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KRATAK SADRŽAJ
Hirurškarevaskularizacijamiokardasetemeqinaefikasnojzaštitisrca(kardioprotekciji),awenciqje

očuvawefunkcionalnogintegritetamiokardatokomperiodaishemijeireperfuzije.Kardioprotekcijautičena
mnogeproceseunutarćelije,kaoštosu:očuvawećelijskeenergetskerezerve(visokoenergetskihfosfata),smawe
wesintezekiseonikovihradikala,zaštitafunkcionalnestabilnostiendotela,očuvaweravnotežeumetabolizmu
kiseonikaiodržavaweravnotežejonaućeliji.Opšteprihvaćenmetodkardioprotekcijetokomoperacijejesteko
rišćewerastvorakristaloidneikrvnekardioplegije,kojaseprimewujeanterogradnoiliretrogradno.Poslepr
vihiskustavasprimenomrastvoraglikoze,insulinaikalijuma(GIK)kodinfarktamiokarda,pristupilosezašti
timiokardazavremeoperacijemodulacijomunutarćelijskogmetabolizma.Rastvorivisokekoncentracijeglikoze
isupraoptimalnihvrednostiinsulinasaminokiselinamailibezwihkorišćenisuzaočuvaweenergetskihizvo
raućelijitokomishemije.Ubrzanoporavakmiokardaifunkcionalnihperformansilevekomore,smawenapotre
bezainotropnompotporom,kaoiređaučestalostporemećajaritmatokomreperfuzijeopravdalisuprimenuras
tvoraGIK.Iskorakuovompravcunapravqenjekorišćewemsavremenihinhalacionihanestetika,kojiusvomsasta
vuimajuhalogeniraneugqovodonikesjonomfluora.Rezultativelikogbrojaeksperimentalnihstudijaiprvihkli
ničkihispitivawadonelisunovpristupmodulacijiunutarćelijskogodgovoranaishemijskulezijuikonceptane
stetičkepreoperacionepripreme(engl.pre con di ti o ning)miokarda.Postojelirazlikeu„pripremi”miokardazape
riodishemijeuzavisnostiodvrsteidozeinhalacionihanestetikautvrdićedaqaistraživawa.

Kqučne reči:kardioprotekcija;inhalacionianestetici;koronarnahirurgija

UVOD

Sa�vre�me�nu�kar�di�o�hi�rur�gi�ju�i�sve�slo�že�ni�je�kar-
di�o�hi�rur�ške�po�stup�ke�u�ko�rak�pra�ti�i�na�pre�dak�za-
šti�te� sr�ca� (kar�di�o�pro�tek�ci�je)� to�kom� ope�ra�ci�je.�
Kar�di�o�pro�tek�ci�ja�pred�sta�vqa�niz�po�stu�pa�ka�ko�ji�ma�
se�uz�re�per�fu�zi�ju:�a)�sma�wu�je�ste�pen�re�ver�zi�bil�ne�le-
zi�je�kon�trak�til�nog�si�ste�ma�i�ti�me�ubr�za�va�opo�ra�vak�
kon�trak�til�no�sti;�b)�smawuje�re�ver�zi�bil�no�ošte�će�we�
mi�o�ci�ta�i�ti�me�ogra�ni�ča�va�zo�na�in�fark�ta;�v)�sma�wu-
je�elek�trič�na�ne�sta�bil�nost�i�ti�me�uma�wu�je�osetqi-
vost�i�mo�gu�ći�na�sta�nak�po�re�me�ća�ja�rit�ma�ra�da�sr�ca;�
i�g)�ogra�ni�ča�va�ste�pen�va�sku�lar�nog�ošte�će�wa�i�po-
boq�ša�va�kva�li�tet�pro�to�ka�to�kom�re�per�fu�zi�je.�Svr-
ha�kar�di�o�pro�tek�ci�je�to�kom�is�he�mi�je�i�re�per�fu�zi-
je�je�ste�oču�va�we�naj�ve�će�funk�ci�o�nal�ne�spo�sob�no�sti�
mi�ši�ća�sr�ca�[1].

Kar�di�o�pro�tek�ci�ja�mo�že�bi�ti�usme�re�na�u�dva�prav-
ca:�a)�za�šti�ta�de�la�mi�o�kar�da�kod�re�gi�o�nal�ne�is�he�mi-
je,�kao�kod�in�fark�ta�mi�o�kar�da;�i�b)�za�šti�ta�mi�o�kar�da�
za�vre�me�op�šte�is�he�mi�je�to�kom�operacije�ili�tran-
splan�ta�ci�je�sr�ca.

ODLIKE ISHEMIJSKE LEZIJE  
VAŽNE ZA KARDIOPROTEKCIJU

Efe�kat�kar�di�o�pro�tek�ci�je�i�we�na�efi�ka�snost�za�vi�se�
od�ni�za�slo�že�nih�pro�ce�sa�i�wi�ho�vog�to�ka�u�is�he�mij-
skom�de�lu�mi�o�kar�da�to�kom�ope�ra�ci�je�sr�ca,�kao�i�to�kom�
re�per�fu�zi�o�ne�fa�ze�u�ne�po�sred�nom�po�sto�pe�ra�ci�o�nom�
pe�ri�o�du.�Evo�lu�ci�ja�is�he�mij�skih�pro�me�na�u�mi�o�kar�du�
ni�je�uni�form�na.�Is�he�mi�ja�po�či�we�ni�zom�pro�gre�siv-
nih�me�ta�bo�lič�kih�i�funk�ci�o�nal�nih�pro�me�na�u�će�li-
ji,�ko�je,�ako�se�ne�pre�ki�nu�ra�nom�re�per�fu�zi�jom,�nuž-
no�kul�mi�ni�ra�ju�smr�ću�će�li�je.�Tra�ja�wem�is�he�mi�je�ste-
pen�ošte�će�wa�je�sve�in�ten�ziv�ni�ji,�od�no�sno�sve�je�ma-
wi�broj�će�li�ja�ko�je�su�u�re�ver�zi�bil�noj�fa�zi�pro�me�na�
ili�ošte�će�wa,�a�sa�mim�tim�sve�je�ma�wa�ko�li�či�na�tki-
va�ko�ja�bi�ima�la�even�tu�al�ne�ko�ri�sti�od�re�per�fu�zi�je.�
Tra�ja�we�is�he�mi�je�je�od�iz�u�zet�nog�zna�ča�ja.�Pot�pu�ni�opo-
ra�vak�is�he�mič�nog�tki�va�mo�že�se�po�sti�ći�sa�mo�ra�nom�
re�per�fu�zi�jom,�dok�su�pro�me�ne�u�tki�vi�ma�u�okvi�ri�ma�
re�ver�zi�bil�ne�le�zi�je.�Efi�ka�snost�kar�di�o�pro�tek�ci�je�je�
uslo�vqe�na�i�obi�mom,�ste�pe�nom�i�ras�po�re�dom�pro�me�na�
na�ko�ro�nar�nim�ar�te�ri�ja�ma.
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To�kom� hi�rur�ške� re�va�sku�la�ri�za�ci�je� mi�o�kar�da�
osnov�na� za�šti�ta� mi�o�kar�da� se� po�sti�že� pri�me�nom�
kri�sta�lo�id�nog�ili�krv�nog�kar�di�o�ple�gič�nog�ras�tvo-
ra�[2-4].�Kar�di�o�ple�gi�ja�se�pri�me�wu�je�ili�an�te�ro�grad-
no,�ili�re�tro�grad�no,�ili�se�ko�ri�sti�kom�bi�na�ci�ja�ova�
dva�po�stup�ka�u�raz�li�či�tim�fa�za�ma�ope�ra�ci�je,�pri�če-
mu�se�pri�me�wu�ju�od�re�đe�ne�pred�no�sti�i�jed�nog�i�dru-
gog�po�stup�ka�[5,�6].

Isto�vre�me�no�s�po�boq�ša�wi�ma�sa�sta�va�i�me�to�da�
kar�di�o�ple�gi�je,�deo�is�tra�ži�va�wa�je�bio�usme�ren�u�na-
sto�ja�wu�da�se�an�ga�žu�ju�unu�tra�šwe�re�zer�ve�mi�o�kar�da�
u�oču�va�wu�ener�gi�je�će�li�je,�a�ti�me�i�elek�tro�lit�no-bi-
o�he�mij�skog�i�funk�ci�o�nal�nog�in�te�gri�te�ta�mi�o�kar�da.�
Za�če�tak�me�ta�bo�lič�ke�mo�du�la�ci�je�u�za�šti�ti�mi�o�kar-
da�da�ti�ra�od�pr�vih�ko�ri�šće�wa�ras�tvo�ra�gli�ko�ze,�in-
su�li�na�i�ka�li�ju�ma�(GIK)�u�in�fark�tu�mi�o�kar�da�[7-9].�
Po�tom�sle�di�pri�me�na�GIK�u�hi�rur�škoj�re�va�sku�la-
ri�za�ci�ji�mi�o�kar�da�uz�raz�li�či�te�mo�di�fi�ka�ci�je�kon-
cen�tra�ci�je�gli�ko�ze,�ko�li�či�ne�in�su�li�na�i�isto�vre-
me�ne�upo�tre�be�ami�no�ki�se�li�na�[10-13].�Od�ne�dav�no�je�
u�ne�ko�li�ko�eks�pe�ri�men�tal�nih�i�kli�nič�kih�stu�di�ja�
is�pi�ti�van�efe�kat�in�ha�la�ci�o�nih�ane�ste�ti�ka�na�me-
ta�bo�lič�ku�mo�du�la�ci�ju�u�kar�di�o�pro�tek�ci�ji.

MOLEKULARNI I METABOLIČKI  
PROCESI KAO META KARDIOPROTEKCIJE

U�ve�li�kom�bro�ju�eks�pe�ri�men�tal�nih�i�kli�nič�kih�
stu�di�ja�is�pi�ti�va�no�je�de�se�ti�ne�po�stu�pa�ka�či�ji�je�ciq�
bio�uspo�ra�va�we�na�pre�do�va�wa�is�he�mij�skog�ošte�će-
wa�mi�o�kar�da.�Po�stup�ci�su�bi�li�usme�re�ni�na�od�re-
đe�ne�ka�ri�ke�(ni�voe)�me�ta�bo�lič�kih�pro�me�na�u�će�li�ji�
ka�ko�bi�se:�a)�ogra�ni�či�la�aku�mu�la�ci�ja�pro�to�na�(H+)�
i�aci�do�za;�b)�pre�u�sme�ri�lo�snab�de�va�we�ener�gi�jom�sa�
slo�bod�nih�ma�snih�ki�se�li�na�na�gli�ko�zu;�v)�ogra�ni-
či�la�po�tro�šwa�vi�so�ko�e�ner�get�skih�fos�fa�ta�(ATP);�
g)�sma�wi�lo�pre�pla�vqi�va�we�će�li�je�jo�ni�ma�kal�ci�ju�ma�
i�na�tri�ju�ma;�d)�mo�di�fi�ko�va�la�en�zim�ska�i�pro�te�in-
ska�re�gu�la�ci�ja�pro�ce�sa;�đ)�spre�čio�gu�bi�tak�ka�li�ju�ma,�
ko�fak�to�ra�i�ele�me�na�ta�u�tra�gu;�e)�ogra�ni�či�lo�ra�za-
ra�we�nu�kle�ar�nog�ma�te�ri�ja�la;�ž)�blo�ki�ra�la�ak�tiv�nost�
li�tič�kih�en�zi�ma�i�le�u�ko�ci�ta;�z)�sma�wi�lo�stva�ra�we�
slo�bod�nih�ki�se�o�ni�ko�vih�ra�di�ka�la�i�ubr�za�lo�wi�ho-
vo�oslo�ba�đa�we;�i�i)�spre�či�li�edem�će�li�je�i�rup�tu�ra�
će�lij�ske�mem�bra�ne�[1].�U�broj�nim�eks�pe�ri�men�tal�nim�
mo�de�li�ma�je�po�tvr�đe�no�da�pri�me�na�raz�li�či�tih�le�ko-
va,�pu�fe�ra,�jo�na,�osmot�skih�agensâ�i�sup�stra�ta�zna-
čaj�no�sma�wu�je�po�ka�za�te�qe�is�he�mij�ske�le�zi�je�(aci�do-
zu,�ni�vo�en�zi�ma,�is�he�mij�sku�kon�trak�tu�ru�i�ve�li�či�nu�
in�fark�ta)�i�ubr�za�va�po�stis�he�mij�ski�opo�ra�vak�kon-
trak�til�no�sti.�Do�dat�nim�is�tra�ži�va�wi�ma�je�po�tvr�đe-
no�da�kom�bi�na�ci�je�op�ti�mal�nih�do�za�raz�li�či�tih�le-
ko�va�i�sup�stan�ci�zna�čaj�no�po�boq�ša�va�ju�za�šti�tu�mi-
o�kar�da�(kao,�na�pri�mer,�kar�di�o�ple�gi�ja).

U�pr�vim�po�ku�ša�ji�ma� kar�di�o�pro�tek�ci�ja� je� bi�la�
usme�re�na�na�za�šti�tu�mi�o�ci�ta,�dok�su�dru�ga�funk�ci-
o�nal�no�vr�lo�va�žna�tki�va�–�en�do�tel,�glat�ko�mi�šić�na�

mu�sku�la�tu�ra�ko�ro�nar�nih�ar�te�ri�ja,�spro�vod�ni�si�stem�
i�ve�ziv�no�tki�vo,�ko�ja�su�ta�ko�đe�ja�ko�ose�tqi�va�na�is-
he�mi�ju�–�bi�la�za�po�sta�vqe�na.�Me�re�kar�di�o�pro�tek�ci�je�
tre�ba�usme�ri�ti�i�na�wi�ho�vu�za�šti�tu.�Od�ne�dav�no�se�
po�seb�na�pa�žwa�po�kla�wa�mi�kro�cir�ku�la�ci�ji,�po�seb�no�
en�do�te�la,�ko�ji�bi�mo�gao�bi�ti�iz�u�zet�no�osetqiv�to�kom�
is�he�mi�je�i�re�per�fu�zi�je.�Hi�po�te�za�no�vih�is�tra�ži-
va�wa�gla�si:�odr�ža�va�we�mi�kro�cir�ku�la�ci�je�je�glav�ni�
pred�u�slov�pre�ži�vqa�va�wa�sr�ca�kao�ce�li�ne�[14].

INHALACIONI ANESTETICI I  
ZAŠTITA MIOKARDA

Ošte�će�we�tki�va,�od�no�sno�mi�o�kar�da�na�sta�lo�to�kom�
pe�ri�o�da�is�he�mi�je�i�obim�tog�ošte�će�wa�od�re�đe�ni�su�
ra�znim�fak�to�ri�ma.�Je�dan�od�fak�to�ra�ko�jim�su�od�re-
đe�ni�obim�i�ste�pen�pro�me�ne�je�ste�tra�ja�we�is�he�mi�je.�
Even�tu�al�no�po�nov�no�us�po�sta�vqa�we�cir�ku�la�ci�je�pra-
će�no�je�ni�zom�pro�me�na,�ko�je�su�sa�stav�ni�deo�re�per�fu-
zi�o�ne�le�zi�je�i�ko�je�mo�gu�do�ve�sti�do�te�ških�funk�ci�o-
nal�nih�po�re�me�ća�ja.�Niz�me�ra�i�po�stu�pa�ka�pre�i�to�kom�
ope�ra�ci�je�usme�ren�je�ka�pre�ven�ci�ji�i�le�če�wu�na�ve�de-
nih�pro�me�na.�Re�zul�ta�ti�eks�pe�ri�men�tal�nih�is�tra�ži-
va�wa�po�tvr�đu�ju�kar�di�o�pro�tek�tiv�ni�efe�kat�ha�lo�ge�ni-
ra�nih�(jo�nom�flu�o�ra)�in�ha�la�ci�o�nih�ane�ste�ti�ka,�ko�ji�
se�ne�mo�že�jed�no�stav�no�ob�ja�sni�ti�uti�ca�jem�na�ko�ro-
nar�ni�pro�tok�ili�mi�o�kard�ni�ba�lans�ki�se�o�ni�ka.�Ve-
ro�vat�no�je�da�vo�la�til�ni�ane�ste�ti�ci�ima�ju�di�rekt�no�
kar�di�o�pro�tek�tiv�no�dej�stvo.�De�lu�ju�ći�di�rekt�no�ili�
in�di�rekt�no,�sti�mu�li�šu�ći�pre�is�he�mij�sku�pri�pre�mu�
mi�o�kar�da�(engl.�pre con di ti o ning),�šti�te�mi�šić�sr�ca�od�
is�he�mij�sko-re�per�fu�zi�o�ne�le�zi�je.�Isto�vre�me�no,�po-
ka�za�lo�se�da�ko�ri�šće�we�vo�la�til�nih�ane�ste�ti�ka�sma-
wu�je�obim�re�per�fu�zi�o�ne�le�zi�je�ka�da�se�pri�me�wu�ju�za�
vre�me�re�per�fu�zi�o�nog�pe�ri�o�da.�Ko�ri�šće�we�ovih�od-
li�ka�in�ha�la�ci�o�nih�ane�ste�ti�ka�to�kom�kli�nič�ke�ane-
ste�zi�je�mo�že�do�pri�ne�ti�spre�ča�va�wu�ili�le�če�wu�pe-
ri�o�pe�ra�ci�o�ne�dis�funk�ci�je�mi�o�kar�da�iza�zva�ne�is�he-
mi�jom�i�re�per�fu�zi�jom.�Naj�ve�ći�broj�kli�nič�kih�is-
tra�ži�va�wa�u�ovom�prav�cu�ura�đen�je�to�kom�hi�rur�ške�
re�va�sku�la�ri�za�ci�je�mi�o�kar�da,�ka�da�se�obe�fa�ze�(i�is-
he�mi�je�i�re�per�fu�zi�je)�od�vi�ja�ju�u�kon�tro�li�sa�nim�kli-
nič�kim�uslo�vi�ma,�kao�sa�stav�ni�i�ne�iz�be�žni�deo�to-
kom�operacije�aor�to�ko�ro�nar�nog�baj�pa�sa.

Pre�is�he�mij�ska�pri�pre�ma�mi�o�kar�da je�niz�pro�ce-
sa�unu�tar�će�li�je�ko�ji�su�iza�zva�ni�pret�hod�nim�de�lo-
va�wem�ne�kim�po�ten�ci�jal�no�nok�sič�nim�stre�som�(is-
he�mi�jom),�ko�ji�po�ve�ća�va�to�le�ran�ci�ju�će�li�je�pri�sle-
de�ćem�stre�snom�sti�mu�lu�su�(is�he�mi�ji).�Ta�ko�je�pre�is-
he�mij�ska�pri�pre�ma�mi�o�kar�da�en�do�ge�ni�adap�ta�ci�o�ni�
od�go�vor�na�krat�ko�traj�ne,�su�ble�tal�ne�do�ga�đa�je�is�he�mi-
je,�pri�če�mu�se�raz�vi�ja�po�seb�na�pa�ra�dok�sal�na�ot�por-
nost�na�sle�de�ću�mo�gu�ću�le�tal�nu�is�he�mi�ju.�Ovaj�efe-
kat�pre�is�he�mij�ske�pri�pre�me�je�ogra�ni�če�nog�tra�ja�wa�
i�ti�pič�no�se�de�li�na�dve�fa�ze:�ra�nu�i�ka�snu.�Ra�na�fa-
za�se�od�vi�ja�od�mah�i�pred�sta�vqa�sna�žan�od�go�vor�ko�ji�
tra�je�od�jed�nog�do�dva�sa�ta.�Ka�sna�fa�za,�ko�ja�tra�je�oko�
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24�sa�ta�po�sle�po�čet�nog�sti�mu�lu�sa,�sla�bi�jeg�je�za�štit-
nog�dej�stva,�ali�tra�je�do�tri�da�na.�Pre�de�se�tak�go�di�na�
efe�kat�pre�is�he�mij�ske�pri�pre�me�mi�o�kar�da�tu�ma�čen�je�
oču�va�wem�re�zer�vi�vi�so�ko�e�ner�get�skih�fos�fa�ta�(ade-
no�zin�tri�fos�fa�ta�–�ATP),�što�je�sli�ko�vi�to�pred�sta-
vqe�no�na�she�mi�1.�Me�đu�tim,�ka�sni�jim�is�tra�ži�va�wi-
ma�je�ovo�po�jed�no�sta�vqe�no�tu�ma�če�we�zna�čaj�no�iz�me-
we�no.�Tre�nut�no�pri�hva�će�na�hi�po�te�za�pre�is�he�mij�ske�
pri�pre�me�mi�o�kar�da�je�da�ve�li�ki�broj�ini�ci�ra�ju�ćih�
pro�ce�sa�sti�mu�li�še�raz�li�či�te�prav�ce�ši�re�wa�sig�na-
la�i�ak�ti�va�ci�ju�ne�ko�li�ko�me�di�ja�to�ra,�ko�ji�ak�ti�vi�ra�ju�
po�je�dan�ili�vi�še�kraj�wih�efek�to�ra,�što�do�vo�di�do�
za�šti�te�od�pro�du�že�ne�is�he�mi�je�(She�ma�2)�[15].

Ukrat�ko,�ak�ti�va�tor�na�(sig�nal�na)�sup�stan�ca�se�ve-
zu�je�za�si�stem�in�hi�bi�tor�nog�pro�te�i�na�G�i�sti�mu�li�še�
ak�ti�va�ci�ju�ne�ko�li�ko�pra�va�ca�ši�re�wa�sig�na�la�unu-
tar�će�li�je,�pri�če�mu�do�la�zi�do�mo�di�fi�ka�ci�ja�(tran-
slo�ka�ci�je�i�fos�fo�ri�la�ci�je)�iz�ve�snog�bro�ja�unu�tar-
će�lij�skih�pro�te�i�na.�U�ovim�pro�ce�si�ma�pro�tein-ki-
na�za�C�za�u�zi�ma�glav�no�me�sto,�ali�su�za�hva�će�ni�i�ti-
ro�zin-ki�na�za�i�pro�tein-ki�na�za�ak�ti�vi�sa�na�mi�to�ge-
nom.�To�kom�ra�ne�fa�ze�pre�is�he�mij�ske�pri�pre�me�mi�o-
kar�da�mo�du�la�ci�ja�for�mi�ra�wa�će�lij�ske�me�mo�ri�je�ima�
cen�tral�no�me�sto.�Tran�slo�ka�ci�ja�pro�tein-ki�na�ze�C�
iz�ci�to�so�la�na�raz�li�či�te�mem�bra�ne�u�će�li�ji�po�kre-
će�niz�me�ha�ni�za�ma�i�do�vo�di�do�br�že�i�sna�žni�je�ak-

Кардиопротекција изазвана исхемијом
Ischaemic preconditioning

Смањена потрошња енергије
Decreased energy consumption
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Energy store preservation
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Intracellular signalling
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?

SHEMA 1. Početna pretpostavka je bila da je suština mehanizma kardioprotekcije štedwa energije. Sada je postalo jasno da proces obu-
hvata niz unutarćelijskih mehanizama koji aktiviraju jedan ili više krajwih efektora.
SCHEME 1. The initial preposition was that the essential mechanism of cardioprotection is directed to energy sparing. Now, it is more clear that 
process includes many intracellular mechanisms with the activation of a few end effectors.

Реперфузиона лезија
Reperfusion lesion

Сублетална лезија
Sublethal lesion

Одложена лезија
Delayed lesion

Исхемија миокарда
Myocardial ischaemia

L
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Reperfusion
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Дисфункција миокарда
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SHEMA 2. Ukoliko posle perioda ishemije ne usledi reperfuzija, dolazi do izumirawa ćelija i regionalne disfunkcije leve komore. 
Ukoliko se uspostavi reperfuzija, ćelije će preživeti uz prolaznu disfunkciju.
SCHEME 2. If period of ischaemia is not followed with reperfusion, the result will be the cell death and left ventricular regional dysfunction. The res-
toration of coronary perfusion will induce cell recovery with transitory left ventricular dysfunction.
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ti�va�ci�je�pro�tein-ki�na�ze�C�to�kom�pro�duže�nog�is�he-
mij�skog�pe�ri�o�da,�isto�vre�me�no�na�ne�ko�li�ko�pod�će�lij-
skih�struk�tu�ra�kao�kraj�wim�efek�tom.�Mno�gim�eks�pe-
ri�men�tal�nim�stu�di�ja�ma�je�po�tvr�đe�no�da�je�su�šti�na�
pro�ce�sa�u�oču�va�wu�funk�ci�je�mi�to�hon�dri�ja�otva�ra�we�
jon�skih�ka�na�la�ka�li�ju�ma�za�vi�snih�od�ATP.�Isto�vre-
me�no�se�od�i�gra�va�ju�sma�we�we�op�te�re�će�wa�kal�ci�ju�mo-
vim�jo�nom�unu�tar�će�li�je,�bo�qe�oču�va�we�ener�get�skih�
re�zer�vi�i�spre�ča�va�we�ak�ti�va�ci�je�apop�to�ze�i�ne�kro-
ze�će�li�ja,�kao�i�sma�we�we�ok�si�da�tiv�nog�stre�sa.�Ka�sna�
fa�za�se�od�li�ku�je�će�lij�skom�me�mo�ri�jom,�za�ko�ju�se�mi-
sli�da�mo�du�li�ra�sin�te�zu�ili�ak�ti�va�ci�ju�pro�te�i�na�ko-
ji�ima�ju�ci�to�pro�tek�tiv�ni�efe�kat,�kao�što�je�iza�zi�va-
we�ne�ko�li�ko�an�ti�ok�si�da�tiv�nih�en�zi�ma�ili�sin�te�za�
tzv.�hit-šok�pro�te�i�na,�ko�ji�su�ukqu�če�ni�u�sta�bi�li-
za�ci�ju�struk�tu�re�u�će�li�ji,�či�me�sma�wu�ju�ste�pen�apop-
to�ze�i�sti�mu�li�šu�kon�trak�til�nost�mi�o�kar�da.�Isto-

vre�me�no�ima�ju�uti�ca�ja�na�va�zo�di�la�ta�ci�ju�i�agre�ga�ci-
ju�trom�bo�ci�ta�(She�ma�3)�[16,�17].

Ne�kim�eks�pe�ri�men�tal�nim�stu�di�ja�ma�je�po�tvr�đe�no�
da�pre�is�he�mij�ska�pri�pre�ma�mi�o�kar�da�mo�že�bi�ti�far-
ma�ko�lo�ški�mo�du�li�ra�na�na�raz�li�či�tim�ni�vo�i�ma�ka-
ska�de�unu�tar�će�lij�skih�pro�ce�sa,�što�je�bio�uvod�u�kon-
cept�far�ma�ko�lo�ške�za�šti�te�mi�o�kar�da�[18].

FARMAKOLOŠKO-ANESTETIČKA 
PREISHEMIJSKA PRIPREMA MIOKARDA

Re�zul�ta�ti�ve�li�kog�bro�ja�eks�pe�ri�men�tal�nih�stu�di�ja�
to�kom�po�sled�wih�go�di�na�uka�za�li�su�na�kar�di�o�pro�tek-
tiv�ni�efe�kat�vo�la�til�nih�ane�ste�ti�ka�i�wi�ho�vu�far-
ma�ko�lo�šku�ulo�gu�u�spre�ča�va�wu�is�he�mij�ske�dis�funk-
ci�je�mi�o�kar�da.�Sma�tra�se�da�ane�ste�tič�ka�pre�is�he�mij-
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Рана кардиопротекција изазвана анестезијом
Early anaesthetic induced cardioprotection

SHEMA 3. Eksperimentalne studije su utvrdile da primena izoflurana, odnosno sevoflurana olakšava otvarawe sarkolemalnih i mito-
hondrijalnih kanala kalijuma zavisnih od ATP i time aktivaciju protein-kinaze C (PKC), što predstavqa suštinski deo mehanizma pre-
ishemijske pripreme miokarda. Protein-kinaza aktivirana mitogenom (MAPK) pokrenuta izofluranom, odnosno sevofluranom stimu-
liše translokaciju PKC-ε sa ćelijske membrane u citosol. Kinaza regulisana vanćelijskim signalima (ERK1/2) više nego p38 MAPK deluje 
kao usporavajući efektor PKC izazvane izofluranom, odnosno sevofluranom.
SCHEME 3. Results of experimental studies confirmed that the essential for cardioprotection by isoflurane/sevoflurane administration is the stim-
ulation of sarcolemmal and mitochondrial KATP channels opening dependent on PKC activation. Isoflurne/sevoflurane activated MAPK (mitogen 
activated protein kinase) stimulates (protein kinase C) PKC-ε translocation into cytosol. ERK1/2 kinase (regulated by extracellular signals), rather than 
p38 MAPK , downstreams effector PKC induced by isoflurane/sevoflurane.

PD98059; SB203580; SP600125 – specifični inhibitori; PLC – fosfolipaza C; PDK-1 – kinaza 1 zavisna od fosfoinozitida (put koji ukquču-
je aktivaciju receptora kontrolisanih proteinom G ili otvarawem mitohondrijalnih kanala kalijuma zavisnih od ATP i oslobađawem 
reaktivnih kiseonikovih ostataka – ROS).
PD98059; SB203580; SP600125 – specific inhibitors; PLC – phospholipase C; PDK-1 – 3-phosphoinositid-dependent kinase 1; (pathway that includes 
activated G-protein controlled receptors as well as mitochondrial KATP channels dependent opening and release of reactive oxygen species – ROS). 
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ska�pri�pre�ma�in�te�gri�še�ne�ko�li�ko�sig�nal�nih�prava-
ca�u�će�li�ji,�pri�če�mu�su�ob�u�hva�će�ni�i:�pro�tein-ki�na-
za�C,�ti�ro�zin-ki�na�za,�ade�nin�ski�re�cep�to�ri,�ve�zu�ju�ći�
pro�te�i�ni�ko�ji�in�hi�bi�ra�ju�nu�kle�o�tid�gu�a�ni�na,�sar�ko-
le�mal�ni�i�mi�to�hon�dri�jal�ni�ka�na�li�ka�li�ju�ma�za�vi-
snih�od�ATP.�Osta�je�da�se�utvr�di�re�la�tiv�ni�zna�čaj�i�
do�pri�nos�raz�li�či�tih�unu�tar�će�lij�skih�me�ha�ni�za�ma.�
Sma�tra�se�da�je�su�šti�na�za�šti�te�mi�o�kar�da�iza�zva�ne�
ane�ste�ti�kom�u�otva�ra�wu�sar�ko�pla�zmat�skih�i�mi�to-
hon�dri�jal�nih�jon�skih�ka�na�la�ka�li�ju�ma�za�vi�snih�od�
ATP�i�po�sle�dič�na�de�po�la�ri�za�ci�ja�mem�bra�ne�mi�to-
hon�dri�ja,�ko�ja�je�pra�će�na�po�boq�ša�wem�bio�e�ner�ge�ti-
ke�mi�to�hon�dri�ja,�sma�we�wem�ki�se�o�nič�kog�dis�ba�lan-
sa�i�sma�we�nim�stva�ra�wem�slo�bod�nih�ki�se�o�ni�ko�vih�
ra�di�ka�la�to�kom�re�per�fu�zi�je.�Re�zul�tat�ovih�pro�ce-
sa�je�sma�we�we�pre�pla�vqi�va�wa�ci�to�so�la�i�mi�to�hon-
dri�ja�jo�ni�ma�kal�ci�ju�ma,�či�me�su�ošte�će�wa�struk�tur-
nog�i�funk�ci�o�nal�nog�in�te�gri�te�ta�mi�o�ci�ta�uma�we�na.�
Isto�vre�me�no,�ane�ste�tič�ka�pre�is�he�mij�ska�pri�pre�ma�
šti�ti�i�en�do�tel�ko�ro�nar�nih�i�dru�gih�ar�te�ri�ja,�za-
šti�tom�sin�te�ze�azot-ok�si�da�i�wi�me�iza�zva�ne�va�zo-
di�la�ta�ci�je.

Kli�nič�ka�is�tra�ži�va�wa�su�te�kla�u�dva�sme�ra:�is-
pi�ti�van�je�efe�kat�vo�la�til�nih�ane�ste�ti�ka�pre�i�po�sle�
is�he�mi�je.�Je�dan�deo�kli�nič�kih�stu�di�ja�pro�ce�wi�vao�je�
efe�kat�in�ha�la�ci�o�nih�ane�ste�ti�ka�ko�ji�su�pri�me�we-
ni�pre�pe�ri�o�da�is�he�mi�je.�Dru�gi�deo�stu�di�ja�ba�vio�se�
pro�ce�nom�efek�ta�vo�la�til�nih�ane�ste�ti�ka�to�kom�ra-
ne�fa�ze�re�per�fu�zi�je,�pri�če�mu�je�po�tvr�đe�no�za�štit-
no�dej�stvo�in�ha�la�ci�o�nih�ane�ste�ti�ka;�me�ha�ni�zam�dej-
stva,�pri�tom,�ni�je�do�kra�ja�raz�ja�šwen.�Osnov�ni�me-
ha�ni�zmi�de�lo�va�wa�su:�pre�ven�ci�ja�re�per�fu�zi�jom�i�po-
nov�nom�ok�si�ge�na�ci�jom�iza�zva�ne�će�lij�ske�hi�per�kon-
trak�til�no�sti,�de�pre�si�ja�ak�ti�vi�sa�nih�ne�u�tro�fi�la�i�
wi�ho�ve�ulo�ge�u�sin�te�zi�ki�se�o�ni�ko�vih�ra�di�ka�la,�ko-
ji�igra�ju�zna�čaj�nu�ulo�gu�u�re�per�fu�zi�o�noj�le�zi�ji.�Do-
šlo�se�do�sa�zna�wa�da�je�su�šti�na�i�pre�is�he�mij�skog�i�
po�stis�he�mij�skog�de�lo�va�wa�se�vo�flu�ra�na�pre�ven�ci�ja�
pre�pla�vqi�va�wa�će�li�je�jo�nom�kal�ci�ju�ma.

KLINIČKA PRIMENA INHALACIONIH 
ANESTETIKA U ZAŠTITI MIOKARDA

Pri�me�na�in�ha�la�ci�o�nih�ane�ste�ti�ka�to�kom�kli�nič-
ke�ane�ste�zi�je�mo�že�bi�ti�do�dat�ni�na�čin�za�šti�te�mi�o-
kar�da,�kao�i�me�tod�le�če�wa�i�spre�ča�va�wa�dis�funk�ci-
je�sr�ca�u�pe�ri�o�pe�ra�ci�o�nom�pe�ri�o�du.�Ne�ko�li�ko�kli-
nič�kih�is�pi�ti�va�wa�je�oce�ni�lo�dej�stvo�in�ha�la�ci�o�nih�
ane�ste�ti�ka�na�mi�o�kard�pri�me�we�nih�ne�po�sred�no�pre�
pe�ri�o�da�is�he�mi�je.�Jed�no�od�wih�je�ukqu�či�lo�22�is�pi-
ta�ni�ka�kod�ko�jih�je�pri�me�wen�1,3-po�stot�ni�en�flu-
ran�(0,5-2%)�ne�po�sred�no�pred�po�če�tak�van�te�le�snog�
kr�vo�to�ka�to�kom�pet�mi�nu�ta.�Kod�is�pi�ta�ni�ka�se�po-
sle�ope�ra�ci�je�po�boq�ša�la�funk�ci�ja�le�ve�ko�mo�re;�raz-
li�ke�iz�me�đu�is�pi�ti�va�ne�i�kon�trol�ne�gru�pe�u�ni�vou�
kre�a�tin-ki�na�ze�MB�i�tro�po�ni�na�I,�me�đu�tim,�ni�je�bi�lo�
[19].�U�dru�goj�stu�di�ji,�ko�ja�je�ob�u�hva�ti�la�20�bo�le�sni-

ka,�is�pi�ta�no�je�dej�stvo�izo�flu�ra�na�(2,5�MAC)�pri�me-
we�nog�pet�mi�nu�ta�pred�po�če�tak�van�te�le�snog�kr�vo�to-
ka,�pre�po�sta�vqa�wa�po�preč�ne�kle�me�na�aor�tu�i�sr�ča-
nog�is�he�mij�skog�na�pa�da.�Ma�da�su�raz�li�ke�u�ovoj�stu-
di�ji�u�ni�vou�kre�a�tin-ki�na�ze�MB�i�tro�po�ni�na�I�bi�le�
ni�že�u�is�pi�ti�va�noj�ne�go�u�kon�trol�noj�gru�pi,�raz�li-
ke�u�dru�gim�pa�ra�me�tri�ma�ni�su�do�sti�gle�sta�ti�stič�ku�
zna�čaj�nost�[20].

U�mul�ti�cen�trič�noj,�pro�spek�tiv�noj�stu�di�ji�iz�ve-
de�noj�2003.�go�di�ne�is�pi�ta�na�su�72�na�su�mič�no�oda�bra-
na�bo�le�sni�ka.�Kod�wih�su�pri�me�we�ni�ili�se�vo�flu-
ran�(2�MAC)�ili�me�ša�vi�na�ki�se�o�ni�ka�i�va�zdu�ha�to-
kom�de�set�mi�nu�ta�na�po�čet�ku�van�te�le�snog�kr�vo�to�ka.�
Pra�će�ni�su�bi�o�he�mij�ski�po�ka�za�te�qi�le�zi�je�mi�o�kar�da�
(kre�a�tin-ki�na�za�MB�i�tro�po�nin�T),�po�ka�za�te�qi�dis-
funk�ci�je�mi�o�kar�da�(ce�re�bral�ni�na�tri�u�re�tski�pep-
tid)�i�ni�vo�ošte�će�wa�mi�ši�ća�sr�ca�(ni�vo�pro�tein-
ki�na�ze C,�izo�for�me�δ�i�ε�iz�uzo�ra�ka�mi�o�kar�da�uze-
tih�sa�pret�ko�mo�re�to�kom�ope�ra�ci�je).�Kod�is�pi�ta�ni-
ka�kod�ko�jih�je�pri�me�wen�se�vo�flu�ran�utvr�đen�je�zna-
čaj�no�ni�ži�ni�vo�na�tri�u�re�ts�kog�pep�ti�da�i�pr�vi�put�je�
de�mon�stri�ra�na�zna�čaj�na�tran�slo�ka�ci�ja�pro�tein-ki-
na�ze�C,�izo�for�mi�δ�i�ε,�što�se�tu�ma�či�vo�de�ćom�pro-
me�nom�u�mi�o�kar�du�čo�ve�ka�tre�ti�ra�nog�se�vo�flu�ra�nom�
to�kom�ane�ste�tič�ke�pre�is�he�mij�ske�pri�pre�me�[21].�To-
kom�ne�dav�nog�is�tra�ži�va�wa�in vi tro�na�uzorku�de�sne�
ko�mo�re�sr�ca�uze�tom�to�kom�ope�ra�ci�je�de�mon�stri�ra-
no�je�da�pre�tret�man�se�vo�flu�ra�nom�pre�kon�di�ci�o�ni-
ra�mi�o�kard�na�hi�pok�si�ju�ak�ti�va�ci�jom�ka�na�la�ka�li�ju-
ma�za�vi�snih�od�ATP�i�sti�mu�la�ci�jom�re�cep�to�ra�ade-
no�zi�na�A1�[22].

ZAKQUČAK

Me�ha�ni�zam�za�šti�te�mi�o�kar�da�in�ha�la�ci�o�nim�ane-
ste�ti�ci�ma� ni�je� pot�pu�no� ja�san.�Niz� pi�ta�wa� osta�je�
otvo�ren�za�da�qa�is�tra�ži�va�wa,�ko�ja�će�ve�ro�vat�no�bi-
ti�usme�re�na�u�ne�ko�li�ko�pra�va�ca.�Je�dan�od�wih�će�ob-
u�hva�ti�ti�is�pi�ti�va�wa�ko�ja�tre�ba�da�od�go�net�nu�da�li�je�
me�ha�ni�zam�dej�stva�jo�na�kal�ci�ju�ma�na�ho�me�o�sta�zu�isti�
pre�i�po�sle�pe�ri�o�da�is�he�mi�je,�te�da�li�su�me�ha�ni�zmi�
re�gu�la�ci�je�ovo�ga�pro�ce�sa�isti�to�kom�po�me�nu�tih�pe-
ri�o�da.�Dru�gim�prav�cem�će�ići�is�pi�ti�va�wa�dej�stva�
raz�li�či�tih�ane�ste�ti�ka,�ko�ja�tre�ba�da�utvr�de�mo�gu�li�
se�ti�efek�ti�po�re�di�ti�i�da�li�za�vi�se�od�do�ze�ane�ste-
ti�ka.�Isto�vre�me�no,�tre�ba�is�pi�ta�ti�me�ha�ni�zme�pro-
du�že�ne�(ka�sne)�kar�di�o�pro�tek�ci�je�iza�zva�ne�ane�ste�ti-
kom�[23,�24]�u�tra�ja�wu�do�24�sa�ta�po�sle�is�he�mi�je,�o�če-
mu�po�sto�je�pr�vi�na�go�ve�šta�ji,�kao�i�de�taq�ni�je�is�tra-
ži�ti�raz�li�ke�kar�di�o�pro�tek�ci�je�in�tra�ven�skim�[25]�
i�in�ha�la�ci�o�nim�ane�ste�ti�ci�ma.
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ABSTRACT

Surgical coronary revascularization is based on effec-
tiveness of cardioplegia directed to protect myocardial func-
tional integrity during periods of ischaemia and reperfusion. 
The aim of cardioplegia is to protect numerous intracellular 
processes: to spare the intracellular energy stores, to reduce 
free oxygen radical synthesis, to protect the function of the 
endothelium and myocardial oxygen balance as well as ionic 
balance. Crystalloid or blood cardioplegia, with anterograde 
or retrograde infusion, is a basic procedure of the intraopera-
tive cardiac protection. Glucose-insulin-potassium (GIK) solu-
tion was primarily used in myocardial infarction. After the first 
promising results, some surgical teams started using a high 
glucose-insulin-potassium solution, as a metabolic modula-
tion approach, during coronary surgery in addition to cardi-
oplegia. The improvement of the left ventricular performanc-
es, rare rhythm disturbances and reduced need for inotrop-
ic support during the period of reperfusion justified the GIK 
beneficial effect. Further improvement in metabolic modula-

tion during coronary surgery was made with fluorine ion hal-
ogenated volatile aneasthetics used for anaesthesia. Results 
of some experimental and first clinical studies have induced 
a new approach to modulation of the intracellular metabolic 
mechanisms and announced the new concept of anaesthet-
ic preconditioning in coronary surgery. Large, randomized 
studies are needed to evaluate anaesthetic preconditioning 
and dependence of its efficiency on the type and dose of vol-
atile anaesthetics.
Key words: cardioprotection; volatile anaesthetics; coronary 
surgery

Miomir JOVIĆ 
Institut za kardiovaskularne bolesti „Dedinje” 
Heroja Milana Tepića 1, 11000 Beograd 
Tel.: 011 3601 646, 011 3601 724 
Faks: 011 3601 713 
E-mail: mmjovic@eunet.yu

STRATEGY AND PERSPECTIVE  OF MYOCARDIAL PROTECTION DURING  
ISCHAEMIA AND REPERFUSION, AND THE ROLE OF VOLATILE ANAESTHETICS

Miomir JOVIĆ1, Borislav KRIVOKAPIĆ1, Ljiljana LAUŠEVIĆ-VUK1, Duško NEŽIĆ2, Predrag STEVANOVIĆ3

1Clinic for Anaesthesia and Intensive Care, “Dedinje” Cardiovascular Institute, Belgrade;  
2Clinic for Cardiac Surgery, “Dedinje” Cardiovascular Institute, Belgrade;  

3Clinic for Anaesthesia, Resuscitation and Intensive Care, Clinical Centre “Dr Dragiša Mišović”, Belgrade

*�Rukopis�je�dostavqen�Uredništvu�9.�5.�2006.�godine.

Thoracic and Cardiovascular Surgery 1993; 5(2):115-21.
 3. Loop DF. Crystalloid versus blood cardioplegia. Seminars in 

Thoracic and Cardiovascular Surgery 1993; 5(2):122-4.
 4. Geffin GA, Reynolds TR, Titus JS, et al. Relation of myocardial pro-

tection to cardioplegic solution pH : Modulation by calcuim and 
magnesium. Ann Thorac Surg 1991; 52:955-64.

 5. Buckberg DG, Beyersdorf F, Kato SN.Technical considerations 
and logic of antegrade and retrograde blood cardioplegic deliv-
ery. Seminars in Thoracic and Cardiovascular Surgery 1993; 
5(2):125-33.

 6. Loop FD, Higgins TL, Panda R, et al. Myocardial protection during 
cardiac operations. Decreased morbidity and lower cost with blood 
cardioplegia and coronary sinus perfusion. J Thorac Cardiovasc 
Surg 1992; 104:608-18.

 7. Sodi-Pallares D, Testelli M, Fishleder F. Effects of an intravenous 
infusion of a potassium-insulin-glucose solution on the electro-
cardiographic signs of myocardial infarction. Am J Cardiol 1962; 
9:166-81.

 8. Dias R, Paolasso AE, Piegas SL, et al. Metabolic modulation of acute 
myocardial infarction. The ECLA glucose-insulin-potassium pilot 
trial. Circulation 1997; 96(4):1074-7.

 9. Fath-Ordoubadi F, Baett KJ. Glucose-insulin-potassium (GIK) ther-
apy for treatment of acute myocardial infarction: an overview of ran-
domized placebo controlled trials. Circulation 1997; 96:1152-6.

 10. Svedjeholm R, Hallhagen S, Ekroth P, Joachimmson PO, Ronqust G. 
Dopamine and high-dose insulin infusion (glucose-insulin-potas-
sium) after a cardiac operations: effects on myocardial metabolism. 
Ann Thorac Surg 1991; 262-70.

 11. Gradinac S, Coleman GL, Taegtmeyer H, et al. Improved cardi-
ac function with glucose-insulin-potassium after aortocoronary 
bypass grafting. Ann Thorac Surg 1989; 48:484-9.

 12. Svedjeholm R, Huljebrant I, Hakanson E. Glutamate and high-dose 
glucose-insulin-potassium (GIK) in the treatment of severe cardiac 
failure after cardiac operations. Ann Thorac Surg 1995; 59:23-30.

 13. Jović M, Popović Z, Nežić D, et al. Uloga Swan-Ganz PA katetera u 
proceni hemodinamskih promena tokom hirurške revaskulariza-
cije miokarda u bolesnika sa oslabljenom funkcijom leve komore. 
Acta Chir Iugosl 2002; 49(1):27-35.

 14. Hearse DJ, Maxwell L, Saldanha C, et al. The myocardial vascula-
ture during ischaemia and reperfusion: a target for injury and pro-
tection. J Mol Cell Cardiol 1993; 25:759-800.

 15. De Hert GS. Cardioprotection with volatile anesthetics: clinical rel-
evance. Curr Opin Anaesthesiol 2004; 17:57-62.

 16. Sommerschild HT, Kirkeboen KA. Preconditioning: endogenous 
defence mechanisms of the heart. Acta Anaesth Scand 2002; 
46:123-37.

 17. Weber NC, Preckel B, Shlack W. The effect of anaesthetics on the 
myocardium – new insights into myocardial protection. EJA 2005; 
22:647-57.

 18. Zaugg M, Lucchinetti E, Uecker M, et al. Anaesthetics and cardiac 
preconditioning: Part I. Signaling and cytoprotective mechanisms. 
Br J Anaesth 2003; 91:551-65.

 19. Penta de Peppo A, Polisca P, Tomai E, et al. Recovery of LV contrac-
tility in man is enhanced by preischemic administration of enflu-
rane. Ann Thorac Surg 1999; 68:112-28.

 20. Belhomme D, Peynet A, Louzy M, et al. Evidence for preconditioning 
by isoflurane in coronary artery by pass graft surgery. Circulation 
1998; 45:233-9.

 21. Julier K, da Silva R, Garcia C, et al. Preconditioning by sevoflu-
rane decreases biochemical markers for myocardial and renal dys-
function in coronary artery bypass graft surgery: a double-blind-
ed, placebo controlled multicenter study. Anesthesiology 2003; 
98:1315-27.

 22. Yvon A, Hanouz JL, Haelewyn B, et al. Mechanisms of sevoflurane-
induced myocardial preconditioning in isolated human right atria 
in vitro. Anesthesiology 2003; 99:27-33.

 23. Toller WG, Kersten JR, Gross ER, Pagel PS, Warltier DC. Isoflurane 
preconditions myocardium against infarction via activation of 
inhibitory guanine nucleotide binding proteines. Anesthesiology 
2000; 92:1400-7.

 24. Takahashi MW, Otani H, Nakao S, Imamura H, Shingu K. The opti-
mal dose, the time window, and the mechanism of delayed cardio-
protection by isoflurane. Anesthesiology 2004; 101:A-632.

 25. Kuzume K, Wolff RA, Chien GL, VanWinkle DM. Remifentanil lim-
its infarct size but attenuates preconditioning-induced infarct limi-
tation. Coron Artery Dis 2004; 15:449-55.


