Automatic Multilead VCG BasedApproach
for QT Interval Measurement

R Almeidat?, JPMartneZ, AP Roch&?, SOImos’, P Lagun&

!DepdeMatematicaAplicada,Faculdadele CiénciasUniversidadedo Porto,Portugal
2Centrode Matematicada Universidadedo Porto,Portugl
3CommTechnGroup,Aragonlinstituteof EngResearchiJniversity of ZaragozaSpain

Abstract

The precisionof QT interval measues dependon the
correctlocationof QRSand T boundariesandalsoon the
analysinglead. Theusualautomaticstrategy to dealwith
multiple leadsis to apply post-pocessingdecisionrules
for selectingone of the single-lead(SL) measues. We
proposeda multilead VCG strategy that locatesthe onset
and the end of the QT interval, attendingto an optimal
transformedead accoding to the spatial characteristics
of the VCG. Theperformancevasevaluatedoverthe CSE
databaseconsideringdifferent VCG systems: corrected
Frank system(lead set F), pseudo-orthgonal leads V5,
aVFandV2(M) andthe X, Y andZ leadsderivedby Dower
transformation(D). Multilead delineationover F achieved
a betterresultsthan any singlelead by itself or any other
lead set, with an error dispesion similar to SL over 12
leadsplus decisionrules. Themultileadapproad is val-
idatedin the PTB databasein the Physionet/CinGChal-
lenge 2006, with nal scoesof 27.04,27.81and 28.96,
overF, M andD, respectively

1. Intr oduction

The precisionof QT intenal measureslependson the
correct location of both QRS onsetand T wave end.
Specially problematicis the delineationof at bound-
ariesasit is usually the caseof T wave end. Further
more,therearenot universallyaccepteclearrulesto lo-
cate waves' boundarieswhat dif cults the systematiza-
tion of delineation. Automatic methodologiesallow to
avoid intra/interobserer variability andtherefore devel-
opingaccurateandrobustmethodsor ECG automatiade-
lineationis atopic of maininterest.

Mostautomatiadelineationsystemslescribedn thelit-
eraturearebasedn asingleECGlead. Theavailability of
multiple simultaneou€CG leadsmeansthat more infor-
mationis accessibldo the automaticsystemswhich can
be usedto increasdherobustnes®f delineation.The dif-

ferentspatialorientationof eachlead may causedifferent
latencieson the electricalphenomenamnakingthe QT de-
pendenbn the analysinglead. Thusconsideringdifferent
view points over the sameelectrical phenomenathat is
differentleads,canbecrucialto determinghe QT value.

When multiple leadsare available, someauthorspro-
posedasmultileadstrategy the useof post-processinge-
cisionrulesto selectoneof the single-leadneasurements
[1]. Thoserules consistin orderingthe SL annotations
and selectingasthe onset(end) of a wave the rst (last)
annotatiorwhosek nearesheighborday withina msin-
tenal. If no SL annotationsatis esthe criteria, no mark
is provided. Thus, rules canwork quite well for choos-
ing amonga large setof SL annotationgfor instanceona
recordacquiredusingthe standardl 2 leadsystem)out are
notadequatéo dealwith just2 or 3 leads.

We proposeda multilead VCG strategyy thatlocatesthe
onsetand end of the QT intenal, attendingto an opti-
mal transformedead accordingto the spatial character
istics of VCG representationA versionregardingonly T
end location hasbeenpreviously presented2]. The de-
lineationsystemconstructsa transformedspatiallead ob-
tainedfrom 3 orthogonaleadswhich is optimizedfor de-
lineationimprovement. The singlelead delineationstrat-
egy basedon the Wavelet Transform(WT) [3] is thenap-
plied. The performanceds evaluatedon the CSEandthe
PTB databasesonsideringdifferent VCG lead systems:
thecorrected-ranksystem(leadsetF), pseudo-orthogonal
leadsV5, aVF andV2 (M) andthe X, Y andZ leadsde-
rived from the 12-leadusing Dower transformation(D).
Resultswerecomparedvith the stratgy of [3] over each
of the12leadsplusdecisionrules(SLR) to obtainthe nal
marks[1]. The multilieaddelineationstratey wasfurther
comparedvith othermethodologie®y participatingonthe
Physionet/CinCChallenge2006[4].

2. Methods

The multilead VCG delineationsystemproposeds an
extensionof the WT basedsingleleadsystem[3] thathas



alsoparticipatedn the Challengg5]. The WT providesa
descriptionof the signalin the time-scaledomain,allow-
ing the representationf thetemporalfeaturesat different
resolutions,accordingto their frequeng content. Thus,
regardingthe purposeof locatingdifferentwaveswith typ-
ical frequeng characteristicshe WT is a suitabletool for
ECGautomatiadelineation.

The theoreticalbasisfor using a 3-lead systemis the
dipole hypothesis, stating that the electrical activity of
the heartcan be approximatedby a time-variant electri-
caldipole (theelectricalhearvector- EHV). Accordingto
this hypothesisary hypotheticallead canbe synthesized
by anadequat@rojectionof theEHV. Usingthe WT of the
orthogonaleadsatascalea = 2"j_ ,, it is de nedthe
loop L™ (k) =[W3 (K); Wa (K); W4 (K)]T. As acon-
sequencef the prototypewavelet used[3], the WT 3D
loopL™(k); k 2 I, is proportionalto the smoothedECG
derivative anddescribeshe EHV evolutionin atime win-
dow | . Moreover, U, thedirectorof thebestline t tothe
pointsin L™ (k), is themaindirectionof EHV in | . A de-
rivedwaveletsignalD (k), correspondingo the ECGlead
E (k) alongthe axisde ned by U, canbe constructedy
projectingtheloop pointsoverthedirectionof U . Thepro-
jectedWT signalon the optimalleaddirection,choseras
the onecloselyparallelto the EHV on the wave's bound-
ary neighborhoodis well suitedfor its delineationsinceit
will presenthehigherprojectedderivative magnitude.

Thestratgy proposedor multileaddelineationconsists
in a multi-step iterative searchfor a better spatial lead
for delineationimpraovement,usingWT VCG loops. It is
adaptedand applied separatelyfor eachboundary asil-
lustratedin Figures(1) and(2) for QRSonsetand T end,
respectiely. A new derivedleadD g, (k) is constructedn
eachstepg for eachbeatn, usinga directionUg ,, deter
minedin anadequatdime interval | g, andWT scale,ac-
cordingto the speci ¢ boundarycharacteristicsThewin-
dow | g, is updatedateachstep,accordingto theobtained
limits, to increaseSNR and insurethe steepesslopesin
Dgn (k). Thus,Dg, (k) is well suitedfor QT boundaries
detectionandits delineationis then performedusingthe
thresholdbaseccriteriaof the singleleaddelineato3].

3. Performanceevaluation

The multilead delineationsystemwas evaluatedcon-
sideringthreedifferentVCG lead systems:the corrected
Frank system(lead set F), pseudo-orthogondeadsV5,
aVF andV2 (M) andthe X, Y andZ leadsderived from
the 12-leadusing Dower transformation(D). The leads
for lead set M were chosenby their resemblancewith
the Frank leads. Neverthelessthis subsetdoesnot take
into accountthe humantorso's geometry To includethe
needectorrectiononeshouldconsidertheleadsetD.

The CSE database6] includesles of 10secwith ato-
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3000

Figurel. Multilead delineationof the QRSonset:Step1
(initial) andStepg=2 ( nal step)

tal of 15leads(12 standarcand3 orthogonaFrankleads),
at 500 Hz samplingrate. It provides medianreferee an-
notations(after outlier rejection)from 5 cardiologistsfor

a limited numberof 42 beats. Taking the error (") asthe
automaticallydetectecdboundaryminustherespectie ref-
ereemark its mean(m-) andstandardleviation (s-) were
evaluatedacrossles. Extremecasesvereexcludedfrom

theanalysis.A le wasconsideredasan extremecaseif

thecorrespondingrrorvalue"; doesnot satisfy

m- 3 "; m-+ 3 Q)

Thevaluesof the meanandstandardieviation wereactu-
alizedaftertheexclusionof such les, andtheprocessvas
repeatedintil all les satisfyequation(1).
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(b)ECG in orthogonalleads (X (k), Y (k), Z(k)), the correspondent
WT signals(WJ%, (k), W, (k), W% (k)) and the new derived signals
D 1, (k) andD gn (k) following the directionsof vectorsU 1, andU gn
(k 2 t1p). Verticaldashedine standsfor the T endmark foundin the
respectre lead;solid line standsor manualbasedeferencemark.

Figure2. Multilead delineationof the T end: Step1 (ini-
tial) andStepg=2( nal step)

In Figure3 arepresentedhevaluesm- s- foundin
CSEdatabaseles for eachboundaryandafter excluding
theextremecasedq# les consideredn eachcase)onsid-
ering: multilead delineationover eachlead set, SL using
[3] over eachavailableleador usingpost-processingules
(k = 3and = 12 ms)overthe 12 SL marks(SLR).
In Table1, togethemwith the multileaddelineationerrors,
is presentedheresultingerroronthe QT lengthmeasure.
For thesale of comparisonpnly les thatwerenoextreme
in all approachewereconsidered?22 les).

The bestperformances achiered by multilead delin-
eationover lead setF, presentingesserror biasand dis-
persionthanoverthe otherleadsets,andthanSL overary
leadby itself. The errordispersiorof multileadover lead
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Figure3. Multilead delineationover eachVCG system
versusSL over eachof the 15 leadsavailablein the CSE
databas@ndSLR. Extremecasesxcludedseparatelyor
eachapproachand boundary(# les consideredn each
case)

setFwassimilarto theobtainedby SLR,in spiteof amuch
higherbias. Multilead delineationover lead setsM or D

performworsethat SL over lead X, but similar to the best
of all the other SL results. They presenthigherbiasand
dispersiorthanleadsetF or SLR, with leadsetperform-
ing slightly betterthanM, on QT length.

The multileadapproachproposedvasalsovalidatedin
thePTB databasePTBdatabasén thecontet of thePhy-
sionet/CinCChallenge2006[4]. This databaseonsistsn
a setof 549 les of morethan30 sec,with 15 leads(the
12 standardcandthe 3 orthogonalFrankleads),at 1000Hz
samplingrate.No referenceannotationsvereinitially pro-
vided, but a datasetf manuallyannotated)QRSonsetand
T wave endmarksonthis les wasrecentlypublished7].
Also, the medianof the entriessubmittedto the Challenge
in Division 1 (manualor semiautomaticjvereprovidedby
theendof it. The detailsaboutChallengegoalsandrules
aredescribecklseherein this volume[5]. Briey thepar
ticipantswere asled to, accordingto lead ll, chooseon
eachle the rst representate, nonectopicandnot noisy
beatandlocatethe QRSonsetsetandT wave end.

leadset | QT onset QTend QT length
F 65 64 1.8 110 83 127
M 6:9 65 77 195 146 204
D 6:1 143 6.3 121 126 195
SLR 0.2 45 0.4 113 05 134

Table1l. Performanceof multilead delineationover the
VCG systemgF, M or D) on CSEdatabaseersussingle
leadwith post-processingules(SLR):m  s;ms Extreme
casesn oneapproactexcludedfrom all approaches.



referencd4] | referencd7]
commonbeats
# 532 532 188

F 104 248 129 258 11:3 183
M 71 276 95 283 76 236
D 1060 258 124 267 86 264
SLR 225 255 249 264 225 220
Table 2. QT length errors (ms) consideringmultilead

delineationover the VCG systems(F, M or D) on PTB
database: referencemarks obtained as median manual
marksof the challengeor medianmanualmarksof [7].

The requiremenif usingleadll hasno meaningin a
multileadbasedapproachlnsteadve consideredhethree
VCG systemsandsubmitthemasdifferentapproache
Division 2 of the Challenge.The rst beatfor which the
systemwasableto locatebothQRSonsetandT end,de n-
ing andfollowing a normalRR intenal is annotated Re-
sultson lead setF constitutethe of cial entry with a -
nal scoreof 27.04. Othertwo non-ofcial entriescorre-
spondindeadsetsM andD werealsosubmittedwith nal
scoresof 27.81and28.96,respectiely.

The errorsin the QT length measuresn the selected
beatswerealsocalculatedtaking asreferencehe median
markssubmittedin Division 1 of the challengg4] andthe
manualmarksof [7]. Resultsare presentedn Table 2.
The les for which no normal, following a normal, beat,
with no importantnoisecontaminationwasfoundin one
of the approachegF, M, D or SLR) were excludedfrom
all approachesMultilead over lead setsF andD present
lower error biasandsimilar dispersioncomparedo SLR,
while leadsetM haslower biasbut higherdispersion.

As only the selectedbeatsare annotatedthereis no
guaranteghanthe samebeatis being considerecby the
automaticapproacheandreferenceln thelastcolumnof
Table2 aretheresultsconsideringonly the casegor which
thesamebeatwasannotatedcommonbeats)considering
thereferencen [7], for which beatinformationexists. For
the medianmanualmarksof the challengeno information
is availableaboutthe choserbeat.Consideringexactly the
samebeatsthe higherperformanceof the multileadusing
leadsetF becomegjuite notorious.

4. Conclusions

The automaticdelineationsystemproposedallows to
dealwith multiple leadsandtakesadwantageof their avail-
ability. Multilead delineationover recordedFrank leads
presentbetterperformancehansingleleaddelineationof
ary leadby itself. Thus,it hasadwantagesover ary pos-
sible choice of a particularlead. This approachclearly
outperformssinglelead over 12 leadsplus decisionrules

in the PTB databaseboth in error bias and dispersion.
Oneshouldnotethatthe referencamarksarewith respect
to lead Il only andthus someof the bias can be dueto
the lead used. The higher error bias found in the CSE
databaseshouldbe further explored and corrected possi-
bly by changinghethresholdbasedriteria. Multilead de-
lineationover leadsderived usingDower matrix performs
worsethanover Frankleads,but still with acceptablee-
sults.Multilead delineatioroverleadsetD is thenanalter
native in the caseof unavailability of recorded-rankleads.
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