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Abstract

There hasbeenmud interestin analyzingthe tempoal
organizationof prematue ventricular complexes.Different
proposedmedanismspredict specific patterns. So far,
these predictions have been mostly testedby inspecting
short data strips. We present a novel method for
representingcardiactimeseriesaslongas24 hoursusinga
tempoal reoiganizationof thedata. Our threedimensional
rate-dependerttistagramsshowthe numberof intervening
beatsor the interectopictime intervalsfor differentsinus-
RRintervals, an approad that may be usefulto uncover
hiddenpatternsof ectopyandto classifydifferentdynamics
of ectopy

1. I ntroduction

Prematureventricularcomplexes (PVCs) are associated
with an increasedcardiacrisk. FrequentPVCs are, for
example, found in subjectswith congestre heartfailure.
In the RR-timeseriesthey appeailin complex patternghat
often seemto be random(Figure 1). Thesepatternshave
beenstudiedby determiningstatisticalpropertiesof long
time series[1, 2], by analyzingan underlyingmechanism
by beat-to-beainspectionof shortdata-strip43, 4, 5], and
by building theoreticaimodels[6, 7, 5, 9, 8]. Thesestudies
have revealeda unexpectedtemporalstructurein certain
cases. We will introducea presentatiorof 24-hourtime
seriesthat allows us to visualize structurein the dataand
could provide a basisfor classificatiorof frequentPVCs.

2. Data set

We analyzea datasetof RR-timeseriesof 200 subjects
with congestie heart failure. Out of thesewe have
initially selectedthose subjectswith the most frequent
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Figurel. The RR-timeintervals againstbeatnumberof
a patientwith congestie heartfailure (subject2 in the
following figures). The upperpanelshavs 8000beats the
lowerpanelis anenlagemenbf theupperfigurecontaining
only 800 beats. The downward spikes are the premature
ventricularcomplexes;the upward spikesarenormalbeats
after a compensatorpause. The distribution of the PVCs
appearsandom.

PVCs (#PVC>5000in 24 hours). Here,we choosethree
subjectghatshaw differentpatterndn their temporalPVC
distribution. Thesamplingrateis 128/s.

3. Conventional Histograms

At first, we constructa corventional histogramof the
time intervals betweenconsecutie PVCs. In Figure2 we
seebroadandirregularpeaksn the histogram®of Subjectl
and?2. By contrastsubject3 showvs a broaddistribution but
no pronouncegeaks.

A complementary presentationof the data is the
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Figure2. Histogramf theinterectopidime intervalsover
24 hoursfor threedifferentsubjects. For subjectl and 2
the figure shavs apparenpeaks whereador subject3 the
histogramis smeareaut.

histogramof the numberof interveningsinusbeats(NIBs)
betweentwo consecutie PVCs. The NIB-histogramsof
thethreesubjectsaareshavn in Figure3. Subjectl displays
peaksfor evennumbern > 4 whereassubject2 hasmost
of the countsfor NIB=1. A broaddistribution is obsened
in subject3.

4, 3D Rate-Dependent Histograms

To further investigatethe differentpatternsfoundin the
corventionalhistogramswe studytheir dependencen the
meansinusbeatintervals. We thereforeaddthe sinusbeat
interval asathird dimensionto the NIB-histograms.

These3D-histogramsare constructedin the following
way. For eachPVCin thetime serieswe counttheNIB and
thetimeinterval until thenext PVC.We determinghemean
sinusbeatinterval in a window of 20 sinusbeatscentered
aroundeachPVC. Data are plotted with the meansinus
rate as the x-coordinateand the value for the NIB asthe
y-coordinate. The binning for the sinusbeatperiodTs =
0.01s. Thenumberof pointsis representeth a grayscale.
Notethatthe definition of the gray scaleis differentfor the
threesubjectsasexplainedin Figure4. Theresultis shovn
in Figure5. Clear patternsemege that were not evident
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Figure3. Histogramsof the numberof interveningsinus
beats(NIB) over 24 hoursfor threedifferentsubjects.For

subjectone and two the figure shavs a more pronounced
structure, whereasfor subject three the data are more

"smearedout”. None of the histogramsshaws only three
peaksas predictedby the mathematicalmodel of pure
parasystol§9].

in previous figures. This structurediffers from subjectto

subject. In subjectl, the sameNIB-structureis presered
over the whole T's-rangeandis thereforealsoclearly seen
in Figure3. By contrastjn subject?2 we noticea changen

the NIB-structureatT's = 0.85s. For T's < 0.85s themost
pronounced\IB-valuesare 1 and 3, for Ts > 0.85s we

seemoreNIB-valuesat 2 and4. Projectingthis plot on its

y-axesaddsup the histogramdfor individual T's smearing
outthe peaksin Figure3. TheTs-resoled NIB-histogram
of subject3 remainsas unstructuredasin Figure 3. The
densityof beatsof this subjectss muchlower thanin the
othertwo subjectdueto the broaderdistribution.

We alsodeterminghe3D-histogramgor theinterectopic
time intervals (Figure 6) using the samebinning for the
sinus beat intervals as in Figure 5. A linear structure
emeges in which all lines have a negative slope that
becomesamnore negative with increasinginterectopictime
interval. The distancebetweerthe lines aredifferentfrom
subjectto subject.
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Figure4. Definition of the gray scalefor Figures5 (NIB)
and 6 (ITI=interectopictime interval). Black is associated
with the maximum numberof PVCs which differs from
subjectto subject. The valuesof thesemaximaare given
in thisfigure.

5. Discussion

In this paperwe have presentedstatisticalmethodsto
representdataof patientswith frequentPVCs. Although
from a clinical perspectie all these patients might
be consideredsimilar since they all have more than
5000 PVCs/24 hours, the dynamics of the occurences
of the PVCs is strikingly different in the three cases.
We conjecture that this reflects different underlying
physiologicalmechanisms.

Onerelatively uncommonphysiologicalmechanisnfor
frequentPVCs is pure parasystole. In pure parasystole
the PVCs are generatedfrom an independentectopic
pacemakrin theventricles.In sucha casethe interectopic
time intenals areintegermultiplesof the periodTy of the
ventricularpacemakr, leadingto equidistantpeaksin the
histogramsin Figure 2 andto equidistantlines with zero
slopein Figure 6. For pure parasystolea mathematical
model was developedthat makes distinct predictions[4,
5,9, 8]. It is describedby only two parametersthe ratio
Ty /Ts of the periodsof theventricularpacemakrTs and
thesinuspacemakrTs, andtheratio of therefractorytime
0 andTs. The predictionsof this model are formulated
in termsof the NIBs. The parameterspacespannecdby
Ty /Ts ononeaxisandfd/Tg on the otheraxisis divided
into regions. In eachof theseregionsonly threedifferent
valuesof NIBs arepossible,suchthatfor pureparasystole
only three dark areasshould be presentin eachvertical
line in Figure 5. Thesepredictionschangewhen there
is aninteractionbetweenthe two pacemakrs (modulated
parasystole)4]. The boundariesof the regions become
blurredandsomenew regionsappear

Not surprisingly the three casesanalyzedhere do not
follow the predictionsof pureparasystolienechanismOne

caseof pureparasystolevasfoundin thedataset,andit will
be discussedeparatelyf10]. Otherpotentialmechanisms
for thesearrhythmiasaretriggeredactivity andreentry[11].
However, theoreticalmodelscapableof predictingthe rate
dependencef the interectopictime interval andthe NIB-
distribution for thesemechanismbave notbeendeveloped.
This papershaws that patientswith frequentPVCs may
have different dynamicalcharacteristics. Since different
mechanismamay be associatedwith different risk, the
classificationof the dynamicsof frequent PVCs merits
furtheranalysis.

6. Conclusion

The proposed3D rate-dependerttistogramsmay shov
hidden patternsin data records from 24-hour Holter
recordings. They may be helpful in identifying complex
mechanismék e variantsof parasystol¢10]. Theresulting
3D rate-dependerttistogramscanbe usedfor quantitatve
comparisonsvith theoreticaimodelsof arrhythmia.
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Figure5. The3D-histogramshaowing the numberof interveningbeatsin dependencen the sinusbeatinterval T's. For the
grayscaleseeFigure4 andtext.
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Figure6. The3D-histogramshaowing theinterectopidime intervalsin dependencenthesinusbeatinterval T's. Seetext.



