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loskih funkcija naseg tijela, kao $to je sr¢ana frekven-

cija, tijekom dnevnog ciklusa hodanja i spavanja, pri
otpustanju hormona itd. Ovi ritmovi pod kontrolom razlicitih
sustava fiziologicke interakcije mogu medudjelovati jedni s
drugima, kao i s vanjskim okruzenjem. Od bioloskih ritmova,
srcani ritam i respiracija su od posebnog interesa. Dobro je
poznato da je frekvencija srca (HR) pod utjecajem respira-
torne funkcije, a respiratorna sinusna aritmija (RSA) je izra-
van ucinak respiracije na trend HR. Kod RSA HR slijedi isti
trend respiratornog signala, povecavajuci se tijekom inspiri-
ja i smanjujuci se tijekom ekspirija. Sa stajalista frekvencije,
ovo znaci da mozemo pronaci istu frekvenciju i u HR i vre-
menskim serijama respiracije. Ova interakcije nije uvijek pri-
sutna zato $to je to funkcija razlicitih fizioloskih stanja, od
kojih je najvaznije simpateticka-parasimpateticka ravnoteza
autonomnog Zivéanog sustava (ANS). Interesantno je da se
izmedu HR i respiracije moze pojaviti poseban fenomen koji
se naziva fazna sinkronizacija.

Kardiorespiratorna fazna sinkronizacija (CRS) se pojavljuje
kada je kod uzastopnih n respiratornih ciklusa uvijek prisu-
tan jednak broj otkucaja u EKG zapisu, a fazna razlika izme-
du kasnjenja izmedu pocetka respiracije i prethodnog cik-
lusa u EKG je konstantna. U ovom slu¢aju mozemo reci da
postoji sinkronizacija s omjerom frekvencije. U biti, klasi¢na
definicija “sinkronizacije” se odnosi na periodicke, samo-
odrzive oscilatore. Kod nestacionarnih, nelinearnih oscilato-
ra kao $to su oni koji su prisutni u biolodkim sustavima, de-
finicija se mora pravilno podesiti i pojednostaviti. Dostupne
su mnoge metode za identifikaciju prisutnosti sinkronizacije
i izracuna omjera frekvencije. Najpopularniji je Sinkrogram
koji se temelji na izra¢unu stroboskopskog prikaza respira-
tornog signala koji se dobija u vremenskim markerima koji
odgovaraju svakom ciklusu u EKG zapisu. Dobija se grafi¢-
ka reprezentacija koja moze pokazati prisutnost razdoblja
sinkronizacije, njihovo vremensko trajanje i omjer frekvenci-
je.

Sto se tite HR i respiracijskih signala, sinkronizacija nije
uobi¢ajeno stanje u svakodnevnom Zzivotu. Ustanovljeno je
da je prisutnija pri mirovanju, nego kod vjezbanja ili umnih
aktivnosti. A tijekom mirovanja je naglasenija kod sportasa
nego kod ne-sportasa. Ova ovisnost CRS o razli¢itim uvjeti-
ma u okolini i zdravstvenom stanju ukazuje da fenomen
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cal functions of our body, like in the heart beating, dur-

ing the daily cycle of waking and sleeping, in the re-
lease of hormones and so on. These rhythms can interact
each others, as well as with the outside environment under
the control of different physiological feedback systems.
Among biological rhythms, the heart rate and respiration are
of special interest. It is well known that Heart Rate (HR) is
influenced by the respiratory function, and the Respiratory
Sinus Arrhythmia (RSA) is the direct effect of respiration on
the HR trend. In the RSA the HR follows the same trend of
the respiratory signal, increasing during inspiration and de-
creasing at expiration. From frequency point of view, this
means that we find the same frequency both in the HR and
in the respiration time series. This interaction is not always
present because it is function of different physiological con-
ditions, the most relevant one being the sympathetic-
parasympathetic balance of the Autonomic Nervous System
(ANS). What is interesting is that, between HR and respira-
tion, a special phenomenon, named Phase Synchronization,
can happen.

The Cardiorespiratory Phase Synchronization (CRS) occurs
when in consecutive n respiratory cycles are always present
the same number of ECG beats, and the phase difference
between the delay between the onset of the respiration and
the preceding ECG cycle is constant. In this case we can
say that exists a synchronization with a frequency ratio. Ac-
tually the classical definition of ‘synchronization’ refers to pe-
riodic, self-sustained oscillators. With not stationary, non lin-
ear oscillators like those present in biological systems, the
definition has to be properly adjusted and generalized. Many
methods are available for identifying the presence of syn-
chronization and computing the frequency ratio. The most
popular one is the Synchrogram which is based on compu-
ting a stroboscopic view of the respiratory signal as obtained
at the time markers corresponding to every ECG cycles. The
output is a graphic representation able to show the presence
of synchronization periods, their time length and frequency
ratio.

For what concerns the HR and respiration signals, the syn-
chronization is not a common condition in daily life. It was
found that it is more present at rest than during exercise or
mental tasks. And, at rest, it is more pronounced in athletes
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sinkronizacije sadrzi korisne informacije koje mogu pobolj-
8ati nase znanje o kardiorespiratornoj interakciji i povezanim
neuralnim i kardiovaskularnim sustavima. U literaturi posto-
je primjeri koji naglasavaju vaznost obrazaca disanja kod
promoviranja sinkronizacije. Ovo je posebice to¢no kada

than in non-athletes. This dependence of CRS on different
environmental conditions and health status suggests that
the phenomenon of synchronization contains useful infor-
mation that can improve our knowledge on the cardiorespi-
ratory interaction and on related neural and cardiovascular

systems. In literature, there are examples that highlight the
importance of the breathing pattern in promoting synchro-
nization. In particular, this is true when the environment fa-
vors breathing ‘synchronous’, as during the rosary or man-
tras reciting or poetry recitation.

okruzenje pogoduje “sinkronom” disanju, kao $to je tijekom
izgovaranja krunice ili mantra ili recitiranja poezije.
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