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vim priopéenjem zelimo ukazati kako razmatranje vre-
Omenske dinamike sréanih funkcija poboljsava inter-

pretaciju kardioloske multivariatne vremenske serije.
Opisat ¢e se dva razli¢ita pristupa koja ¢e se predstaviti na
dva razlicita primjera.
Prva metodologija kombinira prostorno-vremensko neizrazi-
to (fuzzy) kodiranje i multikorespodencijsku analiza (MCA).
MCA se primjenjuje da bi se: 1) smanjio broj dimenzija po-
dataka i osigurali novi sintetski indeksi temeljeni na “faktor-
skim osima” dobivenim od MCA; 2) tumacile dobivene fak-
torske osi u fizioloskim uvjetima i 3) analizirala promjena
stanja bolesnika projekcijom prikupljenih podataka u ravninu
nazvanu “faktorska ravnina” formiranu od prve dvije faktor-
ske osi. Kao ilustracija, podaci dobiveni implatibilnim ureda-
jima s dva senzora (senzor transtorakalnog otpora i akcele-
rometar) analizirani su da bi se otkrila njihova potencijalna
primjena za pracenje pacijenata lijecenih kardijalnom resin-
kronizacijskom terapijom (CRT). Da bi se klasificirali razli¢i-
ti uzorci nastanka, nakon smanjenja broja dimenzija podata-
ka dobivenih od MCA, uvedena je mjera sli¢nosti za grupi-
ranje promatranih podataka dobivenih od 41 pacijenta s
CRT. Istrazivanje cijele baze podataka omogucilo je otkric¢e
da su dobiveni klasteri u usporedbi s napomenama iz zdrav-
stvenog kartona pojedinog bolesnika te je zauzelo dva pod-
ru¢ja u faktorskoj ravnini, jedno vezano uz pogor$anje
zdravlja pacijenta i drugo vezano uz stabilno klini¢cko stanje.
U drugoj metodologiji dinamiku pojedinih vremenskih serija
odlikuje niz skrivenih polu-Markovljevih modela (HSMM). U
tom slu¢aju metoda dijagnostike koristi ne samo trenutne
vrijednosti nego je takoder predlozena i uporaba unutarnje
dinamike vremenske serije. Predlozen je skriveni polu-Mar-
kovljev model da bi se otkrila vremenska evolucija proma-
tranih serija te su ispitane razli¢ite predprocesne metode
ovih serija. Temeljem usporedbi vjerojatnosti stvoren je de-
tektor koji za opservirano promatranje generira referentni ili
patoloski HSMM. Za ilustraciju analizirane su unutarnje di-
namike RR serije od 18 nedono$¢adi iz neonatalnih jedinica
intenzivnog lije¢enja (NICU) da bi se otkrili prediktivni uzor-
ci bradikardije. Neobi¢na i ponavljajué¢a bradikardija kod ne-
donosc¢adi ¢esto otkriva vazne bolesti kao sto je to kasno-
nastala sepsa. Obzirom na visok morbiditet i mortalitet po-
vezan s infekcijom, neophodno je brza detekcija. Pristup je
bio kvantitativno ocijenjen. Usporedbom dva konvencional-
na detektora koristena u NICU, ovaj pokazuje pobolj$anje
od oko 13% u osjetljivosti i 7% u specifiénosti te takoder
reducira kasnjenje dijagnostike od oko tri sekunde u us-
poredbi s konvencionalnim detektorima.

Kljuéne rije€i: prediktivni modeli, otkrivanje znanja, kardio-
logija.

Literature

sideration of the temporal dynamics of cardiac features

improve interpretation of cardiac multivariate time series.
Two different approaches will be described and demonstra-
tion will be illustrated over two examples.

The first methodology combines spatiotemporal fuzzy co-
ding and multiple correspondence analysis (MCA). MCA is
applied in order to: 1) reduce the dimensionality of the data
and provide new synthetic indexes based on the “factorial
axes” obtained from MCA; 2) interpret these factorial axes in
physiological terms; and 3) analyze the evolution of the pa-
tient’s status by projecting the acquired data into the plane
formed by the first two factorial axes named “factorial pla-
ne.” As an illustration, data obtained from an implantable de-
vice with two sensors (a transthoracic impedance sensor
and an accelerometer) are analyzed in order to discover
their potential application for the follow-up of patients trea-
ted with a cardiac resynchronization therapy (CRT). In order
to classify the different evolution patterns, after reducing the
dimensionality of the data by MCA, a similarity measure is
introduced to cluster the observed data set from 41 CRT
patients. Exploration of all the data base allows to discover
that the obtained clusters, compared with the annotations
on each patient’s medical record, occupy two areas on the
factorial plane, one being correlated with a health degrada-
tion of patients and the other with a stable clinical state.

In the second methodology, the dynamics of individual time
series are characterized by a set of Hidden Semi-Markovian
Models (HSMM). In this case, a detection method that ex-
ploits not only the instantaneous values, but also the intrin-
sic dynamics of the temporal series, is proposed. The hid-
den semi-Markov model is proposed to discover the tempo-
ral evolution of observed series and different pre-processing
methods of these series are investigated. The detector is ba-
sed on the comparison of the likelihood that a given obser-
vation being generated by a reference HSMM or a patholo-
gic HSMM. As an illustration, the intrinsic dynamics of the
RR series of 18 preterm new-borns acquired in neonatal in-
tensive care units (NICU) are analysed in order to discover
predictive patterns of the bradycardia. Unusual and recur-
rent bradycardias in preterm babies often revealed impor-
tant disorders such as late-onset sepsis. In view of the high
morbidity and mortality associated with infection, rapid dete-
ction is requested. The approach was quantitatively evalua-
ted. Compared to two conventional detectors used in NICU,
our detector shows an improvement of around 13% in sen-
sitivity and 7% in specificity and also reduces the detection
delay of approximately 3 seconds with respect to conven-
tional detectors.
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I n this communication, we would like to show how the con-
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