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{ŀŘǊȌŀƧ
ÅhǘƪǊƛŏŜ ǊŜǘƛƪǳƭŀǊƴŜ ŦƻǊƳŀŎƛƧŜ όwCύ ƛ ascendentnogretikularnog 

aktivacijskog sustava (ARAS)

Å Dvije glavne dimenzije svijesti: budnost i svjesnost te njihova 
ŘƛǎƻŎƛƧŀŎƛƧŀ ǳ ǊŀȊƭƛőƛǘƛƳ ǎǘŀƴƧƛƳŀ

ÅhǘƪǊƛŏŜ ƛ ǳƭƻƎŀ ƳǊŜȌŜ ǘŜƳŜƭƧƴƻƎ ƴŀőƛƴŀ ǊŀŘŀ όdefaultmode network, 
DMN) u svjesnosti

Å¢ŜƳŜƭƧƴŜ ǇƻǎǘŀǾƪŜΣ ǇǊŜŘƴƻǎǘƛ ƛ ƴŜŘƻǎǘŀǘŎƛ ǳ ƭƛǘŜǊŀǘǳǊƛ ƴŀƧǾƛǑŜ 
spominjanih teorija svijesti

Å¢ŜƻǊƛƧŀ ŘƛƧŜƭƧŜƴƧŀ ƛƴŦƻǊƳŀŎƛƧŀ ǳ ȊŀƧŜŘƴƛőƪƻƳ ǊŀŘƴƻƳ ƻƪǊǳȌƧǳ όglobal 
neuronalworkspacetheoryof consciousness, GNW)

Å C0, C1 i C2 svijest i AI



René Descartes (1596-1650)

- Jedna od najranijih ǇǊŜǘŜőŀ ǇƻƪǳǑŀƧŀ ŘŀǾŀƴƧŀ 
ƻŘƎƻǾƻǊŀ ƴŀ ǇƛǘŀƴƧŜ Ǒǘƻ ƧŜ ǎǾƛƧŜǎǘǳƻōƛőŀƧŜƴƻ 
se smatra dualnost uma i tijela

- Prema DescartesuαƧŀέ kojemisliznada 
postojidokmisli, a ta je αprvai ƴŀƧǾŀȌƴƛƧŀ
istinaέ ǎŀŘǊȌŀƴŀu njegovojpoznatojizreci: 
αMislim, daklejesamέ (franc.αJe pense, donc
je suisέΤ lat.αCogito ergo sumέύ

- 5ǳŀƭƛǎǘƛőƪƛ ƪŀǊǘŜȊƛƧŀƴǎƪƛ ƻƪǾƛǊΣ ǳ ƪƻƧŜƳǳ ǎǳ ǳƳ 
(rescogitans) i tijelo/materija (resextensa) 
ŘǾŀ ƻŘǾƻƧŜƴŀ ƻƴǘƻƭƻǑƪŀ ŜƴǘƛǘŜǘŀΣ ǇǊŜƳŀ 
Descartesu su u interakciji samo u epifizi

Ilustracija puta boli iz dijela Les Passions de ƭΩŃƳŜ
(Passionsof the soul) u Traitede l'homme
(Treatiseof manΣ ¢Ǌŀƪǘŀǘ ƻ őƻǾƧŜƪǳύ wŜƴŞŀ 
Descartesa (1649.)



René Descartes (1596-1650)

Ilustracija vidnog puta Principia Philosophiae
(Principlesof philosophy) Renéa Descartesa (1644. 
na latinskom, izdanje na francuskom 1647.)



HansBerger
(1873-1941)

- Richard Caton(1842-1926) 1874/75 galvanometrom 
ƻǘƪǊƛƻ ŜƭŜƪǘǊƛőƴǳ ŀƪǘƛǾƴƻǎǘ ƳƻȊƎŀ ȊŜŎŀΣ Ǉǎŀ ƛ 
majmuna

1924.IΦ.Υ αEEGje popratni fenomen kontinuiranih 
ǇǊƻŎŜǎŀ ƪƻƧƛ ǎŜ ƻŘǾƛƧŀƧǳ ǳ ƳƻȊƎǳΣ ōŀǑ ƪŀƻ Ǒǘƻ 9YD 
predstavlja popratni fenomen kontrakcija pojedinih 
ǎŜƎƳŜƴŀǘŀ ǎǊŎŀΦέ

- Edgar AdrianαǇƻǘǾǊŘƛƻέ 99D ǘŜƪ мфоп όҌ /ƘŀǊƭŜǎ 
SherringtonNN1932 za ¬nAP uslijed ¬I, A=, all-
or-none)

- NN: 1936AHfalse1963, 1940o, 1942X, 1947X

- нллр ōƛƭƧŜǑƪŜ ƛȊ ŘƴŜǾƴƛƪŀΥ αIch bin gerne bereit, 
wieder als Gutachter bei zu arbeiten das Gericht 
für genetische Gesundheitin Jena, für das ich 
Ihnen dankeέ

BergerH. Über das Elektrenkephalogrammdes Menschen.
Arch. Psychiatr. Nervenkrank. 1929; 87: 527-570.     (+ 12 ςIIςdo 1938.) 



FrédéricBremer(1892-1982)

- bŀƪƻƴ Ǒǘƻ ƧŜ ǎ BaileyemмфнмΦ ƻǘƪǊƛƻ Řŀ ǎŜ ƻǑǘŜŏŜƴƧŜƳ

ƘƛǇƻǘŀƭŀƳǳǎŀ ǑǘŀƪƻǊŀ ƳƻȌŜ ƛȊŀȊǾŀǘƛ ŘƛƧŀōŜǘŜǎ insipidus,

Bremeraje zainteresirao nalaz da su navedneȌƛǾƻǘƛƴƧŜ

nakon navedene procedure, osim simptoma polidipsije

i poliurije, bile i izrazito pospane

- StogajeƻŘƭǳőƛƻtestiratiǑǘƻbi sedogodilopresjecanjem

mozgainterkolikularnimtransverzalnimpresjekomna

razinisrednjegmozga(cerveauisolépresjek,

αƳŜȊŜƴŎŜŦŀƭƛőƪŀƳŀőƪŀέύőƛƳŜvelikimozakostaje

izoliranodƳƻȌŘŀƴƻƎdeblai ƭŜŚƴŜƳƻȌŘƛƴŜ

BremerF. Cerveau "isolé" et physiologie du 
sommeil.C. R. Soc. Biol. 1935; 118: 1235-1241. 

RF

cerveauisolé
Kadje ƻǇŏŀanestezijaeterom prestala,ǳƻőƛƻmiozui
ǎǇǳǑǘŀƴƧŜƻőƴƛƘƧŀōǳőƛŎŀpremadolje i medijalno,a u
EEG-u alfa valove 7-10 Hz, Ǒǘƻga je navelo na
ǇƻƎǊŜǑŀƴȊŀƪƭƧǳőŀƪda Ƴŀőƪŀspava te da je time
potvrdio svojuαdeaferentacijskuƘƛǇƻǘŜȊǳέnastanka
sna zbog nedostatka osjetnih informacija iz ƭŜŚƴŜ
ƳƻȌŘƛƴŜΣa zapravoseradiloo trajnoj komi.



FrédéricBremer(1892-1982)

- U drugoj vrsti pokusa u kojem je presjecanjenapravio

ƴŜǇƻǎǊŜŘƴƻ ƛȊƴŀŘ ƳƧŜǎǘŀ ƎŘƧŜ ǎŜ ǎǇŀƧŀƧǳ ƳƻȌŘŀƴƻ

ŘŜōƭƻ ƛ ƭŜŚƴŀ ƳƻȌŘƛƴŀ όencéphaleisolé)

Iako je njime ƻƴŜƳƻƎǳŏƛƻpritjecanje osjetnih informacija iz ƭŜŚƴŜ
ƳƻȌŘƛƴŜΣkomunikacijaƛȊƳŜŚǳvelikog mozga i ƳƻȌŘŀƴƻƎdebla
ostala je netaknuta, a rezultat je bio potpuno suprotan od
prethodnog. Za razliku od stanja trajnog αǎƴŀάΣodnosno kome
αƳŜȊŜƴŎŜŦŀƭƛőƪŜƳŀőƪŜά(cerveau isolé), ovakvo presjecanjenije
doveo do promjena u ciklusu budnosti i spavanja koje bi se
razlikovaleod onih u zdraveƳŀőƪŜ.

I taj je nalaz Bremer ǇƻƎǊŜǑƴƻǇǊƻǘǳƳŀőƛƻu skladu sa svojim
uvjerenjemda sannastajezbogprivremenedeaferentacijeƳƻȌŘŀƴŜ
kore, odnosno da je san manifestacija smanjenja αkortikalnog
ǘƻƴǳǎŀάkoji seƻŘǊȌŀǾŀαƪƻƴǘƛƴǳƛǊŀƴƛƳdotokomosjetnihinformacija
u velikiƳƻȊŀƪά

RF

encéphaleisolé

FrédéricBremer1892-1982: a 
pioneerin sleepresearch. Sleep
Med. Rev. 2000; 4: 505-514



мфпфΥ 9ƭŜƪǘǊƛőƴƻ ǇƻŘǊŀȌƛǾŀƴƧŜ wC-a 
ŘƻǾƻŘƛ Řƻ ǊŀȊōǳŚƛǾŀƴƧŀ ƳŀőƪŜ ƪƻƧŀ ǎǇŀǾŀ

MoruzziG, MagounHW. Brainstemreticularformationandactivationof the EEG. 
Electroencephalogr. Clin. Neurophysiol. 1949; 1: 455-473.

Giuseppe
Moruzzi

Horace
Magoun



1951: RF i ARAS 

StarzlTE, Taylor CW, MagounHW. Collateral
afferentexcitationof reticularformation of
brainstem. J. Neurophysiol. 1951; 14: 479-496.

Ramón-Moliner E., Nauta W. J. H. The 
isodendriticcoreof the brainstem. J. Comp. 
Neurol. 1966; 126: 311-336.



Intra-
laminarne
ǘŀƭŀƳƛőƪŜ
jezgre

CM

PF

dorzalni talamus

Walter Freeman 
мфпрΦ αicepickέ 
lobotomija

- stereotaksijskoǇƻŘǊŀȌƛǾŀƴƧŜ L[ 
jezgara dovoriŘƻ ǇƻǾŜŏŀƴŜ 
pozornosti (arousalreaction)
Lee B.H. et al., Acta Anat. 1985; 123: 1-8
ς10 squirrelmonkeys



1954: theta ritam u hipokampusu

1953: REM san

AserinskyEugene, KleitmanNathaniel. Regularly 
occurring periods of eye motility, and concomitant 
phenomena, during sleep.Science 1953; 118:273ς
274.

Green John, ArduiniArnaldo. Hippocampal
electricalactivity in arousal. J. Neurophysiol. 1954: 
17: 533-557.
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B2 (NRO)
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GiRN

MPBN

NRTPo

NRPC

NC & NSC

LPBN

silazni sustav endogene opioidne
analgezije ςgate-controlof pain
(RonaldMelzack, PatrickWall, 1965)

lƛƳōƛőƪƻpolje mezencef.
F|C ƻŘƎƻǾƻǊΥ ƳƻǘƻǊƛőƪŀ
imobilnost, hipoalgezija

NAmb

B1-B3

B5-B9

interneuroniǎǘǊŀȌƴƧŜƎ ǊƻƎŀ ǇǊŜǎƛƴŀǇǘƛőƪƻƳinhibicijom 
preko opioidnih recΦ ǎƳŀƴƧǳƧǳ ǳƭŀȊ ōƻƭƴƛƘ ǎƛƎƴŀƭŀ ǳ {¿{

medijana skupina (nucleiraphes) 

lateralna (parvocelularna) skupina
(area tegmentalislateralis)

medijalna (magnocelularna) skupina

CPGs:
- disanje
- rad srca
- autonomni 
refleksi:
ƪǊǾƴƻȌƛƭƴƛrefleksi, 
gutanje, kihanje, 
ƪŀǑƴƧŀƴƧŜ, 
ǇƻǾǊŀŏŀƴƧŜΦΦ

inervacijaƳƛǑƛŏŀ ƎǊƪƭƧŀƴŀ ƛ 
ƎƭŀǎƴƛŎŀΥ ƎƭŀǎƻǾƴƻ ƛȊǊŀȌŀǾŀƴƧŜ 
ŜƳƻŎƛƧŀ ƛ ƪŀŘ ƧŜ ƻǑǘŜŏŜƴŀ CCx
(jauci, krici, plakanje, smijeh)

PAG

NAmb

CO2 i H+ senzor za 
regulaciju disanja

pov. s osjetnim i 
ƳƻǘƻǊƛőƪƛƳ ǇǳǘŜǾƛƳŀ

A10 
(VTA)
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Razina svjesnosti 
(ŦǊƻƴǘƻǇŀǊƛƧŜǘƻǘŀƭŀƳƛőƪŜƳǊŜȌŜύ

koma

ƻǇŏŀ
anestezija

duboki 
san 
(SWS)

REM

lagani san 

pospanost 

potpuno 
svjesna 
budna
osoba 

VS/UWS

ƳƧŜǎŜőŀǊŜƴƧŜ

mali napadaj (apsans)

ǎƭƻȌŜƴƛ ǇŀǊŎƛƧŀƭƴƛ ƴŀǇŀŘŀƧƛ

sindrom
ȊŀƪƭƧǳőŀƴƻǎǘƛ      
(LIS) 

MCS- MCS+       EMCS

Dvije glavne dimenzije svijesti



{ƛƴŘǊƻƳ ȊŀƪƭƧǳőŀƴƻǎǘƛ όlocked-in syndrome)

38-ƎƻŘƛǑƴƧƛ ōƻƭŜǎƴƛƪ ǎ [L{-om

MRI istog 38-god. bolesnika

53-ƎƻŘƛǑƴƧƛ ōƻƭŜǎƴƛƪ ǎ [L{-om;
ǘǊŀƴǎǾŜǊȊŀƭƴƛ ǇǊŜǎƧŜƪ ƳƻȌŘŀƴƻƎ ŘŜōƭŀ

ParsonsM. 1993. Clinicalatlas of clinicalneurology

CST

ARAS

VS/UWS



1990: Francis Crick , ChristophKoch

Crick F, KochC. Towarda neurobiologicaltheory of consciousness. Sem. Neurosci. 1990; 2: 263-275.



Problem vezivanja vidne pozornosti
­ǾƛǑŜ ŜǇƛŎŜƴǘǊŀ ǳ ƭŀǘΦ temp. i 

temporopolarnojƳƻȌŘŀƴƻƧ ƪƻǊƛΣ 
fuziformnojvijugiΧ

V3 V2R R
R

LICAALATI¿L±h¢LbW9

­ BA37 i 20 (prednji i srednji 
dio fuziformne vijuge ς
percepcija objekata i lica), 
granica BA19 i BA37 ς
percepcija RƛƧŜőƛ

V5

V4

EGO

ALLO

[I őƛǘŀ αIέ

5I őƛǘŀ α{έ

(hemi)akromatopsija(clV4), anomija za boje, 

(hemi)akinetopsija(clV5)

ǾƛŘƴŀ ƻōƧŜƪǘƴŀ ŀƎƴƻȊƛƧŀ ό5ύΣ őƛǎǘŀ aleksijaς

ǾƛŘƴƻ ǇǊŜǇƻȊƴŀǾŀƴƧŜ ǊƛƧŜőƛ ό[ύ

deficit vidne integracije (D) ςHooperovtest

asocijativna prozopagnozija(D)

diskonekcijskisindromi: vidna amnezija (L), vidna 
hipoemocionalnost(D), Capgrassy(D): έƻǾŀ Ƴŀőƪŀ ƛȊƎƭŜŘŀ ōŀǑ ƪŀƻ ƛ ƳƻƧŀέ

αǘƛ ǎƛ ŘǾƻƧƴƛƪ ƳƻƎŀ ǇǊƛƧŀǘŜƭƧŀέ

Fregoli sy

Vidna integracija je 
stupnjevit proces: 
nepoznatalica aktiviraju 
samo unimodalne areje 
u i oko fuziformnog 
girusa, dok poznata
aktiviraju i 
transmodalnaǇƻŘǊǳőƧŀΣ 
napose u prednjem 
ŘƛƧŜƭǳ ǎǊŜŘƴƧŜƎ ǎƭƧŜǇƻƻőΦ 
girusa



Teorija metastabilnosti
kao temelj za svjesnu aktivnost kroz sposobnost za integraciju 
ǾƛǑŜ ǊŀȊƭƛőƛǘƛƘ ŦǳƴƪŎƛƻƴŀƭƴƛƘ ŘƛƧŜƭƻǾŀ ƳƻȌŘŀƴŜ ƪƻǊŜ

TognoliE, KelsoJAS. Braincoordinationdynamics: true andfalsefacesof phasesynchronyand
metastability. Prog. Neurobiol. 2009; 87: 31-40.

relativna faza

Atraktori
(stabilne fiksne 
ǘƻőƪŜύ

Repeleri
(nestabilne 
ŦƛƪǎƴŜ ǘƻőƪŜύ

metastabilnostό!ύ ƴŀƭŀȊƛ ƴŜƎŘƧŜ ƛȊƳŜŚǳ ǇƻǘǇǳƴƻ ǇƻǾŜȊŀƴƛƘΣ 
integriranih stanja (C, D) i potpuno nevezanih, odvojenih stanja (E)



Binocularrivalry

- ǎǳǇŀǊƴƛǑǘǾƻ ƘŜƳƛǎŦŜǊŀ Ȋŀ ǇŜǊŎŜǇǘƛǾƴǳ ŘƻƳƛƴŀŎƛƧǳ
- ƴŀƪƻƴ ƪǊŀŏŜƎ ǊŀȊŘƻōƭƧŀ αƴŀǾƛƪŀǾŀƴƧŀέ ŘƻƎŀŚŀ ƧŜ ŀƭǘŜǊƴŀŎƛƧŀ ǎǾŀƪƛƘ ƴŜƪƻƭƛƪƻ ǎŜƪǳƴŘƛ
- to je umjetno izazvano stanje jer se u normalnim okolnostima slike iz oba oka stapaju
- ƪŀŘ ƴŀ ƭƛƧŜǾƻ ƛ ŘŜǎƴƻ ǳƘƻ ǎƭǳǑŀƳƻ ǊŀȊƭƛőƛǘŜ ǊŜőŜƴƛŎŜΣ ƳƻȌŜƳƻ ǇƻȊƻǊƴƻǎǘ ǳǎƳƧŜǊƛǘƛ ǎŀƳƻ ƴŀ 
ƧŜŘƴǳ όǑǘƻ ƴŜ Ȋƴŀőƛ Řŀ ƻƴŀ ŘǊǳƎŀ ƴŜ ōƛǾŀ ǇǊƻŎŜǎƛǊŀƴŀύ

- percepciju bez pozornosti (svjesnosti)vidimo u brojnim fenomenima poput rezidualnog 
vidnog kapaciteta (blindsightύΣ ƳŀǎƪƛǊŀƴƧŜƳ όǇǊŜƪǊƛǾŀƴƧŜƳύ ǾƛŘƴƻƎ ǇƻŘǊŀȌŀƧŀ ŘƻǾƻŘƛƳƻ Řƻ 
ƴƧŜƎƻǾƻƎ ƴŜǎǾƧŜǎƴƻƎ όǎǳōƭƛƳƛƴŀƭƴƻƎύ ǇǊƻŎŜǎƛǊŀƴƧŀ όƪƻƧŜ ǳǘƧŜőŜ ƴǇǊΦ ƴŀ ƪŀǎƴƛƧŜ ōǊȌŜ 
ǇǊŜǇƻȊƴŀǾŀƴƧŜ ǎƭƛőƴƛƘ ǇƻŘǊŀȌŀƧŀ - primingΤ ǎƭƛőƴƻ ǎŜ ǳƻőŀǾŀ ƛ ƪƻŘ ƴƧǳǑƴƻƎ ǇǊƻŎŜǎƛǊŀƴƧŀ 
(blindsmell, binaralrivarlyςbanana - mintΣ Ƴŀƭƻ ƴƧǳǑƛƳƻ ƧŜŘŀƴ ƳƛǊƛǎΣ Ƴŀƭƻ ŘǊǳƎƛΣ ŀƪƻ ǎŜ 
zamijene na lijevu i desnu nosnicu ςǘƻ ƴŜ ƳƻȌŜƳƻ ǊŀȊƭƛƪƻǾŀǘƛύΣ ƪŀƻ ƛ ƪƻŘ ƴŜǎǾƧŜǎƴƻƎ 
ǇǊƻŎŜǎƛǊŀƴƧŀ ȊŀǎǘǊŀǑǳƧǳŏƛƘ ƭƛŎŀ ǳ ǎƭƛƧŜǇƻƳ ŘƛƧŜƭǳ ǾƛŘƴƻƎ ǇƻƭƧŀ όblindfear) ςfMRIpokazuje 
aktivaciju amigdaloidnejezgre

Subliminalpriming



DƭŀǾƴŜ ǇŀǊŀŘƛƎƳŜ ǳ ƛǎǘǊŀȌƛǾŀƴƧƛƳŀ /Φ

α½ŀƳƛǑƭƧŀƧǘŜ Řŀ ƛƎǊŀǘŜ ǘŜƴƛǎέ
αWŀǾƛǘŜ ǎŜ ƪŀŘ ƛȊƎƻǾƻǊƛƳ ǾŀǑŜ ƛƳŜέ



Å non-invasivemethodto measurebrainΩǎ activity

Å is an indirectmeasurementof vascularandhemodynamicsignals

Åmost important variantusesBOLD signal

Å SeijiOgawa1990, AT&T Bell labs, Murray Hill, NJ, USA (1. task-relatedfMRI)

fMRIƛ ƻǘƪǊƛŏŜ 5ab-a

3. VII 1977. ς1. MRI
ƴŀ ȌƛǾƻƳ őƻǾƧŜƪǳ
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Promjene u intenzitetu BOLD signala (1-5%)

995

1020

2,5%

Relativno su male s obzirom na zadatak (npr. ovdje paradigmu imenovanja)

30 s 30 s 30 s 30 s 30 s 30 s
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ÅAn experimental task ofinterest is presented alternately 
with a control task and theBOLD signal during the 
experimental task is compared tothe BOLD signal during 
the control task

ÅThe differencebetween baseline and task-related activation 
accounts forabout 1ς5%of the total BOLD signal

ÅThus, compared toƻƴƎƻƛƴƎ ΨōŀǎŜƭƛƴŜΩ ōǊŀƛƴ ŀŎǘƛǾƛǘȅΣ only a 
small percentageis needed to respond to an external 
stimulus

ÅHowever, the functionsof this vast amount of baseline 
activity remainedunclear

Task-related fMRI



ÅFocuseson spontaneous, rather than task-induced, fluctuations 
in BOLD signal

ÅIn the first resting-state fMRI study(Biswal, Magn. Reson. 
Med., 1995), the time course of a seed region-of-interest(ROI) 
in the left motor cortex was correlated with the timecourse of 
all other brain voxels

ÅThe resulting map demonstratedfunctional connectivity 
between the left and rightmotor cortex even in the absenceof 
a task

ÅfMRI has since been used todemonstrate that the brain is 
segregated into a widearray of 8-15 or more functional 
networks mediatinga host of sensory, motor, cognitive, and 
affectivefunctions({ƳƛǘƘ Ŝǘ ŀƭΦΣ tb!{Σ нллфΤ ~ƛƳƛŏ Ŝǘ ŀƭΦΣ нлмп)

Resting-state fMRI



hǘƪǊƛŏŜ 5ab-a (the restingstate
network, the task-negative network) 

- DMN je lateraliziranau LH, a DAN u DH

- Inicijalna vizualizacija DMN-a je godinama zanemarivana kao vjerojatni 
artefakt

- DMN je pretpostavio MarcusRaichle2001. godine (WU, St. Louis, MO), 
ŀƭƛ ƻƴŀ ƴƛƧŜ ƳƻƎƭŀ ōƛǘƛ ŘƻƪŀȊŀƴŀ Řƻƪ ƴƛǎǳ ǇƻǎǇƧŜǑŜƴƛ ŀƭƎƻǊƛǘƳƛ Ȋŀ L/! 
matrice 4-dim. BOLD signala (volumen svakog vokselamozga x vrijeme) 
Ȋŀ αőƛǑŏŜƴƧŜέ ƻŘ ǳǘƧŜŎŀƧŀ ǊŀŘŀ ǎǊŎŀΣ ŘƛǎŀƴƧŀΣ ǾŀȊƻƳƻǘƻǊƴƛƘ ƻǎŎƛƭŀŎƛƧŀ ƛ 
ŘǊǳƎƛƘ ƛȊǾƻǊŀ ǑǳƳŀ

- U rs-DMN-ǳ ƧŜ ƴŀǊƻőƛǘƻ ǘŜǑƪƻ ƻŘǾƻƧƛǘƛ ǑǳƳ
koji nastaje od sporog ritma disanja

- 2ǾƻǊƛǑǘŀ 5ab-ŀ ǎŜ ŘŜŀƪǘƛǾƛǊŀƧǳ Ǉƻ ƻōǊŀŏŀƴƧǳ ǇƻȊƻǊƴƻǎǘƛ ƛƭƛ ƛȊǾǊǑŀǾŀƴƧŜ 
bilo koje druge aktivnosti, pa je aktivnost DMN prvi izravno snimio tek 
2003. godine MichealGreicius, a potvrdio RandyBuckner2004. godine

P3



ICA principle

2 independentsources

A 

B 

Linearmix: A-2B Linearmix: 1.73*A+3.41*B

ICA algorithm



Limitations: the seed ROI must be selected by 
the investigator; a preprocessing step of
regressingthe global signalcan induce false 
negativecorrelationsbetween brain regions 
(Murphy et al., NeuroImage, 2009)

To avoidthese issuesindependentcomponent 
analysis (ICA) decomposes(separates) the 4-
dim. (brain volumeover time) BOLD signal into 
a set of spatially distinctmaps and their 
associated time courses(Beckmann et al., 
Philos. Trans. R Soc. Lond. B, 2005).

A general limitation to resting-state fMRI is that 
it is verydifficult to separate physiological 
noise, induced by thecardiac pulse and 
respiration, from the BOLD signal (Birnet al., 
Hum. BrainMapp., 2008)

Resting-state fMRI

Taskrelated

Vasomotoroscillation

Breathingrelated

Heart-beatrelated

Motion related
αwhite noiseέ

ICA separateslinearlymixedsources:



ICAapplied to resting-state data identifies8 main corticalnetworks

Primary
vision

Hearing

Higherorder
visual
processing

Touchand
movement

Salience
processing

DMN
(+ memory)

Executive
control

Executive
control

Beckmanet al., 2005, Philos. Trans. R Soc. Lond. B, 2005, 360, 1001ς1013
GreiciusM, Curr. Opin. Neurol., 2008, 21, 424-430



DMN activity at individual andgrouplevel

Individualbestfit to standard DMN 
templateamong26 components

Computedfrom 13 meanimages

GreiciusandMenon, J. Cogn. Neurosci., 2004, 16, 1484-1492



Å DMN connectivity reflects the level of consciousness (Greiciuset al., Hum. BrainMapp., 
2008; Vanhaudenhuyseet al., Brain, 2010), generates spontaneous thoughts, and 
preferentially activates when individuals engage in internal tasks such as daydreaming, 
envisioning the future, and retrieving memories, while it is negatively correlated with brain 
systems that focus on external visual signals

Å In a subject resting quietly for 8 min during an fMRIscan, BOLDsignal will fluctuate up and 
down at a very lowfrequency (<0.1 Hz)- theselow-frequency BOLDsignal fluctuations are 
strongly correlated in timeacross regions that are known to be functionallyconnected

Å DMN undergoes developmental changes and coherent neuronal oscillations at a rate lower 
than 0.1 Hz become more consistent in children aged 9-12 years and in older subjects

The DMN 
includes:
mPFC,
PCC,
precuneus,
ACC, 
parietal cortex
and in a minority 
of studies also the 
hippocampus

fMRI - default mode network (DMN)

Hafkemeijeret al.,  Biochim. Biophys. Acta, 2012, 1822, 431-441



DMN FC correlateswith the level of consciousness

Vanhaudenhuyseet al., Brain, 2010, 133, 161-171


