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Abstract

The clinical feasibility and usefulness of adenosine triphosphate-2Na (ATP) stress echocardiography for
the detection of coronary artery disease (CAD)were assessed. Two-dimensional echocardiography and
thallium-201 single photon emission computed tomography (SPECT) during ATP infusion were performed
simultaneously in 58 consecutive patients (41 men and 17 women; mean age 66 + 12 years) with suspect-
ed CAD. ATP was infused intravenously at 0.16 mg/kg/min for 5 min and thallium was injected at 4 min.
All patients underwent coronary angiography within 2 weeks of ATP echocardiography and ATP SPECT.

An ischemic response during ATP infusion was detected by echocardiography as the development or
worsening of a wall motion abnormality compared with the baseline and by SPECT as a perfusion defect
that filled totally or partially during redistribution. Significant coronary artery stenosis was defined as >
75% diameter stenosis in a major epicardial vessel. The severity of the stenosis was classified as follows: Group
A, lesions with significant coronary artery stenosis (= 75%, < 90%) ; Group B, lesions with severe coro-
nary artery stenosis (=>90%) without collateral circulation; Group C, lesions with severe coronary artery
stenosis (= 90%) with collateral circulation.

Significant CAD was present in 43 of 58 patients. The overall sensitivity, specificity and accuracy of
ATP echocardiography for detecting significant CAD were 70%, 100% and 78%, respectively, and those
of ATP SPECT were 98%, 87% and 95%, respectively. In patients without previous myocardial infarction,
the sensitivity of ATP echocardiography was 67%. The sensitivity of ATP echocardiography and ATP
SPECT for detecting myocardial ischemia were 59% and 95% in patients with 1-vessel disease, 75% and
100% in those with 2-vessel disease, and 88% and 100% in those with 3-vessel disease, respectively. The
induction of wall motion abnormality by ATP echocardiography was highly concordant with ATP SPECT
imaging in patients with multivessel disease. Although the sensitivity of ATP echocardiography improved
in patients with multivessel disease more than in those with single-vessel disease, detection of all diseased
vessels was achieved in only 10% of patients with multivessel disease. The sensitivity of ATP echocardio-
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graphy and ATP SPECT for detecting myocardial ischemia in individual vessels were : right coronary
artery, 58% and 74%; left anterior descending artery, 59% and 97%; left circumflex artery, 27% and 68%.
ATP-induced transient perfusion defects were associated with transient wall motion abnormality in only
57% of segments. The sensitivity of ATP echocardiography and ATP SPECT for detecting myocardial
ischemia in patients with severe coronary stenosis were: Group A, 32% and 66%; Group B, 60% and
93%; Group C, 80% and 95%. The sensitivity of ATP echocardiography was significantly higher in the
lesions with collateral circulation than in those without collateral circulation.

ATP stress echocardiography is useful for detecting myocardial ischemia in patients with multivessel
disease and in patients with severe coronary artery stenosis (> 90%) . In particular, transient wall motion

abnormality tends to be detected in the segments perfused by collateral circulation.
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H Coronary artery disease

Selected abbreviations and acronyms

ATP = adenosine triphosphate-2Na
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ATP infusion (0.16mg/kg/min)

1 | AL
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Baseline ECHO SPECT SPECT

ECHO (Early) (Delayed)
ECG,HR,BP (1-min intervals)

Fig.1 Adenosine triphosphate (ATP)infusion protocol
ECHO = echocardiography ; SPECT = single photon
emission computed tomography ; iv = intravenous
infusion; HR = heart rate; BP = blood pressure.

TURERTREE 2 7o, BRRNCETR ORI % fo8k L
7otk, BMRABEZR»OBWRTISNHE CIINBE
Y BEELS®TETF T — FITERTSHFL, 71
¥ VEREITSEE (Tomtec B, EH) % A\ CEEER)
HEEITo 7.

BIOEEIIATPEMFICBIT A5/ 2 BEEE
FOHE, »5VIEEICED 5TV EERREH
AEPBELHEL, ThZFhEMEELD ) L ¥
FE L7z, B, BMHEEbERLERL ) BEEE
IREHEELS, BICHT L -EBIREZHR % gold
standard & LT, Thé&xflb L7z, %8B, BIFRTICEE
EE)IH 2L (akinesis), ZFSEAEBEEB) (dyskinesis) DI
&, ZOHE»SBRIL .

4. ATPERTIVEY > FT57 1 —

TI.0EF S ~F 25 7 14 —id single photon emission
computed tomography (SPECT) Z & % f##T % 1T - 7-.
ATPETHET 55t (AME) & 4% (BB I,
KPRBHTE, EEME, FEMEIC X 5 SPECTE
(YA
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HB5VIEIAELEBFSME RO HE X BMEELD
LHEL, L a—RERKKIC, ZOEE»OEE
TEEIR % HEE L', RICHAT L2 SBIRERHT R &5t
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5. BEiRER

TEBIIRE RARET 1L ATP B 7 S BR 7% 2 B ) LA AT
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B ROBITIZATPER LI —XNB L U ATPERTI
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FEREIREEORE LABIMTHROFEICL
D, AB: BREET% UL, 90%KFBNRE, BEE: 1%
REBE90% LL L D IRZE CRIBIMATEE O 2 VWRE, CE:
RBMATEE & F 3 HIRABEE 0% LL EDIRED 3F IS
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YFTTTA—DFREEHTHEL .
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PIET L7248, EETidAR 4 o7z, Double product
138.1 £2.3 X10°2*5 10.0 = 2.4 X 10>mmHg - beat/
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BEE70y 7 IZEEL, 280#ICIED EEILL.
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2. BEIRERATR

S8BITHEBIRERE R RO 2DIF 436 (B3RO 18
B, LEAEZE25H) T, &Y 158109 B 761X 50% LA
TTEEEEDOLZVD D, SFIXEERTEIRTH - 7.
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Table1 Comparison of sensitivity, specificity and accu-
racy of ATP ECHO and ATP SPECT in
patients with significant coronary artery
stenosis (>75%)

Sensitivity
ATPECHO 70%(30/43) 100%(15/15) 78%(45/58)
ATP SPECT 98%(42/43)  87%(13/15) 95%(55/58)

Specificity Accuracy

Abbreviations as in Fig. 1.

Table 2 Sensitivity for detection of myocardial ische-
mia in a number of diseased vessels

ATP ECHO ATP SPECT
1-VD (n=22) 59% 95%
2-VD(n=12) 75% 100%
3-VD(n=9) 88% 100%

1-VD=npatients with 1-vessel disease; 2-VD=patients with
2-vessel disease; 3-VD=patients with 3-vessel disease. Other
abbreviations as in Fig. 1.

BHIBIT B BRERERBOARIE, —HRE226,
THERERA, ZBREIBITH o /2. TEIIREAL
BIORERRIE, GEBIR19%E, AR TTK32%
7%, EREMK2FE, SHBRETH- 2. T3RED
EEENSETIX, ABISHKE, BEISHE, CH
0REELE o7,

3. ATPEH DI I-BEESLATP TILEFY >~
FIT 71—l & 3 BERREREDZHREE

TEBIIRE BT R % gold standard & L 72354, ATPE
HICX ABEBRFERHEOKE, FERE, EHRE?Z
Table 1/27”"F. ATPEAM-OT I —REDRKEIL70%
(30/4380) T, LEHIEEFEBRVHEOKEIL67%
(12/18%)) TH o 7-.

BEFRERHBIORKE % Table 21RT. BERE
BRI, T T —BIEIC & 208 B ik
DEEEIMEL. —F, TLLHY Y F57I57 4 —
(SPECT) TR 2 DB I L% L, wFhitBwnT
LBVWREERLE., L2L, 2HUELOSERERY
BT 5210109 bRETHRETEREHRZLD
&, LT a—XiE10%(2/21%1), SPECT 48%(10/21
B)THY, FICHEBFORBEI 2D L VIE3ED )
LWTRD 1O ADKRETH > 7z,

AEREICBIT 5 EZEEIRG O BEEE % Table 31277

Table 3 Sensitivity for detection of myocardial ische-
mia in individual vessels

ATP ECHO ATP SPECT
RCA 58%(11/19) 74%(14/19)
LAD 59%(19/32) 97%(31/32)
LCX 27%( 6/22) 68%(15/22)

There were 58 patients with 73 lesions.

LAD=Ileft anterior descending artery ; LCX=left circumflex
artery ; RCA =right coronary artery. Other abbreviations as in
Fig. 1.
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ATP ECHO

ATP SPECT

Fig. 2 Bar graph showing the sensitivity of ATP
ECHO and ATP SPECT for detection of
myocardial ischemia in patients with severe
coronary stenosis
Group A: lesions with significant coronary artery
stenosis (= 75%, < 90%), Group B : lesions with
severe coronary artery stenosis (> 90%) without col-
lateral circulation, Group C: lesions with severe coro-
nary artery stenosis (> 90%) with collateral circula-
tion(*p < 0.01, **p < 0.001).

Abbreviations as in Fig. 1.

T, LT a—BET, AR - AR TITRREICHE

LTI 6EIRETRETH o 720 Ixt L, ZEEFER
REDOKRIBIIIENC LMol T, ERMTI
BREORBIZ, Oz a—XiE(59%) I2~, SPECT
(97%) BEN T 7z,

WEEIC L HEEENOKE % Fig. 21277, LT
O —RETE, REEFEERIICEBRFEREO
BEERMEL, CEROREIIABEB L UBHICHY,
FNEFNEE (p<0.001, AR vs CE; p<0.01, BEvs
CE)IZE D o7z, SPECTTIX, CEOBREIIAEIC
HREE (p<0.01) 2@ E L2, HEmTEEOFE
Wk BEERFRE ol LI —-REIZBWTIE,
Fr I RIBIMATEE (S & o CTHETE S M- FHIRIC— B DBE
EHEEFHIE LT, SPECTIC X % EBMHEE(L
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Baseline

ATP
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Systole

Fig. 3 ATP stress echocardiogram (apical 2-chamber view)in a patient with angina pectoris
Wall motion abnormality during ATP occurs in the inferior wall (arrows)compared with the baseline.
Subsequent coronary angiography showed 99% diameter stenosis of the RCA with good collateral flow

from the LAD.
Abbreviations as in Fig. 1, Table 3.

EBFE Lz,

%#3, SPECT CREIML & H % L 728, LT3 —
BIETH — @B OBERRE 2RO b0, Thabb
SPECT & /0L I — [RIEIC & % I PEZ b o) fE s 45—
HL7=DIZ60THED D £ 349[% (57%) TH Y, 1D
2622 B\ T SPECT T ML 40 AF B % 3R 7212
SH2boT, Lxa—RETIIAMNEICEER) R
EIRS R oT2.

4. FEGIER

FEBIX 655%, B, ATPEM LTI —HETIE,
B E— 7 BEICTBER X OREEIC— B O BEEBH LT
z#® (Fig. 3), [FFEICHEIT L72SPECTTH, ZDH
WAZ— L TR 2 78 L7z (Fig. 4). AR FATA4H
BAZIE, WmikE b ISR E D b o7z, Wil
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ATPIZARMICHE S S 7234, adenosine ™ & &
RIS N, FIRWICERS L6, ATPIERE
DL 108 LU & b TR BRI 0 48 W 36 &
SNTWBTY  ATPDIMEIRIEH I, Zr_HnE
Y)Td % adenosine APl 7V VEZEEKENTH I D
&, ATPEEP2 7)) V2B EKENT 5200168
RIS T2 Z 2 X 0 @EIIRMENR L~y
DIMEHIERT 555, b LEBIIREZESELET S &,
AE R G & AR A2 SRS & IR LT 50 AR D AN A U
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Early

Short-axis

Vertical
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0, FEARMIZIZ dipyridamole DA & [F LT & & 2
LbNTwa,

1. ATPOEFRKREE
ATPEMOHSRICH LT, FICHELSNzd
DIF% L, EFEFESGEICHLTCOmEOTPNLEL LD
ATHh5. ATPER LTI —[XETIZ0.14—0.28mg/
kg/min O [H THiH#E 3 % HER, 0.14 $7:130.16mg/
kg/min TS5 755§ 5 HER EVPHES N TV S,
Y, KT56%, K913, ATPAWTILHY ¥ F
757 4 —DWEIZHBWT, ATP0.16mg/kg/min T5
SR SR B R B L RO I B\ TR
THAHILEHRELTEY, ARG INITED ZFER
DHETRT T 72,

2. ATPEROMITENREICRITTFE L RIEA
ATP DI EILRMEM & L CIENDEZ T DT 5
THo725, LHEEAERICHEmMLZ. ZhdEICm
ERRERNC & A MEOBEIRICE 2 b DEEZ LR
%. L2 L, double product & L CIZ¥mML 7225, —
M DEBEMT IS RO TRETH o 72,
ATPEMIZX AEIERIZZ T TOMES W L ITIT

Delayed

Fig. 4 Initial and delayed ATP
thallium SPECT images
of the same patient in
Fig. 3
Perfusion defects are initial-
ly seen in the inferior wall
(arrows) with filling at 4
hours after thallium injec-
tion.

Abbreviations as in Fig. 1.

FEEE T, BAEALE (24%) &b Eh o7z Lol
IEDEOEZ 7y 7 0B 6H (10%) &, Th
FTOHREIHUREBEETH-72. Z0H) BL3FITIE
WENRSTIZEHELZERICTO Yy 7 2ELTHY,
ZNIETIZATPEF—F A4 Y XDV EHEL TS 720,
TIFEABEZICAENEEREKTZ 7y ¥ 2 LI,
ATPREN—BHICELAT-0LEZLNS.
L7:%55 T, Yonezawa WD HED L H 12, ATP &
TIEEDONV — MEFTHIEHPETF LVEEZ 5.
F7o, 1B TEN#ETHOBEEOME & STE
T (f&AK5mm) A5EE L 7272%, aminophylline D &HE
L7, LT —[TIZATPER R ICHETEED 50
ZEPRBOBERKT 220, LERZE{ELTY
V3=V DL HF TEH % ST T (K S5mm) Z7R L7z
ZENS, TOEFTIEATPEAMIC L o THRVEM
WHERENZDDOEEZ BND . BRITHEIT L 72EEIR
EERECIEREOZAIRE 20D, mALHIITIINA
28 A A0 & JiAT L 7.

3. ATPERMWIO—KEEATPERTILEG Y >
FT5T4—DHEEICDONT
FERFEREOKE X, L2 —-KET0%,
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SPECT 98% &, WETHELZAE L. THIZATPE
Wo%E, LCLIa-KELTILHYVFITT7 14—
BEMELTELXTWAERZD S DI LIEES
HolwrEZONL, Thbb, LTa—-FETIR
BHICE o TEL-—BEOIEREREOHBR L Y Bl
EHELTWADIINL, TILHY Y F77 74—
TiE, MESHFOARHEL VB EHEL T3,
SPECT Ti3, IEEWIN & REHEB O MKHEMDRERE
WCEWDWY L EIMHEFHREDOE) L L, 3L
LEESEESTHETAROEMICES 2 TH, 1
WMAMOAEEE LTHETRREEZOND. T,
R TATHRIRE ORI RE AT 3 — M3 (59%) & 1
SPECT (97%) TN TWDid , EIIEOL VAR
TABRERICBVTE, BIICES % THMESH
DAHEPMOEIBICHRT I YAEShPe T VD
LEZ N5, Fung 523, BIMERIZB VT,
dipyridamole B IZ & V) @IMT DO ARHEHE L TH,
Lo - CREBSREIRE I NADIE55% 12
FTELPobBE LTS, SEKL DRETIZBN
TH, SPECT & Lz —[EIZ & ) BiEELE R
LA —F L 2b 0, T4 bbIMiamorst
CERBEFEOMAIF—BH L0, bF257%T
Hotz.

Z D& 51T, adenosine EffSY & [FERIZ, ATPATRT
ZBWTh, YU F7T5 74— EOMFESA DR
BLTFLOBEERIRE XA LS 13 E0EMm%E KL T
Wh ERBEST, B, MEFHEOREICL->TD
BEESREOHFAICEIELTVIINDLEZLR
5.

4. ATPERDII—REIC & 2 BHRRERED
k]
A TIE, EEIREHT R % gold standard & L 72
&, ATPEM.LT I —KEIC L 2 EBRFERTH
DBEIFTO% &, ZNF TIZHE? S ms (&
FE41-85%) ICHRB &, HBHBEVWZHBEEZRL
7. TRIZATPOREERHRGELEVRRL L
bEDERD—DTH 575, SEDXGIERNI—HHR
ZH LD DERREBLG S holzZ b, T, BEER
BIRRELE LIERDS S ol L EOHELT
WHbDEEZLND, B, LHEERZRVE
EDORE(67%) b LHEEF 2 O &E0KE
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(10%) L \ZEHF L olzZ Lid, LHEEEZRW
FEBID 8EID 2R L DS RIREB TH o722 L %
BLTWEbDLEDNS,
BEREBRBOEEL LTI, —BRER (59%) 2
L, 28U EDOSRIRES (81%) 12 B\ TREE XM
EL7:. SHIZSHERES CIIEMT T MR T A58
B — W ESNI R, ATPIC & % ik D AREHE
ALYECAEL, BmHEELE L COBESRE I
HLRTWbnEEZOLNME, LHL, EZBRERAD
9L, ATPAM.LZI—-NECRABBHRETZHR
HHRZZS DIEH T2 10% (2/218) TH H, ZD%K
ElI2dH 503D ) b nFhr 1O ADKE
Thol:. TDLHIZ, FRFEDHFE, wThbl
ROEBIEROEREATHBE LR TV, SHRE
ERWT BICEREICRAENDH LD LEbN S,
EENRREEREEOREL LT, TEREY TR
BEMT5% UL L, 90% KilDIRE T, Lo -k
WX BBEGEBIRE ORBIIHIEITD o 7245, SRAEmE
2590% UL EDREIZBWTIEH6E & EEFmE L
7z, B, HEIMATHREE T 5 ELMED L VITEE
RERETIISEN—BUOEEHEFZRET S
EAHE, ATPEM O —HEREENITREYE
TAHEELREOKRBIZEN TV, T HIIRERED
75% L ETH, 90% KiFGOHRE T, FIMTEFHEED
ETFARE LR 720, ATPEMTH S 2% BATEE E8
REZELTETOBMBFERINIZLL, —F, &
ERAED 5\ VIIHERERE TIE, FICHEImMITEEIC
Lo TR S N-HEIRICBIMATERE S, BEBEY
PHEALPTWVWIDLEZ NS, HAYIE, ATPE
LTV F 7574 —DOBRFHZBWT, HEMm
TR DBET S NI BV TR B 0K T A5
BLRTWILE2RBOTEBY, Takeishi 513 adeno-
sine Bff T3 — T, F/-Fukaib' ATPEM LI —
TRFOHKERERLTEBY, BLADOHERL—FKL 1.
L7 T, ATPEMIZB VT dipyridamole B &
FF D EM OB, 4FI2 horizontal coronary steal T1%
DHEEEZRETELIDTHD. ZDEH I LTa—F
TREEBIRE % 520 5 $HIRIC 13 A 7% ) BIE 2 EHIRR
EVPFETAHIEE2RL, FEEEEEFMOLIE
ICHWRELEZ OND.
EERAMOKE L LT, ERFFEDKREDIRD
FoTwiz, ZHIFESEX R OFE % B A A
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(HE13) DRERED TV Z L ICHBENTVES
bDELEDLN, ERBOKVEBTETIOHY ¥ F
7774 -k, BRFFRINIILVDBDEEZ
5.

7, LT a—EICK BEKEIR, ATPARFICHE
HLHBREHEERATPRESEICOREL TS L
Zibohb, BEHEEICHELT, ATPEMEIC
atropine # FFH T A Z L TX D LA EEME S, B
FHBEOHKIZ X > TEEIRAERE ORREH M L
THLOHEDLH D, atropine BT OHEERHEE
BEOLLEVATPEFICBVWTRAS L ELZONS.
ATPHEEREICEL T, BITHABRALH 1, 4EIZ
TIVYF7T7 14— OREBRIZESVI-HE
(0.16mg/kg/min T 54 ) THEMi L 7245, dipyri-
damole B LT I —HETIBHEEMNICL o TE

B

BRFERBORENR LT Z2EVIHFEI DL
Eths, &%, L —HEICBITAATPEERS
BORFTOVLELEZS.

& B

B CEBIZBIT A ATPEM LTI —HEDOE
RAtEE LTiE, DEMETHEREIC, F-HBHEEIC
AT L EMBETRBRTH 5, 2)SHRERN TES
IRFREREOZHEEIE Y, 3)REEH90% UL
TRIRMITE 2 A/ T 5 EEREOREIE Y, 4)KFE
EXBWILRETHE. —F, MELAZ, VEET
Oy 7 eREXME T EHT HBITIIMKITHRE W,
2)—HRREBIT, FITREENTSBULETDH, 90%
KRBOREOHREEEIIS D, 3) SHERER T, BAE
EERETORBICIIRAGH LI LR ETHA.

9

7 7/ ¥ =" v #2Na(adenosine triphosphate-2Na: ATP) B fif/[»T I — [ IC & 5 EEIRFER
HDOZRTEEIZ DWW T, FRFICHETT L 72 ATP &4 thallium-201 (T1) 05> 575 7 1 — (SPECT) B
JUBEIREZT R LML, B REICBT 2 REOF A% L /2.

B RED SV IEZ 08V CTEEIRELRE % 1T L&k s8 8 (B4, &iE1741,
FIER 66 + 12/%) # M RIZ, ATPEM (0.16mg/kg/min T545-H) % /1T L7z, BoE#EL, [
IIO-RETIEMRICBITA2H-L2BEEHREOHIA, 5 0IIEICREO LN TV AEEFRE
BAEPEEL-HE%, T/2SPECT T TIOREH 5 VWIEIAREEESMEROLEER, Th
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HEDKEIX67% Th o7z, BEREHBINOKEIL LTI —BET, —BWRERSI%, —BIR
E6175%, =FIREHI88%, SPECT Tk ZNhEh, 95%, 100% B & UF100%. LTI —HET, —
BIREFICHRTERREICB W TREMLE LAY, SBREAD) LRETEROLTER
HHRZDDIZ, DFH10%(2/218)) TEDFREZ1IEDOADKRKMTH o /2. ZEEIIRE O RKE
&, LT a—HET, AEEIIRRES8%, LRI TITHIRE 9%, 7£EEKRHE27%, SPECT Tid€
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WCHEAT TR R W EMAREBRTH 5, 2)FHREFA CEBRFERL OBRIRBEN B, 3)IREREDS
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