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INTERMITTENCY IN HUMAN HEARTRATE VARIABILITY�Jan J. �ebrowskiFa
ulty of Physi
s, Warsaw University of Te
hnologyKoszykowa 75, 00-665 Warszawa, Polande-mail: zebra�if.pw.edu.pl(Re
eived November 7, 2000)Intermitten
y in time series of the time intervals between heart beats(RR intervals) extra
ted from 24 hour (portable) ECG is found for some
ases of humans with arrhythmia. Laminar phases are found by sweepinga short (5 intervals) time window through the time series and 
al
ulatingthe standard deviation of the series in ea
h window. 8 of the 18 arrhyth-mia 
ases studied had a bimodal distribution of the standard deviationvalues indi
ating some kind of intermitten
y. The distribution of lengthsof the laminar phases identi�es the intermitten
y obtained in human heartrate variability as Type I in the Pomeau and Manneville 
lassi�
ation. Al-though the arrhythmia 
ases studied were medi
ally very di�erent � inthose instan
es that intermitten
y did o

ur the probability distributionsof laminar phase lengths were strikingly similar.PACS numbers: 05.45.+b, 87.10.+e, 87.80.+s1. Introdu
tionIntermitten
y is a phenomenon 
hara
teristi
 of many nonlinear dynam-i
al systems [1℄. Its primary feature is that the behavior of the system maybe divided into phases whi
h o

ur irregularly but whose lengths obey 
er-tain s
aling rules. Several types of intermitten
y in dynami
al systems havebeen identi�ed [1℄. The type of intermitten
y depends on the kind of bi-fur
ation that o

urs in the system. If intermitten
y 
omprises phases ofregular behavior separated by 
haoti
 bursts then intermitten
y of type I,II and III of Pomeau-Manneville o

urs depending on whether the systemis 
lose to a tangent, a Hopf or a period doubling bifur
ation, respe
tively.� Presented at the XIII Marian Smolu
howski Symposium on Statisti
al Physi
s,Zakopane, Poland, September 10�17, 2000.(1531)
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haos intermitten
y is due to 
risis phenomena in the system [2℄.On�o� intermitten
y is related to a symmetry breaking bifur
ation [3℄.Theoreti
al analysis [1,4,5℄ has explained the intermitten
y observed innumeri
al experiments (see e.g. [6℄). However, 
are must be taken when
omparisons of the simpli�ed models of spe
i�
 intermitten
y types are madewith both numeri
al 
al
ulations and with experimental data. For example,for type I intermitten
y it is usually a

epted that the probability of ob-taining a given laminar phase length l s
ales as l�2 [1℄. However, this istrue only in the simpli�ed model whi
h assumes a symmetri
 probabilityof reinje
tion of the traje
tory into the intermitten
y 
hannel. For the fulllogisti
 equation (whi
h may be 
onsidered generi
) this 
ertainly does noto

ur. Hen
e an asymmetri
 laminar length distribution is obtained for thefull logisti
 map (
ompare Fig. 7 with Fig. 15 and related text in [4℄).Experimental observations of intermitten
y have been 
ondu
ted [1,6℄.It has been shown that several kinds of intermitten
y may o

ur in a singlesystem depending on the type of measurement or on the 
hoi
e of parameterrange [1,6℄. The spe
i�
 type of intermitten
y is identi�ed usually by themeasurement of the s
aling properties of the laminar phase lengths. A veryimportant fa
tor in the experimental identi�
ation of intermitten
y is theexisten
e of noise in the time series analyzed [4,6℄.Many phenomena in biology and medi
ine are known to o

ur in anintermittent way. However, intermitten
y is mostly 
onsidered in the de-s
riptive, and loosely intuitive sense only and formal intermitten
y analysisis still relatively rare. Sin
e systems in biology are still most often treatedas sto
hasti
, intermitten
y e�e
ts are analyzed in terms of sto
hasti
 pro-
esses [7℄. Although su
h an approa
h ne
essarily will not yield details ofthe intermitten
y pro
ess itself, the fa
t that intermitten
y quanti�ed bymeans of the Hurst exponent promises to allow the assessment of the risk ofheart failure [7℄ is interesting in itself. Type III has been identi�ed in EEGtime series measured in 
omatose patients [8℄ and during epilepti
 seizures[10℄. Intermitten
y has been also found for arterial vasomotion [9℄ and inperiodi
ally driven pa
emaker neurons [11℄. Note also that, re
ently, newindi
ations of the deterministi
 nonlinear nature of heart rate variabilityhave been published, notably the study by Chi-Sang Poon et al. [12℄ and the
ontrol of �brillation in humans [13℄.The purpose of this paper is to analyze human heart rate data in orderto assess whether intermitten
y o

urs in the heart rate 
ontrol pro
ess.It is shown that, in some 
ases, when some other than the normal sinusheart rhythm o

urs, strong indi
ations of intermitten
y are obtained. Thetype of intermitten
y is identi�ed and features 
hara
teristi
 of the Pomeau-Manneville type I are found.



Intermitten
y in Human Heart Rate Variability 15332. The dataHolter re
ordings of analog ECG were digitized at 256 Hz and the RRintervals extra
ted by means of the Del Mar 563 Strata S
an software. Ea
hre
ording was 
he
ked for artifa
ts by a quali�ed 
ardiologist. 24-hour longtime series were used (80000 to 120000 RR intervals).18 patients with di�erent types of arrhythmia were studied. For 
om-parison 3 re
ordings of healthy individuals were analyzed.3. MethodsIn experimental observations of intermitten
y, the 
riti
al issue is thede�nition and identi�
ation of the phases of intermitten
y. A 
omputerprogram for this purpose was developed.The program allows to use two 
riteria by whi
h the laminar phase isidenti�ed:(a) as the range of the time series elements in whi
h their standard devia-tion 
al
ulated in a sweeping time window falls below a 
ertain 
riti
alvalue (or, alternately, ex
eeds that value),(b) as the range of the time series in whi
h its elements remain 
lose to a
ertain given value (or values). This option of the program was usefulfor the veri�
ation of the other option on a time series generated fromthe logisti
 map for whi
h the position of the �xed points is known.In 
riterion (a) the important fa
tor is the length of the sweeping timewindow. It was found that the best results were obtained for a time windowof 3�10 time series elements. The results below are given for a 5 elementlong time window.The program was tested on the intermitten
y whi
h o

urs before theperiod-3 window in the logisti
 map. 10000 laminar phases were used forthe statisti
s. It was found that both methods yielded results whi
h werevery similar to ea
h other. 4. ResultsFig. 1 depi
ts a 24 hour time series of RR intervals as measured in a25 year old healthy male. It 
an be seen in Fig. 2 that the distribution ofstandard deviation of RR intervals, 
al
ulated as in the rest of this paper ina 5 RR interval long sliding window, de
reases exponentially. For a healthyindividual no intermitten
y 
an be found. Similar results were found for theother two time series re
orded for healthy individuals.
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Fig. 1. A 24 hour long time series of RR intervals for a healthy, young male as afun
tion of the interval index.
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Fig. 2. Distribution of the standard deviation 
al
ulated in a 5 interval sweepingwindow for the data in Fig. 1.In the 
ase of heart rate variability, the 
hoi
e of 
riterion for the de�ni-tion of the laminar and 
haoti
 phases is by no means obvious. Judging bytypi
al illustrations of the type I intermitten
y for the logisti
 map [1,2,4℄,it would seem that the laminar phase should be de�ned as su
h a fragmentof the time series in whi
h the standard deviation of the signal analyzedis small. Conse
utive iterations inside the 
hannel are very 
lose to ea
hother. One should remember that, in parameter spa
e, intermitten
y pre-
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edes a periodi
 window. The bifur
ation 
reating su
h a period-n windowis well visible when the n-th iterate of the map is depi
ted whi
h is the 
asein textbooks. In the time series generated by the �rst iterate of the map inintermitten
y the 
onse
utive iterations lie 
lose to the period-3 orbit andtheir di�eren
es are not small. Consequently, the proper way to �nd thelaminar phases of type I intermitten
y is to de�ne them as those parts oftime series in whi
h the standard deviation is large.If arrhythmia is to have anything to do with some kind of intermitten
y,the large standard deviation 
riterion is the proper dis
riminator of laminarphases. This may be inferred from the ta
hograms themselves. Fig. 3(a) de-pi
ts a 
ase in whi
h about 80% of the RR intervals were due to arrhythmia.It may be seen that arrhythmia is 
hara
terized by periods of large standarddeviation. Moreover, in this 
ase, the arrhythmia was of an extremely regu-lar and for very long stret
hes of the time even simply periodi
 (Fig. 3(b)).It 
an be seen that the periods of arrhythmia 
orrespond to large standarddeviation values.
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Fig. 3. Part (a) depi
ts the 24 hour time long series of RR intervals for an extreme
ase of highly ordered arrhythmia. Part (b) presents an example of 400 
onse
utiveRR intervals in Takens delay 
oordinates (delay equal to 2 intervals) during one ofthe laminar phases in part (a) showing an almost exa
tly periodi
 behavior.Fig. 4 depi
ts the time series of RR intervals of a 67 year old male whosu�ered a 
ardia
 arrest in the last hour of the re
ording (the period of the
ardia
 arrest itself is missing from the time series be
ause the R peaks 
ouldnot be identi�ed during that period). This is an example of a RR intervaltime series with periods of high order (see axial view in Fig. 5). It 
an beseen that periods of large standard deviation alternate with periods of lowstandard deviation in this time series. Fig. 6 depi
ts the distribution ofstandard deviation 
al
ulated in a sweeping time window of 5 RR intervals.It 
an be seen that there are two ranges: 0�50 ms (whi
h is dominant) andlarger than 50 ms. If one de�nes the laminar phases as periods of large
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Fig. 4. The 24 hour long time series of RR intervals for the 
ase of a 67 yearold male with arrhythmia. A 
ardia
 arrest o

urred within the last hour of thisre
ording. The event itself is missing from the time series as the R peaks were notre
ognizable at that period.

Fig. 5. The time series of Fig. 4 in the Takens delay 
oordinates with the delayequal to 2 intervals. Two proje
tions are shown: a side proje
tion and the axialproje
tion. The outlying points seen in the latter are mostly due to arrhythmia.standard deviation � (i.e. � > 50 ms) then the distribution of laminar phaselengths in Fig. 7 is obtained. The shape of this distribution strongly indi
atesthat the intermitten
y seen in Fig. 4 and Fig. 6 is of type I in the presen
eof noise [4,6℄. Note, that the shape of the distribution is not symmetri
 aswould be expe
ted from textbooks (
f. 
hapter 4 in [1℄) and su
h asymmetrymay be attributed to the asymmetry of the reinje
tion pro
ess [4℄. Theexponential tail at the large laminar phase lengths end of the distribution isdue to noise [4,6℄. The shape of the laminar lengths distribution obtainedfor the large � 
riterion was very similar for all the arrhythmia 
ases forwhi
h the width of the distribution of the standard deviation was bimodal
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ases studied). A se
ond, also typi
al example is shownin Fig. 8 (part (a) the distribution of 5 beat standard deviation values, part(b) � the laminar lengths distribution) for the 
ase of a 50 year old womanwith arrhythmia.
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Fig. 6. Distribution of the standard deviation 
al
ulated in a 5 interval sweepingwindow for the data in Fig. 4 and Fig. 5.
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Fig. 7. Distribution of the lengths of the laminar phases for the times series inFig. 4 (i.e. of all data with � > 50 ms in Fig. 6).An example of those 
ases whi
h were medi
ally 
lassi�ed as those ofarrhythmia but whi
h did not display any features of intermitten
y may beseen in Fig. 9. It 
an only be seen that the width of the distribution for su
hpersons is mu
h smaller than for the healthy persons (
ompare Fig. 2).
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Fig. 8. Part (a): the distribution of the standard deviation 
al
ulated in a 5 intervalsweeping window for the data for one of the arrhythmia 
ases studied. Part (b):the distribution of the lengths of the laminar phases for this times series (i.e. of alldata with � > 100 ms in part (a)).
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Fig. 9. Part (a): The 24 hour long time series of RR intervals for one of the arrhyth-mia 
ases studied whi
h did not exhibit intermitten
y. Part (b): the distributionof the standard deviation 
al
ulated in a 5 interval sweeping window for the datain part (a).Finally, it should be noted that very similar distributions of laminarlengths has been found when heart rate variability of 
ertain patients withhypertrophi
 
ardiomyopathy were examined. These patients had no ar-rhythmia so that only purely sinus rhythm was present. In spite of this,all results indi
ate that the intermitten
y obtained in these 
ases was ofthe same kind as in the data presented here. The group of patients with
ardiomyopathy is 
urrently being investigated and a fuller report will bepublished separately.



Intermitten
y in Human Heart Rate Variability 15395. Con
lusionsStatisti
al properties 
hara
teristi
 of type I intermitten
y in the pres-en
e of noise were identi�ed in the heart rate variability of some of thepatients with arrhythmia. Further resear
h into this 
on
lusion is neededhowever. In parti
ular, laminar phases need to be examined one by one inorder to analyze the return map stru
ture.Some indi
ations that intermitten
y may be present in the heart ratevariability of other groups of patients are 
urrently being investigated. If thesimilarity obtained in the properties of intermitten
y in heart rate variabilityin very di�erent groups of patients would be 
on�rmed � espe
ially in thosewith only sinus rhythm present � then the 
on
lusion would be that thedi�erent kinds of disease 
reate su
h a 
hange of the 
ontrol parameters of theheart rate variability regulation system that they drive it into intermitten
y.That would, however, mean that the system is predominantly deterministi
and has the form of a iterated map.The author is very grateful to R. Baranowski, MD and W. Popªawska,MD for medi
al knowledge and the medi
al data. Professor H. Benner,A. Krawie
ki and U. S
hwarz are thanked for enlightening dis
ussions onintermitten
y resear
h. This paper was supported by the internal grant ofthe Fa
ulty of Physi
s of the Warsaw Universuty of Te
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