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Abs血d

Thecardiaccontractilityinhtmanheartwashvestigatedbyanalyzingdefomationof

theleftventricularwallduringsystoleusingamagneticresonancetaggingtechnique.

Subjectsweretennormalh皿anS,eightpatientswithahypertrophiccardiomyopathy

(HCM),and seven
patientswithふhypertensive

heart disease(H皿).

Circumfere血ialstrainata血ort-aXissectionwasemployedasanindexforzmevaluation

ofthecardiac､contractility･Theobtainedresultsshowedthatthecircumlbrentialstrains

inlocalreg10nSOfthepatientswithaHCMweresignifiはntlysmal1ercomparedwith

thoseincorre印OndingreglOnSOfthenornalhtmanS,W鮎1ethecircun血rentialstrains

OfthepatientswithaHHDw?reSimi1artothoseofthenormalhumanSinwholereglOnS･

Thisstudymaysuggestthatthe'circunfere血ialstraincouldbeane飴ctiveindexforthe

qpantitativeevaluationofthe.cardiacco血tility･

Key Wbrd$:Biomechanics,Magnetic Resonance Thgglng Tbchnique,HumanLeR

Vtmicle,Myocardial%11Motion,Circun&rential Stmin,Cardiac

Contractility;CardiacDisease

l.IntmdⅦe偵on

HeartS,eSPeCial1yleftvemicles,Playaroleasan匂ectionpumpinthecirculatorysystem,andqjection

Ofbloodiscausedbycontractionofthemyocardium.kis,therefore,COnSideredthattoevaluatethecardiac

CO血actilityfromamechanicalpohtofviewbyanalyzingthedeformationbehaviorofthemyocardialwailis

usefu1foraquaditativeevaluationoftheextedofheartdiseaseorthee飴ctoftreatment.Inordertoanalyie

thedeformationofthemyocardialwallinhumanS,anOninvasivemeasureme血Ofregionalwallmotionis

required.AmagneticresonanCetaggingtechmique[1-3]isoneofsuchmeastmme血techniques.Byapplyingthis

techmique,thestateofn00learsplnSatSPeCi鮎locationsinanimaglngObjectismodifiedspatial1y;SOthat
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pattemsofstripescanbeformedintheimaglngObject･Thetaggingstripesmovetogetherwithmotionofthe

imaglngObiect.Asaresult,imagingaheartusingthemagneticresonanCet?gglngteChniqueandtrackingthe

movementofthetaggings申peswithin也emyocardialwallareenablethenoninvasivemeasurement皿d

analysisof鵬humanmyOCardialⅦ山moti皿anddeformation【叫】

Fromthe above-memioned point ofview;We haNe tried toinvestigate mechanical1ythe cardiac

contractilityby usingthe magnetic resonanCe tagging teclmiquer7-9】･h previous papers[7,8】,the

two-dimensionaldeformationsoftheleftvemicdarWallsduringqjectionperiodinnormalhumanSanda

patie血withahype血OPhiccardiomyopathywereanalyzed･Tもen,Wediscussedthatwhatkindofphysical

quantitieswasimportanttoevaluateqpantitativelythecardiaccontractility･nLeObtainedresultssuggestedthat

thestrain,血ichdescribesthepuredeformation,COuldbean血portantande飴ctiveindexfortheevahdion

ofthecardiaccontractility丘omviewpohtsofboththephysicalmeaningofthisparameterandtheabilityto

detectasingul訂regioninthediseasedheart.hthepresentpaper,byapplyingthisstrainanalysismethodto

patie血SwithahypertroI血ccardiomyopathyandtopatients一正血ahypertensiveheartdisease,thecardiac

contractilityineachheartdiseaseisimestigatedfromamechanicalpoidofview;anduse貼ssofthe

nechanicalevaluationofthecardi誠COntraCtilityisdiscusSed.

2.Ⅰ皿喝eAeqⅦ誌誠on

TbnnormalhumanS(6menand4women,aged21-56yearS),eightpatie血Swith ahypertrophic

cardiomyopathyPCM,6men皿d2women,aged21-62yeaqs),andsevenpdientswithahypertensiveheart

disease(HHD,7men,aged39-69years)wereimagedwith al･5T superCOnducting magnet(SIGNA

adv血喝e,GEMS).Theimagingprocedtuetoobtainleftvemicular血)rt-aXisimagesisasfouows;

(1)Coronalgradient-eChoimagesareobtainedtoidentifyacardiaclocadon･

(2)Anobliquegradie山一eChoimageisobtainedsoastopassthroughthece血eroftheaordcrootandtheleR

ventdcularapex,aSSeeninthecoronalimagetraversedthelargestle魚ventricularCavity･

(3)Ale負ventriculaLrlong-aXisischosensoastopassthroughthecenterofthemitral0rificeandtheapex,aS

Seenintheobliqueimage.

(4)M叫hasetaggedshort-aXisimagesatanequatOrialsectionofleftvemicleperpendiculartothechosen

long-aXis訂eObtainedundertheconditionsofimageacquisitionasfo1lows;28cmfieldofview;256×256

imagematrix,10Ⅱmthickness,and7mmtaggingsbipespacing･

Thefirsttaggedimageisassumedtocorrespondtothatatenddiastole,becausethe血stimageis

obtainedafter20msfromdetectionoftheRⅥⅦVeOftheelectrocardiogram,andsdbseqyenttaggedimagesare

Ob也inedco血0儲け加地Ⅳdsof25ms.

3.De鮎rma血nAn坤S誌

TagglngStripesformanuhberofidersectionswithinthem叩Cardialwall,andtheseintersectionsserve

asmaterialpoidsinthemyocardialwal1･Thedefornationofthele負vemicularwallwasanalyzedbytracking

也eintersectionsofthet喝glngStripesthroughoutsystole.ThecomponentsofGreen'sstraintensorExx,ち,,

andEwwithinatriangularregionde血edbythreea4joiniqintersectionswerecalculatedby

画一嘩)/2=屯頻･2ち呵呵･勒畔

毎一昭)/2=屯礪+2ち喝dち+軸昭
毎一項)/2=屯嘩･2ち喝喝･軸昭

(1)

血ere砺anddgi(i=1,2,3)arelengthsoflinesegme血SOfthetriangleintheinitialstateandthedeformed

state,r叩eCtively;anddX;anddY;amxandycomponentsofthelinesegmentsintheinitialstate,reSPeCtively･
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姐1｡datdbe代打¢托1ativevd眠Sba駆donan血喝e如孤d血戚01e.Fig町郡1(わ孤d匝)sbow弧ple血喝eS
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(2)

血e柁免(桓,β;ノ可,カis伽弧由eも眈Ⅳ弧=血dノ弘田･hordertoev山血ea亜飴胤CeOf血e¢打出誠

con叫hl粥由一モ如喝鮎1e丘Ⅴ血c血w劇w鮮血扇血d血,ぬ町搾如喝血瓜i5･血eant曲げW血l･

血es申出w弘也e匹S血町Wd】,皿d也elぬIw山,皿d血e也k山叡ds血耶血塊Cb出払如好一8如川¢re
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themagnitudeofthecircum飴redialstrainineachreg10nisalmostequivalenttothemagnitudeofthe

mimimumPrincipalstrainineachcorrespondingregion(radosdftheminimp血cipalstrainandthe

circⅦmferentialstrainare96%intheaderiorw鵬,89%intheseptalwall,92%intheposteriorwall,and97%

inthelateralwal1).Fromtheseresuhs,itisrecognizedthatthemyocardialwal1dominantlyco血actstothe

circumferentialdirectionata血ort-aXissectioninnomalhumanS,andthatthereisnoslgni鮎addi飴renc

amOngS両ectswithregardtoanamOudofcontractionofthemyocardium･Anindextoevaluatesingularityof

diseasesishopedthatdispersionamOngnOrmals咄ectsissmall･Forthisreason,thecircumferemialstrain

couldbeane飴ctiveindexforaquantitativeevaluationofheartdiseases･
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Fig･2 MagmitudesofstraincomponentsatendsystoleinnormalhumanS
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Fig･3 Magnitudesofcircum丘rentialstminsandmimimumPrincipals血s

atendsystoleinnormalhumanS

5.ResⅥ1tsinDi$eaSedⅡ¢乳頭

Thecircuhferedialstrainsatendsystoleinthepatie血SwithaHCMarestmarizedinThblel･h

Thblel,anaSteriskindicatesanabsohrtevalueofthecircum&rentialstrainwhichissigmific皿tlysmallerthan

anabsolutevalueof甲ean+3･29×S･D･incorrespondingreglOnOfthenormalhumanS･AsseeninTablel,

reglOnSin血ichthe circumferedialstrainis slgnificantly smal1are observedinal1sd*cts･Tbe
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circumfbrentialstrainsatehdsystoleinthepadentswithaHHDarestmarizedinThble'2･AsseeninThble2,

dlereisnoregioninw址hthecircumferentialstrainissignificadysmall･Figwes4(a)一任い血owtypical

imagesofdistributionsofthecircumferentialstrainsattheendsystoleinthenormalhumanS,thepatientswith

theHCM,andthepadentswiththeHHD･Asseeninthesefigures,d)SOlutevaluesofthecircum飴redial

strainsinlocalregionsinthepatie血SwiththeHCM,eSpeCiallytheseptalwal1inFig･4(C)andtheaderior

wal1inFig.4(d),decreasedcomparedwiththoseinthenornalhmanS,W旭ethecircumLbrendalstrainsinthe

patie血SWiththeHHDindicates血il訂tendencytothoseinthenormalhtmanS･

ThblelCircⅦ血alstrainsatendsystoleineachpatientwithHCM

an鹿ポor sep也l POS鹿dor la始帽t

HCMA *-0.125

HCMB *-0.052

HCMC *-0.102

HCMD -0.182

HCME *-0.067

HCMF *-0.141

HCMG *-0.093

HCMH *-0.079

*-0.085

*-0.030

*-0.053

*-0.086

-0.144

-0.121

*-0.059

*-0.034

｣).171 -0.213

*-0.095 -0.189

-0.151 -0.145

-0.142 -0.238

1).184 -0.146

-0.130 1).173

-0.121 -0.182

-0.136 -0.209

nomal -0.191±0.015 -0.159±0.020 -0.168士0.017 -0.186±0.013

Table2 Circum飴rential血satendsystoleineachpatie鵬withI8D

訓憮如Or SeP也l PO$鹿dor la他職l

HHDA -0.156

日HDB -0.173

HHDC -0.199

HHDD -0.226

日HDE -0.212

HHDF -0.190

HHDG -0.228

-0.152

-0.134

｣0.142

-0.149

-0.155

-0.148

-0.176

-0.1¢7 -0.186

-0.18¢ -0.170

-0.1¢6 -0.188

-0.154 -0.193

-0.209 -0.248

-0.185 -0.157

-0.192 -0.221

non¶al -0.191±0.015 -0.159±0.020 -0.168±0.017 -0.186±0.013

`.D誌eⅦSSions

Asfound丘omtheobtainedresults,thecircⅦnferemialstrainsinlocalreglOnSOfthepatie血SWi血a

HCMwereslgnificantlysmal1ercomparedwiththoseincorr叩OndingreglOnSOfthenormalhumanS･These

resultssuggestthatHCMisaheartdiseaseaccompamiedw姐areductionof=an1amOuntOfcontractionofthe

myocarditm,andthatthecircunferentialstmincouldbe皿曲ctiveindexforaquantitativeandlocal

ev血ionofaneXterrtOfthereduction.Askn0wninhistology;disarrayofthemyocardiunisbroughtaboutin

ahypertroPhicreglOnOfheartswithaHCM･kis,therefore,COnSideredthatthedisanayofthemyocardium

causesthereductionofthecardiaccontractility.

Ontheotherhand,aSfoundfromtheresuhsinthepatie血SW血aHHD,therewa$nOreglOninw鮎ch

thecircumferentialstrainwasslgmi丘cantlysmal1,andthedistributionsofthecircumferendalstrainswere

simi1artothoseinthenormalht皿anS.TheseresultssuggestthatanamoⅧ士Ofcontractionofthemyocardium
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Fig.4 Dis扇b血0鮎OfcircⅦn知8止血血ns虹皿dsysblehle氏Ⅴぞ血c山訂Wa11

(a)and(b)Normallman,(C)HCM(SubiectD),(d)HCM(SubjectE),

(e)HHD(S咄∝tC),(町肛D(Su切∝tG)

inheartswithamDisalmostthesaneasthaliz)nOrn81hearts･Ⅱis,therefbre,COnSideredthathypertrDPhy

ofthemyocarditJninthisdiseaseisnotanabno皿alityofthemyocardium･butasecondarychangeinorderto

¢Ompen血ear血donof也e匂∝血n丘ac血n¢au駅dbybype正e戚om

FⅧ也emore,お払Ⅶ通知m也eabveres山b,也eca一曲cco血ac仙吋hⅧCMmdt旭bI壬ID訂e

血だ如払出也孤由b也of也ema柁be離山e乱流5aC∝)mp血edⅦ池也eb沖erbopbyor也e叩OCa一山皿L血も

itisco血ed血tadi丘brencebetween也ec打出acco血acdu呼止組Cbbe細山seぉeisre且∝tedh也e

ci∫CⅦn免ren也ds血n.

7.ContlⅦdhgRe血訂b

b也eprese鵬papeちtOinve虚ga土eu5血hessofamecb血calevdu鵬onor也ec訂血cco血紙張り,也e
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deformationsoftheleltvemicularmyocardialwallsduringsystoleinthenomalhumanS,thepatie血Switha

HCM,andthepadedswithaHHDwereanalyzedbyuslngthemagneticresonanCetaggingtechmique･The

Obt血d血血唱SⅥ得reSⅦ皿訂izd鮎払mows;

(1)The circum危rentialstrainsinlocalregions ofthe patie鵬SwithaHCM
were significantly smaller

COmParedwiththoseincorrespondingreglOnSOfthenomalhumazLS･

(2)The circⅦn鈷rentialstminsinⅥ血01e regions ofthepadentswithaHHD were similarto thosein

COrreSPOndingregionsofthenormalhtmanS.

(3)ThecardiaccontractilityinHCMandthatin皿weredi飴rent,althoughbothofthemwereheart

diseasesaccompaniedwiththehypertroPhyofthe叩OCardiⅦn･

Fromthesefindings,itisconfimedthatacharacteristicofthecardiaccontractilityineachheartdisease

isreflectedinthecircum免rentialstrain.T鮎sstudysuggeststhattoevaluatethec訂diaccontractility丘oma

mechanicalpoidofviewbyanalyzingthedeformationofthemyocardialwal1isusefu1foraquantitative

evduationofbea止血seases.

Ae血owledgments

T出sstudywassupportedinpartbytheResearchGr皿tforCardiovascularDisease(12C-12)丘om

MinistryofHearhaJldWd魚托.TheauthorsaqegrateRdforthissupport･

Refbreneos

【1]Zerhomi,E.A.,Parish,D.M.,Rogers,WJ.,Ⅵmg,A･andShapiro,E･R,HumaEIHeart:ThggingwithMR

Imaging-aMedlOdforNoninvasiveAssessmentofMyocardialMotion,Radiology,Ⅵ)l･169(1988),P･

59_63.

【2]Axel,L.andDougherty;L.,MRImagingofMotionwithSpadalModulationofMagnetization,RBdiology,

Ⅵ)1.171(1卵9),p.$41-糾5.

【3]Axel,L.andDougherty;L.,HeartW山IMo也on:lmprovedMethodofSpatialModulationofMagnetization

払rMRIm喝hg,Molog沸Ⅵ)1.172(19紗),p.349-350･

【4]BuchalteちM.B.,Wtiss,J.L.,Rogers,WJ.,Zerhomi,E･A･,Wtisfe1dt,M･L･,Beyar,R･andShapiro,E･R,

Noninvasive Quadification ofLeftⅥ∋micularRotationalDeformationin NormalHumanS Using

MagneticResonanCeImagingMyocardialThgging,Circuladon,Wl･81(1990),p･1236-1244･

【5]Axel,L.,Goncalve$,R.C.andBloomgraden,D･,RegionalHeartW山IMotion:Two-DimensionalAnalysis

andFunCtionalIm喝hgwithMRlmaging,Rdiology;Ⅵ)1･183(1992),P･745-750･

【6]ヽbung,A.A.,Imai,H.,Chang,C∴N.andAxel,L.,Two-DimensionalLeRVbmicularDefornationduring

SystoleUsingMagneticResonanCeImagingwithSpatialModulationofMagnetization,Circulation,Ⅵ)1･

$9(1994),p.740-752.

【7]hd)a,Tl,Tbkuda,M.,Kinosada,Yl,Sawaki,YandYagi,K･,Two-DimensionalDeformationAnalysisof

HtmanLeftVtmicleduringI如CtionPeriodUsingMagneticResonanceThggingTbchnique,JSMEht･J･,

Ⅵ)l.40,No.4,C(1997),P.637-642.

【8]haba,Tl,Kinosada,YandTbkuda,M.,EvaluationofCardiacCo山ractilityofHumanLeRVbmicular

Wa11UsingMRlwithThggingTbchnique,Jpn.J.Med.Elec.andBio･Eng･,(inJapaneSe),Ⅵ)1･36,No･1

(199S),p.7-14.

【9]haba,T.,Tbkuda,M.,Kinosada,Y,Sawaki,YandYagi,K･,AnalysisofHumanLeRVtntricular

TbrsionalMotionUsing Magnetic ResonanCe Thgging Tbchnique,TtanS･Jpn･Soc･Mech･Eng･,(in

Jap皿eSe),Ⅶ1.64,No.626,A(1998),p･266ト2667･

7


