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ideall40-keVphotopeakfOrcurrentimagingsystemsduetoa 

6-hrphysicalhalf-lifealargeramountcanbeadministeredto 

thepatient,andsimultaneousevaluationofmyocardialperfU‐ 

sionandventricularfUnctionispossibleJnourclinicalexpe-

rience,weoftenfOundthatsomepatientsshoｗｅｄａdiscrep‐ 

ancybetween2o1Tland99mTcSPECTimagesinidentifying 
reversibleorfixeddefects・Thismightbecausedbythediffer-

encesintheuptakeoftheradiopharmaceuticalsorbydiffer-

encesindetectionbycurrentimagingequipment・TherefOre，

wetriedtoclarifythedifferencesobservedbyusingamyocar‐ 

dialphantomtosimulatevariousclinicalsituations 

Thepurposeofthｉｓｓｔｕｄｙｗａｓｔｏｃｏｍｐａｒｅ２ｏ１Ｔｌａｎｄ９９mTc 
countratiosobtainedfromSPECTimagesandthetrueradio‐ 

activityinaphantomtoinvestigatehowpreciselySPECT 

imagesreflecttraceruptakeinamyocardialinfarction． 

object7ve:Wecomparedthecountratiosof2o1ＴｌａｎｄｇｇｍＴｃ 
ｏｎＳＰＥＣＴｉｍａｇｅｓａｎｄｔｈｅtrueradioactivityinamyocardial 

phantomtostudyhowpreciseIySPECTimagesreflect 

traceruptakeinmyocardialinfarction 

Methods:Adefectwith209'６，４０％ｏｒ６０％ofnormalmyo-
cardialradioactivitywasplacedintheanteriororinferiorwall 

ofamyocardialphantomtosimulatemyocardialinfarction， 

Lungradioactivitywaskeptatl０％ｏｒ３０％ofnormalmyo-

cardialradioactivityThecountratioonshort-axisSPECT 

imageswascalculatedusingthecircumferentialprofile 
curveanalysis 

Resu化:Thecountratiosof２ｏ１ＴｌａｎｄｇｇｍＴｃＳＰＥＣＴｉｍａｇｅｓ
ｗｉｔｈａｎanteriorwalldefectwaslowerthanthetrueradio-

activityinthephantom、ＴｈｅｃｏｕｎｔｒａｔｉｏｏｎＳＰＥＣＴｉｍａｇｅｓ

ｗｉｔｈtheinferiorwalldefectwasgreaterthanthetrueradio-

activityforthe２０％ａｎｄ４０％defectsandIowerforthe60％ 
defect 

Concmsion：SPECTimagesoverestimateddecreasedper-

fusionintheanteriorwall、SPECTimagesunderestimated

decreasedperfusionfor20％ａｎｄ４０％perfusiondefectsin 
theinferiorwall、

KeyWOmds:myocardialphantom;myocardialinfarction;sin-
gle-photonemissioncomputedtomography；thallium-201； 
technetium-99m 
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WlyocardiaIPhantom 

AmyocardialphantomwasfOrmedfromapolyacIyljccylin‐ 

derwithlO-cmouterand8-cminnerdiametersltwasplaced 

inabodyphantomcontainingthelung,mediastinumandspine 

(Fig.１).Thccompartmentcorrespondingtonormalleftven‐ 

tricularmyocardiumwasfilledwithahomogeneoussolutionof 

l40kBq/ml2o1Tlor99mTc・AdefectwasfilledwithZO96,４０％
ｏｒ６０％ofmyocardialradioactivity・Byrotatingthecylinder，

thedefectwasplacedintheanteriorortheinferiorwalLThe 

mediastinumandcylinderwerefilledwithwateLThelungfield 

wasfilledwithsawdust,ｏｎｗｈｉｃｈｚｏ１Ｔｌｏｒ９９ｍＴｃｗａｓｓｐｒａｙｅｄ 
LungradioactivitywaskeptatlO兜ｏｒ３０％ofmyocardial

radioactivity． 

MyocardialperfUsionimagingwithｚｏ１ＴｌｈａｓｂｅｅｎｕｓｅｄｆＯｒ 
ｍｏｒｅｔｈａｎａｄecadefOrdiagnosingcoronalyarterydisease 

(CAD).However,thisagenthassignificantdisadvantagesin‐ 

cludinglow-energyphotonsof71keVandalongphysical 

half-lifeof73hrresultingindecreasedoverallimageresolu-

tion・Ｔｏｏvercomethedisadvantagesofzo1T１，９９mTcheart
imagingagentshavebeendevelopedasanalternative(1-5)． 

Theseagentshaveseveraladvantagesover2o1Tlincludingan 

ｌｍａｇｉｎｇＰｒｏｔｏｃｏＩ 

Ａｇａｍｍａｃａｍｅｒａｗｉｔhalow-energy，all-purpose，parallel-

holecollimatorwasusedThallium-201and99mTcimageswere 
acquiredatpeakenergysettingsoｆ７１ｋｅＶａｎｄｌ４０ｋｅＶ， 

respectively,ｗｉｔｈａ２０％windowSPECTdatawereacquired 
underthesameconditionsforboth2olTland99mTc・Viewdaia

wereacquiredusingazoomfactorofl33mtoa“Ｘ脚digital
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FIGURE2Aschematicrepresentationofthe360osamplingby40 
radiionatransaxiaISPECTimage(left)andcircumferentialprofile 
curve(right)． 

Thelung-to-normalmyocardiumcountratio(L/Ｍratio)ｗａｓ 
calculatedusingthemeancounts/pixelincludedinthel7× 

18-pixelregionofinterest(ROI)overtheheartandthemean 

counts/pixelincludedinthetwoROIsofl2×１８pixelsover 
therightlungandthe5×l8pixelspositionedovertheleft 

lungintheplanaranteriorimage(Fig.3)． 
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Ｆｉｇｕｒｅ４ａｎｄＴａｂｌｅｌｓｈｏｗｔｈｅｃｏｍｐａｒｉｓｏｎｏｆＤ/Nratios 

betweenSPECTimagesandtrueradioactivityinthephantom 
D/NratiosobtainedfromSPECTimageswiththeanterior 

defectwerelowerthanthatoftrueradioactiｖｉｔｙｆＯｒｂｏｔｈ２ｏ１Ｔｌ 
ａｎｄ９９ｍＴｃａｔｌ０％ａｎｄ３０％ｏｆｔｈｅＬ/MratiosThedifference 

ＦＩＧＵＲＥ１｡(A)Bodyphantomcontaining(Aarrows)myocardial 
phantom,(Barrows)lung,(Carrows)mediastinumand(Darrows） 
spine.(B)X-raycomputedtomographyimageofthebodyphantom 

matrix(Le.,4.7ｍｍ/pixelsamplingsize)Thirty-twoprqiections 
wereobtaiｎｅｄｆＯｒｌ５ｓｅｃｅａｃｈｉｎａｎｌ８０ｏａｒｃｅxtendingfromthe 
45orightanteriorobliquetotheleftposteriorobliqueprOJec-
tion(nearly200KcountsperpixenAlldatawereprefiltered 
usingaHanningfilterwithacutofffrequencyofO8cycles／ 
pixeLImageswerereconstructedusingafilteredbackprOjec-
tionalgorithmandrampfilterwithacutofffrequencyofO 
cycles/PixeLNoattenuationnorscattercorrectionwasper-
fOrmedTheanteｒｉｏｒｖｉｅｗｉｍａｇｅｏｆｔｈｅＳＰＥＣｒｄａｔａｗａｓ 

regardedasaplanarimagefOrcalculatinglung-to-myocardium 
ratios． 

DataAnaIysis 

Thccircumferentialprofilecurvewasusedforanalysis・A
short-axisimageinthemiddleofthephantomwasdividedby 
40radiispacedat9ointervals、Thecircumferentialprofile
curvewasgeneratedbyplottingthepeakcountsperpixelalong 
theradiusonalineargraphasafUnctionofangle,theorigin 
ofwhichcorrespondstonｅａｒ８ｏ,clockpositionontheSPECT 
image（Fig.２)Theneachprofilecurvewasnormalizedto 

facilitatecomparisonbetweｅｎｔｈｅｔｗｏｃｕｒｖｅｓ・Theactivityin
thedefectwasdefinedasthemeanoffivesegments，activitics， 
whiletheactivityinthenormalmyocardiumwasdefinedasthe 
meanof35segments,activitiesFromthesevaluesadefect-to-

normalmyocardiumcountratio(D/Ｎratio)wascalculatedfOr 
both2o1Tlanｄ９９ｍＴｃ． 

FIGUREaRegionofinterestforthelung-to-myocardiumcount 
ratio.(A)１７×１８pixeIsovertheheart,(B)１２×１８pixelsoverthe 
rightIung,ａｎｄ(C)５×１８pixelsovertheIeftlungLungcountis 
definedasthemeanofcounts/pixelincludedinRegionsBandC． 
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ＦＩＧＵＲＥ４.Defect-to-myocardiumcount 

(D/N)ratiosobtainedfromSPECTimagesfor 
theanterior(left)andinferiorwall(right)de-
fectsD/Nratioswith：(A）１０％oflung-to‐ 

myocardiumcount(ＵＭ)ratio;(B)３０％ofUM 
ratio． 

20％４０％６０％ 

Trueradioactivityratio 
20％４０％６０％ 

Trueradioactivityratio 

planarimagesweremarkedlygreaterSimilarly,forthe３０％of 
trueratio,Ｌ/Mratiosobtainedfromtheplanarimageswere 
l14.6％ａｎｄ115.5％ｆＯｒ２ｏ１Ｔｌａｎｄ９９ｍＴｃ,respectively． 

ｏｆＤ/Nratiosobtainedwithbothtracerswaslessthan3３％． 
Ｄ/NratiosobtainedfromSPECTimageswiththeinferior 

defectweregreaterthantrueradioactivityfortheZ０％ａｎｄ 
40％defects,ｗｈｉｌｅｔｈｅｒａｔｉｏｗａｓｌｏｗｅｒｔｈａｎｔｈｅ６0％defecL 

Figure5showsexamplesofshort-axisimagesfOrdifferentD/N 
ratiosaｎｄＬ/Mratios・

EffectofLungRadioactivity 

Tablｅ２ｃｏｍｐａｒｅｓＬ/Mratiosbetweentheanteriorplanar 
imagesandtrueradioactivityinthephantomForthelO兜of
truecountratio,Ｌ/Mratiosobtainedfromtheplanarimages 

were53.8％and4439i6fOr2olTland99mTc,respectively・Ｃｏｍ‐

paredwithtrueratios,theＬ/Mcountratiosobtainedfromthe 

ＤＩＳＣＵＳＳＩＯＮ 

Ｍａｎｙｃｏｍｐａｒａｔｉｖｅｓｔｕdiesforevaluatingmyocardialperfu-
sionhavebeenperformedon2o1Tland99mTcheartimaging 
agentｓＲｉｇｏｅｔａＬ(6)compared2olTlwith99mTc-tetrofOsmin 
imagingin40patientswithangiographicallyprovenCADand 
documentedthattherewasgoodsegmentalcorrespondence 
betweenbothtracersfordetectingmyocardialinfarctionand 

ischemiaCuocoloetaL(7)observedanexcellentagreement 

TABLE1 

Defect-to-MyocardiumCountRatiosObtainedfromSPECTImages 

ＵＭｒａｔｉｏ：３０％ L/Ｍratio：１０％ 

ggmTc/201Ｔｌ ggmTC 201Ｔｌ ggmTc/２０１Ｔｌ gｇｍＴＣ 201Ｔｌ Radioactivity 

１．００ 37.1％ 

１４．４％ 

3.70％ 

37.1％ 

１８．４％ 

７．０２％ 

1．０１ 

１．００ 

０．７９ 

45.2％ 

２８．５％ 

１１．８％ 

44.6％ 

28.5％ 

１４．９％ 

％
％
％
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６
４
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Anterior 

defect 
０．７８ 

０．５３ 

0.96 

0.88 

0.80 

５０．６％ 

42.2％ 

31.1％ 

５２．８％ 

48.2％ 

38.9％ 

0.99 

0.95 

0.88 

５２．０％ 

45.4％ 

37.3％ 
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UMratio:10％(Anteriordefect〉UMratio:10％(Inferiordefect）uMratio:30％(lnferiordefect）
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ＦＩＧＵＲＥ５.Short-axistransaxialimageswithanteriorandinferiorwalldefects.(A)AnteriorwalldefectforlO％Iung-to-myocardiumcount 
O 

(ＵＭ)ratio;(B)inferiorwalldefectforlO％UMratio;ａｎｄ(C)inferiorwalldefectfor30％UMratio． 

SPECTimagesfor2olTlor99mTcwasgreaterthanthe２０％ｏｒ 
40％ofthetruecountratiqwhereastheD/Nratiowaslower 

than60％ｏｆｔｈｅｔｒｕｅｃｏｕｎｔｒａｔｉｏＯｕｒｒｅｓｕｌｔｓｓuggestthat 

SPECTimagesunderestimatedecreasedperfusioninthein‐ 

feriorwall,whileitoverestimatesdecreasedperfUsioninthe 

anteriorwalLThissuggeststhatradiationoriginatingfromthe 

inferioralidseptalregionsisattenuatedmorethanradiation 

originatingfromtheanteriorandlateralwallsEisneretaL 

(１０)studiednormalSPECTzolTIdistributionusingthebull，s-
eyedisplayandrevealedthattheanterior-to-inferiorwall 

countratioswere＞LOinmalesbutwereapproximatelyequal 

toLOinfemalesandthattheseptal-to-lateralwallcountratiOs 

ｗｅｒｅ＜L0inbothfemalesandmalesTheypresumedthatthe 

relativedecreasein2o1Tlactivityintheanteriorwallinfemales 
andintheinferiorwaｌｌｉｎｍａｌｅｓｗａｓｄｕｅｔｏｂｒｅａｓttissue 

attenuationanddiaphragmaticattenuation,respectivelyTart‐ 

agnietaL(１１）studiedthediagnosticaccuracyfOrdetecting 

coronarylesionswithbothastress-rest2olTlstudyanda 
dipyridamole99mTcMIBIscintigraphyin30patientslntheir 
resultssensitivityforidentifyingdiseasedvesselsby2olTlwas 
68％fOrtheleftanteriordescendingartery(LAD),８９％for 

therightcoronaryartery(RCA),and8MfOrtheleftcircum‐ 

Hexartery(LCX)comparedto75％,８９％ａｎｄ８０％,respec‐ 

tively,with99mTcMIBLSpecificitywaｓ９３９６ｉｎｂｏｔｈｃａｓｅｓｆｏｒ 
ＬＡＤ，７３％ａｎｄ６３％ｆＯｒＲＣＡ,ａｎｄ５３％ａｎｄ４６９６ｆｏｒＬＣＸ・

TheyconcludedthatlesionsonLADwereidentifiedwitha 

lowersensitiｖｉｔｙｔｈａｎｔｈｏｓｅｏｎＲＣＡａｎｄＬＣＸ・However,ｔｈey

couldnotprovideanyexplanationfOrtheirresultofalower 

detectabilityofLADstenosis・Contrarytotheirresults，

MaublantetaL(12)compared99mTcMIBImyocardialSPECT 
resultsforl80oand360odatacollectionsanddemonstrated 

thatthesensitivitywasalwayshigherintheanteriorthaninthe 

inferiorlcsions,whichcorrespondstoourresultslnthequan-

titativeanalysisusingacircumferentialprofileculve，ＬｉｅｔａＬ 

(9)demonstratedthatthemeanuptakeratioof99mTcMIBIin 

(90％）forregionaluptakebetweeninitialzolTlandresting 
'9mTcMIBIimagesandadecreasedagreeｍｅｎｔ（77%）be-
tweendelayed1o1Tlandresting99mTcMIBIimagesMaureaet 
aL(8)comparedrest-injected2olTlredistributionandresting 
99mTcMIBImyocardialuptakedividing225myocardialseg-
mentsinl5patientswithangiographicallyprovenCAD､Thal‐ 

lium-201uptakewassignificantlyhigherthaｎ９０ｍＴｃＭＩＢＩ 
ｕｐｔａｋｅｉｎＧｒｏｕｐｌ（totalocclusion),althoughnosignificant 

differencewaspresentinGroups2(50％-99％ofstenosis)and 

3(＜５０％ofstenosis)Theyconcludedthat2olTlimagingmay 
identifymoreaccuratelythepresenceofviablemyocardium 

than99mTcMIBIimagingLietaL(9)alsohavedemonstrated 
thatstress/rest99mTcMIBIimagingsignificantlyunderesti‐ 

matesmyocardialviablitylnspiteofmanyclinicalstudies， 

ｔｈｅｒｅｉｓｌｉｔｔｌｅｐｈａｎｔｏｍｄａｔａｏｎＳＰＥＣTimagingwiththese 
tracers・

InthisstudywecomparedthecountratiosofSPECTimages 

withtrueradioactivityinaphantom・Tosimulatemyocardial

infarction,radioactivityiｎtheperfUsiondefectwasdecreased 

ｔｏ２０％，４０％ｏｒ６０％ofmyocardialradioactivity、Withthe

defectintheanteriorwall,Ｄ/NratiosobtainedfromSPECT 

imageswerelowerthanthetruecountratio､Thedifferenceof 
D/Nratiosobtainedwithbothtracerswaslessthan3３％・With

thedefectintheinferiorwa11,ｔｈｅＤ/Nratioobtainedfrom 

TABLE2 

Lung-to-MyocardiumCount(L/Ｍ)Ratios 

ObtainedfromAnteriorPIanaｒＩｍａｇｅ 

AnteriorpIanarimage 
UMratio 

201Ｔｌ gｇｍＴＣ Radioactivity 

５３．８％ 

１１４．６％ 

４４．３％ 

１１５．５％ 

１０％ 

３０％ 
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