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IMpearosop

[Torpeba na ce Hamuie OBa KIUTa MPOKMCTEKIIA je ca jeHEe CTpaHe
U3 uumeHule na enekrpoennedanorpaduja (EET) npencrasmpa jeqHy on
HajBUIIE KOPUIThEeHUX METO/Aa KIMHHYKE HEypOo(hU3HUONIOTHje U Aa je Owmia
M ocTaja MeTona u30opa 3a MPOIEHY CTeneHa (YHKIIMOHAIHOT MOXKIaHOT
nopemehaja, a ¢ Jpyre cTpaHe 300r XPOHHYHOT HEIOCTaTKa CTPy4YHE
JUTEpaType Ha TEMY M3 TIOMEHYTE 00JIaCTH Ha CPIICKOM j€3UKY, aKO H3y3MEMO
KalMTaJHa Jiejla HalluX EMUHEHTHHUX HeypopH3Holiora Kao IITO Cy:
"Knununuka enekrpoentedanorpaduja” npodecopa ap Kapka Maprunosuha
u3 2009. u "Enunerncuja temmopanHor pexma" morneHta Ap Hwukome M.
Bojsoauha u3 2014. rogune.

HNako je mmaBna npumena EEI’ u namse y JHMjarHOCTUKOBAambY
SMWICTICHja U CMWICNTUYHUX CHHJIPOMa, KOHCTAHTHU HAlpeJaK KIMHUYKE
enekTpoeHIedanorpaduje onaBHO je MPOIMIMPHO TMOAPYYje HCIUTHBAMBA,
a caMMM TUM M uHAuKanuja 3a ynorpedy EEI' mujarnoctuke. Tako je jomr
1937. ronune Hemauku Heyporcuxujatap Xanc beprep (Hans Berger) npeu
OIKCAO0 CIOPY MOXK/IAHy aKTHBHOCT, Y3POKOBaHY XHITOTJTMKEMH]CKOM KPU30M
KOJ TICUXHjaTpHjCKUX (CXU30(peHHX) OOJIECHUKA TPETUPAHUX HHCYIHHOM,
mro ce cmarpa nodetkoM EEIL crynmje y okBupy MeTabonuukux nopemehaja
ko Jpynu. 3nadaj EEI' nujarnHocTuke y HapeOHMM rojMHama IMOCTaje joIll
Behin, moceOHO Kajga Cy NMPBU IYT OMMCAHU CHOPH TPU(PA3HYHH TallaCH
Ko OoJiecHUKA ca MHCY(QUIMjeHIHjoM jeTpe u xenmarndHoM komom (Foley
et al, 1950; Bickford, Butt, 1955), ka0 u kaja Cy perucTpoBaHH 3HAIU
HecrienupuyHe 1epedpanHe AUCPYHKIHje Koa OONIECHHKA ca XPOHHUYHOM
Oyopexxaom nacypunmjernujom (MacGillivray, 1976).
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HNanac ce EEI' cmarpa He3aMeHJBMBOM, a YECTO M JEAMHOM
JMJarHOCTUYKOM METOAOM KaJa ce paaud o eHmedanonarujama (audy3Ho
omreheme Mo3ra) y3pOKOBaHUM  METAa0OIMYKUM, HH(IAMATOPHUM,
€HJIOKPUHUM HJIM TOKCHYHUM nopeMehajuma. Takohe npeacraBiba 1 METOLY
n3bopa y AMjarHOCTHKOBamY INaB00OJbA, MPBEHCTBEHO NPUMAPHHX, KOje
ce He MOIy NpUIHCATH HEKOM JpyroMm mnopemehajy, 3aTUM TpaH3UTOPHOT
ucxemujckor araka (TWA), kpanuorepeOpatHUX MOBpeaa, MOMyT KOMOIIH]je
MO3ra, JIEMEHIIMja, Ka0 W KOJ HMHTOKCHKaIlMje JEeKOBUMAa U CyICTaHIlaMma
Koje aoBoje 10 Gornectu 3aBucHocTU. Kon cBux HaOpojanux nopemehaja u
obosberwa TokoM EEI' cHuMama peructpyjy ce eTHOJIOUIKH HecnenupuiHe
EET npomene, Koje Cy y 0BOj KEbM3H IIPEACTaBIbEHE KPO3 BEJIMKU Opoj Haslaza
KOJU IOTUYY U3 JIMYHE apXUBe ayTopa.

OBOM KH-MIOM IIpe CBEra >KelIMM Ja yKakeM Ha BeldukH 3Hauaj EED
JIMjarHOCTHUKE, KOja MOYKe J1a IPY KU [TOJJaTKe KOjU Ce IPYTUM JUjarHOCTHYKUM
MeTo/laMa He MOTy carvieJ]aTy, 11a Tako MOTy UMaTy HEMpOLEHUBY BPETHOCT
KaKo y IMJarHOCTUKOBabY TAaKO Uy TU(EpEeHINjalIHO] IUjarHO3H Pa3IHUUTHX
000JbemA.

Benuky 3axBajHOCT AyryjeM THUMY MOJUX CapajJHUKa, YPEIHUKY
3opany b. Pajuhy, [Iparany TomopoBuhy (mpumpema KmHre), akaieMcCKo]
ciukapku Mapuju bojoBuh, umje ayTopcko Aen0 Kpacu KOpHUIlE OBE
MoHnorpaduje, Camn Pomanuh u ap Camu CrojanuHoBuh, Koje Cy LET0KynaH
TEKCT KEbUT€ ITPEBEJIC Ha EHIVIECKH je3UK. 3aXBajbyjeM pPELEeH3eHTHMA, KaKo Ha
JParolieHuM CaBeTHMa, TaKO U Ha KOPUCHUM CyrecTHjama 1 mpumeoaMa Koje
caM yCBOJUO U YTPaJo y TEKCT OBOT U3Jama. Takole xemum J1a 3aXBajuM U
CBHUM JIOHATOPHMAa KOjH ¢y oMOryhuiiu fia pyKomnuc oBe MOHOTrpaduje nocrane
JOCTYTIaH YUTAOLUMA.

IToceOny 3axBanmHocT ayryjem Cp06osbyOy Anekcuhy, AupeKkTopy
3oosnomkor Bpra rpaga beorpana, Tamu HosaxoBuh, nupexkropku ZEM
solutions n Hebojmu JoBanoBuhy, nupekropy Galabern d.o.o. Beograd,
MOJUM AYTOTOAMIIL-UM MPpUjaTesbUMa U CapaJHULIIMA.

6 Heypodu3anonowkn acnekt HecneunduyHe LepebpanHe gucoyrkumje UBan Muxames

CAJIP/KAJ

TIPEIATOBOP ....ooeeeniiiiieeiiiiee ettt e ettt e e e e s et e e e enaaeeeeenneees 5
POLICHBHJC ...t 13
VBOM ..ot 17
[Taronomke EEL POMEHE ........cvveeiiiiieieiiiee e 18
Mexanuzam HacTaHka Hecnerpuaaux EEI" mpoMeHa.............cceeeeeee. 20
JIOKATTU30BAHU CTIOPH TATTACH ...eeeeenerrreeeeerreeeenereeeeesareeeesssseeessnssseeesnnssnes 20
I'eHepanr30BaHU ACHHXPOHH CTIOPU TATACH «...vvvveeeeneeereeeenereeeennneeeesnnnees 21
bunarepanHu CUHXPOHU CIIOPH TATACH «...ccvveruveeureenreenieeeieenieeeneenseeenees 21

IMornasmwe 1

EEI" ko 11epeOpOBaCKYITAPHUX OOTECTH ...vvveerereeerrieeereeeareesneeesseeesnneens 25
Tpanzutopuu ucxeMujcku atak (THA) ..o 26
MTHQDAPKT MOBTA ...ttt sttt ettt 28
EJIEM MOBTA ..o eeeans 30
MeTtonu akTuBaIfje Ko epeOpOBACKYIAPHUX OOTECTH .....ccvveervrennvnnse. 30

ITorimaBibe 2

EET" ko METa0OTUYKUX MOPEMENAJA....ccuvieeiieiieriieeiieeiie e 33
XemaTuuHa CHIEMATOTIATH]A ...vveeeveeerereeenreeenereeessreeessseeesnseeesseessseeessseens 33
VYPeMHUKA CHIEDATOTIATH]A ....eevvveerrreereenreensreeieesreeseessaeenseessseenseessseensees 37
[Topemehaj eneKTPOTUTHOT THCOATAHCA ...vvveereveeenereeeereeeereeeveeesneeenaneens 39
[Topemehaj y METaOOIH3MY HATPHJYMA......ccuveerreerreereeeereeneeennreeseesneensees 39
XUTTOHATPHJEMIJQ....ceneveeneieeneeentieeneeeteesnteenseesnseenseessseanseesnseenseesnseens 40
D Q711 (5)0)3 22007 [0 17 - SR 42
[Topemehaj y METaAOOMHU3MY KATIIIHJYMA ....ecvveenerernreenreenereeeeesnseeseessneensens 42
XUTTOKATIIHJEMHEJQ «.veenvvveeevreennreeensreeessseeessseessssessssseesssseesssseesssseesnnes 42
XUTICPKATIIHAJEMUEJ Q... veenereeereerreesseenseesseesseeasseesssesseesssessseessesssseens 43
[TopeMehaj METAOOIUBMA TITYKOBE ....cvveenreeeureaeieaieeieeaneeenieesnseenseesnneenenes 44
D Q11 (0 01070305 1 - RS STS 44
XUTICPTITIKEMUJQ ....vveeveenereenreeseeesseenseesnseesseessseesseesseesseessseesseesnseens 47

WBaH MuxameB HeypodusmonoLiku acnekT HecneunpuyHe uepebpante guchyHkumje



ITornmaBibe 3

EET KO IEMEHIIHJA ...t eiie et eiee ettt sae et e e seeesnteeaeeenaeeneees 51
AnnxajMepoBa (AlzZheimer) GOMECT .....ccuvivverierieieeieiieeeeeeeeeeeee 52
BackynapHa (MyTTUUH(QAPKTHA) HEMEHIIH]A ..c.veenveerereenrenirenieeeeeneenueennes 54

ITornaBibe 4

EET" KO TITABOOOIBA ..ottt ettt sttt et ettt ettt sbe s 57
IMETPEHA. ...ttt ettt s 57
KoMOpOUIUTET MUTPEHE M €ITHIICTICH]C.....evveneeieeeeneeeeeenieeneenieene 62
Judepenunjanna AMjarHo3a MUTPEHE U CITUIICTICH]C.......cveenvennnen.. 63
[TOCTTPAYMATCKA TIIABOOOIBA .....vveevvieeiiieniieeiieeieeeieeieeeieesieeeseesaeeenseenenes 68
[TOCTOMEPATUBHA TTHABOOOIBA ....vevveeeiiieniieeiieeiieeaveeieeenaeeseeeenseesneeenneenenes 70

IHornasibe 5

EET" ko MOXIaHUX UHOIAMATOPHUX TTPOLICCA ...uvveenvrenreenereenreeneeanreeenes 77
IMEHHUTHTHC. ...ttt et st 77
BaKTEPUJCKU MEHMHTHTHC «...c.veeuverireiienieeiienieeiesieenieeieeisesieenee e 77
AKYTHU BUPYCHHM MEHUHIHTHC .....uveeneeenieenireenreenieenreenieeeneenenesneens 78
EHIEPATTITHC ....c..eivtiiieieeiieeie et 80
BUPYCHHM EHIEMDATUTHC ....cvvenviiniiriieniieieeiiesitete et 80
Xepriec CUMITIIEKC BUPYCHH €HIEPATUTHC. ...cuveeuveeeereenrenieeneenneenn. 82
Cy06akyTHU CcKJIEpOo3upajyhn TAHEHUEMATUTHC «...c..vereveneerereeeennennn &3
Bupyc XyMaHe UMYHOIEDUIMJEHIIHIC ....evveneeenrenireieereeieenieeneeseeeseeeneenne 84
ATICIIEC MOBT@ ..euieniteeiieeeiee ettt et et eteeste e st et e et e b saneebeeeaneeseenanees 84
HeypOOOPETHOBA. ....c..eieuiieiiieiieeiie ettt 85
CYOMYPATHU EMITHJEM ....c.vieneieenreeiieeieenieeeseesieeeseessseeseesnseenseessseenseesnsens 87
TTAPABHTOBE ..t 87

ITornaBme 6
EET xox WHTOKCHKAIH]je TEKOBUMA

Y TICUXOAKTUBHUM CYTICTAHIIAMA.....eeeuvreenuereenureeenureeensreeenineesnnseesnnneesnneeens 91
HEYPOTETITHIIM ...ttt 91
AHTHIICTIPECHBH ...c.uvteeuieeeiieeeeiieeeeiteeesateeesiteessteeensaeesnsteessseeessseesnnseesnneeens 93
BEHBOMMABEIIMHM ..ottt 93

8 Heypodu3anonowkn acnekt HecneunduyHe LepebpanHe gucoyrkumje UBan Muxames

AHTUETIMIIETITHLIH .....venveeiteenieeeiteeteeateenueessseesueesneesseeesneesaeesaneenaneeneensees 94
Onwujaty, NICUXOCTUMYIAHCH U XATYLHTHOTEHH ..c..vevrenreenrenieenieereeneenieenees 96

IHornasibe 7

EED" Y HEYPOTOKCHUHHU QTCHCH ....vvvveenevreenieeerireesireesneeesseeesseesnnseesnneenns 99
1\ (S5 21 0 SO TSR 99
VITBEH MOHOKCH/L ...vvvveeeeeveeeeasiereeeesasseeeesssseeeesssseeesssnsseesssssseeessssssseeensnes 99
AV (S5 3703 €20 130 (0 ) (TSR 100
7 01 01000 o)) P USUPURPP 100
BepuukeoBa (Wernick) eHIIEDATOMATH]A .....ccveeeeveeieeniieeiieeeieeneeans 101
OPTaHCKU PACTBAPAUM . ...cuuvveeurreenrreenireeesiseesnsreessreessreesseeessseessseesssseenns 103
LI (STen 07110701 4 SO TSR 103

IMorinasibe 8

EEI" ko1 KpaHUOLEPEOPATHUX TTOBPEIIA «..vvvvveneeenreenrenieenreeaeesieenseeneesseenees 107
TTOTPEC MOBTA....iieniiiieiiie ettt et e e e 107
KOMOITMOHN HAAMIM ..ottt 108
XPpOHUYHA TPAYMATCKA CHUEQPATOTATH]A «..cevvenvreneeenrenireieenienireneens 108
HarBEUEHE MOBTA......eiiiiiiiiiieiiceieee et 110
CYOMYPATHI XEMATOM ......uvieneeeenreenseeeieenseeeseesneeeseassseanseesnseenseesnseesseessens 110

IMornas/be 9

EEI" Kol MHTPaKPaHUJATHUX HEOTUIAZMU. .....veeureerenteenrennrenueeneenieenseeeennees 115
ITIHOMM MOBT@ ...ttt 115
IMEHMHTEOM ......c.uveeiteeiiieiie ettt ettt ettt ettt e b e sane e e sanees 116
Mertactarckut TyMOPH LITHC .......ooooiiiiiiiiie e 118

IMorinasise 10

EEID" KOZI KOME M CPOJTHUX CTAHDA.....veeeuvreenurreenurreenurreennseeenueesnsseesnnneesssneens 121
IMOKITAHA CMPT ..eeeniiieeiiieeeiiteesiiteeeiieeesiteeesiteessibeeebbeesnbteesaseeesaneesnaseeenaneens 122
BETETATHBHO CTAIBE ......vvvvvvviiiiieieieieeeeeeeeeeeeeeeeeteeeeeeeeeeeeeeeeeeeeeeeesesseeseseseeees 123
ATIDA KOMA ..ttt ettt e tte et e st eesbeeeaaesabeesseeenneenseeenseas 123
HHIEKC MOJMOBA ......coouiiiiiiiiiiiieeiiie ettt ettt ettt et eeaeee s 126
WBaH MuxameB HeypodusmonoLiku acnekT HecneunpuyHe uepebpante guchyHkumje 9



CONTENT

Preface...... ..o s 131
INtroduction.............coooviiiiiii e e 133
Pathological EEG Changes...........ccceveuieriiiiiienieiiieieceeree e 134
The origin of non-specific EEG changes ............ccoeveviiiiiiniiiiiiinieens 136
Localized SIOW WaVES.......c..ccovuieeeiiieeiieeciee et e 136
Generalized asynchronous sIow Wave..........ccceeeeeeviieecieeeeiee e, 136
Bilateral synchronous sIow wave .........c.ccceeevveiecieeniiecniee e, 137
Chapter 1
EEG in cerebrovascular diS€ases ...........cccveevuierieiiiienieeiienie e 141
Transitory ischemic attack (TTA)......cccoovieiiiiiiiiiee e 142
Cerebral INTArCHION .....c.vvieiiieeiie et e e e 142
Cerebral €dema .........cccuviiiiiieiiieee e e 144
Activation methods in cerebrovascular diseases..........ccceeeevvevrieeenieennnnen. 144
Chapter 2
EEG in metabolic diSOrders ..........coueviieriieeiienieeieeieeeee e 147
Hepatic encephalopathy .........ccccveeiiiiiiiiiiiiccieceeeee e 147
Uremic encephalopathy .........ccccveeeiiieiiiiiiiecceceee e 150
Disorder of electrolyte imbalance...........cccccueeveiiieniieiniiieeeieeee e 151
Disorder in sodium metaboliSm ..........c.occveeciieriiiiiienieeiece e 151
Hyponatremia ...........cocveviieiieiieeiieeie et 152
Hypernatremia . .........oooueeviieiiieeiieiieeie e 153
Calcium metabolism imbalance.............cccceeeeiiieiiieeiiiececcee e 153
Hypocalcemia.........ocoviieiiiieciie ettt 153
Hypercalcemia.........cocueieeiiiiiiieeciieeee e 154
Glucose metabolism IMbalance .............ceecveeeiiiieriiieniie e 155
HypoglyCemia......ccveeiviiiiieiieeiieieeie et 155
HyperglyCemia..........ccooviiiiiiiiieie e 156
10 Heypoduamonowku acnekT Hecneunduure uepebpante ancdyrkumje UBan Muxames

Chapter 3
EEG 10 deMENtIa ...ccuviiiiiiiieiieeieeeie ettt 161
AlZhEIMET'S dISEASE ... .eveeutiriieiieieeiieet ettt st 162
Vascular (multi-infarct) dementia ............cccceeeviieeiiieeciiecie e 163
Chapter 4
EEG in headaches .........ccccoiiiiiiiiiiiieeeeeeeeee e 167
1Y Tea 1 TSP 167
Comorbidity of migraine and epilepsy ........ccoceevvverieeiieneeeiiienieenns 169
Differential diagnosis of migraine and epilepsy.......ccccceevveriueenuennne 170
Posttraumatic headache.............cooeeiiriiiiiiiniie 173
Postoperative headache...........ccoeeiiieiiiiiiiiecece e 174
Chapter 5
EEG in brain inflammatory proCesSes.........ccuerueerierieeneenieenreeereeneeeennens 179
IMIEININGIELS ..ottt ettt ettt ettt ettt et e et eenbeeseeeneeas 179
Bacterial MeningitiS........ccvevveevvierieiiiienieeieerie e esiee e esee e 179
Acute viral MENINEILIS ...eeoveeriieiieiiieiie et 180
ENCEPRNALILIS.....eiiieiieiieiieeieecie et 181
Viral encephalitiS.......ccccccciiieiiiieiiiieeiie e 181
Herpes simplex viral encephalitis..........ccccceeviiiiieniieiienieeieees 181
Subacute sclerosing panencephalitis ...........cceevieeiieniiiniiieniienenne. 183
Human immunodeficienCy VIIUS.........ceccvierierriienieeieenieeieesiieeneesee e 183
Brain abSCeSS. .. coiuiiiiieiiiiiiieee e e 184
NEUIODRITELIOST ..ttt 184
Subdural empPYema.........c.coceiiiiiiiiiiiei e 185
ParaSiotoSIS .ee.veeueeteeieriieriieie ettt ettt 185
Chapter 6
EEG in intoxication with drugs
and substances that cause addiction disorders ..........ccccoeceeveeveriieneennenne. 189
INCUIOIEPLICS ..veeitieeiiieeiee ettt e e et e st e e et eeetaeeeaaeeeaaaeesaseeesaneeas 189
ANTIAEPIESSANTS ...ttt eiee et eiee et ea et essaeereessaeenseessneensees 189
BenzZodiazepines ........cccveeeiiiieiiieeeiee ettt 190
ANTICPIIEPLICS c.evienieeiiieiie ettt ettt s esaeesbeesnaeennees 190
Opiates, psychostimulants and hallucinogens............cccceeieeiieniiiiiennnns 191

WBaH MuxameB HeypodusmonoLiku acnekT HecneunpuyHe uepebpante guchyHkumje 11



Chapter 7

EEG and neurotoXic agents..........cccveeeuveeeiieeniieenieeesveeeeeeeenveesneeesnneens 195
IMIELALS. ...ttt ettt ettt e e et et enbe e enbeenees 195
Carbon MONOXIAC......cccuieriiieiieiie ettt et b e saeeens 195
Methyl alCONOL .....coeiiiiieeeee e 196
Ethyl alcOnOl......cviiiiiiee e 196
Wernicke encephalopathy............coceviiiiiiiniiiininiiccecce 197
OrganiC SOIVENTS.......ccciiieiiieeeieeeriee et et etee et eesreeesreeeareeenneeens 198
PeSTICIARS. ...veeeie ettt et ettt eees 198
Chapter 8
EEG in craniocerebral injuri€s...........cceeruieeiieniieeiieeniieeieeneeeeveesieeeneenenes 201
COMNCUSSION ...itieeiiieeeiiee ettt e eeiteeesiteeetaeestaeesseeessseeessseeessseeessseeensseesnsneeans 201
CoNncussSiVe CONVUISIONS......cccuvierriieeeiieeeiieeeiieeeieeeeieeenereeeaeeeeeeees 202
Chronic traumatic encephalopathy ...........ccceceeviiriiieniiniiieiene, 202
Cerebral CONUSION .....c.veieiiieeciiieeiee ettt et e e sre e e sabeeeaaee e 203
Subdural hematoma ...........ccccviiiiiiiiiiiree e 203
Chapter 9
EEG in intracranial n€oplasms..........ccecuveeriiieeriiieeniiieiniee e 207
Brain liomas .........cocuieiiiiiieiieeeee e 207
IMENINZIOIMAS. ... tieeiiieeiteeeiteeeiteeeteeeetaeeeteeesbeeesbeeessseeessseeessseeesseesssens 208
Metastatic Brain tUMOT ..........eeeriiieeriieeeiieeeiie et eereeeree e ee e 209
Chapter 10
EEG in coma and related conditions............ccoeeeeeviiieiniieeniieeeniee e, 213
Brain death..........ccoooiiiiiiiiii e 214
VEEELAtIVE STALE ...eeeviieeiiieeiiee et et e ettt e e e e e e eeereeeaseeennnees 214
W 7 10311 B RRR 215
| 11T 1 PSRRI 217

12 Heypodu3anonowkn acnekt HecneunduyHe LepebpanHe gucoyrkumje UBan Muxames

Penensuja

Huje nmpouuio MHOTO BpeMeHa o] peTxoiHe myOnukanuje, a aytop p
NBan MuxaspeB JOHOCH HaM Ha YBUJ HOBO MOHOTPA(CKO JIEJI0 MO/ HA3UBOM
"Heypodwuszunonomniku acrekT Hecrienuduane repedpanne auchyHkiyje" u Ha
Ta] HAYMH 3a0KPYKYyje KIMHUYKY MPE3CHTANH]y elekTpoeHnedanorpaduje,
rne HecnenuduuHa repedpanHa AuchyHKIHMja HE MPEACTaBJba HEIITO Ha
mTa He Tpeba oOpahatn maxkmy, Beh HaNPOTUB TakaB Hala3 y KoJepaluju ca
KJIMHUYKOM CJIMKOM y 3Ha4ajHOM IPOLIEHTY NOTBphyje Iujartosy, a y Apyrum
ClIy4yajeBMMa TO j€ JeIMHM WHCTPYMEHTApHjyM 3a YTBphHHUBamE KIMHHYKE
JIUjarHose.

Y o0BOM BpeMEeHy BHCOKO CO(QUCTHUIIMPAHUX JIHUJarHOCTUYKO-
TEXHUYKUX TPOIEaypa eleKTpoeHiedanorpaduja He caMoO Ja HE TyOW y
3Hauajy Beh mocraje joir KopucHUja y oapeheHnM MmaToIomKuM CTalkbuMa.

[TyGnukanmja uma aeceT NmoriiaBiba, IJ1e OJ] MPBOT 1Mo Ha3uBoM - EET
KoJ| LiepebpoBacKynapHux Oonectu, ma o AeceTor noa HasusoM - EEI xon
KOME W CPOJIHHUX CTama, eIeKTpoeHiedanorpaduja umMa WU KpyIUjaaHy
WIH JOMYHCKY YJIOTY y TIOCTaBJbamy JIMjarHo3a U TO HE CaMO Y XPOHUYHUM
MATOJIONIKUM CTalbMMa, HETO U Y aKyTHUM, I1a TaKO y MOTBphUBamby MOXK/1aHe
CMPTHU UMa KpyILHjaJIHy yI0Ty U 6€3 KOje TPaHCIUIAHTAlMOHH [IPorpaM He Ou
MOTa0 J1a 32)KUBHU.

CBe TO je WIyCTpOBAaHO OPUTMHAIHUM IPUMEPUMa U3 KIMHUYKE
npaxce ap MiBana MuxaspeBa Ha jelaH eJyKaTUBaH U JUIaKTUYKU HA4YKH, TAKO
Jla MOXK€ aHHMHUpPATU IIUPOKY JIENe3y 3ApaBCTBEHHUX PaJHMKA, Of JOKTOpPa
OITIIITE MEIUIMHE JI0 CTIeLHjaJIUCTa Pa3HUX MpoQuia.

Hagamo ce na To HHUje Kpaj M OYEKyjeMO HAacTaBaK IUIaKTUYKO-
€IyKaTUBHOT IIUKIIyCa.

[Ipod. np bpanko Byposuh

HEYPOXHUPYPr
KIIMHUYKH HEYPO(DU3UOJIOT-EUIICTITONIOT
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Penensuja

Momnorpaguja ap MBana MuxameBa npyxa oCHOBHE MH(popMmaluje
u3 obnactu enekTpoeHnedanorpaduje u \weHe mpuMeHe Y AuQepeHInjaTHo]
aujarHo3u HecnenuduuHe uepeOpanHe nucoynkuuje. Ilocne yBoxa,
KOJU Jaje jacaH W KOHLM3aH NpUKa3 3Ha4aja ejneKkTpoeHuedanorpaduje,
Kao JIMJarHOCTMYKOI METOJa Yy CaBPEMEHOM MPHUCTYIy HEYPOJIOIIKUM
nanujeHTumMa, U npejactasba ocHoBHe EEIT oOpacue koju ce xopucrte npu
OIUCY HaJjia3a, TEKCT je nmojesbeH Ha 10 norassba. Y MoraBbuMa ce onmcyjy
EET nana3zu kox: nuepoepoBackyiapHux 6osect, MeTabonnukux nopemehaja,
JIeMEeHI1Hja, T71aB000Jba, MOXKTIaHUX MH(IIaMaTOPHUX MPolieca, HHTOKCUKAIIH]e
JIEKOBUMA, J1€jCTBA HEYPOTOKCUYHHX areHaca, KpaHuolepeopalHux noBpe/a,
MHTPAKpaHUjaJTHUX HEOIIa3MHU U KOME U CPOJIHUX CTamba.

OBa KmbUra je HaMemeHa, y IPBOM pejly JIeKaprMa HeypoI03uMa, U TO
HEeypo(HU3M0I03UMa, CTIELHjaIN3aHTUMAa HEYPOJIOTHj€ U YPTeHTHE MEIUIIHE,
any MoXke OUTH 3aHMMJbMBA M KOPUCHA U JIEKapuMa JIPyTUX CIIEIHjaHOCTH,
Kao M JIeKapuMa OIIIITE [IPAKCE, jep Ha JeIHOCTaBaH HAuYMH NPUOIMKaBa jeTHY
BPJIO BaXKHY AMJarHOCTUYKY METO/ly U yKa3yje Ha HhEH 3Ha4ya] y CBAKOTHEBHO)]
KIMHUYKOj npakcu. [lucaHa je HayyHO yTeMeJbeHO M apryMEHTOBAaHO, ajli
HCTO TAKO J€HOCTAaBHUM JE€3MKOM, OAMEPEHO U MPELU3HO.

VY K®U3M je JarT KpaTak OCBPT Ha MAaTO(PHU3UOIOMIKH M KIMHUYKH
acniekt nopemehaja, unju cy EEI' namasu kacuuje ommcanu. [loceban
kBaymuTeT najy opuruHaaHu EEIT 3ammcu w3 nnusHe apxuBe aytopa. OHu
yjeoHO yKa3yjy Ha QYTOTOJUILE-M pajl U MCKYCTBO ayTopa y Kopuiihemy
enektpoeHedanorpaduje u unrepnperaunju EEI" Hanaza. Ananusupajyhu
CBa IIOIIaBJba OBE MOHOrpaduje, youaBa ce YNaJJbUBa JUHAMUYHOCT
u3Jarama y3 BpJio jJaCHO HalMCcaH U M3HECeH NpucTyn npobnemy untamwa EEI
Hajasa, MTO yKa3yje Ha BUCOKY CTPYYHOCT ayTOpa M OIJIMYHO MO3HABamHbe
nate mpooIeMaTHKe.

CBa moraBiba Cy KOHKpETHA, JIAKO Pa3yMJbHBa, IITO YyKa3dyje Ha
BEJIMKH TPY[, Ka0 1 3HamE J]a Ce Ha OBAKO IperieaH HAYuH U3HECE COTICTBEHO
JYTOTOJMIIEHE HEYPO(DU3HUOIIOLIKO HCKYCTBO Y CKJIaJly ca TO3HATUM MoJaliiMa
U3 JIUTEpaType.

[Ipod. ap Jenena Hemosuh Octojuh
WuctutyT 32 naropuznonorujy

14 Heypodu3anonowkn acnekt HecneunduyHe LepebpanHe gucoyrkumje UBan Muxames

Peunen3suja

OnBa)XHOCT U 3peJOCT Cy JIB€ peuu Koje Ha HajOoospu Moryhu HauMH
OIUCY]y HajHOBH]y MOHOTpadujy aytopa ap MBana MuxasbeBa, HaCIOBJbEHY
"Heypoduzuonomiku acnektT HecrnenuduuHe mepedOpanHe muchyHKImje".
300r yera oBo uctuueM? Ha mpBom mecty 300r Tora mTo je ap Muxasbe
OBOM TEMOM 3alla0 y jeAHy oOnacT koja 3a BehMHy yak M HMCKyCHHX
Heypodusnosora MpeacTaBiba ferra incognita.

Jep mira je 3ampaBo HecnenuduuHa nepedpanna nucynkuuja? To
Jj€ BpX JIeZIeHe CaHTe KOJ| KOje M3HaJl MOBPIIMHE BOJE BUIMMO JIOKAJIN30BaHU
win qudy3Hu nopemehaj Moxaane GyHKIHUje, a UCTOA MOBPIIMHE NOCTOJU
YHUTaB CIIEKTap HEYPOJIOIKUX OOJIECTH U CTamba KOja MOTY M3a3BaTH KIMHUYKE
Manudecranyje Te tuchynkuyje. Jonarau npodiem npeacrasiba MoryhHocT
Ja ce pPAa3IMUTE HEYpOJIOIIKE OOJIECTH HCIOJbE CIMYHUM CHUMOTOMHMMA
MoxaHe auchynkuuje. Jla ctBap Oyze join KOMIUIMKOBAaHH]a, Y CBAKOIHEBHO)]
Ipakcu ce dYecto cpehemo ca cuTyanujamMa y KojuMa JIOKaJM30BaHE
MOX/1aHe OOJIECTH JIOBOZE JI0 MCIOJbaBHa CUMIITOMA JU(Y3HOT MOXKIAHOT
nopemehaja u 06pHyTo. MHOrH he pehu na ce To Ha3uBa AuUpEpeHIIUjaTHOM
JIMjarHO30M M Jia jé TO HEIITO IITO Ce PYTHMHCKU Y4YM TOKOM CTyauja
MenuiuHe U crneuujanusanyje. [loctoju yak u anokpudHa mnpuya 0 TOMe
KaKo je jemaH mo3HaTu mpodecop HEypoJIoTHje CBOJEBPEMHO 3aKJbY4YHO /1
je nudepeHyjaiHa qUjarHo3a HUILITA Jpyro 10 "IucTa AMjarHo3a of KOjux
je jenHa TadHa, a cBe ocraine norpemne”. Cpehom, oBa BpcTa aporaHuuje je
JlaHac MOTHCHYTA y MPOIIJIOCT M OCTaje caMO Kao aHerJ0TaIHU MOACETHUK
Ha TOTpEelIaH MPHUCTYN KOju oHeMoryhaBala Hampenak y pa3yMeBamby
pa3NUYUTUX 0OJIECTH HEPBHOT CHCTEMA.

Kao monepan aytop u jenan oz Bogehux Heyposnora u Heypogpu3uosiora
CBOje reHepauuje, Ap MuxaseeB je Xpabpo 3aIlyIOBHO y TEPUTOPUjATHO
HEyTpajHe WM HHUYMje BoJe TMOKymaBajyhu na Ham jodapa KOJIUKO je
3HauajHa ynora EEI" nujarHocTke y OTKpHBaWby U Ae(pUHUCAKY CBUX OHHX
00JIeCTH U CTama Koja MOTY JIOBECTH J0 pa3IMYUTUX mopemehaja Moxiane
¢dyHKIHMje, a 3a KOje ce MHULHUjaIHO HEe MOXe ca curypHoihy pehu kojum
NaTOreHeTCKUM MeXaHU3MHUMa cy u3a3BaHe. Tako np MuxaseeB Beh y yBomy
UCTHYE KOMIUIEKCHOCT TeMaTHKe O K0joj muile, HaBogehu na "mopesn Beoma
3HauajHe ynore koprekca y rere3u EEl-a, BaxHy ynory umajy u yTunaju
U3 CyOKOPTHKaJHUX pervoHa...". JlpyruMm peunmma, JOrHYHO ce Hamehe
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3aKJby4aK J1a MHOroOpojHe Oonectu u omTehema, Kako KOPTHKAIHUX TaKO
U CYNIKOPTUKAJIHUX CTPYKTypa, mory umaru cBoj EEI" kopenar. ¥ nopehemy
ca CIMYHUM KIbUTaMa W YIIOeHHIIMMa, oBa MOHorpadwuja ce HeyoOudajeHo
JIAKO YMTa, BEPOBATHO M 300T TOTa IITO C€ ayTOp O[] MOYEeTKa J0 Kpaja TPYIUO
Jla CBaKo MoIvaBibe (YKYIHO BHX JECET) CTPUKTHO opMaTHpa npukasyjyhu
HaM HajBa)XHUj€ CUMITOME U KIMHUYKE MaHU(ecTaluje, naTopu3noI0MIKY
ocHoBy nopemehaja u nmorom Mecto u ynory EEI' nujarnoctuke. CBe 0BoO,
WIyCTpoBaHoO je ca yak 23 ciuke EEI 3anuca u3 nuuHe apxuBe ayTopa, Koje
Ha Haj00JpM MOTYhH HAYMH NPUKA3Y]y eTEKTPOPHU3NOIOIIKE KAPAKTEPUCTHKE
MOjeIMHUX HEYPOIIOIMIKIX OOIECTH.

Ha Taj nauuH, 1p MuxabeB ce Kao peTKo KOju ayTop, JaTUO TELIKOT
aJIM YCIIEIIHOT 3aJ]aTKa J1a HaM YUTaB jeJjaH CIIeKTap HAOKO HeCcHernpUIHIX
HEYpOJIOIIKUX CHUMITOMa M mnopemehaja, mnpukake H JeKoAupa Ha
IparMaTHyaH U NPUCTyNadaH HaYMH KOJU HEM30CTaBHO BOAM Ka YCHEIIHOM
JIMjarHOCTUKOBAabY U a/IEKBATHOM Jieuery 00JeCTH Koje 10 BbuX goBoae. Kao
noceOHO OCBEXeHmE y oMahoj CTpyUHO] IUTEpaTypU UCTaKao OMX MOINIaBIba
6. 1 7. K0ja ce OIHOCE Ha Pa3IMYUTE HEYPOUHTOKCUKAIMje 300T TOra IITO ce
y BehuHM ciryyajeBa pajy O MOTEHIMjaTHO PEeBEp3UOMIIHUM CTambHUMa Koja
MOTy UMaTH (aTajHe MOoCIeuIle YKOIUKO Ce Ha BpeMe He MPEerno3Hajy U He
neye.

Yurajyhu oBy MoHOrpadujy, UMao caM yTHCaK aa "uzMel)y meHHxX
penoBa" mpoBejaBa yak M M3BECHA J103€ MPETEHLMO3HOCTH, CBOJCTBEHA CaMO
BPXYHCKHUM MajcTOpUMa CBOT 3aHaTa kKao wmTo je ap VMBan Muxasbes, na je
TO jOII jeJlaH pa3jior 300r KOra MUCIIUM J1a JIB€ PEUH ca MOYETKa OBOT TEKCTa
(OmBaXXHOCT M 3peioCT) Ha HAjOOJbM MOTYhH HaYMH Ae(PUHUIILY OBY KEbUTY.

300r cBera Tora, curypas cam jaa he oBa MmoHorpaguja OuTH He caMo
U3BOp KOPHCHUX MH(pOpMalMja, Mpe CBera HEypoJo3MMa U TEK CTacaluM
Heypodu3noa03uMa, Beh M MOACTUIA] CBUM MJahuM JeKapuma Jia y CBOM
Oynyhem pany Oyay cBakuM JaHOM cBe 00JbM U onBakHMjU. VI XBasia My Ha
Tome!

Hou. np Hukona M. Bojeoauh
CIeLHjaIuCcTa HEypOJIoTHje
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YBoa

EET npencrassba robaia oipa3 eeKTpUYHe aKTUBHOCTH MO3Ta Koja
Ce perucTpyje nomohy ejaekTpoja MoCTaBJbEHUX Ha MOIIaBUHU. Pasnuuutu
EET curnanu Hactajy BpeMEHCKOM U MIPOCTOPHOM CyMAllHjOM €JIEKTPUYHHX
CTpyja Koje MOTUYY U3 MOCTCUHANTUYKUX MOTEHIIM]jaja, a CyMalija IpoMeHa
eJIEKTPUYHHUX MOTEHIMjajla y KOPTEKCY HacTaje Y BEJIUKUM MUPAMHUIHUM
hemujma xoprekca koje renepunry EEIT aktuBHOCT. M3BOpHM cuUrHamu
HaCTaly y MUpaMUIHUM henrjama KopTekca 3Ha4ajHO C€ Mebajy /10 BpeMeHa
HUXOBOT IIPUCTH3ama /10 NOIVIaBUHE, IPBEHCTBEHO 300T crenehux ¢axropa:
a) pa3InuuTe eNEeKTPUIHE MPOBOAJBUBOCTH KAPAKTEPUCTUYHE 32 TKUBA
MIOITYT MOXK/IaHUIIA, JIUKBOPA, JIOOAkE U MOIIaBHHE, KOja ce Hajlase
u3Mel)y eJIeKTpUYHOT U3BOpa CUTHAJIA U €JIEKTPO/Ia KOje UX PEerucTpyjy Ha
MOTJIaBHHU.

0) yCMEepeHOCTH eJIEKTPUYHOI TeHeparopa rpemMa akTHBHUM eJIEKTpojiaMa
Ha MOTJIABUHH.

11) TPOBOJHUYKUX OCOOMHA aKTUBHHX €JIEKTPOJa U Mel)yroBpIInHe
MOTIaBHHA-EJIEKTPO/1a (BETMUMHA €JIeKTPOo/ia, 0COOMHE MaTepujaia of
KOJ€r Cy eJIEeKTPOJie HalpaB/beHE U OTIOPA KOjU CTPYJHOM TOKY IPaBH CIIO]
u3Mel)y eeKTpoja 1 MOIaBUHE).

ITopen Beoma 3HauajHe ynore koprekca y renesu EEI, BaxHy ynory
UMajy M yTULAJU U3 CYOKOPTHKAIHUX PETHOHA, IPBEHCTBEHO U3 TATaMUYKHX
CTPYKTypa M peTuKyiaapHe popmarmje.

Xurnoresa 0 Tanamycy Kao npeasoaHuky purmuude EEI" aktuBHOCTH
3aCHUBA CE HAa YMEHEHUIM /1 j€ TalaMOKOPTHKaJIHA MHTEPAKIIMja BeOMa OMTHA
3a HactaHak EEI" putmuuHocTH, a henuje Tanamudkor jeapa (nucleus thlami
reticularis) umajy maBHy yiaory y Tome (Steriadeet al, 1990). Heyponu oBor
jenpa ocnobahajy rama-amunoOytepHy kucenuny (ABA) mro nosomu 1o
JieTioNiapr3aliije ycMepeHe Ha HeypoHe JOP3aJIHOT TajlaMyca U TOper Jera
Mox1aHor cTtabna. CTUMYNIAIUjoM TaJaMOKOPTUKAJIHUX HEYypOHa Tajamyca
HacTaje pPUTMUYHA eKCLUTAIM]a KOPTEKca.

VYTuuaj perukynapHe gopmaruje MokaaHor crabna Ha renesy EED
aKTMBHOCTH NpBU cy oOjacHuian Mopyuuje u Maryn (Moruzzi, Magoun,
1949) koju cy Ha eKCriepUMEHTaTHOM MOJIeNy (Mavka Koja CraBa) MoKa3alu
Jla TUPEKTHO JPaXKehe PETUKYITAPHUX HEypOHA MOCPEICTBOM ACIIEHJCHTHOT
aKTHBALMOHOT peTHKynapHor cuctema (AAPC) u3zasuBa OynHO HOHAIIamke
U TPEeKHUJ PUTMHUYHE AKTHUBHOCTH KOJy CMemyje Op3a akTHMBHOCT HHCKE
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anmvuntyge. OBa mojaBa je mo3Hara kao EEIT nmecmHxponumsammja, a
Npe/ICTaB/ba OATOBOP HA aKTUBALM]Y XOJIMHEPIWYKHX HEYpoHa Oa3zaaHor
npo3eHuearoHa 1 MOKJAHOT cTallla U KaTeXOJIaMHHEPrHYKUX jeapa (nc.
raphe, locus ceruleus) u ycxoHHX MPOjeKIIMja OBUX CTPYKTypa.

Haiuonowrxe EEI uipomene

[Maronomke EEI" npomene mory OutH ciennpuyHe 1 HecrieluuyHe.
Y  cneuupuune EEI' mnpomene cnagajy enuiaentudOpMHH
rpadoeneMeHTH- IIMJbAK U OLITAp Tajac:
A) mmbak-6p3a npomena y tpajamwy ox 20-70 ms
b) omrrap ranac-umiedasnu noreHujan y Tpajamwy ox 70-200 ms
Enunentudopmue mpomeHe Mory OUTH MKTajgHe (PEerHMcTpOBaHE 3a BpeMe
Haraja) Wik UHTEpUKTaIHEe (perucTpoBaHe y AyTMM HHTepBaluMma usmely
Hamaja), JI0K ce ImpemMa TomorpagckoM pacropeny Jejie Ha JIOKaJIW30BaHe
(poxanne) u renepanuzoBane (Tabena 1).

ITHJBITH
OIITPH Tajacu

doxkannu MOJIMIINIJBIHA

EEI" o6pacum MHAJbaK-Tajac KOMILIEKC

OILITAp-CIIOp TaJIaC KOMILIEKC
(dboTonapokcu3ManHa peakiyja

HIMJbak-Tanac koMiviekcu o 3 Hz (tunuunu
aricaHcu)

IIHJbAK-TAIAC KOMIDICKCH IPYTHX (PEKBEHITH]a
(arcaHCHM Hamajy, reHepaIu30BaHU TOHUYKO-
KJIoHn4Ky Hanagy -1'TK, Harmagu y cknomy
I'eHepanu3oBaHu | CeKyHAapHe OuiaTepajiHe CHHXPOHH]E -

EET" obpacuu (poHTOIIOIapHA CITHIIETICH]a)

omrap-cnop Tanac kommiaekeu (I'TK nanaau,
aTUIWYHU alICAHCH)

MOJHUIIUJBIM U TOJHUIIMIbAK-TAIAC KOMIIEKCH
(MMOKJTHUYKY Haraju)

xurncapurmyja (Westov Sy)

Tabena 1. Emunentudopmue / ciennduane EED mpomene.
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VY ernonomku Hecnenuduune EEI npomene crnanajy aGHopmanHe
CIIOpe aKTUBHOCTH KOj€ C€ 110 Tpajamby MOTY MOJAEIUTH Ha UHTEPMHUTEHTHE
U KOHTHUHYHpaHe, a IpeMa JIOKaJIu3aliji Ha JIOKaJU30BaHe CIope Tajace,
reHepajIn30BaHe ACHMHXpPOHE M OWiIarepaliHO CHHXpPOHE CIIOpe Tasace
(Tabena 2).

OcnoBuu EEI" o6paciu [Tpumepu obosbema

1epeOpoBacKyIapHH aKIHICHTH
TyMODH

MUTpEHa

MPOJIa3HU UCXEMH]CKH aTalu
arciecH

MOCTUKTAIHO CTambe

Jloxanu3oBaHu CIIOpH TaJlaCHu

nuQy3Ha 1ereHepaTiuBHa Oonect

['eHepanu3oBaHU ACHHXPOHH nepedpoBackynapaa 0oiaect
CIIOpH TaJIacu CHUHKOIIA

KOMa

eHiedanonaruje
bunarepanHo CHHXpOHU CIOpU .

MpPEeCeHMIIHA IEMEHIIN]a
Tajacu

TyMOpH

Tabenma 2. OcmoBum EEI' oOpacm ca TaTONOMIKAM CIIOPHM TajJlacuMa -
HeermmnenTudopmue / Hecrrenuduane EEL mpomene.

EnunentudopmHe npoMeHe ce pasnuKyjy O HeemwIenTH(POPMHHUX
MIPOMEHA CIIMYHOT 00JIMKa Ha OCHOBY cienehux kpurepujyma (ciuka 1):
1. CumeTpuje HacIIpaM acUMETpHje 00JIMKa Tanaca: KoJ enuaenTuGOpMHUX
OTPHX Tajlaca NpBa Yy3ja3Ha ¢a3za ce Hario y3IMWKe, a Kol
HeenmuaenTu(GOpMHUX U y3Jla3Ha U Cria3Ha (a3a uMajy jeTHaK Haruo.
2. IMocne enwmnentuoOpMHUX MIHJbaKa WU OIITPUX Tajlaca 4eCTO CIICAH
HAKHAJIHU CIIOPH Tajac UCTE WM CYNIPOTHE MmoiapHoCTH. Ta mojaBa uzocraje
KOJI HeenmIeNnTU(OPMHHX TIPOMEHA.
3. EnunentudopMHHU MUIBIH WK OIITPH TAJIACH CY IBO(a3HH MK TpO(dasHH,
IITO CE JIAKO youaBa Ha OCHOBY Pa3IMYUTE aMILTUTY/C U PA3IMYUTOT TPajamba
oBHX (pa3a y OIHOCY Ha OCHOBHY aKTHBHOCT.
4. EnunentruOpMHH IUJBIHM WU OMITPU TAIACH TPajy AyKe Wwin kpahe on
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Tajaca KOju YNHE OKOJIHY OCHOBHY aKTHUBHOCT.
5. IloBehana konM4yMHA CIOPUX Tajaca y OJBOAMMA y KOjUMa ce Hajase
enuiaenTudopMHHu oOpaciu.

Cmuka 1. Ckuua koja ongpakaBa jacHy pas3iuKy enuiaentugopMHux (A) ox
neermentudopmunx npomena (b). (Z. Martinovi¢, 2009)

Mexanuzam nactianka nectieyugpuunux EEI tipomena
Jlokanuzosanu cuopu wanacu

JaBibajy ce u3Ha/ jeJHE MM HEKOJIMKO CyCEeTHUX €JEKTPOIa, YECTO CY
HENPABUIIHOT 00JIMKA U aPUTMUYHU. AKO UMajy OOJUK JKapUIITa TajlacH Cy
CTIIOPH]jU U HETIPABUITHH]H Y LIEHTPATHOM JIEITy, HETO Ha ITepU(epHjH )KapHUIIITa.
KoHTHHYHpaHO PErHOHAIHO YCIOpPEHE je MATOoJNOIIKa CIOopa aKTHBHOCT, a
HajBehu 1jarHOCTUYKY 3Ha4Ya) MMa (pokaaHa (KapHIlHa) OJIUMOopQHa 1enTa
aktuBHOCT (PIIAA). CTpykTypHa *KapHIllHa Jie31ja je YTOIMKO BEPOBATHU]U
y3pOK, YKOJHMKO j€ CIOopa JesiTa aKTUBHOCT KOHTHHYHUPAHO IPHCYTHA WU
HENpOMEUBa 10 aMIUTUTYIHU, OOJIMKY Tanaca U mo Tpajamy. Koj akyTHHX
Je3uja, CIOPH Tajacu Cy HajU3paXeHUJU Y BpeMe JIe3Hje, 3aTUM Ce CMambYjy,
aJu ce oJlprKaBajy Helesbama, a U MecelrMa.

MexaHn3aM HacTaHKa JOKAJIM30BaHUX CIOPHX Tajlaca MojpasyMeBa
cMameHy nepdysujy, Te mojaBa TAKBUX Tajlaca Hajuelihe ykasyje Ha MUTPEHY,
MPOJIA3HW HCXEMMJCKM aTak Wid MH(papkT Mosra. JlokanuzoBaHu criopu
TaJacu MOTY HAaCTaTH U Kao MOCIEeNIA MPOIa3HUX JIOKAITHUX JUCYHKIH]a,
Kao IITO Cy MPOJIa3HU MCXEMMjCKH aTalld, MOCTUKTAJIHA Jelpecuja, Hanaau
MUTpPEHE WJIM JIaKile KpaHuolepeOpanHe moBpene u mory ce y EEI-y
OZIp’KaBaTH HEKOJIMKO caTu WiK AaHa. Criopu Tajacu U3HaJ jeJHe XxeMuchepe
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MOTYy OUTH YIPYKEHHU Ca CIIMYHUM CIIOPUM TalacuMa KOHTpaJlaTepaiHo, a Ta
1ojaBa MOXKe HacTaTu 300T:

1. Kontpanarepanne koMmmpecuje, eemMa U UCXEMHUje H3a3BaHUX TYMOPOM
WM aKyTHUM HH()APKTOM MO3ra

2. Ilpenacka ummynca U3 CIOPUX Tajaca MPeKO KOMHUCYpaTHUX BIaKaHa 10
onroBapajayhux apeana apyre xemucdepe, rie mpou3BoJIe CIIope Tanace

3. 3anpeMUHCKUM IpOBOhEHEM eIEeKTPUYHOT 10Jha )KAPHUIIITA CIIOPUX Tajlaca
Kpo3 TKHBa u3Mel)y KOpTekca M TIOITIaBUHE W3HAJ CyNpOTHE XeMucdepe.
Cropu Tanacu u3HaJ CynpoTHE XeMucdepe mpeacTaBbajy CHHXPOHE KOIrje
CHIOpUX Tajaca y TIIaBHOM JKapUIITY, aJTi Cy MalbUX aMILTUTY/A.

I'enepanuzosanu acunxporu ciopu imanacu

I'enepanuzoBane acunxpoHe crnope Ttanace (IACT) kapakrepurie
¢pekBeHLMja KOja je NMPOMEHJbMBA, a OOJMK MM j€ YeCTO HEeNpaBUIIaH.
Mory uMmaTd permoHajJHM MaKCUMyM M3HaJ onapeheHux mojapydja rae ce
jaBipajy vemrhe u ca Behom amrumurynoM. Hajuenrhe ux y3pokyjy nudys3Hu
MOX/IaHU TopeMehaju pazIuuuTe eTHOJOrHje: MeTa0OIMYKe M TOKCHYHE
eHuedanonaryje, pasHM TUMNOBU JeMeHIMja, [lapkuHcoHOBa Oorecr,
xuapouedanyc, KpaHuolepeOpanHe TmMoBpene, HWHGEKIHje [EeHTPATHOT
HepsHor cucrema (L{THC) u ncuxujtpujcku nopemehaju.

Meanusam koju nzazuBa [ACT je pemeheme dhyHkIHje 00e xemucdepe,
y3 uecTy 3axBaheHOoCT cyOKopTHKaIHe Oerne Mace.

bunawmepannu cunxponu ciiopu iwanracu

[Taronmomky (abHOpMaliHy) CHOpY aKTHBHOCT KakBa ce BHuha Kox
HajBeher Opoja eHnedanonaTnja KapakTepuIlly eTHOJOLUIKY Hecneuupuyne
EET" mpomeHe Koje ce Mo Tpajakby MOTY TMOAEIMTH HAa MHTEPMUTEHTE U
KOHTUHYHUpaHe. 3a pa3iiiKy ol MOXKJAaHUX TymMopa U IiepeOpoBacKyIapHHX
akiuaeHara (LIBA), rne ce mpBEHCTBEHO PETUCTPY]Y JOKAIU30BaHHU CIIOPU
tanacu, eHnedanonarcku EEI' Hamaz Hajuemrhe kapakTepuine I0jaBa
OunarepanHux cuHXpoHux crnopux Tanaca (bCT) kakBu ce ommcyjy KoI
HajBeher Opoja MeTaOOIMUKUX, MH(IAMAaTOPHUX, EHAOKPHUHUX M TOKCHYHHUX
nopemehaja. Jaibajy ce reHepaaTn30BaHO WU U3HAl HEKOJIMKO OMIaTepaTHIX
€JIEKTPO/1a, MHTEPMUTEHTHO Ca MPOMEHUBUM OWJIATEPAITHUM MAKCUMYMOM.
CMmamyjy ce pu OTBapamwy O4Hjy, a [10jayaBajy 3a BpeMe XUIEepBeHTUIALIN]e
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(XB). YUecto cy yapyxenu ca 'ACT, ox xojux ce temko pa3nukyjy. ACT ce
Hajuenthe perucTpyjy KoJ XMIMOKCHYHO/aHOKCHYHE eHlle(datonaruje, Kome u
CHHKOTIE.

Mexanuszam Hactanka BCT mozapa3ymeBa MaTONIOIIKY WHTEPAKLU]y
u3Mel)y KopTekca u CTpYKTypa pOCTPAHOT MOXK/IAHOT cTabjia U TalnaMyca Koje
ce nudy3HO TPOjeKTyjy A0 KopTekca. 3axBaheHoCT nudy3HOTr MPOjeKIIMOHOT
cucreMa omoryhasa Jja ce TeHepHuIly CIHOpH Tajacu ca BUCOKHUM CTETIEHOM
UHTEepXeMHUCpEepUIHE CHHXPOHH]E.
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» Ephraim R. Electroencephalographic studies of the encephalopathies. Sec- tions
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Electroencephalography, Louisville General Hospital. Arch NeurPsych, 1998.

* Mac Gillivray BB. The EEG in systemic disorders: The Encephalopathies. In:
Binnie CD, Cooper R, Maugiere F, Osselton JW, Prior PF, Tedman BM (eds).
Clinical Neurophysiology vol. 2. Amsterdam: Elsevier, 2003.

» Markand, Omkar N. Electroencephalography in Diffuse Encephalopathies.
Journal of Clinical Neurophysiology, 1984.

« Martinovi¢ Z. Klini¢ka elektroencefalografija, Nau¢na KMD, Beograd, 2009.

* Moruzzi G, Magoun HW. Brain stem reticular formation and activation of the
EEG. Electroenceph Clin Neurophysiol, 1949.

* Sharborugh FW. Nonspecific abnormal EEG peterns. In: Niedermeyer E, Lopes
da Silva F. eds. Electroencephalography : Basic Principles, Clinical Applications
and Related Fileds. Baltimore: Lipincott Williams Wilkins, 2004.

* Steriade M, Cellular substrates of brain rhytms. In: Niedermeyer E, Lopes da
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EEI xox nuepedpoBackyjapHux 0oJiecTn

LepebpoBackynpue Oonectu (LIBB) oOyxBarajy mupoky mnanery
nopemehaja y 4Hjoj je OCHOBM oITeheme KpBHHX CyldoBa MO3ra, a
CHUMIITOMH C€ MOTY Pa3BHTH HAIJIO MM nocteneHo. Harmo Hactamu ¢okannu
Heyposolky nopemehaj koju Tpaje nyxe ox 60 MUHYTa Ha3MBa C€ MOXKIAHU
yaap, a pasluKyjy ce UCXeMMjCKH (MH(papKT Mo3ra) KOju HacTaje yclen
OKIJTy3Hje KPBHOT Cyzia eMOOIUjUCKUM MaTepHjaJioM WM pa3BojeM TpomOo3e
U XeMOpAarujcku Koju HacTaje yclie[ pynType KpBHOT CyJa WM BacKyJlapHe
Mmandopmarnuje.

NaxkocyocHoBHEMeTOI€3a 11jarHocTHKOBame [ BbkomnjyrepruszoBana
ToMorpaduja 1 MarHeTHa pe3oHaHIla, HeocnopHa je ynmenuna aa EEI" moxe
OUTH CEeH3UTHBAH MOKa3aTesb (PyHKIIMOHATHUX IPOMEHA Y PAHOM CTaJAU]yMy
UCXeMHje MO3Ta, Kao U KOJl TpaH3uTopHor ucxemujckor araka (THUA), koju
NpeCcTaBJba MOATUI HCXEMU)CKOT MOKAaHoT ynapa. TUA ce nedunuiie xao
KpaTKOTpajHa, Mpoja3Ha eM130/a HeypOoJIOLIKe TUCHYHKIU]E, ca KIMHUUYKUM
CHUMIITOMUMA KOJU Tpajy Mame o1 60 MuUHyTa, MOBJIaue ce y MOTIYHOCTH U
TOKOM HEYPOPaIUOJIOIIKE EKCIUIOpallije HeMa JOKa3a O MOCTOjamby aKyTHOT
uH(papKTa Mo3ra.

EET" nanasu xox LIBb Mory na ce pa3BpcTajy y ocaM OCHOBHHX IpyTia
(Van Huftelen, 2003):

1. Hema 3HauajHuX npoMeHa.

2. Ilpomene anda put™Ma y BUIY ycmopema (DpPEKBEHIH]E, Y3 CMambCHE
aMIUTUTYIE U CMambeHhe PAaKTUBHOCTU. AcuUMeTpHje anda putma ce Mory
OJlpKaTu M BuIle roauHa nocie L[Bb.

3. YHunarepaiaHo ycnopemwe (ppekBeHuyje y3 nopehame aMnuTyae u
CMambehEe PEaKTUBHOCTH. AMIIUTY/IA je yecTo noBehana kox 1y0oKuX Jie3uja,
a CMambeHa KO MMOBPIIMHCKHX JIE3H]a.

4. JlokanHO cMameme OeTa aKTHBHOCTH, MOCEOHO KOA OHHUX Je3Huja Koje
3axBarajy KOPTEKC.

5. Tera akTuBHOCT je cinabo nndopmaruBHa koz [[Bb.

6. IlojaBa genTa akTMBHOCTH je Y JUPEKTHO] BE3M Ca MCXEMHjOM MO3ra.
Moske ce jaBUTH Kao HEMpaBUIIHA JETa aKTUBHOCT, YHUJIATEPATHO OAHOCHO
y moApy4jy mcxemuje, y mpBux 1-2 meceuna on Hactanka L[Bb wmm kao
(hpoHTaIHA UHTEPMUTEHTHA pUTMHUYKA AenTta akTuBHOCT (DUPIIA).

7. Hempecrja CBUX aKTUBHOCTH CE€ MOXE JaBUTH JIOKAJTHO M CMarpa ce
HajBehuM CTeneHoOM INpoMEHa M MpeJcTaB/ba OApa3 JIOKAJIHOI OACYCTBa
KOpTUKaIHE (yHKIH]E.
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8. EmmnentudopMHa aKTUBHOCT C€ jaBjba Y OONUKY TEPUOTUYHHX
JaTepaIn30BaHUX CMUICTTU(HOPMHUX MTPAKEHEHA, OTHOCHO IIUJbaKa KOJH CY
PEeTKU Ko ucxeMHykux uHpapkra (6 %) u omTpux Taynaca, KOju Cy MHOTO
yenrhu, moceOHO U3HAJ TEMIIOPATHUX PETHOHA.

Tpaunzutopuu ncxemujcku arak (TUA)

TUA mpencraBiba YNo3opeme Ja MOCTOju 030MibHO omTeheme
MOKJaHe [UpPKYJIalrje U cMaTpa ce (PakTopoM pU3MKa 3a pa3BOj MOXKIAHOT
yaapa. Y3pouu THUA cy uIeHTUYHU OHUM y3pOIlMMa KOjU M3a3HMBajy aKyTHHU
HCXEMUYKH MOXJaHHU yjap, Kao WTo cy xunomnepdysuja, emOonuzanuja u
Tpombo3a. Heypoomka cumnromMaTronorija (CMHMOTOMH C€ Y MOTIYHOCTH
nosynaye 3a 15-60 MuHyTa) KOja ce mucrosbaBa Kox Hactanka THUA je Beoma
Pa3HOBPCHA M MPBEHCTBEHO 3aBHCH OJ1 JIOKAJIM3alLMje MPOJIa3HE HCXEMHU]e,
OJTHOCHO Off KPBHOT Ccy/ia KOju je 3axBaheH .

VYkonmuko je 3axBaheHa mpeama MUpKynamnvja (KapoTOIHU CIIUB),
kInHUUKy ek TUA kapakrepuiny cienehu Heypoioy UCHaau:

1. Tpau3utopHU TYOHUTAK BUJIA HA jJeTHOM OKY (amaurosis fugax)
2. Nucdazuja

3. Xemurmapesa CynpoTHe CTpaHe Teja

4. KoHTpanarepaaHi XOMOHUMHHU UCTIa 1 BUTHOT 10Jba

Kon 3axBaheHnocTu 3anmbe nupKynamnuje (Bepredpoda3uiiapHu CIIHB),
kimHnYKa cnuka TUA ce manudectyje cienehium HEYypOIOIMKUM UCTIauMa;
1. umnnonwuje, BepTUTO
2. dAuzaptpuja, mucdaruja
3. I'yOutak Buga Ha 002 OKa
4. YaunarepanHa/OunarepaiHa Win antepHupajyha mapesa uiam ryourax
ceH3uomImrTeTa
5. I'yburak cBecTH (PETKO)

Kon OonecHuka ca HeyposomkuM aedunurom 1o Tuny TUA
HEOITXOMHO je y Iu(epeHIHjaH0 TUArHOCTUYKOM CMHUCITY HCKJBYYHTH
cieneha Heyposomka 000Jbeha M CTamba: MUTPEHA, eMUIISTICHja, MYJITHILIA
CKJIEpO3a, XUIIOTIIMKEMH]ja U TyMOP MO3Ta.

Kako ce kog TUA He pagu 0 CTPyKTYpPHOM MOXJIaHOM oIuTehemy
(Hamasu HeypopaauoIIoNIKe OUjarHOCTUKE cy yBek ypennu), EEIT moxe
MpeACTaB/baTH 3Ha4ajHy Metony y nujarHoctukoBamwy THUA. EEI' mpomene
koq TUA cy oOW4HO AMCKpeTHE M MIposia3He, a MCIOJbaBajy Cce y BUIY
JOKaJHE JIaKe 0 YMEPEHE PeIyKIMjeé HOPMAIHUX KOPTHKAJTHHX PUTMOBA
KOju Cy Hajuenthe 3aMemeHN CIOPOTANIACHOM akTHBHOIINY TeTa, pehe nenra
¢dpexsentie (Nagata et al.1984) (cnuka 2).
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Cauka 2. B. K. 39 ron. TUA. EEI pahen | car HakoH moBiauema Teroda y BHIY
mucdasuje, HaIrlIo HACTalle BPTOIJIABHIIE M CITa0OCTH Y JIeCHO] pyIH (Y Tpajamy Of
oko 30 MuHYTa): ydecTanao ce HW3HaJ LEHTPO-IapHjeTO-TeMIIOPAHIX PErHoHa ca
JICBOCTPAHOM AKLEHTYalljOM CYNEpPIOHHPAjy HU30BH HEYjEAHAUYCHUX CIOPUX H
CTPMHUX Tajiaca JOMUHAHTHO TeTa THIIA.

Hamomena: Hana3 MarHeTHe pe30HaHIE SHIOKPaHUjyMa ONMCaH Kao ypenaH.
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HNudapkr mo3ra

Hajuzpaxenuje EEI' mpomene kon mH(papkra mosra Oenexe ce y
MIPBUM YacOBUMA MJIM JJaHUMa, IPE HEero LITO MOCTaHy BUJBUBE HA CKEHEPY
I71aBe, a UCIOJbABAjy CE Y BUY JIOKAJIHE PEAYKIIMje HOPMATHUX KOPTUKAITHIX
PUTMOBA, OKO KOj€ C€ PETUCTPY]y KPYITHE CIIOPOTaIacCHEe aHOMAJIH]j€, TOHEKa 1
u cyonmenra ¢pexsennuje. EEI’ mpomene u3Ham xemmucdepe 3axBahene
nH(papKTOM Haju3paxkeHuje cy (ppoHTO-TeMIOpaIHO (CiaukKa 3).

I N ARV R VN WLV N A VAN

Cnuka 3. 1. H. 51 ron. Uadapkr mosra. EET": uznan ¢ppoHTO-TeMIopaiHuX pernoHa
ca jaCHOM JECHOCTPAHOM aKLEHTYalljOM PErHCTpyje Ce MojaBa CTPMHUX M CIIOPUX
Tajaca MOBUILEHE aMILIUTYE.

Hanmomena: Ha ocnoBy EEI" nanasza manujeHt je ynyheH Ha MarHeTHY pe30HaHILy
SHIIOKpaHHjyMa TZIe je yTBphEeHo 1a ce paau o LepeOpOBacCKyIapHOM HHCYIITY.

Oxo 75 % cBux MH(apKTa MO3ra 3axBarajy TEpUTOPH]Y Cpeltbe MOKIaHe
aprepuje (a. cerebri mediae), koja mpeacTaB/ba HajBely IpaHy YHYTpallmbhe
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KapoTH/IHE apTepuje. 3HalM OKITy3Hje CpeIhe MOXKIaHe apTepuje Cy:

1. Xemuruieruja/xeMuriape3a CyrpoTHE MOJIOBHUHE Tela (cadocT je
M3pakeHH]ja y JI0K0j TTOJIOBUHU JIUIIA U Pyl Y nopehemy ca Horom-
(hanmoOpaxujaiHA TUTT XeMHUTIape3e)

2. Koprukanau ryOuTak ceH3UOMINTETa CYIIPOTHE MOJIOBUHE Tela

3. Adasuja (axo je 3axBahena "nomMuHaHTHA" XeMuchepa-oOUIHO JeBa)

4. 3anemapuBame EKCTPEMUTETA U MpocTopa Ha omTeheHoj crpanu (axo je
3axBaheHa "HelOMMHaHTHA" XxeMHC(epa-00MYHO JeCHA)

5. KonTpanarepaiHa XoMOHUMHA XeMHAHOTICH]a

Kon oxmysuje cpeame MoXxaaHe apTepuje, MOTY C€ PErucTpoBaTH
kpynHe EEI' mpomene, kakBe ce Bubajy KOA HCXeMHje MOBPIIMHCKHX
teputopuja 1 EEI' mpomene y BHIy JAHMCKpPETHE acHUMETPHje OCHOBHE
aKTUBHOCTH, Koj AyOokux mH(papkra mo3sra. Panu EEI' (ynyrap 24 cara
O]l TIOYeTKa MOXKJIAHOT yjapa) Koj| TaldjeHara ca BeJIUKUM HH(PaApPKTOM
Cpelmbe MOXKAaHEe apTepuje, KOjU KapaKTepHIle OJICYyCTBO JEJITa aKTUBHOCTHU
y3 MPHUCYCTBO TeTa pUTMa M Op3uX OeTa (peKBEeHIUja y >KapHIITY, yKazyje
Ha OCHWTHU TOK, JOK AM(Y3HO TC€HEPATH30BAHO YCIOPEHE U CIopa JeiTa
aKTUBHOCT y MCXEMHMYHO] XeMucgepHu ynyhyjy Ha MaJWrHU TOK OosiecTu
(Burghaus et al. 2007).

Hcxemuja y Teputopuju npenme (a. cerebri anterior) u 3aame (a.
cerebri posterior) Moxkaane aprepuje je Muoro peha (5-10 % cBux undapkra
MO3Ta).

3HaIu OKITy3Hje MPeiibe MOXK/IaHe apTepHje Cy:

1. Cnaboct cynpoTHe cTpaHe Tefa (KpypaaHu THI XeMHUIIape3e - HOTa je
Bulie 3axBaheHa ox pyke).

2. KopTukanaau ryoutak ceH3uOUInTeTa 3a HOTYy

3. ukoHTHHEHIH]a

EEI' kon wucxemuje y TEpUTOPHJU TpPEAHE MOXKAAaHE apTepuje
KapakTepulle M0jaBa yHHWJITapajlHe HENpaBUJIHE JeNTa aKTUBHOCT H3HAJ
npeawux peruona u GUPIA.

3Haly OKJIy3Hje 3a/he MOX/IaHe apTepHje:

1. Uctoctpana mapanu3a Tpeher kpaHujaTHOT HepBa

2. Xemwuruieruja/xeMuriapesa CyrpoTHe CTpaHe

3. TanamycHU cuHIpPOM

4. IlojaBa HEBOJbHUX MOKpeETa (Xopeja, banuszam)

5. XOMOHMMHA XeMHAHOIICHja ¢ O4yBaHUM MaKyJIapHUM BUIIOM
6. Koprukanno cienuso (00JeCHUK YeCTO HETHpa Ae(HUIIUT WK
KOoH(abylupa y Onucy OHOTa IITO HABOIHO BHUJIN)

Kon ncxemuje y tepuropuju 3anme MokaaHe aprepuje Tokom EEID
CHUMama ce OeNeXH YHUIATepalHO M3MEHeHU anda puTam yApyKeH ca
HETPABUIIHUM JIeJITa PUTMOM Y UCTOM ITOCTEPHOPHOM PETHOHY.

WBaH MuxameB HeypodusmonoLiku acnekT HecneunpuyHe uepebpante guchyHkumje 29



Enxem mo3ra

EnemMmo3sra (noBehame yKyIiHe 3anipeMUHe MO3Ta) je KapaKTepUCTUYaH
3a MacWBHE MH(]APKTE, Ka0 MITO Cy WHPAPKTH y CIUBY CpPEIHE MOXKIaHE
apTepuje, a pa3BHja ce TeK MOCJIe IPYTor JaHa O0JIeCTH.

EEI" Moxe MaTH BEJIMKY 3Ha4a] U y IMjarHOCTUKOBAY e/IeMa MO3Ta,
jep je eBonyuuja EEI mpomena Opika, Tako JJa OHE MOTY HACTaTH U MPe HETo
LITO Haja3 Mocie HeypOpaaHOIIONIKE EKCIIOpallkje IOCTaHe MO3UTHBAH.

Kox nacranka emema Mo3ra M IoMepama CPEeIUIIHUX CTPYKTypa,
CTIOpa aKTUBHOCT C€ jaBJba M M3HAJ KOHTpajarepaiHe xemuchepe, 4ecTo y3
nojary ®MPIIA.

Metoau aktuBanuje kox LIBb

®orocrumynarnuja (PC) m xunepBertunanuja (XB) kao meromu
aKTUBAIMje MOTY UMaTy BEJIMKU 3Hayaj NPUJIMKOM JUjarHocTukoBama (BB,
aJy MOTY OMTH U KOHTPaWHIUKOBaHE KOJ| OOJIECHUKA KOJ KOjuX Beh mocToje
3HaI| 1epedpande ucxemuje. @C Moke Mmokazaru ciaaduje YHHIIATEPATHO
npahewme (oTocTuMyTyca Ha CTpaHH HCXeMHje, JIOK C€ MapajoKCaaHO
nosehuu oxgrosop Ha ®C y nenra omcery Moxke HahM W3HAA 3aaber
TEMITIOPAJTHOT PETHOHA UCXEMHUUHE XeMHc]epe, KO/ alujeHara ca 1yooKuM
ne3rjama. XB Moxke mpoBompary mpoMeHe 300T HCXeMHje, Te Ce OBa METO/Ia
300T OIACHOCTH O] MTOTOPIIAkha MOXKE KOPHUCTUTH UCKIBYYUBO Y TIPUCYCTBY
JeKapa-HeypopHU3nuoaora TOKOM CHUMamba.
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EEI xox meradosmukux nopemehaja

ITopemehaj moxxane pyHKIMje MOXKe OMTH yAPYKEH ca pa3IuuyuTUM
o0oJbebUMa WJIM TATOJIOIIKUM CTalkbUMa TOMYT XeHNaTWYHE U peHallHe
MHCY(QHIMjEHIM]je,  eJNEeKTPOJIMTHOr  jaucOanaHca WiaM  nopemehaja
MeTaboau3Ma IIyKo3e, a OIIITH Ha3MB 3a TakBe nopemehaje je Mmeraboanuka
enuedanonaruja. Knuanuky cnuky mnopen mnopemehaja crama CBECTH U
CHWKEHOI KOTHUTHMBHOT TMOTEHIMjajla (yMameHa CIIOCOOHOCT MaXIbe,
MUIIJbEHa U Namhema) 4ecTo KapaKTepHIly W HM3paXKeHU (OKAJTHU WU
MyNTU(HOKATHU HEYPOJIOIIKH UCTIa IH.

Metona u3bopa y AMjarHOCTHIIM METa0ONUYKUX eHledanomnaruja
je EEI, xoju kapakrepumry Hecrermuduune EEIT mpomene, Hajuemthe y
Buay audysHo cnopux Tanaca (miobanHa nepedpanHa aucyskuuja). Ha
MOYETKY, YaK U Ipe Hero mro je ceecT nopemehena, ppexBeHIMja OCHOBHOT
anda puTma ce ycmopaBa, JIOK C€ CIOpa TeTa AKTUBHOCT CIOPaJAWYHO
nojassbyje. Ca mporpecujoM O0JIECTH TeTa aKTUBHOCT Ce€ IeHepasuzyje U
nocraje ciabuje peakTMBHA Ha CroJbHe cTtumynyce. Kox Temkor cremena
enuedanomnaruje, EEI" Genesxn HUCKOBOITHPaHY, KOHTUHYHUPAHY CIIOpY JIeJITa
aKTHBHOCT, a Y €KCTPEMHHM Ciy4ajeBUMa AyOOKe KOMe OIMCaHa je IMojaBa
eJIeKTpolepedpaniHe HHAKTUBHOCTH (M30eNeKTpuyHa THInnHa). HeomxomaHo
je narmacutu na EEI' aHanu3a mpBEHCTBEHO MOXe Jia MPYKU OOjeKTHBHE
KPUTEPHjyMe 3a MPOILIEHY TEXKHHE OBUX MAaTOJOLIKUX Mpolieca, ajiu (YKOJIUKO
Jj€ Y3pOK I03HaT) MOXKe JIaTH U MPOTHOCTUYKE HHPOpMAIHje.

XenarnyHa eHuedaaonaruja

XenaruyHa eHIedanomnaruja ce jaBiba Koj 00JIeCHHUKA ca 000JbehUMa
jerpe, Kaga NOpPTHA XMUIEPTEH3Mja JOBOAU JO EKCLECHUBHE KOJaTepajHe
MOPTHE LUPKYJalxje, a 3aTUM U MOCIeINYHEe UHTOKCHKALMje MO3ra, yclen
JIOCTIEBakba HEYPOTOKCMYHMUX Marepuja (Ipe CBUX aMOHMjaKa) IHUPEKTHO
y CHCTEMCKy LUpKyiaauujy. MebhyTuMm, HMako je mnaroreHesa XemaTudHe
eHuedanonaruje mpeaMeT IpoydaBama join of Kpaja 19. Beka, mpeuusaH
MEXaHW3aM HaCTaHKa HY JI0 JIaHaC HUje Y TOTIyHOCTH neduHucaH. Jlujarnosa
XenaTu4yHe eHuedanonaryje MocraBjba Ce Ha OCHOBY KIMHHMYKE CIHMKE U
OMOXEeMMjCKUX aHaJn3a: MOBHUILIEHE BPEAHOCTH TPaHCAMHMHA3a, aMOHHUjaKa U
OmMpyOrHA M CHIIKEHE BPETHOCTH alOyMuHa U (hakTopa Koarylaiuje, aiu
u crannapaauM EEI' cHumameM, Kao CyBepeHOM JIMjarHOCTUYKOM METOJIOM
KOJl CyMIb€ Ha eHIle(danonaTujy Ouio Kojer y3poka.
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Kako je xemarmuna eHuedasnonaruja Hajuemrhe nocienuna LHUpoO3e
jerpe, oapeheHu cy KpuTepujymu (4. craaujyma) 3a rpayrucame MEHTATHOT
CTama Kojl O0JIECHUKA Ca OBUM 000JbEHEM:

Cranujym 1.

bnara 30ymeHocT, eydopuja/menpecuja, ociabibeHa MaxHwa, YCIOPEHO
pelaBambe KOTHUTUBHUX 331aTaKa.

Cranujym 2.

[locmanocrt, nerapruja, u3pakeHa HECIMOCOOHOCT pellaBamba KOTHUTHBHHUX
3ajaTaka, IoBpeMeHa Jie30pujeHTanuja (y BpeMeHy).

Cranujym 3.

ComMHoneHnMja, MOTIyHAa HeMOrYhHOCT o0aBJbamba KOTHUTHUBHHMX 3aJaTaka,
M3pakeHuja ae3opujeHTaiuja (y BpeMeHy U mpocTopy).

Cranujym 4.

Koma (HemoryhHOCT TecTupama MEHTAIHOT CTamba).

Toxom EEI" cHuMama naryjenara ca XenaTi4HoM eHIle(aaonaTujoMm,
CTETeH MPOMEHa MOKa3yje BUCOKY KOpeialujy ca KIMHUYKUM CTaJujyMuMa
oor nopemehaja (taGena 3). IIpBa mpomeHa Koja ce PErucTpyje TOKOM
EET" caumama je ycnopeme angda purMa (JOMUHAHTHA (pekBeHuuja ox 7,5
Hz moxe ce cMmaTpaTu maToyomIkoM). Y TOKY KIMHHYKE JEKOMIICH3allHje
€JIEKTpUYHA aKTUBHOCT MO3ra I0CTaje CBe CIIOpHja, Ma Ce M3HAJ 3aHbHX
peruoHa ymecto ajida putMma Oenexe Tanacu tera ¢ppeksenue. Hajuemihe ce
usMmelyy 2. u 3. cragujyma jaBibajy criopu Tpudazuynu Tanacu (ciuka 4). Tpu
(a3ze ce oHOCE HA: MHULIM]AJTHU HUCKOBOJITUPAH HETaTUBaH Tajac, KOMe cliesie
MIPOMMHEHTaH MO3UTUBAH OLITAp Tajac M JO0CTa UIMPOK HEraTWBaH Tajuac ca
BapujabuinHoM BodTaxkoM. EED' Hamas y Buay cropux, reHepalu30BaHUX,
OunarepaqHUX M CUMETPUYHUX Tpu(a3WyHMUX Tajaca Hajuemhe ce Bubha
ko xenatuune eHiedanomnaruje (Foley et al, 1950, Bickford, Butt, 1955),
a TakBM TajacH IOKa3yjy MO3UTHUBHY KOpeEJalfjy ca HMBOMMAa aMOHHjaka
y KpBU M JuKBOpy. Tpucazuynu tamnacu ce (MHOro pehe) mory jaButu u
KO JpyruxX MeTa0OJMUYKUX eHIedaslonaThja, Mpe CBera KoJ ypeMHUYKe
eHuedanonaryje, 3aTuM Kao TMOCIEAMIA eNeKTPOJUTHOr aucOanaHca
(XunoHarpemuja, Xunepkaainemuja), koa nopemehaja merabonusma riryko3e
(XunorMkeMuja), anu U Koj TpayMaTCKHUX eHIledasonaryuja HacTaluX ycies
KpaHHollepeOpaHuX MoBpeaa (Kao MmTo je cyOaypalHu xemaroMm). Tokom
EET" perucrpoBama koJ 0OJECHHKA Y KOMH, TpU(PA3UUHU TalTacu HECTAjy,
a 3aMemyje HMX TIeHepaln30BaHa, BHCOKOBOJTHpAHa JeiNTa aKTUBHOCT
MIPEJOMUHAHTHO U3HAJ IPEIHBUX PErHOHA.
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[ F4-C4
@] C4-Pa
[ P4-02
H Fpi-F3
@ F3-C3
§ C3-P3
§ F8-74
mTeTS
® F7-T3
ET3-T5

Cnuxka 4. M. B. 59 ron. Xenaruuna ennedanonaruja (1iupo3a jerpe). Y KIMHHYKO]
CIIMIM JOMUHMpa Texkak korHuTuBHE aedunut. EET Hanas: Genexu ce audysHa
CTOpa aKTUBHOCT ¥ TUIIMYHH CHIOPH TpU(Da3UIHU TaJacH.
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KIIMHNYKN CUMIITOMUA

3HAIIA

EET

Jlakmra nocnanoct

brnara xondysuja

[Topemehaj adexra (eydopuja
WU JTeTIpecHja)

WuBep3uja cHa (MOHEKaT)

Juckperan MeTaOOITMIKH
TpeMop

Juckankynuja
Hucrpaduja
KoHncTpykuunona ampakcuja

Hopmanan, no
JIaKIIe YCIOPEeH
U UperyjapaH

II

ComHoeHImja

WuBep3nja cHa

Arwuranuja O1aror crerneHa
Je3opujenTanuja

Oxarosapa Ha HajJaore yCMEHOM
CTHMYJIaIlNjOM

JlenpuraBu ("flapping")
Tpemop
Foetor hepaticus

VYenopen
puTaM,
apOKCU3MH
JenTa Tanaca
ITOMETIIaH! ca
anda Taracuma

Jlenpmasu ("flapping")

TpeMop
Xuneppeduiekcuja
Corop pp (1) )
. Kousymzuje
Bynu ce Ha rpy0e Hanmpaxkaje .
. XurneproHuja Tera puram,
[Topemehaj roBopa . .
III . Tpomuje peakuuje 3eHuna | TpuhazuaHu
Jaka koH(y3uja ca
. . IMupamu gy 3HAIH Tajacu
JI€30PH]jCHTAIIH]jOM
Temaprijym ca arETamjon babunHCcku O3UTHBAH
Pednekc xBarama
Pednexc cucama
Foetor hepaticus
Pednexcu mocroje (Hmkm)
Koma ca cinabum motopHuM | AOHOpMaiHa diiekcuja
OJIrOBOPOM Ha OOJTHE 3enuiie 6e3 oaroBopa
HaJIpaxkaje (ymepeHa Muzpujasa)
Onaname ToHyca
v A Y Henra tanacu

Koma 6e3 onroBopa Ha 6oiHe
HaJpaxkaje

Jenepebparnuja
Apeduekcuja

AtoHHja

MaxkcumaliHa MuapHjaza

Ta6ena 3. Knuanuku cumiromu, 3Hanu U EED Hanas koj xenatuune exiedanonaruje
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Ypemuuka enunedasionaruja

VYpemuuka eHnedanonartdja MpeAcTaBba HA3WB 32 MOXKJIAHY
MTMCPYHKIM]Y YAPYXKEHy ca aKyTHOM WJIH XPOHHYHOM OyOpeskHOM
MHCYypHUIMjeHIjoM (Kaja Op3uHa mIoMepyiaapHe QUITpalyje nagHe UCTOon
10 % onm HOopmainiHe). HeomxomHO je HarlacuTH J1a CBE JOK KOHIICHTpAIlHja
ypee y kpBu ocrtaje ucron 300-400 mg/dL (16-22 mmol/L), ona Hema
TOKCHYHH e(eKart, a TeK y KOHLIEHTpallijamMa BUILLIMM OJ] OBOT HUBOA ypea MOXe
M3a3BaTy 3Ha4yajHUje Heyposomke MaHudecranuje. [laroreHercku 3HaYaj
nopemMehaja MeTaboaM3Ma KallujymMa U MapaTuPeouHOT XOPMOHA JI0Ka3aH
je Yy eKCHepUMEHTAITHOM MOJIeNly ypeMHUKe eHIedasionarije, a cmarpa
ce Jla 3Hauaj y MaTroreHe3u OBOT nopemehaja Moke mMmatu ¥ JucyHKIIH]a
HeypoTpaHcMHTepa (pemMa Halla3uma ayTtoricuje, HaljeHo je cHmkeme [ABA
3a 40 % u anerunxonuHTpancdepase 3a 25-30 %).

VYpemuuka ennedasonatija ce MCHObaBa YHTABUM CIIEKTPOM
Heyposolkux nopemehaja, a HajpaHuja MaHUdecTanuja OBOr 000JbEHA
OOMYHO je MEHTallHa YCHOPEHOCT OojecHHKa. YecTo KIMHHYKY CIHKY
ypemuuke eHiedasonarije TopeJ 3HAKOBa KOTHUTHBHOT JeUIINTA,
KOH(Y3HOCTH M JE€30pHjeHTalje, y TMOYeTKy OOJecTH KapakTepuile U
rojaBa TpeMopa, MUOKJIOHyca (Tp3ajeBu muiinha ce Hajuenihe jaBibajy Ha
JUIy U pykama), (pacimkynamyja, 10K c€ CHHIPOM HEMHPHHX HOTY jaBJba KO
40 % OGonecHuka. Y OAMAaKIOM CTaaujyMy OOJIECTH MOTY HAacTaTu 030MJbHU
nopemehaju cBeCcTH Kao MITO Cy CTYHOP W KOMa, a SMHJICTITUYKH HamaIu ce
jaBibajy kox 1/3 6onecuuka. Tepamnuja n3dopa Ko ypeMudke eHIedanonaTeje
j€ 00MYHO XeMOM]jajIn3a, a IOHeKa/l ce IPUMEmbYje U IEPUTOHEATHA IUjaIn3a.

Kao m xonm Gomectu jeTpe, Tako M KOJ PEHAIHE HHCY(UIIN]CHIIH]E
npomeHe y EEIl-y OGosbe onpaxaBajy cremeH mopemehaja cBecTu Hero
crereH MeTabonuukor nopemehaja. Y moueTky ce crnop U MHTEPMUTEHTaH
anda puTaM jaBJba 3ajeHO ca MpaKbembuMa Tudy3He WM OUTEMIIOpATHE
TeTa akKTUBHOCTH. [IoBpeMEeHO ce Mmpaxmema PUTMUYHE (PPOHTATHE JIeNITa
aktuBHocTH (DPUPIIA) cmemyjy ca pelaTHBHO HOPMAJIHUM OCHOBHUM
PUTMOBUMA WJIM HU30BHUMA CIIOPHj€ aKTHBHOCTH TE€Ta THIIA, I1a CE OBaKaB
oOpa3all Ha3uBa HAaM3MEHUYAH WK anTepHupajyhu obpasair (ciuka 5).
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Cmuka 5. H. T. 37 roa. Penamna uncydunujeniuja (HuBo ypeje >400 mg/dl).
EEI" nana3: m3pakeHa au¢y3Ha TeTa aKTHBHOCT M MHTEPMUTECHTHA TPaKbEHa

PUTMHUYHUX JCJITa TajlaCca JIaKO MMOBUILICHE aMIUIUTYAC.
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Kon texer crenena ennedanonaruje jaBjba ce TUPY3HO YCHOPEHE
U JIe30praHu3alidja OCHOBHE AaKTUBHOCTU. PEakTMBHOCT Ha CEH30pHE
CTUMYJyce€ MOXE Ja HecTaHe, WM C€ jaBJjbajy MaTOJIOIIKU oOpacuu
pa3dyhuBama ca mnpaxmemHMa AU(Y3HHX, BHCOKOBOJITHPAHUX CIIOPUX
tanaca ("mapagokcajaH OAroBop Ha pa3OyhuBame"). XumepBeHTHIALM]a
(XB) moxe nma jmoBene 0 I0jaBe MEP3UCTEHTHUX BUCOKO BOJITHPAHHUX
CIOpUX Tajaca, a HHTepMuUTeHTHa ¢oroctumynanuja (PC) moxe na
n3azoBe (HOTOMHOKIOHMYHE WK (oTonapokcuzmanne oxrosope. Kako EEI
MIPOMEHE OfIpakaBajy CTENEH MPOMEHE CBECTH Yy YPEMHUjU, Kao U y JAPYIHUM
MeTaboMuMukuM eHuedanonaryjama, noHasbambe EEIT cHuMama Moxe na
nomnpuHece 6ospeM npahemy (uyKTyalmja CBECTH, Kao 1 1a 00e30e11 TauHu]jy
IIPOTHO3Y.

IHopemehaj esiekTpoTuTHOT JUCOAIaAHCA
Ilopemehaj y meinabonuzmy nampujyma

ExctpemHe nmpomMeHe y KOHLEHTpAIMju CEPyMCKOT HaTpujyMa MOTY

Jla ce jaBe y pa3IMYUTUM CHTyalljama Koje o0yxBarajy:

a) eKCIIeCHBaH YHOC, PETEHIIMja WK ciiada eTMMUHAIM]a TEeYHOCTH

(HITp. KOHT'€CTHBHA CpuaHa UHCY(UIIM]CHIIM]a, HEaJAeKBATHO JIy4eHe
aHTUMYPETCKOT XOPMOHA, aHXUIPO3a, aHypHja)

0) mpekomepaH TyouTak conu (300r IMypeTcKe Teparnuje win Hedpomaruje
ca ryOMTKOM COJIM)

11) MPeKOMEepaH IyOUTaKk TeYHOCTH, HEaJeKBaTaH YHOC WM 3aMeHa TeYHOCTH
U HEeype/aH YHOC COJIH.

KpBHO-MOkaHa Oapujepa crnpedaBa H3MEHY €JIEKTPOJUTA, Al
7103BOJbaBa ciiobonan u Op3 mpoia3 Bojxe usmely kpBH, HepedpocnuHaiIHe
TEYHOCTHU M MO3Ta. 3aTO IPOMEHA KOHLIEHTPAIIH]j € UITH CEPYMCKE OCMOJIAIIHOCTH
UMa 3HavyajaH yTWIAj Ha HMHTpALeNTyJapHy KOHIIGHTPALHWjy COJIUM M BOJE
y IHHC-y. Huzak cepyMCKH HaTpHjyM WM XHUIIOOCMOJIAJTHOCT TEIECHUX
TEYHOCTH (MHTOKCHKAIIMja BOJIOM) JOBOAU A0 henmujcke XUIepXuapaivje
U MOXIAHOT €/eMa, IITO MOXE Jia JIOBEIe /0 IepedpaiHe XepHHjaruje.
Bucoka koHIleHTpanMja HaTpujymMa y CEepyMy WU XHUIEPOCMOJIATHOCT
EKCTpaleTyIapHUX TEUHOCTH, TOBOAH 10 henrjcke AeXuapaIuje i CMambemha
MoO3ra, IITO MOXE Ja JIOBeIe 10 TMapeHXUMCKe, CyOapaxHOWAAIHE WIIH
cyonypanne xemoparuje. [I[poMeHa y cepyMckoj OCMONAIHOCTH je Hajuenthe
HaBol)eH MaTo()U3NOIOUIKY MEXaHU3aM, IIPEeMIa Ce Kao HajBAXHHU]U (aKTop
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HaBOZEC W OJCTyINamka CEPyMCKOI HaTpHjymMa H3BaH HOPMAJHOT OIICera.
Heyponomke manudecraiyje cy mocyieaura cTerneHa, OorcexXHOCTH U TPajama
OBHX METa0OMMUYKHUX TpoMeHa. CUMIITOMH XHIIO- ¥ XUTIEPOCMOJIATTHOCTH CY
CIIMYHHU: TNIaBo00Jba, ToBpahame, aruranuja, KOH(QY3HOCT, 1e30pHjeHTaIIN]a,
nopemehaj maxme, TpeMop, KOHBYJI3Hj€ U KOMa.

Xuilonaiipujemuja

[laropu3MONOMKK TJIeIaHO XUIOHATpUjeMHja  (KOHLEHTpAIHja
HaTpujyma y cepymy ucnox 135 mmol/L) ce moxe jaButu Kox OyOpexHe
WHCY(QUIH]EeHIIN]je, IMPOo3€e JeTpe U eHAOKpHHUX mopemehaja (XxumoTupeosa,
neuIuT TIYKOKOPTHKOMAA). Moke [a HacTaHe U ycClel ICUXOreHe
MOJIMIUTICH]j€ KO IICUXUjaTpujcKux nopemehaja.

Kako HarpujeMuja 3aBUCH Ol OJTHOCA KOJIMYMHE BOJIE U HATPUjyMa Y
OpraHu3My, XUIMoHaTpujemMuja he HacTaTH HE caMO KOJl HE0CTaTKa COJIM HETO
Y KOJI BUIITKA BOJIE (MTyIIMOHA XUTIOHATpHjemuja). Kana je xunonarpujemuja
nocieinIa HeJJocTaTKa Colu cCUMIITOMH he ce MaHudecToBatu nepudpepHoMm
[UPKYJIATOPHOM HWHCY(DUIIMJEHIIMjOM, a Kaja je IOCJenuila BHUIIKa BOJE,
JI0JTa3u JI0 KOHTECTHje W CKIOHOCTH Ka enemMuma. Kom MokmaHor emema
pa3BHja ce KIIMHUYKA CITUKa eHIleanonaryje Kojy MpBEHCTBEHO KapaKTepulIle
nopemehaj cBecT o KOH(Y3HOT cTama 10 cTynopa u koMe. [lopen neyema
OCHOBHE 0OJIECTH Yy Tepanuju ce MpuMemyjy u3otonu pactBopu NaCl (xox
XUIOHATPUjEMHU]j€ Ca CMAakEHEM BOJyMEHa eKcTpahesujcke TeYHOCTH) WIIH
nuypeTuin (Ko XUIoHaTpujeMuje ca mopehameM BomyMeHa ekcTpahennjcke
TEYHOCTH).

EET" npomeHe yecTo mpare MHTOKCUKAIIM]y BOJOM, aJld OHE HUCY HU
KOH3UCTeHTHEe HHUTH crienuduyHe (cnuka 6). Hajuemrhe ce Genexxu cmopa
aKTUBHOCT KOja je y TMOYEeTKy HW3HAaJ 3aJmbHX PErHoHa, a 3aTUM I0CTaje
TeHepaj30BaHa. Y paHMM CTaJdjyMHMa MOTYy Ja CE€ jaBe M Npaxmbema
BHUCOKOBOJITUPAHE MHTEPMUTEHTHE pUTMUYHE Jenta aktuBHoctu (MPIA),
KOja je momerana ca HopMaaHuM ajda u 6era purmoBuma. 3Haa eHTpamTHUX
perunona y EEI'-y je ommcaHa u BUCOKOBOJITHpaHa akTUBHOCT o 6-7 Hz ca
cniopaguuHuM audysaumM tanacuma of 1-3 Hz. TokoM ceH3opHe cTuMynanuje
MIPaXHeHha reHepan30BaHe, PUTMUYHE BUCOKO-BOJITUPAHE 1€Ta AKTUBHOCTH
MOTY J1a 3aMeHe npeaxoaHu oopa3zau. Enunentudopmua npaxmema y EEl-y
HUCY yoOWYajeHa 4aK HU y Cily4ajeBuMa KaJa Cy MPUCYTHH eMHJICHTHYHU
Harmagu. Onucane Cy aCUMETpHje y BOJIITaXH U T0jaBa TpU(a3nIHUX Tajaca.
EEI' Moxxe a ocTaHe U3MEHEH U 10 HEKOJIUKO JJaHa IIOCJIE YCIIOCTaBJbakba
HOpMalTHEe KOHIIEHTpAIlHje HAaTPHjyMa Kao U OCMOJIATHOCTH cepyMa, Tia 9aK 1
MOCJIe KIIMHUYKOT OMOpaBKa.
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Cnuxa 6. T. I. 34 ron. EEI" Hana3s kox xunonarpujemuje (HuBo Na+ 118 mmol/L) ycnen
MHTOKCHKAIMje BojmoM: mu(y3Ha, HemudepeHnupana noimMopgHa Jielita aKTUBHOCT;
Kon. cnuka: ne3opujenTaiyja, COMHOJCHIH]a, TEIIKa KOTHUTHBHA TUC(YHKITH]a.

WBaH Muxames Heypodusmonowku acnekT Hecneunduure uepebpante ancdyHkumje 41



Xuitepnaiipujemuja

XunepHarpujemuja (Kajga je KOHIIGHTpalluja HaTpujymMa y cepymy
n3Haa 148 mmol/L) yapyxena je ca moehanom ocmomnapHomhy u ryOuTKOM
BOJIC, KaJia TyOuTaK Bojie npemauin ryourak Harpujyma. Hajuemthe ce jaBiba
300r MUpeKcHje, TOIUIOTHOT yiiapa, Ko AujadeTec MHCHUITHIYCa, OTIEKOTHHA,
Jujapeje, a y3poLu MOry OUTH U JaTpOTeHH.

Kinmanuky cimMky KapakTepuie BeNIMKH Opoj cummnToma: xel),
ryOuTaK TeJlecHe TeKUHE, TaXUKap/Iuja, OJIMTypHrja, a y TEKUM ClIydajeBUMa
ce pa3BHWja KIMHUYKA CJIHKa eHledanonaTyuje, Koja c€ TMPBEHCTBEHO
Manudecrtyje nopemehajeM cBecTH 0 KOH(Y3HO-IEIMPAHTHOT CTama [0
koMe. Tepamnujy yMHM JaraHa HaJOKHaJa TEYHOCTH (3amouume ce ca 5 %
pactBopa riykose). Takohe, Tpeba HarmacuT aa npedp3a KOpeKirja BUCOKE
KOHIIEHTpAIlMje HaTpHjyMa MOXKe J1a JIOBEJIE 10 HHTOKCHUKaIije hemuja Bogom
U TI0jaBe eMWICNITUYKUX HAIaaa.

YV EEI' nanazy ce ycnen xunepHarpujeMuje Oeneu MpOorpecUBHO
yCIIOPEHE OCHOBHE aKTHBHOCTH Y3 CMAEHH-E aMILIUTY/IE.

Ilopemehaj y mettiabonuzmy kanyujyma

@du3HooNIKa yIIora KajlljyMa y OpraHu3My je BeoMma 3HauyajHa U
OJTHOCH C€ Ha: peryjanujy HeypoMHIIHhHE pa3apakJbUBOCTH, peryiaiujy
MPOMYCTJBUBOCTA heNMjCKUX OMHM W 3UJ0BAa Kamwiapa, Yy4ecTByje Y
KOAryJIalfju KPBH U Y U3TPaIbU KOIITAHOT TKHBA, yTHYE HA KOHTPAKTHIHOCT
MHOKap/la U HEONXO/AaH je 3a aKTUBalMjy OpojHHX henujcKkux eH3uMma.
[Topemehaju metabonu3ma Kajalijyma jaBibajy C€ y BHIY XHUIIOKAJIIU]EMH]je
Y XHUTIEPKAIIIH]eMHje.

Xuitoxanyujemuja

XunokajilujeMuja je CTalkbe CMambeHe KOHIEHTpaluje Kaalujyma y
masmu ucroxa 2 mmol/L. Hajuenthu y3poru xunokaiiujemMuje cy:
1) xunonaparupeouausam
2) HEIOBOJbAH YHOC XPaHOM, TOCEOHO TOKOM TpyAHONE WiIH
JaKTaIuje
3) HenocTaTak BUTaMuHa /|
4) nosehame unrectuHanHor pH
5) cTeatopeja ¥ MaJIariCOPIIIMOHU CUHIPOM
6) cTBapame HEPACTBOPJHUBHUX KOMILIEKCA U PEHAIHU CUHIPOMU
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KnuHMYKy CMKy XMITOKaJILUjeMHje KapaKTepuiry OpojHU 3HaUU U
CHUMIITOMU MOBHUIIIEHE EKCIIUTA0MIIHOCTH NIEpU(EPHOT U LIEHTPAIHOT HEPBHOT
cucrema: KBocrekos (Chvostek) 3Hak-nepkycuja rpana ganujaiuca n3azusa
Tp3aje yria ycaHa, Hoca ¥ OYHOT Kalka, TeTaTUHH]ja i MOTOPHH eNUJICIITUYHN
Hamaau. Jlusectesnje y ekcTpeMuTeTuMa 1 (pacuukynanyje Muiirnha oOnyHo
NPeTXo/ie TEeTaHUjH, JO0K Cy CHa3MU ca (IJIEKCHjOM TOPHUX M €KCTEH3UjOM
JOBUX eKCTpeMuTera decto mnpaheHn u mapunHrocnasmoMm. IIpomene y
[HC-a xon xunokanuujemuje Hajuemihe ce y nmoyeTky MaHU(ecTyjy y BULY
Onaker KOTHUTUBHOT JIe(pUIMTA U MOBpeMeHe KOH(PY3HOCTH, a KacHUje ce
jaBJba M3paXKEH MCUXUYKU HEMHUP y3 JEC30PHjEHTALN]y U HU3MEHY YYJIHUX
¢ynkumja. Kox Gmakux cumnroma fajy ce OpajlHHU Ipernapard Kallujyma,
JIOK C€ KOJl TeTaHHWje U KIMHUYKE CIIMKe TelIKe eHledaonaruje y Tepamnmjy
YBOJM KaJIIIHjyM-TITyKOHAT HHTPABEHCKH.

EEI" npomene n00po onpaxkaBajy CTENEH XMIIOKaJIUjeMHje, alu
jé HHAMBHIyaJdHa OCET/BMBOCT HA XMIIOKAJILHMjEMH]Yy BEOMa pa3iIn4yuTa
na 6u ce MoIvie YCIOCTaBUTH ojpeleHe mparoBHE BPEAHOCTH (MCIOJ WM
u3Haja kojux ce npomene y EEI jaBipajy). ¥V moueTky ce Ga3sMuHU pUTaM
ycriopaBa ca MOCTENEHOM 110jaBOM BUCOKOBOJITHPAHE TeTa UK MOJUMOpdHE
nenta akTuBHOCTU. IlInsbliu, OIITPU TalacH W MAapOKCHU3MaJIHE MELIaBHHE
UpErylapHUX OLITPUX M JEJTa Tajaca c€ 4eCTO CYNEpIIOHY]Y, ajdu He KOJ
BpPEIHOCTH Kallujyma koje cy u3Haja 5-6 mg/dL (1,25-1,5 mmol/L). Ca
yCIIOCTaBJ/balkbeM HOPMAJHUX BpeIHOCTH Kainujyma y cepymy, EED ce
MOCTETIeHO HOpMaIln3yje.

Xuitepxanyujemuja

XunepkajanujeMuja MpeicTaBba CTalke IOBHILICHE BPEAHOCTH
KaJlMjyma y Iuia3Mu npeko 2,6 mmol/L, anu ce KIMHUYKHM UCI0JbaBa TEK
Kajla je KOHIIeHTpaluja Kanuyjyma y riasmu Beha ox 3,24 mmol/L.

Xunepkaniujemuja ce Hajuenthe jaBsba KO
1) xponuune OyOpexHe HHCY(pULIMjeHIIH]je
2) necTpyKuuje KOCTHjy Of CTpaHe MeTacTa3a HeOoIUIa3MH Kao IITO je
MYJITUIUIA MH]jeJIOM, MJIH KOJ| KapIIMHOMa: Tutyha, rpyau, npocTare u
TUpeoueje
3) TymOpa Koju Jiyde TpopHuuHEe XOPMOHE (KOjU CTUMYIIUIILY ITapaTXOPMOH )
4) xunepBuramuHose /|

Knuanuky cnuky kapakrtepuiny: MummhHa cinaboct, mapectesuje,
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MOJIMIUTICH]a, TIONWYpHja, aHOPEKCH]ja, Hay3eja, KOHCTUIIAIH]a, JIeTaprija u
CUMIITOMH eHledanonaryje y BUAy KOTHUTHBHOI AepHUIUTA U KOH(Y3HOT
crama. Takohe Tpeba Harmacutu na nopemehaju cBecTu Kao mTO Cy CTYIOp U
KoMa (KJIMHUYKA CIIMKa TeIIKe eHIle(aaonaTuje) MOory Ja Ce jaBe peJlaTUBHO
Op30 Moclie HarIoT pacTa HUBOA CEPYMCKOT Kaiiujyma (mpeko 5 mmol/L),
IITO MOXXE€ MMAaTH JIONIy MPOTHO3Yy ca JeTalTHUM ucxomoM. [lopen nedema
MPUMApHOT y3pOKa, y TEpaluju ce Jajy BeIHMKE KOJIMYMHE HaTpujyma
uHaTaBeHckn y oOmuky NaCl (jep je ekckpenmja HaTpujyma mnpaheHa
W3ITYYHBAbEM KaJILUjyMa) U YBOJIU CE€ UCXPaHa CHPOMAIIIHA KAJIIIHjyMOM.

EET" npomene mory Jia ce jaBe npe KIMHUYKUX MaHu(ecTaluja, aiu
He mpe Hero mrTo Kanuujym mnpehe Bpeanoct ox 13 mg/dL (3,25 mmol/L).
EET" Genexu nugdys3HO ycrnopeme OCHOBHE aKTHBHOCTH Ca MPaKHEHHMa
aktuBHOCTH Tuna WPJIA (MHTEpMUTEHTHa PUTMHYHA JENTa AKTUBHOCT).
JlamOna Tamacu u "photic driving" cy u3pakeHH, MOBPEMEHO ce Oenexe
Tpuda3suIHN Tajacu, JOK C€ MWLM M OINTPU Tajach HE jaBJbajy.
Hopmanuzanuja cepymckor kainuujyma He 3Hauu na he ce u EEI ommax
BpaTUTH y HOpMaJlaH HaJjas.

Topemehaj metiabonuzma inyxose

Kako je rmyko3a rmaBHO MeTabonu4ko "ropuBo" 3a Mo3ak, nopemehaju
MeTaboiau3Ma TIyKo3e (XHUIO- U XUMEPIIIMKEMHja) TOBOAE 10 O030MIbHUX
nopemehaja ¢ynkiuja [THC, a mpe cBera g0 HacTaHka MeTa0OJIHUKe
ennedanonaruje. tby kapakrepuie 3HadajHa nporpecuja EEI" npomena, koja
ce MaHudectyje cMamemeM aiada puTMa 10 AUdy3HOT YCIOpeHa U M0jaBe
TETa Tajaca, a KaCHUje U PErUCTPOBAKEM KOHTHHYHPAHUX JICNITA Tajlaca.

Xuiioinukemuja

XUIoriimKeMHja TpejcTaBba nopemMehaj Koju KapakTepHile HHU3aK
HuBoO 1ehepa y kpBu (Mame o7 3,3 mmol/L). [TocebHo yecTo ce jaBiba yciuen
MIPEBEJIMKOT YHOCA WHCYIIMHA (KoJ OOJIeCHUKA KOju uMajy mehepHy 0oiect)
WIN y CTambHMa IN1aJI0Bakba.

Haj3nauajHMja KJIMHUYKA MCIIOJbABAA XMIIOTIIMKEMH]E MOTHYY Of
HEPBHOT' CUCTEMa, jep EHEePreTCKH MeTadosM3aM MO3ra JAWPEKTHO 3aBUCH
OJ1 KOHIICHTpALMje IIyKo3e Y KpBH. BereTaruBHM 3HAIM y BHIY HOjaqyaHOT
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3HOjema, OJennia Koxke, MPOIMPEHUX 3€HUIIA, MpeTapaHor ocehaja ray,
yOp3aHoTr paja cpia, MydyHHHE U moBpahama, jaBjbajy Ce 3aTo IITO HU3AK
HUBO IIIyKO3€ y KPBH MOJCTHYE Ocio0alame apeHaarnHa U HopaJapeHaanHa.
Mehytum, Tpeba Harmmacutu na mnopemehaju  ¢ynknuja IHHC xon
XMUITOTJIMKEMH]CKe KpH3€e, HajBUILE 3aBUCE 0 Op3UHE Maja IIIyKo3e Y KPBH,
a Mame O] IbeHE arcoyTHe BpeaHocTH. JKUBOTHO yrpokaBajyhu mopemehaj
NpEeCTaBJba I0jaBa XUIOIIMKEMHUjCKE KOME Kao HajTexe MaHudecTamuje
MOCJIEIMYHO HACcTaJle XUNorukeMudke eHuedanonaruje. OCHOBY JeueHa Kojl
XHITOTIIMKEMH]CKE KpU3€ M TOCIEIUYHE XHUITOTIIMKEMUYHE eHIedanonaruje
MpeICTaBJba MHTPABEHCKA IPUMEHA KOHLIEHTPOBAHE TIIyKO3e.

XurnornukeMuja nzasusa 3nadajae EEI" mpomene, a mpBu 3HaK KOju ce
jaBJba U Tpu OJ1aroj XUIOTIIMKEMHJH TIpe jeia U ryOu Op30 Yak v pU OpaITHO)]
MPUMEHH [IYKO3€ j€ MojauaHu oAroBop TokoM XB y Buay gpoHTasiHe nenrta
aktuBHOCTH (ciuka 7). Ilporpecuja EEI' mpomeHna ko XUMOITIMKEMHYHE
eHiedasnonaryje je ucra Kao U Koja Apyrux MeTaboIMuKUX eHledantonaruja:
y TIOYETKY C€ jaBJha YCIIOPEH-€ OCHOBHOT ajida puTMa, 3aTHM ce Oenexu
mQy3HO YCHOpEHme ca TeTa TalacuMa, JIOK Ce JeNTa Talach KOHTHHYHPAHO
PETUCTPY]Y Y ClTydajy XUIIOIITHKeMHU]jcke Kome. [IpomyskeHa XUImormKkeMujcka
KOMa HE MoOpa Jla pearyje Ha NpUMEHY IIyKo3e, a y TaKBUM CIydajeBHMa
knuHuuke kao u EEIT mpomene mory nga mocTaHy TpajHe. YKOJIMKO Johe
JI0 KJIIMHUYKOT OTOpaBKa, ycrnoctaBibame ypeaHor EEI'-a Moxe na xacHH
nanuMa. bpoj mpoayKeHnX XUIMOIIUKEMH)CKUX enu30/1a 100po Kopenupa ca
tpajuuM EEI" npomenama u Ha3BaH je "edekar cymanuje”.

Kon xumornmukemuyHe eHuedanonatdje 4Ydju je y3poK TyMOp
naHkpeaca (uHcyauHoMm), TokoM EEI cHumama ce Oenexxe 3HaLUU TpajHE
HecnienuduyHe 1epedbpanne qucyHKIHje, JOMUHAHTHO OUTEMITOPATHO. Y
OBaKBHM CJTy4ajeBHMa je HajBaXKHHU]E Ja C€ IPAaBOBPEMEHO MIOCTABH IMjarH03a
U TyMOp OINEpPaTHMBHO OJCTPaHH Mpe I0jaBe€ XPOHUYHUX IepedpaTHuX
CeKBeJia: aTpoduje U enuiIerncrje TEMIOPATHOT PEXba.

XpOoHUYHA XUIOTIIMKEMHUja KOJ Jelle C€ CMaTpa IIaBHUM Y3POKOM
yMameHE CIIOCOOHOCTH Maxkmke M mopemehja monamama. Kom geme ca
nrjabeTecoM Koja MMajy TOHABJbaHE €MU30/1¢ TEIIKE XUITOTIIMKEMH]E, TOKOM
EEI' cuumama KOHTUHYHpaHO ce Oemnexe (pOHTO-TEMIIOpATHE MPOMEHE,
Koje ce He Buhajy Kof jele ca qujaderecom 6e3 TakBux enuzona (Bjorgas et
al, 1996).
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Cnuka 7. B. JI. 43 ron. EEI" nana3 xon xunornukemuje (HuBo mehepa y xpsu 2,8
mmol/l): reHepann3oBana cnopoTaiacHa akTUBHOCT. [lojadanu oarosop Ha XB y
BUly ()pOHTAIIHE JEJITa AKTHBHOCTH.
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Xuitepinukemuja

XuneprukeMyja o3Hayasa nosehan HuBo mehepa y kpBu 1 Hajuenihe
Mpe/ICTaBJba 3HAK JIOIIE peryaucane mehepHe 0onecTu.

[locteneHo pa3BHjambe XUIEPIIIMKEMHje YeCcTO HHje mnpaheHo
M3paKEHHU)UM 3HAIIMa ¥ CHMIITOMHMA, TOK FeH HaIJIH Pa3BOj KapaKTEPHUIILY
nojadana xel) u ydecrano Mokpemwe. KacHuje ce pa3Buja KIMHUYKA CIIMKA
eHnedanonaruje, Koja ce MpPBEHCTBEHO MaHU(pecTyje mopemehajeM crama
CBECTH OJ] KOH(Y3HOCTH Ta CBE JI0 KOME Kao Hajo30MJbHMjE M HajTEKe
koMmIunkamnuje mehepre Oonectu. Jledeme XuIepriMKeMHuje Moapa3yMeBa
KOpPHUIOBame Tepamnuje (Kajxa ce pajud O HeJOBOJbHUM JI03aMa MHCYJIMHA WIH
OpaJTHOT aHTHAMjabeTHKa) M KOpPEKIHje y UCXpaHU U HaYMHY kuBoTa. Kox
nujabeTUYHe KOME y Tepamuju ce MpUMemyje pexuaparanuja (M130TOHUYHU
¢dbusmonomku pactBopu NaCl, nmpsa 2-3 nutpa najy ce 6p30, y npBa 4 cara),
JIOK C€ MHCYJIMH J1aje TpeMa LIeMH JIeUeHha MaJluM J103aMa.

Tpeba pehu na xumeprivkemuja y TOYETHOM CTaJUjyMy HeMma
3HauajHUjer yTUllaja Ha MOXKIAHy aKTUBHOCT, IIa Tako 0Jaro J0 yMepeHO
noBehame rrkemMuje 00naHo He 1oBoau 10 mpomeHa y EEI Hanasy, a ykonuko
ce OHEe U jaBe BeoMa cy ciabo m3paxene. Ca 3HauajuuM EEI' nmpomenama
yApYXKEeHa Cy JiBa TNIaBHA KIIMHUYKA CHHpoMa IiehepHe 001ecTh: KeTOTUIHA
Y HEKETOTHUYHA XUIIEPIIIUKEMU]a.

a) Y KeTOTUYHO] XunepmmkeMuju (aujadbetnunoj keroanumosn) EEI
M0Ka3yje reHepain30BaHO YCIOPEHE U NPaTh MPOMEHE CTamba CBECTH.
A1ni03a 1 eJIeKTPOIUTHHU AucOananc uMmajy Behu 3Hauaj o HUBOA TIIyKO3€
y KpBU. Y KETO3U Ce eNWICNTHYHHU Halla/Iu jaBJbajy BEOMa PETKO. YKOJIUKO
ce OJaroBpeMeHO PUMEHH Tepalinja, MPOTHO3a je 100pa.

0) HekeroTnuHa xumneprinkeMuja ce yemrhe jajba KoJl CTapux ocoda, a
KJIIMHAYKH C€ 3 PA3JIMKy Off KETOTUYHE XUTIEPITIMKEMHU]je MaHU(ECTy]e
YeCTUM eNMUJICNITUYHUM HaraauMa ((pOoKaIHU WK TeHepaIu30BaHM), a HUCY
peTku HE niepedpoBackynapuu akiuaeHTH. EEI" y mouetky Genexxu Oiare
710 YMEpeHe MMPOMEHE y BH]y TOBPEMEHOT yCIIOpeHha aKTUBHOCTH, JIOK C€
100aTHO ycropeme (MpeJoOMHUHAIIH]a CTIOPUX JIeJITa Tajaca) jaBjba TeK

ca 110jaBoM JiijabeTHUHE KOME Kao HajTeke MaHU(ecTanuje MeTaboInuKe
(xumepriaukeMujcke) eHiedanonaruje.
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ITornasibe 3
EEI" xon neMeHumja



EEI" kox nemenumja

JlemeH1Mja ce neuHMIIE KaO CTEYCHU U MEeP3UCTEHTHU nopemehaj
UHTENEKTyalHuX (YHKLHja, OJHOCHO MPEICTaB/ba CTEUEHO MEHTAIHO
nponajiame y 0ap aBe obiactu ox cieaehux ner:

1. ITamheme

2. ToBop

3. BuzyenHe npocTOpHE BEIITHHE

4. JIMYHOCT U PacIoOKEHE

5. JIpyre KOTHUTUBHE CITIOCOOHOCTH (ANICTPAKTHO MUIIUbEH-E, pauyHarbe,
npocyhuBame, MIaHupame)

KibydyHO je na cy KOTHHUTHBHE NpPOMEHE CTE€YEeHE M Ja peMeTe
CBAaKOJHEBHO (DYHKLIMOHUCAE U )KUBOT OOJIECHUKA.

Jllemennuja je onpa3 mpomagamka MOXIaHUX henuja (HEypoHA),
9Hju TYOUTaK HE MOXeE Ja ce HaJoKHamau. JlujarHo3a IeMeHIUje y paHOM
CTaJlujyMy IOCTaBJba C€ HA OCHOBY KIIMHUYKE CYMIbE M HEYPOIICUXOIOIIKHX
TECTOBa. Y CBAKOJHEBHOj IPAKCHU KOPUCTH CE€ KPATKH, OPHjEHTAIL[IOHU TeCT/
MMCE (Mini Mental State Examination) koju Ham yka3yje Ha TO Ja JH
MOCTOjH KOTHUTHUBHO Iponajame. TecT UCIUTYje OPUjeHTalU]y Y BpEMEHY U
poCTOpYy, NaMmheme, CepHjCKO O1y3UMambe, UICIIUTUBAE FOBOpa (pa3yMeBambe
U W3BpLIaBamke BepOaTHUX M MHUCAHMX HAJOra, IMOHABJbAE PEUCHUIIA,
nucame) U npenupraBame. MakcuMaiHu ckop u3HocH 30, a YKOJIUKO je CKOp
<24, TecT yka3yje Ha KOTHUTHBHO olITehemhe U TOYETHHU CTaI1]yM JIeMEHIIH]e.
Kon GonecHuka ca CcyMiBOM Ha AEMEHIIN]Y, HEOTIXOHO je Y AuQepeHInjaTHo
JIMjarHOCTUYKE CBPXE MCKJbYUMTH Jpyra MaToJIOIIKa CTamba U O0JeCTH Kao
mro cy: neunut Butamuaa b12, 6onectu THUTHE XkJe3/1e, THTpaKpaHUjaIHe
TyMope, MH(eKLHje Mo3ra U JIepecrjy Koja 4ecTo MOXe MOTPEIIHO Ja ce
JIMjarHOCTUKY]je Kao JAeMeHIIn]ja (TICeyI0eMEeHIIH]a).

JlMjarHoCTHYKE TPOLEAYyPe Y BUAY KOMITjyTepH30BaHe ToMorpaduje
U MarHeTHe pe30OHaHLEe HUCY HM crHeuupuyHe HU CEH3UTHBHE 3a
MIOCTaBJbAE JIMjarHO3e JEMEHLMje. 3a pa3iuKy o mHX, npuMmeHa EED
JMjarHOCTUKE MMa MHOro Behu 3Hayaj, MPBEHCTBEHO 300T YMHCHUIIE /1
ce ernonomku Hecnenuduuae EEIT mpomene mory jaButu Beh y paHOM
CTaIujyMy KIMHHYKOT IOTOpIIama, Hajuemhe y BHIY yclopemha OCHOBHE
PUTMHYHE aKTUBHOCTH (10 TOPH-E TeTa (PPEKBEHIIE) U CMakbEHAa HOPMaIHE
EED' peakrusnoctu. Hecneuuduune EEIT mpomene yriaBHOM KOpenuury
ca TEeXUHOM (QyHKIHOHANHOT Aeduuuta (yTBpheHHXx OuxXejBUOpATHUM
TECTHPAmbEM) M CTETICHOM HEYPOIICHXOJIOIIKUX ITPOMEHA.
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Aunxajmeposa (Alzheimer) 6osiect

AnmxajmepoBa Oonect je Hajuentha Bpcra gemennuje (60-80 % cBux
JIEMEHIIMja) U TPEJCTaB/ba CIIOPO MPOTPECHBHO JICTEHEPATUBHO 000JbEH-C.
Cwmarpa ce aa je miaBHE (GaKTop pU3HKa 32 OBY OOJECT cTapocT (IPUCYTHA je
kox 40 % ocoba crapujux ox 85 rouHa )KUBOTA), AU j€ I0Ka3aHo Jja I0CToje
Y TeHEeTCKH (DaKTOpH pU3UKa 32 HACTajambe OBOT 000Jbema.

Paznukyjy ce Tpu OCHOBHA CTaaMjymMa OBe OOIECTH:

1. Panu craaujym: Onaru KOTHUTUBHU UCIIA M, YIIIABHOM Y By TIOBPEMEHE
3a00paBHOCTH, y TOBOPY C€ 3allaka TeXe HaJaKCHE PEU U3 CBAKOIHEBHOT
pEYHUKA, JTaKa JI30pUjeHTAIIHja Y BPEMEHY U IIPOCTODY.

2. Cpenmu ctagujym: 3a00paBHOCT porpeanpa (mocedHo ce 3a00paBibajy
HOBHjU Aoral)aju u IMeHa JbYH ), PEYHHUK j€ CBE OCKYIHHUjHU (TOBOP MOCTaje
"mpaszan"), moceOHO je n3paxkeHa Je30pujeHTaIja y mpocTopy (He 3Hajy 1a
ce Bpare kKyhmn).

3. Tpehu ctaamjym: TEMIKH CTETeH 3a00paBHOCTH (BUILIE HE MIPETIO3HA]Y

HU OHcKe pohake U pujaresbe), MOTyHA Ae30pHjeHTAIN]a Y BPEMCHY

U TIPOCTOPY, BUIHE XAITyIMHALK]€E, jaBJbajy c€ (PU3NUKH MTPOOIEeMH KOjU
Harpenyjy A0 MOTIlyHe HECIOCOOHOCTH X0/a U KOHTpPoJIe CPUHKTEpa, Kaja
MOCTajy BE3aHM 32 MHBAJIUJICKA KOJIHMIIA HJIH KPEBET.

EEl' nanas y paHom cragujymy oBe OoiiecTd Moxe na Oyae y
rpaHuiamMa (U3HOJIOUIKOT, WJIM II0Ka3yje MHUHHMAJHE IMPOMEHE Yy BHIY
Onaror ycnopma U CMamemha aMIunTyae anda akTUBHOCTH (ciuka 8). Y
KacHHjeM CTa/IMjyMy jaBjba C€ T€HEepaJIM30BaHa CIOpa aKTUBHOCT, HITO je€
npaheHo uirye3aBameM Op3e OeTa aKTUBHOCTH M3HA AHTEPHOPHUX PETHOHA.
Yenopeme je Haju3pakeHnje 000CcTpaHo PpoHTAIHO, 300T HajBeher ryOuTKa
¢ynkuuja ¢ponTanHor pexma. OakaB EEI' nana3 je necnenmduuan 3a
AnmaxjmepoBy Ooinect, Buha ce M KO JIPyTHX JECTEeHEPaTUBHUX 000JbeHha,
My KOpeJaluju ca KIMHUYKOM CIIMKOM MOXXE UMAaTH M MPOTHOCTHYKH
3Hauaj. [lojaBa enmnentudopmHUX TpadoereMeHara Koja IManujeHara ca
AnaxajMepoBOM JIEMEHIIM]OM je yemrha Hero y OIIIITO] MOIyJaluju, ra ce
TaKo y IO3HOM cTaaujymy Oonectu TokoM EEI cHIMama Mory perucTpoBaru
OwmnaTepaiHO CHHXPOHA TEPUOJUYHA emmienTudopMHa Mpaxmbema. Pehe
ce Oenexu mojaBa Tpua3UIHUX Tajlaca U TaKaB Halla3 HUje crienuduyan 3a
AnixajMepoBy JeMEHIH]y, jep ce Buha u KoJ| IpyTuX HEeypOoAeTeHePaTUBHIX
o0oJbera U MeTaboNIoUKuX eHue(anonaryja, IPBEHCTBEHO KO XEMaTHYHE
eHredanonarmje.
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Cnuka 8. M. I1. 68 ron. [louetHu cramujym AnnxajMepoBe AeMeHIHje (CHHKECH
KOTHUTHBHHM MOTEHIIU]jaJl, JIaka Jie3opujeHTaiuja y Bpemeny). EED Hanas yka3syje Ha
0J1aro yCropeme U CMambemhe aMILTUTYAE ana aKTHBHOCTH.
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Kon npyrux tumoBa paemenmnuja, kao mro je IluxoBa (Pick),
¢pontoremnopanna nemenuuja, EEI' Hama3z je y paHuMm cTaadjymuma
Hajuenthe y rpanunamMa (pU3MOIIOMUIKOT, JOK C€ TeK y KACHOM CTaljyMy MOTY
perucTpoBaTé 3HaIM TobOanHe nepedpaiHe AUC(YHKIMje TEXEr cTerneHa
(Stigsby, 1981).

Backynapaa (My1THHH(APKTHA) IeMeHIHja

Backynapna wim MyiTuuHGpapkTHa JEMEHIMja ce jaBjba Kao
Moclena HU3a MambHX MOXJAHUX yaapa, KOju IMOCTENEHO T0BOJE 10
noropuiamka KOTHUTUBHOT moTeHIMjana. Cmarpa ce Ja je BacKylapHa
JIeMEHIMja apyra M0 Y4ecTaJoCTH, oaMax u3a AJIXajMepoBe JAeMEHIje U
Hajuenthe ce jaBspa nocne 65. ronuHe *)uBoTa. PaKTOPU PU3MKA 32 HACTAHAK
BacKyJapHe JeMeHIMje cy OpojHM, a Mel)y Haj3HauYajHUjUM Cy NpesieKaHu
MOX/IaHU yJap, XulepTeH3uja, Aujaderec U XUnepxojaecTepoieMuja.

EET xon BackynapHe AeMeHIHje ToKa3yje eTHOJIOIKY HecriennuiaHe
MIPOMEHE KOj€ 3a pa3iuKy oj AJXajMepoBe JEeMEHLUje HUCY IPOTrpecuBHE
U HHCYy YBEK YApYXKEHE ca TeHEepalu30BAHUM YCIOpPEHEM. YTIaBHOM
Ce pErucTpyjy HHM30BHM CIOpPHMX Tajaca Koja OJroBapajy BacKyJIapHUM
TEepUTOpHjaMa, a 4ecTo mpeonnal)yjy nu3Haa ppoHTAIHUX PETHOHA.
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IlornaBiee 4
EEI xox riiaBodo/pa



EEI xox ri1aBo0o/na

[Ipema u3BelITajuMa ekcriepaTa AMepUUKe akaJeM1je 3a HEYpOJIOTHjy
(1995), n EBporncke denepauuje 3a neyponorujy (2004), Hujenna crynuja
HUje moy3naHo aokasana na EEIT moGospinaBa Mpenu3HOCT JMjarHOCTHKE
KOJI Pa3IMYUTHX THIOBA I1aBOOOJbE, Al HUjE€ HU OCIOpUia MPUMEHY OBE
METO/Ie, IPBEHCTBEHO KOJ MPUMapHUX I1aBOO0JbA, KO KOJUX C€ UCKIbYUY]Y
CTpyKTypHH y3poiu. Takole je Harmameno u To, Aa je EEI" Hezaobunazna
JIMjarHOCTUYKA METO/Ia y TU(hepEeHIINjalIHO] AU]arHO3U MUTPEHE U EMTUIICTICH] €,
4eCTUM KOMOPOUIHUM cTamuMa, npeuusupajyhu na je nnrepukranuu EED
Hajla3 KOpHCTaH y CilydajeBUMa Kajga KIMHMYKHA Beh mocToju cymma Ha
enuierncujy, a ukranau EEI" u xox manujenara koju rnate oji XeMUIIETHYHE
MUTPEHE WK MUTPEeHe Oa3uaapHOr TUIIA.

Murpena

MurpeHa je napokcu3MajiHa HacjieqHa 00JIeCT, Koja ce KapaKTepulle
ofpeheHNUM THUIIOM Hamaja IaBOOOJbE W/WIM HEYPOJIOIIKUX M APYTHX
CHUMIITOMA KOJU Cy OJIBOJ€HU MUPHUM IlepHouMa. [ eHeTcka mpeincno3niiyja
3a MHUIPEHY jeé M3pakeHa M cMaTpa ce Ja je TO IOJIMTeHCKU nopemehaj
(u3y3eB (pamumnMjapHe XEMHUIUIETMYHE MHIPEHE) Ha KOjU BEJIUMKU YTHULA)
uMajy u (hakTopH CpeluHe, Te J1a KOJ CBake 0coOe ca MUTPEHOM KIMHHYKA
UCTIOJbaBakha HACTAJy TEK KaJla TeHETCKU (aKTOpu CTyIe Y MHTEPaKLH]y ca
(bakTopuMa cpenuHe.

Mebhynaponna kinacupukanja riaBo0oJba, CBPCTaBa MHUTPEHY Y
IPUMapHEII1aB000IbE, y OHE KOj€ HUCY YAPYKEHE Ca OpPraHCKOM (CEKYH/IapHOM)
6osnerthy. J[MjarHOCTUYKN KPUTEPUjYMHU 32 TOCTABIbAGE IMJarHO3€ MUTPEHE
cy cinenehu: yHunarepanaHa Jokanuzanuja Oona, myiacupajyhu KBajurer,
Tpajame Hamajxa y mepuoay of 4 no 72 cara u moropame I1aBo0osbe ca
PYTUHCKMM (DU3MYKUM aKTMBHOCTHMA (YaK U JY)X€ XOJame WIH MeHambe
y3 crenenuine). OHO LITO M3[(Baja MUIPEHY O OCTaJIUX IIaBOOOJba jecTe
IEHa KOMIUIEKCHOCT, Koja TMojpa3yMeBa M HpUCYcTBO nparehux, Beoma
HEeNpHUjaTHUX U HCUPIUbYjyhuX MaHudecTanuja, Kao ITO Cy MYYHHUHA,
noBpahame, porododuja, ponopodbuja u/umm ocMopodbuja, T 3a MUTPEHY
YeCTO Ka)KeMO J1a je OHa MHOTO BHILIE O caMe I1aBO0O0JkeE.

VYKOJIMKO Ce paJy O MUTPEHH ca aypoM, Haraay MOTY MpPEeTXOJUTH
Pa3NUYUTH HEYPOJIOIIKM CHUMOTOMH Y BHIY BM3YENHHUX (CHMHTHIMpajyhu
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CKOTOM), CEH3UTHBHMX (mapecte3uje, ocehaj yTpHyaoctu, auchasuja) u
MOTOPHUX (peHOMEHA (XEMUIUICTUYHA MUTPEHA).

Kon namama murpene, tokom EEIT cHumama y HajBehem Opojy
clly4ajeBa PErucTpyje ce MaToJOolIKa aKTUBHOCT Yy BUAY JIOKAJM30BAHHUX
cnopux Tajaca. OBM Tajacu cy OOMYHO HENPaBUIHOI OOJIMKAa U MOTY ce
PETUCTPOBATH M3HAJ jelHE MM HEKOJIMKO CYCEIHMX eJeKTpoja, a OHEeKal
3ay3uMajy U neny xemucdepy. JIokaanzoBaHM CIIOpPHU Tajacu KOju ce Oenexe
KOJI MUTpEHE IMOCIIEANLIA Cy CMambeHe nepdys3uje, y3 HaoMeHy Ja HBHUXOBO
JyTO Tpajarbe MOXKE yKa3aTH U Ha M0jaBy TPAH3UTOPHOT MCXEMU]CXOT aTaka
(TUA) n uadapkra mo3ra.

VYyecranoct EEI' npomena kon murpene Bapupa on 4-50 %. EET
HaJla3| Koju ce yemrhe jaBibajy Ko MUTPEHE CY:

1. criopa aKTUBHOCT 3a/IlbUX pErMOHa

2. CTPMH U 3a0IITPEHU Tallacu

3. mojayaH O/IrOBOP Ha XUIIEPBEHTHIIALN]Y
4. no3utuBHU by o 14 Hz u 6 Hz.

EnunentudopmHae nmpoMeHe ce u3y3eTHO PETKO OelieKe KO MUTPEHE,
O0OMYHO KOJI JIeTie, KaJa ce paay O CMWICITHYHUM CHHIPOMHUMA YAPYKESHUM
ca murpeHoMm (Bumetu noa: KomopOuauter MHUTpEeHE U ENUJIEICH]e),
WU y CiIy4yajeBHMa Kaja Cy enuierncuja U KIMHUYKA 00eexja MHUTpeHE
nociena UCTor MoXKaaHor nopemehaja (aprepuoBeHcka Mandopmarmja,
WHTpaKpaHHUjaJIHA HEeOIIa3Ma).

[Taronomke, ernonomku Hecnenupuune (Heenmnentudopmue) EET
MIPOMEHE y BUAY JIOKAJIN30BAaHUX CIIOPHX, 3a0IITPEHUX H/UIIM CTPMHX Tajaca,
MHOro cy yemhe ¥ M3pa)x€HHMje KOJ Haraja MHUTPEHE ca aypoM, MoceOHO
KOJI XeMHUIUIETHYHE MHIpeHe M MurpeHe OaswnapHor tuma. Koj Hamana
MurpeHe OaszunapHor tuma, Tokom EEI cHuMama decto ce Oenmexu criopa
IcyHKIMja Koja MOJKe OMTH KOHTHHYHpaHa (audy3Ha WK yHUIIATepaiHa),
WIM TOBPEMEHA, MO THUIy MHTEPMHUTEHTHE PUTMHUYHE JIeJTa aKTUBHOCTH,
JIOK C€ Y TOKY W TOCJIe HalaJa XeMHUIUIETHYHE MUTPEHE, YeCTO PETUCTPYje
JaTepajin30BaHa HEMpPAaBUJIHA TETa/lleNTa aKTUBHOCT, KOHTpaJIaTepalHO OJf
MotopHor nedurura. Crenen EEIT mpoMeHna koj CBUX THUIIOBAa MUTPEHE CE
MocJie Hamajga cMamyje, I0K Ce MPOMEHE IMMOHOBO MOTY jaBUTH y HEPUOLY
poapoma, yenrhe KoJ MUTPEHE ca aypoM.

Kon namama murpene ce vecro mpse mnarosomike EEIT mpomene
PEerucTpyjy TOKOM METO/Ia aKTUBalMje, TOCEOHO Y BUAY I10jayaHor OJIroBopa
Ha XB (cimka 9), mTo y BeJIMKoj MepH MOKEe MMaTH 3Hadaja y qudepeHInjaiHoj
JIMjarHO3U MUTPEHE U CMUJIETICH]e.
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Ciuka 9. P. B. 25 roa. Murpena 6e3 aype. EET': [1ojauan ofarosop Ha XB ko Hamana
murpene: EED 6enexxu nznan o6e xemucdepe mojaBy kpahux (10 3 cexyH/e) HU30Ba
BHCOKOBOJITUPAHHUX 3a0IITPEHUX U CTPMHUX Tasiaca Teta/anda GpeKBEHIIH]e ca JIAKOM
JIECHOCTPAHOM aKIICHTYAIIH]OM.
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[{uss MeToa akTHBAIM]E je Jla IPBEHCTBEHO M0jayajy noctojehe mimm
na n3azoBy HoBe EEI" mpomeHe, yKOJIMKO ce OHE He jaBJhajy CIIOHTAHO TOKOM
cuuMama. Kon Hanaga murpene ocum Tokom XB, 3Ha4ajHe MpoMeHe ce MoTy
peructpoatu u Tokom OC.

®doroctumynanuja (OC) wiv THTEPMUTEHTHA CBETIIOCHA CTUMYJIAIIH]a
MpEeICTaBba METONy aKTHBAIMje KOjy KapaKTEepHILIE OCBET/haBamkbE OYH]Y
cepHjaMaCHaXHHUX CBETIIOCHUX OJbecakadpekeniie 1 -60 Hz. otoctumynycu
on 4-30 Hz u3a3uBajy cBetiocHo npaheme, mojaBy EEI" aktuBHOCTH unja ce
(bpekBeHIMja MoKJamna ca OpojeM CBECTIIOCHUX OJbecaka, WiH je ca ’huMa y
OJTHOCY HIDKUX MU BHUIIUX YMHOXakKa, OMHOCHO (Cy0) XapMOHMKa, a TaKBa
0jaBa je Ha €HIVIECKOM Je3UKy I03HaTa noj Ha3uBoM "photic driving".

OxroBop Ha QoTtocTumynanujy y Buay mpahema (pexBeHmmje
¢doroctumynyca uznan 20 Hz (ogroBop Tuma xapMOHHKA), YECTO CE OMUCY]e
KOJ JIelle ca MUTPEHOM, alli ce He cMarpa crenupuyHuM HayazoMm. CBpxa
@C je na ce orcepBUpa Jia M c€ CBETIOCHO npaheme jaB/ba y HOPMAITHOM
pacrony (GpeKBeHIIHja U Ja JIK je CAMETPUYHO U3Ha 00e xemucdepe, Kao u
7la ce M3a30Be enmIenTH(opMHa aKTUBHOCT.

Bpcte EEI" onroBopa Tokom @C onucyjy ce Kao:

1. Hopmaniau onrosopu-npahemwe ppeksenmuje daemera (eng. driving).

2. AOHOpMaJHH OArOBOPHU O] KIIMHUYKOT 3HAauaja, 071 KOJUX Cy Haj3HauajHUjU
TeHePATN30BaHu (POTONAPOKCU3MATIHHU OJTOBOPH.

3. AGHOpMaTHU OATOBOPHU 0€3 KIIMHWYKOT 3Hauaja, Kao IITO CY
(OTOMHOTEHH OATOBOP, OKIIUITUTAIIHYU CIIOPHU TAJIACH U OKIUITUTAITHU
IIMJBbLIM BPEMEHCKH MOBE3aH! ca (uieIeBUMa.

HajBa)xauja BpcTa MaToJIoMKUX MPOMEHA KOj€ CE MOTY PETHCTPOBATH
TOKOM Hamaja MHTpeHe n3za3BaHux nomohy @C jecte GoromapoKCH3MaHUA
oarosop (PIIO). Cacroju ce ox dunarepasIHUX MPAKHEHA PA3IUUUTOr THIIA,
Hajyerhe oJ1 IINJbaK UK OIITAP-CIIOP Talac KOMIUIEKCA, YeCTO UPEryIapHUX
(cmuka 10), koju MOTY Ja Tpajy W MO MPEKUIY CBETIOCHUX apaxu. [lopen
murpene nosehany yuecranoct ®I10O nma u kog 0coda ca pa3HUM NCUXUYKUM
CMeTHaMa.
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Cnuxka 10. H. T. 27 ron. Murpena ca BusyenHoM aypoM. EEI kot Harajia MUTpeHe TOKOM
®C on 30 Hz: Benexu ce nojaBa OuiatepaIHOT U CHHXPOHOT HI3a JISr PJInPaHUX OIITap-
CTIOp Taslac KOMIUIEKCa Ha/l OKIIUITUTAITHAM PETHOHNMA, Tpajarba 10 2,5 CEeKyH/Ie.
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Komopbuguitieiti muipene u eiiuneiicuje

MurpeHa u emwiencuja Ccy dYecta KOMOpOMAHA CTama, a
naTo(QU3UOIONIKH, 3ajeTHIUYKAa OCHOBA KOMOPOUAUTETA j€ CTamhe MOBUIICHE
MokaaHe ekcrurabunHoctu. KomopOumuter ce npumapHo cpehe kon
UAMONATCKE €TUOJIOTHje, MOCEOHO Cy ONHMCAHM CHHIPOMM ENHJICICH]ja
- MHUIPEHA, Kao IITO Cy OCHHWrHa OKIMIIMTAJHA EHHJIENCHja JIEeTHHCTBA
n Oenmrna PomanmoBa (Roland) enmiericuja, anu je TpUCYTaH W KOJ
CHUMIITOMATCKHUX nopemehaja Koju y CBOM KIMHUYKOM TOKY HMPEAMCIIOHUPA]Y
Ka MaHu(ecTalmjaMa MUIPEHe U eMUJIencuje, a y Koje Craiajy: CUCTEMCKU
€pUTEMAaTO3HU JIyIyC, LeINjakija 1 MUTOXOHIpHUjCKa eHle(daIoMuonaryja.

[maBHU eNWIENTUYHM CHHIPOM KOjU MOXE IOJIpakaBaTh WIH
outu yapyxeH ca murpeHoM jecre I'actooB (Gastaut) mo3Hu TuUn OGeHUTHE
(uauomnarcke) napiyjasHe enuierncyje OKIUIMUTATHOT pexba (Gastaut, 1982).
Knuanuky ciuky Hamaja, Koju ¢y (hOKaJHOT THIA, KAPAKTEPUIILY BU3YEIHU
CHUMIITOMHU Kao ILITO Cy amaypo3a WJIM CIIOKEHE BHU3yellHE XaJdylUHaluje U
WiIy3dje ca MOCTUKTaIHOM MurpeHom. Ilouerak Hamajga je Hajuemhe Oko
cenme roauHe skuBora. Mutepukramuun EEIT mokasyje KapakTepUCTUYHO
OJoKMpame IMMJbaK-Tajslaca NpU oTBapamy oudjy (Martinovié, 2001) u
3a y3pacT HOpMaJlHy OCHOBHY akTuBHOCT. Mako takaB EEI' Hama3 Huje
NaTOTHOMOHMYAH 32 OBaj CHUHIPOM, MOXKE ITOMONHM y pa3lMKOBamy Hajlaza
Ko7l 00JIECHHMKA KOJU IIPUMApHO UMajy MUTPEHY Oa3uiIapHOT THIIA.

benurna maprujanHa enuierncuja ca PoixaHIoBUM MHTEPUKTATIHUM
EET' mpaxmemuMa MIMJbaKa, NPEACTaB/ba HajuellnM TUI MapIijaTHUX
UAMONATCKUX CMWICNICHja JIeTHHCTBA M HMMa OJUIMYHY TPOTHO3Y. Y
koHTposnucanoj cryauju (Giroud et al), nahena je crnemeha mHUHMIEHLIA
MUTpeHe y 4 rpyne nanujenara: 62 % KkoJ nmanyjeHara ca HeHTpOTeMIOpaTHOM
enuiencujoM, 34 % Koja mMamyjeHara ca ancaHCHOM emnwiencujom, 8 %
KOJ mainujeHara ca (okaiHoMm emwiencujoM u 6 % Kox mamnMjeHara ca
HEeNUJICNITUYHUM HarajrmMa Iocje TpayMe IJaBe.

Enunencuja u MurpeHa ce jaBibajy yApy:KE€HO KOJI JIBe KaHaJloNaTHje
(OonecTn KOA KOJUX IOCTOJH HacleAHU mopeMehaj MeMOpaHCKHUX JOHCKHX
KaHaja, ITo JOBOJAU A0 oBehaHe eKCIMTaOUITHOCTH y MO3TY):

1. beHurnux UHGAHTUWIHKUX HAMa/la, OJTHOCHO UIUOINATCKE TeHEepaI30BaHe
eMUJICTICH]e YIPY>KEHE ca eMM30AUYHOM aTaKCHjOM U MUTPEHOM 0e3 aype.
2. Enunencuje (GpeOpuaHUX Hamaaa), KWHE3MOTeHE MapOKCU3MallHE
JMCKUHE3Mje U MUrpeHe (Hajuenhe Mo TUITy XeMUIUIETHYHE MUTPEHE).
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Hughepenyujanna gujainoza muipene u eiuneicuje

JudepenuyjanHa nujarno3a MUTPEHE U EMWIETICHje MOCTaBJba Ce
KaKo Ha OCHOBY KJIMHUYKE CJIHMKE, TAKO M Ha OCHOBY JIOKAJIM3alllje U THUIIA
EET" mpomena. Enunentudopmue/cnennpuyne npomeHe (IInjbak, OLITap
Tajac) BeoMa peTKo Ce MOT'Y JaBUTH KOJ] O0JIECHUKA Ca MUTPEHOM, H3Y3€THO 32
BpeMe MUI'PEHCKE aype, WIH TOKOM (hOTOCTUMYIalje - pOTonapoKCU3MaiHu
oarosop. C ipyre cTpaHe y4ecTanocT HeenmuienTuopMHUX/HeCTIEUUIHIX
EET" npomeHna 3HauajHO je moBehana kox oco0a Koje mare o MUTpEHe, Y3
HaIOMEHY J1a T€ IPOMEHE HUCY TaTOTHOMOHUYHE 32 MUTPEHY.

Judepenuyjanna Aujario3a MUTPEHE U eNUJICTICHj€ Ce Y KIMHUYKOM
CMHCIY NPBEHCTBEHO IOCTaB/ba y OJHOCY Ha aypy. MurpeHcka aypa ce
Hajuemhe wucnosbaBa BHU3YyETHHMM (EHOMEHHMMA, ald C€ IIOHEKaJ MOry
JaBUTH U COMAaTOCEH30PHU M MOTOpPHH (heHOMEeHH, Kao U rnopemehaj roBopa
u (yHKIMja MOXKAaHOr crabna. Busyenna aypa ce jaBsba kom oxko 20 %
OoJieCHUKA ca MUTPEHOM, JIOK Ce€ KOJ CMWIICIICHje jaBjba aypa y pPa3HUM
CEH30PHMM MopanuTeTuma. [IO3UTHBHM BU3YEIHH CHMIITOMH Cy KOJ
eMUJIeTICH]j€ JIOKAJTTM30BaHU LIEHTPAIHO, a KOJ MUTPEHE y nepudepHOM ey
BUJHOT T0Jba, JOK Cy HEraTUBHU CHUMITOMHU KOJ emuiierncuje Hajuemnthe
mudy3HH, a KoJ MUTpeHe cy Takohe nepudepne nokanuzanuje (Muranaka et
al, 2001). Buzyenne mopemehaje kon enuiencuje KapakTepuiry oOojeHe u
KpY’KHE IIape HAcynpoT MOHOXPOMATCKUX yTBphema KOJ MUTPEHCKE aype.
CenzopHy aypy Kojx MHMIpeHe Kapakrepuiue ocehaj Tpmema (mapecresuja)
KOJU C€ O AMCTAJHHUX JIEJIOBA PyKe CIIOPO IIMPH JI0 paMEHa, JIHIA U je3HKa,
32 Pa3NUKy OJf KapaKTepUCTUYHOI HIMpEHa KOJA EMWISHTHYHOI Hamazaa
(IlexconoB Mmapm). [Tomyhewme wiu ryOuTak cBeCTH HMPBEHCTBEHO ymyhyje
Ha EMWICNICH]Y, aJlM CE HE MOXKE HUCKJbYUUTH HU XEMUIUIETMYHA MUTPEHA.
MyunuHa (y3 noBpahame) mpeacTaBiba UeCTy FaCTPOUHTECTUHAIHY aypy KO
MUTPEHe, 0K je KO enuIerncyje yemha ycXoaHa enuracTpuyHa HeJlaroJHOCT.
Jlexxa BU (DeHOMEHM Ce MOT'Y jaBUTH KOJl MUTpEHE, aju ce uemihe jaBibajy
KOJ MpOCTUX (DOKAIHUX Hamaza, I0K Cy ayTOMaTH3MM H3y3€THO PETKU KOJ
MUTPEHE, & YECTU KO CIOXKEHUX (OoKaTHMUX Haraza. [71aBoOosba Kao rmaBHa
KapaKTepUCTUKA MHIPEHE je KOJ eNWIeNCHje peJaK HKTaJHU, ajld 4YecT
MOCTUKTAJHUA CUMIITOM IOCEOHO KOJ] FeHEPATU30BAHUX TOHUYKO-KJIOHUUYKHX
U CIIOXKEHHUX (DOKAIHUX Hamasa.

Buneo EEI perucrpoBame (Tenemerpuja) Moxe J1a Oyze o BelaHke
noMohu, MOceOHO NHpU pPa3IMKOBalkby MHIPEHCKE aype M eNuJIeNTHYHE
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aype. Mako mapokcu3mM IIMJbaka 3a BpPEME MHIPEHCKE aype MOry Ja
JAUYe HAa MKTAJHHU Hala3 y TOKy emwienTuyHor Hamana, EET He mokasyje
BPEMEHCKY €BOJIYIIH]Y KOja je TUITMYHA 3a SMWICITHYHN KPUTHIHU 00pazail:
Op3e (¢pekBeHIMje Majle aMIUIUTy[Ae KOje MpOrpeaupajy y PpUTMHUYHO
enuiIenTuGOpPMHO TpaKmbeme BUCOoke amrumutyae. EEIT y Toky mMurpeHcke
aype mokasyje rnosehama 1 cMambemha aMIUIUTYe Koja Cy OJIBOjeHa MOTITyHO
HopmanHoM EEI" aktuBnomthy. EEI" mpomene ko Murpene 6aszuiapHor TUIa
MOKa3yjy KapaKTePUCTUYHY IOCTEPUOPHY JIOKAIM3ALHU]y, W3HAA 3aTHHX
TEMIIOPAJTHUX, TAPHjeTATHUX U OKIMIIUTAIHUX 00JacTH, IITO ce HE Oenexu
KOJ IPYTUX THUIIOBA MUTPEHE.

[Tapokcu3manHa JaTepain3oBaHa ENUICNTHU(QOPMHA MPaXKHEHA,
KOja C€ PErucTpyjy KOI TEIIKUX 000JheHha MO3Ta Pa3Iu4UTe €THOJIOTH]E
Kao mTO cy MH(papKT Mo3ra, TYMOpU Mo3ra (IIHOOJAacTOM), arciec Mo3ra
WIA BUPYCHHM €HLE(pAIUTUC, MOTY OUTH YIpy)KE€Ha M Cca XEMHUIUIETHYHOM
MUTPEHOM, IIPOLY’KEHOM aypOM MUTPEHE WIM MUTPEHCKUM HH(PAPKTOM.

Judepennyrjanna aujarHo3a MUTPEHE M EMWIETNICHje MMa BEJIUKU
3Hauaj, MoceOHO y rpahaHCKO-TIPAaBHOM CMHUCITY, jep JHMjarHo3a €MUJICeTICHje
MOBJIaYM ca coOOM | ofipelyeHa 3aKkoHCKa orpaHuydema (Tadena 4). bomecHunm
ca CMWJICNICHjOM HHCY CIOCOOHHW (300r MoryhHOCTH ToOjaBe Hamajga) jaa
00aBJbajy MHOT€ TOCIOBE Kao IITO Cy: pajJ Ha BHCHHaMa, KOJ TOTUIOTHHX
U3BOpA, BOJE WJIM CTpyje, Te 300r Tora MHOTH O[] HbUX MOpajy MPUHYIHO
Jla Memajy 1Mocao KOjUM Cy ce A0 Tajaa OaBwiId. 3amolubaBamke ocoda ca
SIWIICTICHjOM TaKohe mpeIcTaBIha BETMKH TPOOJIeM, ToCeOHO 300T mpeapacyna
KOj€ IOCTOje Y Be3H ca OBOM 0oJiecTH, a 0aMax IO MOCTaBJbaky JUjarHo3e
0JTy3MMa UM C€ BO3adKa J103BoJ1a. Mopa ce HarlacuTH Jia 00JIECHUIIA KOJUMa je
JIjaraHOCTUKOBaHA EMUIIeTICHja He MOTY OUTH MpodeCHOHAIHU BO3auH, 10K
Jj€ 3a Bo3zaua amarepa noTpeOHO J1a y IepHoy O[] IBE FOIMHE O[] TOCTaBIbamba
JIMjarHo3€ eruiericuje (TakaB 3aKOH BaKU y HAIOj 3eMJbH, y AMEpHIH je
Ha MpUMeEp TO MEPHO O caMO TPU Mecela) HeMa HHje[aH Harad U Ja CBU
koHTpoHu EET Hanasu y Tom nepuoay Oyny y rpanuiiama (Gu3noIO0IIKOT.

300r cBera rope HaBeIEHOT HEOITXOHO j€ TIPe MOCTaBJharha J1UjarHo3e
enuJIeTICHje UCKJBYUYUTH CBE Jpyre mopemehaje crama CBECTH, Kao IITO Cy
XUIMOITIMKEMHja, CUHKOIA, WIM aKyTHO HacTaja omrehema Mo3ra Koja MOry
M3a3BaTH eNWJICNITUYKH Halaja: KpaHuouepeOpajaHe MOBpeae, MEHUHTUTHC
WIK MOXJaHU yaap. Mopa ce uMatu y BuUAy Ja ce nomyheme cBecTu
yOpaja y 3ajeqHHYKEe CHMIITOME MHIPEHE W ENWIeNCHje, a Yy HUX JOIIl
criazajy: My4yHUHa, noBpahame, m1aBoOosba, nmomyhewme BHIa, BU3YEITHHU
OKHMJIau¥ Haraja, BEPTHUTo, MapecTe3rje U JeTapruja nmocie Hanaaa. ['yourak
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CBECTH, XeMuIapesa U adasuja ce cMmarpajy 3ajelHHYKUM CHMIITOMUMA
XeMHUIUIETUYHE MUTpeHe U enuiencuje. [lorpeOHo je HammacuTH 1a Hamaau
MUTpEHE y nopehemy ca enuaenTuYHUM HamaJuMa UMajy CIOPHjH MoueTaK
U y’ke Tpajame, a Tokom EEIT cHumama kog Murpene ce y HajBehem Opojy
cilyyajeBa Oenexu mojaBa HecnelupuuHuX rpadoenemenara (Cropu tajiacu,
3aomTpeHn U crpmu; ciauka 11), nok EED mamas y kxojem ce peructpyjy
emmnentuopMHn TpadoereMeHTH (Wb M OIITPU Tajacu) yKasyje
Ha enwiencyujy (ciuka 12). CurypHa aujarsosa enuiericuje MocTaBiba ce
OTICEpBAIMjOM Halaja W HUCTOBPEMEHUM peructpoBameM UKTanHHX EEI
IIPOMEHA.

Enunencuja Murpena

JeTpUBalllja CaBama, CTpec, 3aMOp, XpaHa,

Oxumau Hamazga ) .
XUINEPBEHTUIIALIN]a, CTPEC | XUIIOTJIMKEMHU]ja

[Toponnuna anamMHe3a | MOHEKaJ MO3UTHUBHA Hajuenthe Mo3UTUBHA

[Touerak Hanania M3HEHaJaH MOCTETEH

Aypa CHMITTOMH OfL CTpane OOMYHO BU3yeITHA

pasHuX uyna

Tpajama aype kpahe ox jenHor munyta | 15-60 muHyTa
CKOTOMH, amaypo3a,

Busyennu cumnroMu | XanynuHanuje y 0oju MHUKPOIICH]E,
MakKpoIicHje

gyecTe (CeKyHIU WIH

[TapecTesuje yecre (5-60 MuHyTa
p j My TH) ( yra)
JIeBHjaIja O4uujy,
OKy7IOMOTOpPHU 3HALIU OJICYyTHU
HUCTarMyc
Cgect 4yecTo nmomyhena Hajuenthe jacHa
EEI" npomene YHUJIaTepaIHe OwnarepaiHe
Hajuenihe
Tun EEI' npomena IIWJBIU U OIITPH Tajgacu
HeenuientudopmHe
doTonapokcu3MalHu
YecT 0OWYHO OJICYyTaH
onrosop (PI1O)

Tabemna 4. Knmuanuke n EED" pasnuke nsmel)y Murpene u enuerncuje.
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Cnuka 12. 1. J. 20 ron. JyBenwina muokionnuna enmiencuja (JME). EEI’ canmarse

paleHO HaKkoH JenpuBalvje CraBama: M0jaBa IMONUIIMIBAK-CIOP Tajac KOMILIEKCa
(OunarepanHa MHTEPHUKTAIHA aKTHBHOCT CE jaBHJIa O[]Max Mo Oylery MarujeHTKHbE).

Cnuka 11. P. T. 22 ron. Xemurmiernuna murpena. EEI: ydecrana mojaBa kpaTrkux
HU30Ba (10 1 CeKyH/Ie) 3a0IITPEHUX M CTPMUX Tajaca yMEpEeHO MOBUIIIEHE aMILTUTY e

(neenunentuopMHU rpadoeTeMEHTH).
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IHocTTpaymarcka riiaBo0o/ba

I'maBoGosbe KoOje ce WHCMoJbaBajy TMOCHe TMOBpeAe IJIaBe MOTY
OWTH TeHepalM30BaHe, Koje mojcehajy Ha TaBo0OJbY TEH3WOHOT THIIA,
JIOKaJTM30BaHE Ha CAMOM MECTY IOBPE/IE UIIM XEMUKPaHH]jaJIHE KOj€ HMUTUPA]Y
Murpeny. OBakBe I1aBoOOJbE Cy U3Y3€THO YIIOPHE U MOTY TpajaTH Yak U map
TOJIMHA MTOCIIE TOKUBJLEHE TPAayMe TTIaBe.

[TocTTpaymarcka 1maBoOOJba Cc€ MOXKE jJaBUTH Kako Tocne Omare,
TaKo W TOCJIe 3HauajHe moBpeze miaBe. Hajuemhe ce mocne moBpene riiaBe
(4ecTo 1 He3aBHCHO O TEKUHE TIOBPE/IE ), PYTHHCKH pajie HEypOpa HOJIONIKa
CHUMama Kao IITO Cy KOMIjyTepH30BaHa ToMmorpaduja W/Hiu HyKjIeapHa
MarHeTHa pPe30HaHIla, Kol KOjuX ce y onpeheHoM Opojy ciydajeBa Omnucyje
HEKH MaToyIomKu cyncrpar. Ca Heypo(U3HOIIOIIKe TauKe IIIEAUIITa TOCEOHO
j€ 3aHUMJBbMBA KpaHUoLIepeOpaIHa MoBpeaa MOIyT MoTpeca Mo3ra (commotio
cerebri) Ko Koje ce Haja3u KOMIIjyTepu3oBaHe ToMorpaduje U HyKJeapHe
MarHeTHe PEe30HaHIe MO0 MPaBWIYy ONHUCY]y Kao MOTIYHO YPEIHH, JOK ce
tokoM EEI" caumama gecto 6enexe Hecnerupuune EEI" npomene n nudysna
CIopa aKTHBHOCT, IITO caMO NMOTBplyje (yHKIMOHAIHY, a HE CTPYKTYpHY
npupoay Moxaasor omrehema. [IpeTnocTaBsba ce 1a je OCHOBHH MEXaHU3aM
oBor mopemehaja mpuBpemMeHn (GYHKIIMOHATHHU TMPEKUI y aKTUBUpajyhem
perukynapHoM cuctemy. [ToctTpaymarcka riaBoboba MOXKE TPEACTaBIbATH
JOYTOTPajHH CHMIITOM PA3IMYUTHX Tpayma IJaBe, a MOCeOHO MOXKe MMaTh
3Hauaja y AuQepeHIrjasHo] IMjarHo3u ca MOCTTPAyMaTCKOM EIUJIETICH]OM.
[Tocne 3amoOujeHe o030MIbHE KpaHHOIEpEOpalHE IOBpEIe Kao INTO je
Harmeueme Mosra (contusio cerebri) umm cydaypainHo kpBapemwe (subdural
haematoma), MOXke ce jaBUTH CHa)KHA M IyrOTpajHa I71aB000Jba, IMTO JEITyje
JpaMaTHUYHO 32 0co0y Koja je MPETXOIHO JOKHUBEIIA IIOBPEY IIaBe, a HUKaaa
paHuje HHMje uMasla I1aBo0oJbe TAKBOT THUIIA WJIU [IaBOOOJbE YOIIIITE.

UYecto ce ko Koa ocoba ca moCTTpayMaTckoM 171aBo60sbom TokoMm EET
CHHMamba PEerucTpyjy 3HAIM HEZOBOJHHO CIIEHU(UYHE M YMEPEHO UPUTATUBHE
uepeOpanne auchyHKIMje, OTHOCHO Oenmexu ce HeenmwientudopmHa
(necnenuduuna) aktuBHOCT (ciuka 13). TakaB EEI" Hana3 y xopenanuju ca
KIIMHUYKOM CIIMKOM HJI€ Y TIPUJIOT MTOCTTPayMaTCKOj I71aBO00JbH, @ UCKIbYUYje
JIjarHo3y MOCTTPAayMaTCKe eMUIIeIICHje.
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Cnuka 13. C. M. 34 ron. EET" xox moctTpaymarcke riaBo00Jbe TOCHe HAaTkheueHha
(xoHTY3Hje) Mo3Tra: Y BUILIE HABPATa CE PErHCTPYje M0jaBa KPaTKUX BULIEBOJITHPAHUX
HU30Ba CTPMHX TeTa Tajuaca.
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IlocToneparnBHa 111aB000/ba

I'maBoOosba ce dYecTo jaBjba MOCIE YUYMIEHE KPAaHHOTOMHjE KOJ
MOX/IaHUX TyMOpa M TEeIIKHX TpayMma raBe. Hemocpenna moctonepaTuBHa
1aBobosba Moxke Hactatu kof 80 % marujeHara rnocie KpaHuOTOMU]je, alu
Koz BehuHe npectaje y poky ofi 7 nana. OBakaB THII I71aBOO0JbE CE jaBJba KOJ
75 % manujeHatra HaKOH OJICTpamema akycTHYHOr HeypuHoMma (Gree ae al,
2003), a 42 % oj TuX MalyjeHara je NOCTONEPATUBHO MO MPBU MYT MMAJIO
maBobospy. Kox 23 % oBux mamMjeHara mocTonepaTHBHa INaBoOOJba ce
oflpKaBajia U 70 4 Mecela ocie oneparuje.

[larorene3a maBoOOJbe HacTase TOCIE€ KPaHUOTOMUjE HHjE Y
MOTIYHOCTH jaCHA, @ MOXKE YKIJbYUYUTH MEHHHI€ATHO 3alaJbebe, KOMIIPECH]Y
HepaBa, a/1xe3ujy Mullinha y3 1ypy Wi Heke Apyre MexanusMe. Monudukanuje
ONEpaTUBHHUX MpOIeaypa, YKJbyuyjyhM M TpHUMEHY OCTEOIUIaCTHYHE
KpPaHHOIUIACTHKE, MOTY JIOBECTH JI0 CMambEHha HHIMJICHIIH]€ IIOCTONEpaTUBHE
1aBo0oJbE.

EET nmpomeHne ce nmocroneparuBHo Mory noseharu 300r BacKyJlapHUX
IIPOMEHA, KOje MOTy OUTH Y3pOK HCXeMUje, TOCEOHO KO CTapHje Moy almje,
JIOK C€ PETUCTPOBAHKEM OLITPUX Tajlaca BUCOKE aMIUIUTYIAE U YIPYKEHHX
CIOpHUX JeiTa Tajgaca MOXe TMpeIBUAECTH II0jaBa IOCTONEPATUBHUX
enuiIenTuYHuX Hanana. OppikaBame, a HAPOUYUTO IOjauyare U IIUPEHE
etnonomwkn Hecreuupuunux EEIT mpomeHna, IOMHHAHTHO [JenTa THIa
MOXe€ J1a yKake Ha peuuauB. Hajuemhu y3pok acCUMETpHYHOT PErHOHAIHOT
nosehawa Bontaxke EEIT akTMBHOCTH mpeacTaBiba MPUCYCTBO KOIITAHOT
nedekra.

Tokom EEI' cHumama Koj I0jaBe IOCTONEpaTuBHE IJIaBOOOJbE
HEerNocpeaHo Mocie KpaHuoTomuje, y Hajeehem Opojy ciaydajeBa Oenexu ce
noBpenHu putam (eng. breach rhythm) xoju ce xapakrepuiile noehameMm
aMIUTUTYJ€ CBUX AKTUBHOCTH (HOPMAJTHHMX W/MJIM MATOJOLIKUX) H3HAJ
nedexra g00ame WIM y HEroBoj OMU3MHM, a 300T M30CTaHKa aTeHyaluje
Ofl CTpaHe KOCTU M JPYTMX TKHMBA MCIOJ MoriaBuHe (ciuka 14). Y npeneny
nedekra ce u Hajpehem Opojy crmyuajeBa Oenexe 3a0LITPEHHU U 3aIIUIbEHU
TaJacu TOBHUIIEHE AaMIUIMTYAE KOjU TpENCTaBibajy HeenuwienTudopmMHe
rpadoeneMenTe, MTO je BeoMa 3Ha4ajHO y Iu(epeHInjalHOj T1UjarHo3H ca
eMUJIETICH]OM KOja ce MOXKE JaBUTH ITOCIIe KpaHuoTtoMuje, kaaa ce y EEI 3amucy
PEerucTpyjy INJBIH U OIITPH TajacH, KapaKTEPUCTHUHHU eNUIenTU(OPMHU
rpadoeneMeHTH.
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Cmuka 14. H. Y. 53 rom. ImaBoOosra HacTama TocCIiie omeparje MEHWHTeoMa
y mnapujetanHoM peruony jecHo. EEDL moapxaBa nucyHKIMjy y JECHOM
LEHTPO-TIAPHjETATHOM PETHOHY, OCNeKH Ce TMPUCYCTBO TMOBPEAHOT PUTMA
(neenunentudopMHe MPOMEHe) yciien ae(eKTa KOCTH MOCTOTICPATHBHO.
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IlornaBibe 5
EEI' kox Mo:xkmanux nH@IaMaTOpHUX mpoieca



EEI" xox moxxaanux mH(pIaMaTOpHHUX mpoueca

WudnamatopHH MPOLECH Y MO3TY MOT'Y C€ pa3BpCTaTH Ipema:
1. y3pouHHKY - BUpyCHE, OaKTepH]jCKe, ITbUBHYHE U TPOTO30UYHE
uHpeKImje
2. nmpeMa 3axBah€HOM TKUBY - MEHUHTUTHC, €HLIe(DaTUTUC HITH
MEHHHTOEHIIepaTuTHC
Kox unn¢namaropuux nporeca y mosry EEI" nmpomene cy Hajuenrthe
reHepaJn30BaHe U Hecrieun(puiHe, Oesiexku ce ryOMTak HOpMaTHUX PUTMOBA
y3 1udy3HO ycropeme akTUBHOCTH. M3y3enu cy cyOakyTHU ckiiepo3upajyhu
naHeHuedaIuTuC U Xeprec CUMILIEKC BUpYCHH eHlledanuTuc kaaa ce y EED
Hasazy OelleXXH KapaKTepUCTUYHA (TICEY10) TepUOANYHA aKTUBHOCT.
KnuHnuky cinmky Koja ykasyje Ja ce paau O 3alajbeHCKo] OojecTu
IIHC-a 1 nocnenu4Hoj uH(GIaMaToOpHO] eHIleQanonaTHju YHHE:
1. moBuIIIeHa TeecHa TeMIeparypa
2. raBo6osba, MyyHHHA U ToBpahame
3. U3MEHEHO CTambe CBECTH (01 KOHPY3HOCTH A0 1yOOKe KOME), KOTHUTUBHU
neguuut (o Beoma Oarux 10 u3paxkeHux nopemehaja namhema,
MUIIJbEHA U MAXKHE)
4. NO3UTHUBHU MEHUHT€AHU 3HAIM (YKOUYEH Bpar)

MeHnunHruTHC

MEeHHHTUTHUC MTPECTaBIba 3aNaJbehe MOJKIAHNIIA U CyOapaxHOUIHOT
npoctopa. IIpema y3pouHuMimMa ce pa3iuKyjy OaKTEepUjCKM M BUPYCHHU
MEHUHTUTHC.

baxitiepujcku (nypyneniinu u itybepKyn03xu) MEHUHIUIIUC

bakrepuje (Haemophilus influenza, Neisseria meningitides,
Streptococcus pneumonia) y cyOapaxHOMJIHHM TPOCTOp JOCIIEBajy Ha
pa3nuyuTe HAaYMHE: XEMAaTOTeHHUM IyTeM, TOKOM CENTHUKEMHje WM Kao
MeTacTa3e u3 MHPEKTHBHHUX JKapHINTa Cpla, Iuryha W Ipyrux opraHa, Kao
U IIHPEHEM U3 OKOJHHUX CTPYKTypa (CHHY3UTHCH, OTUTHCU UTH). KitMHUYKY
CIIMKY OAaKTEepHjCKOT MEHUHTUTHCA TOPE]] MOBUIICHE TeMIepaType (4ecTo u
npeko 40 °C), maBo60Jbe U YKOUEHOT BpaTa YeCTO KapaKTepully U OpojHU
JPYTH CHMIITOMH: KOH(PY3HOCT y3 CHI)KEH KOTHUTHBHHU MTOTEHITH] a1, POKATHU
HEYPOJIOIIKY 3HALM, eMUJICTITUYKHN HAMaAu U €M Taruiie ONTHYKOT HepBa.
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BakTepujcku MEHUHTHUTHC j€ YPTeHTHO CTambe U YKOIUKO C€ Ha hera IOCyMIba,
MOCeOHO aKo Ce pa3BHje U METEXHjallHA OCIIa, JICUCHE Tpeda 3armoueTn oqMax
(6e3 vekama Ja ce OMjarHo3a IMOTBPAM JyMOATHOM IYHKITHJOM: JIMKBOD
je mypyneHtaH). Jledewe mompa3ymMeBa XUTHY TNpPUMEHY aHTHOMOTHKA
(menununuH [, ammuiunuH win nedanocnopunu Tpehe renepanuje).

Kon G6akrepujckor menunrutuca y EEI" Hama3y je Beoma m3pakeHa
U pammpeHa wuperyigapHa putmuuHa aenta aktuBHocT (MP/IA): jaBiba
ce m3Han (ponTamHUX perumona kox oxapaciaux (OUPIA), a xom npeme
u3Han oknunuranHux peruoHa (OMPIA). Mory na ce jaBe u ¢oxanHe
u enmwientudopmue abuopmanHoctu. EEI mpomeHe cy u3pakeHHje KOJ
nere. EEI" Hopmanuzanuja oOMYHO KacHU 3a OMXEJBHOPATIHUM ONOPABKOM
o Hekonmuko Hexaesba. [loropmame EED 1 mojaBa TEmKUX Mep3UCTEHTHUX
a0HOPMAITHOCTH, YEeCTO Yy BHJAY IJoOanHe 1epedpanHe aucyHKIH]je
TEIIKOT CTeIeHa yKa3yje Ha mHdapkiujy, popmupame adciieca wid pas3Boj
OTICTPYKTUBHOT Xuaporedainyca (ciuka 15).

AKytiHU 6upycHU MEHUHIUIUC

AKyTHU BUPYCHH MEHHUHTHMTHUC Ha3UBa C€ M aCENTUYKH MEHUHTUTHC,
a KapakTepuiry ra: peOpuiIHOCT, IM1aBo0o0Jba, 0J1aKh KOTHUTUBHH ePUITUT U
KOH(Y3HO cTame, Kao U c1abo u3pakeH MEeHUHTreaaHu cuHapoM. Hajuenrhu
Y3POYHHIIA OBOT 000JbEHa CY EHTEPOBHUPYCH, apOOBHPYCH U BHPYC XyMaHE
nmyHnoneduimjennuje (XUB).

Kox 6onecnuka ca acentuunum MeHuHrutucoM EEI je HopmainaH kox
Buiie of 50 % 0oJieCHUKA, JIOK C€ KOJI 0CTAaTKa UCIIMTAHUKA TOKOM CHUMAamba
oenexe nudysnu, Hecnenuduuan cropu Taidacu. EEIT abGHOpmanmHOCTH Cy
yenrhe U U3pakeHuje KoJ Maje Jelle.

V3 xinHnuke nopatke u eHuedanonarcku EEIT namasz (mmobanna
nepedpanna quchyHKIMja), OCHOBHU JUjarHOCTHYKH TOCTYIIAK MPECTaBIbha
UCIHUTHBAkE JIMKBOpA: MPH JIyMOadHOj MyHKUUjU JHUKBOp je Oucrap u
6e300jaH, ca MOBUIIEHUM OpojeM JTUMQOLHUTA.

EET Moye moka3aru ycropese 0CHOBHE aKTUBHOCTH U TAPOKCHU3MAITHE
JienTa Tajgace MOBUIICHE aMIUTUTY/IE, IOK JIOKaJHE enuIenTu(OpMHE TpOMEeHe
MOTY yKa3aTd Ha JeHO WJIHM BHIIE TOJApYyYja KapHIIHE aOHOPMAaTHOCTH.
Hagenene npomeHne ce 3Ha4ajHO CMamyjy y Cllydajy yCHeEIIHE Tepamuje, a
mudy3uau EEI mapokcn3Mu y BuLy HU30Ba CIIOPUX 3a0IITPEHUX U/UIIA CTPMHX
Tajaca MOTy ce€ 3aJIpKaTh ofipe)eHo BpeMme, yKasyjy Ha 3HaKe HecTelupuIHe
uepeOpasine AUCPYHKIN]E€ U HUCY IPEIUKTOP SMUIECNTHUKUX Hara/ja.
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Cnuka 15. JI. A. 12 roa. EEI' Hana3z kox omcTpyKTHBHOT Xuipouedanyca (kKao
KOMITIMKAIMje OAKTEpUjCKOT MEHUHTUTHUCA): KOHTHHYUpaHa JU(y3HA UperyiapHa
CTIOpa aKTHBHOCT.
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Ennedanuruc

Ennedanuruc npencrasiba 1udy3Hy yrnaay MOXKIAHOT TKHBA U MOXKeE
Outu npuMapHa MaHMdecTanuja WM CEeKyHJapHa KOMIUIMKAlldja BHUPYCHE
unpekumje. Hajuemhu y3poununum eHuedamutuca cy €EHTEPOBUPYCU U
XEpIeC CUMILIEKC BUPYC.

Bupycnu enyegpanuiiuc

Knuanuky  cnMky — BHpyCHOr — eHUe(daluTuca  KapaKTepHIy:
¢beOpuiiHOCT, [IaBO0OJbA, CMWJICNITUYKK HAmaAd W 3HAIW MOXKIaHE
muchynknmje-enmnedanonaruja (M3MEHEHO CTalkbe CBECTH U CHUKEH
KOTHUTUBHU TIOTEHITHja).

Kon Bupycnor ennedanutuca EEI' je yBek maTojomKu HW3MEHEH.
Hudysna nenta aktuBHocT je Hajuemthu EED mama3. Apurmudna nenrta
aktuBHOCT (AJ[A) je BepoBaTHHMja YKOIMKO HWH(pEKIHja MPEeJOMUHAHTHO
3axBara KOPTEKC U CyceaHy cyOkoptukanny Oemy macy. [loctojame MPIIA
NpaXkhebha UMILTUIMPa 3axBaheHOCT cyOKopTHKanHe cuBe Mace. Kog akyTHor
ennedamuruca, crenen EEI" ycnopewma npartu TeXHHY KIMHUYKOT Hajasa,
OJ JIAKOT YCTIIOpEeHha OCHOBHE aKTMBHOCTH JI0 3HAKOBA II00alIHE IiepedpaiHne
muchyskiuje Temkor creneHa (ciuka 16). Crenen EEI moOosbinama nma
W3BECHY MPOTHOCTUYKY BPEIHOCT: HOpPMalH3aldja y OKBUPY S5 Heieba
yKa3yje Ha MOBOJbaH UCXO/.

EEI' mpoMene kom crnopaguyHuX eHIedaIuTHCa H3a3BaHUX
HEypOTPOITHUM BHpycuMa (equini, mumps, St. Louis) cy kapakTepucTUIHO
Mambe U3PaKCHEHETO KOJTOHUX KOJH CY TTO CIICMIIATIO CTHH()EKTUBHUX CHHIPOMA
ca JeMujenuHU3anujoM (Mane Oorume, pyOena, WIM IMOCTBAKIIMHATIHUX
enuedanuruca). TpajHa omrehema Mo3ra Cy 4ecTo NOBE3aHa ca TPajHUM
EEI" aGHopManmHOCTHMa KOja YKJbY4Yy]y U enuientudopmMHa TpaKmberha.
W3pakeHa cropa akTUBHOCT ce Takohe Bul)a M TOKOM aKyTHHX HH(]eKIHja
MaJluM OOTHEbaMa, MyMIICOM, pyOesioOM M IIapJIaxHOM TPO3HHIIOM, YaK U
KaJga He nmoctoju ouunienaHa 3axsahenoct ctpykrypa LIHC-a. ITopen EEI
JIMjarHOCTUKE, UCIIUTHUBAKE JIMKBOPA MPEICTaBba 3Ha4YajaH JWjarHOCTHYKU
MOCTYyTAaK: JTUKBOP MpH TyMOaTHOj MyHKITH]U KapaKTepuIie OJ1ara niaeonuTosa
(Mame on 5 mumdonuTa y mm?).
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Cnuka 16. M. C. 21 ron. Akythu Bupycuu eHuedamuruc. EEI: rmobanna nepedpanna
TUC(YHKIIM]a TEIIKOT CTETeHa.
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Xepiiec cumilnexc supycHu enyepanuitiuc

Kox oBor enuedanutuca 3anabseme je Hajuenthe JIOKaJIW30BaHO Y
TEMIIOPO-(PPOHTATHUM PETUOHUMA, 114 KIMHUYKY CIIUKY Topes GeOpriIHOCTH
1 11aB000JbE KapaKTepHIlle U CUMIITOMATOJIOTHja Be3aHa 3a omreheme 0BUX
peruona. Hekana panu 3Haiu eHuedanonarije Mory OUTH U IIPBU 3HALU OBOT
000Jbea, a MaHU(ECTY]y C€ Y BHIy aKyTHO HAcTaJor KOH(Y3HOI cTama U
TEIIKOI KOTHUTUBHOT nedunura. [Toyerak Gonecty 4ecto KapakTepuily U
eMUJICNITUYKY Hala Iy, aruTanuja, nopemehaju JIMIHOCTH WK XalylUHAIIH]e.
Oxo 50 % 6onecHrnKa UMa XeMHUIUIET W)Y U XeMHXuUIecTe3njy. 30or moryhHocTn
HACTaHKa TEUIKUX HEYPOJIOMIKHUX MTOCIIEANLA, YaK U CMPTOT UCXO/1a, TePaIH]jy
Tpeba yBecT Beh HA caMOM MOUYETKY 0OJEeCTH (AIMKIOBHP Y MHTPABEHCKO]
uHdy3uju TokoM 10-14 nana).

EET" nHanasu (Mako HUCY NMAaTOrHOMOHHMYHH), KaJga c€ MOCMaTpajy y
ofipeh)eHOM KJIMHHUYKOM OKpY)KEHY, MOTY Ja cyrepuuly aujarHosy. Pana
JMjarHo3a U yBoleme MpaBWIIHE Tepamnuje MOry Ja Oyay CIacOHOCHHU 3a
OoJleCHUKa M Jla CMamke HEypoJIOIIKM Mopoumuter. PaHo yHuiarepaiHo
3axBaTamke TEMIIOPATIHOr JoOyca pe3ynTupa HAcTaHKOM (oKaiHe WIn
JaTepalii3oBaHe JeNTa aKTHBHOCTU. YCHOpeme Op30 mocrtaje audy3HO
pamupeHo, ajad TEeMIIOpalHa WIM (PPOHTO-TEMIIOpAjHA AaKIEHTyalja
Hajuemthe mep3uctupa. M3naa makcumanHo 3axBaheHux pernona (0OMYHO
TEMIIOPAJIHUX ), jJaBJbajy ce Ha 2-15 naHa o/ moyeTka 601eCT KapaKTepUCTUIHU
NEPUOJUYHU KOMIUIEKCH. Y HEKMM CilydajeBHMa OBaj ce oOpasall jaBjba ca
3aKallbeHEM O] Yak Mecell JaHa. Komriekcu ce cactoje o1 olTpux Tajnaca
WIN OIITap-CIOpTaiac KOMIUIEKCA ca MOHABJbAkbEM y MHTepBaiuMa of 1-5
cexkynau. IloHekas ce jaBibajy MojeIUHAYHO WM Yy Tpynama. AMIUIUTYHA
Bapupa ox 500 pV mo KomIwiekca Koje je TEIIKO Pa3IuKOBaTu on OazajiHe
nuHuje. Kako Gonect Hanpeayje, NEPUOAUYHH KOMILIEKCH MOTY Ja MOCTaHy
NPOMMHEHTHHMjU, a dYemrhe IMOCTeneHo HecTajy. [lepronnyHu KOMIUIEKCH
MOTy OMTH YHWJIATepaJHU WK OWiIaTepaiHd U MOTY Jla HaCTaHy Ha jeIHO)
CTpaHH, Ja OM ce KacHMje jaBWJIM Ha CTpaHH Koja je mpBa 3axBahena. Kana
cy OunarepajHM, jaBJjbajy C€ CHHXPOHO WM HE3aBHCHO, ajH 4YeCTO Y
KOHCTaHTHOM BPEMEHCKOM OJIHOCY je[laH IpeMa JAPYTOM.

BpemeHoM, KOMIUIEKCH C€ TPOILIUPY]Y, IMOHABJbajy C€ Ca MamOM
yuectanoiuhy, 1 KOHaYHO OMBajy 3aMEHEeHU HUCKOBOJITHPAHOM apUTMHUYHOM
CIOpOTaJlaCHOM akKTUBHoOIINY. ATeHyalldja OCHOBHE AaKTUBHOCTH u3Mely
NEPUOJNYHUX Npaxmema (Ha mMame ox 20 puV) ce oOMYHO paHO jaBiba.
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VHTEepMUTEHTHH WM KOHTHMHYHpAHH IICEYIONEPUOANYHH M TEPHOAUYHU
KOMIUIEKCH C€ jaBJbajy Y BHCOKOM INPOLIEHTY MeaujaTpHjcKuxX (yKIbyuyjyhu
HEOHAaTaJHe) cirydajeBa xeprec cumiuieke Bupyc (XCB) ennedanurtuca. Kon
HEOHATAJTHOT XepIeca, MpaXxmbena cy (hoKaTHa UK MYATH(OKAIHA Ca YeCTUM
u3MeHaMma cTpaHa. [leproIuuHN KOMIUIEKCH MOTY J1a €BOIYUPajJy Y (POKaIHY
enekTporpadcKy HMKTaldHy akTHUBHOCT. TokoM cepujckor EEI cHuMmama
Oeieu ce 1ojasa rceyA0NepruoAMYHIX JJaTePATU30BAHNX CMUICITU(HOPMHHIX
npaxmema, Koa BUIe of 2/3 ciyuyajeBa. Mory Outu yemhu, a Mory u ja
NPETX0/le, OYCKUBAHUM XMIIOJICH3HUM Jie3HjaMa TOKOM HEYpOpPaIUOIOIIKe
eKcIiopanuje. 3aTo je y OKBUpY J1jarHOCTUKE HEOMXOJHO Ja ce KOMOMHY]je
cepujcko EEI perucrpoBame ca LT nanasuma. Hu panu, a uu cepujcku EET
HaJa3u HeMajy Moh /1a mpeaBue Kako pe3uIyaiHy OHeCoCO0JbEHOCT TaKo
HU NpexXuBJbaBamke. OHM OOMYHO KacHE 33 KIMHUYKUM MPOMEHaMa, IITO UM
OrpaHUyYaBa BPEAHOCT y mpahemy Toka OosiecTH. Y KaCHUM CTaJHjyMHMa
6onectu, EET" Mmoxxe na Oyne y (pM3MOIOUIKUM IpaHULaMA.

Cybakyminu ckneposupajyhu ianenyeganuiiiuc

IIpencraBiba XpOHUYHY HWHQEKIHU]y BUPYCOM MaluxX OOTHIbA Y
JIETUIHCTBY, @ JaBJba C€ BEOMa PETKO O/ KAKO j€ yBeIeHa Py TUHCKA BaKIIMHAIIH]a.

KnuHnyky ce y moueTky kof jerie MaHu(ecTyje caMo Kao 3a00paBHOCT,
pacejaHoCT 1 HEMOCIYITHOCT, aJIM ¢a HallpeA0BambeM 00JIECT ce KapaKTepuIle
M3MEHOM MEHTAJHOI CTaTyca, MHOKJIIOHYCOM M 3HalMMa eHuedanonaruje
U TO NMPBEHCTBEHO NopemehajeM CBECTH O]l COMHOJICHIIM]E 1A CBE 10 KOME.
VY JIMKBOpY M cepyMy OBHX OOJIECHHKA MOBHILEHH Cy HUBOM aHTUTENA Ha
BUpyC MopOmiia. OnucaHu Cy peTKH CIy4ajeBU KIMHUYKOT MOOO0JbIIamha WIN
3aycTaBJbaba HalpenoBama OOJNECTH y3 HMHTPABEHTPUKYJIApHY HpPUMEHY
uHTepdepona-anda.

EEI" o6uuno mMa aujarHoctuuky BpeaHocT. Tummuan EEIDT Hanmas
YHHE IeHepaln30BaHy NePUOAMYHN KOMIUIEKCH BHIIE(a3HUX CIIOPUX Tanaca
(Radermecker, 1949). Kommiekcu ce cactoje o OmiiaTrepaiHo CUMETPUYHHUX,
CHUHXPOHMX, BUcokoBonTupanux (200-500 pV) npaxmema 1BO-, TPU- WU
noiauda3suuHUX CTEPEOTUITHUX JIENITa Tajaca, a MOHEKa UM ce MPUIPYKY]Y
omrtpu Tanacu (Cobb, 1966), unu ce Ha BUX CYNEPIIOHY]Y HU30BU Op3HX
tanaca (Martinovi¢, 1986). IloHaBipajy ce y MNPUIMYHO MPABUIHUM
BPEMEHCKUM HHTepBasiinMa (2-10 s) 1 mpema MUOKJIOHUM Tp3ajeBUMa UMajy
oxnuoc 1:1.
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VY panuMm cranujymuma OollecTd CBakHM KoMIuieke Tpaje uzmehy 0.5
U 2. CeKyH/Jie, alli MOXKE J1a C€ JaBU U peTKo (cBakux 5 muHyTa). Komruiekcu
Mory Jja Oyay HpUCYTHH CamMO TOKOM CIHaBamkba M MOTY Jla C€ H3a30BY
apepeHTHUM cTUMyTycuMa. CHopu MHOKIOHWYKH Tp3aju Cy y TECHO]
nose3aHocTy ca EEI" koMIuiekcuma: MoOry J1a UM HEIOCPEIHO MPETXoe, /1a
ce JleliaBajy UCTOBPEMEHO ca HhHMa, W JIa CE jaBe MOCie BUX. Y PEeTKUM
cllyyajeBUMa NEepUOJMYHA aKTUBHOCT MOXKE OMTH JlaTepalu30BaHa WIM Ja
uMa (POHTO-OKIIUIHUTAIHO WIH JIEBO-AECHO Kallmeme. Ca HampenoBameM
0osleCTH OCHOBHA AaKTHUBHOCT C€ YCIOpaBa, INPOMEHE CTama I0CTajy
HENpPEeno3HaTIbHBE, A jJaBJba CE HUCKOBOJIITUPAHA ApUTMHUYHA JIeJITa AaKTUBHOCT
MIPOTKaHA IEPUOAMYHIM KOMIUIEKCHMA.

Bupyc xymane umyHoneduuujenuuje

Bupyc xymane wumynonepunmjenuuje (XMB) je wyect y3pok
HEeypoJIOIIKOr MopOuauTeTa. To je HEypOTpONHM BUPYC KOjU 3axBaTa U
HEPBHU ¥ UMYHHU CHCTEM.

CuHIpOM CTeueHe UMYHOAEPHUITH]CHIIN]e TIOpe ] TPUMapHE U pa3HUX
OTIOPTYHUCTUYKUX WH(EKIMja KapaKTepuIlle U M0jaBa HeOIUIa3Mu - TUMGpOM
IHHC-a u capkom, pa3Hu cucTeMCKH mopemehaju, kao W peBep3uOniIHa
Muoksionn4yHa eHnedanonaruja (Thomas et al, 1994).

Kon XUB cepono3utuBHUX OOJ€CHUKA YHJU j€ HEYPOICUXOIOUIKU
craryc ypenad, EEI' Hamasu cy Ge3 mpomena. MehyTtum, ca pas3Bojem
KIIMHUYKUX TopeMehaja, a moceOHO Kaga ce paad o eHiedalonaThju u
nemenuuju, npouenat EEI' mpomena ce 3HauajHo moBehaBa. Yuecrajoct
EET" mpomeHa je BHCOKa U pazHoBpcHa: 65 % nudy3nux u 22 % ¢doxamHux
ycropewa, y3 11 % mnapokcusamaliHe cIiope AaKTHBHOCTHU YIAPYKEHE ¢
omTpuM Tanacuma. DOKaTHO ycrmopeme yKasyje Ha ONOPTYHHCTHUYKY
nHpexnujy, Heortazmy (mumdpom I[[HC-a), mporpecuBHy mynaTudokaminy
neyKoeHIedanonaTujy uiu 1pyre GpokaiHe je3uje.

AIlcuec Mo3ra

Hacraje mpBeHCTBEHO OCHEBameM IMHUOTEHUX OakTepuja y MO3aK
(cTpenTokoKe M CTaQUIOKOKE), a MHOTO pehu Y3pOYHHIM Cy TJHbUBHUIIC H
npoto3oe. Moxke 11a ce jaBH LIMpemheM HHGEKIH]e U3 TapaHa3aJIHUuX HIyIJbHHA
Y MacTOWIa, WIH je y THTamky WHEKIHja MPEKO CENTHIHUX eMOoITyca.

Kmanuku cumnromu u 3Hamm (r1aBo0osba, MydyHHHA U TTOBpahame,
KOH(Y3HOCT, COMHOJICHTHOCT, KOTHUTHBHHM A€(PULUT, U3MEHA JIMYHOCTH)
kao u EEI" 3amucu Mory nuuuTH Ha Heoria3Mmy Koja Op3o pacre. Mehytum
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notpedHo je Harmacutu 1a EET” mpomene Mory 4ak U MpeTXOANTH arcuecy y
TOKY OJ1 HEKOJIMKO JIaHa M TaKO yKa3aTH Ha NOTpeOy Jajber UCTIUTUBAA.
EEI' y mnouerky mnokasyje Ju(y3HO YyCHOpPEHE aKTHUBHOCTH, JIOK CY
JaTepaln30BaHe MPOMEHE BPJIO YECTO KPYIHOT CTENEHa, y BHIY HU3PA3HTO
copux (cyOmenTa) Tajaca M cMaTpa ce Ja Cy IMOCJIEAMLAa eAeMa MO3ra.
PerucrpoBame JOKaIHUX CIIOPUX Tajaca yKasyje Ha OTpaHUYCHY KOJICKIIH]Y,
OTHOCHO Ha WHKANCYIalujy arcreca. TeMrmopaJHu (OTOTEHH) arcClecH
7lajy MCTOCTPaHy TEMIIOpalHy CHOpYy akTHBHOCT, Aok ce MPJA wemrhe
Buha konm mnepebemapHux arcreca. EmmrentudopMHe TPOMEHE CE PETKO
Oenexe y akyTHOj (ha3H, JOK C€ YECTO MOTY PETMCTPOBATH MOCJE XUPYPILKE
unrepseniyje. EEI je ceH3UTHBHA AMjarHOCTUYKA METOJA 3a HaJINIeNambe
Jieyema ancleca aHTUOMOTCKOM U XUPYPIIKOM TEPAaITHjoM.

Heypooopeano3a / Jlajmcka (Lyme) 6osiect

Bormect 3axBara mepudepHH W IEHTPATHH HEPBHU CHCTEM,
Mpoy3poKoBaHa je cmupoxeroM bopenujom  Oypraoopdepu (Borrelia
burgdorferi) u jaB/ba ce kao mocieaMua yjena kprnesba. Pasnukyjy ce Tpu
cranujyma Oonectu: Qasza akyTHe JOoKamu3oBaHe HH]eknuje, ¢dasza paHe
nuceMuHanMje U ga3a KacHe NMEp3UCTEHTHE MH(QEKIIHje HEPBHOI CHUCTEMA.
Knuanuky cnuky y npBoj ¢asu 60s1ecTd KapaKTepHIle pa3Boj MUIPATOPHOT
epureMa Ha KokH y nepuony ox 3. 1o 30. qaHa 1Mo KOHTAKTy ca KpIIEJbEM.
VY napyroj ¢asu, HEKONWKO HeNeJba O]l TO0jaBe epuTeMa HCI0JhaBajy Ce
Kapauosomku (mopemehaju nposohema, MHOTIEPUKAPAUTHIC) i HEYPOJIOIIKH
nopemehaju  (paguKyIuTHC, PAJUKYJIOHEYpUTHC, INaBoOOJba, 00OCTpaHa
Jie3rja CeIMOT KpaHHjaJIHOT HepBa). Y KacHO] (a3m OonecTtw, mecernuma
HaKoOH ToueTHe WH(]EKIMje pa3BHja ce KIMHMYKA CJIMKa eHledaronaruje,
KOja ce NPBEHCTBEHO MaHU(ecTyje KOTHUTUBHUM JepuiuroM (Ipe cBera
nopemehajem mnamhema). Ilopen KIMHUYKE CIIMKE, OCHOBY JHMjarHO3€
HEypoOopero3e MpeaCcTaBiba M Hajla3 MOBUIIEHINX HUBOA NMYHOTJIOOYTHHA
M nnu I, koju cy criequuyuHH 3a CIIUPOXETe y CEPyMy U JIMKBOPY 000JIeNuX.
Jleuewe noapazymMeBa NpUMEHY aHTUOMOTHKA, y paHOj (ha3u opaiHy IpuMeHy
JTOKCUIMKIIMHA W aMOKCHUIIMKIIMHA, & Y KacHO] (pa3u WHTPABEHCKY NMPUMEHY
nedanocnopuna Tpehe rerepanuje.

VYV EEI' nana3y ce y noueTHuM ¢azama Oonectu Oenexu Audy3HO
yCIIOpeHe aKTHMBHOCTH ONIaKer O yMEPEHOT CTeleHa, JIOK C€ Yy KacHO]
¢da3u Oonectn (kKacHa Tep3UCTCHTHa HWHQEKIMja HEPBHOT CHCTEMA) KOjy
KapakTepHIle KIMHWYKa CIIMKa eHIedallonaThje, perucTpyjy 3Halu TeIlke
mo6anHe nepedpanne qucyHkuje (cnuka 17).
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Cmuxka 17.11. J. 46 ron. HeypoOopenuo3za. EEI" Haias je y nenuHu yCropeH, ykasyje
Ha 3Hake MIoOajHe nepeOpanHe TUCc(YHKIMje TEUIKOT CTEleHa M KOpEeJHIIe ca
KJIIMHUYKOM CJIMKOM y3HAarpeaoBaie eHiledaionaruje.
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CyOnypajHu emnujem

[Ipencrarsba JIOKamHy MPOjEKIIM]y THOja y CyOAypaTHOM IIPOCTODPY,
a jaBjba C€ Kao KOMIUIMKallMja MH(IAMaHTOPHOI Mpolieca y CHHyCHMa
(sinusitis) uiu cpenmeM yxy (otitis media).

EET" xon cyOmypaiHOT emmHjeMa MOXKe OeNeKUTH YHHIATepasiHy
JIeTIpecHjy KOPTHUKAJIHE aKTUBHOCTH, JIOK je IU(Y3HO YCIOpPEHE OCHOBHE
aKTMBHOCTH  IOCJEIMIA [OBHMIICHOI HWHTPAKPAHUJATHOT  MPUTHCKA.
Kapakrepuctnuan EEI' Hama3 npencraBiba NPUCYCTBO JKAPUIIHUX TeTa
tanaca (Magnus, Van der Holst, 1987) u TakBe mpomeHe mpeTxose MmojaBu
[IaTOJIOLIKOT Hajla3a TOKOM HEeypOpaJAHOJIOMIKUX aHAJIN3A.

ITapa3suTose

VY mapa3uTo3e Koje 3axBarajy Mo3ak yOpajajy ce: TOKCOIUIa3Mo3a,
LUCTULIEPKO3a U €XWHOKOKO3a.

Tokcoma3zmo3a Moxke n1a Oyzne ypoheHa (KOHT€HUTANHA) U CTEUYCHA.
VKOJIMKO je KOHIeHUTaJTHa MMa BEJMKHU aUHUTET 32 MO3aK U MOXKE M3a3BaTH
BeoMma Temika omtehewma (eryca, MTO 3a MOCIAEIUIy UMa MICUXOMOTOPHY
perapaanyjy u yuecraje enuienTHIHe Hanae.

EEI" Oenexu KkpynmHe NpoMeHe Yy BuAy DnobaiHe uepedpaiHe
nuchyHKIMje TEUIKOr CTeleHa (JenTra ycmopema), enuwientudopMmHe
npoMeHe u xurcaputMujy. CTedeHa TOKCOIUIa3Mo3a MMa Mambu aQUHUTET
3a IIHC, a Tokom EEI' cHumama ce MOry perucrpoBatu eHuedasonarcke
npoMeHe Onaker crerneHa.

Huctunepko3a ce kaparepuiie MyATH(QOKAJIHUM 4YBOpUhMMa U
Kanuudukanujama ycnen 3apase nucrama napasura. EED Hajuenthe nokasyje
nudy3HO yCIopeme akTUBHOCTH, pehe enmientudopMHe IpoOMeHe.

ExuHokoko3a moBoAM 110 IepeOpalHUX XUAATUIHUX IUCTA.
[ToBpiHUje HCTE Cy yApYyKeHE ca HU30BUMa CIIOPE AKTUBHOCTH JJOMHUHAHTHO
JieNTa TUMa, a AyOJbe LUCTE ca TeHEepaliM30BaHOM JeNTa akTHBHOUIhy u
MapoKCH3MHUMa CIIOpUX Tajaca. BeoMa peTko ce jaBibajy enumientudopmMHe
IIPOMEHE.
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ITornasibe 6
EEI" ko1 HHTOKCHKAIIHje JIEKOBUMA U CyNICTAHIIaMa
KOje u3a3uBajy 00J1eCTH 3aBUCHOCTH



EEI" xox MHTOKCHKALHje JeKOBMMA U CYIICTAaHIAaMa
KOje n3a3uBajy 00J1eCTH 3aBUCHOCTH

On paHUX HCIIMTUBARA JIC]CTBA PA3IMYUTHUX JpOra Kao MITO je KOKanH
(Berger 1931), a Hemrto kacHuje 1 oipelyenx BpcTa JiekoBa omyT 6apourypara
(Gibbs 1937) no3naro je na ce BuzyenHom EEI" anann3zom Moke peructpoBatu
aKTUBHOCT KOja je mpBeHCTBeHO HecnenuduyHa. Mako cy edextn na EET kox
MHTOKCHKAIIM]€ JICKOBUMA M TICUXOAKTUBHUM CYIICTaHIIaMa TeHEepaIn30BaHH,
HaJla3 4eCTO MOXKE J]a YKa)kKe Ha TUIT MHTOKCUKAIIM]e U YBEK OflpakaBa CTEICH
nugysHor nopemehaja Mmoxaane QyHKIHje.

HeypoaenTuiu

HeyponenTtuuu (aHTUICHUXOTUIM) Cy JIEKOBU KOJU C€ MPUMapHO
OpAMHHPAjy KOJ TEIIKMX JYIIEBHUX 000JbEHA KAo INTO Cy CXU30(ppEHH]a,
OpraHCKe W MAaHHMYHO-ACTIPECHBHE IICUXO03€, alldi U KOJ H3paKEeHHX
AHKCHO3HHX CTama M HEKUX 00JIMKa JIENPecHje y BUAY KpaTKOTpajHE Teparnwje.
HajBuie excrutatucanu npeicTaBHUIM OBE TPYIIE JIEKOBA CY: XJIOPIPOMAa3HH
(JraprakTii), XaJonepuaoa (Xanmo), Kiao3anuH (JISTIOHEKC), PUCTIEPUIOH H
OJIaH3aIMH.

KnuHnuka ciamMka Koj MHTOKCHKIMjE HEypoJenTuiumMa MaHudecryje
ce nopemehajeM ctama cBecTH Hajuemthe y BUIY KOH(Y3HO-IETUPAHTHOT
CTara M COMHOJICHIIN]€, KOTHUTUBHUM J1e(PUIIUTOM (KOjU c€ OOMYHO y TOYETKY
ucrnoJbana rnopemehajemM naxme), CTalbeM aruTUPaAHOCTH, TAPKUHCOHU3MOM,
I'TK namaguma. IlanmjeHTH ca HEypOJENTHYKUM MAJUTHUM CHHAPOMOM
4YeCcTO MMajy TaxMKapAujy U JaOuilaH KpBHU NMpHUTHUCAK. JleTanaH ucxox Kox
TpOBama HEYPOJICTITHUIINMA j€ PEIaK, a MPBEHCTBEHO HACTYIIA Kao TMOCIIEIUIA
KapIUOJIOMIKOT e(eKTa.

Xnoprpomaszun noBehasa 6p3y EEIT aktuBHOCT koj 3apaBux ocoda
3aTo IITO YBOJIW Y MIPBU CTAIMjyM CIIaBama, JOK TakaB e(ekar u30craje Koj
0c00a ca 030MIbHUM [ICUXU]aTPHjCKUM 000JbEHUMa, Ka0 IITO je CXU30(peHuja.
Xanonepunon He Mmewa EEI" aktuBHOCT 10 yBOhewa no3e ox 15 mg/nHeBHo,
nocine yera nosehasa Op3y Oera akTMBHOCT. Y paHOj (ha3u WHTOKCHKAIIH]je
neyponentunuma EEI" mokasyje nudysHo ycrnopeme akTHBHOCTH (ciuka 18),
WM ce MHOTO pehe Oenexku reHepann3oBana enwienTu(opMHa aKTHBHOCT.
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Cnuka 18. Y. b. 43 ron. EEI" Hana3 xoj HEypOJENTUYKOT MAJIUTHOT CHHIPOMA!
JU(PY3HO YCIIOPECHE MOKIaHE aKTUBHOCTH.
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AHTHIETIPECHBH

Jleripecuja je peraTUBHO yecT nopemehaj MEHTAIHOT CTalka y KOjeM
IpUMapHO JOMUHHpa nopemehaj pacroyioxkema. Y KIMHHYKOM CMUCITY
JeTipecrja ce MOXKe pPa3IMYuTO MaHH(ecToBaTH, O] OJarux CUMITOMA
KOjU C€ I'paHHuYe Ca HOPMAJIHHM CTameM, 10 TEUIKUX OO0JHMKAa KOjU MOTY
UMaTd M TICUXOTHYHE cajpixkaje (Ienys3uje, XalyluHalMje) U BUCOKHU
CTENEH aHKCHMO3HOCTH. [TIaBHM MpEJCTaBHULM T'pyIe JIEKOBa KOjU ce Jajy
KOl JETpecHuje Cy: aMUTPUNTUINH (aMu3on), ¢uyokceTuH ((GIyHHpPUH),
cepTpaiuH (30710(T) U MAPOKCETHH (CEpPOKCar).

VY cnyuajeBrMa TpOBamba aHTHICTIPECUBUMA HACTA]y XUIIEPITUPEKCH]a,
XHUIIEpPTEH3Hja, CpYaHa apuTMHja, a Op30 ce pa3BHja U KIMHUYKA CIIMKA TEIIKe
eHuedanonaruje Kojy KapakTepuily o30uibHU mopemehaju crama cBecTH
y BHIy cTynopa U Kome. HOBM aHTHAENpecHBHM HMMajy LIMPU TEPanujcKu
MHJIEKC, aJIi TIPH TPOBAKY YE€CTO JJOBOJIE 10 CMMJICITUYHUX Haraja.

EED' mpu tepanujckuMm no3amMa Oelexd Jako AUQPY3HO YCHOpEHE
OCHOBHE AaKTHBHOCTH, JOK Kox wuHTokcukamuje EEIT mokasyje kpymHe
MIPOMEHE THIIA AeTa JUCPYHKIH]e.

Ben3zonnazennau

benzonuazenuuu (aHKCHOMUTHILIM) Cy JIEKOBU KOJU C€ KOpPHUCTE
KOJI Pa3MUYUTUX MCII0JbaBaa MCUXUYKE HAMETOCTH, O Y3HEMUPEHOCTH,
HECaHMIle, Ma 0 MAHWYHUX CTama NpaheHuX COMATCKUM CHUMITOMHMMA
Kao IITO Cy 3HOjeme, Taxukapauja, 0o y rpyauma U ocehaj ryumema.
Haj3nauajuuju npeacTaBHUIM OBE IpyIie JIEKOBa Cy: nuazenam (OeHcenuH),
Opomaszenam (JIEKCUIIMjyM), JIopa3enam U ajrpas3onaM (KCaHaKC).

Kox nHTOKCHKAIMje OBUM JIEKOBUMA BEJIMKU 3Ha4aj MOpeJl MOYETHUX
KIMHUYKUX CUIIMTOMa eHle(antonarije Kao MTO Cy MOCIaHOCT, KOH(]Y3HO
cTame U nopemehena koopauHanuja nokpera uma u EEI" peructpoBame.

VY TepanujckuM jgo3aMa OCH30AMA3EIMHH W3a3uBajy Tudy3HO Op3y
aKTHBHOCT Koja mpekpuBa uutaB EEI, 1ok mpekoMepHe 103€ OBUX JIEKOBa
10javyaBajy CHOpY aKTHBHOCT (TeTa M JeiTa Tula) Koja je OuiarepaiHo
cuMeTpuyHa. YecTo ce jaBjba reHepaTu30BaHa JIeNTa aKTUBHOCT, @ MOTY Ce
PETUCTPOBATH U MAPOKCHU3MHU Ha 3apaBHEHOM IpTexy (burst-supression) y3
HaloOMEHy Jia OBaj oOpasall KoJl MHTOKCHKaluje OeH30aua3enuHuMa Hema
yBeK (paTanHy MPOrHO3y Kao KOJ| aHOKCUYHHX CTamba.
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AHTHENTHJICNITHIIN

Enmernicuja je XpoOHUYHO HEYPOJIOIIKO 000JbEHE KOj€ CE& KapaKTepHIIe
CIIOHTAHUM TOHABJBALEM CMWICNTUYHUX Hamana. Pasznukyjy ce mauonarcke
enuiencuje (HaclmenHa NOPEAMCIIO3UIMja WIM TeHCKa MyTaluja) |
CUMIITOMAaTcKe emnuierncuje (CTpykTypHo omrehewe mosra win yTBpheHa
MOXIaHa AUCc(yHKIMja), a HallaAu ce Jiene Ha (OKaHe U TeHEepaM30BaHe.
ImaBHM mpencTaBHUIM OBE Tpylie JieKoBa Cy: JieBeThpaueram (Kerpa,
3aHU7Ia), BAJIMPOAT HATPHjyM (eTrin), Tomupamar (Tornamakc), kapdamasenvH
(kapOanuH, TErpeToI), JAMOTPUTHUH (JIAMUKTA).

Knunnuky cnuky nepeOpanHe nucyHKIMje KOJ HHTOKCUKAIU)e
AHTHETHJIENTUIIIMA KapaKTepully OpOjHH CHMITOMH Kao IITO Cy CHUKEH
KOTHUTHBHU TIOTEHIIM]jaJl, N1€30pHjEeHTaIM]a, MOCIAHOCT, aTakChja, Kao M
nopemehaju crama cBecTd o KOH(Y3HOT cTama cBe 10 Kome. Tpeba umaru
y BHIy Ja Harna oOycraBa aHTuenwientuyHux JiekoBa (AEJI) mpoBorupa
enwIenTu(opMHa IPAKIHEHA.

Beoma je BaxxHo paznukoBaru yTtuiaj AEJI Ha OCHOBHE pUTMHYHE
EEI' akTuBHOCTH O HUXOBHUX OCOOMHa Ja Cy30Hjajy enuiaenTudopMHE
npomene. Tako Ha puMep, JIEKOBU KOJH Cy TIOKa3aiH 3HayajHy e(hUKacHOCT
KOJI TeHEpalu30BaHUX Hamajaa, MoceOHO arcaHca, Kao MITO Cy Bajlpoaru
¥ JJAMOTPWUTHH, Y BpeMe KaJa 3aycTaBe Hamajae MpPEeKuaajy u CKOpO CBe
MapoKcHu3Me OWIarepasHO0 CHUMETPUYHHMX [IMJbaK-TallaC KOMILIEKCA, 0K
MOTIYHO CYIPOTHO, KO/ JieueHkha KapOama3elnmuHOM jeé MHOTO TPUMETHH]E
kKo ox EEI” moGospiama.

EEI" nana3 u npu tepanujckum no3ama AEJI moxe ykazaTtu Ha 3HaKe
robanHe nepedpaine MUCPyHKIMje JaKier cTeneHa. Tako kapOaMazenuH
Beh y TeparujcKuM J03aMa H3a31Ba JIaKo yCIIOPEeHhe OCHOBHE ali(ha aKTHBHOCTH
u noBehaBa ocetsbuBoCT Ha XB, MOK ce KOJ MHTOKCUKAIIUje OCJIeKH TojaBa
mrQy3HUX CIIOpUX Tasaca Hajuerrhe Tera orncera. bapourtyparu y Tepanujckum
J03aMa u3a3uBajy AuQy3HO Op3y akTUBHOCT (KakBa ce Buba u Koj ynorpede
OeH30Ma3enHa), IOK TOKCUYHE J103€ 110jauyaBajy Wid aKTUBUpPaAjy AUQYy3HE
IIMJbKE WIM OIITPE Tajace JIOMHHAHTHO W3HAJ (POHTATHHX pPETHOHA.
Banmpoaru y TepanujckuM j03amMa HE MEHajy 3Ha4ajHO OCHOBHY MOXKIAHY
AKTUBHOCT, JIOK C€ KOJ XPOHHYHE YIOTpeOe W HMHTOKCHKAIM]EC jaBJbajy
nudy3Ha TeTa/nenTa ycrnopema (cimka 19).
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Cnuka 19. 1. C. 23 ron. EEI' Hanas kox Banmpoarse eHuedazonaryje: reHepagin3oBaHo
TeTa/leNITa yCIopeme.
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OnujaTu, NCHXOCTUMYJIAHCH U XaJIYIIHHOTeHH

TokoM WHTOKCHKaIlMje CyICTaHIlaMa Koje U3a3uBajy OOJecTH
3aBHCHOCTU: omHjaTH (MOp(GUH, XEPOHWH, META/OH), ICHXOCTHMYJIaHCH
(amperamun, kokaumH) W XaidyuuHoreHu (mapuxyana, JICI]) pasBuja ce
KJIMHWYKA CIIMKA TellKe eHIledamonaruje koja ce Mmanudecryje nopemehajuma
CTama CBECTH CBE JI0 KOME U TCITKUM KOTHUTHBHUM Jeduiintom. KmHI4IKO]
CIMIM TOKCHYHE eHuedanonaTuje OOMYHO MNpPeTXoje OpOjHH CHUMIITOMHU
U 3HALlM Kao WTO cy: abpomMuHaiHE Konuke npaheHe moBpahamem, mMuosa
(xepoun) win Muzapujasza (KokauH, aMmderamun), eydopuja, Joropeja,
AQHKCHO3HOCT, TaxWKapAWja WTA. AHTUAOTH KO TpPOBama ONHjaTUMa Cy
HAJIOKCOH ¥ HAJITPEKCOH.

EEI' kon 3moymorpe0e ONMMOMIHUX aHAITeTHKa (ornujara) Oenexu
JIAKO YCIOPECHE OCHOBHE AaKTUBHOCTU (ycrmopeHa aiia akTHBHOCT Ce
NPUBPEMEHO HOpMalM3yje MpH HACTaHKY TOJEpaHluje), JOK Ce TOKOM
31moynoTpede MCUXOCTUMYIIaHCa U XallyIIMHOTeHa MmoBehaBa 0eTa aKTHBHOCT.
Kon mHTOKCHKAIMje OBUM CyIICTaHIIaMa PETUCTPYje ce TUPY3HO YCIIOPeHE
aKTUBHOCTH (T€Ta WJIM JIeNITa OICera) IITO yKasyje Ha eHuedaionatujy
TEIIKOT CTETIeHA.

JIuteparypa

» American Board of Clinical Neurophysiology www.abcn.org

* American Board of Electroencephalographic and Evoked Potentials.
Tehnologists (ABRET). www.abret.org

» American Clinical Neurophysiology Society www.acns.com/guidelines.

* Anderer P, Saletu B, Kinsperger B, Semlitsch H.Topographic brain mapping of
EEG in psychofarmacology. Part 1. Methodological aspects. Meth. Find Exptl Clin
Pharmacol 1987.

* Bauer G,Bauer R. EEG,drug effects and central nervous system poi- soning.
In: Neidermeyer E. Lopes da Silva FH, eds. Abnormal EEG pat- terns. In:
Electroencephalography: Basic Principles, Clinical Applica- tions and Related
Fields. Baltimore: Lppincott Williams& Wilkins, 2005.

» Kazi¢.T. Klinicka farmakologija, treé¢e izdanje. Uvod u toksikologiju (20.
poglavlje). Integra 2003.

* Mac Gillivray BB. The EEG in systemic disorders: The Encephalopa- thies. In
Binnie CD, Cooper R, Maugiere F, Osselton JW, Prior PF, Ted- man BM (eds).
Clinical Neurophysiology vol. 2. Amsterdam: Elsevier, 2003.

« Martinovi¢ Z. Klini¢ka elektroencefalografija: Toksi¢ne encefalopatije

(13. poglavlje). Nau¢na KMD, Beograd 2009.

« Martinovi¢ Z. Elektrencefalografska prou¢avanja supstanci koje deluju na
centralni nervni sistem. Cigoja §tampa, Beograd 1996.

96 Heypoduanonowkn acnekt HecneunduyHe LepebpanHe gucoyrkumje UBan Muxames

[Tormassee 7
EEI' 1 HEypOTOKCHYHH areHCH



EEI' ¥ HeypOTOKCHYHH areHCH

Heyporokcuunu areHcH (HeypOTOKCHHHU ) IPEACTABIbA]Y BEIUKY IPYITy
HITETHUX CYTNICTaHIIM KOje MOT'Y JOBECTH /10 IPoJIa3He MOXk1aHe AUC(hyHKIMje
wu TpajHor omrehema HepBHOr cuctema. Crenen EEIT mpomena mokasyje
BHCOKY KOpeJalujy ca pa3BOjeM KIMHUYKE CIIMKE YCJIE[ WHTOKCHKAIIHje
onpeheHnM HEypPOTOKCHHOM.

Metaau

TpoBawa MeTanmuMa cy OOMYHO 3aJecHa WM TpodecruoHaIHa
300r FHHUXOBE BEIUKE MPHUMEHE Y MHOTMM HWHIYCTPHJCKHM IPOIECHMA.
VY eneMeHTapHOM OOJHMKY TEIIKM MeTald HHCY TOKCHYHM, alu Kaja ce
YHOCE Y OOJUKY COJNH KOj€ JUCOIUPAj]y Y BUCOKOM CTEIICHY, HACTAIU jOHH
TEMIKMX MeTalla MO0CTajy HOCHOIM TOKCHYHOCTH. OHM ce 3aTUM ca BEJIUKHM
aUHHUTETOM Be3yjy 3a CH3UMCKE CHCTEME, IITO HapyIiaBa (GyHKIH]y eH3uMa
U KOEH3UMa KOjU yuecTByjy y MeTabonusmy henuje. Hajsehu Tokcukonomku
3Ha4aj UMajy: )KUBA, OJIOBO U apceH. Koj TpoBama TEIKUM MEeTaTiMa HajBUIIIS
cy omTeheHu racTpOMHTECTHHAJIHU TPakT (KOJMKe, Hay3eja, moBpahame,
Jvjapeja ca KpBaBUM CTojuIlaMa), Oyopesu (HeppHuTHC, ONUrypHja, aHypHja)
u IIHC (maBo6oJska, atakcuja, XadylUuHalK]je, eleM Manuie, enuIenTuIHN
Hamagu W eHnedanonaruja). [loceOHO Cy yecTa XpOHHWYHA TPOBaMA
OJIOBOM KOTa MMa Y YOBEKOBOj OKOJIMHHM: y Ba3AyXy, XpaHU U BOAM. 3HALU U
CHUMIITOMH TPOBama C€ jaBJbajy CIOPO M MPBEHCTBEHO omTehyjy dhyHKIHje
HEepaBa, XeMarornoesy W penpoAykTuBHe opraHe. Ennedanomnaruja xon
TpoBama 0oBoM (encephalopathia saturnina) ce y moderky Manudecryje
KOH(Y3HUM CTamkEM y3 3HauajaH KOTHUTUBHU JAeUIINT (M3paxkeH mopemehaj
namhema U Maxmbe), a 3aTHM KOHBYJI3Mjama, €IeMOM MO3Ta U MOBHIICHUM
MHTpaKpaHUjaJIHUM MpuTucKoM. OBa eHIedanonaTija je MOTEHIH]aTHO
¢daranHa M 3axTeBa XWUTHO yBoheme aHTHHOTa y Tepanujy. Kox TpoBama
TEMIKMM MeTaJMMa 3a JICYCHhe Ce KOPUCTH Tpyla aHTHIOTa: KaJllHjyM-
muHatpujym EJITA.

EET noka3yje au¢ys3Ho ycropeme akTUBHOCTH, a 4YECTO ce Oenexu U
MapoKCH3MalHa JIeJiTa aKkTUBHOCT. EnmentudopmMue nmpomMeHe cy noceGHo
YecTe yClie TPOBama KajaajeM.

YribeH MOHOKCH/I

VYribeH MOHOKCH]T j€ U3pa3uTo TOKCHYAH rac KOju HacTaje y mporecy
HETIOTIYHE OKCHJIAIMje OpraHckux Matepuja. Kom TpoBama 1oma3u 10
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XHUIOKCH]je 300T peakiidje YIJbeH MOHOKCH/IA Ca XeMOITIOOMHOM, TIPU YeMy
HacTaje KapOokcuxeMorioOowH. CHUMNOTOMH TpoBama Cy Cpa3MEpHH ca
MOpPacTOM KOHIIEHTpalHje KapOOKCHXEMOIIIOOMHA y KpPBH, y PAaCIOHY Of
10 o 80 %. ITopen rmaBo6osbe, MyuHHHE, OBpahama U BPTOIVIABHILIE, KOJ
TpPOBama YIJbeH MOHOKCH/IOM jaBJba Ce U eHIle(aionarrja Kojy MPBEHCTBEHO
KapaKTepHuIle nopeMehaj CBECTH O] CTama KOH(Y3HOCTH (JIaKO TPOBamE) Ma
CBE 10 KOME U nenpecme nucama (Temko TpoBame). CrenuduyHr aHTHIOT
j€ KHCEOHUK KOjH JIeNTyje Ka0 KOMIIETUTUBHU aHTarOHHUCT.

EEI" oOu4HO KapakTepullle KOHTUHyUpaHa criopa tera (pehe nenra)
AKTUBHOCT HUCKE aMILUTUTYJIE, a KO TeXEer TPOBamba Haja3 je 4ecTO CIHYaH
OHOM KOJI ICXEMHUYHE XUTIOKCH]j€ 300T CpYaHOT 3aCT0ja, KaJia ce Oesiexe rpyre
CIIOpUX Tajlaca Ha 3apaBHEHOM LIPTEKY.

MeTniaJIKkoxoJa

TpoBame METHIIAJIKOXO0JIOM HacTaje Kaja JbyIu MHjy aJKOXOJIHa Mmuha
KOja caJip’ke METaHOJ] 300T HEMPAaBUIHOI MOCTYNKAa MPOU3BOIHE. AKYTHO
TPOBaE€ METUJIAJIKOXOJIOM JIaje MoIuMopdHe Terode Kao mTo cy: raBo0oJba
npaheHa mnoBpahameMm, a0IOMUHAIHE KOJIMKE, CIENHIO, BPTOIIABUIIA,
eNWJIENTUYHU Hamajad, JOK KIMHUYKY CIHKY Hacraje eHuedanonaruje
MIPBEHCTBEHO KapakTepHuile nopemehaj ceectu cBe 10 kome. TerxxnHa TpoBama
Cpa3MepHa je CTeleHy alujo3e, Ma ce pagu HBEeHOr Cy30ujama NpuMemyje
cneun(puyHa Tepamuja koja moapasymena naBame 500 ml 5 % pactBopa
HaTpHUjyM XUApOreHKapOoHara.

Toxom EEI" perucrtpoBama y Hanazy JOMHMHHMpPA T'€HEpaau3uBaHa
JienTa akTUBHOCT (yKa3yje Ha eHle(anonaryjy TeIKor cTerneHa) koja 0osbe
KOpEeJUIIe ca CTEIIEHOM CHCTEMCKE alli03€ HEro ca HUBOMMAa METaHoja y
KPBU U JUKBOPY.

ETniaankoxon

TexxnHa KIMHUYKE CIUKE KOJ TPOBama €THIAKOXOJIOM 3aBHUCH O]l
BumIe (pakTopa Kao LITO Cy: KOJMYMHA YHETOI ajKOXO0Ja M BpeMe 3a Koje
je yHeTa, KOHLIEHTpalfja ajaKoxona y nuhy, Op3uHa mopacta u MOCTUTHYTa
BHCHHA KOHIIEHTpallKje ajKoxosa y KpBu. Kox akyTHOT TpoBama jaBibajy ce
3HAIM aJIKOXOJIHE eHuedanonaryje y Buay nopemehaja ceectu o KOHPY3HO-
JIETUPAaHTHOT CTamba I1a CBE J10 KOME, a MOJKE CE Pa3BUTH U TeIlIKa Jerpechja
mucama. Hema crienmuyHOr aHTHI0TA KOJ TPOBamba aJKOXOJIOM, Al KOJ
TEIlIKe JAEXUIPUPAHOCTH U TNoBpahama OonecHHKa, 100ap edexar umajy
nHQYy3Uje TEYHOCTH (IIIyK03a U €JIEKTPOIUTH).

Kox akytnor nujanctBa, criopa EEI' akTUBHOCT je y HO3UTHBHO]
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KOpenanuju ca KOJMYMHOM YHeTor ankoxoia, nok EEI y XpoHuunoM
CTaiujyMy OeNexxu cMmameme aiada pUTMOBa M IMOPACT CHOPOTAIACHUX
aKTMBHOCTH. TOKOM aJKOXOJIHE AarlCTUHEHIMje, eMWJIENTHYKU Ipar ce
CHMKaBa, Tako Aa ce y EEI" Hanasy peructpyjy enunentudopmHe npoMeHe
y BUly OniarepaiHux IIuJbak-Tajgac Komruiekca. Ko cybakyTHe ajaKoXoiHe
eHuedanonaruje Kojy KIMHUYKA KapKTEpHIIYy >KAPUIIHU ENUICITHYHU
Haraj Iy 1 mposia3Hu koptukaiaau nopemehaju, EEI” Oenexu renepainzoBane
CIIOpE U JIOKAJIHE IPOMEHE Y3 LINJBKE.

Bepnukeosa (Wernick) enyeganonainiuja

Kapn Bepuuke (Carl Wernick) je 1881. ronune npBu onucao akyTHU
CHUHJPOM KOJU YKJbydyje: KOH(Y3HOCT, O(TaIMOIUIETH]y U aTaKCH]y XOAa.
Hajuemthe crame koje y3pokyje OBy eHIedalonaTHjy je ajakoxXon3aM ca
IYroTpajHO MajMM YHOcoM TuamuHa (ButamuHa bl). [lpyra crama koja
Cy IIOBE3aHa ca OBUM O0OJbEHEM CY: CHCTEMCKH MAUTHUTETH, XUPYPILIKU
3aXBaTU Ha TAaCTPOMHTECTUHAIHOM TPAKTy, aHOPEKCHja, Ka0 M CHHIPOM
cTeueHe uMyHonedpunujeHje. Takohe je BakHO HANOMEHYTH Ja ce
KJIMHUYKa ciiuka BepHukeoBe eHuedanonaruje Moxe akyTHO M3a3BaTh KOJ
0c00a y pU3HKY, YKOJIHMKO C€ IMOJIBPTHY NPETEPaHOM YHOCY YIJbEHHX XHUIpara
(KO MHTPAaBEHCKUX I/IH(I)y3I/Ija pacTBopa IIIyKo3e).

Knuanuku tpujac KQ]I/I ,ZLC(I)I/IHI/II_HC OBy eHIe(aNonaTujy YuHe:

1. Kongy3snoct (ca nezopujeHtannjom, nopemehajeM naxme, anarujom),
pebhe crynop u koma

2. OkynapHu 3Hau (o TaaIMoIIeryuja, HUCTarmyc)

3. TpyHkayiHa atakcuja (X0 Ha IIMPOKOj OCHOBH, YECTO y3 aTaKCHjy
€KCTPEMUTETA)

Ha BepnukeoBy eHnedanonarujy ce Moxe HajioBe3atu KopcakoBibeBa
(Korsakoff) mcuxosa, kama je mpBeHCTBeHO mopeMeheHo mamhewme U TO
y JAUCHPONOpPLHMJU ca JPYyrMM KOTHUTHUBHUM (yHKUIHjama. BepHukeosa
enuedanonaruja u KopcakoBibeBa cMxo3a HUCY ABE pa3iuyure 6onectu, Beh
NPECTaBbajy pa3IMuUTe CTaujyMe UCTOT Ipolieca Mo Ha3uBoM BepHuke-
KopcaxoBsseB cunpom. IIpaBoBpeMeHO npeno3HaBambe OBOT CUHAPOMA j€ OJ1
U3y3€THE BaXXKHOCTH, jep YKOJHMKO Ce He Ipero3Ha Ha BpeMe Harpenayje 10
cMpTHOT ucxofa. [Ipornosa je noOpa ykonuko ce y akyTHOj ¢a3zu Gonectu
(BepuukeoBa enuedanonaruja) napeHtepasHo Aajy Behe 1n03e BUTamMHMHA
b1 (50-100 mg nHEBHO) Y3 YPaBHOTEKEHY UCXPaHy, 0K Y XPOHUYHO] (hazu
6onecty, kaga ce jaBu KopcakoBspeBa ncuxo3a yak 10-20 % OonecHuka uma
JIOUTY TPOTHO3Y Ca JETaJTHUM HUCXOI0M.

EEI" xapakrepumie audys3Ha crnopoTajacHa aKTMBHOCT Koja MpaTu
nporpecujy Bepuukeose eHuedanonaruje (ciuka 20).
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Cmuxa 20. T II. 67 ron.; EEI' manas xom BepnukeoBe eHuedanomaruje:
reHepaJin30BaHa COPOTajacHa aKTHBHOCT TETa/AeiTa THIIa.
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Oprancku pacTBapaun

Vnucame OpPraHCKMX pacTBapaya paszIMYUTOr XEMH)CKOI cacTaBa
n3azuBa onpehenu crenen 3aBucHocTu. Ty mpe cBera crajajy HcrapJbuBe
CYIICTaHLIE KOj€ Cy CacTOjLIM Pa3HUX POU3BO/IA KOJU CE KOPUCTE Y UHAYCTPUJU
u noMahuHCTBY: OCH3UH, pa3pehuBaun WM Jenak. XpoHUYHA 37I0ynoTpeda
OpPraHCKMX pacTBapaya Hajuemthe y modeTky u3asuBa ocehame eydopuje
WIN THjaHCTBA, a yOp30 ce pa3BHja KIMHUYKA CIHMKa eHIedasionaThje Kojy
KapakTepHlle H3pakeHa KOH(PY3HOCT ca Je30pHjeHTalujoM U Moryhum
xamyuuHanujama. IlocToju M commjaimHa 3710ynoTpeda OBUX CYICTaHIU
Kao IITO je ynucame (ayBame) Jenka, koje y LIHC-y nenyjy ciamuyHO Kao
MHXAJTallMOHN aHECTETHIIH.

EEI" Oenexxu KOHTHHYHPAHO AU(PY3HO YCHOpEHE EIeKTpUUHe
aKTMBHOCTH, OOMYHO TeTa (pehe menra) omcera, a MOTY ce PErHCTPOBAaTH U
MIPOJIA3HU MAPOKCU3MH CIIOPUX Tajlaca Ha HUCKOHAITIOHCKOM I[PTEXY.

HHecTnnuan

[MecTruuam cy ceneKkTUBHA XeMHjCKa CPE/ICTBA, KOja ce IpeMa CBOjOj
HaMEHH JIeJie Ha: CPe/ICTBa 3a Cy30Hujame MHCeKaTa (MHCeKTULIUAN), TIIoaapa
(ponmentuan), ribuBuLA (QyHrHUMIAM) M KopoBa (xepObuuman). Ilpema
XEMH]jCKOj CTPYKTYpH Hajuelrhe rpyre NecTULUAA KOje Ce JaHaC MPUMEY]yY
cy opranoochopHa jeubenha U XJIOPUHUCAHN YTJbOBOJOHUIIH.

OpranodocdopHa jeaumema HTHXUOUPaA]y XOJIMHECTEpa3y U JI0BOAE
no nosehama HHUBoa anerwixonuHa. EEI mokasyje audysHo ycrnopeme u
MapOKCU3MAaJIHY aKTHBHOCT, JIOK j€ KOJ KOMAaTO3HHX OOJIECHHMKA OIMCaHa
pUTMHUYHA O€Ta aKTUBHOCT.

XIOpUHUCAHU YTJHOBOIOHUIIM MOTY J1a ipoy3pokyjy EEI" mpomene y
BUY (POHTAIHOT YCIOPEHha I OUTEMITOPATHUX OIITPHX Tajaca.

JIuteparypa

» American Clinical Neurophysiology Society www.acns.com/guidelines.

* Anderer P, Saletu B, Kinsperger B, Semlitsch H.Topographic brain mapping of
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* Bauer G, Bauer R. EEG,drug effects and central nervous system poisoning.
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Fields. Baltimore: Lppincott Williams & Wilkins, 2005.
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[Tornassbe 8
EEI kox kpannounepeOpajHuX moBpena



EEI xox kpanuonepeOpajHux nospena

CMmarpa ce Ja je y MHOTUM cilyd4ajeBUMa O30MJbHHUX IOBpena
maBe, EEI" ceH3uTHBHMja AMjarHOCTHUYKA METO/A Off CKEHEpa M MarHeTHe
pe3onanne enmokpanujyma (EEIT je wecto m mpBa MeTojga kKoja ykasyje
Ha XUBOTHO yTpokaBajyhy moBpefy Kao IMITO je CyOaypadHH XeMaToM).
Cyncko-MeIUMIIMHCKY 3Haua] ToBpena maBe je Benuk, a EEIT cHumame
ce TpaXu MOCEOHO Yy OHHUM CiIy4yajeBMMa KaJa C€ IOCTaBJhba IUTAHE
TpajHor omrehema Mo3ra. Takohe m Bemuku Opoj Moryhux KOMILIHKAIMja
(xumokcuja, ucxemuja, MeTabonuuku mopemehaju, cernca) Koje ce jaBibajy
nociie nowpeze rase, n3asusajy oapehene EEI npomene. Taga ce najuenthe
peructpyje ennedanonariucku Tun EEI’ mpomena: nudys3Ha criopa akTUBHOCT,
Tpu(a3UuHU CHOPH TaJlaCH WIM MAPOKCU3MHU Ha 3apaBHEHOM LpTexy. On
TpeHyTKa JoBolema O0JIeCHUKA ca TPayMOM IVIaBe y 3/[paBCTBEHY YCTaHOBY,
nopen crnpoBohema Mepa peaHuMalyje W CcTaOuau3aiuje, HEOIXOIHO je
MPUKYTIUTU TOAATKE O OKOJIHOCTUMA IMOBpPEJe U MHCUCTUPATH Ha cienehum
nH(popMalyjama:

1) Tpajame ryOuTKa CBECTH KOj€ KOpenHpa ca TEXKUHOM JU(PYy3HOT
omrehewa Mo3ra.

2) Tpajame nmocTTpaymMarcke aMHe3uje (M TO IPBEHCTBEHO aHTEPOTpaHe),
napameTap Koju Takole Kopennpa ca TeXHHOM MOXKAaHOT omTehema.

3) Y3pok 1 oKosHOCTH noBpeie (00JIECHUK je MOXK/1a Ipe TpayMe UMao
KOJIaIlC WJIM HEKM JPYTH akyTHU nopemehaj, TUMA enuiiencuje).

4) IIpucyctBo rmaBoOosbe 1 moBpahame (kana nep3ucTUpajy, Tpeda
MOCYMI>ATH Ha MOCTOjabe MHTPAKPAHUjATHUX XEMaToMa).

Tpaymarcka moBpena Mosra, Ouia Onara Wad TElIKa, MOBE3aHa je
YeCTO ca KOTHUTUBHUM IpolieMumMa, nocebHo ca nopemehajuma namhema,
MaXXkhe M KOHIEHTpaluje, Tj. yKa3yje Ha CHI)KEH KOTHUTUBHU MOTEHLHUjal,
mro y3 nopemehaj cBeCTH TpeacTaBjba MPBH 3HAK IUQY3HOT omrehema
MOXKIaHe QyHKIIH]e.

Horpec mo3ra

ITorpec mozra (commotio cerebri) mpeacTaB/ba KpaHUOLepeOpaiHy
noBpeny koja je mpahena mopemehajem cBectu (kpaheM of miect caTu)
W ayTOHOMHOM JHCOHYHKIIMJOM KOjy Kapakrepuine QuIyKTyarija KpPBHOT
npuTucka, mopemehaj 3Hojema W xumnepnupekcuja. OmopaBak MoXe Aa
HACTYIIU jako Op30, Beh yHyTap HEKOJIMKO CEeKyHAH WM MUHYTa (pehe caTh)
ca PeTporpagHOM M aHTEPOTPATHOM aMHE3UjOM 3a jorahaj.
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EET" kon moTpeca Mo3ra kapakTepHiie 0aro 10 yMepeHo YCIOpemne
OCHOBHE aKTUUBHOCT U TOjaBa Au(]y3HE crope aKTUBHOCTH MPETEKHO TETa
tuna (ciuka 21). ['eHepanu3oBaHM CHOPH Talacu MOTY CE€ PErucTpoBaTu
HezleJbaMa WM YaK MecelnMa mociie 6jare KpanuouepeOpaine moBpese Kao
1ITO je morpec Mo3ra. JKapuiiHe nmpoMeHe ce cMaTpajy 3HAaKOM Harmbeuema
MO3ra.

Komoyuonu naiiagu

[IpencraBibajy KOHBY/I3Wje KOje C€ jaBJbajy TOCIE yaapla y IJaBy
KOjH JOBOAM 10 TmoTpeca mosra. I[IpBo ce jaBiba TOHWYHA YKOYEHOCT
TeNa, 3aTUM KJIOHWU3MH, YECTO aCHMETPUYHH y Tpajamy a0 150 cexkyHmw.
Komormonu Hamamu ce cmarpajy HEeNmUJIENTHYHUM (PEeHOMEHOM (Kao
KOHBYJI3MBHA CUHKOIIA), TPOTHO3a Hamaja je 100pa u Hema norpede yBOoAUTH
anTuenuiaentuyHy tepanujy. Tokom EEI' cHumama ce He perucrpyjy
enuientudopman rpadoenementd, Beh ce y HajBehem Opojy ciydajeBa
0eJIe’KH JTaKo YCIOpPEeHhe OCHOBHE aKTUBHOCTH.

Xponuuna wipaymaiicka enyeghanouaiuja

XpoHHYHa Tpaymarcka eHiedanomnaridja je Ccropo MpOTpEeCHBHA
HeypozereHepaTBHa 00JIECT, KOja ce MPBEHCTBEHO jaBJba KO CIIOPTHCTA KOJU
Cy MMaJIi [TIOHaBJbaHE MOTpece MO3ra U Hajuelhe je onucuBaHa KoJ Ookcepa
u parbucra. bonect ce manudecryje mupaMUAHOM, EKCTPAMUPAMHUIHOM U
nepebeiapHoM CUMITTOMATOJIOTH]OM Y3 KaCHH]y MojaBy AeMmennuje (dementia
pugilistica). AHaMHECTHYKH TIOJAIld O YECTUM IOBpeamMa TiiaBe (CIIOPTCKE
MOBpe/ie), YMameHa KOTHUTHMBHA (yHKIMja, TPBEHCTBEHO Mamhema u
ennedanonarcku EEI' Hama3, mnpezacraBbajy OCHOBY 3a IOCTaBJbambe
JIjarHo3€ XpOHUYHE TpayMaTcke eHledanonaryje.

VY EET'-y ce y HajBehem Opojy ciydajeBa peructpyje audysHa cropa
aKTHUBHOCT TeTa, pehe nenra ¢pekBeHuuje. BakHo je HarmacuTu na ce
3HauajHO CMambEHh-e aMIUTUTY/IE U criopa Teta akTuBHOCT y EEI-y, peructpyjy
kon Ookcepa Beh y mepuwomy on 15-30 MuHyTa mocne meda, JAOK je TeTa
AKTUBHOCT MHOTO OOWJIHH]ja KOJI OHUX OOKCepa KOjHu Cy MPETPIETH HOKayT.
Crenen ennedanonarckux EEI mpomena ce moBehaBao u xoa 60kcepa koju
cy umanu Behu Opoj MedeBa y KpaTKOM BPEMEHKOM HHTEpBaTy. 3HA4ajHO
noBehame cropux Tajaca, Hajuemhe TeTa TUIa OMKUCAHO j& U KOJ| paroucra
Ha kpajy kapujepe (Tysvaer et al, 1989), anu u kox yoKeja, Kao Mmociaeaunna
najioBa rnpaheHnx moHaB/LaHUM TIOBpEIamMa IJ1aBe.
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Cmuxka 21. P. K. 28 roa. EEI" Hana3 ko notpeca mosra. CHuMame je paleno mocie 20
MHHYTa OJ] HaCTaJe KpaHuolepeOpaiHe MOBpe/ie: yCnopeme anda purMa u rnojaBa
nudy3He crope akTHBHOCTH JIOMUHAHTHO TETa THIIA.
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Harmeueme Mo3ra

Harmeueme wmo3ra (contusio cerebri) moapasymeBa (HOKaIHO
omreheme mapeHxuMa Mosra Koje je mpaheHo MapeHXUMCKUM KPBapeHEeM.
Knunnuka cnuka eHmedanonarvje Koj Harmbeuema Mo3ra MaHHQecTyje
ce mopemehajem crtama cBecTH (Hajuemrhu CTENEH NPOMEHE CBECTH
mocjie KOHTY3Hje MO3ra je COMHOJEHTHOCT), CHMXEHUM KOTHUTHBHHUM
MOTEHIIN]aJIOM, a Y€CTO U apeICKCHjOM ca TyOMTKOM TOHYCA.

Tpeba HarmacuTu Ja Yak W HOpPMaJlaH HEYPOJOIIKH Haja3 KOI
KOHTY3Mje Mo3ra Moxe Jia Oyne yapyxeH ca kpynauMm EEI mpomenama. ¥V
EET-y ce oOnuyHO Oenekw reHepan30BaHO YCIOPEHE CBUX (PPEKBEHIIH]a
(mobannHa nepedpanHa IUCPYHKIH]a), MAPOKCU3MAIHA JIeJITa aKTUBHOCT, a
YeCTO C€ PErucTpyje U enmienTu(opMHa aKTUBHOCT.

CyOnypaJjiHu XeMaTom

CybOnypamau  XxeMaTtoM je 030uJbHA, JKMBOTHO YrpokaBajyha
KpaHHoIepedpaiHa MOBpea, Koja Mopa3yMeBa HaKyTJbambe KPBH Y IPOCTOPY
u3Mel)y apaxHousieje u TBpie MOXKIaHUIE (ype).

Knunnuky ciivky KapakTepuily: raBo0osba, KOH(Y3HOCT U Onaxku
KOTHUTUBHU Jeuuut (mMpBEeHCTBEHO mopeMeha] mnaxme) U ciadoct
eKCTpEeMHTEeTa jelHe cTpaHe Tena. Mopa ce HalmoOMEeHYTH Ja C€ KIMHUYKU
CUMIOTOMH U 3HAIU KOJI XPOHUYHOT CyOAypaJIHOT XeMaroMma HCIO0JbaBajy
TEK TOCJIe TPU HEAEJbe O TOBPEIE, T€ C€ HAa OCHOBY KIMHHYKE CIIHKE, a
yclie[l HeZIoCTaTKa aHAMHECTHYKHX TOJaTaka O MOBPEIH INIaBe YeCTO MOXKE
MOCyME-aTH Ha IIepeOpoBaCKyJapHU HMHCYIAT WM JACMEHIIU]Y KOI CTapHje
ToIyJIaIyje.

EET je maronomku xkoxa 90 % GonecHuka ca cyOaypaHUM XeMaTOMOM,
Kajna ce y HajseheM Opojy ciydajeBa perucTpyje yHHIATEPATHO CHUKCHE
OCHOBHE aKTUBHOCTH Ha CTPaHM XE€MaToMa-Cylpecuja HOPMATHUX PUTMOBA
(cmuka 22). ITlopen cympecuje OCHOBHE AKTUBHOCTH KOJ CyOmypaiHOT
XeMaroMa ce€ MOTY PETHCTPOBaTH W JPYTH IATOJOIIKH OOpacIy TOMYT
WHTEPMUTEHTHE puTMUuHe aenta aktuBHoctu (MP/IA) uiu ce Beoma peTko
Oenexxu nceyaonepuoinyHa JaTepain3oBaHa enuienTu(opMHa aKTUBHOCT.
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Cnuka 22. K. M. 47 ron. Cy6aypanuu xemaroM necHo. EEI yka3syje Ha cynpecujy
OCHOBHE aKTOBHOCTH M3HAJ JAECCHE MOXKAaHEe XeMucdepe.
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EEI kox MHTpaKkpaHWjaJHUX HEOIJIa3MU



EEI" xox HHTpaKpaHHMjaJHUX HEONJIa3MH

Tymopu Moszra (MHTpakpaHUjalHE HEOIUIa3Me) pacTy y IMpOCTOpy
OrpaHUYEHUM KOIITaHUM CTpYyKTypama Jjobame. Taj mpoctop ucnymaBajy:
TKHMBO MO3Ta U MOXKJJAHULIA, KPB U KPBHU CYJIOBU U JTUKBOp. CBaKkH O Ta TpU
nenanpema Monpo-KenujeBom 3akony (Monro-Kellie) moxe ce naswe mupurtu
camMo Ha ymTpO Apyra JBa, ra Kaja ce€ jaBH TyMOpPCKa MHTpaKpaHUjalHa
eKCIIaH3M]ja, BEeH PacT Ce OJUrpaBa Ha pauyH HEKOT' O]l TPU HaBeJeHa Jela
MHTpaKpaHujaIHoTr mpocTopa. [lopesa 3HakoBa MOBUIIIEHOT HHTPaKPaHUjaJIHOT
nputucka (m1aBobosba, MoBpahame, e€IeM Manuie ONTHYKOr HepBa)
Koi OoJIeCHMKa ca TyMOPOM MO3ra 4ecTo Ce pa3BHja KIMHHUYKA CIIMKa
eHuedanonaruje (CHUKEH KOTHUTUBHU MTOTEHIIN]jall, KOH(Y3HOCT U (hOKaIHU
HEYPOJIOIIKY UCHa/N), @ MOTY C€ JaBUTH U €MUJICNITUYHHU Haraju, 300T yera
je ymora EEI' nujarHocTHke y HEypOOHKOJIOTHJU M JaHAC BEOMa 3HayajHa
(Fischer-Williams, Dicke, 2005). Tpe6a narnacutu na naronomku EEI” moxe
OUTH NpBM Haja3 KOjU yKa3yje Ha TyMOp Mo3ra, anu u ga Hopmanan EET
HaJa3 He UCKJbYUyje HHTpakpaHujaiaHy Heoriasmy. Hajuemrhe EEI” mpomene
KOj€ Ce PEerucTpyjy KoJ TyMOpa Mo3ra cy: HelmpaBWIHA MOIUMOp¢Ha JenTa
aktuBHOCT (I1/IA), uHTepMHUTEeHTHA puTMUYHA fenta akTuBHOCT (MPIA),
nudy3Ha WU JIOKaJTN30BaHA TeTa aKTUBHOCT U eNUJIenTU(OPMHE MTPOMEHE
(WMJbIM, OWITPH Tajlacu WM MpaXmbema Inibak-Tanac). lloBuiieHu
UHTpAaKpaHWjaJHU MPUTUCAK, alld M yApPYXKEeHH nopemehaju CBeCTH U
apyrux (yHKIMja (3HAM MOCIEIUYHO HacTaje eHuedanonaruje) I0Boje
710 yCIIOpemha OCHOBHE aKTUBHOCTU U JI0 I0jaBe T'€HEpaIM30BaHUX CHOPHX
tanaca, a TakBe EEI" mpomeHne Mory omeraru JaTepajiuzaliijy Heolia3zme.
EET" xom MajurHuxX HWHTpanepeOpalHuX HEOIIa3MHU II0Kaszyje 3HavyajHe
npomene (tuna I1JIA), maoro vemnthe u Opske HEro Kox ekcrpanepeOpaTHIX
tymopa. Takohe, EEI" uma Benuku 3Ha4aj U y HaamIedamy paguoTepaniuje
(3pauHe Tepanuje) U XxeMoTepanuje, kaga ce 300r TOKCHYHOCTH Kao Hajuenthu
TUN poMeHa 6enesxe augys3Ho ycnopewe u DUP/IA.

I'muomu mo3ra
Imuomu cy Hajyerthu mpuMapHU TYMOPH MO3Ta M YHHE TMOJIOBUHY CBHX
CUMITOMATCKUX MHTPaKpaHujaTHuX Heortazmu. [lotudy on rujannux henuja

WINA BUXOBUX MPEKYPCOPCKUX MaTUYHUX henuja v yKIby4yjy: aCTpOLUTOME,
OJIMTOJIEHAPONIINOME U ENEHAUMOME. ACTPOLIUTOMHU CY MOAEJbEHU Y YETUPHU
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CTeleHa, IPU YeMy MOJIOLMTHU aCTPOLMTOM (TIPBU CTENEH) UMa OJUITUYHY
MIPOTHO3Y, 10K je HajMAJIUTHUjU Ca BeoMa JIOLIOM MPOTHO30M INIHO0IacTOM
MyaTudopme (4ETBpTU CTereH). MeaynodnacToMu Cy Hajuemhu MaaurHU
TYMOpPH JIETHI-CTBA, @ Pa3BHjajy C€ Y 3aHb0] J00AmCKO] jaMH.

KnuHnuky ciaMKy TJiMoMa KapakTepully 3HAlM IOBHIIEHOT
MHTpPAKpaHUJaJHOI TPUTHCKA: TNIaBoOOJba Koja OonecHHMka Oyau U3 CHa
u noBpahame Koje oOW4yHO HHUje npaheHo MyuHuHOM. IIpucyTHHM cy u
OpojHM KOTHUTHBHM nopemehaju Koju yKasyjy Ha pa3BOj KIMHUYKE CIIUKE
eHuedanonaruje, kaga ykyhaHu M OKoJMHA y moueTky npumehyjy na je
OosiecHuK 3a00paBaH, pacejaH U MOBPEMEHO JE€30pPHUjEHTHCAH, a Y KaCHUjeM
CTalMjyMy C€ y3 3HaKe H3pakeHe KOTHUTHBHE TUCOHYHKILHjE jaBibajy M
(oKaTHU HEYPOJIOIIKH UCTIaH (JEIHOCTPAHU MOTOPHU U CEH30PHU UCTIAIH).
Kako ce xon mroma Beh y modeTky Mory jaBUTH €MUWICITHYHH Harau, Tpeda
HaIJIaCUTH Jla TpBa I10jaBa EMWJIENTHMYHHX Haraga y CpPelheM >KUBOTHOM
100y (a 1a ce HMje pauiio O MPETXOAHO) TpayMU MO3ra, MOXJIAHOM yaapy,
3710yTIOTPOU aJTKOX0J1a ¥ TICUXOAKTUBHUX CYIICTAHLIM), YBEK MPeJICTaBIba 3HAK
yI030pema KOje 3aXTeBa J1aJbe UCITUTHBAE.

Koz rmuoma ce Tokom EEI peructpoBama onucyjy 3Ha4ajHe IpOMEHe
y 3aBucHocTu of jokanuzanuje: OUPHA (cnmuxa 23) OUPHA, 1A, mok
ce Haju3pakeHUje YCIOpeHme M JIe30praHu3allija aKTUBHOCTH Oenexe y
MOCIEebeM cTaujyMy Koa rmobnactoma myntugopme (Daly, 1950; Hess,
1961).

MennnreomMmu

To cy cnopopactyhu Tymopu koju uyuHe 1/5 CBHX NpUMapHHUX
UHTpaKpaHUjaTHUX TyMopa. [loTudy o MEHMHI€aTHUX OIHU U MOTY UMaTH
pa3nu4YUTe MHTPaKpaHHUjaJIHe JIOKAIU]e, KAo M JIOKAIHje y KHIMEHO] MOXKINHH.
Benuku 6poj MEHUHreoma je aCUMIITOMATCKU U CIIy4ajHO C€ OTKPHUBA TOKOM
EET" cHumama, a MHOro uemnthe HeypopaJHOJOLIKUM MeToJama. YKOJIUKO
OO0JIECHUK HCIIOJbM 3HAKE TeKe KOTHUTHBHE auchyHkuuje u nopemehaja
CBECTH WJIM Tero0e TUIa XeMuIapese, a TOKOM HeypOopaJHoIomKor npahema
Ce yOuH pacT TyMopa, HOTPeOHO je Mpey3eTH XUPYPIIKO JIeUeHhe 00JIeCHUKA.

EET" mpomeHe ce y MOYETKy MOTY CMarpaTH oOpa3oM Iu(y3HOT
nopemehaja moxnane pynkuuje. Jlokanuzosane EEI npomene, MeHHHreoMu
MIPOY3POKYjY TEK Y OZAMAKIIOM CTaI1jyMy.
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Cmuka 23. K. 1. 55 rox. Tymop dponransor pexma (muom). Y EED nanasy nomunupa
OnnarepanHa (ppoHTATHA HHTEPMUTEHTHA PUTMHAYHA JienTa akTuBHOCT (DUPJIA).
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Mertacrarckun tymopu [IHC-a

CuMritoMr ¥ 3HAIM WHTpPaKpaHUjaHOr mopemehaja y3pokoBaHOT
MeTacTa3amMa MOTY C€ HWCIOJbUTH M TpEe HEro ITo ce Halje CHUCTeMCKH
MaJIMTHUTET, a KIMHUYKEe MaHU(deCcTaIi]je HajBUIIIE 3aBUCE OJ1 JIOKAJTU3aIlH]je
METaCcTaTCKOT TyMOpa.

Hajuemrhe ce Mmetactarcku TymopH (mopea rmaBo0osbe) MaHUDECTY]y
KIMHUYKOM CJIHMKOM eHuedasnomnaruje: KOH(QY3HO CTame, KOTHUTHBHU
nopemehaju n QokanHu uiaM MyITH(OKAIHU HEYPOJIOIIKH Hcmaau. Mcxon
OBHX TyMOpa HajBHIIE 3aBHCH O] MIOCTHTHYTE KOHTPOJE HAJ MPUMapHUM
MaJIMTHUM TYMOpPOM. Mory ce ieunTH Xupypiiku (y3 KaCHU]Y paldOTepariujy)
YKOJIMKO TIOCTOje JI0 JBa MHTPAKpaHWjaJHa METACTaTCKa JKapHIITa, aKo je
MO3HAT MPUMAPHHU TYMOP M aKO MaJIUTHA OOJIECT HHje JUCEMHUHOBAHA.

EET" nHana3 je Hajuemrhe y IeNUMHHM YCIIOPEH M YKa3dyje Ha 3HaKe
HecrenupuyHe 1epedpanne TucyHKIUje TEIIKOT CTeTeHa, WK ce Oenexu
enmIenTOPOPMHA AKTHBHOCT.
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EEI" xox kome M CPOXHHMX CTamba

Koma ce nedunuine kao HepeakTUBHO CTambe U3 KOjer ce MallijeHT He
MOX€ MPOOYANTH HUKAKBUM CTUMYITyCHMa. 3a KIMHUYKY MPOICHY TEXHHE
koMe kopucTH ce [1a3ros (Glasgow) ckana Kome, K0joM Ce Ol Y]je: OTBaApaAmhe
04Hjy, Haj0OoJbH BepOATHH U HAjOOJbU MOTOPHH OATOBOP, a CKajla MOXe UMaTu
Y MPOTHOCTHYKH 3HYA]. 30up 3 miu 4 (y yKynmHoM ckopy of 3-15) o3HauaBa
CTame U3 Kojer ce OOJEeCHUK BeoMa PETKO OMOpaBjba, OCUM Y CIy4yajeBUM
Kajia ce paJu O TPOBAbUMA.

VY nornyHoM ozicycTBy MoTopHe ¢yHkuuje, EEI je jenunu unaukarop
nepeOpajiHe PeakTHUBHOCTU KOJU Ofpa)kaBa PE3UIyalTHO AKTUBHO CTambe
mosra. [Ipornoctuuku 3nadajuun EEI' oOpacuu cy ciuyHuU, HE3aBUCHO OJ1
y3pOKa KOMaTO303HOT' CTama, T€ Cy IMOojequHH ayTopu mnpemiokmwim EED
npoleHy kome npema cienehum napamerpuma (Rumpl, 2005; Synec 1991):
Crenen 1.

JlomuHanTaH anda puram, y3 oapelheHy Tera akTUBHOCT U IPUCYTHY
PEaKTHBHOCT.

Crenen 2.

JloMuHaHTHA TeTa aKTUBHOCT, PETKO anda UiIu JTOMHUHAHTHA JeNTa
aKTHBHOCT, IPUCYTHA PEaKTUBHOCT.

Crenen 3.

KonTuHyupaHna ienta akTHBHOCT MJTH M30€JIEKTPUYHU Ieproau Kpahu o
jemHe cexyHze, ciaba WM OICyTHA PEaKTUBHOCT.

Crenen 4.

W3oenexTpuyHy NEPUOIH TyXKH OJ1 jelHe ceKyH e (TpyIe Tanaca Ha
3apBH-EHOM LIPTEXKY), JIeNITa AKTUBHOCT HUCKE aMIUIUTY/IE, HEPEAKTUBHOCT.
Crernen 5.

N3oenextpuunu EEI-enexTponepedpanna HHAKTUBHOCT.

EED" obpaciu, ogHOCHO CcTerneHu 4 W 5 10 MpaBWIy HUMajy JIONIY
MPOTHO3Y, Ma Tako oOpa3zal] CylpecHuja-MpaxmbEemhe, rpyne CHopuX Tanaca
Ha 3apaBIEHOM IIPTEXKY, WIM M30ENEKTPUYHHU 3alKC - eleKTpolepedpanHa
MHAKTUBHOCT TOTOBO YBEK yKasyjy Ha (araman ucxon. Obpasan cynpecuje
npaxkmema (burst-supression) cacToju ce 0l HHTEPMUTCHTHUX TMPaXKHbEHa
BHCOKOBOJITUPAHE CIIOPE aKTUBHOCTH Ca MOTIYHOM aTe€HyalldjoM OCHOBHE
aKTUBHOCTH M3Mehy mpakmberma (cruka 24).
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Crnuka 24. O6pasan cynpecHja-Ipaxmbemhe, Halla3 je perucTpoBaH KOJ MyIIKapla
(77 ron.) xoju je maH Mpe CHUMarmba UMao cpuaHu 3actoj (cardiac arrest).

Nzoenextpuunu EEI" (enexTporiepeOpaiHa WHAKTUBHOCT) YKasyje
Ha ozacyctBo EEI" aktuBHOCTH M3Han 2 uV (ciuka 25) MOXKe 1a mep3ucTupa
HajMame jelaH car Mocie OmopaBKa OJl CPUaHor 3acToja, na ce cMarpa na EED
PETUCTPOBaKkE y MPOrHOCTHYKE CBpXE Tpeba ypaauTu TeK mocie 5-6 car.
Takole He cMe ce 3aHeMapuTH YMEH-CHHIIA J]a TIpoJla3Ha eJIeKTpoIepedpaina
WHAKTUBHOCT MOXeE /Ia C€ jaBU KOJ| CTama Koja W3a3uBajy camo MPUBPEMEHU
miobanman rybutak Moxknaane ¢ynknuje. Ty cnamajy: WHTOKCHKAIHje
OapOuTypaTtuMa, XUIOTepMHUja, U3PAKEHA apTEPHjCKa XHUIIOTCH3H]ja, Kao H
TEIIKU METa0OIMYKU U eHJOKpuHHM nopemehaju. CBa Ta cTama ce Mopajy
WCKJbYUYHUTH TPE MOCTABIbAA JINjarHO3€ MOXKIAHE CMPTH.

Mo:kaana cMpT

MoxHa cMpT Hoipa3yMeBa MPecTaHak paja CBUX peruoHa Mosra (1
xemucdepa 1 MOKJIaHOT cTabna), a KIMHUYKE KapaaTKepPUCTHKE Cy: TyOoka
KOMa, yralieHu peQeKkcu MoX/IaHor cTabia, arHeja.

EEI" ce 01aBHO KOPUCTH Y IMjarHOCTHLIM MOYKIAHE CMPTH, a [IO3UTHBAH
Hama3 ce JeuHHIIE Kao eJeKTpouepeOpanHa WHAKTUBHOCT ("eJIeKTpuYHa
tummHa"). TakaB Hana3 ykasyje Ha oacyctBo EEI" aktuBHOCTH M3Hag 2 pV
(ACNS, 2006) u ucksbyuyje cinenehe EEI" oOpacuie:

1. cMewHuBamwe Ipyna Tajgaca U aKTHBHOCTH HUCKE aMILIUTYIE

2. HUCKOAMIUTUTYAHH, HepeakTuBHU U cniopu EET

3. perucTpoBame Koje Mokasyje eaeKTporepeopalHy HHaKTUBHOCT CaMO
W3HAJ M0jeMHHX TO/IpyYja NOTTIaBHHE

4. peaxtuBan EEI" Hucke amruuryze
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Cnuka 25. Enexrponepedpalina MHAKTUBHOCT KOJI MyInkapua (61 roz.) Koju je uMao
cpuanu 3actoj (cardiac arrest) qBa nana npe EEI" cHumama.

BereraruBHo crame

BereraruBHo crame je neduHHCAHO BereraTuBHUM (PyHKIIMjaMa
Kao IITO Cy CIIOHTAHO AMCame, CTadWiIaH KPBHU NPUTHCAK, J00ap OamaHc
TEYHOCTH M YeCTO J00pOo peryimcaHoMm TemneparypoM. KimHudku ce
pa3iuKyje o KOME OTBapameM Ourjy U IpyruM Manudecramujama OyTHOCTH.
Kon myxer mpexuBjbaBamka MOTY Jia CE jaBe MOKPETH CHCamba, KBaKamba,
ryTama U 3eBama.

EEl' Hamasm perucTpoBaHU TOCIE AHOKCUYHOT HWHCYNITA KOjH je
JI0BEO JI0 MEPMaHEHTHOT omTehema Mo3ra ykasyjy Ha TEUIKO KOPTHKAITHO
omrehewme. OOMYHO Ccy 3HauajHO areHympanu (<20 pV), 6e3 Bapwujanmje,
CTIOPH Cy WJI YaK U30CJICKTPUYHHU.

AJa koma
EET" obpa3arl koju ofpakaBa peTKy I0jaBy aCOIMPAHOCTH KIIMHUYIKE

KOMe M aKTHBHOCTH anda ¢pekBeHie HazuBa ce anda xoma. EEI xon anga
KOME TI0Ka3yje MOTIYHO HEPEaKTHBHY, T'€HEpajIM30BaHy aKTHUBHOCT aida
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(¢pekBeHLMje KOoja HEeMa IOCTEPUOPHH, ajk MOXe Ja MMa (HPOHTAIHU
MakcuMyM (ciuka 26). Yecto ce oBakaB oOpasarl Oenexu Mmocie cpyaHor U
pecnupaTopHOr 3acToja WIM IpoxayxkeHe xumornukemuje. Ilocie mHcynTa,
anda koma ce oOMYHO ofp»KaBa MET JaHa, Kaja je 3aMmemyjy apyre EED
npomeHe. [Ipornosa 3a moTmyHu onopasak, Kao 1 3a MPEKUBJHABAE j€ BEOMa
jomia, moceOHO y ciay4ajeBUMa aHOKcH4He eHuedanonaruje. Obpasar anda
KOME C€ MOKEe PETUCTPOBATH U KOJI MUHTOKCUKAIIH]€ CeJaTUBUMAa, KaJa CaJipskKu
ACHUHXPOHY M OMCHHXPOHY JAenTa akTMBHOCT. OBle ce Mopa HarjlaCUTH Jia
CHHJIpOM OMX€jBUOpaJIHE HEPEAKTUBHOCTH 1 BepOaIHe HEKOMYHHKATUBHOCTH
(enrn. locked in sy) Tpeba paznukoBatu of anda kome. Kox oBor cunapoma
KOjY YIJIaBHOM HacTaje Koj MH(apKTa Win Jpyrux je3uja 6a3e noHca HacTajy
KBaJpUIUIETHja U apain3a JObUX KpaHHjaTHUX HEPaBa, TAKO /1a BEPTUKAIHU
OYHH MOKPETHU U TPENTame NPeICTaBsbajy jeMuHN HauuH KomyHuKanuje. EET
Kozl OOJIECHMKAa ca OBHUM CHHIPOMOM MOKE IOKa3aTH MOCTEPHUOpHY aida
aKTUBHOCT y3 ouyBaHy EEI" peakTuBHOCT.

Pt F3 ettt oAt AN AR s N
F3= C 3 v e sn A WA A AN Al A
€ 3 P, A~ A I VA A A A A A AN 3
P~ Of AV AMA ISt A AR A AR AA s AP
Fpa-Fa awmfisaymmmnbonsvevfrme sy s VAR i
Fa G v WIAAMAS A AV rar At M WA AN AN
C = P it AR et AN A AT

P 02 s A A AN AN AAANSARAAA AW A Ao
50 WV
1sec
Cruka 26. Anda xoma (Mymikapait, 44 ro1., KOju je IMao CpuaHH 3acTOj TPH JaHa Ipe
canMamsa). EEL 6enexu koHTHHYUpaHy audy3Hy aktuBHOCT (hpekBenuuje ox 10 Hz,
KOja je MAaKCUMAaJIHO M3paskeHa U3HaJ (PPOHTAIHUX PErHOHA, HEMa PEaKTUBHOCTH Ha
adepeHTHe cTUMYITyCe.
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On anda xome ce Mopa pas3IUKOBaTH CHHIPOM OHXejBHOpATHE
HEpEeaKTUBHOCTU U BepOaiHe HeKOMYHHUKAaTUBHOCTH (eHri. locked-in sy) Kon
OBOI' CHHJIpOMa KOjM YIVIaBHOM HacTaje KoA MH(]apKTa WK Jpyrux lesuja
0a3e roHca HacTajy KBaJIpUILIErHja 1 Mmapaiusa JombHUX KpaHUjalTHUX HEpaBa,
TaKO J1a BEPTUKAJIHU OYHHU ITOKPETU U TPENTambe MPEICTaBIbajy jeIUHN HAYMH
komyHukanuje. EEI" kox GonecHuka ca OBUM CHHAPOMOM MOXE€ TOKa3aTu
NOCTEPHOPHY ajia akTUBHOCT y3 ouyBaHy EEI" peakTuBHOCT.
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Ivan Mihaljev

Neurophysiological Aspect of
Non-specific Cerebral Dysfunction



Preface

A need to write this book firstly emerged of an idea that
electroencephalography (EEG) represents one of the most used methods
of clinical neurophysiology and a method of choice for assessment of the
degree of functional brain disorder, and, on the other side, professional
literature in Serbian language is lacking, except capital works of our excellent
neurophysiologists such as "Clinical Electroencephalography" from 2009 by
Dr Marko Martinovic, and "Epilepsy of Temporal Lobes" by Dr Nikola M.
Vojvodic from 2014.

Although the main usage of EEG is for diagnosis of epilepsy and
epileptic syndrome, constant progress of clinical electroencephalography
has expanded the area of research as well as indications for EEG diagnostic
usage. In 1937 German neuropsychiatrist Hans Berger first described slow
brain activity caused by hypoglycemic crisis of psychiatric (schizophrenic)
patients treated with insulin, which is considered beginning of EEG study of
metabolic disorder. Importance of EEG diagnostics has been growing in years
to come, especially when slow three-phase waves were first discovered with
patients with insufficiency of the liver and hepatic coma (Foley et al, 1950;
Bickford, But, 1955), as well as the registered signs of non-specific cerebral
dysfunction with chronic kidney insufficiency patients (Mac Gillivray, 1976).
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Today, EEG is considered irreplaceable, and often the only diagnostic
method for detecting encephalopathy (diffuse brain damage) caused by
metabolic, inflammatory, endocrine or toxic disorders. Also, EEG represents
the method of choice for diagnostics of primary headaches, which cannot
be attributed to any other disorder, also for transient ischemic attack (TIA),
craniocerebral injuries, such as brain coma, dementia, drug intoxication and
substances that lead to addiction. In all of the listed disorders and illnesses,
the etiologically non-specific EEG changes are being recorded and in this
book are presented through a large number of reports which originate from
the personal archive of the author.

First of all, with this book I want to point out to the great importance
of EEG diagnostics that can provide data that cannot be obtained by other
diagnostic methods, having priceless value both in diagnostics and in the
differential diagnostics of various diseases.

I owe a great gratitude to the team of my associates: editor Zoran B.
Rajic, Dragan Todorovic (book preparation), academic painter Marija Bojovic,
the author of the book covers, Sasa Romanic and dr Sanja Stojadinovic for
translating the book in English. I thank the reviewers both for valuable advices
and for useful suggestions and remarks that I have adopted and incorporated
into the text of this publication. I also want to thank all the donors who made
this monograph become available to readers.
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Introduction

EEG represents a global reflection of the electrical activity of the
brain registered by electrodes placed along the scalp. Different EEG signals
are generated by time and space summation of the electric currents arising
from postsynaptic potentials, and the summarization of changes in electrical
potentials in the cortex arise in large pyramidal cortex cells that regulate
EEG activity. The original signals generated in the pyramidal cortex cells
change significantly by the time they arrive to the scalp, primarily due to the
following factors:

a) different electrical conductivity characteristics of tissues such as meninges,
cerebrospinal fluid, skull and scalp located between the electrical source of
the signal and the electrodes that register them along the scalp.

b) the orientation of the electric generator toward the active electrodes along
the scalp.

c¢) conductive properties of the active electrodes and the interface between the
scalp and electrode (the size of the electrodes, the properties of the materials
the electrodes are made of, and the resistance to the electric current made by
the contact of the electrodes and the scalp).

In addition to the significant role of cortex in the EEG genesis,
influences from the subcortical regions, especially from the thalamic structures
and reticular formation, play an important role.

The hypothesis of thalamus leading of rhythmic EEG activity
is based on the fact that thalamo-cortical interaction is very important for
the formation of EEG rhythm, and the cells of the thalamic core (nucleus
thalami reticularis) play the major role (Steriadeet al, 1990). Neurons of this
nucleus release gamma-aminobutyric acid (GABA), leading to depolarization
of the dorsal thalamus and upper part of the brainstem neurons. Stimulation
of thalamo-cortical neurons of thalamus causes rhythmic excitation of the
cortex.

The influence of the reticular brainstem formation on the genesis
of EEG activity was first explained by Moruzzi and Mogoun (1949) who
demonstrated on the experimental model (a sleeping cat) that direct arousal
of reticular neurons by an ascending reticular activating system (ARAS)
provoked vigilant behavior and the interruption of the rhythmic activity which
was replaced by the rapid low amplitude activity. This phenomenon is known
as EEG desynchronization, and it represents a response to the activation
of the cholinergic neurons of the basal prozencephalon and brainstem and
catecholaminergic nuclei (nc. raphe, locus ceruleus) and upper projections of
these structures.
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Pathological EEG changes

Pathological EEG changes may be specific and non-specific.
Specific EEG changes include the epileptiform elements - the spike and sharp
wave:

A) spike - fast change 20-70 ms in duration

B) sharp wave - multiphase potential 70-200 ms in duration
Epileptiform changes can be ictal (registered at the time of the attack) or
interictal (registered at long intervals between the attacks), and according to
topographic layout they can be localized-focal and generalized (Table 1).

Spikes
Sharp waves
Focal EEG Polyspikes
patterns Spike wave complex

Sharp slow wave complex
Photoparoxysmal reaction

Spike wave complexes 3 HZ (typical absences)

Spike wave complexes of other frequencies (absence
seizures, GCT attacks as part of secondary bilateral
synchrony - fronto-polar epilepsy)

Sharp slow wave complexes (GCT attack, atypical
absence seizures)

Polyspikes and polyspike and wave complexes
(Myoclonic seizures)

Hipsarrhythmia (West Sy)

Generalized EEG
patterns

Table 1. Epileptiform/specific EEG patterns

Etiologically non-specific EEG changes include abnormal slow
activities, which, according to duration, can be divided into intermittent and
continuous, according to localization to localized slow waves, generalized
asynchronous and bilaterally synchronous slow waves (Table 2).
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Basic EEG patterns Examples of illnesses

Cerebrovascular accidents
Tumors

Migraine

Transient ischemic attacks
Abscesses

Postictal state

Localized slow waves

Diffuse degenerative disease
Cerebrovascular disease
Syncope

Coma

Generalized asynchronous slow waves

Encephalopathy
Bilateral synchronous slow waves Presenile dementia
Tumors

Table 2. Basic EEG patterns with pathological slow waves / non-specific EEG
patterns

Epileptiform changes differ from non-epileptiform changes of
similar form based on the following criteria (Figure 1 on page 20):
1) Symmetry versus the asymmetry of the wave form: in epileptiform sharp
waves, the first ascending phase is rising rapidly, and in the neepileptiformal
ascending and descending phase have the same inclination.
2) Epileptiform spikes or sharp waves are often followed by subsequent
slow waves of the same or opposite polarity. This phenomenon does not
exist in non epileptiformal changes.
3) Epileptiform spikes or sharp waves are two-phase or three-phase, which
is easily detectable based on the different amplitude and different duration
of these phases in regard to basic activity.
4) Epileptiform spikes or sharp waves last longer or shorter than waves that
make surrounding basic activity.
5) An increased amount of slow waves in drains that epileptiform patterns
are placed.

Figure 1. A graph presenting a clear difference between epileptiform and non
epileptiform changes (B). (Martinovic, 2009).
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Mechanism of origin of non-specific EEG changes
Localized slow waves

They appear above one or several neighboring electrodes, and often
are irregular in shape and arrhythmic. If they have a form of focus, the waves
are slower and more irregular in the central part, than on the periphery of the
focus. Continuous regional deceleration is a pathologic slow activity, and the
greatest diagnostic significance has focal polymorphic delta activity (FPDA).
Structural focal lesion is more likely the cause, if the slow delta activity is
continuously present and invariable in terms of amplitude, waveform and
duration. In acute lesions, slow waves are most pronounced at the time of the
lesion then they decrease, but they are present for weeks and even months.

The mechanism of the occurrence of localized slow waves implies
reduced perfusion, and the occurrence of such waves most often is indicator
of migraine, transient ischemic attack or cerebral infarction. Localized
slow waves can also occur as a result of transient local dysfunctions, such
as transient ischemic attacks, posticital depression, migraine attacks or
smaller craniocerebral injury, and can be present in EEG for several hours
or days. Slow waves above one hemisphere can be accompanied by similar
contralateral slow waves, and this phenomenon may occur due to:

1. contralateral compression, edema and ischemia caused by tumors or acute
brain infarction,

2. transition of impulses from slow waves through the commissural fibers to
the corresponding areas of the second hemisphere, where they produce slow
waves,

3. voluminous conduction of the electric field of the slow-wave focus through
tissues between the cortex and the scalp above the opposite hemisphere. Slow
waves above the opposite hemisphere are synchronous copies of slow waves
in the main focal point, but smaller in amplitudes.

Generalized asynchronous slow waves
Generalized asynchronous slow waves (GASW) are characterized

by changeable frequency and their shape is often irregular. They can have
a regional maximum above certain areas where they occur more often and
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larger amplitudes. They are most often caused by diffuse brain disorders of
different etiology: metabolic and toxic encephalopathies, various types of
dementia, Parkinson’s disease, hydrocephalus, craniocerebral injuries, CNS
infections and psychiatric disorders.

Mechanism that induces GASW is the disruption of the function of
both hemispheres, often involving the subcortical white matter.

Bilateral synchronous slow wave

The pathological (abnormal) slow activity seen in the majority of
encephalopathies is characterized by etiologically non-specific EEG changes
that can be divided to intermittent and continuous by duration. Unlike cerebral
tumors and cerebrovascular accidents (CVA), where primarily localized slow
waves are recorded, the encephalopathy finding is most often characterized
by the appearance of bilateral slow waves (BSW) as described in the majority
of metabolic, inflammatory, endocrine and toxic disorders. They occur
as generalized or above several bilateral electrodes, intermittently with a
variable bilateral maximum. They are reduced when the eyes are opened, and
amplified by hyperventilation. They are often united with GASW from which
they are difficult to distinguish. GAST is primarily registered in hypoxic/
anoxic encephalopathy, coma, and syncope.

The mechanism of creation of BSW implies a pathological
interaction between the cortex and the structures of the rostral brainstem and
thalamus that are diffusely projected to the cortex. The involvement of the
diffuse projection system allows the generation of slow waves with a high
degree of interhemispheric synchronization.
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EEG in cerebrovascular diseases

Cerebrovascular diseases (CVD) include a wide range of disorders
with basic damage to the blood vessels of the brain, and their symptoms can
develop rapidly or gradually. An acute focal neurological disorder that lasts
more than 60 minutes is called a stroke, and there is a difference between an
ischemic stroke (brain infarction) due to an occlusion of the blood vessel by
embolic agents or by the development of thrombosis and hemorrhagic stroke
caused by rupture of the blood vessel or vascular malformation.

Although the basic methods for diagnostics of CVD are computed
tomography and magnetic resonance imaging, the fact that EEG can be a
sensitive indicator of functional changes in the early stage of cerebral ischemia
is undisputed, and it is also considered as the method of choice in diagnostics
of transient ischemic attack (TIA), that represents a subtype of ischemic stroke.
TIA is defined as a short-term transient episode of neurological dysfunction,
with clinical symptoms lasting less than 60 minutes, it withdraws completely
and neuroradiological exploration does not show evidence of an acute brain
infarction.

EEG reports in CVD can be classified into 8 basic groups (Van
Huftelen, 2003):

1. There are no significant changes.

2. Changes of alpha rhythm in the form of slower frequencies, with a
decrease in amplitude and a decrease in reactivity. The asymmetry of the
alpha rhythm can be present for many years after CVD.

3. Unilateral slowing of the frequency with increased amplitude and reduced
reactivity. Amplitude is often increased in deep lesions, and decreased in
superficial lesions.

4. Local reduction in beta activity, especially in those cortical-related
lesions.

5. Theta activity in CVD does not provide relevant information.

6. The occurrence of delta activity is directly related to brain ischemia. It may
occur as an irregular delta activity, unilaterally, i.e. in the ischemic area, in
the first 1-2 months after CVD occurred or as a frontal intermittent rhythmic
delta activity (FIRDA).

7. Depression of all activities may occur locally and is considered as the
highest degree of change and it is a reflection of the local absence of cortical
function.

8. Epileptiform activity occurs in the form of periodic lateralized epileptiform
discharges, i.e. spikes which are rare in ischemic infarction (6 %) and sharp
waves that are much more frequent, especially above temporal regions.
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Transient ischemic attack (TIA)

TIA presents a warning of a serious damage to the cerebral
circulation and is considered a risk factor for the development of a stroke.
Causes are identical as in acute ischemic stroke, such as hypoperfusion,
embolization, and thrombosis. Neurological symptomatology (the symptoms
completely withdraw within 15-60 minutes) manifested in TIA is very diverse
and depends primarily on the localization of transient ischemia, i.e. the blood
vessel that is affected.

If anterior circulation (carotid basin) is affected, the clinical picture
of TIA is characterized by the following neurological outbreaks:

1. Transient loss of vision on one eye (amaurosis fugax)
2. Dysphasia

3. Hemiparesis of the opposite side of the body

4. Contralateral homonymous hemianopsia.

When the posterior circulation is affected (vertebrobasilar basin), the
clinical picture of TIA is manifested by the following neurological outbreaks:
1. Diplopia, vertigo
2. Dysarthria, dysphagia
3. Loss of vision on both eyes
4. Unilateral / bilateral or alternating paresis or loss of sensitivity
5. Loss of consciousness (rarely).

In patients with one of the TIA type neurological deficits, differential
diagnostics should exclude the following neurological disorders and states:
migraine, epilepsy, multiple sclerosis, hypoglycemia, and brain tumor. As
TIA is not a structural brain damage (neuroradiological exploration is always
negative), EEG is the method of choice in diagnosing TIA. The EEG changes
in TIA are usually discrete and transient, and are expressed in the form of a
local light to moderate reduction of normal cortical rhythms which are most
often replaced by the slow wave theta activity, rarely delta (Nagata et al,
1984) (Figure 2 on page 27).

Figure 2. V. K. Age 39. TIA. EEG finding 1 hour after the withdrawal of
dysphasia, vertigo and right arm weakness (lasting for 30 minutes): over the
left CPT regions the series of uneven slow and sharp waves of dominantly
theta type are frequently superposed. Note: Endocranium MRI described as
negative.

Cerebral infarction

The most pronounced EEG changes induced by brain infarction occur
in the first hours or days, even before they become visible on cranial scanner;
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they are detected in the form of a local reduction in normal cortical rhythms,
around which a massive slow wave anomalies are registered, sometimes with
sub-delta frequencies. EEG changes above the frontotemporal region of the
hemisphere affected by the infraction are the most noticeable (Figure 3 at
page 28).

Figure 3. D. N. 51 years. Cerebral infarction. EEG: above the frontotemporal
regions with clear right side accent, the occurrence of steep and slow waves
of elevated amplitude is recorded.

Around 75 % of all cerebral infarctions affect the territory of the
central cerebral artery (a.cerebrimediae), which is the largest branch of the
internal carotid artery. Signs of occlusion of the central cerebral artery are:

1. Hemiplegia/hemiparesis of the opposite half of the body (weakness is
more pronounced in the lower half of the face and arm compared to the leg-
faciobrachial hemiparesis),

2. Cortical loss of sensitivity of the opposite half of the body,

3. Aphasia (if the dominant hemisphere is affected, usually left),

4. Disregarding the extremities and space on the damaged side (if the non-
dominant hemisphere is affected, usually right),

5. Contralateral homonymous hemianopsia.

In case of occlusion of the central cerebral artery, major EEG
changes can be registered, like the ones seen in the ischemia of surface areas,
and EEG changes in the form of discrete asymmetry of basic activity, in deep
brain infarction. Early EEG (within 24 hours of stroke) in patients with severe
middle cerebral artery infarction, characterized by the absence of delta activity
and the presence of theta rhythm and rapid beta frequencies in the focal area,
indicate a benign course, while a diffuse generalized decreasing and slow
delta activity in the ischemic hemisphere indicate a malignant course of the
disease (Burghaus et al, 2007).

Ischemia in the area of the anterior (a.cerebri anterior) and the
posterior (a.cerebral posterior) cerebral artery is less common (5-10 % of all
cerebral infractions). Signs of anterior cerebral artery occlusion are:

1. Weakness of the opposite side of the body (the crural type of hemiparesis-
leg is more affected than the arm),

2. Cortical loss of leg sensitivity,

3. Incontinence.

EEG in the area of frontal cerebral artery is characterized by the
appearance of unilateral irregular delta activity above the anterior regions and
FIRDA.

Signs of the posterior brain artery occlusion:
1. Same side paralysis of the third cranial nerve,
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2. Hemiplegia / hemiparesis of the opposite side of the body,

3. Thalamic syndrome,

4. The occurrence of involuntary movements (chorea, ballism),

5. Homonymous hemianopsia with preserved macular vision,

6. Cortical blindness (the patient often neglects a deficit or confabulates in the
description of what he allegedly sees).

In posterior cerebral artery ischemia, EEG records an unilaterally altered
alpha rhythm accompanied by an irregular delta rhythm is recorded in the
same posterior region.

Cerebral edema

Cerebral edema (increase in total brain volume) is typical in massive
infraction, such as infraction in the basin of the central cerebral artery, and
develops after the second day of the illness. EEG can be of great importance
in the diagnostics of cerebral edema because the occurrence of EEG changes
is faster, so that they can emerge even before the finding of neuroradiological
exploration becomes positive. In the occurrence of cerebral edema and
the moving of central structures, the slow activity occurs even above the
contralateral hemisphere, often with the appearance of FIRDA.

Activation methods for CVD

Photic stimulation (IPS) and hyperventilation (HV) as activation
methods can be of great significance in the diagnostics of CVD, but also
can be contraindicated in patients with signs of cerebral ischemia. IPS can
show poorer unilateral following of photo stimulus on the side of ischemia,
while the paradoxically increased response to IPS in the delta range can be
found above the posterior temporal region of the ischemic hemisphere, in
patients with deep lesions. HV can provoke changes due to ischemia, so this
method, due to the risk involved, can be used exclusively in the presence of a
physician-neurophysiologist during the recording.

Literature

* Burghaus L. Dohmen C et al. Early electroencephalography in acute ischemic
stroke. Clin Neurol 2007.

* Engel S, Lechner H, Logar c et al. Clinical value of EEG in transient ischemic
attacks. In: Lechner H; Aranibar A eds. EEG and Clinical Neurophysiology.
Amsterdam : Excerpta Medica 1980.

* Margerison JH, Binnie CD, McCaul IR. Electroencephalographic signs employed in the

location of ruptured intracranial aneurysms. Electroencephalogr Clin Neurophysiol, 1990.

144 Heypoduanonowkn acnekt HecneunduyHe LepebpanHe gucoyrkumje UBan Muxames

Chapter 2
EEG in metabolic disorders



EEG in metabolic disorders

Cerebral functional disorder can be associated with various
illnesses or pathological conditions, such as hepatic and renal insufficiency,
electrolyte imbalance or glucose metabolism disorder, and the common term
for such disorders is metabolic encephalopathy. In addition to disorders of
consciousness and diminished cognitive potential (reduced ability of attention,
thinking and memory), clinical picture is often characterized by pronounced
focal or multifocal neurological disorders.

Themethodofchoiceinthediagnostics ofmetabolicencephalopathies
is EEG, characterized by non-specific EEG changes, in the form of diffuse
slow waves (global cerebral dysfunction). At the beginning, even before
level of consciousness gets altered, the frequency of the basic alpha rhythm
is slowed down, while the slow theta activity occurs sporadically. With the
progression of the disorder, theta activity is generalized and becomes less
reactive to external stimulants. In severe encephalopathy, EEG records a
low-voltage, continuous slow delta activity, and, in extreme cases of deep
coma, the appearance of electrocerebral inactivity (electrocerebral silence) is
detected. It is necessary to emphasize that EEG analysis can primarily provide
objective criteria for assessing the severity of these pathological processes as
well as (if the cause is known) prognostic information.

Hepatic encephalopathy

Hepatic encephalopathy occurs in patients with liver disease when
portal hypertension leads to excessive collateral portal circulation, and
consequently, brain intoxication, due to the fact that neurotoxic substances
(primarily ammonia) get directly into the systemic circulation. However,
although the pathogenesis of hepatic encephalopathy has been studied since
the end of the XIX century, the exact mechanism of origin has not yet been
defined. The diagnosis of hepatic encephalopathy is based on clinical picture
and biochemical analysis: elevated values of transaminases, ammonia, and
billirubine and reduced albumin and coagulation factor values, but also on
standard EEG recording, as a sovereign diagnostic method for suspecting
encephalopathy of any cause.

As hepatic encephalopathy is most often the result of liver cirrhosis,
criteria are determined (four stages) for grading mental state of patients
affected by this disorder:
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Stage 1

Mild confusion, euphoria/depression, weakened attention, slower solving of
cognitive tasks.

Stage 2

Sleepiness, lethargy, pronounced inability to solve cognitive tasks, occasional
disorientation (in time).

Stage 3

Somnolence, complete inability to perform cognitive tasks, more pronounced
disorientation (in time and space).

Stage 4

Coma (inability for mental state to be tested).

During the EEG recording of patients with hepatic encephalopathy,
the degree of changes show a high correlation with the clinical stages of
this disorder (Table 3). The first change that is registered during EEG is
the slowing down of the alpha rhythm (the dominant frequency of 7.5 Hz
can be considered pathological). During clinical decompensation, the
electrical activity of the brain is getting gradually slower, so the waves of
theta frequency is recorded over the posterior regions instead of the alpha
rhythm. Mostly slow three-phase waves occur between stages 2 and 3
(Figure 4 on page 35). The three phases refer to: initial low-voltage negative
wave, followed by prominent positive sharp wave and a considerably wide
negative wave with variable voltage. The EEG finding in the form of slow,
generalized, bilateral and symmetric three-phase waves is most commonly
seen in hepatic encephalopathy (Foley et al., 1950; Bickford, Butt, 1955),
and such waves show a positive correlation with levels of ammonia in blood
and liquor. Three-phase waves may (more rarely) occur in other metabolic
encephalopathies, especially in uremic encephalopathy, due to electrolyte
imbalance (hyponatremia, hypercalcemia), glucose metabolism disorders
(hypoglycemia), or traumatic encephalopathies due to craniocerebral injuries
(such as subdural hematoma). During EEG recording in coma patients, three
phase waves disappear and are replaced by generalized high—voltage delta
activity predominantly above the anterior regions.

Figure 4. M. V. Age 59. Hepatic encephalopathy (cirrhosis of the liver). In the

clinical picture severe cognitive deficit dominates. EEG finding: diffuse slow
activity and typical slow three-wave phases were recorded.
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Clinical symptoms Signs EEG
Mild sleepiness Discrete metabolic
Mild confusion tremor
. . Normal to
Mood disorder Dyscalculia .
I . . . mildly slower
(euphoria or depression) | Dysgraphia :
. . and irregular
Inversion of sleep Constructional aprax-
(sometimes) ia
Somnglence Slow rhythm,
Inversion of sleep
. o " o delta waves
Mild agitation Flapping" tremor
II . . . paroxysm
Disorientation Foetor hepaticus . .
mixed with
Responds to verbal
. . alpha waves
instructions
"Flapping" tremor
Hyperreflexia
Sopor .
Wakes up only at strong Convulsions
o Hypertonia Theta
stimuli Slower pupil reaction | rhythm
IIT | Speech disorder  pupt ythm,
. . Pyramidal signs three-phase
Strong confusion with .. ..
S . Babinski test positive | waves
disorientation
Delirium with agitation Grasp reflex
Suck reflex
Foetor hepaticus
Reflexes exist (lower)
Coma with low motor Abnprmgl flexion
. Pupils without re-
response to painful . .
o sponse (mild mydri-
stimuli asis)
IV | Coma without motor Delta waves
. Low muscle tonus
response to painful .
S Decerebration
stimuli .
Areflexia
Atonia
Maximal mydriasis

Table 3. Clinical symptoms, signs and EEG finding in hepatic encephalopathy
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Uremic encephalopathy

Uremic encephalopathy is the term for cerebral dysfunction united
with acute or chronic kidney insufficiency (when speed of glomerular filtration
rate falls below 10 % of normal). It is essential that while the urea concentration
remains below 300-400 mg/dL (16-22 mmol/L), it has no toxic effect, and
only in concentrations higher than this it can cause significant neurological
manifestations. The pathogenic significance of calcium and parathyroid
hormone metabolism disorder has been demonstrated in the experimental
model of uremic encephalopathy, but, also, neurotransmitter dysfunction may
also be significant in the pathogenesis of this disorder (according to autopsy
reports, reduction of GABA by 40 % and acetylcholinesterase by 25-30 %
was found).

Uremic encephalopathy is manifested by a whole spectrum of
neurological disorders, and the earliest manifestation of this disease is usually
the mental slowing down of patients. In addition to signs of cognitive deficit,
confusion and disorientation, the clinical picture of uremic encephalopathy at
the onset of the disease is often characterized by tremor, myoclonus (muscle
twitchings usually appear on the face and hands), fasciculation, while the
restless legs syndrome occurs in 40 % of patients. In the advanced stage of
the disorder, serious consciousness disorders such as stupor and coma may
occur, and epileptic seizures occur in one-third of patients. The therapy of
choice in uremic encephalopathy is usually hemodialysis, and sometimes
with peritoneal dialysis.

Similar to liver disease, in renal insufficiency changes in EEG better
reflect the degree of consciousness disorder than the degree of metabolic
disorder. Initially, the slow intermittent alpha rhythm occurs along with the
discharge of diffuse or bitemporal theta activity. Occasional discharge of
the rhythmic frontal delta activity (FIRDA) is followed by relatively normal
basic rhythms or a series of theta type slower actives, so this pattern is called
an alternating pattern (Figure 5 at page 38).

Figure 5. N. G. Age 37. Renal insufficiency (urea level >400 mg/dl). EEG
finding: pronounced diffuse theta activity and intermittent discharges of
rhythmic delta waves of slightly elevated amplitude.

In case of a severe degree of encephalopathy, a diffuse deceleration

and disorganization of the basic activity occurs. Reactivity to the sensory
stimulus may disappear, or pathological patterns of awakening with the
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discharge of diffuse, high-voltage slow waves (“paradoxical response to
awakening”) may appear. Hyperventilation (HV) can lead to the appearance
of persistent high-voltage slow waves, and intermittent photic stimulation
(IPS) can cause photomyocolonic or photoparoxysmal responses. As EEG
changes reflect the rate of changes in consciousness in uremia, as well as in
other metabolic encephalopathies, repeated EEG recording can contribute to
better monitoring of fluctuations in consciousness, as well as to provide more
precise prognosis.

Disorder of electrolyte imbalance
Disorder in sodium metabolism

Extreme changes in the sodium concentration in serum may occur
in a variety of situations, including:
a. excessive intake, retention or poor elimination of fluids (e.g. congestive
heart failure, inappropriate secretion of antidiuretic hormone (ADH),
anhidrosis, anuria)
b. excessive sodium loss (e.g. due to diuretics or sodium-losing
nephropathy)
c. excessive fluid loss, inadequate intake or substitution of fluid, and poor
salt intake

The blood-cerebral barrier prevents electrolyte exchange, but
allows free and rapid transit of water between blood, cerebrospinal fluid and
brain. Consequently, the change in concentration or serum osmolality has
a significant effect on the intercellular concentration of sodium and water
in the CNS. Low serum sodium or hypo-osmolality of body fluids (water
indoxication) leads to cellular hyperhidration and cerebral edema, which can
lead to cerebral herniation. High sodium serum concentration or extracellular
fluid hyper-osmolality leads to cell dehydration and brain shrinkage, which
can lead to parenchymal, subarachnoid or subdural hemorrhage. The change
in serum osmolality is most commonly referred to by the pathophysiological
mechanism, although the most important factor is the deviation of sodium
in serum beyond the normal range. Neurological manifestations are the
consequences of the degree, magnitude and duration of these metabolic
changes. Symptoms of hypo and hyperosmolality are similar: headache,
vomiting, agitation, confusion, disorientation, attention deficit, tremor,
convulsions and coma.
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Hyponatremia

Hyponatremia (sodium serum concentration below 135 mmol/L) is
primarily a consequence of hypoosmolality. From pathophysiological point
of view, hyponatremia can occur in the case of kidney failure, liver cirrhosis,
and endocrine disorders (hypothyroidism, glucocorticoid deficiency). It can
also occur due to psychogenic polydipsia in psychiatric patients.

As natremia depends on the ratio of water and sodium content in
the body, hyponatremia will occur not only in sodium deficiency but also in
presence of excessive quantities of water (dilutional hyponatremia). When
hyponatremia is a consequence of sodium deficiency, symptoms will manifest
in peripheral circulatory insufficiency, and when it is the result of excess water,
hyponatremia will manifest in congestion and tendency towards creating
edema. In cerebral edema, a clinical picture of encephalopathy develops,
which is primarily characterized by a disorder of consciousness ranging from
confused state to the stupor and the coma. In addition to treatment of primary
disorder, isotopic solutions of NaCl (in hyponatremia with decreased volume
of extracellular fluid) or diuretics (in hyponatremia with increased volume of
extracellular fluid) are used in the therapy.

EEG changes often follow water intoxication, but they are neither
consistent nor specific (Figure 6 on page 41). The slow activity is most often
recorded, initially above the posterior regions, and then becomes generalized.
In early stages, the discharge of highly voltage intermittent rhythmic delta
activity — IRDA can occur, which is mixed with normal alpha and beta
rhythms. Above the central regions, the EEG has also described high-voltage
activity of 6-7 Hz with sporadic diffused waves 1-3 Hz. During the sensory
stimulation, the discharge of a generalized, rhythmic high-voltage delta
activity can replace the previous pattern. Epileptiform discharges in EEG are
not common even in cases of epileptic seizures. The asymmetries in the voltage
and the appearance of three-phase waves were described. EEG may remain
altered up to a few days after establishing a normal sodium concentration, as
well as serum osmolality and even after clinical recovery.

Figure 6. T. G. Age 34. EEG in Hyponatremia (Na+ 118 mmol/L) due to water

intoxication: diffuse, undifferentiated polymorphic delta activity. Clinical
picture: disorientation, somnolence, severe cognitive dysfunction.
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Hypernatremia

Hypernatremia (when the sodium serum concentration is above
148 mmol/L) is associated with increased osmolality and loss of water
when the loss of water exceeds the sodium loss. The most common is due
to pyrexia, heat stroke, diabetes insipidus, burns, diarrhea, and the causes
can be iatrogenic. The clinical picture is characterized by a large number of
symptoms: thirst, weight loss, tachycardia, oliguria, and in severe cases a
clinical picture of encephalopathy develops, which is primarily manifested in
a confused - delirious state to coma. Therapy consist of regain fluids (starts
with 5 % glucose solution). It should also be emphasized before the rapid
correction of high sodium concentration can lead to water intoxication of
cells with water and the occurrence of epileptic seizures. In the EEG due
to hypernatriemia is being recorded progressive deceleration of the basic
activity with amplitude reduction.

Calcium metabolism imbalance

The physiological role of calcium in the body is very important and
refers to: regulation of neuromuscular excitability, regulation of permeability
of cell membranes and capillary walls, participates in blood coagulation and
bone tissue formation, affects the contractility of the myocardium and is
necessary for the activation of numerous cell enzymes. Calcium metabolism
disorders occur in the form of hypo and hypercalcemia.

Hypocalcemia

Hypocalcemia is a condition of reduced calcium levels in plasma
below 2 mmol/L. The most common cause of hypocalcemia is:
1. Hypoparathyroidism
2. Insufficient intake through food, especially during lactation or pregnancy
3. Lack of vitamin D
4. Increase in intestinal pH
5. Steatorrhea and malabsorption syndrome
6. Creation of insoluble complexes and renal syndromes

The clinical picture of the hypocalcemia is characterized by
numerous signs and symptoms of increased excitability of the peripheral and
central nervous system: Chwostek’s sign - percussion of the branches of the
facial nerve causes the contractions of the corners of the lips, nose and eyelid,
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tetany and motor epileptic seizures. Dysesthesia in limbs and fasciculation
usually precedes tetany, while spasms with flexion of the upper and extension
of the lower extremities are often accompanied by laryngospasm. Changes in
the CNS in hypocalcemia are usually initially manifested in the form of a mild
cognitive deficit and an occasional confusion, and later, there is pronounced
anxiety with disorientation and change in sensory functions. In case when
mild symptoms are present, calcium is given orally, while in tetany and
clinical picture of severe encephalopathy, calcium gluconate is introduced
intravenously.

EEG changes are well reflective of the degree of hypocalcemia,
but individual hypersensitivity to hypocalcemia varies, which makes it
difficult to establish definitive values (below or above which changes in EEG
occur). Initially, the basic rhythm slows down with the gradual appearance
of high-voltage theta or polymorphic delta activity. Spikes, sharp waves and
paroxysmal mixtures of irregular sharp and delta waves often superimpose, but
not in calcium values above 5-6 mg/dL (1.25-1.5 mmol/L). With establishing
normal calcium levels in the serum, EEG gradually normalizes.

Hypercalcemia

Hypercalcemia is a state of elevated calcium level in plasma above
2.6 mmol/L, butitis clinically manifested only when the calcium concentration
in plasma is greater than 3.24 mmol/L.

Hypercalcemia most commonly occurs in:
1. Chronic kidney insufficiency
2. Bone destruction by the metastasis of the neoplasm, such as multiple
myeloma, or in lung, breast, prostate, and thyroid cancer
3. Tumors that secrete tropic hormones (which stimulate parathormone)
4. Hypervitaminosis D

The clinical picture is characterized by: muscular weakness,
paresthesia, polydipsia, polyuria, anorexia, nausea, constipation, lethargy and
symptoms of encephalopathy in the form of cognitive deficits and state of
confusion. It should also be noted that consciousness disorders such as stupor
and coma (clinical picture of severe encephalopathy) may occur relatively
rapidly after a sudden increase of calcium levels in serum (over 5 mmol/L),
which may have a bad prognosis with a lethal outcome. In addition to treating
the primary cause, a large amount of sodium in the form of NaCl is given
intravenously (since sodium excretion is accompanied by calcium excretion)
and a diet low in calcium is introduced.
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EEG changes may occur before clinical manifestations, but not
before calcium exceeds 13 mg/dL (3.25 mmol/L). EEG records a diffuse
deceleration of the base activity accompanied by the activity of the IRDA
type (intermittent rhythmic delta activity) dischargings. Lambda waves and
photic driving are pronounced; occasionally, three-phase waves are recorded,
while spikes and sharp waves do not occur. Normalization of calcium level in
serum does not mean that the EEG will immediately return to normal.

Disorders of glucose metabolism

As glucose is the main metabolic “fuel” for the brain, imbalance of
glucose metabolism (hypo and hyperglycemia) leads to serious disorders of
CNS functions, and primarily to the occurrence of metabolic encephalopathy,
which, if not treated, can show significant progression of EEG changes, which
manifests itself by decreasing the alpha rhythm up to diffuse deceleration and
the appearance of theta waves, and later continuous delta waves.

Hypoglycaemia

Hypoglycemia is a disorder characterized by low blood sugar (less
than 3.3 mmol/L). Commonly occurs due to high dose of insulin (in patients
with diabetes) or in fasting.

The most significant clinical manifestations of hypoglycemia
originate from the nervous system, because the brain’s energy metabolism
directly depends on the glucose concentration in the blood. Vegetative signs
like over sweating, paleness of skin, extended pupils, unbearable sense of
hunger, accelerated heartbeats, nausea and vomiting appear because low level
of glucose in the blood stimulates release of adrenaline and noradrenaline.
However, it should be emphasized that the disorder of CNS functions in the
hypoglycemic crisis depends more on the speed of blood glucose decrease
then on its absolute value. A life-threatening disorder is the emergence
of a hypoglycemic coma as the most severe manifestation of resulting
hypoglycemic encephalopathy. The basis of treatment of the hypoglycemic
crisis and consequential hypoglycemic encephalopathy is the intravenous
administration of concentrated glucose.

Hypoglycemia causes significant EEG changes, and the first sign
that occurs in mild hypoglycemia before meal, and loses rapidly when oral
glucose is administered, is an enhanced response during HV in the form
of frontal delta activity (Figure 7 on page 46). The progression of EEG
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changes in hypoglycemic encephalopathy is the same as for other metabolic
encephalopathies: initially, there is a slowing down of the basic alpha rhythm,
followed by diffuse deceleration with theta waves, while delta waves are
continuously recorded in hypoglycemic coma. The prolonged hypoglycemic
coma does not have to respond to glucose administration, and, in such cases,
clinical as well as EEG changes can become permanent. If clinical recovery
occurs, the establishment of a normal EEG may be delayed for days. The
number of prolonged hypoglycemic episodes is correlated with permanent
EEG changes and is called “the effect of summation”.

In the case of hypoglycemic encephalopathy caused by pancreatic
tumor (insulin), during the EEG recording, signs of permanent non-specific
cerebral dysfunction are recorded, dominantly bitemporally. In such cases,
it is most important to establish diagnose in time and to remove the tumor
operatively before chronic cerebral sequelae appeare: atrophy and temporal
lobe epilepsy.

Chronic hypoglycemia in children is considered to be the main cause
of decreased attention and behavioral disorders. In children with diabetes
and repeated episodes of severe hypoglycemia, during the EEG recording,
frontotemporal changes are continuously recorded that are not seen in children
with diabetes without such episodes (Bjorgas et al, 1996).

Figure 7. V. L. Age 43. EEG: Hypoglycemia (blood sugar lever 2.8 mmol/L):
generalized slow wave activity. Enhanced response on HV in form of frontal
delta activity.

Hyperglycemia

Hyperglycemia means an elevated blood sugar level and is most
often a sign of poorly regulated diabetes.

Gradual development of hyperglycemia is often not accompanied
by more pronounced signs and symptoms, while its rapid development is
characterized by increased thirst and frequent urination. Later, a clinical
picture of encephalopathy develops, which is primarily manifested as disorder
of consciousness from confusion up to coma, as the most severe complication
of diabetes. Treatment of hyperglycemia involves correction of therapy (in
case of insufficient insulin or oral antidiabetic dosage) and nutrition and
lifestyle correction. In diabetic coma, rehydration is administered (isotopic
physiological solutions of NaCl, first 2 to 3 1 are given rapidly in the first four
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hours), while insulin is given to the low-dose treatment scheme.

It should be noted that hyperglycemia in the initial stage has no
significant effect on brain activity, mild to moderate increase in glycemia does
not lead to changes in the EEG, and, if they occur, they are hardly visible. Two
major clinical syndromes of diabetes accompany significant EEG changes:
ketotic and non-ketotic hyperglycemia.

a) In ketotic hyperglycemia (diabetic ketoacidosis), the EEG shows a
generalized decrease and reflects the changes in the state of consciousness.
Acidosis and electrolyte imbalance have a higher significance than blood
glucose levels. In ketosis, epileptic seizures occur very rarely. If treatment is
applied in time, the prognosis is good.

b) Nonketotic hyperglycemia is more common in older people, and, compared
to ketotic hyoerglycemia, it is clinically manifested by frequent epileptic
seizures (focal or generalized), also, cerebrovascular accidents are not rare.
The EEG initially records mild to moderate changes in the form of occasional
decreasing of the activity, while general decreasing (prevalence of slow delta
waves) occurs in diabetic coma as the most severe manifestation of metabolic
(hyperglycemic) encephalopathy.
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Chapter 3
EEG in dementia



EEG in dementia

Dementia is defined as an acquired and persistent disorder of
intellectual functions; it is an acquired mental decline in at least two areas out
of the following five:

. memory

. speech

. visuospatial abilities

. personality and mood

D AW N~

. other cognitive abilities (abstract thinking, calculation, judgment,
planning)

The key is that cognitive changes are acquired and interfere with the
daily functioning of a patient.

Dementia is a reflection of brain cell (neurons) decline which loss
cannot be compensated. In early stage, diagnosis of dementia is based on
clinical assumptions and neuropsychological tests. In everyday practice, a
short orientation test MMSE (Mini Mental State Examination) is used, which
helps us to orient, if cognitive decline exist and in what extent. The maximum
score is 30, and if the score is below 24, test indicates a cognitive damage
and an initial stage of dementia. In patients with suspected dementia, it is
necessary, by differential diagnostic means, to exclude other pathological
conditions and diseases such as deficiency of vitamin B12, diseases of thyroid
gland, intracranial tumors, brain infection and depression, which can often be
incorrectly diagnosed as dementia (pseudodementia).

Diagnostic procedures in the form of computerized tomography and
magnetic resonance imaging are neither specific nor sensitive for determining
the diagnosis of dementia. Compared to them, the use of EEG diagnostics is
of much greater significance, primarily due to the fact that etiologically non-
specific EEG changes can occur in the early stage of clinical deterioration,
usually in the form of the decreased basic rhythm activity (up to the upper theta
frequency) and decreased normal EEG reactivity. Non-specific EEG changes
mostly correlate with the severity of functional deficiency (determined by
behavioral testing) and the degree of neuropsychological changes.
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Alzheimer’s disease

Alzheimer’s disease is the most common type of dementia (60-80 %
of all dementia) and represents a slow progressive degenerative disease. Age
is considered to be the main risk factor (dementia is present in 40 % of people
older than 85 years), but it has been proven that there is a genetic risk factor
as well.

There are three basic stages of this disease:

Early stage: mild cognitive decline, mainly in the form of occasional
forgetfulness, difficulty in finding words from everyday vocabulary, mild
disorientation in space and time.

Middle stage: forgetfulness progresses (especially forgetting recent events
and names of people), the vocabulary is increasingly deficient (the speech
becomes "empty"); disorientation in the space is pronounced (difficulties in
returning home).

The third stage: a severe degree of forgetfulness (no even recognizing close
relatives and friends), complete disorientation in time and space, visible
hallucinations, physical problems that progress to complete inability to walk
and control the sphincters which cause immobility.

The EEG at an early stage of this disease may be within physiological
limits, or it shows minimal changes in the form of mild slowing down and
decreasing of the amplitude of alpha activity (Figure 8 on page 53). At a later
stage, generalized slow activity is present, followed by the disappearance
of rapid beta activity above the anterior regions. The slow activity is most
pronounced frontal, on both sides, due to the greatest loss in function of frontal
lobe. This EEG finding is not specific for Alzheimer’s disease, because it is
present in other degenerative disorders as well, but in correlation with clinical
picture, it can have prognostic significance. The appearance of epileptiform
graph elements in patients with Alzheimer's dementia is more frequent than in
the general population; in the late stage of the disease, during EEG, bilaterally
synchronized periodic epileptiform discharge can be recorded. Rarely, three
phase waves are registered, but this finding is not specific for Alzheimer's
dementia, because it can be seen in other neurodegenerative diseases and in
metabolic, primarily in hepatic, encephalopathy.
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Figure 8. M. P. Age 68, first phase of Alzheimers dementia (decreased
cognitive potential, mild disorientation in time). EEG indicates mild slowing
down and reduction in amplitude of alpha activity.

In other types of dementia such as Pick’s frontotemporal dementia,
in the early stage, EEG is usually in the physiological limits, while in the later
stage, signs of higher degree of global cerebral dysfunction can be registered
(Stigsby, 1981).

Vascular (multi-infarct) dementia

Vascular or multi-infarct dementia occurs as a result of a series of
small strokes, which gradually leads to deterioration of cognitive potential.
It is thought that vascular dementia is the second most common after
Alzheimer’s dementia and usually occurs after 65 years of age. Risk factors
for vascular dementia are numerous; among the most significant are earlier
stroke, hypertension, diabetes, and hypercholesterolemia.

EEG in vascular dementia shows etiologically non-specific changes
which, unlike Alzheimer’s dementia, are not progressive and are not always
associated with a generalized slowing down of cerebral activity. Generally, a
series of slow waves corresponding to vascular territories are registered, and
often prevail over the frontal region.
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EEG in headache
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EEG in headache

According the American Academy of Neurology (1995) and the
European Federation of Neurology (2004) experts’ reports, no studies have
proved that EEG improves the accuracy of diagnostics in different types of
headaches, but did not also disapproved the usage of this method, primarily
in primary headaches, in which structural causes are excluded. It is also
emphasized that EEG is an unavoidable diagnostic method in the differential
diagnostics between migraine and epilepsy, frequent comorbid conditions,
specifying that the interictal EEG finding is useful in cases with suspecting
epilepsy, and ictal EEG finding is significant in patients suffering from
hemiplegic or basilar type of migraine.

Migraine

Migraine is a paroxysmal hereditary disease, characterized by a
particular type of headache attacks and/or neurological and other symptoms
which are separated by quiet periods. The genetic predisposition to migraine
is pronounced and it is considered to be polygenic disorder (except familial
hemiplegic migraine), but it is also influenced by environmental factors, with
clinical manifestations occur only in interaction of genetic with environmental
factors.

The international classification of headaches classifies migraine in
primary headaches, those that are not associated with organic (secondary)
illness, and the diagnostic criteria for posing the diagnosis are the following:
unilateral localization of pain, pulsating quality, duration of attacks in the
period of 4-72 hours and worsening of headaches with routine physical
activity (even longer walking or climbing up the stairs). What separates
migraine from other headaches is its complexity, which implies the presence
of accompanying very unpleasant and exhausting manifestations, such as
nausea, vomiting, photophobia, and/or phonophobia, and for migraine, we
often say that it is much more than the headache itself.

In the case of migraine with the aura, before the attack itself various
neurological symptoms can occur in form of visual (scintillating scotomas),
sensitive (paresthesia, numbness, dysphasia) and motor phenomena
(hemiplegic migraine).

During the migraine attack, in most cases, EEG records pathological
activity in the form of localized slow waves. These waves are usually irregular
in shape and can be registered over one or several neighboring electrodes, and
sometimes occupy the whole hemisphere. Localized slow waves recorded in
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migraine are the consequence of reduced perfusion, with the notion that their
long duration may indicate a transitory ischemic attack (TIA) and cerebral
infarction.

The frequency of EEG changes in migraine varies from 4-50 %.
EEG findings that are more common in migraine are:

1. slow activity of the posterior regions
2. steep and sharp waves

3. enhanced response to hyperventilation
4. positive spikes of 14 Hz and 6 Hz

Epileptiform changes are extremely rare in migraine, usually in
children, when epileptic syndromes are united with migraine (see Comorbidity
of migraine and epilepsy), or in cases where epilepsy and clinical features
of migraine are the result of the same cerebral disorder (arteriovenous
malformation, intracranial neoplasm).

Pathological, etiologically nonspecific (non-epileptiform), EEG
changes in the form of localized slow, sharp and/or steep waves are much more
pronounced in the migraine attack with the aura, especially in hemiplegic
migraine and migraine of the basilar type. In the case of a migraine attack of
the basilar type, during EEG recording, there is often a slow dysfunction that
can be continuous (diffuse or unilateral) or occasional in form of intermittent,
rhythmical delta activity, while during and after hemiplegic migraine,
lateralized irregular theta delta activity is often recorded, contralateral
from motor deficiency. The degree of EEG changes in all types of migraine
decreases after an attack, while changes may recur in the period of prodrome,
more often in migraine with the aura.

In the migraine attack, the first pathological EEG changes are
recorded during the activation method, in the form of an enhanced response to
HV (Figure 9 on page 59) which can be of great significance in the differential
diagnosis between migraine and epilepsy.

Figure 9. R.V. Age 25. Migraine without aura. EEG: enhanced response to
HYV in migraine attack: EEG over the both hemispheres records appearance
of short (up to three seconds) sequences of high-voltage sharp and steep
waves of theta/alpha frequency with mild right side accentuation.

The aim of activation methods is primarily to increase the existing
or to provoke new EEG changes, if they do not occur spontaneously during
the recording. In the migraine attack, except during HV, significant changes
can be registered during IPS also.

Photic stimulation (IPS) or intermittent lights stimulation is a
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method of activation characterized by lightening up the eyes by series of high
brightness flashes of 1-60 Hz in frequency. Photic stimuli of 4-30 Hz cause
photic following, the occurrence of EEG activity which frequency matches
the number of light flashes, or is in lower or higher multiplication ratio, i.e.
(sub) harmonics; such a phenomenon in English language is known as photic
driving.

The response to photic stimulation in the form of a photic driving to
stimuli above 20 Hz (harmonic type response) is often described in children
with migraine, but is not considered a specific finding. The purpose of IPS
is to observe if the photic driving occurs in the normal frequency range and
whether it is symmetrical above both hemispheres, also, to cause epileptiform
activity.

Types of EEG response during IPS are described as:

1. Normal responses - tracking frequency of light flashes (driving),

2. Abnormal responses of clinical significance, of which the most important
are generalized photoparoxysmal responses,

3. Abnormal responses without clinical significance, such as photomyogenic
response, occipital slow waves and occipital spikes associated with flashes
in time.

The most important type of pathological changes that can be
registered during migraine attack induced by IPS is photoparoxysmal response
(PPR). It consists of bilateral discharges of different types, usually of spikes
or sharp-slow wave complex, often irregular (Figure 10 at page 61) that can
remain even after the photic stimulation has stopped. In addition to migraine,
increased frequency of PPR is also present in people with various mental
disorders.

Figure 10. N. T. Age 27. Migraine with visual aura. EEG with photic
stimulation of 30 Hz during migraine attack: the emergence of a bilateral and
synchronous series of degraded sharp-slow wave complex over the occipital
regions, lasting up to 2.5 seconds.

Comorbidity of migraine and epilepsy

Migraine and epilepsy are frequent comorbid conditions, and
pato-physiological common base of comorbidity is a state of elevated brain
excitability. Comorbidity is primarily associated with idiopathic etiology;
migraine-epilepsy syndromes have been described separately, such as benign
occipital epilepsy of childhood and benign Roland epilepsy, but comorbidity
also exist in symptomatic disorders which in their clinical course predispose
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to the manifestations of migraine and epilepsy, which include: systemic
erythematosus lupus, celiac disease and mitochondrial encephalomyopathy.

The main epileptic syndrome that can support or be associated
with migraine is Gastaut’s late type of benign (idiopathic) partial epilepsy
of the occipital lobe (Gastaut, 1982). A clinical picture of focal-type attacks
is characterized by visual symptoms such as amaurosis or complex visual
hallucinations and illusions with postictal migraine. The beginning of
the seizures is usually around the age of seven. Interictal EEG shows a
characteristic blocking of the spike waves at eye opening (Martinovi¢, 2001)
and normal basic activity for the age. Although such an EEG finding is not
pathognomonic for this syndrome, it can help in differentiation from patients
who primarily have a basilar-type migraine.

Benign partial epilepsy with Roland’s interictal EEG discharges of
spikes is the most common type of partial idiopathic epilepsy of childhood and
has an excellent prognosis. In a controlled study (Giroud et al), the following
incidence of migraine was found in 4 groups of patients: 62 % in patients
with centrotempolar epilepsy, 34 % in patients with absence epilepsy, 8 % in
patients with focal epilepsy and 6 % in patients with non-epileptic seizures
after head trauma.

Epilepsy and migraine occur united with two channelopathies
(diseases in which a genetic disorder of membrane ion channels exists, which
leads to increased excitability in the brain):

1. Benign infantile seizures, or idiopathic generalized epilepsy associated
with episodic ataxia and migraine without aura.

2. Epilepsy (febrile seizures), paroxysmal kinesigenic dyskinesia and
migraines (most commonly in hemiplegic type of migraine).

The differential diagnosis of migraine and epilepsy

The differential diagnosis of migraine and epilepsy is established
both on the basis of the clinical picture and on the basis of localization and type
of EEG changes. Epileptiform/specific changes (spike, sharp waves) rarely
occur in migraine patients, exceptionally during migraine aura, or during
photic stimulation-photoparoxysmal response. On the other hand, frequency
of neepileptiform (nonspecific) EEG changes has been significantly increased
in people suffering from migraine, with a note that these changes are not
pathognomonic of migraine.

Differential diagnosis of migraine and epilepsy in clinical terms
is primarily related to aura. Migraine aura is most often expressed by
visual phenomena, but sometimes there are also somatosensory and motor
phenomena, as well as disorders of speech and functions of the brainstem.
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Visual aura occurs in 20 % of patients with migraine, while in epilepsy aura
occurs in various sensor modalities. Positive visual symptoms are localized
centrally in the epilepsy, and in migraine in the peripheral part of the visual field,
while the negative symptoms in epilepsy are diffuse, and in migraine also have
peripheral localization (Muranaka et al, 2001). Visual disorders in epilepsy
are characterized by colored and circular patterns versus monochromatic in
migraine aura. The sensory aura in migraine is characterized by a feeling of
numbness (paresthesia) which spreads slowly from the distal parts of the arm
to the shoulder, face and tongue, as opposed to the characteristic spread in
the epileptic seizure (Jackson’s march). Clouding or loss of consciousness
primarily suggests epilepsy, although hemiplegic migraine cannot be excluded.
Nausea (with vomiting) is common gastrointestinal aura in migraine, while in
epilepsy upward epigastric discomfort is more common. Deja vu phenomena
can occur in migraine, but more often occur in simple focal attacks, while
automatisms are extremely rare in migraine, and common in complex focal
attacks. Headache, as the main characteristic of migraine, in epilepsy is a rare
ictal, but frequent postictal symptom, especially in generalized tonic-clonic
(GTCS) and complex focal attacks.

Video EEG recording (telemetry) can be of great help, especially in
distinguishing between migraine aura and epileptic aura. Although paroxysms
of the spikes during the migraine aura may resemble an ictal finding during
an epileptic seizure, EEG does not show a time evolution that is typical of
the critical epileptic pattern: fast frequency of low amplitude that progress
into rthythmic epileptiform discharge of high amplitude. EEG during migraine
aura shows increasing and decreasing in amplitude completely separated
by normal EEG activity. EEG changes in the basilar migraine type show a
characteristic posterior localization, above the posterior, temporal, parietal
and occipital areas, which is not recorded in other types of migraine.

Paroxysmal lateralized epileptiform discharges (PLEDs), which
are registered in severe brain diseases of various etiologies such as brain
infarction, brain tumors (glioblastoma), brain abscess or viral encephalitis,
may also be associated with hemiplegic migraine, prolonged migraine aura or
migrainous infarction.

The differential diagnosis of migraine and epilepsy is of great
significance, especially in the civil law sense, because the diagnosis of
epilepsy leads to certain law limitations (Table 4). Patients with epilepsy
(because of possibility that attack occur) are unable to perform many tasks
such as work on heights, near heat sources, water or electricity and for that
reason many of them have to forcefully change the job they have worked on
before. Employment of people with epilepsy also represents a problem, in
particular because of the prejudices that exist in connection with this disease,
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and immediately upon establishing the diagnosis, a driving license is being
revoked. It should be emphasized that patients diagnosed with epilepsy cannot
be professional drivers, while for amateur drivers it is necessary during a period
of two years after the diagnosis (according to law in our country, compared
to a period of only three months in USA) that there is no attacks and that all
control EEG reports within that period are within the physiological limits.

Because of all of the above, it is necessary to exclude all other
disorders of consciousness such as hypoglycemia, syncope, or acute brain
injuries that can cause an epileptic seizure before diagnosing epilepsy:
craniocerebral injuries, meningitis or stroke. It should be kept in mind that
consciousness disorder is one of the common symptoms of migraine and
epilepsy, other common symptoms include: nausea, vomiting, headache,
blurred vision, visual triggers of attacks, vertigo, paresthesia, and lethargy
after the attack. Loss of consciousness, hemiparesis and aphasia are considered
common symptoms of hemiplegic migraine and epilepsy. It should be noted
that migraine attacks compared to epeileptic seizures have a slower start and
longer duration, and EEG in migraine, in most cases, records the occurrence
of nonspecific grapho-elements: slow, sharp and steep waves (Figure 11 on
page 66), while EEG finding in which epileptiforms grapho-elements are
recorded: spikes and sharp waves, indicate epilepsy (Figure 12 on page 67).
The curtain diagnosis of epilepsy is established by observation of the attack
and, at the same time, by registering of the ictal EEG changes.

Epilepsy Migraine
Family history Sometimes positive Most often positive
Seizure onset Sudden Gradual
Aura Different sensory symptoms | Most often visual
Duration of aura Less the 1 minute 15-60 minutes
Visual symptoms Hallucinations in colors Scotoma, amaurosis,

micropsia, macropsia

Oculomotor signs Eye deviation, nystagmus Absent
Consciousness Frequently distorted Most often intact
EEG changes Unilateral Bilateral
Type of EEG Spikes and sharp waves Most often non-epiletiform
changes
Photoparoxysmal Frequent Most often non present
response (PPR)

Table 4: Clinical and EEG differences between migraine and epilepsy
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Figure 11. R. T. Age 22. Hemiplegic migraine. EEG: frequent occurrence
of short sequences (up to 1 second) of sharp and steep waves of moderately
elevated amplitude (neepileptiform grapho-elements).

Figure 12. D. J. Age 20. Juvenile hemiplegic migraine (JHM). EEG recording
after sleep deprivation: the appearance of a polyspike-slow wave complex
(bilateral interictal activity occurred immediately after a patient’s waking

up).
Posttraumatic headache

Headaches that appear after a head injury may be generalized,
resembling a tension type headache, localized at the place of injury or
hemicranial that imitate migraine. These headaches are extremely persistent
and can even last years after experiencing head trauma.

Posttraumatic headache can occur after both, mild or severe head
injury. Most often, after head injury (often not related to the severity of the
injury), routine neuroradiological recordings are performed, such as computed
tomography and/or nuclear magnetic resonance, in which, in a certain number
of cases, a pathological substrate is described. From nerophysiological point
of view, craniocerebral injury like brain concussion (commotion cerebri) is
particularly interesting, in which computed tomography and nuclear magnetic
resonance findings are usually described as completely within normal limits,
while during EEG recording, non-specific EEG changes and diffuse slow
activity are often recorded, which only confirms functional rather than the
structural nature of brain injury. It is assumed that the basic mechanism of
this disorder is a temporary functional interruption in the activating reticular
system. Posttraumatic headache can be a long-lasting symptom of various
head injuries, and, in particular, it can be significant in differential diagnostics
with post-traumatic epilepsy. After a serious craniocerebral injury, such
as brain contusion (contusion cerebri) or subdural hemorrhage (subdural
haematoma), a severe and persistent headache can emerge, which can seem
dramatic for a person who has previously experienced head trauma and has
never had headaches of this type or headaches in general.

Often, in people with posttraumatic headache, during EEG
recording signs of non-specific and moderately irritating cerebral dysfunction
are registered, i.e. nonepileptiform (non-specific) activity (Figure 13 on
page 69). EEG finding of this type in correlation with the clinical picture
supports the diagnosis of posttraumatic headache and excludes the diagnosis
of posttraumatic epilepsy.
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Figure 13. S. M. Age 34. EEG in the posttraumatic headache after brain
contusion: on a number of occasions, the appearance of sequences of short
multi-voltage steep theta waves is recorded.

Postoperative headache

Headache often occurs after craniotomy of brain tumors and
severe head injuries. Immediate post-operative headache may occur in 80 %
of patients after craniotomy, but in most cases it ceases within seven days.
This type of headache occurs in 75 % of patients after removal of acoustic
neuroma (Gree et al, 2003), and 42 % of these patients had headache for the
first time after surgery. In 23 % of these patients, postoperative headache was
maintained 4 months after surgery.

The pathogenesis of headache after craniotomy is not entirely
clear, and may include meningeal inflammation, nerve compression, muscle
adhesion next to dura mater or some other mechanisms. Modification of
operative procedures, including the use of osteoplastic cranioplasty, can lead
to a reduction in the incidence of post-operative headaches.

EEG changes can increase due to vascular changes, which may
be the cause of ischemia, especially in the elderly population, while the
registration of sharp high-amplitude waves and united slow delta waves
can predict postoperative epileptic seizures. Maintaining, and, in particular,
the intensifying and spreading of etiological non-specific EEG changes,
predominantly of delta type, can point out to recidive. The most common
cause of the asymmetric regional increase in the voltage of EEG activity is
the presence of bone defects.

During EEG recording in post-operative headache immediately
after craniotomy, in most cases, a breach rhythm is recorded represented by
the increased amplitude of all activities (normal and/or pathological) above
skull defect or in its vicinity, caused by the absence of attenuation of the
bones and other tissues under the scalp (Figure 14 on page 71). In the area of
the defect, in most cases, spiked and sharpened waves of elevated amplitude
are recorded, that represent non-epileptiform graphoelements, which is very
significant in the differential diagnostics with epilepsy that can occur after
craniotomy, when, in EEG reports, spikes and sharp waves are recorded,
characteristic epileptiform graphoelements.

Picture 14. N. C. Age 53. The headache that occurred after the meningioma
surgery in the right parietal region. EEG supports dysfunction in the right
centro-parietal region, the presence of breach rhythm (non-epileptiform
changes) is recorded due to postoperative bone defect.
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EEG in brain inflammatory processes

Inflammatory processes in the brain can be classified according to
the cause into: viral, bacterial, fungal and protozoan infections and according
to the affected tissue into: meningitis, encephalitis or meningoencephalitis.
In the case of inflationary processes in the brain, EEG changes are most
commonly generalized and non-specific, loss of normal rhythms with diffuse
deceleration of activity is recorded. Exceptions are subactive sclerosing
panencefailitis and herpes simplex viral encephalitis in which (pseudo)
periodic activity is recorded.

A clinical picture indicating inflammatory disease of CNS and
consequent inflammatory encephalopathy are:

1. fever

2. headache, nausea, vomiting

3. changed state of consciousness (from confusion to deep coma), cognitive
deficit (from very mild to pronounced disorders of memory, thinking and
attention)

4. positive meningeal signs (stiff neck)

Meningitis

Meningitis represents inflammation of the meninges and
subarachnoid space. According to the cause, bacterial and viral meningitis
are distinguished.

Bacterial (purulent and tuberculous) meningitis

Bacteria (Haemophilus influenzae, Neisseria meningitides,
Streptococcous pneumonia) reach the subarachnoid space in different
ways: hematogenous, during septicemia or as metastases from infectious
foci in heart, lungs and other organs, as well as spreading from surrounding
structures (sinusitis, otitis etc.). The clinical picture of bacterial meningitis, in
addition to elevated temperature (often over 40 °C), headache and stiff neck,
is characterized by many other symptoms: confusion with decreased cognitive
potential, focal neurological signs, epileptic seizures and papilledema of
the optic nerve. Bacterial meningitis is an emergency condition, and, if
suspected, especially if a pathecial rush develops, the treatment should begin
immediately (without waiting for the diagnosis to be confirmed by lumbar
puncture: the liquor is purulent). Treatment involves the immediate use of
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antibiotics (penicillin G, ampicillin or cefalosporins of the third generation).

In case of bacterial meningitis, EEG shows widespread irregular
rhythmic delta activity IRDA: it occurs above frontal regions (FIRDA) in
adult patients, and above the occipital regions (OIRDA) in children. Focal and
epileptiform abnormalities may occur. EEG changes are more pronounced
in children. EEG normalization is usually delayed for several weeks after
behavioral recovery. EEG deterioration and occurrence of severe persistent
abnormalities, often in form of global cerbral dysfunction of severe level,
indicates infarction, abscess formation or the development of an obstructive
hydrocephalus (Figure 15 on page 79).

Figure 15. D. A. Age 12. EEG finding in obstructive hydrocephalus (due to
complications of bacterial meningitis): continuous diffuse irregular slow
activity.

Acute viral meningitis

Acute viral meningitis, also called aseptic meningitis, is characterized
by: febrility, headache, mild cognitive deficits and confusion, as well as mildly
expressed meningeal syndrome. The most common causes of this disease are
entero viruses, arboviruses and HIV.

In patients with aseptic meningitis, EEG is normal in more than
50 % of patients, while in other 50 %, during the recording, diffuse, non-
specific slow waves are present. EEG abnormalities are more frequent and
more pronounced in young children.

Along with clinical data and encephalopathy EEG finding (global
cerebral dysfunction), the basic diagnostic procedure is the examination of
the liquor: in the lumbar function the liquor is clear and colorless, with an
increased number of lymphocytes.

The EEG may show a decreasing of the basic activity and
paroxysmal delta waves of elevated amplitude, while local epileptiform
changes may indicate one or more areas of the focal abnormality. These
changes are significantly reduced in case of successful therapy, and diffuse
EEG paroxysms in the form of sequences of slow, sharp and/or steep waves
can be maintained for a certain period of time, indicating signs of non-specific
cerebral dysfunction and are not predictors of epileptic seizures.
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Encephalitis

Encephalitis presents a diffuse inflammation of the brain tissue
and may be a primary manifestation or secondary complication of a viral
infection. The most common causes of encephalitis are enteroviruses and
herpes simplex virus.

Viral encephalitis

The clinical picture of viral encephalitis is characterized by: febrility,
headache, epileptic seizures and signs of cerebral dysfunction-encephalopathy
(changed state of consciousness and lower cognitive potential).

In case of viral encephalitis, EEG is always pathologically changed.
Diffuse delta activity is the most common EEG finding. Arrhythmic delta
activity (ADA) is more likely if the infection predominantly involves the cortex
and adjacent subcortical white matter. The existence of an IRDA discharge
implies the involvement of a subcortical gray matter. In acute encephalitis,
the degree of EEG deceleration follows the severity of the clinical finding,
from easy deceleration in basic activity to global signs of severe cerebral
dysfunction (Figure 16 on page 81). The degree of EEG improvements has a
certain prognostic value: normalization within 5 weeks indicates a favorable
outcome.

Figure 16. M. S. Age 21. Acute viral encephalitis. EEG: severe global cerebral
dysfunction.

EEG in sporadic encephalitis caused by neurotrophic viruses (equini,
mumps or St. Louis) is less pronounced than in those resulting from post-
infectious syndromes with demyelination (smallpox, rubella, or postvaccinal
encephalitis). Permanent brain damage is often associated with permanent
EEG abnormalities that include epileptiform discharges. Pronounced slow
activity is also seen in acute infections with smallpox, mumps, rubella, and
Scarlet fever, even when there is no obvious involvement of CNS structures.
In addition to EEG diagnostics, the examination of the liquor is a significant
diagnostic procedure: liquor during the lymphatic puncture is characterized
by mild pleocytosis (less than 5 Ly/mm?).

Herpes simplex virus encephalitis
In this type of encephalitis, inflammation is most commonly

localized in frontotemporal regions, so that clinical picture, beside fever and
headache, is characterized by symptomatology associated with damage of
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these regions. Sometimes, early signs of encephalopathy may also be the first
sign of this disease, manifested in the form of an acute confusion and severe
cognitive deficits. The onset of the disease is often characterized by epileptic
seizures, agitation, personality disorders or hallucinations. About 50 % of
patients with HSV encephalitis have hemiplegia and hemihypestesia. Due to
the possibility of the occurance of severe neurological consequences, even
fatal outcome, the therapy should be introduced at the very beginning of the
disease (aciclovir in intravenous infusion for 10 to 14 days).

EEG reports (although not pathognomonic), when observed in a
defined clinical settings, may suggest a diagnosis. Early diagnosis and the
introduction of proper therapy can save the patients and reduce neurological
morbidity. Early unilateral spreading to the temporal lobus results in the
formation of focal or lateralized delta activity. Decreasing of activity rapidly
becomes diffusely spread, but temporal or temporofrontal accentuation most
often persists. Above the maximally affected regions (usually temporal), 2-15
days from the beginning of the disease characteristic periodic complexes
emerge. In some cases, this pattern is delayed for up to one month. Complexes
consist of sharp waves or sharp-slow wave-complex with repetition at intervals
of 1-5 seconds. Sometimes they occur individually or in groups. The amplitude
varies from 500 puV to the complex which is difficult to distinguish from the
basal line. As the disease progresses, periodic complexes can become more
prominent, but more often they gradually disappear. Periodic complexes may
be unilateral or bilateral and may disappear on one side, only to emerge on the
side that is first affected. When bilaterally detected, they occur synchronously
or independently, but often in a constant time relation to each other.

Over time, complexes expand, they repeat with a lower frequency,
and finally become replaced by low voltage arrhythmic slow wave activity.
The attenuation of the basic activity between periodic discharges (at less than
20 uV) usually occurs at an earlier stage. Intermittent or continuous pseudo-
periodic and periodic complexes occur in a high percentage of pediatric
(including neonatal) cases of HSV encephalitis. In neonatal herpes, discharges
are focal or multi-focal with frequent changes of the side. Periodic complexes
may evolve into focal electrographic ictal activity. During the serial EEG
recording, pseudo-periodic lateralized epileptiform discharges occur in more
than two thirds of cases. They can be more frequent and precede the expected
hypodens lesions during neuroradiological exploration. Therefore, in order to
pose the diagnosis, it is necessary to combine the serial EEG recording with
CT. Neither early, nor serial EEG have the power to predict residual disability
nor degree of survival. They usually emerge after clinical changes, which
limits their value in following the course of the disease. In late stages of the
disease, EEG can be in physiological limits.
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Subacute sclerosing panencephalitis

It represents a chronic infection with Measles virus in childhood,
and it occurs rarely since routine vaccination has been introduced.

Clinically, in children, initially it is manifested only as
forgetfulness, absentmindedness and disobedience, but progression of the
disease is characterized by a change in mental status, myoclonus, and signs
of encephalopathy, primarily a disorder of consciousness from somnolence
to coma. In liquor and serum of these patients there are elevated levels of
measles virus antibodies. Rare cases of clinical improvement or stopping the
progression of the disease with intraventricular administration of interferon-
alpha have been described.

The EEG usually has a diagnostic value. A typical EEG recording
consists of generalized periodic complexes of multiphase slow waves
(Radermecker, 1949). Complexes consist of bilaterally symmetrical
synchronous high-voltage (200-500 pV) discharges of two, three, or
polyphase stereotypical delta waves, and sometimes they are joined by sharp
waves (Cobb, 1966), or they are superimposed by sequences of rapid waves
(Martinovi¢, 1986). They repeat at equal intervals (2-10 s) and in relation to
myoclonic spasms they have a ratio of 1:1.

In early stages of the disease, each complex lasts between 0.5-2
seconds, but can also occur rarely (every 5 minutes). Complexes may be
present only during sleep and can be provoked by afferent stimuli. Slow
myoclonic spasms are in close relation with EEG complexes: they can precede,
occur at the same time, or after them. In rare cases, periodic activity may be
lateralized or has a fronto-occipital or left-right delay. With progression of the
disease, the basic activity is slowing down, the changes of the state become
unrecognizable, and a low-voltage arrhythmic delta activity with periodic
complexes emerges.

Human Immunodeficiency Virus

Human immunodeficiency virus (HIV) is a common cause of
neurological morbidity. It is a neurotropic virus that affects both the nervous
and the immune system.

Acquired immunodeficiency syndrome, besides primary and various
opportunistic infections, is characterized by appearance of neoplasms- CNS
lymphoma and sarcoma, various systemic disorders, and reversible myoclonic
encephalopathy (Thomas et al 1994).

In HIV seropositive patients whose neuropsychological status is
normal, EEG finding shows no changes. However, with the development of

WBaH Muxames Heypodusmonowku acnekT Hecneunduure uepebpante ancdyHkumje 183



clinical disorders, especially when it comes to encephalopathy and dementia,
the percentage of EEG changes is significantly increased. The frequency
of EEG changes is high and diverse: 65 % of diffuse and 22 % of focal
decrease, with 11 % paroxysmal slow activity associated with sharp waves.
Focal decrease indicates opportunistic infection, neoplasm (CNS lymphoma),
progressive multifocal leukoencephalopathy, or other focal lesions.

Brain Abscess

It occurs primarily due to pyogen bacteria reaching the brain
(Sterpto and Staphylococcus); less frequently due to fungi and protozoa. It
can be caused by the spread of infection from paranasal cavities and mastoids,
or it is an infection through septic emboli.

Clinical symptoms and signs (headache, nausea and vomiting,
confusion, somnolence, cognitive deficit, changes in personality) as well
as EEG recordings may resemble a neoplasm that rapidly rises. However,
it should be noted that the EEG finding may even precede the abscess for
several days and thus point to the need for further investigation. EEG initially
shows a diffuse decrease of activity, while lateralized changes are very often
of a severe degree, in the form of extremely slow (subdelta) waves and are
thought to be a consequence of brain edema. The recording of local slow
waves indicates a limited collection, i. e abscess encapsulation. Temporal
(otogenic) abscess are associated with the same side temporal slow activity,
while IRDA is more often seen in cerebral abscesses. Epileptic changes are
rarely recorded at acute stage, but often may be registered after surgical
intervention. EEG is a sensitive diagnostic method for monitoring abscess
treatment with antibiotic and surgical therapy.

Neuroborreliosis - Lyme disease

The disease affects the peripheral as well as central nervous system;
it is caused by spirochete Borellia Burgdorferi and occurs as a result of a tick
biting. Three stages of the disease are distinguished: the phase of acute localized
infection, early dissemination phase, and the late stage of persistent infection
of the nervous system. The clinical picture in the first phase is characterized
by the development of migratory erythema on the skin, 3-30 days after contact
with the tick. In the second phase, several weeks after the occurrence of
erythema, cardiac (conduction disorders, myopericarditis) and neurological
disorders (radiculitis, radiculoneulitis, headache, the lesion of both sides of
the seventh cranial nerve) emerge. In the late stage of the disease, months after
the initial infection, a clinical picture of encephalopathy develops, which is
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primarily manifested by cognitive deficits (primarily memory disorders). In
addition to the clinical picture, the basis for the diagnosis of neuroborreliosis
is an elevated level of immunoglobulins M or G, specific for spirochetes in
the serum and liquor of the patient. Treatment involves the use of antibiotics,
in the early stage of doxycycline and amoxicillin orally, and in the late stage,
the intravenous usage of cephalosporin of the third generation.

EEG in the early stages of the disease shows a diffuse decrease of
the activity of a mild to moderate degree, while in the late stage of the disease
(late persistent infection of the nervous system) characterized by a clinical
picture of encephalopathy, signs of severe global cerebral dysfunction are
registered (Figure 17 on page 86).

Figure 17. P. J. Age 46. Lyme borreliosis. The EEG recording is generally
slower, indicating signs of global cerebral dysfunction of severe degree and
correlates with the clinical picture of advanced encephalopathy.

Subdural empyema

Represents the local projection of pus in the subdural space, and
occurs as a complication of the inflammatory process in the sinuses (sinusitis)
or middle ear (otitis media).

EEG in subdural empyema can record unilateral depression of
cortical activity, while diffuse decrease of primary activity is due to elevated
intracranial pressure. The characteristic EEG recording shows presence of
the focal theta waves (Magnus, Van der Holst, 1987) and such changes occur
before pathological finding during neuroradiological analysis.

Parasitosis

Parasitosis that affects the brain include: toxoplasmosis,
cysticercosis, and echinococcosis.

Toxoplasmosis can be innate (congenital) or acquired. In case of
a congenital toxoplasmosis, it has a high affinity to the brain and can cause
severe damage of the fetus, resulting in psychomotor retardation and frequent
epileptic seizures.

EEGrecords major changes in the form of global cerebral dysfunction
of severe degree (delta decrease), epileptiform changes, and hipsarrhythmia.
Acquired toxoplasmosis has a lower affinity to CNS, and during EEG
recording milder degree encephalopathic changes can be registered.

Cysticercosis is characterized by multi-focal nodes and calcifications

WBaH Muxames Heypodusmonowku acnekT Hecneunduure uepebpante ancdyHkumje 185



cased by parasitic cysts. EEG most often shows diffuse decrease in activity,
rarely epileptiform changes.

Echinococcosis leads to cerebral hydatid cysts. Superficial cysts are
associated with sequences of slow activities of dominantly delta type and
deeper cysts are associated with generalized delta activity and paroxysmal
slow waves. Rarely, there are epileptiform changes.
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EEG in intoxication with drugs and substances
that cause addiction disorders

From early examination of the effects of various drugs such as
cocaine (Berger 1931), and later on certain types of drugs such as barbiturates
(Gibbs 1937), it is known that a visual EEG analysis will register an activity
that is primarily non-specific. Although effects of drugs and psychoactive
substances on EEG are generalized, the report can often point to the type of
intoxication and always reflect the degree of diffuse brain function disorder.

Neuroleptics

Neuroleptics (antipsychotics) are drugs that are primarily
administered in severe mental disorders such as schizophrenia, organic and
manic-depressive psychoses, but also in pronounced anxiety states and in some
form of depression as a short-term therapy. The most exploited representatives
of this group of drugs are chlorpromazine (largactil), haloperidol (haldol),
clozapine (leponex), risperidone, olanzapine.

The clinical picture of neuroleptic intoxication is manifested by
disturbance of the state of consciousness, most often in the form of a confused-
delirious state and somnolence, a cognitive deficit (which is usually initially
manifested by disorder of attention), agitated state, parkinsonism, GCT
attacks. Patients with neuroleptic malignant syndrome often have tachycardia
and labile blood pressure. The lethal outcome of poisoning with neuroleptics
is rare, and primarily occurs as a result of a cardiac effect.

Chlorpromazine increases fast EEG activity in healthy persons
because it introduces the first stage of sleep, while this effect is absent in
people with severe psychiatric disorders such as schizophrenia. Haloperidol
does not change EEG activity up to a dose of 15 mg/day, and, in higher
doses, it increases the rapid beta activity. In the early stage of neuroleptics
intoxication, EEG shows diffuse decrease in activity (Figure 18 on page 92),
or, in rare cases, more generalized epileptiform activity.

Figure 18. C. B. Age 43. EEG in neuroleptic malignant syndrome: diffuse
decrease of cerebral activity.

Antidepressants

Depression is a relatively common disorder of the mental state
in which mood disorder is predominant. In clinical terms, depression can
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manifest in different forms: from mild symptoms slightly different from
normal state to severe forms that may have psychotic contents (delusions,
hallucination) and a high degree of anxiety. The main representatives of the
group of drugs that are administered in depression are amitriptyline (amyzol),
fluoxetine (flunirin), sertraline (zoloft) and paroxetine (seroxate).

Antidepressant intoxication is characterized by: hyperpyrexia,
hypertension, cardiac arrhythmia and a clinical picture of encephalopathy
which rapidly develops, characterized by serious disorders of the state of
consciousness in the form of stupor and coma. New antidepressants have a
broader therapeutic index, but, in intoxication, often lead to epileptic seizures.

Therapeutic doses of antidepressants in EEG finding induce mild
diffuse decrease of the basic activity, while in the intoxication EEG shows
major changes of delta dysfunction type.

Benzodiazepines

Benzodiazepines (anxiolytics) are drugs that are used in various
manifestations of psychic tension from anxiety, insomnia and panic states
accompanied by somatic symptoms such as sweating, tachycardia, chest
pain and choking feelings. The most important representatives of this group
of drugs are diazepam (bensedin), bromazepam (lexilium), lorazepam and
alprazolam (xanax).

In the case of intoxication with these drugs, in addition to the initial
clinical symptoms of encephalopathy, such as somnolence, confusion and
disturbed coordination of the movement, EEG record is of great importance.

At therapeutic doses, benzodiazepines cause a diffuse rapid activity
that covers the entire EEG, while excessive doses of these drugs increase the
slow activity (theta and delta type) which is bilaterally symmetrical. There is
often generalized delta activity; occasionally, burst-suppression pattern can
be registered, with the note that this pattern in benzodiazepines intoxication
does not always have a fatal prognosis as in anoxic states.

Antiepileptics

Epilepsy is a chronic neurological disease characterized by
spontaneous repetition of epileptic seizures. There are idiopathic epilepsies
(hereditary predisposition or gene mutation) and symptomatic epilepsy
(structural brain damage or established brain dysfunction); the seizures are
divided into focal and generalized. The main representatives of this group
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of drugs are levetiracetam (keppra, zanida), valproic acid (eftil), topiramate
(topamax), carbamazepine (carbapine, tegretol), lamotrigine (lamictal).

The clinical picture of cerebral dysfunction in intoxication with
antiepileptics is characterized by numerous symptoms such as decreased
cognitive potential, disorientation, somnolence, ataxia, and consciousness
disorders from a confused state to coma. It should have in mind that sudden
cut off of antiepileptic drugs (AED) provokes epileptiform discharges.

Itis very important to distinguish the effect of AED on basic rhythmic
EEG activities from their characteristic to suppress epileptiform changes. For
example, drugs that have shown significant efficacy in generalized attacks, in
particular absence epilepsy, such as valproate and lamotrigine, while stopping
the seizures, they interrupt almost all paroxysms of bilaterally symmetric
spike-waves complexes, while, completely opposite, in carbamazepine
treatment, it is much more noticeable clinical than EEG improvement.

EEG finding can indicate signs of global cerebral dysfunction
of a lower degree even at therapeutic doses. So, carbamazepine already
at therapeutic doses causes a mild decrease of the basic alpha activity and
increases the sensitivity to HV, while in intoxication diffuse slow waves most
often of theta range occur. Barbiturates in therapeutic doses cause diffuse
rapid activity (as seen in the usage of benzodiazepines), while toxic doses
amplify or activate diffuse spikes or sharp waves, predominantly above the
frontal regions. Valproate in therapeutic doses does not change significantly
basic brain activity, while chronic usage and intoxication show diffuse theta/
delta decrease (Figure 19 on page 95).

Figure 19. D. S. Age 23. EEG finding in valproate encephalopathy: generalized
theta / delta decrease.

Opiates, psychostimulants and hallucinogens

The intoxication with substances that cause addiction diseases:
opiates (morphine, heroin, methadone), psychostimulants (amphetamine,
cocaine) and hallucinogens (marijuana and LSD) a clinical picture of severe
encephalopathy develops, which is manifested by disturbances of state of
consciousness up to coma and severe cognitive deficit. The clinical picture of
the toxic encephalopathy usually precede numerous symptoms and signs such
as: abdominal colic accompanied by vomiting, miosis (heroin) or mydriasis
(cocaine, amphetamine), euphoria, logorrhea, anxiety, tachycardia, etc.
Antidotes for opiates intoxication are naloxone and naltrexone.
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EEG in the abuse of opioid analgetics (opiates) show a mild decrease
of the basic activity (decreased alpha activity is temporarily normalized when
tolerance is established), while during the abuse of psychostimulants and
hallucinogens, beta activity increases. In intoxication with these substances,
diffuse decrease of activity (theta or delta range) is recorded, indicating a
severe degree of encephalopathy.
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EEG and neurotoxic agents

Neurotoxic agents (neurotoxins) represent a large group of toxic
substances, which can lead to transient cerebral dysfunction or permanent
damage to the nervous system. The degree of EEG change shows a high
correlation with the development of a clinical picture due to intoxication with
certain neurotoxin.

Metals

Metal poisoning is usually accidental or professional because of their
broad usage in many industrial processes. In the elementary form, heavy metals
are not toxic, but when they are used in the form of salts that disassociate in a
high degree, the resulting ions of heavy metals become the carriers of toxicity.
Then, with high affinity, they connect to enzyme systems, which disrupts the
function of enzymes and coenzymes that participate in the metabolism of
the cell. Mercury, lead and arsenic have leading toxicological significance.
In case of heavy metal poisoning, the most damaged are the gastrointestinal
tract (colic, nausea, vomiting, bloody stools), kidneys (nephritis, oliguria,
anuria) and CNS (headache, ataxia, hallucinations, papilledema, epileptic
seizures and encephalopathy). Chronic poisoning with lead present in human
environment: in the air, in food and water is particularly common. Signs and
symptoms of poisoning occur slowly and predominantly damage functions of
the nerves, hematopoiesis, and reproductive organs. Encephalopathy in lead
poisoning (encephalopathia saturnina) initially manifests itself in a confused
state with significant cognitive deficits (pronounced memory and attention
disorders), followed by convulsions, edema of the brain and increased
intracranial pressure. This encephalopathy is potentially fatal and requires an
urgent introduction of the antidote into therapy. A group of antidotes is used
in the treatment of heavy metals poisoning: calcium disodium EDTA.

EEG shows a diffuse decrease of activity, and paroxysmal delta
activity is also frequently recorded. Epileptiform changes are particularly
common due to tin poisoning.

Carbon monoxide
Carbon monoxide is an extremely toxic gas that occurs in the
process of incomplete oxidation of organic matter. In poisoning, hypoxia

occurs due to the reaction of carbon monoxide with hemoglobin, resulting in
carboxyhemoglobin forming. Symptoms of poisoning are proportional to the
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increase of concentration of carboxyhemoglobin in the blood (10 to 80 %).
In carbon monoxide poisoning, in addition to headache, nausea, vomiting
and vertigo, encephalopathy develops which is primarily characterized by
a disorder of consciousness from the state of confusion (mild poisoning) to
coma and respiratory depression (severe poisoning). A specific antidote is
oxygen that acts as a competitive antagonist.

EEG is usually characterized by continuous slow theta (rarely delta)
low amplitude activity, and in severe poisoning, the finding is often similar to
that of ischemic hypoxia due to cardiac arrest, when groups of slow waves are
recorded on a flat electroencephalogram.

Methyl alcohol

Methyl alcohol poisoning occurs when people drink alcoholic
beverages containing methanol due to an incorrect production process. Acute
methyl alcohol poisoning gives polymorphic symptoms such as: headache
followed by vomiting, abdominal colic, blindness, dizziness, epileptic
seizures, while the clinical picture of the resulting encephalopathy is primarily
characterized by a disorder of consciousness up to the coma. The severity of
poisoning is proportional to the degree of acidosis, so, for its suppression, a
specific therapy is applied which involves administering of 500 ml of a 5 %
solution of sodium hydrogen carbonate.

During the EEG recording, the generalized delta activity is dominant
(indicating a severe degree of encephalopathy) that better correlates with the
degree of systemic acidosis than with levels of methanol in the blood and
liquor.

Ethyl alcohol

The severity of the clinical picture in the case of ethyl alcohol
poisoning depends on several factors, such as: the amount of alcohol
consumed and the speed of consumption, the alcohol concentration in drink,
the rate of increase and the level of alcohol concentration in the blood. In acute
poisoning, signs of alcoholic encephalopathy appear in the form of a disorder
of consciousness from a confused-delirious condition to the coma, and severe
respiratory depression can be developed. There is no specific antidote for
alcohol poisoning, but in severe dehydration and vomiting patients, fluid
infusions (glucose and electrolytes) have a good effect.

In acute state of alcohol intoxication, slow EEG activity is in
a positive correlation with the amount of alcohol consumed, while, in the
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chronic stage, EEG records a decrease in alpha rhythms and increase of slow
wave activity. During abstinence from alcohol, the epileptic threshold lowers
so that EEG registers epileptiform changes in the form bilateral spike-wave
complexes. In subacute alcohol encephalopathy, clinically characterized
by focal epileptic seizures and transient cortical disturbances, EEG records
generalized slow and local changes with spikes and PLED.

Wernick encephalopathy

In 1881, Carl Wernicke was first to describe an acute syndrome
involving confusion, ophtalomoplegia, and ataxia. The most common
cause of this encephalopathy is alcoholism with a long-term low intake of
thiamine (vitamin B1). Other conditions that are associated with this disease
are systemic malignancies, surgical procedures on the gastrointestinal tract,
anorexia nervosa, as well as the acquired immune deficiency syndrome. It
is also important to note that the clinical picture of Wernicke encafolapathy
can be acutely induced in people at risk, if they are exposed to excessive
carbohydrate input (in case of intravenuous glucose solution infusions).

The clinical triad that defines this form of encephalopathy is:

1. confusion (with disorientation, attention deficit, apathy), rarely stupor and
coma

2. ocular signs (ophthalmoplegia, nystagmus)

3. truncal ataxia (wide base gait, often with ataxia of extremities).

Korsakoff psychosis can add to Wernick encephalopathy, when
memory is primarily disrupted, in disproportion with other cognitive
functions. Wernicke encephalopathy and Korsakoff psychosis are not
two different illnesses; they represent different stages of the same process
(Vernik-Korsakoff syndrome). Timely diagnosing of this syndrome is of
great importance, because if it is not recognized in time, it progresses to
lethal outcome. Prognosis is good if in acute phase of the illness (Wernick
encephalopathy) higher doses of vitamin B1 (50-100 mg/day) are administered
parenterally with balanced nutrition, while in the chronic phase of the disease,
when Korsakoff psychosis occurs, as many as 10-20 % of patients have poor
prognosis with lethal outcome.

The EEG is characterized by a diffuse slow wave activity that
follows the progression of Wernicke encephalopathy (Figure 20 on page 102).

Figure 20. G. P. Age 67. EEG for Wernicke encephalopathy: generalized slow
wave activity of theta/delta type.
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Organic solvents

The inhalation of organic solvents of a different chemical
composition causes a certain degree of addiction. Evaporating substances that
are ingredients of various products used in industry and households: gasoline,
thinners and glue falls in this category. Chronic abuse of organic solvents in
the early phase most often induces a sense of euphoria or intoxication and
soon after a clinical picture of encephalopathy develops characterized by
pronounced confusion with disorientation and possible hallucinations. There
is, also, social abuse of these substances, such as inhaling glue (sniffing),
which in CNS acts similarly like inhalation anesthetics.

EEG records continuous diffuse decrease of electrical activity,
usually of theta (less common delta) range, and transient paroxysms of slow
waves on low voltage graph could be recorded.

Pesticides

Pesticides are selective chemical agents which, according to their
purpose, are divided into: agents against insects (insecticides), against
rodents (rodenticides), fungi (fungicides), and weeds (herbicides). According
to the chemical structure, the most commonly used groups of pesticides are
organophosphorus compounds and chlorinated hydrocarbons.

Organophosphorus compounds inhibit cholinesterase and lead to an
increase in acetylcholine levels. EEG shows diffuse decrease and paroxysmal
activity, while, in comatose patients, rhythmic beta activity has been described.

Chlorinated hydrocarbons may cause EEG changes in the form of
frontal decrease in activity or bitemporal sharp waves.
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EEG in craniocerebral injuries

Inmany cases of serious head injuries, itis believed that EEG isamore
sensitive diagnostic method than CT and MRI scans of endocranium (EEG is
often the first method that indicates a life-threatening injury such as subdural
hematoma). In legal medicine, importance of the head injury is high, and EEG
recording is especially required in those cases where there is the possibility
of permanent brain damage. Also, a large number of possible complications
(hypoxia, ischemia, metabolic disorders, sepsis) that occur after head injuries,
cause certain EEG changes. In such cases, certain encephalopathy type of
EEG changes is registered: diffuse slow activity, triphasic slow waves, or
paroxysms on a flat graph. From the moment of admission of a patient with a
head trauma to hospital, in addition to implementing measures of reanimation
and stabilization, it is necessary to collect data on the circumstances of the
injury and to insist on the following information:

1. the duration of a loss of consciousness that correlates with the severity of
diffuse brain damage (encephalopathy)

2. the duration of posttraumatic amnesia (primarily, of anterograde
amnesia)- parameter that also correlates with the severity of brain damage
3. the cause and circumstances of the injury (the patient may have had a
collapse before head trauma or some other acute disorder, such as epilepsy)
4. the presence of headache and vomiting (when they persist, the existence
of intracranial hematoma is suspected)

Traumatic brain injury, being mild or severe, is often associated
with cognitive problems, especially memory disorders, disorders of attention
and concentration, i.e. it indicates a decreased cognitive potential, which, in
addition to consciousness disorder, represents the first sign of diffuse damage
of the brain function.

Concussion

Concussion (commotio cerebri) is a craniocerebral injury
accompanied by a disorder of consciousness (lasting less than 6 hours) and
an autonomous dysfunction characterized by fluctuations in blood pressure,
sweating disorder and hyperpyrexia. Recovery can occur very quickly, within
few seconds or minutes (rarely, hours) with retrograde and anterograde
amnesia for the event.

The EEG in concussion is characterized by mild to moderate
decrease of the basic activity and the occurrence of diffuse slow activity of
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the predominantly theta type (Figure 21 at page 109). Generalized slow waves
can be registered for weeks or months after a mild craniocerebral injury such
as concussion. Focal changes are considered to be a sign of brain contusion.

Figure 21. R. K. Age 28. EEG finding in concussion, recording performed 20
minutes after a craniocerebral injury. slowing down of the alpha rhythm and
the occurrence of diffuse slow predominantly theta type activity.

Concussive convulsions

Concussive convulsions are convulsions that occur after an impact
force to the head which leads to a concussion. Firstly, the tonic stupor of
the body occurs, then the clonism, often asymmetrical lasting up to 150
seconds. Concussive convulsions are considered a non-epileptic phenomenon
(as well as convulsive syncope), the prognosis is good and there is no need
to introduce anti-epileptic therapy. During the EEG recording, epileptiform
graphoelements are not registered, but, in most cases, there is mild slowing
down of basic activity.

Chronic traumatic encephalopathy

Chronic traumatic encephalopathy is a slowly progressive
neurodegenerative disease, which primarily occurs in athletes who have had
repeated concussions and is most commonly described in boxers and rugby
players. The disease is manifested by pyramidal, extraspyramidal and cerebral
symptomatology with dementia at a later stage (dementia pugilistica, in latin
pugil means boxer). Anamnestic data of frequent head injuries (sport injuries),
decreased cognitive function, primarily memory and encephalopathic EEG
finding, present the basis for diagnosing chronic traumatic encephalopathy.

In the majority of cases, the EEG registers the diffuse slow activity
of theta, less frequently of delta frequency. It is important to note that a
significant decrease in amplitude and slow theta activity in the EEG recording
is registered in boxers already 15-30 minutes after the match, while theta
activity is more present in boxers who have experienced a knockout. The
degree of encephalopathic EEG changes increased in boxers who had greater
number of matches in a short period of time. A significant increase of slow
waves, most commonly theta type, is also described in rugby players at the
end of their career (Tusvaer et al., 1989), but also in jockeys as a result of falls
followed by repeated head injuries.
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Cerebral contusion

Cerebral contusion (contusio cerebri) implies focal damage of the
brain parenchyma followed by parenchymal hemorrhage. The clinical picture
of encephalopathy in cerebral contusion is manifested by a consciousness
disorder (the most common degree of consciousness disorder after brain
contusion is somnolence), decreased congestive potential, and, often,
areflexion with loss of muscle tonus.

It should be emphasized that even a normal neurological finding
in cerebral contusion can be accompanied by massive EEG changes. EEG
usually records generalized decrease of all frequencies (global cerebral
dysfunction), paroxysmal delta activity and epileptiform activity can also be
often recorded.

Subdural hematoma

Subdural hematoma is a serious, life-threatening cranicerebral
injury, in which blood gathers in the space between the arahnoid and dura
mater.

The clinical picture is characterized by headache, confusion and a
mild cognitive deficit (primarily attention disorder) and unilateral weakness
of extremities. It should be noted that clinical symptoms and signs in chronic
subdural hematoma occur three weeks after the injury, and on the basis of a
clinical picture, and due to the lack of anamnestic data regarding head injury,
it is often possible to suspect a cerebrovascular stroke or dementia in older
population.

EEG is pathological in 90 % of patients with subdural hematoma,
which, in most cases, shows unilateral reduction in basic activity on the side
of hematoma-suppression of normal rhythms (Figure 22 on page 111).

Figure 22. K. M. Age 47. Subdural hematoma at the right side. EEG points
out to suppression of basic activity over right brain hemisphere.

In addition to suppression of basic activity, in subdural hematoma
other pathological patterns can be registered like intermittent rhythmic delta
activity (IRDA) or, in rare cases, pseudoperiodic lateralized epileptiform
discharges (PLED).
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EEG in intracranial neoplasms

Brain tumors (intracranial neoplasms) grow in space limited by
skeleton structures of the skull. This space is filled with: 1) brain tissue and
meninges, 2) blood and blood vessels, 3) liquor. According to the Monro-Kellie
law, each of these three parts can only be expanded at the damage of the other
two, and when an intracranial tumor expansion appears, its growth occurs at
the damage of one of the three parts of the intracranial space. In addition to
signs of elevated intracranial pressure (headache, vomiting, papilledema), in
patients with brain tumor a clinical picture of encephalopathy is frequently
developed (decreased cognitive potential, confusion and focal neurological
symptoms), and epileptic seizures can occur as well, which collaborates
the significant role EEG diagnostics still have in neuro-oncology (Fischer-
Williams, Dicke, 2005). It should be emphasized that pathologic EEG may
be the first finding indicating brain tumor, but also that normal EEG does
not exclude intracranial neoplasm. The most frequent EEG changes that are
registered in brain tumors are: irregular polymorphic delta activity (IPDA),
intermittent rhythmic delta activity (IRDA), diffuse or localized theta activity,
and epileptiform changes (spikes, sharp waves, or spike wave discharges).
Increased intracranial pressure, but also accompanied consciousness disorders
and disorders of other functions (signs of resulting encephalopathy) lead
to slowing down of the basic activity and to the appearance of generalized
slow waves, and such EEG changes may interfere with the lateralization of
the neoplasm. EEG in malignant intracerebral neoplasms shows significant
changes (of IPDA type) more often and faster than in extracerebral tumors.
Also, EEG has a great importance in monitoring over radio therapy and
chemotherapy, when, due to their toxicity, the most common type of changes
are a diffuse decrease in activity and FIRDA.

Brain gliomas

Gliomas are the most common primary brain tumors and constitute
half of all symptomatic intracranial neoplasms. They originate from glial cells
or their precursor stem cells and include: astrocytomas, oligodendrogliomas,
and ependymomas. Astrocytomas are divided into 4 grades, with the first
grade of pilocytic astrocytoma having good prognosis, while the most
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malignant, glioblastoma multiforme (fourth grade), have the worst prognosis.
Medulloblastomas are the most common malignant tumors in childhood, and
develop in the last cranial cavern.

The clinical picture of gliomas is characterized by signs of elevated
intracranial pressure: a headache that awakes patient from the sleep and
vomiting, which is usually not accompanied by nausea. There are numerous
cognitive disorders that indicate the developing of the clinical picture of
encephalopathy, when the family and the environment at the beginning notice
that the patient is forgetful, absentminded and occasionally disorientated and,
at a later stage, in addition to signs of cognitive dysfunction, focal neurological
symptoms (unilateral motor and sensory symptoms) emerge. Since in case of
gliomas epileptic seizures may occur at an early stage, it should be emphasized
that the first appearance of epileptic seizures in the middle age (without prior
brain trauma, stroke, abuse of alcohol and psychoactive substances) is always
a warning sign that requires further examination.

In gliomas EEG recording shows significant changes depending on
their localization: FIRDA (Figure 23 on page 117), OIRDA, IPDA, while the
most pronounced decrease and disorganization of activity is observed at the
last stage in glioblastoma multiforme (Daly, 1950; Hess, 1961).

Figure 23. K. D. Age 55. Frontal region tumor (Glioma). EEG finding is
dominated by bilateral frontal intermittent rhythmic delta activity (FIRDA).

Meningiomas

Meningiomans are slowly growing tumors that account for one-
fifth of all primary intracranial tumors. They originate from meningeal
membranes and can have different intracranial locations, as well as locations
in the spinal cord. A large number of meningiomas are asymptomatic and
they are accidentally detected during EEG recording and, more often, by
neuroradiological methods. If a patient manifests a sign of severe cognitive
dysfunction and consciousness disorder or a hemiparesis, and neuroradiologic
monitoring shows a noticeable tumor growth, surgical treatment is required.

Initially, EEG changes can be considered as a sign of a diffuse brain
function disorder. Meningiomas cause localized EEG changes only in the late
stage.
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Metastatic tumors CNS

Symptoms and signs of intracranial disorder caused by metastases
can manifest themselves even before systemic malignancy is found, and
clinical manifestations depend mostly on the localization of the metastatic
tumor.

In most cases, metastatic tumors are manifested (in addition to
headache) by a clinical picture of encephalopathy: confusion, cognitive
disorders, and focal or multifocal neurological symptoms. The outcome of
these tumors depends largely on control over the primary malignant tumor.
They can be surgery treated (with later radiotherapy) if there are up to two
intracranial metastatic focuses, and if the primary tumor is known and if the
malignant disease is not disseminated.

The EEG finding as a whole is most often slowed down, indicating
signs of non-specific cerebral dysfunction of severe degree, or epileptoform
activity is recorded.
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EEG in coma and related conditions

Coma is defined as a non-reactive state from which a patient can
not be woken up with any stimuli. For the clinical evaluation of the severity
of a coma, a Glasgow scale of coma is used, which evaluates: eye opening,
the best verbal and best motor response, and the scale can have a prognostic
significance. A sum of 3 or 4 (in a total score of 3 to 15) indicates the condition
from which the patient rarely recovers, except in cases of poisoning.

In the case of complete absence of motor function, EEG is the only
indicator of cerebral reactivity reflecting the residual active state of the brain.
Prognostically significant EEG patterns are similar, independent of the causes
of the comatose state, and some authors have proposed the EEG evaluation
according to following parameters (Rumpl, 2005; Synec 1991):

Stage 1

Dominant alpha rhythm, with certain amount of theta activity and reactivity
is present.

Stage 2

Dominant theta activity, rarely alpha or dominant delta activity, reactivity is
present.

Stage 3

Continuous delta activity or isoelectric period less than 1 second, weak or
absent reactivity.

Stage 4

Isoelectric periods longer than 1 second (groups of waves on flat graph), low
amplitude delta activity, non-reactivity.

Stage 5

Isoelectric EEG - electrocerebral inactivity.

EEG patterns, i.e. stages 4 and 5, as a rule, have a bad prognosis,
so burst-suppression pattern, the groups of slow waves on flat graph, or the
isoelectric record - electrocerebral inactivity almost always indicate a fatal
outcome. Burst-suppression pattern consists of an intermittent discharge of
a high-voltage slow activity with a complete attenuation of the basic activity
between the discharges (Figure 24 on page 122).

Figure 24. Burst-suppression pattern, record is registered in male patient
(age 77) one day after the cardiac arrest.

Isoelectrical EEG (electrocerebral inactivity) may show lack of
EEG activity over 2 uV (Figure 25 on page 123) for at least 1 hour after
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recovery from cardiac arrest, so, for prognostic purposes, is better to perform
EEG recordings 5-6 hours after the cardiac arrest.

Figure 25. Electrocerebral inactivity in man (age 61) who had a cardiac
arrest two days before the EEG recording.

It should also be noted that transient electrocerebral inactivity
can occur in conditions causing temporary global loss of brain function.
These include: barbiturate intoxication, hypotermia, pronounced arterial
hypotension, as well as severe metabolic and endocrine disorders. All these
conditions must be excluded before posing the diagnosis of cerebral death.

Brain death

Brain death implies discontinuation of the function of all brain
regions (both hemispheres and brainstem), with clinical features such as:
deep coma, an absence of brain stem reflexes, apnea.

EEG has been used a long time in diagnostics of brain death, and
a positive finding is defined as electrocerebral inactivity (electrical silence)
indicating the absence of EEG activity above 2 uV (ACNS, 2006) and
excludes the following EEG patterns:

1. Intermittently occurrence of wave groups and low amplitude activity

2. Low-amplitude, non-reactive and slow EEG

3. Record showing electrocerebral inactivity only above certain regions of
the sculp

4. Reactive low amplitude EEG

Vegetative state

The vegetative state is defined by vegetative functions such as
spontaneous breathing, stable blood pressure, good balance of fluids and
often well-regulated temperature. It clinically differs from coma by opening
eyes and other manifestations of alertness. In cases of prolonged survival,
reflexes such as sucking, chewing, swallowing and yawning may occur.

EEG findings after an anoxic insult that led to permanent brain
damage indicate serious cortical damage. They are usually significantly
attenuated (<20 puV), without variation, slow or even isoelectric.
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Alfa coma

The EEG pattern reflecting the rare occurrence of association of
clinical coma and alpha-frequency activity is called an alpha coma. The EEG
in alpha coma shows a complete non-reactive, generalized alpha frequency
activity that does not have posterior, but may have a frontal maximum (Figure
26 on page 124).

Figure 26. Alpha coma (age 44 who had a heart failure three days before the
recording). The EEG records a continuous diffuse activity of 10 Hz frequency,
which is maximally pronounced above the frontal regions, there is no reactivity
to the afferent stimuli.

Often, this pattern is recorded after a cardiac and respiratory failure or
prolonged hypoglycemia. After the insult, the alpha coma is usually
maintained for 5 days when it is been replaced by other EEG changes. The
prognosis for complete recovery and survival is very poor, especially in cases
of anoxic encephalopathy. The alpha coma pattern can also be registered in
sedatives intoxication, when it contains asynchronous and bisynchronous
delta activity. It must be emphasized that the syndrome of behavioral non-
reactivity and inability to verbally communicate (locked in syndrome) should
differ from the alpha coma. In this syndrome, which is mainly caused by
infarction or other lesions of the basal pons, quadriplegias and paralysis of the
lower cranial nerves emerge, so that vertical eye movements and blinking are
the only way of communication. EEG in these patients may show posterior
alpha activity with preserved EEG reactivity.
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