L= 75.6%, FBolx

(=}

8.9 oH, ¥ dSEs} I dSET 47 96.8% 9 90.6% AH(Table
2). A2Zx9 AZ2IHAAY 4 AFEY d9dA Y AR Hol=x
2zt #HA3YPF PN 71.4% 2 92.0%, FH3HFHA 70.099 97.2%, ¢
BAF oA 70%9) 97.2%9 % 3(Table 3), Tc-99m sestamibi SPECT oM & 2
A3t F WA 80.0%< 100%, =3 HF A 70.00t 1005, ¢HFF Dl
A 72.7%9F 94.2%AtHTable 4). AZ2 Y A2 LA} Tc-99m sestamibi
SPECT 7 At EFdA #FZEE HQ F¢71 23 A, Zdol 97 Y
02N AT Y& 86.9%AUHk=0.63)(Fig3). BFAEL BA 237 3
A4F F A 254 7193 3REEE EA A9t 3N, F AL
W EFA 8793 @RE&EE 2 F$UM8 RN AGYAES

91.3%(K = 0.82) %tkFig 4).
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Table 2. Accuracy of myocardial contrast echocardiography and Tc-99mestamibi SPECT

in the diagnosis of coronary artery disease.

Sensitivity Specificity PPV NPV
MCE 29/41(70.7%) 93/97(95.8%) 29/33(87.8%) 93/105(88.5%)
SPECT 31/41(75.6%) 96/97(98.9%) 31/32(96.8%) 96/106(90.6%)

PPV. positive predictive value
NPV. negative predictive value

Table 3. Sensitivity and specificity of MCE in the diagnosis of coronary artery

disease according to the vascular territory.

LAD LCA RCA
Sensitivity 15/21(71.4%) 7/10(70.0%) 7/10(70.0%)
Specificity 23/25(92.0%) 35/36(97.2%) 35/36(97.2%)

LAD: left anterior descending artery,
LCA: left circumflex artery
RCA: right coronary artery

Table 4. Sensitivity and specificity of Tc-99mestamibi SPECT in the diagnosis

of coronary artery disease according to the vascular territory.

LAD LCA RCA
Sensitivity 16/20(80.0%) 7/10(70.0%) 8/11(72.7%)
Specificity 26/26(100%) 24/24(100%) 33/35(94.2%)

15



Tc-99m sestamibi SPECT

Defect Normal Total
Defect 23 10 33
MCE Normal 8 97 105
Total 31 107 138
Concordance : 86.9% , x : 0.63
Fig 3. Observed agreement on the detection of coronary artery disease between

two modalities according to the vascular territory.x: The index of choice
for measurement of observed agreement in nominal or existential scale which

corrects for agreement expected by chance.

MCE

Tc-99m sestamibi SPECT

Reversible Fixed Total
Reversible 13 0 13
Fixed 2 8 10
Total 15 8 23

Concordance : 91.3% , x :@ 0.82

Fig. 4 Observed agreement on the detection of reversibility of perfusion defect

between two modalities according to the vascular territory.

16



Aoxd Az A #72dES B

o,

BAEEe 7364 ASEE F
ol A 149 WL, Tc-99m sestamibi SPECT ¢ A+ 1127 gow, = A
AP BN ARAEE B A7 8270 -, o] 557 EERA
T AR A dAES 86.8%RTHK = 0.55)(Fig. 7). #HFAES Bl
8270 £AF F A BTN 7194 #FAES B AU 484, F
A EFoA v7t9 A ARZEE B B9 28724 7Mooy

&

3 AU X &2 92.7%(K = 0.84)h(Fig. 8). Fig. 5 & BAHH

i

Hel

A2 A dipyridamole FAF ¥ 1:1, 1:3, 1:5 triggered harmonic imaging
A4 HA o 29 F4°) JaA= A& £ F Aok, Fig. 6 A5
Aol F&o] v ARA dipyridamole FAF F AT} HAFANA

FAES Boln glom, Tc-99m sestamibi SPECT Ao} AX3HE Ho

e

o}

M

1:1 1:3 1:5

Fig. 5. An example of normal perfusion at the four—chamber view after
dipyridamole infusion. Myocardial enhancement increases according to the

incremental end-systolic triggering imaging(1l:1, 1:3, 1:5).
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Best Dipyridasole stress

Fig. 6. Note newly developed perfusion defects at the territory of the left
anterior descending artery after dipyridamole infusion(middle) compared
to the rest image(left). Simultaneous Tc—99m sestamibi SPECT showed apical

and septal perfusion defects that were identical with MCE.

4. A B

A

A2z AxSI7AS} Te-99m sestamibi SPECT F #HAF 5% #AFZA

1

2 Bl e 169, F AA BF 3200109 B2t 24oz T 3

AP 9] A AXFL 82.6%90F. (K = 0.64)(Fig. 9).

BAEY 29E A% BESH WP BHol 1084 BHE v gl
wyEY WHFoz Aol U W, AR YRS AS ug

= 70.7%, Eol% 95.8%, FCSE 87.8%, 54 ASE 88.5%% 2™, Tc-99m

sestamibi SPECT & A$+ W% 75.6%, Eo0]% 98.9%, YA =X 96.8%,

o

dd

I

&= 90.6%

fats

.
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6. BEA7F A9 YXE(interobserver concordance)
AeZd 429349 gREASES A o] AGYAEL BAFH o
AE THCNA 97.8%, AT EHE BAA 97.6%, 18T Z §AE £4

oA 92.6% Y}

Tc-99m sestamibi SPECT
Defect Normal Total
Defect 82 67 149
MCE Normal 30 557 587
Total 112 624 736

Concordance: 86.8%, «: 0.55
Fig. 7. Observed agreement on the detection of coronary artery disease

between two modalities according to the myocardial segment.
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Tc-99m sestamibi SPECT

Reversible Fixed Total
Reversible 48 0 48
Fixed 6 28 34
MCE
Total 54 28 82

Concordance : 92.7% , x : 0.84

Fig. 8. Observed agreement on the detection of reversibility of perfusion defect

between two modalities according to the vascular segment.

Tc-99m sestamibi SPECT

Defect Normal Total
Defect i6 4 20
MCE Normal 4 22 26
Total 20 26 46

Concordance: 82.6%, «x: 0.64
Fig. 9. Observed agreement on the detection of coronary artery disease

between two modalities according to the patient.
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v, 1 &

A2xd AZSHIAE WA FHYLE o8 Te-%m  sestamibi
SPECTE A< BHFZFE Frlgvde FdAde fAEAS 2 71 g3
o] lv}. WA, PESDASH Z2 vl M7 X9 Tc-99m sestamibi 22 FH Y4 ¥
AzRE A28 £2E 427 20, 4229 2S04 AHEHE
tAZIZEE B Wollgk X3 Axdoly A2HAX Y=E oF3A &
EtHkeller &, 1989). =7 PESDAE E# oA P79l T UstA 3%
322 A9 vAEEe B4 + JoH, nAERrFY A4S W
% 3cHKaul and Force, 1993). Tc-99mSestamibits FHJH=Z atHH Az
o] FFo vt AT XYL 3o HEY 9 vEZ=go}
o %= i(Dahlberg X Leppo, 1994) A2 Azt 244 orlr)sg
doth. ety v AZEE o83 A2 Y 2SHAAAAME vAER =€
3t VAZIEY 4& SAEA T, Tc-99m sestamibi SPECTE A& A28 €2
e 4% Ido. E TE zole F FAPYHY FAEA 71 ot Te-
99m sestamibi SPECT9] ¢ F3Itsi4=(spatial resolution)7} Ho} FHAA
g FA7 gAY 571 H4A 3 25Nt Ud& A 8FE
&o] 354 YeldrKParodi 5, 1984). AAZ FHAL HEF ool gl
SN 229 2SN BFEEE B 9ol SPECTe AT U
&0l A E1d o7t AckMarwick 5, 1998). F HAIY BF oA

Yl g7 A Fd(false defect) 7t AL + Aed 2 AU YAA =
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o7t Atk FHEA: 2L F2 AP ARz A A% HFH oA
(DePuey ¥ Gracia, 1989), A2z 4 Az &H3AAE EHAE gain, &
ol A& wA7|X9 #H3, 7]A 4dF F(basal septum), 7]1AH SFEH
(basal lateral segment) Z¥]al 7]A 3% H(basal inferior wall)olA ¢
A Mo 279 wldy 2olg A% *FHAH(attenuation) 5ol 23
S @¥HBach F, 1995). ©j & F HARY Aloje] 2EAQ oo o
A Mz e 238 2Y 5 Ut

A | vlAZNE FAF AYF A2 G2 S e} Te-99m sestamibi
SPECTe] 9%t HIWRH H7t dRE Hag d7< o1 ®ol Lu HA
stk 4199 @A WAZIZE BAFTH W FA F AYPE A2
2 THALANA £ Tc-99m sestamibi SPECTSbe] AatdX o] 8248 B W
H(Meza T, 1996), UIHI71X9 AW W) FAF AYF HI2J2 &P
¢} Tc-99m sestamibi SPECTS] G UAE&L F HAY 2ZF o¥¢2A 4 9
556, 5 FAY wf83% zu HA IDLAE 66%=E WA EuEHIT
(Marwick 5, 1998). & Th& BHIEXNE AZHF Jd9) YX& 0| 69%,
80%, 92% T TH¥E EAI}E Holn UrHKaul 5, 1997; Nagueh &, 1997 ;
Vernon %, 1997).

ojFA VEYXEo] M2 TE ofEE A JdFT F AL WETY
CTEAHY zolet AEAL gy, HEEAY £, B FYel B ©
d AF71BNA Y A7 EFe g AP 2§ multicenter study 9
apo] & AL T & Aoy, o}ARA HAHI}A] R A22Y 23943
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ALl B 7HR e BAEE 49e2 § £ Y. ASuFFHE Ht
87 A9 A2 29373E 27 AMNE AEY ¥ AWY v=9
UA7IEE FAoF 3k, FFe L @7 AMAE dxL90)AY
A A3 ZF(control of machine settings ; power, gain, frame rate)o] ¥
g3ttt a2y d43EH1 e WS A2 (Becher 5, 1997) o}A7AA &
Ad 7]#0] UL NE P& WL AHE3) "E Az & FFdE B
i Sl L=

E dFdA AREL mAZIX(PESDA Y AN W N&F HAAR FAg
pulse inversion harmonic imaging 7I'§& ©|8% 4224 2EAPAE §
d Bn o 4 AI28F G4 oY, BT 29ed Ve
319S o AT oA Tc-99m sestamibi SPECTS} ¥l & AAE B AL, 4

29 #FAE 95 L 7194 HrlolAE Tc-99m sestamibi SPECT S H&

)
L

YA ES 2. @WEbA pulse inversion harmonic imaging7]§2 A
T8F H7td o] E&ol He, o€ T AW | 2FA Fodd %
AZHF Bt e de B 284, Te-99m sestamibi SPECTE& 71&
2 O3S W A2 AxSHAMNE B T AZ BEAAN ASEE
o g 5= 55%E Bkt AFHE EA 67 AS B £2XE
B9 37.607F AAFHoH, 24.7%7F A F4, 19.4%7F AFEARA F
HetsA] FHQollA ggew, AFFAM vA7IES] v}3(apical bubble
destruction) ¢} 7|3 HAFF, 7|4 ASEHNA Y 4FEY & A3
FAGez AT 2 9 & A7 Ak ez AI2uFEEE W



3t peak intensity ratio XX acoustic densitometry® FFHH W
(quantitative analysis)€ AMHE81X] @ £<A<Q W(visual analysis)
€ A AL A ¢ F doy, oY AHH WP Aol ga
PHo2 AA QFolM AHEE7olE of2gol Ui, Nagueh T ATl
A BRRe] AFAQA BT 4AQA WAtole] A= 89% 9} 89%, &
T 57%%} 51924 F§ Atole UUTHNagueh F, 1997).

A Ax A9 BFHI Aol FHLA 2A(SPECT) o) 7+ A &sjck
I B3 3 JAHKaul F, 1996), FHLLEN JA] ASEE B 5
A7 W, obd ojw Wilo] AZUFHE Y B WYse A & F
vk o8 EAFOE BTy B A7 ASEF #Hutd do wAnE
o A W) Foo] g W22 Y 2SHHAY 4L B



£ d7dA AREL PAZIZ(PESDAY AW Ul A&H HFY FAS
pulse inversion harmonic imaging 71 & °|8 & 422 Y X &RHAIE §
3 2o o U4 A28F 94E deH, Az AW 4 FoE o
48 4229 25034 E B8 A28F JU HsEe 2od .2 E
W 29eg 7€ 3L W FFT oA Tc-99m sestamibi SPECT ¢} H
& ZAIAE EAL, A2Y #FEE A3 2 7194 UMM E Te-99m
sestamibi SPECT ¢ ¥ I dANEL Bt 22 2SS g% 4
R oM 9 vH 71X w(apical bubble destruction) & AAFHH 9
SEAHAM Y F3 @ (attenuation) o 7 A2 Y A2 oA e AY
4L dA3 AR A HU

OJAZA BEFHAES] GFE 531 X8E AT WY FH
Y4E o8 AZURLU FE oJ8HY fo. Y, dIHREA
o g A2xdzxE0AAE AR HlEo] HA Ex Hay ddd
WOz QM T sbestn, HdAFFI]s B7t § A delA FHE v
A1 e AArRA £ 47 ZAFdA e Zo] AZdR2VH} I A&
ol ¥tk Iy G kAL Arbol =7 AR §F A FH
o8 71EAd EAFEN T B A7V A=k A,
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Abstract

Assessment of myocardial perfusion in humans using stress
intravenous PESDA myocardial contrast echocardiography and Pulse
Inversion Harmonic Imaging: A Comparison study with MIBI SPECT

Ki Hwan Kwon

Department of Medicine
The Graduate School, Yonsel University

(Directed by Professor Namsik Chung)

Objective: The object of this study was to assess the accuracy
of dipyridamole stress intravenous(IV) PESDA myocardial contrast
echocardiography(MCE) using Pulse Inversion Harmonic imaging in
the detection of perfusion defect in patients with coronary artery
disease in comparison with dipyridamole stress Tc-99m sestaMIBI
SPECT.

Methods: Total 46 patients (29 males, mean age 64 years old, 1
vessel disease: 12 patients, 2 vessel disease: 7 patients, 3
vessel disease: 5 patients, near normal coronary artery: 22
patients) were consecutively enrolled. Patients with prior

myocardial infarction were excluded. MCE and Tc~99m sestamibi
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SPECT were performed at the same day during rest and after 0.56
or 0.84mg/Kg DP infusion. Continuous IV infusion of PESDA(2-5
mL/min) was administered while obtaining triggered (1:1, 1:3,
1:5) end-systolic apical 2 and 4 chamber and long axis views.
Tc~99m sestamibi was injected 3 minutes after dipyridamole.
Tc~99m sestamibi SPECT images were obtained one hour later.
Coronary angiography was followed one or two days later in all
patients. Tc-99m sestamibi SPECT images were matched to the
sixteen segments of left ventricle according to ASE for segmental
comparison. Both images were analyzed visually.

Results: Using coronary angiography as the standard, MCE had an
overall sensitivity of 70.7% and a specificity of 95.8%, positive
predictive value (PPV): 87.8%, negative predictive value (NPV):
88.5%) for the detection of coronary atherosclerosis(>70%
stenosis). Tc~99m sestamibi SPECT showed a sensitivity of 75.6%
and a specificity of 98.9%(PPV: 96.8%, NPV: 90.6%). The overall
concordance rate between MCE and Tc-99m sestamibi SPECT for the
detection of perfusion defects was 86.9% ( Cohen’s kappa value
0.63) according to coronary territory and 86.8% (Cohen’s kappa
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value 0.55) according to segmental analysis.

Conclusion: Dipyridamole stress IV PESDA MCE using Pulse
Inversion Harmonic Imaging is comparable to Tc-99m sestamibi
SPECT in identifying significant coronary stenosis and inducible
myocardial ischemia in patients with coronary artery disease. MCE

is a promising modality for assessing myocardial perfusion in the patient

with suspected coronary artery disease.

Key Words: coronary artery disease, myocardial contrast echocardiography,

PESDA, Tc-99m sestamibi SPECT, pulse inversion harmonic imaging
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