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Introduction

Assessinghe efficacyof revascularizatiotherapyin patientswith anterior ST-segmentleva-
tion myocardialinfarction (STEMI)is extremelyimportantin orderto guidesubsequenman-
agementndassesgrognosisEstimationof infarct sizewith lategadoliniumenhancement
(LGE)technigueandassessmeif myocardialsalvagéndex (MSI) measuredy cardiacmag-
neticresonanc€CMR) within thefirst weekafterprimary percutaneousoronaryinterven-
tion (pPCl) areindependentlyrelatedto earlyST-segmentesolution,adverse.V remodelling
[1,2], major adverseardiaceventd MACE) and mortality at mid-term follow-up [3,4]. How-
everthelimited availabilityandaccesto CMR creates needfor simplermethodsfor patient
prognostication.

Typically,significantchange®f ventricularrepolarizationaredetectedearlyby standard
12-lead-ECGn patientswith STEMI[5,6]. Whetherchange®f corrected-QT-interva(QTc)
afterSTEMIreperfusionreflectamodification of ischemicmyocardialtissueis unknown.

Thus,wesoughtto determinetherelationshipbetweerQTc change®n standardsequential
ECGandMSlin anterior-STEMIpatientsaftersuccessfypPCl.

Methods
Study population

Fromacohortof 208consecutivgatientswith STEMIreferredto the CentroCardiologico
Monzinoin Milan betweenlanuarn201landJune2015weidentified 86 patientswith ante-
rior-STEMI. Thediagnosisvasbasedn symptoms ECGfindings (ST-segmenglevation)
andproximal or middle left anteriordescendingrtery(LAD) lesionswereincluded.Exclusion
criteriawere:a) previousMI (8 patients)b) atrialfibrillation or useof antiarrhythmicdrugs(6
patients);c) catecholamin@administration(2 patients)d) PCl performed>12hafterchest
painonset(4 patients)e) bundlebranchblock (3 patients)f) incompletereperfusion(2
patients);g) electrolyteémbalance(2 patients):h) conductiondisorderssuchasatrio-ventricu-
lar-block (1 patient)andintermittent pre-excitation(1 patient);i) technicaldifficultiesin QT
measuremen4 patients);j) pericardialeffusion(1 patient);andk) enrolmentin STEMAMI
Study(activetreatment)(2 patients).Therefore 50patientswith afirst anterior-STEMIwere
finally includedin the study.The studywasapprovedby the universityethicsreviewboard
(ComitatoEticodeglilRCCSlstituto Europeodi Oncologiae CentroCardiologicoMonzino).
All patientssignedinformed consentandthe studyconformedto the ethicalguidelinesof the
1975Declarationof Helsinki

Electrocardiogram collection and analysis

For eachpatient,standardl 2-lead-ECG#paperspeedf 25mm/s,standardizatiorof 10mm/1
mV) wererecordedat admissionwithin thefirst hour afterpPCl,andevery24hfor thefirst
sixhospitaldays For eachECG,the QT wasmeasuredn all leadsfrom the onsetof the QRS
to theendof the T-waveon theisoelectridbaseling7]. Theisoelectridaselinavasdefinedby
thereferencdine betweentwo PQintervals.Theendof the T-wavewasdefinedasthereturn
to theisoelectridbaselineWhenthe U-wavefollowedthe T-wave QT wasmeasuredo the
nadir of the curvebetweerthe T and U-wavesThe measuremenivasmadefor eachanterior
(V2-V5) andinferior lead(ll, Ill andaVF).TheQTcwasobtainedusingBazett'sformula:
QTc=QT/\/RR[8].

For eachpatient,the AQTc-Al-MA definedasthe maximumdispersiorbetweeranterior
andinferior leadgmaximumanteriorQTcBminimum inferior QTc) andthe AQTc-Al-ME
definedasthedifferencebetweerthe meanQTc valuesn anteriorandinferior leadswere
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calculatedElectrocardiographidatawereevaluatedwice by anexpertreadern(with >5years
of clinicalexperienceblindedto patientclinical historyanddata.Another expertreader
repeatedECGdataassessmeriKappavaluesverecalculatedor inter-observemandintra-
observewariability.

Cardiac magnetic resonance protocol

All patientswerestudiedwith a1.5TscannelDiscoveryMR450;GEHealthcareMilwaukee,
WI) afterpPCI.After acquiringlocalizerimagef the heart,breath-holdsteady-state-free-
precessiorine sequencewereobtainedusingthefollowing parametersechotime 1.57msec,
15segmentsepetitiontime 46mseavithout viewsharing slicethickness8mm, field of view
350mmx263nm, andpixelsizel.4mmx2.2nm. A cineshortaxisstack2-, 3-,and4-chamber
long axisviewsof the left ventricle(LV) wereacquired[9]. Breath-holdT2-weightedshort-TI
inversion-recoveryast-spin-ech@ulsesequencevasperformedfor the quantificationof area
atrisk (AAR). TheLV wasentirelyencompasseby contiguousslicesn short-axisorientation.
Eachslicewasobtainedduring anend-expiratorybreathhold of 12to 15s,dependingon the
patient'sheartrate. Thesequenc@arametersvereFOV: 380to400mmT7R:two R-Rintervals,
TE:100msecTl: 150mseanatrix: 256x192slicethickness8mm. Then,0.1mmol/kgof Gado-
linium-BOPTA (Multihance,BraccoMilan, Italy) wasadministerecataflow rateof 3mL/s
followedby a20mLsalineflush. Tenminutesaftercontrastinjection, breath-holdcontrast-
enhancedgegmented 1-weightednversion-recovergradient-echsequencesereacquired
with the sameprescriptiondor cineimagedo detectlategadoliniumenhancemenfLGE).

Image interpretation

CMR dataweretransferredo adedicatedvorkstationandanalysedvith acommerciallyavail-
ablecardiacsoftwarg(ReportCard4.0;GE HealthcareMilwaukee WI). Using T2-weighted
short-axismagesinfarct-relatededemawvasconsideredresentwhenthe signalintensity (SI)
of the myocardiumwas>2SDthe meanS| of the contralateratemoteregionof normal myo-
cardium[2]. Thehyper-intenseegionsweretrackedin orderto outline the extentof AAR,
measuredn gramsandexpressedsapercentagef LV. On LGEimaging,MI wasconsidered
presentf the Sl of hyper-enhancednyocardiumwas>5SDthe meanSl of the remoteregion
[10]. Microvasculamobstructionwasdefinedasahypo-enhancedegionwithin infarctedmyo-
cardium.MI sizingwassimilarly obtainedby manuallytrackingthe regionsof interestand
measuredn gramsand percentof LV massMSI wascalculatedusingthe following equation
[(AARDiInfarct sizeatLGE)/AAR][11]. CMR datawasevaluatedwiceby anexpertreader
(with >5yearsof clinical experiencén CMR performanceandanalysisplindedto patient
clinical historyanddata.Another expertreademrepeatedCMR dataevaluationKappavalues
werecalculatedor inter-observeandintra-observewariability.

Statistical analysis

Continuousvariablesireexpressedsmean+SDor median[27+75percentile] whereasate-
goricalvariablesareexpressedspercentage®uring hospitalstay,QTc changesvereevalu-
atedwith pairedStudentT-test.Spearman'sank correlationcoefficient(r) wasusedto
evaluatecorrelationbetweem\QTc-Al-MA atdifferenttime pointsand CMR findings.Linear
regressiowasusedto studytherelationshipbetweerog-transformed.GEandAQTc, con-
sideringdemographi@andclinical variablesaspotentialconfoundersMultivariablemodels
weredevelopedncluding variableswvith p<0.1atunivariateanalysisTheassociatiobetween
MSI and AQTcwassimilarly analysedvith logisticregressioranalysisA receiver-operator
characteristi¢ROC) curvewasperformedto evaluatehe ability of AQTcto discriminate
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patientswith MSI <0.6vs.thosewith MSI >0.6.The Youdenmethodwasusedto find the best
cut-off. Statisticahnalysisvasperformedwith STATAversion12.1(StataCorp.CollegeSta-
tion, TexasandRversion3.0.2 A p value<0.05wasconsideredstatisticallysignificant.

Results

Thebaselinelinical,echocardiographiendlaboratorydataof thefifty patients(44males,
meanage59+10years)with afirst anterior STEMIenrolledin the studyarelistedin Tablel.
All patientsunderwentsuccessfylPClandoptimal medicaltherapy. The AAR was(35[25+
58] g, 37+22%of the LV myocardialmassand LGEwas(19[7+29]g, 16[6+26]%of the LV
myocardialmass)with anaveragéSl of 0.45+32%Table?2). Theinter-observeiagreement
betweerthetwo readerdor MSI was0.93with akappavalueof 0.85(95%confidencdnterval
[CI] 0.60+1.0)Intra-observeragreementor MSI of the two readersvas0.91with akappa
valueof 0.76(95%CI 0.42+1.0and0.95with akappavalueof 0.85(95%CI 0.60to 1.0),
respectivelyTheQTcincreasedn all patients(admissionQTc 435+39msecvs.peakQTc 506
+57msecp<0.001).

Fig1 (PanelA andB) illustratesthetemporalQTc changesn all leadsThetotal QTc signif-
icantlyincreasedhfteradmissionThegreatesprolongationwasnotedon the 3 dayafter
STEMI(p = 0.004)and subsequentlgecreasethroughthe 6" day. The peakAQTc-Al-MA
wasreachedn the 3" dayandwassignificantlyhighercomparedo that measuredt admis-
sionandon the 6™ day(p<0.05)(PanelC).

Theinter-observelagreementor QTc evaluationwas0.90with akappavalueof 0.82(95%
confidencdnterval[CI] 0.60+1.0)Similarly,intra-observeiagreementor the evaluatiorof
QTcintervalwas0.92with akappavalueof 0.80(95%CI 0.42+1.0and0.93with akappa
valueof 0.82(95%CI 0.60+1.0);espectively.

AQTc-Al-MA demonstratecamoderatecorrelationwith LGEmassandpercentagef LGE
(r =0.50,p<0.05andr = 0.52 p<0.05 respectivelyandMSI (r = -0.42,p<0.05)(S1Table).
After performingthe univariateanalysigo predictLGE quantificationandlow MSI (S2and S3
Tables)peaktroponin | andAQTc-Al-MA on 6" daywereindependenpredictorsof LGE
expressedsabsolutamassor as%LV mason multivariateanalysigTables3 and4). More-
over,on multivariateanalysigTable5), only peaktroponin | (p = 0.033)andAQTc-Al-MA
on 6" day(p = 0.013)emainedindependenpredictorsof MSI<0.6.The ROC curveof
AQTc-AI-MA on the 6"dayexhibitedan AUC of 0.77to predictMSI<0.6(Fig 2) with the
optimalthresholdof 61mse@orrespondingo asensitivityand specificityof 70%and 81%,
respectively.

Discussion

Thepresentstudyfound adirectrelationbetweerQT prolongationand myocardialsalvages
assessday CMRin patientswith afirst reperfusedinterior-STEMIL.In particular,wefound
thatasignificantdifferentialvaluebetweeranterior (injured myocardium)andinferior
(remotemyocardium)QT detectedsix daysafterpPClcorrelatedo andwasanindependent
predictorof adverseMSI (<0.6)afteraccountingfor other clinical variablesFor thefirst time,
our dataprovideclinical meaningof ventricularrepolarizationchangesn reperfusedinterior-
STEMIapplyingafastandeasytool ableto stratifythe prognosisof this patientsubset.

CMR representshe gold standardtechniquefor the evaluatiorof cardiacstructureand
function [12+14].Recentataon this subsebf patientshaveshownthat CMR featuresndicat-
ing cardiacdysfunction sizeandtransmuralextensiorof infarct, togethemwith microvascular
injury, maybemore specificmarkersfor risk assessmetatt the individual patientlevelin
termsof adverseemodellingand MACE [3,15+19]RecentlyMSI, which representshe
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Table 1. Baseline characteristics of patient population.

Characteristics
Age(years) 59+10
Male,n(%) 44(88)
Cardiovascular risk factors, n(%)
Hypertension 19(38)
Diabetes 4(8)
Hypercholesterolemia 21(42)
Familyhistory of CAD 22(44)
Currentsmoker 29(58)
Killip clasd 49(98)
Laboratory parameters
Creatinineatadmission(mg/dl) 0.93+0.23
eGFRatadmission(ml/min/1.73mq) 93+25
Kalemiaat admission(mEq/l) 3.86+0.45
Peakkalemia(mEq/l) 4.35+0.37
Peaktroponin | (ng/mL) 50[18+112]
Medication at hospital admission
Beta-blockers 4(8.0)
ACEIi/ARBs 13(26.0)
Diuretics 3(6.0)
Ca-antagonist 3(6.0)
Anticoagulantsagents 3(6.0)
Nitrate 1(2.0)
Tricagrelor 13(26.0)
Prasugrel 30(60.0)
Clopidogrel 7(14.0)
Statins 3(6.0)
Aspirin 48(96.0)
Gplib/llla inhibitors 9(18.0)
Catheterization laboratory data
Time-to-PCI(min) 171[100+180]
Door-to-balloontime (min) 37[0£45]
Infarct-related artery, n(%)
ProximalLAD 26(52.0)
Single-vesselisease 31(62.0)
Double-vessdlisease 14(28.0)
Triple-vessetlisease 5(10.0)
Pre-PCI TIMI-flow grade, n(%)
0/1 46(92.0)
2/3 4(8.0)
Post-PCI TIMI-flow grade, n(%)
0/1 0
2/3 50(100)
Rentropgrade h(%) 0
Medication at discharge, n(%)
ACE-i/ARBs 40(80.0)
Beta-blockers 48(96.0)
Statins 49(98.0)
Diuretics 6(12.0)
Ivabradine 3(6.0)
(Continued)
PLOS ONE | https://doi.org/10.1371/journal.pone.0192220 February 8, 2018 5/13


https://doi.org/10.1371/journal.pone.0192220

QT-interval and myocardial salvage index

Table 1. (Continued)

Characteristics

Ca-antagonists 2(4.0)
Anticoagulants 3(6.0)
Antithrombotic agents 49(98.0)
Nitrates 2(4.0)
Echocardiographic data

LVEDVi, ml/m? 50+12
LVESVi,ml/m? 26+8
LVEF,% 49+8
NEof segmentsvith wall motion abnormalities 7+3
TAPSEmm 22+3
PAP,mmHg 26+8

ACE:angioten convertingenzyme ARB:angiotensirreceptorblockade CAD: coronaryarterydiseasee GFR:
estimatedylomerularfiltration rate;GP:glycoprotein,LAD: left anteriordescenihg artery;LVEDVi: indexedleft
ventricleend-diastdic volume;LVESVi indexedleft ventricleend-systolioczolume;LVEF:left ventricleejection
fraction; PAP:pulmonay arterypressurePCl: percutaneouscoronaryinterventian; TAPSEtricuspidannularplane

systolicexcursion

https://abi.org/10.1371djurnal.por.0192220.t00

Table 2. CMR characteristics.

VARIABLES mean+SD

Dayof exam 4+2

LVEDVi (ml/maq) 81+16
LVESVi(ml/mq) 42+13

LV EF(%) 4919

RVEDVi (ml/mq) 64+3
RVESVi(ml/mq) 23+7

RVEF(%) 64+7
Leftventriclemass(gr/m?) 75+18

AWM (nEof segmet) 7+3

Mass(gr) 35[25+58]

Mas¢ left ventriclemasy%) 37+22/3521+48]
NEof segments 7+3

LeE
Mass(g) 19[7+29]

Mas¢/ left ventriclemasg(%) 16[6+26]

NEof segments 6+4

Value(%)

NEof patients

36(72%)

AWM: abnormalwall motion; CMR: cardiacmagnete resonancel, GE:lategadoliniumenhancerant; LVEDVi:
indexedleft ventricleend-diasblic volume;LVESVi indexedleft ventricleend-systoliozolume;LVEF:left ventricle
ejectionfraction; MSI: myocardia salvagéndex; MVO: microvasculaobstriction; RVEDVi:indexedright ventricle
end-diastolicvolume;RVESViindexedright ventricleend-systoliovolume;RVEF:right ventricle ejectionfraction.

https://cbi.org/10.1371djurnal.por.0192220.t0D
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Fig 1. Anterior and inferior QTc derivation over time. Anterior (panelA), inferior (panelB) QTc derivationsandAQTc-Al-MA (panelC) at differert time points
expressedsmeanandstandarderror. PCl: percutaneousoronaryintervertion; AQTc-Al-MA: maxanteriorQTcbmin inferior QTc.

https://doi.org/10371/journal pne.019222¢001

extentof irreversiblemyocardialdamagéescar)in relationto the areasuppliedby the culprit
vesse{AAR imagedasmyocardialedemaat T2-weightedsequenced)asbeenfound to have
important prognosticimplicationsfor STEMIpatients[20]. Mascietal.[2] showedhat MSI
measuredvithin thefirst weekafterpPClwasindependentlyrelatedto earlyST-segmenteso-
lution andadverse_V remodelling.In addition, Eiteletal.[1] demonstratedhat MSIwasable
to predictMACE and mortality at six-monthfollow-upin apopulationof 208post-reperfu-
sionSTEMIpatients.

Themostreadilyavailabldestfor STEMIpatientsatthetime of presentatioris the 12-lead-
ECG.TheECGnot only providesrationalefor triageof patientswith STEMIto coronary

Table 3. Multivariate linear regression analysis for log-transformed LGE (gr).

Coeff. (Std. Err.) P-value 95% CI
Peakltroponin I, ng/mL 0.004(0.00) 0.002 (0.002+0.07)
AQTcAl MA Day6, msec 0.010(0.08) 0.007 (0.003+0.07)
cons 1.728(0.23) <0.001 (1.239+2.27)
R? 0.420
Adjusted R2 0.391

LGE:lategadoliniumenhancemet) Cl: confidencenterval; AQTc Al MA: deltaQT correctedantero-inferor max;
R? = coefficientof deternination.

https://abi.org/10.1371djurnal.por.0192220.t08
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Table 4. Multivariate linear regression for log-transformed LGE (%).

Coeff. (Std. Err.) P-value 95% CI
Peaktroponin I, ng/mL 0.003(0001) 0.010 (0.008+0.06)
Numberof segmets with score>0 0.098(M43) 0.029 (0.011+0.84)
AQTcAIl MA Day6, msec 0.008((03) 0.010 (0.002+0.04)
cons 1.091(0B41) 0.003 (0.399+1.82)
R? 0.488
Adj R2 0.446

LGE:lategadoliniumenhancemet) Cl: confidenceanterval;AQTc Al MA: deltaQT correctedantero-inferor max;
R? = coefficientof deternination.

https://cbi.org/10.1371djurnal.por.0192220.t00

revascularizatiorhut canalsoofferinformation on the presencendlocationof at-risk myo-
cardiumandMI. It isknownthatin the courseof ischemialengtheningof the QT is fre-
gquentlyobservedespeciallyn the caseof earlytransmuralischemiaWhen comparedwith
clinicallyacceptedndicesof transmuralischemig(i.e.,STelevation>1 mm]) QT prolonga-
tion isthe earliestECGabnormality[4]. In the settingof STEMI,afteraninitial gradual
increaseQTc-intervalprolongationhasatypicalparabolictrend with the maximumlength
reachedhfter48-72hrq21]. Importantly, the absencef QTcrecoveryratherthanthe absolute
QTcfollowing revascularizatiowf the infarct-relatedvessetorrelatego the peakof myocar-
dial necrosienzymesndto worseprognosiq22]. QT prolongationhasalsobeenconsidered
apoor prognosticsignleadingto ventriculartachycardiaand/or SCD[23].

For thefirst time, wereportasignificantcorrelationbetweem\QTc-interval prolongation
atthesiteof injured myocardium(anteriorleads)versusemotemyocardium(inferior leads)
andthe extentof myocardialinvolvementassessegith CMR in patientsundergoingsuccess-
ful pPClfor anterior STEMI.AQTc-AI-MA at6™ daywasinverselyrelatedto MSI anddirectly
relatedto LGE extent(Fig 3). At multivariateanalysisAQTc-Al-MA at6™ dayandthe peak
troponin | remainedindependenpredictorsof MSI<0.6and LGEextent.Thelackof QTc-
prolongationrecoveryattheinfarction siteduring in-hospitalmonitoring indicatesan at-risk
patientwith potentialpoor prognosis.

Thepredictionof functionallyrecoverednyocardiumin the eraof pPClis of greatclinical
importancein earlyrisk stratificationof STEMI patients ECGrepresentareliableandinex-
pensiveool in clinical practiceand mayserveasa surrogateof histologicafindingsin orderto
reachthis goal.As CMR s not widelyavailablethesefindings could be of greatclinical utility.
A simpletool suchasthe lackof QTc-prolongationrecoveryatthe siteof infarction couldbea
practicalmetric to identify asubsebdf patientsto beaddressethy CMR for enhancegrognos-
tic stratification.

Table 5. Multivariate logistic regression for MSI <60%.

OR(Srd.Err.) P-value 95% CI
Model 1
AQTcAl MA Day6, msec 0.975(0.010 0.015 (0.956+0.995
LVEF,% 1.137(0.068 0.033 (1.011+1.279
cons 0.004(0.011 0.066 (0£1.453)

MSI: myocardialsalvagéndex; OR:oddsratio; Cl: confidencenterval;AQTc Al MA: deltaQT correctedantero-
inferior max;LGE:lategadoliniun enhanement.

https://abi.org/10.1371djurnal.por.0192220.t08
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Fig 2. ROC curve for AQT AI MA at day six versus MSI <60%. AQTcAl MA: deltaQT correctedantero-nferior max;
MSI = myocardialsalvagéndex.
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Limitations

Thefollowing limitations shouldbe consideredFirst,arelativelysmallpopulationrepre-
sentghe sampleof our study.Secondthe highly selectedtudypopulationmaynot berepre-
sentativeof all anterior STEMI patients Moreover theretrospectivenatureof the analysis
mayhaveinfluencedelectrocardiogranacquisitionand magneticesonancémagingtiming.
On theotherhand,the patientshavebeenconsecutivelgelectedn orderto avoidinclusion
bias.Theapplicationof inclusionandexclusioncriteria havegeneratecdi modelof popula-
tion veryclearlydefinedfrom apathophysiologicadtandpoint.In fact,the aim of the study
wasto evaluate specificsubsebf STEMIsurvivors representedby patientswith anappar-
entgoodprognosigearlyandcompleterevascularization)n orderto seleciwho couldben-
efit from acloserfollow-up despitehavinga major myocardialtissueimpairment. Third, the
studydoesnot includeacomprehensiv&CGcorrelationevaluatingust QT measurements
with MSI. Notably,althoughSTabnormalitiesarethe bestelectrocardiographiparameters
in acutecoronarysyndromethe studydesignincludedonly patientswith prompt ST-eleva-
tion resolutionpost-PCl.Therefore QT-intervalwasthe only ECGparameteiincludedin
multivariateanalysisFourth, QT intervalwasmeasurednanually. However the clinical
experiencef well-trainedandblinded operatoramaybebetterthan automatedprogramsof
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calculationto measureT intervalaccuratelyFifth, in the currenteraof pPClfor STEMI,
hospitallengthof staymaynot reach7 days Thereforejt would havebeenusefulto provide
astraightforwardvalueat 3-dayfollow-up (peak)but therelativeanalysiof AQTC-AI-MA
did not showasignificantcorrelationwith MSI. Attemptingto explainthis phenomenonwe

PLOS ONE | https://doi.org/10.1371/journal.pone.0192220 February 8, 2018 10/13


https://doi.org/10.1371/journal.pone.0192220.g003
https://doi.org/10.1371/journal.pone.0192220

QT-interval and myocardial salvage index

postulatehat during thefirst fewdaysafter STEMI all patientshavemyocardialalteration
andconsequenthalong QT interval. Perhapghis is why 3-dayfollow-up mayrepresentoo
shortof atime interval.

Conclusions

In aspecificsubsebdf patientswith afirst occurrenceof anterior STEMI,earlyandeffectively
revascularized\QTcis inverselycorrelatedvith CMR-derivedMSI. Additional studiesare
neededo further validatethe useand cost-effectivenessf QT changest ECGasagate-
keepeifor CMRin anterior-STEMIpatients.
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