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KamepHuTe apuTMiW ca efiHO OT roNieMuTe YCNIOXKHEHUS HA MUOKApPAHUS MHCAPKT, ONPEaENsiM He Camo NOBULLEHa 3a-
BOnsemMoCT 1 CMBPTHOCT, HO M 3HAUNTESTHO BOLIABALLM Ka4ECTBOTO Ha XKMBOT. 38 Bb3HUKBAHETO UM B pasnniHuTe (hasu
Ha MUOKapLHUS MHC(hapKT € HeobXoaMMO B3aUMOAENCTBUE MeXay cneuuduyeH cybeTpaTt ¢ onpeaenieHn Tpurepypatyy
1 mogynupaluu haktopu. NMpeacTaBeH e 0630p Ha OCHOBHUTE CTPYKTYPHW 1 (PYHKLUMOHANHM NPOMEHM, HACTLNBALLM MK
MWOKapHa UCXEMWS!, KOUTO Cb3AaBaT YCIOBUS 3a Bb3HWKBaHe Ha kaMepHU apUTMuK. PasriefjaHn ca OCHOBHUTE enekTpo-
(hU3MONOTMYHN MEXaHU3MM Ha Te3U apUTMUK B Pa3nuyH1Te hasn Ha pasBUTIE HA MUOKAPAHUS MHGapKT. CUCTEMATUYHO
Ca NMpeACcTaBeHN OCHOBHIUTE MeNKAMEHTO3HM 1 HEMEANKAMEHTO3HM CTpaTern Ha NeyeHue.
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Abstract. Ventricular arrhythmias are among the most serious complications of myocardial infarction that define not only increased
morbidity and mortality, but also significantly impaired quality of life. The pathogenesis of ventricular arrhythmias that arise
during and after myocardial infarction is a combination of various triggering and modulating factors. We present a summary
of the main structural and functional changes that occur with myocardial ischemia and create substrate for ventricular
arrhythmias. The electrophysiological mechanisms underlying infarction-related ventricular arrhythmias are reviewed, as
well as the most common pharmacological and non-pharmacological treatment’s strategies.
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BbBEOQEHME INTRODUCTION

Bbnpeku Hanpeobka B HaykaTta U TEXHONOrMMTE Mu-
okapaHuaT uHdapkT (M) npogbikasa ga 6bae Boge-
Lia npu4ymHa 3a CMbPT. HannuneTto Ha kKaMepHu apuTMmnm
(KA) — egHo ot ronemute ycnoxHeHus Ha MW, onpenensi
He camo MoBuMLIEHA CMbPTHOCT B OoMnHM4YHaTa dasa, HO
n cnepg ToBa [1, 2]. NosiBata MM B YCNOBMS Ha MUOKapa-
Ha UCXemMusi € pesynTaT Ha B3aVMOLEWCTBUETO MEXOY
crneunduyeH cybeTpar ¢ onpegeneHyn Tpurepupawm m
mMogynmpaium daktopu. Tesun daktopu npeobnagasar B
pasnunyHa cTteneH npes otaenHuTe dasn Ha MMoKapaHa-

Despite the progress of science and technolo-
gy, myocardial infarction (Ml) still remains common
cause of death. The risk of death from ventricular
arrhythmias (VA) is high not only during the hospital
admission, but also afterwards [1, 2]. VA occurrence
stems from an interplay between specific substrate,
and triggering and modulating factors that prevail
to various degree during the different phases of Ml
course. The pathogenesis of VA in Ml is based on
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Ta ucxemus. Toa onpegens Bb3HUKBAHETO Ha Pas3nnyHn
apuUTMMUM CbC CNeLUUYHN enekTPotU3NONOTNUYHN Me-
XaHn3mun. KamepHute aputmumn npn MU ce pasgenat Ha
TakvBa B ocTpata dasa Ha MU — go 4-Tns yac oT Hava-
noTo My, B nogocTtpara asa — mexay 4-tus-72-pus yac
1 B XpOHWYHaTa dasa — cnep, 72-pus yac oT Ha4anoTo Ha
MW [2]. BHe3anHaTa cbpaevHa cmbpT (BCC), pesynrar
Ha kamepHa Taxvkapgus (KT) unm kamepHO MbxaeHe
(KM), e BogeLya npuymnHa 3a cataneH kpan B 25 o 50%
oT naumeHTuTe c npexveaH MW [3]. MpogbmkutenHa
KA kaTo ycrnoxHeHue Ha octpua MU ce cpela npu Hag
20% ot cny4yanTe [2]. OCHOBHUMAT enekTpodU3nonori-
YeH mexaHn3bM Ha KT npu Tasw nonynauusi naumeHTu
€ pueHTpu. TepaneBTUYHNTE Bb3MOXHOCTU NpY NPO4bII-
XuTenHa u peumavempaiia KT BKoYBaT M3MON3BaHETO
Ha aHTUAPUTMUYHU U HEAHTUAPUTMUYHN MEAMKaMEHT!,
TpaHcKaTeTbpHa abnauus 1 MNNaHTaums Ha asTomaTu-
YeH kapguoBepTep-gedmdpunatop (ICD).

B 1031 0630p NpeacTaBsMe OCHOBHUTE CTPYKTYPHU
N PYHKLMOHAMNHW MPOMEHN, KOUTO HACTbLMNBAT B MUOKAp-
[a no BpemMe Ha UCXemMusi U onpenensaT Bb3HUKBAHETO
Ha pa3nunynHn KA. MNpenctaBeHn ca OCHOBHUTE eNeKTpo-
PU3NOMOTMYHM MEXaHU3MK, OTFOBOPHWM 3a Bb3HWKBA-
HETO UM MNpe3 pasnnyHuTe drasm Ha esornoums Ha MU,
KaKTO 1 nocrneauumTe UM B KPaTKOCPOYEH U ObITOCPO-
YeH nnaH 3a nauueHTuTe. Hakpatko ca npeacrtaBeHu 1
pa3nunyHu nevebHn cTpaTerum Npy Te3n NaumeHTu.

BupooBE KAMEPHU APUTMUMU NPU MU

B 3aBncUMOCT OT BpeMeTo Ha HacTbnBaHe Ha KA
npu MW, Te morat ga 6vaat pasgeneHun Ha KA B ocTpa-
Ta, nogocTpara u XxpoHuyHaTa ¢asa Ha MU [2].

KA B ocTpaTa gasa Ha MW ca pesynTar Ha oCcTpoO Ha-
CcTbNurata MMOKapAaHa UCXEMUS, KOSITO MPOMEHS erek-
TPOM3NONOTMYHMUTE CBOWCTBA Ha KapgvOMMUOLMTUTE.
Han-yecto cpewaHute KA ca nonumopdHa KT/paHHO
KM u penepdyanoHHa KA 1 HacTbneat o 3-4 yac oT Ha-
yanoto Ha M. OcTtpata MmnokapaHa UCXeMusi Boau Ao
npoMsiHa B ABWKEHWETO Ha MOHHUTE NOTOLM Npes Kre-
TbyHaTa MembpaHa u B camuTe KIeTku (HaTpynBaHe Ha
K+ MOHM B ekcTpaLenynapHoTo npoctpaHcTeo n Ca?+
MNOHN B WHTPALENynapHOTO MPOCTPaHCTBO), MPOMEHS
MeMbpaHHMSA NoTeHLMan Ha Nokon (noeumLwaea ce o —60
mV) 1 aKUMOHHMSA NOTEHLMAN Ha camnTe KNneTkn (Hama-
nsiBa No amnnUTyaa 1 NPOSbIMKUTENHOCT, HaMansaBea am-
nnuTygarta Ha ¢asa 0). Bcuuko ToBa HapyLlaBa NpoBeX-
[OaHeTOo Ha enekTpuYeckuTe MMMyrcu, NPOMeHs pedopak-
TEpPHWSA NepVo M Npeam3Brkea abHOpPMHA aBToMaTuyHa
aKTUBHOCT, KOETO MOXe Ja [oBefe [0 MNosiBa Ha paHHU
KA [2, 4]. KT, HacTbnBalla paHo npu MW, e pesyntaTt Ha
PUEHTPU MEXaHU3BM B UCXEMUYHUSA Muokapa. Mpeanoc-
TaBKM 3a Bb3HUKBAHE HA PUEHTPU ca 3abaBeHM CKOPOCT
Ha NpoBeXadaHe U Ha Bb3CTaHOBsIBaHe Ha Bb30yaAMMOCT-
Ta B 3acerHatusg M1mokapa. Tesu npeanocTaBku Cb3aaBar

specific electrophysiological mechanisms. Some of
them occur in the acute Ml phase — between 0-4
hours of onset, others — in the subacute phase be-
tween 4-72 hours, or the chronic phase after 72
hours of onset [2]. Sudden cardiac death (SCD) re-
sulting from ventricular tachycardia (VT) or ventricu-
lar fibrillation (VF) is the main cause of fatality in 25%
to 50% of patients [3]. Sustained VA is seen in > 20%
of the cases [2]. Re-entry is the main electrophysio-
logical mechanism of VT in this patient’s population.
Treatment strategies for sustained and recurrent VT
include use of antiarrhythmic and other drugs, cath-
eter ablation, and implantation of automatic cardio-
verter defibrillator (ICD).

In this review we present the main structural and
functional changes occurring in the myocardium in
the settings of ischemia and potentiating VAs, the
main electrophysiological mechanisms in different Ml
phases, the sequelae in both short and long term, as
well as the available treatment strategies.

TYPES OF MYOCARDIAL
INFARCTION-RELATED VA

According to the time of onset they can be VAin the
acute phase, in the subacute phase, and in the chronic
phase of Ml [2].

VAs in the acute phase of Ml are caused by the
acute myocardial ischemia that changes the elec-
trophysiological properties of cardiomyocytes. Poly-
morphic ventricular tachycardia (PVT)/early VF and
reperfusion VA are the most common and occur up to
3-4 hours from the MI onset. Acute ischemia causes
changes of transmembrane and intracellular ion cur-
rents (accumulation of K+ in extracellular matrix and
Ca?+ in intracellular matrix), the resting membrane
potential (from —80 mV up to —60 mV) and the action
potential (lower amplitude and duration, lower phase 0
amplitude). All of the above cause impaired conduction
of the electrical impulses and changed refractory pe-
riod of different areas, and may cause occurrence of
automaticity inducing early VA [2, 4]. The mechanism
of VT in the early hours of Ml is re-entry in the isch-
emic myocardium. Slowed conduction and slow recov-
ery of myocardial excitability potentiate the occurrence
of re-entry within a large area — 1-2 cm. The central
obstacle of this circuit is a zone with functional block.
Thus, the VT can be quite irregular due to changes of
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YCMOBMS 3a Bb3HUKBAHE Ha [OCTa rofsiM Mo AvameTbp
pUeHTpu Kpbr — 1-2 cm. LleHTpanHaTa 30Ha Ha To3u Kpbr
npeacTaensBa 30Ha ¢ hyHKUMOHaneH brok. B pesynrtar
Ha NMPOMsiHA Ha rofieMuMHaTa M MEeCTOMOSIOKEHNETO Ha
Kpbra oT yaap Ha yaap KT moxe fa e gocta HenpasuiiHa
1 fa gereHepupa B paHHo KM. OcHoBHUTE hakTopu 3a
nogabpXxaHe Ha apuTMuUsiTa ca pasnuyHuTe pedpakrep-
HV nepuogn Ha OTAENHWUTE y4acTbLM OT Kpbra U MNoBU-
LueHaTa CbpAeyHa YecToTa B pesyntar Ha MoBULLEHUTE
KaTexornammMHOBM HMBa. YecTo Tpurepu Ha Tean paHHu KA
ca kamepHuTte ekctpacuctonu (KE), kouto npomsxoxaar
oT cybeHa0KapaHOTO MPOCTPAHCTBO Ha rpaHnYHaTa 30Ha
Wnu OT BnakHara Ha lMypkuHue.

KA B nogoctpata dasa Ha MW ce saBsaBaTt Han-4ecTo
Mexay 4-Tus vac 1 3-Tust JeH OT HavanoTo Ha ocTparta
ncxemusi. XapaktepHu 3a To3u nepvog ca KE, yckopeHu-
ST UAMOBEHTPUKYNapeH putbM/6aBHa KT 1 Henpogbriku-
TenHata sucokovectotHa KT [3, 5]. KM B 1031 nepwuog e
PSIOKO CPeLLaHo, HO HENPOOLIMKUTENHUTE BUCOKOYECTOT-
H1 KT morat ga otkntodat KM. OcHoBHUTE enekTpodu-
31OMNOMMYHM MEXaHN3MU B TO3M NMepuog, ca NoBULLEHNAT
aBTOMatn3bM OT pmbpute Ha lypkuHMe n TpurepHaTa
aKTMBHOCT OT KbCHU cregaenonspudaunn. OcHoBeH
aKkTop € noByLIeHaTa CMMMNAaTUKyCOBa akTUBHOCT.

KA, xapakTepHM 3a XpoHuyHaTa pasa Ha MW,
ca KE, KT (Han-yecto) u kbcHoto KM. KnetbyHute u
€nekTpoM3NONOrMYHUTE NPOMEHU, KOUTO HAcTbNBaT
no Bpeme Ha MW, 3ano4BaTt paHo, HEMOCPEACTBEHO C
Ha4yarnoTo Ha UcxemusTa, U Morat Aa NpPoabiKaT Obfl-
ro — oHW, ceagMuuu, Meceum 1 roguHy. Taka naumeHTu-
Te ¢ npexuBsaH MW octaBaT puUCKOBM 3a Bb3HMKBaHe
Ha KA 3a usn xuBoT. OCHOBHM Tpurepu ca npoMeHu
B @HM30TPOMHOCTTa Ha MUOKapgHaTa TbKaH W Hapy-
LaBaHe Ha MexayKneTbyHata KoMyHukaums. B 3agpas
MMOKapg NPoBeXAaHeTO Ha eNeKTPUYECKNTe MMMYICK
Mo MoCcoKa Ha Agbfrata oc Ha KapguomwuounTute e 3
40 5 MbTn No-6bP30 B CpaBHEHUE C TpaH3Bep3anHaTa
nocoka. icxemmnyuute npomenn npu MW Hapywasat
aHM30TpOMNHaTa NPOBOAMMOCT B 3acerHarara TbKaH.
3agbnboyaBaHeTO Ha TE3N NPOMEHU Cb3aBa YCroBust
3a Bb3HMKBaHe Ha pueHTpu-KA [5]. B mnHdapkTHaTa
30Ha MOXe Ja uma ouenenu KapauoMuouuTU C HOp-
MarieH akUMOHEH noTeHumarn, HO C HUCKa CKOPOCT Ha
nposexaaHe. MNbTHUAT LMKaTPUKC MOXeE Aa CryxXu 3a
LeHTpanHo npensaTcTBMEe Ha pUeHTpU Kpblr. KaHanu Ha
6aBHO nNpoBexaaHe ce obpasyBaT OT XMBU KapAMOMU-
OUUTW, Pa3noNoXXeHN B rpaHMYHaTa 3oHa mexay nibT-
HUSI LMKaTPUKC U HOPMarHusa KamepeH muokapd. Taka
ce norlyyaBa cTabuneH aHaToMuyeH cybCcTpar, KOMTO
MOXe [a nogabpxa pueHTpu. CxemMaTuyHO npeacTa-
BEHO TO3M KPbI C& CbCTOM OT BXOA, UCTMYC U MU3X0[4
(cour. 1). Bcsika egHa OT Te3M 30HU UMa pasnuyHa CKo-
pPOCT Ha NpoBexaaHe. Han-Hucka e ckopocTTa Ha npo-
BeXJaHe BbB BX0Ja, a Han-BMCoOKa — B UCTMyca [6].

size and location of the re-entrant circuit from beat to
beat; it can also degenerate into early VF. The main
factors for sustaining VA are differences in refracto-
ry periods and high heart rates due to catecholamine
surge. Premature ventricular complexes (PVC) arising
from the subendocardial border zone or from Purkinje
fibres can act as triggers of early VA.

VA in subacute M| most often occur between
4 hours to 3 days of the onset of ischemia. In this
timeframe PVCs, accelerated idioventricular rhythm
(AIVR)/slow VT and very fast non-sustained VT are
common [3, 5]. VF is uncommon in this phase, but
non-sustained VT may be a trigger for VF to occur.
The main electrophysiological mechanism in this
phase is increased automaticity of Purkinje fibers
and late afterdepolarizations. Important factor is in-
creased sympathetic activity.

The most typical VA during the chronic phase
of MI are PVCs, VT (the most common) and late
VF. The cellular and electrophysiological chang-
es that arise in the settings of Ml start very early
and may persist for days, weeks, months and even
years. In this way, patients with M| are at higher
risk of VA for the rest of their lives. The main trig-
gers are changes in myocardial anisotropy and im-
paired intercellular communication. The electrical
conduction in healthy myocardium along the cells
is 3 to 5 times faster than in transverse direction.
The ischemic changes in M| worsen anisotropic
conduction in the affected tissue thus creating con-
ditions for re-entry VA [5]. In the chronic phase of
MI there can be surviving cardiomyocytes in the
infarction zone — these may have a normal action
potential, but low conduction velocity. The dense
scar creates a central obstacle for the occurrence
of re-entry circles. Living cardiomyocytes, located
in the border zone between the dense scar and
the normal myocardium may form slow conducting
channels. Thus, a stable anatomical substrate is
created that can sustain re-entry. The circuit con-
sists of entrance, isthmus and exit (Fig. 1). Each
of these parts has a different conduction velocity
of the electrical impulses. Usually, the fastest con-
duction is at the isthmus, while the slowest is at
the entrance [6].
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@ur. 1. Cxema Ha pueHTpu Kpbr Ha KT, Tn ocmMopka. CTpernkuTe okassaT nocokarta Ha
I nponaraums Ha enekTpu4yeckuTe UMnyrcu. B uaT e naobpaseHa CKOPOCTTa Ha NMPOBEX-

&R

AaHe B pasnuyHuTe KOMMOHEHTU Ha Kkpbra: Bxoa — 0.08 m/s, nctmyc — 0.29 m/s n usxog
—0.11 m/s [no ped. 41].

Fig. 1. Figure-of-8 re-entry of VT. The arrows show the propagation of electrical impulses.

Entry

MOCTUH®APKTHO PEMOJENIUPAHE
HA MUOKAPOA

OCHOBHO 3HayeHue 3a Bb3HUKBaHe Ha KT vma T.
Hap. Npouec Ha peMoaenvpaHe, HacTbNnBal, B pe3yr-
TaT Ha UCXEMUYHUTE NPOMEHN B MHG)ApKTHaTa 30Ha.

CTpyKTYypHO pemMogenupaHe

B osgpaButenHata ¢pasa Ha MW 3acerHatuat mu-
oKkapA ce uHdunTprpa ¢ Bb3nanuTenHu Knetkn. 3aru-
HanuTe MMOLMTK Ce OTCTpaHsBaT OT Makpocdharute 1
ce 3amecTBar oT hMbpo3Ha TbkaH. ToBa ce OCbLECT-
BsiBa OT (pnbpobnactute u nNpouecuLT Tpae AHW, cen-
MWLM U Meceun. HeKpOTUYHUAT NpoLec 1 oTraraHeTo
Ha ¢ubposa credsaT nocokara Ha pasnpocTpaHeHue
Ha ucxemusata — oOT cybeHgokapga KbM envkapaa.
Tasn 4acT OT pemoAenupaHeTo € 0coOeHO BaxHa 3a
opMMpaHETO Ha pUEHTPU kpbroee. Pe3opbuusita Ha
3aryHanuTe MMoumnTn 1 dopMmnpaHeTo Ha ubposa He
ca xoMmoreHHU. ToBa cb3gaBa ycrnosus 3a obpasyBaHe
Ha ,0CTPOBMK“ OT ouenenn KapauomMmoLnTN B LIUKaTpu-
kca. Teaun ,,0CcTpoOBU® OT XUBU KNETKN CbLLECTBYBaT B
,1abVpUHTN" B TpuTe cnosd — eHpgokapd, MuUokapa 1
enukapg. B te3n nabupuHT1 NpoBeXOaHETO Ha enek-
TPUYECKUTE UMMYFCU B CUHYCOB PUTbM € 3abaBeHo n
3uraaroobpasHo (cur. 2). B nHgapkTHaTta 30Ha ce oT-
nara n mMacTtHa TbKaH, KOATO OOMbIIHUTENHO 3abaBs
nposexgaHeTo [7].

The different colors show the speed of electrical impulse in the different components of
the circuit — entrance 0.08 m/s, isthmus 0.29 m/s, and exit 0.11 m/s [41].

POSTINFARCTION MYOCARDIAL
REMODELING

Important factor for the occurrence of VT is the pro-
cess of remodeling that follows the ischemic changes
in the infarction-related zone.

Structural myocardial remodeling

During the healing phase of MI, the affected myo-
cardium is infiltrated by inflammatory cells. The dead
myocytes are removed by the macrophages and re-
placed by fibrous tissue. This process is done by the
fibroblasts and may last days to months. As ischemia
proceeds from the subendocardium to the epicardium,
necrosis and fibrosis follow the same direction. This is
essential for the formation of re-entrant circuits. The
resorption of dead cells and the formation of fibrous
tissue is not a homogenous process, thus creating ,is-
lets” of surviving cardiomyocytes within the scar. These
HJislets” of living cells exist in ,labyrinths® in the endocar-
dium, midmyocardium and epicardium. In these ,laby-
rinths” the conduction of the electrical impulses in sinus
rhythm is slowed and zigzagged (Fig. 2). Deposition of
fat in the infarction area also takes part in the slowing
of the conduction [7].
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Epi

Endo

®dur. 2. Cxema Ha UCXEMUYEH LIMKATPUKC 1 PUEHTPY Kpbr Ha KT, kaTo e MapKkMpaHo M3XOAHOTO MACTO (6sina cTpernka) u 3oHata Ha 6aBHo, 3ur-
3aroobpasHo, nposexaaHe (MpekbcHaTa 6sina NMHWS). 34paBUAT MUOKapA € NpeAcTaBeH BbB BUOMETOBO, a MOPO3HUAT LmkaTpuke (Scar) — B
YyepHo. Epi — envkapa, Endo — eHgokapa, Exit — M3Xo4HO MSICTO Ha pUeHTpU Kpbra

Fig. 2. Scheme of ischemic scar and re-entry circuit of VT. The exit site is marked by a white arrow and the zone of slow, zigzagged conduction
by a dashed white line. Healthy myocardium is colored in magenta, fibrous scar — in black. Epi — epicardium, Endo — endocardium, Exit — exit

site of the re-entry circuit.

q)yH KUMOHaNnHoO pemoagenupaHe

@PYHKUMOHANHOTO pemofenvpaHe Cbllo € Abbr
npoLec, KOMTO BKMOYBA MPOMEHM B OBWXKEHMETO Ha
MNOHHMTE MOTOUM, B MEXAYKNeTbYHaTa KOMYyHMKaLmS,
B Mocokara Ha pasnpoCTpaHeHVe Ha akTvBuMpaHe U B
MUoKapaHaTa nHepBaums [7]. OcobeHo BaXHM ca npo-
MEHMTE B rpaHMYHaTa 30Ha, Hapu4aHW XETEPOreHHOCT
Ha pedpakTtepHocTTa. OT rongMo 3HayeHue 3a ToBa €
XETEPOreHHOTO PasnpOCTPaHeHWe B rpaHMYHaTa 30Ha
Ha UCXEMWYHUSI LIMKATPUKC Ha OenTbka KOHEKCUMH 43,
KOWTO y4yacTBa B M3rpaKgaHeTo Ha ,MEeXONHHN BPb3Ku“
(gap junction). ToBa ynecHsiBa nosiBata Ha €gHOMOCOYEH
OnoK, KOEeTo € OT KPUTUYHO 3Ha4YEHMe 3a 3apaKaaHeTo U
nogabpkaHeto Ha KT. [pyr BaxkeH KOMMOHEHT Ha ToBa
pemogenvpaHe e npomsiHata B HEBPOHHATa MHepBauus
[8]. HepBHWTE OKOHYaHWS B MH(hbapKTHaTa 30Ha ce pe3op-
Oupat 3aedHo C yBpedeHuTe MuoumuTn. HepBHUTE KIeT-
K1, OT KOMTO NPOU3NN3aT Te3U OKOHYaHWs, ce pasnorarar
M3BbH MH)ApKTHaTa 30Ha, T.e. Te ocTaeaT XuBu. B pe-
3ynTar Ha ToBa Ce CTUMYInMpa pacTex B AUCTanHnTe, Bce
OLLIE )XMBM, HEPBHM OKOHYaHMs. To3n pacTex, 0ocobeHo B
rpaHuM4HaTa 30Ha, € HeedHopodeH. ToBa Cb3daBa yCro-
BMS 3@ JOMbITHWUTENHA NPOMSIHA B enekTpounanonormy-
HWTE CBOWCTBA Ha MMOLITUTE, KOSITO MOTEHLMPA Bb3HNK-
BaHeTo Ha KA n BCC crnieg npexwmesaH MW. INpouecuTe Ha
pemogenvpaHe NpoTuyaT 1 B CTenaTHUTe raHmmun. Tesu
CTPYKTYPU KOHTpONMpaT MuoKapAaHaTta Bb30yaMMOCT U1
BEPOSITHO JOMPUHACAT 3a MOBMLIABaHe Ha CUMMATUKY-
COBMSI TOHYC 1 enekTpuyecKaTa XeTepPOreHHOCT.

OCHOBHU BUAOBE KAMEPHU APUTMUU
nepu MU [9]

ToBa ca KaMepHUTE EeKCTPacUCTONW, YCKOPEHUAT
nomoBeHTpukynapeH putbm (YWUP), kamepHata Taxu-

Functional remodeling

Functional remodeling after Ml is a long process
and includes changes in ion currents, in intercellular
communication, in the direction of activation, and in
the myocardial innervation [7]. The changes in the bor-
der zone, called heterogeneity of refractoriness, are of
great importance. The heterogeneous distribution of
the protein Connexin 43 in the border zone is important
because it takes part in the formation of gap junctions.
Thus, occurrence of unidirectional block, essential for
VT circuit formation, is facilitated. Another important
component of functional remodeling is the change in
neuronal innervation [8]. Nerve endings in the infarc-
tion zone are resorbed, as are the damaged myocytes.
These nerve endings come from nerve cells located
outside the infarction zone, thus remaining alive. Thus,
a growth is ensured in the distal, still alive nerve end-
ings. This growth, especially in the border zone, is not
homogenous. This creates conditions for additional
changes in myocytes‘ electrophysiological properties
potentiating VA and SCD in patients, having suffered
MI. The process of remodelling occurs also in the stel-
late ganglia. These structures control myocardial ex-
citability and probably take part in the increase of the
sympathetic activity and electrical heterogeneity.

TYPES oF VA IN MI [9]

These are PVCs, AIVR, VT and VF, and ventricu-
lar flutter (VFL). VT can be sustained (> 30 seconds,
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Kapgms n KaMepHoTO MbXxaeHe v TpenTteHe. KT oT cos
CcTpaHa Moxe Aa Obae: npoabskutenHa (> 30 s nnm
npeou3BuMKBalla XeMOAMHAMUYHO KOMMPOMETMpPaHE,
HE3aBMCMMO OT MPOLBLIMKUTENHOCTTA), HENPOABITKU-
TenHa, MoHoMopdHa, nonMmopdgHa.

KamepHu ekctpacuctonu

Hanuuneto Ha KE npogbmkaBa ga ce cBbp3Ba C
Mo-BUCOKa CMBPTHOCT, 0COBEHO MpW NauneHTn ¢ obLwn-
peH MW 1 BnoweHa nesokamepHa (JIK) doyHkums. He e
HambHO ACHO Aanu TO3M pUCK ce Obimkn Ha camuTe KE,
Ha TsIxHaTa YecToTa, rpynmMpaHocT v nostopsiemocT. KE ¢
»R Bbpxy T*“-cheHOMeH ce cpeLlaT npeaMMHO B paHHaTa
¢asa Ha MW n ca napas Ha 3HauMTeNHa enekTpmnyecka
XETEPOreHHOCT B Muokapaa. B npetpombonutuyHata u
TpombonutnyHaTa epa Ha neveHve Ha MW, KE onpege-
NAT NO-BUCOKA CMbPTHOCT B MOCTUH(APKTHUSA nepuog.
OT 3HadeHue 3a ToBa € HanmuumeTo Ha rpynupaHm KE
N TAXHaTa NOBTOPSAEMOCT, a He YectuTe ndonupanu KE.
B npoyusaHeto GISSI-2, npu naunenTtute ¢ MU, neky-
BaH ¢ ¢pmbpuHonmuaa, n ¢ yectn KE ot xontep-EKIN >
10/4ac, wecTmeceyHaTa CMbPTHOCT € CUrHU(PUKAHTHO
no-Bucoka B cpaBHeHune ¢ Te3n ¢ KE < 10/4ac — 5.5%
cpewty 2.7% [10]. Mpwn nauneHTn, NEKyBaHN UHTEPBEH-
unoHanHo, KE moxe 61 HIMaT cbLiecTBEHa NPeanKTmB-
Ha CTOMHOCT, 0CObOeHO B XpoHuyHaTa dasa Ha MU [9].
JleuebHute ctpaternm npu Te3m GOMHM ca CBbP3aHu C
KOpEKLUSI Ha ENEKTPONUTHUTE N MeTabonuTHUTE Hapy-
LEeHUs, NOTUCKaHe Ha CUMMMAaTUKYCOBUSI TOHYC U paH-
Ha peBackynapusauusi. He ce npenopbyBa pyTUHHOTO
NPUNOXEHNe Ha aHTUAPUTMUYHN MeANKAMEHTU Nopaam
[oKasaHu Bpeaun — hatanHa bpagnkapamst u acuctonusi
[9]. N3kntoueHue e ynoTpebaTa Ha B-Onokepu.

YcKOopeH MANOBEHTPUKYNapeH PUTHLM

YUP ce pedunHmnpa Kato KaMepeH pUTbM C YeCTo-
Ta 60-110 (125) ya./min n yecto ce Hapuya 6aBHa KT
[10, 11]. YecTtoTtata my e 8-20% 1 4ecTo ce Habnogasa
B nbpBuTe Aa aHu cneg M. YUP npu octep MU e
pesynTaTr Ha NOBWLLEH aBTOMaTU3bM BbB BrakHaTa Ha
MypkmHre [11]. EnnsoamTe Ha YWUP ca kpaTku, C eaHak-
Ba YecToTa Mpu naumMeHTuTe ¢ npegeH u gorneH MU un
MOXe Aa ce npegusBukart oT 3abaBsiHe Ha CUMHycoBaTa
yectota unm ot KE. B MMHanoTo ToBa pUTbMHO Hapy-
LeHne e 6uno 4Yecto HabnogaBaHo crieq ycneluHa pe-
nepdyauns cnep punbpuHonmsa [9, 11]. YUP He okasea
BMMSIHWE BbPXY NPOrHo3aTa v Nopagun ToBa He M3MCKBa
aHTMapPUTMWUYHO NneveHune. [Npn HeobxoaMMOoCT OT Meau-
KaMeHTO3HO Nle4YeHne CPeLCTBO Ha N300p e aTponuH.

Hen poAbITKUTeNTHa KaMepHa TaxXxukapansa
(HMKT)

Yectotarta Ha HIKT npu nauyneHtn ¢ MU e 1-7%.
Mo-yecTa e B NbpBUTE 24 Yaca 1 e pesynTaT Ha NoBu-
LeHa TpurepHa akTMBHOCT unn asToMatusbMm. HIKT B

or resulting in haemodynamic compromise regardless
of duration), nonsustained, monomorphic and poly-
morphic.

Premature ventricular complexes

PVCs are associated with increased mortality, es-
pecially in patients with large Ml and reduced left ven-
tricular (LV) function. It is not entirely clear whether
this risk is based on the PVCs themselves, on their
number, grouping or repetition. ,R on T* PVCs are
most common in the early phase of Ml and are due
to significant electrical heterogeneity in the ventricu-
lar myocardium. In both pre-thrombolytic and throm-
bolytic era PVCs were linked to increased mortality
in the post MI period. Grouped PVCs, but not the
single ones, are important in this regard. In GISSI-2,
patients with MI treated with fibrinolysis and with fre-
quent PVCs >10/hour on Holter-ECG recordings, had
significantly higher 6-month mortality compared to pa-
tients with PVCs <10/hour — 5,5% vs 2,7% [10]. In
patients with percutaneous coronary intervention the
predictive value of PVCs is probably not that signif-
icant, particularly in the chronic phase of the MI [9].
Treatment strategies for these patients include cor-
rection of the electrolytes and metabolical disturbanc-
es, suppression of the sympathetic tone and early re-
vascularisation. Routine use of antiarrhythmic drugs
is not recommended because of potential harmful
events — fatal bradycardia or asystole [9]. Beta-block-
ers are an exception.

Accelerated idioventricular rhythm

AIVR is a ventricular rhythm with heart rate 60-
110 (125) bpm and is often labeled slow VT. Its inci-
dence is 8-20% and it is often seen in the first 2 days
after MI. It results from increased automaticity in the
Purkinje fibres [11]. AIVR episodes are often short,
equally common in patients with anterior or inferior M
and may be triggered by slowing of the sinus rate or
PVCs. In the past AIVR was often seen after success-
ful reperfusion by fibrinolysis [9, 11]. This arrhythmia
has no impact on the prognosis; thus, it does not ne-
cessitate antiarrhythmic treatment. If, however drug
treatment is deemed necessary for some reason, at-
ropine can be used.

Nonsustained VT (NSVT)

The incidence of NSVT in MI patients is 1-7%. It
is more often seen in the first 24 hours and is a re-
sult of heightened triggered activity or automaticity.
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no-KkbCHUTE Ga3un Ha MU e peaynTaT Ha pUeHTpu Mexa-
HM3bM [12]. HIKT 4ecTto e npexogHa, C OTHOCUTENHO
OeHurHeHa NporHo3a 1 4YecTo He Hanara crneuudguyHa
aHTVapuUTMmM4YHa Tepanusi.

MpoabmxuTenHa MoHoMopdHa KamepHa Taxu-
kapavsa (MMMKT)

Yectotata Ha NMMMKT B ocTtpaTta ¢asa Ha MU e
2-3% [13] n nog 5% B xpoHunyHaTa asa. Enektpo-
PUMONOTNYHNAT MEXAHU3bM € PUEHTPU U YecTo ce
CBbp3Ba C HaNM4YMeTo Ha obLuMpHa TpaHCMyparnHa ne-
3us u JIK gucyHkums.

KamepHo mbxgeHe/TpenteHe (KM/KTp) u nonu-
MopdHa kamepHa Taxukapaus (MMKT)

MoBeyveto enu3oam Ha KM/KTp npu naumeHtn c
MW HacTtbnBaT B nbpBuTe 48-72 yaca. PedynTtaTt ca Ha
ncxemusTa U nuncata Ha nepdysms B MHapKT-CBbP-
3aHaTta apTepus. YectoTarta e 4-18% u e egHakea npu
npegeH n goneH MW. PasrpaHnyaBaT ce MbpBUYHO,
BTOPUYHO 1 KbCHO KM/KTp.

lMvpeuyHomo KM/KTp obxealla Hag 80% oT BCuYkM
cnyyan. Har-yecto HacTbnBa npes mbpeute 4-12 yaca
OT HavanoTto Ha MW. Acoummpa ce C peumamB Ha Mu-
OKap[iHa UCXeMUS 1 C OCTpa CbpAeyHa HEAOCTaTbYHOCT.
BmopuuyHomo KM/KTp npepncraensiBa kpanHata dasa
OT pas3BUTMETO Ha nporpecupawa Texka JIK cuctonHa
avnarauus n oucyHKUMS, 1 KapguoreHeH LWok. KbcHo-
70 KM/KT HacTtbnBa Han-yecto 1-6 cegmuum cneg M.
XapaKkTepHo e 3a NauMeHTU C BbTPeKaMepHu MPOBOAHU
HapyleHus, npu npegeH MW, nonen MW, nepcuctnpa-
La CYHYyCcOBa TaxuKapausi M Npu NpeacbpaHO MbXae-
He/TpenTeHe, NosIBUITIO ce B paHHUTe dasm Ha M [13].
PanHoTo KM/KTp e ¢ no-gobpa nporHosa B CpaBHEHME C
BTOPWMYHOTO M KbcHoTO KM/KTp [11]. He ca yctaHoBeHM
KaTeropuyHn puckoBu hbakTopu, KOUTO Mpesonpenensrt
nosiata Ha KM/KTp B octpata chasa Ha MW. B peguua
PETPOCNEKTUBHN aHANM3M Ha rofieMn KIUHWUYHK MpoyY-
BaHWsl U MeTaaHanuau, ca UAeHTUULMPaHN rpynn pu-
CKOBM (paKTOpK, KOUTO MOraT a ce CBbpXaT C No-B1coKa
yectota Ha KM/KTp [12-19]. Toa ca xvnokanuemms < 3.6
mmol/l; cuctonHo aptepuanHo HansraHe nog 120 mm
Hg; MBbXKK nom; THOTIOHOMYLIEHE; HeCTabunuTeT npeam
HacTbneaHeTo Ha MW; TIMI kpbBoTOK O Npean NHTepBEH-
UMOHanHaTa pekaHanuM3aums Ha WHGapKT-CBbp3aHus
cba; goneH MU; Killip knac > 1; obpaTHO pa3sutue Ha
ST-pesvaumsaTa nog 70% cnpsimo maxogHusi obpas; TIMI
KPBbBOTOK < 3 cref MHTEPBEHLMOHANHOTO feYEHNE.

HeotnaBHa Osixa nybnukyBaHu pesynTtatute oOT
20-rognHoTo npoyysaHe FAST-MI, ungarto uen e aa
OLeHM yecToTaTta U 3HadeHneTo Ha KM npu xocnutanu-
3upaHu naumeHtn ¢ octbp MW. lMNMpoyyBaHeTo nokassa
HamansaeaHe Ha YyectoTtata Ha KM ot 3.9% npes 1995 no
1.8% npe3 2015 r. nopagm MawabHOTO BbBEXOAHE Ha
WHTEPBEHUMOHANHOTO nevenne Ha MW. OT gpyra ctpa-

NSVT in the later stages of Ml is due to re-entry [12].

It is often transient, with relatively benign prognosis
and often does not require any specific antiarrhyth-
mic therapy.

Sustained monomorphic VT (SMVT)

The incidence of SMVT is 2-3% in the acute phase
of Ml and < 5% in the chronic phase [13]. The elec-
trophysiological mechanism is re-entry and it is often
associated with large transmural injury and LV dys-
function.

Ventricular fibrillation / Ventricular flutter and
polymorphic VT

Most episodes of VF/VFI in MI patients occur with-
in the first 48-72 hours. They are caused by the isch-
aemia and the lack of perfusion in the infarct-related ar-
tery. The incidence is 4-18%, the same in both anterior
and inferior MI. There are three types of VF — primary
VF, secondary VF, and late VF.

Primary VF encompasses > 80% of all cases.
It occurs most often in the first 4-12 hours from the
onset of MI. It is associated with recurrent ischemia
and acute heart failure. Secondary VF is the end
stage of severe LV systolic dilation and dysfunction,
and cardiogenic shock. Late VF occurs most often
1-6 weeks after MI. It is most common in patients
with intraventricular conduction delays, anterior Ml,
inferior MI, persistent sinus tachycardia and atri-
al fibrillation/flutter, that has occurred in the early
phases of Ml [13]. Early VF has a better prognosis
than secondary and late VF [11]. There are no defi-
nite risk factors that can predict the occurrence of
VF in the acute phase of MI. In many retrospective
analyses of large clinical trials and meta-analyses a
group of risk factors have been recognized, that can
be linked to a higher incidence of VF [12-19]. These
are hypokalaemia < 3.6 mmol/l, systolic blood pres-
sure < 120 mm Hg, male sex, smoking, unstable
angina before MI, TIMI 0 blood flow before interven-
tional revascularisation of the infarct-related artery,
inferior MI, Killip class > 1, resolution of ST devia-
tion < 70% of the initial ECG, TIMI blood flow < 3
after the intervention.

Recently, the results of the trial FAST-MI with 20
years of follow-up were published. Its aim was to study
the incidence and significance of VF in hospitalized pa-
tients with acute MI. The study showed a trend to lower
incidence of VF — from 3,9% in 1995 to 1,8% in 2015.
The main reason for this decrease is the interventional
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Ha, Hannymeto Ha paHHo KM ce acoummpa ¢ okosno 10
MbTW NO-BUCOK penaTmMBeH pUCK 3a 6onHUYHa cMbpT. Mo
OTHOLLEHME Ha ObTOCPOYHATa MPOrHo3a MbPBUYHOTO
KM He ce cBbp3Ba ¢ noBuwieHa cMmbpTHOCT [20].
lMonumopgpHama KT, cebp3aHa ¢ BnakHata Ha [lyp-
KMHWE, MOXe Oa ObAe pervctpvpaHa npu naumMeHTu c
ncxemmyHa Gonect Ha CbpLETO MpW Nunca Ha ocTpa
ncxemusi. Ennsogute Ha NMMKT ce siBaBaT B pamKkute Ha
OHW cnieg octbp MU unmn no Bpeme Ha UHTEPBEHLMO-
HanHaTa peBackynapusauus, 1 MOXe fa ca npuynHa
3a peuMamBMpaLLM CUHKOMKW UM cbpaedeH apect [14].
KE, kouto Tpurepupat NMKT, npousnmsatr ot ¢ubpu-
Te Ha [MypkvHMe, pa3nonoXeHn B rpaHMYHaTa 30Ha Ha
UCXEMUYHMS LUMKaTPUKC MU B CaMusl umKaTpuke (cur.
3). BnakHata Ha lMypkuHMe ca no-marnko YyBCTBUTEN-
HW Ha ncxemust oT paboTHMSA MUOKapA, nopagu Koeto
B MOBEYETO Cllydyan OCTaBaT XvBW. Te npeaus3BuKBaT
Kanuun-TpurepypaHn paHHu crnegaenonsgpusauny BbB
dasa 2 Ha akuMOHHMA noTeHuman. B cnyvam ve ce
npoBeaaT KbM OKOMHaTa TbKaH, Bb3HMKBAT YCrOBUS 3a
HacTbNBaHe Ha e4HOMOCoYeH Briok B Mpexarta Ha [lyp-
KMHME N MUOKaPAHUTE KIETKU, KOETO Npean3BuKBa BU-
COKOYECTOTHM aputMuu. To3n BUA apuTMUK ce fnekysat
MHOIO YCMeLHO C XUHUAWH 1 ca JocTa pedpakTepHu
Ha feyeHne ¢ ocTaHanuTe aHTMapUTMUYHW Npenaparu.

JIEYEBHU CTPATEMUM

I'Ipe3 nocnegHUTe gecetunetTua npenopbKkuTe 3a
noseneHne n nevyeHne Ha oCTpna KopoHapeH CMHOpoOM

treatment of MI. On the other hand, the occurrence of
early VF is associated with around 10 times higher rel-
ative risk of in-hospital mortality. However, primary VF
is not associated with higher risk of death in the long
term [20].

Polymorphic VT, associated with Purkinje fibers, is
often seen in patients with ischemic heart disease in
the absence of acute ischemia. Episodes of PVT are
seen in the first few days of acute Ml or during the in-
terventional revascularization and could be a cause
of recurrent syncope or cardiac arrest [14]. PVCs that
trigger these types of VA come from Purkinje fibers, lo-
cated in the border zone or in the scar itself (Fig. 3).
Purkinje fibers are less susceptible to ischemia than
the working myocardium, thus they usually remain
alive. They can induce calcium-triggered early afterde-
polarizations in phase 2 of the action potential. If these
are conducted to the surrounding tissue, conditions are
created for occurrence of unidirectional block in Pur-
kinje fibers and myocardial cells — this can trigger high-
rate arrhythmias. This type of arrhythmias is treated
successfully with quinidine and can be quite resistant
to other antiarrhythmic drugs.

TREATMENT STRATEGIES

In the last decades acute coronary syndrome’s
treatment and its related arrhythmias has evolved.
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®dwur. 3. 7-kananeH Xontep-EKI™ Ha nauneHTka ¢ obwmpeH npegeH MU v peunamempalia nonumopdHa KT, 3anoysalua BuHaru ¢ KE ¢ mopdo-

norus Ha naB 6egpeH Grok 1 nsiBa NaTonornyHa en. oc (NM4YeH apxmB)

Fig. 3. 7-channel Holter-ECG of a female patient with a large anterior Ml and repetitive polymorphic VT, which is always starting with a PVC with

LBBB morphology and left pathological axis (private source)
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N CBbpP3aHUTE C HEro apuTMUKM JOCTa Ce MPOMEHMXa.
OT MbpBOCTEMNEHHO 3HAYEHUE € CbpAevHaTa KaTeTe-
pusaums M NepKyTaHHUTE KOPOHAPHU WHTEPBEHLUN.
Hanuuneto Ha KA poBexaa 4O NPUNOXEHWE Ha aH-
TUAPUTMUYHU MeaUKaMeHTW, KOUTO MMaT JocTta cTpa-
HUYHU ehekTn 1 ca HeeUKaCHN B AbMrOCPOYEH MMaH.
ETo 3awo npe3 nocnegHUTe roanHu ce pa3su U cTaHa
nonynapHa MHTepBeHUMoHanHaTa Tepanusa Ha KA npu
nauneHTn ¢ ncxeMmyHa 6onect Ha cbpueTo. Hai-06-
LLIO TepaneBTUYHUTE CTpaTerim moraT ga 6vaat pasge-
NeHn Ha cnegHUTE BUAOBE:

¢ MeankameHTO3Ha Tepanus

e HemegukameHTO3Ha Tepanus:

— peBackynapusauus — nepkyTaHHa, XupypruyHa

— enekTpu4ecko kapamnosepauno/gedunbprnaums

— UMNNAHTUPYEMWU YCTPOWCTBA — MENCMENKBLPU,
KapauoBepTep-4ednbpunaTopyn, PeCMHXPOHU3MPALLM
yCcTpoucTBa

— cuMnNaTMKycoBa [eHepBaLmsa — XMpypruyHa, nep-
KyTaHHa

— MHTpaBeHO3Ha cegauus

— abnaums — kaTeTbpHa, XMpypruyHa

— CTepeoTaKkTU4Ha pagmoTepanus.

MepgukameHTO3Ha Tepanus

B Tasn kateropusi nonagat KakTo aHTUapUTMUYHK-
Te MeavkaMeHTW, Taka 1 peauua OpYru NekapcTBEHU
npenapaTtu.

AHTUAPUTMUYHUTE MEOUKAMEHTWN ca YeCTO MU3MOoM3-
BaHO CpeCcTBO Ha neveHne Ha KA kakTo B ocTpara, Taka
N B XpOHW4HaTa ¢pasa crneg MU. Te npomeHAT enek-
TPOU3MONOrMYHUTE OCOBEHOCTM HA PUEHTPU Kpbra U
noTuckaTt TpUrepuTe Ha Bb3HMKBAHE Ha TE3N apUTMUW.
Bbnpekun ToBa ynotpebata M Hamarnsiea npes nocnea-
HUTE roaMHK, 3aLL0TO MoraT Aa NpeausBuKaT CEPUO3HN
CTpPaHN4YHU edoekTn, 0cobeHO Npu NaUMEHTN C NOTUCHa-
Ta JIK cuctonHa dyHKUMSA, C Te4eHMe Ha BpeMeTo CcTa-
BaT HeedEeKTUBHU, N HEe NoaobpsIBAaT CMbPTHOCTTA.

EQHu oT Han-edmKacHUTE aHTUAPUTMUYHN MeauKa-
MeHTU 3a neveHne Ha KA ca 6ema-6rnokepume. Te ca
ocobeHo nobpa anTepHaTMBa 3a NeYEHME KaKTO B paH-
HuTe hasn Ha MW (48-72 vaca), Taka 1 cnepg Tosa. [on-
30TBOPHUAT UM edeKT ce CBbp3Ba C MOHMXKaBaHe Ha
cbpdeyHaTa 4ecTota, MUOKapOHUSA KOHTPaKTUNUTET U
penakcauuna. OT enekTpodU3NoOrMYHNTE UM CBONCTBA
OT ocobeHa BaXkHOCT ca MOTWCKaHe Ha aBToMartusma,
CbOTBETHO N TpuUrepmute Ha Bb3HMKBaHe Ha KA. Cbuio
Taka Te HamarnsiBaT CKOpPOCTTa Ha MpoBeXaaHe, KOeTo
OT CBOSl CTpaHa HapylluaBa CTaburHOCTTa Ha UCXEMUY-
HUS pueHTpu Kpbl. beTta-bnokepute TpsibBa ga 6boart
M3MON3BaHN KaTo MbpBa NUHUS Ha nedeHne Ha KA npu
nauneHTn ¢ MM B octparta unu nogoctparta dasa.

Amiodarone moxe pa ©bae n3nonseaH npu pe-
umameupawim KA npu nauyneHtn ¢ MU Ha c¢oHa Ha
neyeHne c beta-6nokepu. Ton € MeaUKaMEHT C MHO-

Cardiac catheterization and percutaneous coro-
nary interventions are of paramount importance.
Antiarrhythmics used for treatment of VAs have
many side effects and are not effective in long
term. That is why in the recent years’ intervention-
al treatment of ventricular arrhythmias in patients
with ischemic heart disease is increasingly popu-
lar. Overall, treatment strategies could be catego-
rized as:

e Pharmacological therapy

e Nonpharmacological therapy

— revascularization — percutaneous, surgical

— electrical cardioversion/defibrillation therapy

— implantable devices — pacemakers, ICDs, cardiac
resynchronization therapy

— sympathetic denervation —surgical, percutaneous

— intravenous sedation

— ablation — catheter, surgical

— stereotactic radiotherapy.

Pharmacological therapy

Here, antiarrhythmic drugs, as well as other drugs
are included.

Antiarrhythmic drugs are often used for treatment
of VAs in the acute and chronic phase of MI. They
change the electrophysiological properties of the
re-entrant circuit, and suppress the triggers of VAs.
Nevertheless, the use of antiarrhythmics has declined
in recent years, due to their potential serious side ef-
fects, mostly in patients with reduced LV systolic func-
tion. They are also ineffective in the long-term and do
not decrease mortality.

Beta-blockers are among the most efficacious
antiarrhythmic drugs for VAs, both in early (48-72
hours) and later phases. Their efficacy is linked to
the blockade of beta-receptors, which leads to slow-
er heart rate, reduced myocardial contractility and
improved relaxation. They also suppress automatici-
ty and triggers for VAs and decrease the conduction
velocity, thus making ischemic re-entry less stable.
Beta blockers should be used as a first line treat-
ment of VAs in patients with Ml in acute and sub-
acute phases.

Amiodarone is another antiarrhythmic, that can be
used alongside beta-blockers for treatment of repeti-
tive VAs in Ml patients. It has multiple mechanisms of



KamepHu apuTMmm npu MyrokapaeH uHgapkT

43

)KECTBEH MEeXaHn3bM Ha OeWCcTBUue, OKa3Baly BIUsHUE
BbPXY MOYTU BCUYKN OCHOBHM MOHHW NOTOLM B Kapguno-
mMuounTuTe. OCHOBHUAT My aHTUapUTMUYeH edekT ce
CBbp3Ba C yBenuyaBaHe Ha pedpakTepHMs Nepuoq
N NOTUCKAHE Ha PUEHTPU KPbroBeTe M aBTOMaTu3Ma.
Mpu KT B xpoHnyHaTta pasa Ha MW To3n meamkameHT
€ cpeacTBoO Ha u3bop 3a nNpekbCBaHe U HamansBaHe
Ha peungmsuTe. AMMOOAPOHBT NMa 0bayve MHOXECTBO
cTpaHunyHu edbekTn. OCHOBHUTE OT TAX Ca yBpeXaaHe
Ha WMTOBMAHATA Xnesa, Koxara, ounte, pasBuTue Ha
punbposa B 6enusa apob, HEBPOTOKCUYHOCT.

Lidocaine e ppyr aHTUapUTMUK, KOUTO € CpeacTBo
Ha n3bop 3a neveHne nNpu HeedeKkTUBHOCT Ha GeTa-brno-
KepuTe n amiodarone. To3n mMedvkaMeHT MOXe fa ce
M3ron3Ba KakTo B OCTpara, Taka 1 B MO-KbCHUTE ¢hasu
Ha MW. PaHoomMuanpaHo KIUHWYHO MpoyyYBaHe Mokas-
Ba NPeBb3XOACTBO Ha amiodarone cnpsamo lidocaine no
OTHOLLEeHMe Ha npekbeBaHe Ha KA (78% cpeluy 27%) u
npexumssieMocT (39% cpelty 9%) B nbpBuTe 24 yaca,
npu naumeHTn ¢ pedpakTepHu Ha enekTpollok KT [21].

Procainamide e ppyr aHTMapUTMUKK, KOWTO CbLUO
nokasea npeBb3xoAcTBO npea lidocaine no oTHoweHne
Ha npekbcBaHe Ha KT (80% cnpsamo 26%) [2]. Tosn me-
OMKaMeHT e JocTa emKaceH 3a evyeHne Ha KamepHu
apuTMnK1, HO 3a anocT nuncea B bvnrapus.

AHTUAPUTMUYHUTE MeauKkameHTn oT knac |A n IC
He ce npenopbyBaT 3a NeyeHve Ha KA npu nauumeH-
™™ ¢ MW, 3awoTo e gokasaHo, 4Ye ynotpebara um npwm
naumeHT ¢ M/ ce cBbp3Ba C NoBULLIEHA CMBPTHOCT B
ObnrocpodeH nnax [22].

MenukameHTO3HOTO NeveHne Ha KaMepHUTE apUTMUA
npu nauveHtn ¢ MU He Tpsbea Oa ce usdepnsa camo C
AHTUAPUTMUYHUTE MeaMKaMeHTU. BaxkHO 3HaueHve nvar
W Opyri KrnacoBe MeauKaMeHTU, KOUTO AMPEKTHO UITN UH-
OVIPEKTHO MOBMMSBAT MPEXMBAEMOCTTa, CMbPTHOCTTA U
yecToTata Ha KA. ToBa ca aHTuarperaHTuTe, ctatmHute,
MWHEPanKOPTUKOUAHWUTE peLenToOpHU Brnokepu, UHXMou-
TOpUTE Ha aHMMOTEH3VH-KOHBEPTMPALLUST eH3uM, Brioke-
puUTE Ha aHrMOTEH3VHOBMUTE PELIENTOpPW, HENPUIU3NHO-
BUTE MHXMOUTOPW. Tean MeavKaMeHTM HAMAT NPsK ernek-
TpodpmamonornyeH edekT, Ho 3abaBsaT nmporpecusita Ha
apuUTMOreHHus1 cyocTpart. Kopekumsita Ha eneKkTponmTHuTe
HapyLLeHUs Ype3 MeauKaMeHTU Kato MarHeaneB cyndar,
Kanumes rMKOHAT ChLUO € BaxkHa Mpy neveHneTo Ha KA.

HemegukameHTO3Ha Tepanusa

Enekmpuyecko kapouosep3uo/dechubpunayus

KA, cbnpoBogeHn OT XxemogvHamMu4Ha HEeNoHOCU-
MOCT, Ce JleKyBaT C eneKkTpMYecKo KapAvMOBEP3MO UMK
nedunbpunaums, HesaBMcUMO B kost pasa Ha MU ce siBs-
BaT. TakmBa naumeHTn crieq ToBa Tpsibea Aa 6baaT noa-
NOXEHN Ha CbpAeyHa KaTeTepusauus, 3awoTo cropeq
npoy4BaHus okono 48% OT nauueHTUTe CbC CbpaeyeH
apecT ca C OCTpa OKMy3us Ha KOpoHapHa apTtepus. Ha-
BpEMEHHaTa peBackyrnapv3auusi € He3aBuMCUM Npeauik-

action, affecting almost all ion currents in cardiac cells.
Its main antiarrhythmic effect is linked to prolongation
of the refractory period and suppression of re-entry and
automaticity. It is a suitable drug for VTs in the chronic
phase of MI, as it can terminate the VT and prevent VT
recurrences. Along its efficacy, amiodarone has many
side effects related to the thyroid gland, skin, eyes, pul-
monary fibrosis and neurotoxicity.

Lidocaine is another antiarrhythmic, that is a drug
of choice for treatment of VT, when beta-blockers and
amiodarone are ineffective. This drug can be used both
in the acute and later phases of MI. A randomized clini-
cal trial showed amiodarone’s superiority over lidocaine
in terminating VT (78% versus 27%) and survival (39%
versus 9%) in the first 24 hours, in patients whose VT
does not respond to electrical shock [21].

Procainamide is another antiarrhythmic drug,
that showed superiority over lidocaine in terminat-
ing VT (80% versus 26%) [2]. This drug is effective
for the treatment of VAs, but it is not available in
Bulgaria.

Class IA and IC antiarrhythmic drugs are not rec-
ommended for the treatment of VAs in Ml patients, be-
cause their use was associated with increased long-
term mortality [22].

Treatment of VAs in MI patients should not be lim-
ited only to antiarrhythmics. Other types of drugs af-
fecting survival, mortality, and frequency of VA directly
or indirectly. These are antiplatelets, statins, mineralo-
corticoid receptor inhibitors, angiotensin-converting
enzyme inhibitors, blockers of angiotensin Il receptor,
neprilysin inhibitors. These drugs do not have a direct
electrophysiological effect, but they slow the progres-
sion of the arrhythmogenic substrate. Correction of
electrolyte disturbances with drugs like magnesium
sulfate and calcium gluconate is also important in the
treatment of VA.

Nonpharmacological treatment

Electrical cardioversion/defibrillation

VAs in any phase of Ml are treated with electrical
cardioversion or defibrillation, if hemodynamic stabili-
ty is poor. These patients should be referred for heart
catheterization, as according to studies, around 48% of
patients with cardiac arrest have an acutely occluded
coronary artery. Timely revascularization is an indepen-
dent predictor for survival [20]. PROCAT trial showed
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Top 3a ouernsnBaHe [20]. MpoyuBaHeTo PROCAT nokasga,
Yye ycrneluHaTa KOpoHapHa aHrmonmacTka ce CBbp3Ba C
nogobpeHne B GornHUYHaTa npexmBaemocT [23].

Pesackynapusauus

MepkyTaHHaTa peBackynapusaums urpae oCHOBHaA
ponsi B ie4YeHneTo u npeseHumsaTa Ha KA npu naumeHTm
¢ M. Bb3H1KBaHETO MM MO BpeME Ha NEYEHNETO Ha OC-
Tbp MW ce cBbp3Ba ¢ noBuLLEeHa BonHmM4Ha 1 6-mecevHa
CMBPTHOCT. [Mopaam ToBa paHHOTO AuarHoCTMUMpaHe 1
Obp3aTta peBackyrnapusaums ca oT ocobeHa BaXHOCT 3a
penyKkums Ha Tean HebnaronpusiTHM nocnencTeus. lNep-
KyTaHHaTa peBacKyrnapusauusi, OCBEH Ye NeKyBa ucxe-
MUSATa U nNpegnasea oT ObaeLLn HebnaronpuaTHY Cbou-
TUs, ce CBbp3Ba U C HamaneHue Ha JIK pemogenupane
1 nogobpeHne B npexmesieMocTTa [24].

XupyprnyHata peackyrnapusauuns Bnusa B CbO-
OpaxeHvne nNpu Hanuunme Ha CbOTBETHW WHAMKALWMW,
KaKTO M B CriyvauTe, Korato € Heo6xoanmo 1 SOMbIHU-
TEMNHO feYyeHre Ha KnamnHa nesus Unu bk Ha ronama
JIK aHeBpusma.

UmnnaHmupyemu ycmpotcmea

B Tasu rpyna Bnm3aT BpeMeHHUTE M MOCTOSHHW Nen-
CMeNKbpy, KapamoBepTep-aedunbpunartopute (ICD),
PECVHXPOHU3MpALLUTE YCTPOMCTBA, KaKTO W YCTPOWn-
cTBarta, nognomaraium JIK pyHkums.

[MericmenkbpuTe HaMMpaT MACTO KakTO B paHHUTE,
Taka u B no-kbcHUTe dasn Ha M. MoHsikora KA moxe
Aa ce npeavsBUKBAT OT npexoaHa Gpagukapans unu
npexodeH cbpaedeH bnok. B noseveto cnyyam no Ta-
KbB HaumH ce nHgyumupat MNMMKT nnn KM. mnnaxTa-
LuusATa Ha BpPEMEHEH KapAMOCTUMYNaTop B T3 Cryvau
€ OT ocobeHa Ba)XHOCT 3a NOTMCKaHe N NPeBEHUUS Ha
aputmuaTa. Npu nauneHTn ¢ pedpakrtepHa Ha nede-
Hne KA noBuwwaBaHeToO Ha CbpAeyHaTa YectoTa Moxe
[4a YNeCHW NeYeHneTo N.

ICD e egHo OT Han-epkacHUTE CPeacTBa 3a NMbp-
BMYHA M BTOpMYHA NpodunakTMka npu nauueHTn c
npogbrkmtenku KA n MU [25]. OT ocobeHa BaXKHOCT e
afeKBaTHOTO nporpamMupaHe Ha yCTponcTBoTo. [loka-
3aHO €, Ye MOTUBMPAHUTE U HEMOTUBMPAHUTE LLOKOBE
ce acoummpar € no-BMCOKa CMbPTHOCT, JOKATO aHTu-
TaxvkapgHuTe Tepanuu ca HeyTpasiHU MO OTHOLUEHMEe
Ha cMbpTHOCTTa. OCHOBHMTE METOAM Ha ONTMMM3aUMs
Ha MporpaMMpaHeTo ce CBbp3BaT C yAbIKaBaHe Ha
BPEMETO 3a AeTeKUMsi Ha apuTMMATa, NOBMLIABAHE Ha
yecToTaTta 3a AeTeKuusl, ONTUMU3MPAHE Ha aHTUTaxXu-
KapgHuTe Tepanuu, 1 ap.

PecnHxpoHusmpalimnte ycTponctea ¢ nercupaiya
n/vinn gedunbpunmpalla yHKLMA HaMmmpaTt MSCTO Npu
naumeHTu ¢ Texka JIK gnedpyrkums u JIBB. MNpoyyBaHu-
AaTa gokaseart, vye Te nogobpseat JIK dpyHkuma v npea-
nassaT oT AONbrHMTENHO BriowasaHe Ha J1K dppakums
Ha n3TnackesaHe. [1o To3un HauMH Te npegnasBaT OT Bb3-
HUKBaHeTO Ha kbcHM KA cneg M n ot BCC [26].

that successful coronary angioplasty is linked to better
in-hospital survival [23].

Revascularization

Percutaneous revascularization strategy plays a
major role in the treatment and prevention of VAs in
MI patients. VAs during treatment for Ml are linked
to an increased risk of in-hospital and 6-month mor-
tality. Thus, early diagnosis and revascularization is
highly important for reduction of adverse sequelae.
Percutaneous revascularization treats ischemia, ex-
erts protective effect on future adverse events, and is
also linked to reduced LV remodeling and improved
survival [24].

Surgical revascularization comes to mind when
there are proper indications, such as when a concom-
itant valve surgery or surgery for large LV aneurysm is
required.

Implantable devices

Temporary and permanent pacemakers, ICDs, and
cardiac resynchronisation devices are included in this
group.

Pacemaker implantation can be necessary both in
early and later phases of MI. Sometimes VAs can be
triggered by temporary bradycardia or heart block. In
most cases polymorphic VT or VF are induced. Thus,
a temporary pacemaker implantation may be import-
ant for prevention and suppression of the arrhythmia.
In VA, refractory to treatment, increasing the heart rate
could be useful.

ICD implantation is one of the most effective treat-
ment strategies for primary and secondary prevention
in patients with severe LV dysfunction or sustained post
MI VT [25]. Programming of the device is essential and
must be individualized. Appropriate and inappropriate
shocks are associated with higher mortality, while an-
titachycardia pacing is neutral with regard to mortality.
Optimal programming includes increased time for VA
detection, increased rate of detection, optimization of
antitachycardia pacing, etc.

Cardiac resynchronisation systems with pacing
and/or defibrillating function are indicated for patients
with severe LV dysfunction and LBBB. Trials showed
that they improve LV function and protect from further
deterioration of LV ejection fraction. Thus, they have a
protective effect against occurrence of VA in the later
phases of Ml and protect from SCD [26].
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AGnaumnoHHo neyeHue

C Hanpegbka Ha Haykata M TEXHOMOrMmMTe KaTe-
TbpHaTta abnaums Ha KT cneg MW ce passu 6ypHo. Oc-
HOBHUTE MPUYMHM Ca, Y€ aHTUapUTMULIMTE NMaT cepu-
O3HM CTpaHW4YHU ehekTn, HegocTaTbyHa e(PEeKTUBHOCT
N He HamangaeaT CMbpTHOCTTa, a ICD He npegnasear
OT Bb3HMKBaHe Ha KA, HEMOTMBUPAHUTE MUK YecTuTe
MOTVBMPaHU LLOKOBE CE CBbP3BAT C HApYLLEHO KayecT-
BO Ha XXMBOT, MOBMLUEHA CMBPTHOCT, 3agbnbovaBaHe
nposiBUTE Ha CbpAeyHa HeJOoCTaTbYHOCT, MO-4ecTu
xocnutanusaumm, n BCC npu 5%. lNoHacToswem e
[oKa3aHo, Ye kaTteTbpHaTa abnauusa Hamansea CUrHu-
dukaHTHO peunamsute Ha KT, 6pos Ha aHTUTaxukapa-
HUTe Tepanuu u wokose ot ICD, ennsoguTte Ha enek-
Tpuyecka byps un xocnutanuaauuute (cour. 4) [28, 29].

KateTbpHaTta abnauua Ha KT ce npwunara LMpoko
npy NaumeHTn ¢ peuvavBupalL enu3ody Ha Taxukap-
avs, pedpakTepHn Ha MeEOUKaMEHTO3Ha Tepanus uunmm
yecTtu wokose ot ICD [30], Bkn. kaTo ,paHHa cTparterns”
unu ,npocpunaktmyHa“ abnauwms [31-33]. MNpouenypara e
KOMIIIEKCHa U U3MCKBa peLLeHNs 3a peauLa MeauLMHCKA
N TEXHUYECKN acnekTu. Te BKMYBaT BHUMATENEH nog-
Bop Ha nauneHTn, U3Non3BaHeTo Ha Pa3nUYHN obpasHU

Ablation treatment

With the progress of science and technologies
catheter ablation of post Ml VT evolved significantly.
Besides, antiarrhythmic drugs have serious side ef-
fects, are not effective in the long term and do not
decrease mortality. ICD does not protect from VA and
inappropriate or frequent appropriate shocks are as-
sociated to impaired quality of life, increased mortal-
ity, worsening of heart failure, more hospitalisations,
SCD in 5%. Catheter ablation significantly reduces VT
recurrences, antitachycardia pacing and shocks from
ICD, episodes of electrical storm and hospitalisations
(Fig. 4) [28, 29].

Catheter ablation of VT is used in patients with
recurrent VT refractory to medical treatment and/
or frequent shocks from ICD [30], as well as a
“early strategy” or “prophylactic” ablation [31-33].
The procedure is complex and has many medical
and technical aspects, including careful choice of
the patients, use of different imaging techniques,

Any appropriate ICD therapy VT storm
Reddy 2007 (SMASH ¥T) — 14.04% —1.23(-2.14,-0.32) Reddy 2007 {SMASH VT) ——i 10.77% —1.24[-2.43,-0.05)
Kuck 2010 (VTACH) — 16.26% —0.80(~1.58, =0.02] Kuck 2010 (VTACH) —-— 21.19% -029(-1.14, 0,55
Kuck 2017 (SMS) — - 16.81% —0.21[-097, 0.55) Sopp 2016 (VANISH) - 51.78% -0.43(-098, 0.11]
Wilerns 2020 (BERLIN VT) —— 19.48% —0.58 [~1.24, 0.05 Kuck 2017 (SMS) — 9.19% -0.56[-1.85, 0.73)
Arenol 2022 (SURVIVE-VT) —— 16.65% 0.19[-0.58, 0.95] Delo Bella 2022 (PARTITA) —_—i— 160% -1650-4.74, 1.44]
Tung 2022 (PAUSE—SCD) — 16.76% —1.31(-2.07, ~0.54] Arencl 2022 (SURVIVE-VT) — 5.46% -0.93[-2.60, 0.74]
RE Mode! — 100.00% —0.64(~1.08,~0.19) RE Madel - 100.00% -0.55[-0.94,~0.16]
| I R B | S . . E—
-3 2 - 0 1 -6 -4 -2 [ H

Heterogeneity: Tou2 = 0.165; Q = 10.42 (P = 0.064); I2 = 52% Heterogeneity: Tau2 = 0; Q = 2.5 (P = 0.776); I2 = 0% c
Overall effect: 2 = -2.78 (P = 0.005) A Overall effect: Z = -2.76 (P = 0.006)
Appropriate ICD shocks Cardiovascular hospitalizations
Reddy 2007 (SMASH ¥T) —— 10.78% —1.48(-2.47, -0.49) Kuck 2010 (VTACH) —— 13.56% -0.900-1.69,—0.12]
Kuck 2010 (VTACH} —a—t 1392% -0,881=1.70.70.080 Sapp 2016 (VANSH) — 24.30% -0.28(-0.83, 0.26]
Sapp 2016 (VANISH) i 21.72% -0.18 [-0.69, 0.30] Kuck 2017 (SMS) . 14.44% -0.21(-0.96, 0.55)
Kuck 2017 (SMS) ——— 11.23% -0.63 [~1.59, 0.34]

Willerns 2020 (BERLINVT) —_— 17.82% 0.07(-059, 0.74)
Willerns 2020 (BERUIN VT) —— 14.25% —0.29 [-1.09, 0.50]

Dello Bella 2022 (PARTITA) —— Ty 1.86% -1.48[-3.76, 0.78]
Delia Bella 2022 (PARTITA) —_— 4.88% -2.01(-3.68, -0.35]

Arencl 2022 (SURVIVE-YT) —— 14.14% —-0.96[~1.73,-0.20]
Arenol 2022 (SURVIVE-VT) —_— 12.90% —0.06 [~0.93, 0.80)

Tung 2022 (PAUSE-SCD) —_— 1387% -0.21(-0.99, 0.57)
Tung 2022 (PAUSE-SCD) ——i 10.32% —1.08(-2.10,-0.05)
S - 100.00% ~0.66 (=105, ~0.26) RE Model - 100.00% -0.40[-0.71,~0.08]

| e e e 71 1 1 T 1
-4 -3 -z -1 0 1 -+ -5 -z 1 0
- = o - e Heterogeneity: Tau2 = 0.028; Q = 7.1 (P = 0.312); I2 = 15.5%

Heterogeneity: Tau2 = 0.125; Q = 11,665 (P = 0.112); 12 = 40% A i
Overall effect: Z = -3.23 (P = 0.001) B Overall effect: 2 = -2.51 (P = 0.012) D

®dur. 4. O606LLeHM pe3ynTaT OT paHHa kaTeTbpHa abnauns npu CTPYKTYPHO CbpAEYHO 3abonsBaHe OT paHAOMU3NpaHu NpoyyBaHus. PaHHaTa
abraums Bogu 0 3Ha4YMMa pefykumsl Ha BCsika OT MOCOYEHUTE KpaviHu TOYKU. A — BCUYKM MOTMBMpPaHu Tepanun ot ICD (ATP u wokose); B —

MOTUBMpaHM Lwokose oT ICD; C — enekTpuyecka Gypsi; D — xocnuTanusaumy no CbpaeYyHO-CbA0BM NpUYUHK [No ped. 29].

Fig. 4. Outcomes from randomized trials of early catheter ablation in structural heart disease. Early ablation leads to significant reduction of each
of the outcomes. A— any appropriate ICD therapy (antitachycardia pacing and shocks); B — appropriate shocks; C — VT storm; D — cardiovascular

hospitalizations [29]
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W3crieBaHuis, NaHnpaHe Ha npouenypara, BKM. 4OCTb-
na 4o CbpLETO (EHAOKapAEH W/Mnn enuKapaeH), U3BbpLU-
BaHe Ha abnauwmsaTa, cnegnpoueaypHa rpwka v npocre-
OsiBaHe. /3nonsBaHuTe abnauyoHHN TEXHUKM Ca MHOIO
1 pasHoobpasHu. OcHOBEH hakTop, onpeaensiL, N3nonsa-
BaHETO Ha onpefeneHa TEXHUKa, € XeMoavHaMuyHaTa
noHocumocT Ha KT. Mpu gobpa noHOCMMOCT MOXe Aa ce
npunoxm enempoq)msmonormqu aKTnBauMOHEH MeruHr,
KOMTO AaBa Bb3MOXHOCT [ia Ce onpenenu nokanusaums-
Ta Ha PUEHTPU Kpbra, Ha pasfiuyHu N3XoOHU MecTa U Kpu-
TUYHKS NCTMYC Ype3 perucTpaums Ha uacTomnHW NOTEH-
Lumanu n pasnnyHn cTumMynaumoHHn npunomu. MNpn KT ¢
fiowla NoHOCUMOCT Ce npurara cybcTpateH MenuHr 6e3
WHOYKUMS UK C orpaHmndeHa mHaykums Ha KT, koeTo e
MHOTO NO-LafsLLo 3a naumeHTuTe. Han-npoctusit Bapu-
aHT e aHaTOMWYHOTO (BOMTaXHO) CyOCTpaTHO KapTorpa-
vpaHe, Npu KOETO Ce BU3yanunampaT HUCKOBONTaXHUTE
W umKaTpucuanHmiTe 3oHu. Abnaums ce npaeu Mo rpaHu-
LiMTe Ha HUCKOBONTAaXHaTa 30Ha 1 BbTPe B MH(papKTHaTa
30Ha, KbAETO Ce perucTpupar curHanm (cur. 5).

<DyHKLI,VIOHaJ'IHI/IF|T MEenuHr e KOM6I/IHaLI,I/IF| OT BOJITa-
KeH Cy6CTpaTeH MENUHr n mp,eHqu)MuMpaHe Ha KbCHU
(BKI1. eBOKMpaHW) 1 abHOPMHM MOTeHUManu, Ha npo-
BOOHWM KaHanu B UMKaTpuMKCa, Ha M3XOOHW MecTa uIu
NCTMYCU Ype3 NenC-MenuHr.

Abnauusita cbC cybCcTpaTeH MEMUHI, HE3aBUCUMO
OT BMAa My, Llenu NpeMaxBaHeTo Ha abHopMHaTa enek-
TpU4ecka akTUBHOCT BbTPE B MH(papKTHaTa 30Ha U No
rpaHMunUTE M, Taka Ye ga He MOxe Aa nogabpxa npo-
ObIDKUTENHA KamepHa aputMuna [34, 35].

[MoHacTosilwem xmpypruyHata abnauus uma orpa-
HUYeHO npunoxeHue B nedveHneto Ha KT. MiHTepecHo
€ fa ce otbenexu, Yye kaTeTbpHaTta abnauusa no pbba
Ha umMkaTpuKkca, HanogobsiBa xupypruyHaTa TeXHUKa Ha
LMpKyMdepeHTHa BEHTPUKYNIOTOMUS U CybGeHaokapa-
Ha pesekuus [7].

13000 Y

planning of the procedure, ablation, postproce-
dure care and follow-up. There are various abla-
tion techniques. Important factor for the choice
of a technique is the haemodynamic stability of
the VT. In case of a good tolerance the preferred
technique is electrophysiologically based activa-
tion mapping for tracing the re-entrant circuit, exit
sites, and the critical isthmus by registration of dia-
stolic potentials and use of various pacing/entrain-
ment maneuvers. In VT with poor haemodynamic
tolerance substrate mapping without or with limited
arrhythmia induction can be used. The most simple
variant is anatomic (voltage) mapping that allows
for visualization of low-voltage and dense scar ar-
eas. Ablation is delivered along the borders of the
low-voltage zone, and within the scar at sites with
electrical potentials (Fig. 5).

Functional mapping is a combination of substrate
voltage mapping and identification of late (incl. evo-
qued) and abnormal potentials, conducting channels
within the scar, exit sites and/or isthmuses by different
pace-mapping techniques.

Substrate mapping and ablation, irrespective of the
technique used, aims at elimination of all or most ab-
normal electrical activity within the scar and along its
borders, so as VA cannot be sustained [34, 35].

Currently, surgical ablation has limited use in the
treatment of VT. Interestingly, catheter ablation of the
border zone of the scar is similar to the surgical tech-
nique of circumferential ventriculotomy and subendo-
cardial resection [7].

®dwur. 5. EnexktpoaHatomuyeH Mogen u
BOMTaXKHa kapTa Ha nsBa kamepa Ha
84-rogvilieH nauveHT C NPexuBsH [on-
Ho-natepaneH MU v peunamsupaia KT.
[MpeacraBeHa e 0bLIMpPHA HUCKO-BOMNTaX-
Ha 30Ha (LBAT MeXy BUOMETOBO U CUBO)
obxBallalla [onHa 1 natepanHa cTeHa
C eKCTeH3Vs 1 KbM npefHaTta cteHa. 3a-
naseH BonTax — BuonetoB UBAT (> 1.5
mV) — HanuyeH BbB Bbpxa W MO npea-
HaTa cTeHa Ha nsBaTa kamepa. 3oHa C
LmKaTpyumanHa nitbTHOCT — CUB LBAT (<
0.5 mV) 3agHo-6a3anHo KbM MUTpanHus
NPBbCTEH (NTUYEH apXumB).

Fig. 5. Electroanatomical model and
a voltage map of the left ventricle
of an 84-year-old male patient who
experienced an inferior-lateral M| and
recurrent VT. A vast low-voltage zone

(colours between magenta and gray) is presented on the inferior and lateral wall with an anterior extension. Normal voltage in magenta (> 1.5
mV) is presented in the apex and on the anterior wall of left ventricle. Dense scar zone in gray (< 0.5 mV) - posterior-basal towards the mitral

annulus (private source).
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MHmpaeeHo3Ha cedayusi

Mpunara ce npu Yectu peunamnsm Ha KT B paHHUTE
¢a3m Ha MW, Ho cbLLo Taka MOXe Ada ce M3Mon3ea 1 B
XpOHUYHaTa hasa npu enekTpmuyecka oyps.

Cumnamukycoea 0eHepeayusi/Modynayus

To3n meTog Ha neveHne Bnu3a B CbobpaxkeHune npu
Yyectn peumamsun Ha KT, 4eCcTn LLIOKOBE OT KapauoBep-
Tep-aedunbpunaTtopuTe, enektpudecka bypsi, pedpak-
TEPHN Ha MEAMKAMEHTO3HO W/ HeEMeOUKaMEHTO3HO
neyenwue. JleBUAT cTenarteH raHrmMi MmMa OTHOLLEeHuE
KbM 3adbibovaBaHe Ha AucnepcusiTa Ha penonspusa-
UuMs NpegMMHO Ha npegHaTa cTeHa U Bbpxa Ha nsiBata
Kamepa, a OeCHUSAT cTenaTeH raHrmmMi — KbM Tasu Ha
3agHaTa CTeHa Ha gscHata kamepa. bnokupaHeTo no
XUPYPrUYeH Unu nepkyTaHeH MeToq Ha NeBusi, AeCHUS
WUNKU 1 Ha gBaTa cTenaTHW raHrmmnmM CUrHNUKAHTHO Ha-
mMansBa peuvamsute Ha KT u/vnn wokoseTe OT Kapamo-
BepTep-gedunbpunaropute. XupypruyHata cumnarek-
TOMWS NMOHACTOSALLEM Ce OCbLUECTBSIBA MUHUNHBA3NBHO
NoA BMAEOTOPAKOCKOMNCKM KOHTpon. pe3 nocnegHute
rOAVHK 3a OCTPO OBMaAsiBaHe Ha enekTpuyecka byps ce
npwunara nepkyTaHHO MOAyNMpaHe Ha cuMnaTuKycoBaTta
HepBHa cucTeMa nof exorpadyCku KOHTPOS UM No aHa-
TOMWYHM OpUEHTMpU. HamansiBaHeTo Ha peuvavBuTe
Ha KT n wokoseTe ot ICD ¢ 1031 meToa nsrnexaa obe-
LaBaLLlo 1 NO3BOMsBa Aa Ce crneYenn Bpeme 3a onpeae-
NnsHe Ha No-HaTaTbLUHOTO NoBedeHue [36-38].

CmepeomakmuyHa paduomeparnusi

Toea e HOB meToq 3a nedeHune Ha KT, pedbpak-
TepHa Ha gpyru no-obudaHu metogn. Cbetom ce B
NPEeLUM3HO MNPUINOXEHNE Ha BUCOKOOO30Ba paguauumsi
C MWHMMAIHO 3acsaraHe Ha cbcefHaTa 34paBa TbKaH.
[MbpBOHaAYanHUTE M3cnegBaHust nokasBaT gocTa Ao-
Opw pesynTatn No OTHOLUEHME HA HaMareHue Ha pe-
umameute Ha KA 1 nsnonseaHeTo Ha aHTUAPUTMUYHMU
MeankaMeHTW, NogobpeHre B KAYECTBOTO Ha >KMBOT 3a
cmeTka Ha ymepeHu puckose [39, 40]. bnrocpoyHuTe
pUCKOBE 1 pe3ynTaTu BCe OLLe Ce Npoy4yBar.

3AKNIOYEHUE

KA ca uBoTO3acTpallaBalln, Hepeaku, YCroxHe-
Hua Ha MW. 3acerHaTmsiT OT UCXEMUSI MUOKapA npe-
TbprsiBa 3HAYUTEMHU CTPYKTYPHU M (PYHKUMOHAIHM
NPOMEHU, Cb3aAaBally YCINOBUS 3a Bb3HUKBAHE U NoA-
obpxxaHe Ha KT. MexaHuamuTe, OTroBOpHWM 3a Te3u
apuTMuK, ca pasnuUyHK B pasnuyHuTe dasm Ha M.
CobluecTByBaT pasnuyHM MeAMKaMEHTO3HU U HemMeau-
KaMEHTO3HM TepaneBTUYHU onumn. Bbnpekn Hanpe-
ObKa Ha HaykaTa 1 TEXHOMNOTNNTE, HUTO efHa OT Te3un
cTpaTernm He € CbBbPLLEHA M YCMELUHa.

He e deknapupaH KOHGAUKM Ha uHmepecu

Intravenous sedation

It is often used in frequent VTs in the early phases
of MI, but it can also be used in the chronic phase for
VT storm.

Sympathetic denervation/modulation

This method is used when there are frequent
VTs, frequent shocks of ICD, VT storm, refractory
to pharmacological and/or non-pharmacological
treatment. The left stellate ganglion plays a role in
increasing the dispersion of repolarisation mostly
on the LV anterior wall and apex, while the right
stellate ganglion — on the posterior wall of right ven-
tricle. Surgical or percutaneous blockade of the left,
right or both stellate ganglia significantly reduces
VT recurrences and/or ICD shocks. Currently, sur-
gical sympathectomy is done mini-invasively by
video-assisted thoracoscopy. In recent years per-
cutaneous modulation of the sympathetic autono-
mous nervous system under ultrasound guidance or
guided by anatomic markers is increasingly used for
acute treatment of VT storm. The initial results are
promising with regard to reduction of VT recurrenc-
es and ICD shocks, allowing time for elaborating
further treatment strategy [36-38].

Stereotactic radiotherapy

This is one of the newest treatment modalities for
VTs refractory to other pharmacological and non-phar-
macological treatments. It consists of highly focused
and precise application of high-dose radiation, while
minimally affecting the nearby healthy tissue. So far,
the initial acute and mid-term results are good and
demonstrate reduction of VT recurrences, decreased
use of antiarrhythmic drugs, and improved quality of
life with acceptable risk [39, 40]. Long-term results and
risks are being investigated.

CONCLUSION

Ventricular arrhythmias are life-threatening, not
uncommon complications of MI. The affected isch-
aemic myocardium is undergoing extensive structural
and functional changes, that create conditions for the
occurrence and maintenance of VT. The mechanisms
of these arrhythmias depend on the phase of MI.
There is a variety of pharmacological and non-phar-
macological treatment options. Despite recent scien-
tific and technological advances none of these strate-
gies is perfect.
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