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ApuUTMUK cepala B TOW MAW MHOW CTENEHM COMYTCTBYHOT MPAKTUYECKM BCEM Kapauonormyeckum sabonesaHuam. 3agava
[00MNepPaumoHHON TOMMYECKON ANArHOCTUKM PasANYHbIX aPUTMUIA Ha CErOAHALIHUI AeHb OCTAeTCA NPUHLMNUANBHO BaXKHOM
M aKTyaNbHOW, YTO MOATBEPNKAAETCA MHOTOUYMCAEHHBIMM aNrOPUTMaMM, HanpasJeHHbIMU Ha HEWHBA3MBHOE BblfBNEHMWE
pacnofioXKeHna apuTMOreHHOro ¢poKyca, KOTopble BCe Yallle OMUCLIBAOTCA B POCCUMIMCKOM M MUpOBOW anTepaType. CeroaHs
CYLLECTBYET MHOMECTBO Pas/iMyHbIX METOAO0B HEMHBA3WBHOM TOMWYECKOW AMArHOCTMKM apUTMOreHHoOro ¢oKyca Kak npwu
KeNyAoYKoBbIX, TaK W MpeacepaHbiXx apuTmuax. Haumbonee coBpeMeHHbIM ABAAETCA HEMHBA3WMBHOE BbIYUCAUTENBHOE
KapTMpoOBaHWe cepala, OCHOBaHHOE Ha pelleHUM obpaTHOWM 3af4aum anekTpoKapauorpaduu. TOYHOCTb AaHHOTO MeTo4a
pocturaet 90%, 04HAKO M OH A0 CMX MOP NO CBOMM BO3MOMKHOCTAM YCTyNaeT «3Ta/lOHHOMY» METody BHYTpUCepAeYHOro
3N1eKTPOdU3NONOTMYECKOrO UCCNeaoBaHMA. B HacTosliee Bpema Ha pbiHKe NpeacTaBaeHbl Npubopbl ANS WMHBA3MBHOIO
M HEMHBA3MBHOrO 31eKTPODU3MONOTMYECKOro KapTUpoBaHuA cepaua. OAHako B YC/I0BMAX OMepaumoHHON Heobxoamma
WMHTErpUpPOBaHHAA CUCTEMA HEWHBA3MBHOIO 3/1€KTPODU3NONOIMYECKOTO KAapTUPOBAHWA C WHBA3MBHLIM TPEXMEPHbLIM
3/1eKTPOAHAaTOMMYECKUM KapTupoBaHuem. CosgaHne rMOpUAHbIX CUCTEM MO3BOJIMT C OYEHb BbLICOKOW TOYHOCTLHO
BM3Ya/IM3MPOBaAThb 371eKTPOdPU3NONOTMYECKME NPOLECCHl HA 3MU- U 3HA0KAPAMANbHON NOBEPXHOCTU B PEXKMME PeasibHOro
BPEMEHW M NO NOAYYEHHbIM pe3ynbTaTaM MPOBOANUTL PAAMOYACTOTHYIO KaTeTEPHYO abiaumio apuTMKUIA C OAHOBPEMEHHbLIM
CHMXKEHMEM Ny4EeBOI HAarpy3KM Ha NauMeHTa U MeAULMHCKUIA NepcoHan.

Kniouesblie cnosa: apuTMnK cepaua, HEMHBA3NBHOE M MHBA3MBHOE KapTUPOBaHMeE.
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Heart arrhythmias may accompany virtually any cardiac disease. The problem of the preprocedure topical diagnostics of various
arrhythmias remains fundamentally important and relevant, which is confirmed by numerous algorithms aimed at non-invasive
detection of the arrhythmogenic focus location. Today, many different methods are available for non-invasive topical diagnostics
of the arrhythmogenic foci in both ventricular and atrial arrhythmias. A non-invasive imaging of cardiac electrophysiology
(NICE), based on the solution of the inverse problem of the electrocardiography, is the most advanced new technology. The
accuracy of NICE reaches 90%, however, it is still inferior in its capabilities to the “reference” method of the invasive intracardiac
electrophysiological examination. Currently, the market presents devices for both invasive mapping and NICE. However, in
the context of surgery, an integrated system of non-invasive electrophysiological mapping with invasive three-dimensional
electroanatomic mapping is of high demand. The creation of hybrid systems will allow to visualize electrophysiological processes
in the epi- and endocardial surface in the real time with very high accuracy and to carry out the radiofrequency catheter

ablation of arrhythmias with the simultaneous reduction of the radiation load on the patient and medical personnel.
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ApUTMUU cepaua B TOW UAN MHOW CTENeHN CONYTCTBYIOT MpaK-
TUYECKM BCEM Kapauonormyeckum 3abonesaHuam. Mo AaHHbIM
NonynALMOHHBIX UcCenoBaHni, Ao 35-45% B UX CTPYKTYpE 3aHU-
maeT pubpunnaums (®M) u TpenetaHme npegcepamii (TM), 10-15%
Kenypoukosasa Taxukapaua (KT) u ombpunnauyma. Ot 5 go 10%
naumeHToB ¢ 3ab0neBaHMAMM cepala YMMUPAoT OT BHE3anHo pas-
BMBLUEMCA apuUTMUK. o AaHHbIM Pa3HbIX aBTOPOB, OCHOBHbLIMMU
3TMONOMNYECKUMU PaKTOPaMM BO3HUKHOBEHUA apUTMUIA ABNAIOTCA
nwemmnyeckas bonesHb cepaLa U nepeHeceHHbI MHPapKT MUOKap-
na (70-80%), aunaTaumoHHasa Kapguomunonatma (20-30%), Bocna-
nuTenbHble 3aboneBaHus cepaua (10-20%). HecmoTps Ha bypHoe
pa3BUTME WHTEPBEHLMOHHOrO W (GapMaKOOrMYecKoro JsiedeHus
APUTMMI, UX KONIMYECTBO HEYKIOHHO PaCTeT, YTO, B CBOO oYepesp,
YBE/IMUYMBAET KapAMONOTMYECKY0 CMEePTHOCTb, 3a60s1eBaeMocCTb,
O/UTENbHOCTb FOCMMTaNM3auMnM 1 oblme 3atpaTbl Ha cucTemy
34paBoOXpaHeHns. CoBpeMeHHble KapAMONOrus U apuTMONOrua
MOKa He B COCTOAHWW paspeLllnTb Takue TpU KpynHble npobnemsl,
KaK @1, }keny[04KoBble apUTMUM B CBA3KE C BHE3ANHOW cepaedHom
CMepTbio, CEPAEYHON HEAOCTAaTOYHOCTbIO.

3apava [oOMNepaLMoHHOM TOMUYECKOW AMArHOCTUKM pPasnuny-
HbIX HapyweHui putma cepgua (HPC) Ha ceroaHAwWHMIA AeHb ocTa-

To a greater or lesser extent, cardiac arrhythmias are associated
with virtually all cardiac diseases. According to data of population-
based studies, the rates of atrial fibrillation (AF) and atrial flatter
(AFL) amount up to 35-45% in the structure of arrhythmias, whereas
the rates of ventricular tachycardia (VT) and ventricular fibrillation
(VF) are 10-15%. From 5% to 10% of patients with heart diseases
die from the sudden arrhythmia. According to data obtained by
different authors, the main etiological factors associated with the
onset of arrhythmias include coronary artery disease, the history of
myocardial infarction (70-80%), dilated cardiomyopathy (20-30%),
and the inflammatory heart diseases (10-20%). Despite the rapid
development of the interventional and pharmacological methods
of arrhythmia treatment, the incidence of heart rhythm disorders
is on the rise, which, in turn, increases the cardiac mortality,
morbidity, duration of hospital stay, and total costs for the health
care system. State-of-the-art cardiology and arrhythmology are
still unable to completely solve such major problems as AF and VTs
linked to the sudden cardiac death and heart failure.

According to increasing number of reports available in the
Russian and world literature, the need for the preoperative topical
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eTcA NPUHLMNNANbHO BaXKHOM U aKTYaNbHOM, YTO NOATBEPKAAETCA
MHOFOYUC/IEHHBIMU aNIFTOPUTMaMK, HaMpaB/JeHHbIMU Ha HEeWHBa-
3MBHOE BblIIB/IEHWE PACNONOXKEHUA GOKYCa apUTMUK, KOTOpbIe BCe
Yalle onuCbIBalOTCA B POCCUMCKON M MUPOBOW NnTepaType. 3To U
HeyauBUTENbHO, MOCKO/IbKY OT JIOKANN3aLUM apUTMOreHHOro cy6-
CTpaTa 3a4acTyl0 3aBUCUT KaK MPOrHo3 TeyeHua 3aboneBaHuA B
Lenom, Tak M ycnewHoCTb MeANKaMeHTO3HOIO U KaTeTepHoro e-
yeHusa [1, 2].

Hayanom HeuHBa3MBHOI 3neKTpPodU3MONOrnyYeckon puarHo-
CTUKKM cumTaeTca 1887 r., korga A. Waller BnepBble 3anucan Kap-
AMOrpaMmmy 4YesiloBeKa Ha KanuanapHom anektpometpe. B 1893 r.
Ha 3acefaHun HupepnaHAcKon meauuMHCKOW accoumaumm W.
Einthoven npeanomn K MCnonb3oBaHUIO HOBbIM TEPMUH — I/1EK-
TpoKapauorpamma (3Kr). B 1908 r. F. Kraus u G.F. Nicolai Bnep-
Bble C MOMOLLbIO 3/1IeKTpOKapanorpada, cosgaHHoro B 1903 .
W. Einthoven Ha ocHoBe CTPYHHOro rafibBaHOMeETpa, 3aperv-
CTPMPOBANN XKenyaouKoBble aKcTpacucTonbl (MKIC) [3]. B 1913 r.
W. Einthoven u coaBT. onybankosanu cTaTbio, B KOTOPOM Npesgso-
XUAU K UCNONb30BaHUIO TPU CTAHAAPTHBIX OTBEAEHMA: OT NeBO
PYKM K MPaBOW, OT MPaBOMN PYKM K HOTe M OT HOTM K NEBOW pyKe
C pasHocTAMM noteHumanos: V1, V2 n V3 cooTBeTcTBeHHO. Takan
KOMBWHaLMA COCTaBAAET 3NEKTPOANHAMUYECKU PAaBHOCTOPOHHUM
TPEYroNbHUK C LLEHTPOM B UCTOYHWMKE TOKa B cepaue. 3Ta pabota
NMONOXKMAA HAYaN0 BEKTOPKapanorpadun, nonyyumsLuel passmutme B
1920-x rogax ewe npu *n3Hm W. Einthoven.

B 1969 r. M.B. Rosenbaum BnepBble NpPeaoKuUA anropuTm
Tonuuyeckon anarHoctmkm XIC, ocHoBbiBasack Ha JKI B 12 oTBeae-
HUAX, CYyTb KOTOPOrO 3aKNYanacb B OLLEHKE 3NEKTPUYECKOW OCH,
LWWPKHBI Komnaekca QRS mn ero ¢opmbl, HANOMMUHAOLEN Mop-
donoruno 6nokaabl npasoii (MHMM) namM nesot Hoxek nydka Mca
(MHAT). No pe3ynbTaTam AaHHOrO aHanAn3a aBTop pa3paboTan npa-
BWIO, KOTOPOE NAcUT, YTO PEe3yNbTUPYIOLWMIA BEKTOP KOMMNEKca
QRS npu *KIC HanpaBneH B CTOPOHY NPOTUBOMONOXKHOIO Kenyaoy-
Ka [4]. MpeanokeHHan MeToAMKa NO3BONAMA TOMUYECKU Pa3aenuTb
Bce *KIC Kak B npasom (M), Tak n neBom xenygoukax (/1XK) Ha 4
JNIOKanu3auuun: nepeaHIo UM 3a4HIOK CTEHKM, BEPXYLUEYHbIe Un
6a3anbHble oTaenNbl.

CerofiHA CyLL,eCTByeT MHOXECTBO Pa3/IMYHbIX METOAOB HEeWH-
Ba3MBHOMN TOMMYECKON AMArHOCTUKM apuUTMOreHHOro ¢oKyca Kak
NPV KenyaouKoBbIX, Tak U npeacepaHbix HPC, BkAtovatowmx B cebs
onpeaeneHne pacnoNoKEHUA o4ara apuTMmnmM No gaHHoim IKI B 12
OTBeAEHUSAX; MOBEPXHOCTHYIO MarHUTOKapaunorpaduio, rae Ucnonb-
3yeTca GeHOMEH MarHUTHOM MHAYKLMM, BO3HMKaloLWen npu paboTe
MWOKapAa KaK 3NEKTPUYECKU aKTUBHOM TKaHW; TKaHeBoe gonnJe-
POBCKOE CKaHMPOBAHME KaK MeToZ, YNbTPa3ByKOBOW ANArHOCTUKY;
MEeTOZ, BU3yan3aLmMmn SKTONMMYECKOro o4ara no cpeacTBam paBHO-
BECHON TOMOBEHTPUKYNOrpadum € MEYEHHbIMU SPUTPOLUTAMM.
OfHaKo KaXKablii U3 Npeanaraembix BapMaHTOB UMEET KaK NMoN0XKMK-
Te/ibHble CTOPOHbI, TaK U HEAOCTaTKN, N MMEHHO C 3TUM CBA3aHa
HenpeKpalamwasnca pabota B fJaHHOM HanpaBneHUU. OCHOBHbIM
BOMPOCOM HEWHBAa3MBHONO KapTMPOBaHWA OO CUX NOpP OcTaeTcA
pasHan AMArHoCTUYecKas TOYHOCTb, KoNebnowancs B cpefHem oT
52 no 88% [5-12].

K HacToAwemy BpemeHW NpeanoXKeHO HECKOIbKO asropuTMoB
Tonn4yeckol anarHocTnkm HIC no ctaHaapTHoM KT B 12 oTBEeAEHU-
AX. B 60/NbLIMHCTBE CBOEM OHM OCHOBAHbl Ha COOTHOLLEHMM 3y6L,0B
R/S B pa3HbIXx OTBEAEHMAX U OTKIOHEHWUM 3/1IEKTPUYECKOM OCK cepa-
L,a BO Bpems 3KTOMNYECKOro cokpaleHua [13, 14]. OctaHoBMMCA Ha
HeKoTopbIX U3 HMX. B 1998 r. S. Kamakura u coaBT. npu conocTasne-
HUU Pe3ynbTaToB PaamMoYacToTHOM abnauum ¢ IKI B 12 oTBeAeHMAX
M NOBEPXHOCTHbIM M30MOTEHLMANbHBLIM KapTUPOBAHWEM BbIABUN
pAL4 NaTTepHOB, XxapakTepHbix gna XKIC n KT M3 TOro uam MHoro oT-
pena MK nam JIXK, npy KoTopbix AMarHOCTUYECKasa TOYHOCTb COCTaB-
nana 66-86% [15]. B 1999 r. V. Yoshida v coaBT. npoBenu nccneno-

diagnostics of various arrhythmias currently remains essential
and relevant as confirmed by numerous algorithms aimed at a
non-invasive localization of arrhythmogenic focus. It is no surprise
considering that both the prognosis of the disease in general and
the success of drug and catheter-based treatment often depend on
the localization of the arrhythmogenic focus [1, 2].

The year of 1887 is considered the beginning of the non-invasive
electrophysiological diagnostics when Augustus D. Waller recorded
human the cardiogram with a capillary electrometer for the first
time. At a meeting of the Dutch Medical Association in 1893, Willem
Einthoven proposed to use the novel term of electrocardiogram
(ECG). In 1908, for the first time, Friedrich Kraus and Georg F.
Nicolai registered premature ventricular contractions (PVC) using
the electrocardiograph created by W. Einthoven in 1903 based on
a string galvanometer [3]. In 1913, W. Einthoven with colleagues
published the article proposing to use three standard leads from
the left arm to the right arm, from the right arm to the foot, and
from the foot to the left arm with the corresponding differences
of potentials: V1, V2, and V3, respectively. This combination
makes the equilateral electrodynamic triangle with the center at
the current source in the heart. This work laid the foundation for
the vectorcardiography that gained momentum in 1920s when
W. Einthoven was still alive.

In 1969, Mauricio B. Rosenbaum proposed an algorithm for
the topical diagnosis of PVC based on 12-lead ECG for the first
time. The essence of this approach consists in the assessment of
the electrical axis, QRS complex width, and its shape reminiscent
of the morphology of the right or left bundle branch block (RBBB
and LBBB, respectively). Based on the results of this analysis, the
author developed the rule stating that the resultant vector of the
QRS complex in PVC is directed towards the opposite ventricle [4].
This method allowed to topically divide all PVC both in the right and
the left ventricles (RV and LV, respectively) into four localizations:
anterior or posterior walls and apical or basal segments.

Currently, a variety of different methods is available for the
non-invasive topical diagnostics of the arrhythmogenic focus both
in the ventricular and atrial arrhythmias. These methods comprise
12-lead ECG-based arrhythmogenic focus localization; surface
magnetocardiography using the phenomenon of magneticinduction
occurring when the heart is working as an electrically active tissue;
tissue Doppler imaging as a medical ultrasound technology;
and ectopic focus visualization via the tomographic-equilibrium
radionuclide ventriculography with labelled erythrocytes. However,
each of the proposed technologies has both advantages and
disadvantages providing rationale for continuous work in this area.
The varied accuracy ranging from 52 to 88% remains the main
challenge of the non-invasive mapping [5-12]. To date, several
12-lead ECG-based algorithms for topical PVC diagnosis have been
proposed. In the majority of cases, these algorithms assess the
ratios of R/S waves in different leads as well as deviation of the
electrical axis of the heart during ectopic contractions [13, 14].
Let us delve into some of the algorithms. In 1998, Shiro Kamakura
with coauthors matched the results of the radiofrequency ablation
with 12-lead ECG and surface isopotential mapping, which allowed
to identify the patterns characteristic of PVC and VT from one
or another area of the right or left ventricle with the diagnostic
accuracy of 66—86% [15]. In 1999, Yukihiko Yoshida with coauthors
investigated data obtained from the stimulation mapping of VT
arising from the right ventricular outflow tract (RVOT) using Basket-
catheter and results of surface 12-lead ECG. They identified the
ORS complex patterns characteristic of particular arrhythmogenic
focus localizations. In the years that followed, Russian scientists
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BaHWe JaHHbIX, MOYYEHHbIX NPU CTUMYNALMOHHOM KapTUPOBaHUM
T 13 BbIBOAHOIO OTAENa NPaBoro Xeayaodka (BOMMK) c nomousio
Basket-KkaTeTepa, M pe3ynbTaTOB MNOBEPXHOCTHbIX 12-KaHasbHbIX
JKI, onpegenunn xapaktepHble natrepHbl QRS Ans 1o Uau MHoM
NoKanusaumm ovara aputmumn. B 2002 r. F. Ouyang npegnoxumn an-
ropuTM AmarHoctuku ¢okyca KT n3 BOMMK u BbiBOAHOrO OTAENa
neBoro enygouka (BOJIXK) no 12-kaHanbHoi IKI [16]. B 1998 .
S. Kamakura npu conoctaBneHuu pesynbTaToB PagMoyacTOTHOM
abnaumm c 3Kl B 12 oTBeAEHUAX BbIABUA PAL NAaTTEPHOB, XapaKTep-
HbIX ansa KT u/van ¥3C ns pasnundHbix otaenos BOMK nan BOSTK,
NpW KOTOPbIX AMArHOCTUYECcKas TOYHOCTb cocTaBnAna 66—86% [15].
B fanbHelilem poccuiickne uccnegosaTtenn, obcnegosas bonee
100 YenoBek C NOMOLLbIO AAHHON METOAMKM, MPULLAN K BbIBOAY,
YTO TOYHOCTb AMArHOCTMKU cocTaBnseT 63,27%, YyBCTBUTENbHOCTb
n cneunduyHoctb 60,87 1 65,38% cooTBeTcTBeHHO [8]. B 2002 r.
F. Ouyang npeanoKun anroputm guarHoctukm dpokyca KT ns BOMK
1 BOJI}K no noeepxHocTHoW 12-kaHanbHoi IKI M nokasan, 4To B
3aBucMmoctn oT naTtrepHa K[ YyBCTBUTENIBHOCTb METOAa MOXKeT
BapbupoBaTb OT 53 A0 95% [16]. Cpean pocCcUMIACKMX NCCAe0BaHNA
Hanbonee MHTEPECHbIM NPEACTABAAETCA aATOPUTM TOMMUYECKOWN M-
arHOCTUKM Kenygoukosbix HPC Ha ocHoBe 12-KaHanbHow JKT, pas-
paboTaHHbIV B LleHTpe ceppeuHo-cocyamcToin xupyprum um. A.H.
baKkyneBa noa pykoBoAacTBOM akagemMuka PAMH A.LU. Pesuwsunnn.
Mpw cpaBHUTENbHOM aHanu3e gaHHbIX DKl 1 Nokannsaumin pokycos
apUTMUIA BbIW BbIABNEHbI XapaKTepHble NaTTePHbI, KOTOpPblE Nernn
B OCHOBY anropuMTma onpegesneHus MecTonoNOXKeHUA apUTMOreH-
Horo ¢okyca [17]. B 2004 r. rpynna uccnegosateneit ns CaHkT-lNe-
Tepbypra onybanKoBana cBOW anropuTm TOMUYECKON AMArHOCTUKM
HEKOPOHAPOTreHHbIX Kenyaoukosbix HPC, OCHOBaHHbIN TaKke Ha
12-kaHanbHoM 3anuck IKI, 1 NoKasana, YTo yKasaHHasA MeToAMKa
no3BoANa NPeANoNOXKUTb BEPHYIO IOKAIMU3aLMI0 apUTMOTEeHHOrO
¢dokyca B 88,1% cnyyaes [18]. Mo aHanornm c onpeaeneHMem NoKa-
IM3aLUU KEeNyA0UYKOBbIX apUTMUIA NO AaHHbIM 12-KaHanbHoW IKI
pa3paboTaHbl arOPUTMbl TOMUYECKOW AMArHOCTUKU NpeacepaHbIX
HPC, KoTopble TaKKe LUMPOKO UCMOb3YIOTCA B PeaibHOM KNUHUYe-
CKOW NMpaKTuke.

Opyrumn meTofamu BbIfBNEHUA JfloKanusaumm ¢oKyca ke-
NYAO0UYKOBOM W pexke npeacepfHOn apuTMUK ABAAETCA NOBEPX-
HOCTHaA MarHuTokapauorpadua, rae wucnonbsyerca deHomeH
MarHUTHOM MHAYKLMK, BO3HUKaKOLWEN Npyu paboTe MMOKapaa Kak
3N1eKTPUYECKM aKTUBHOWM TKaHWM [19]. TkaHeBoe pgomnniepoBcKoe
CKaHMPOBaHWE KakK MeTog, yIbTPa3BYKOBOM ANArHOCTUKM OCHOBAHO
Ha M3MEepPeHUN aMnAnTYAbl ABUMKEHUA CTEHOK Cepaua B KaxaoM
KOHKPETHOM 06/1acTh BO BPemMsa CUCTONbl. APUTMOTEHHbIM (OKY-
COM NPU JaHHOM UCCNeA0BaHMUM CHMTAETCA YHacTOK MUOKapAa, rae
noABAAeTcA Haubonee paHHWI 3aKOAMPOBAHHBIN B LBETE CUTHAN
B Hauyane cuctonbl [20, 21]. 3a nocneaHee gecaTuneTve Bce yalle
CTann NPUMEHATbCA PAAMOHYKAUAHbIE MeToAbl AMArHOCTUKK. C
Le/1bio BM3yann3aLLMm SKTONUYECKOTO o4vara 6b1710 MpesnoXKeHo uc-
Nonb30BaTb PABHOBECHYHO TOMOBEHTPUKYNOrPaduio ¢ MeyeHHbIMU
aputpountamu. OfHaKo, cornacHo onybanKoBaHHOW AuTepaType,
AMarHocTMyeckaa TOYHOCTb MpejsiaraeMoro MeToAa He BbICOKa U
coctaBnaeT 53—-63%, a 4yBCTBUTE/NIbHOCTb U cneuMdUYHOCTb Kone-
6ntoTca B gnanasoHax 53—74 1 43—-66% cooTBeTCTBEHHO [6, 8].

MeToabl, OCHOBaHHble HA BbIYUC/AUTENbHON PEKOHCTPYKL MK
3NeKTPOPU3MONOTMYECKMX MPOLLECCOB Cepala, B YaCTHOCTU, Ha
pelweHnn obpaTHOM 3afaun aNeKTpPOoKapauorpadum, OTKpbiBatoT
HOBbI€ BO3MOYHOCTN AMArHOCTUKKN CEPAEUYHbIX apuTMUIA. Mog, npa-
MOV 3ajayelt anekTpoKapguorpadmMm NOHUMMAETCA BblYMCNEHME
pacnpefeneHva 31eKTPUYEeCKUX MOTEHLMANIoB Ha MNOBEPXHOCTU
Tena, UCXoAa U3 ONUCAHWUA INEKTPUYECKOW aKTUBHOCTU cepaua. Oa-
HaKOo AN NPAKTUYECKOro NpUMeHeHUsA Hanbonee BaxkHa obpaTHas
3aZla4a — BblUMCNIEHME XapPAKTEPUCTUK INEKTPUYECKOM aKTUBHOCTH
cepAua no pacnpegesneHuto 3NeKTPUYEeCcKUX NOTEHLUanos Ha Mno-

examined over 100 individuals by using this approach and
concluded that its diagnostic accuracy, sensitivity, and specificity
were 63.27%, 60.87%, and 65.38%, respectively [8]. In 2002, Feifan
Ouyang proposed an algorithm to diagnose the focus of VT from
RVOT and the left ventricular outflow tract (LVOT) based on 12-lead
ECG showing that the sensitivity of the method may range from
53% to 95% depending on the ECG pattern [16]. Among the Russian
studies, the 12-lead ECG-based algorithm for topical diagnosis
of ventricular arrhythmias that was developed in the Bakulev
Scientific Center of Cardiovascular Surgery under the supervision
of Professor Amiran Sh. Revishvili seems the most interesting.
Based on comparative analysis of ECG data and arrhythmia foci,
the characteristic patterns were identified providing the basis
for the algorithm of determination of the arrhythmogenic focus
localization [17]. In 2004, a research team from Saint-Petersburg
published the original algorithm for the topical diagnostics of the
non-coronarogenic ventricular arrhythmias, which was also based
on 12-lead ECG recordings. They demonstrated that the method
allowed to accurately predict the arrhythmogenic focus localization
in 88.1% of cases [18]. Similarly to the detection of the ventricular
arrhythmia localizations based on 12-lead ECG, the algorithms for
topical diagnostics of atrial arrhythmias have been developed and
are broadly used in a real life clinical practice.

Surface magnetocardiography is the other method for the
detection of ventricular and, less often, atrial arrhythmias where
the magnetic induction phenomenon due to the myocardium
functioning as an electrically active tissue is used [19]. Tissue
Doppler imaging as a method of the ultrasound diagnostics is based
on the measurements of the amplitudes of cardiac wall motion in
every particular region during a systole. An arrhythmogenic focus in
this technique is considered the myocardial area where the earliest
color-coded signal appears in the beginning of a systole [20, 21].
During recent decade, the radionuclide methods of diagnostics
became increasingly ~ common.  Tomographic-equilibrium
radionuclide ventriculography with labeled erythrocytes was
proposed for the ectopic focus visualization. However, according
to published literature, the diagnostic accuracy of the proposed
method is not high (53—63%) whereas the sensitivity and specificity
rates range in the diapasons of 53—-74% and 43—-66%, respectively
[6, 8].

The methods based on a computational reconstruction of
the electrophysiological processes in the heart, in particular, on
solving the inverse problem of electrocardiography open up new
opportunities for the diagnostics of cardiac arrhythmias. The direct
problem of electrocardiography is understood as a computation of
the electrical potentials on body surface according to the spread
of the electrical activity of the heart. However, for the practical
implementation, solving the inverse problem via a computation
of the characteristics of cardiac electrical activity according to the
body surface distribution of electrical potentials is most important.
Direct and inverse problems of electrocardiography are closely
associated with each other as the methods for solving the inverse
problem must be based on a solution or a formal formulation of the
direct problem [22].

Definition of the inverse problem of electrocardiography
was introduced by an outstanding electrophysiologists, Robert
Plonsey, Roger C. Barr, and Bruno Taccardi, in the late 1960s and
early ‘70s [23]. Solving this problem allows to build, based on a
surface isopotential map, the epicardial and endocardial maps
and, then, isochronous and propagation maps. Therefore, the
electrophysiological methods, based on the inverse problem of
electrocardiography, provide an opportunity for NICE to obtain
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BepXHOCTU Tena. Mpamas n obpaTHan 3a4a4m 31eKTPOoKapANoNorum
TECHO CBA3aHbl MeXK Ay COb0M, TaK Kak MeToabl peleHnsa obpaTHoM
3a4,a4M [O/KHbBI OCHOBbLIBATLCA HA peLleHur nam popmanbHoM no-
CTaHOBKe NpAMOW 3aaauu [22]. MoHATMe obpaTHOM 3ajaum IneK-
TpoKapauorpadum (Inverse Problem in Electrocardiography) 6bin0
BBEAEHO BUAHbIMM 3neKkTpodusmonoramm R. Plonsey, R.C. Barr,
B. Taccardi B KoHue 60-x — Hauane 70-x rogoB XX Beka [23]. Pewe-
HWe JaHHOM 333y NOo3BOAAET NO MOBEPXHOCTHON WU30NOTEHLM-
aNIbHOM KapTe NMOCTPOUTb M30MOTEHLMANBHYIO SNUKapAnanibHyo U
3HA0KapAMANbHYIO KapTy U B AaNbHEWLWeEM U30XPOHHbIe KapTbl U
KapTbl PacnpoCTPaHeHUs BONHbI BO3OyxAeHUA. Takum obpasom,
3aNeKTpoPU3MONOrMyeckme MeToanKM Ha OCHOBe 06paTHOM 3azaun
aneKkTpoKapanorpadmm Aat0T BOSMOXKHOCTb HEMHBA3UBHbBIM NyTEM
noayunTb MHGOPMALMIO O AMArHOCTUYECKOM LLeHHOCTM, CONOCTa-
BMMYIO C pe3ynbTaTaMy MHBA3UBHOMO 31eKTPOPU3NON0rMYECKOTO
nccneposanua (3PUN) cepaua [24].

Brnepsble peann3oBaTb METOAUKY HEMHBA3UBHOMO 3NUKapAM-
aNbHOTO KAapTMPOBAHUA YAAN0Chb HAYYHOMY KONNEKTUBY, BO3I/1aB-
naemomy npodo. Y. Rudy (CLLA), npeanoxkmswemy B 2004 r. BapnaHT
MEeTOAMKM, Ha3BaHHbIM aBTopamm Noninvasive Electrocardiographic
Imaging, KOTOpbIM nNpesycMaTpuBaeT, NOMUMO MNOBEPXHOCTHOIO
3KI-KapTMpoBaHUsA, NPoBeAeHNE MYNbTUCIUPANBHON KOMMbIOTEp-
Holt Tomorpadum (MCKT) rpyaHoi KneTku n cepaua [11, 25].

Y. Wang, Y. Rudy u coaBT. B cBoei pabote obcnegosanu 26
NMauMeHTOB C KeNyLOYKOBbIMU apUTMUAMWU. HenHBasuBHas aua-
FHOCTMKA MPOBOAM/IACH Ha KapTUpylolem Komnaekce «BioSemi»
(CLLA) ¢ nocTpoeHMem TONbKO 3NUKapAnanbHbIX (M30NOTEHLMANb-
HbIX, MU30XPOHHbIX) KapT. COrNacHoO Nony4yeHHbIM pesy/ibTaTam, ToY-
HOCTb TOMWYECKOW AMarHOCTUKM cocTasmna 91 n 92% ana HPC us
M n XK cooTBeTcTBeHHO [11].

Ha ocHoBe pgaHHOro metoga 6bin co34aH NporpaMmHo-anna-
paTHbIA KOMNAEKC ANA NPAKTUYECKOrO UCMO/b30BAHUA B KNHUYe-
CKoM npakTuke cuctema «ECVUE» (Cardioinsight Technologies Inc.,
USA), B KoTopoli ans pernctpaumm IKI ncnonbsyercs cneumnanbHbin
Xunet ¢ 224 sanekTpogamu. AHANOTUYHYIO METOAMKY NOA Ha3BaHU-
em Noninvasive Imaging of Cardiac Electrophysiology npeacrasuna
rpynna uccnegosaTene U3 meamLMHCKOro yHuBepcuTeTa MHCbpy-
Ka (ABcTpus). Ee oTanumna ot pa3paboTKM amepuKaHCKUX Konser 3a-
KA0YannCb B NPUMEHEHUN MArHUTHO-PE30HAHCHOW Tomorpadum
(MPT) pna nocTpoeHUna TpexmepHbIX Mofenen Topca U cepaua u
MNCMONb30BaHMA CYLLECTBEHHO MeHbluero Yncna KT oTBeAeHUI Ha
NoBepXHOCTU FPyaHOM KneTku [22, 24, 26]. Ewe gBe rpynnbl nog,
pykoBoacTeom npodeccopos T. Berger n Bin He Benn nsbickaHus B
06nacTu pelweHns 06paTHOM 3a4a4M SNEKTPOKAPANONOTUU, OfHa-
KO MM He yAanoch Co34aTb CUCTEMY A/ LUMPOKOTO NPAKTUYECKOTO
MUCMNONb30BaHUA B KANHUKe [27-32].

B 2006-2008 rr. B LleHTpe cepaeyYHO-COCYyAUCTON XMPYypPruu
M. A.H. bakyneBa 6bis1 paspaboTaH POCCUICKMIA MPOrpamMHO-an-
napaTHbI KOMMNieKc «AMUKapa» AN HeuHBasmBHoro IOU cepa-
L@, KOTOPbIV NO3BONSAET NPOBOAUTb PEKOHCTPYKLUMIO NOTEHLMANA
3N1EeKTPUYECKOTO NoAA Ccepala He TONbKO Ha anuKapananbHol no-
BEPXHOCTU CepALLa, HO U Ha SHAOKapAMabHOW NMOBEPXHOCTU Npes-
cepani 1 xkenyao4dkos [7].

B uenom HenHBasmeHoe IPU cepaua BKAOYaAET B cebs cneay-
toLMe 3Tanbl:

® [MHorokaHanbHaa pernctpaumna Kl 8 216—252 ogHonontoc-
HbIX OTBEAEHMUAX C MOBEPXHOCTU FPYLHOMN KNETKMU.

o T[posegeHne MCKT muam MPT rpygHoi KNeTku M cepaua
NnaumeHTam C yKe HafIoXKeHHbIMW MOBEPXHOCTHBIMW 31IEKTPOSAMM.

o CoBMeLlleHNEe AaHHbIX MHOFOKaHanbHOW pernctpauum IKI
N TPEXMEPHOW PEKOHCTPYKUMM cepaua, MOJyYeHHOW no
pesynbtatam MCKT nam MPT.

o Co3paHne 3NuMKapauanbHbIX W/UAW  3HA0KAPAMANbHBIX
MN30MNOTEHLMANbHbIX U U30OXPOHHbIX KapT HA TPEXMEPHbIX MOAENAX

information of the diagnostic value comparable with the results of
invasive electrophysiology study (EPS) of the heart [24].

For the first time, the method of the non-invasive epicardial
mapping was developed by a research team supervised by Professor
Yoram Rudy (USA) who proposed the variant of the method named
a non-invasive electrocardiographic imaging. Along with surface
ECG mapping, this approach requires multispiral spiral computed
tomography (MSCT) of the chest and the heart [11, 25].

In their work, Yong Wang with colleagues examined 26
patients with ventricular arrhythmias. Non-invasive diagnostics
was performed with BioSemi mapping system (USA) building
only epicardial (isopotential and isochronous) maps. According
to obtained results, topical diagnostic accuracy rates were 91%
and 92% for arrhythmias originating from RV and LV, respectively
[11]. Based on the method, the hardware-software system
ECVUE (Cardioinsight Technologies Inc., USA) with a special 224-
lead mapping vest for the ECG registration was created for the
practical application. Similar method named non-invasive imaging
of cardiac electrophysiology was presented by a research team
from the Medical University of Innsbruck (Austria). The difference
of their method compared with the system designed by the
American colleagues consisted in the use of magnetic resonance
imaging (MRI) for building three-dimensional models of the
trunk and the heart as well as a significantly less number of ECG
leads on the surface of the chest [22, 24, 26]. Two other groups
headed by Professors Thomas Berger and Bin He conducted
studies on solving the inverse problem of electrocardiography,
but they were unable to create a system for broad clinical
application [27-32].

In 2006—-2008, in the Bakulev Scientific Center of Cardiovascular
Surgery, the Russian-made hardware-software system ‘Amicard’
was developed for NICE allowing the reconstruction of the potential
of the cardiac electrical field not only on the epicardial surface of
the heart, but also on the endocardial surface of the atria and the
ventricles [7].

Overall, NICE involves the following stages:

® Multichannel ECG registration in 216—-252 unipolar leads
from the surface of the chest.

e  Multispiral computed tomography or MRI of the chest and
the heart in patients with the surface leads placed.

® Superposition of data of the multichannel ECG and three-
dimensional reconstruction of the heart based on MSCT or MRI
data.

e (Creation of the epicardial and/or endocardial isopotential
and isochronous maps on three-dimensional models of the heart
with the determination of the area of the earliest activation
corresponding to the projection of the arrhythmogenic focus.

e According to the available literature, the accuracy of the
topical diagnostics with the hardware-software system ‘Amicard’ in
patients with ventricular arrhythmias is 88.3% and may reach 94%
in case of the arrhythmogenic focus localization in RVOT or LVOT
(Fig. 1, 2).

Comparison of data obtained by Y. Wang and Y. Rudy with
the results of NICE performed with the domestic system suggests
that the accuracy of epi- and endocardial mapping of the right
ventricular arrhythmias with hardware-software system ‘Amicard’
is higher than that demonstrated by the American colleagues: 94
and 91%, respectively, whereas the accuracy of mapping the left
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cepaua c onpegeneHvem ob6nactm Hanbonee paHHen akTUBALMMU,
COOTBETCTBYIOLLEN NPOEKLUN apUTMOTreHHOro GoKyca.

e CornacHo onybAMKOBAHHbLIM AaHHbIM, TOYHOCTb TOMMYe-
CKOM  AMArHOCTUKM C  WUCMNO/Ab30BaHMEM MPOrpammHo-anmna-
paTHOrO KoMMnekca «AmMuKapa» Yy OGONbHbIX C ¥Keny[o4KoBbl-
mn HPC B uenom coctansaet 88,3% M moxeT gocturaTb 94%
npu nokanusaumm aputmoreHHoro ¢okyca 8 BOMXK wnnu BO/TK
(puc. 1, 2).

CpaBHMBana gaHHble, nonyveHHble Y. Wang u Y. Rudy, ¢ pe3ynb-
TaTaMu HeuHBasusHoro 3®UN c ncnonb3oBaHMEM OTEYECTBEHHOTO
KOMMJIeKCA, MOXKHO YTBEPKAATb, YTO TOYHOCTb 3NN-3HAOKapANab-

ventricular arrhythmias is lower: 75 and 92%, respectively. In our
opinion, this observation may be explained by the fact that the
patients enrolled in the trial studying the domestic system differed
from the patients examined by the American researchers in regard
to the localization of the arrhythmogenic focus. However, if these
two methods are compared in patients with similar localizations
of the arrhythmogenic focus, then the diagnostic values will be
approximately the same [1, 2, 5, 11, 33—38]. The application of NICE
in patients with chronic heart failure before the implantation of the
device for cardiac resynchronization therapy also demonstrated
the advantages as it allowed visualization of the area with a

Puc. 1. HemHBasunBHaA Tonuyeckan guarHoctuka XK3C ns BOMK

MpumeyaHue: A — ctaHaapTHble oTBeaeHuA IKI; b — n3onoteHumanbHaa KapTa; B — M3oxpoHHaA KapTa; I — 3D peKoHCTpYKLMA cepaLa,

nony4yeHHaa npu MCKT.

Fig. 1. Noninvasive imaging-based topical diagnosis of premature ventricular contractions from the right ventricular outflow tract
Note: A — electrocardiogram; b — isopotential map; B — isochronous map; I — multispiral computed tomography-based 3D reconstruction of the

heart.

Puc. 2. HemHBa3nBHaA TonMyeckaa guarHoctnka XIC 13 npoeKLunn N1eBoro cuHyca Banbcanbsbl
MpumeyvaHune: A — 3Kl B 12 oTBeaeHuAx; b — nsonoteHumnanbHble KapTbl; B — M30XpoHHbIe KapTbl; [ — KapTbl pacnpoCTPaHEHWA BOHbI

B036YyxKaeHus; [ — 3D peKoHCTPYKUMK cepaLa, noaydyeHHble npyu MCKT.

Fig. 2. Non-invasive imaging-based topical diagnosis of premature ventricular contractions from the left sinus of Valsalva
Note: A — electrocardiogram; b — isopotential map; B — isochronous map; [ — propagation map; 1 — multispiral computed tomography-based 3D

reconstruction of the heart.
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HOrO KapTMPOBAHUA MPABOMKENYAOUYKOBbLIX apPUTMMUIA C NOMOLLbIO
NporpaMmHoO-annapaTHOro Kommnaekca «AMWKapa» Bbille, Yem y
aMepuKaHCKux Konner — 94 n 91% cooTBETCTBEHHO, A JIEBOXKENY-
HouKkoBbIX HPC Huke — 75 1 92% cooTBeTCTBEHHO. [laHHbI GaKT,
Ha HaW B3rA4, MOXHO O6BACHUTb TEM, YTO MALMEHTbI, BK/IIOYEH-
Hble B UCCIeL0BAHME C UCMOb30BaHNEM OTEYECTBEHHOM CUCTEMDI,
no NIOKaNn3aLmMmM apuTMOreHHoro GoKyca OTIM4aNNCh OT TAaKOBbIX,
06CcNefoBaHHbIX aMePUKAHCKMMK yueHbIMU. Ecam e nonbiTatbeA
COMOCTaBUTb 3TW [BE METOAMKU MO OAMHAKOBbIM JI0OKaNN3aLMAM,
TO AMarHocTUYecKas LEeHHOCTb byaeT npubansnutenbHO ogvHaKo-
Boi [1, 2, 5,11, 33-38].

Ucnonb3oBaHMe MeETOAMKM HEVMHBA3UBHOIO KapTUPOBaHUA Yy
NMauMeHTOB C XPOHUYECKOWN cepAeyHOM HeAoCTaTOYHOCTbO nepes,
MMNIaHTaLMeN PECMHXPOHM3NPYIOLLLEro YCTPOMCTBA TaKKe npoae-
MOHCTPUPOBAJIO CBOU NPEMMYyLLECTBa: MCC/ief0BaHNE BU3yannsu-
pyeT 30Hy Mo3gHer akTMBaumu npu 6nokage JIHMM, «anuueHTp»
KOTOPOI MOMKET ABAATLCA MECTOM ONTUMANbHOW MMMNAHTALUMU
NeBOXKENYA0YKOBOrO 31eKkTpoaa [39].

HeunHsasmsHoe IPU cepaua akKTUBHO MUCMoNb3yeTca Uy 6onb-
HbIX C NPeAcepAHbIMU TaxMapuTMuamu. Mepsble pesynbTatbl Oblin
nonyyeHbl rpynnov uccnegosatenei Bo rnase ¢ akagemmkom PAH
A.lU. Pesnwsunum B 2012 r. ABTOpbl, 06CNeaoBaB 7 NaLMEHTOB C
04aroBbIMM MNpeacepAHbIMU aPUTMUAMM, MOKa3aan, YTo pesysib-
TaTbl HeMHBasusHoro 3PN ¢ ucnonb3oBaHMEM KoMMieKca «Amu-
KapA» BO BCEX C/Ny4asx COBMajN C JAHHbIMW BHYTPUCEPAEYHOrO
KapTMPOBaHMsA KaK Npu NpaBonpeacepAHON, Tak U neBonpeaceps-
HoM 3KcTpacuctonmm [33]. B ganbHerwem nmm e 6bi10 Nnposeae-
HO Ba/NnAaauMoHHOe uccnegoBaHue y 4 6onbHbix ¢ TIM | TMNa, B KO-
TOPOM 6bl1I0 NPOAEMOHCTPUPOBAHO, YTO HEMHBA3UBHOE ¢da3oBoe
KapTupoBaHMe MO3BOJIAET NpaBW/IbHO oOnpegenuTb nocnefosa-
Te/NIbHOCTb aKTUBALUKW NPU TUNUYHOM Tl € pasAnyYHbIMKM Hanpas-
NleHuaMU BpalyeHns Bo3byxaeHus [40]. B 2013 r. gpyran Hay4yHas
rpynna u3 bopgo (PpaHuma) nokasana, YTo TOYHOCTb HEMHBA3UB-
Horo d®UN B uenom coctasnseT 92%, HO MOXKET BapbWpOBaTb B
33aBUCMMOCTM OT MexaHM3Ma Taxmaputmuu. B gaHHoe uccneposa-
HWe 6bIN BKAOYEHbI 52 nauMeHTa ¢ pasnnyHbIMKU NpeacepaHbIMU
TaxvKapauamu, a gna HEeMHBA3MBHOTO UCCNEA0BaHUA MUCMOb30-
BaJ/ICA METOZ TO/IbKO 3MWKapAManbHOro KapTMPOBaHUA C 3anucCbio
KT ¢ 252 rpygHbimu oTBeaeHMAMM [41]. OnbIT paboTbl yYeHbIX U3
Hay4Ho-nccnenoBaTenbCcKoro MHCTUTYTA KapAvonornn TOMCKOro
HaLMOHAIbHOIO UCCNeA0BaTENbCKOrO MeAULIMHCKOro LieHTpa Poc-
CUIMCKOM aKafZeMUWU HayK TaKkKe ABNAETCA MOATBEPXKAEHVEM Bbl-
COKOW AMarHoCTUYecKol TOYHOCTU HEMHBA3UBHOTO KapTUPOBAHUA
y NALMEHTOB C npeacepaHbiMu Taxnaputmuamn. Obcneposas 64
naumeHTa, aBTopbl YCTAaHOBUAM, YTO AaHHble HeEUHBa3MBHOro U
B 92,9% coBnagatoT ¢ pe3ynbTaTaMy MHBA3UBHOIO KapTMPOBaHMUA
W paiMo4acToTHOM abnauum, a PacxoXKaeHna B OCHOBHOM BO3HMU-
KaloT y NaLMEHTOB C TAXMKAPAMAMM C HEYCTOMUYMBBIM LIUKNOM [42].

B nocnegHee Bpemsa HeMHBA3WBHOE KapTMpOBaHWe BCe Yalle
NCMONb3YyeTCA Y NALMEHTOB C KPYNHOBO/IHOBOM MepcUcTUpyoLen
N anuTenbHo-nepcuctupytowen dopmamm ®r. OcHoBHas naen 3a-
KAtoyaeTcs B noucke «apansepa» ®r. Mo gaHHbIM HEMHBA3MBHO-
ro UCCNef0BaHUA MOXKHO AOCTAaTOMHO YETKO onpesennTb 0bnacTb
Hanbonee paHHel akTMBaUMK B 1eBom npeacepaun (/1M), Kotopas,
KaK NpaBM0, COBNAZAeT C 30HamMu GparmeHTUPOBAHHbIX, BOVMHbIX
NOTEHLMAN0B, @ TaK¥Ke C MUHMUMANbHbIM LIMK/IOM TaxMKapanuu, Bbl-
AB/IEHHbIM B NpoLLecce KaTeTepHoro seveHus. NMposeaeHne NMHen-
HOW abnaumu yepes AaHHyt0 061acTb, Kak NPaBuIO, NPUBOAMUT K
YBE/IMYEHUIO LMKNA TaXMKapaUWN UK arKe BOCCTAHOB/IEHUIO CUHY-
coBoro putma (pwc. 3, 4).

Ewe oaHMM NepcneKkTUBHbIM HanpaBieHNeM B UCMOb30BAHUK
HeunHBa3MBHoro I®U aABnaeTca MHTpPaonepauMoHHOEe NOBEPXHOCT-
HOoe KapTupoBaHue y naumeHToB ¢ KT M UMNAAHTUPOBAHHbBIMW Kap-
anoseptepamu-gedpubpunnatopamm.

delayed activation in LBBB, which may be an optimal place for the
implantation of the left ventricular lead [39].

Non-invasive imaging of cardiac electrophysiology is also
performed in patients with atrial tachyarrhythmias. The first results
were obtained by the research team headed by Professor Amiran
Sh. Revishvili, Full Member of the RAS, in 2012. Authors examined
seven patients with focal atrial arrhythmias and showed that the
results of NICE by using ‘Amicard’ system agreed with data of
the intracardiac mapping in all cases for the right and left atrial
extrasystoles [33]. Thereafter, they performed a validation study
in four patients with type | AFL and showed that the non-invasive
phase mapping allowed to accurately determine the activation
sequence in typical AFL with different directions of the excitation
rotation [40].

In 2003, the research group from Bordeaux (France) showed
that the overall accuracy of NICE is 92%, but it may vary depending
on the mechanism of tachyarrhythmia. This study included 52
patients with diverse atrial tachycardias and the only method
used for the non-invasive study was the epicardial mapping
based on ECG recording with 252 chest leads [41]. The clinical
experience of researchers from Cardiology Research Institute of
Tomsk National Research Medical Center of the Russian Academy
of Sciences also confirms the high diagnostic accuracy of NICE in
patients with atrial tachyarrhythmias. By examining 64 patients,
the authors found out that NICE data coincide with the results of
invasive mapping and radiofrequency ablation in 92.9% whereas
discrepancies occur mostly in patients with unstable cycle of
tachycardia [42].

In recent years, NICE is increasingly used in patients with
persistent large-wave and long-standing persistent AF. The main
idea is to search for AF drivers. Based on NICE data, one may clearly
determine the area of the earliest activation in the left atrium,
which, as a rule, coincides with the areas of fragmented and
double potentials as well as with the minimum cycle of tachycardia
detected in the process of the catheter treatment. The linear
ablation through this area results, as a rule, in an increase in the
tachycardia cycle and even in the restoration of sinus rhythm (Fig.
3, 4).

One more promising area for the use of NICE is an intraoperative
surface mapping in patients with VT and implanted cardioverters-
defibrillators (ICD). In such patients, VT often has a polymorphic
character and may be hemodynamically unstable. In these patients,
VT is induced from ICD during an interventional treatment; ECG is
immediately registered with 216-252 leads (one complex is enough
for the non-invasive activation mapping) and the tachycardia is
terminated. After that, based on obtained results, isopotential
and isochronous endocardial and epicardial maps are generated
and radiofrequency ablation is performed. Indeed, a group of
researchers (Alexey Tsiganov, Mikhail Chmelevsky, Christine Lemes,
and others) used the above mentioned method in eight patients
with the ischemic and nonischemic cardiomyopathy and showed
that NICE is capable to visualize macro re-entry in patients with
monomorphic VT associated with the presence of a scar area.
Polymorphic VT or VF are primarily induced in patients without scar
and non-invasive mapping may help in identifying the rotor activity
or/and multiple re-entry [43].

Therefore, NICE, based on solving the inverse problem of
electrocardiography, has clearly surpassing diagnostic capabilities
compared with other methods for the topical diagnostics both in the
accuracy and in sensitivity. Nevertheless, many questions remain
and the non-invasive mapping is still inferior in its capabilities
to the reference method of intracardiac EPS, which requires
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Puc. 3. HenHBa3MBHaA ToNMYecKas AMArHOCTUKA GUBPUANALMM Npeacepanii, 30Ha Hanbonee paHHero Bo3bykaeHna B 061actv nepegHei

CTEHKM neBoro npeacepana

Mpumeyvanme: A — 3Kl B cTaHOAPTHbIX OTBeAeHMUAX; b — n3onoTeHuManbHasa KapTa; B — M30XpOHHaA KapTa.
Fig. 3. Noninvasive imaging of the atrial fibrillation; the zone of the earliest activation in the anterior wall of the left atrium

Note: A — electrocardiogram; b — isopotential map; B —isochronous map.

Puc. 4. PagnouactoTHan abnauua Gubpuanauum npeacepami

MpumeyaHme: A — Hayano abnauum, M3MeHeHMe LMKNA TaxMKapamm; b — KynupoBaHMe TaxMKapammn Ha BO34encTBuK; B — 3D peKOHCTPYKUMA C

ncnonb3oBaHuem cuctemsl Carto 3™ (CLLA).
Fig. 4. Radiofrequency ablation of the atrial fibrillation

Note: A — beginning of ablation and change of tachycardia cycle; 56 — the sinus rhythm recovery; B — 3D reconstruction with Carto 3™ system

(USA).

Y Takux 6onbHbix KT 4yacTo MMeKT NOAMMOPQHbLIA XapaK-
Tep U MOryT 6biTb remMoguMHaMuyeckn HectabunbHbiMK. [aH-
HbIM MauUMEHTamMm BO BpPeMA WMHTEPBEHLMOHHOIO NEeYEHUA C UM-
NAAHTUPOBAHHOIO YCTPOWCTBA WHAyunpyetca XT, cpasy ke
peructpupyetca Kl ¢ 216-252 oTBeaeHuit (ans HeMHBA3UBHO-

further research to enhance the accuracy of the computational
reconstruction of epi- and endocardial electrograms and to identify
optimal algorithms for the computational solution of the inverse
problem of the electrocardiography with quick processing of the
obtained pool of data.
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ro aKTMBALMOHHOIO KapTMPOBAHMA [OCTAaTOMHO OAHOMO KOM-
nnekca), a TaxuvKapAaua KynupyeTca. 3aTteM MO NOMyYeHHbIM
pe3ynbTaTam CTPOATCA M30MOTEHUMANbHbIE U WU30XPOHHbIE 3H-
AOKapAManbHble M 3MUMKapamasbHble KapTbl, NPOBOAMUTCA paau-
o4acToTHaA abnauma. Tak, rpynna uccneposateneit (A. LibiraHos,
M. Ymenesckuii, Christine Lemes v Ap.) UCNONb30BaNa YKa3aHHbIN
meToZ, Y 8 60/IbHbIX C ULLEMUYECKOM U HEULWEMUYECKOM Kapanomu-
onaTuewn 1 Nokasana, YTo HEMHBA3MBHOE KapTUpPOBaHME cCNOCO6HO
BM3yanM3MpoBaTb Macro re-entry y nauMeHTOB ¢ MOHOMOPQHOM
T, accoummpoBaHHOI ¢ Hannunem pybuoBoM 30HbI. Monumopd-
Hble KT unm Gubpunnauma *Kenyao4KoB B OCHOBHOM UHAYLMPYIOT-
ca y 6onbHbIX 6e3 pybua, a HEMHBA3MBHOE KapTUPOBAHUE MOXKET
NoMoOYb B OMNPeseNeHUM POTOPHOM aKTUBHOCTU U/UAM MHOXKe-
CTBEHHbIX re-entry [43].

Takum 06pasom, o4EBUAHO, YTO AMATHOCTUYECKME BO3MOXKHO-
CTM HEMHBA3MBHOTO BbluMcauTenbHoro dOU cepaLla, OCHOBAHHOIO
Ha peleHUn obpaTHOM 3ajaun aneKTpoKapauorpaduu, 3Hauu-
TEeNbHO NPEBOCXOJAT ApYyrMe MeToAbl TOMUYECKON AMArHOCTUKM
KaK Mo TOYHOCTW, TaK U YyBCTBUTENIbHOCTU. TeM He MeHee, A0 CUX
NMop OCTAeTCsi MHOTO HepelleHHbIX BOMPOCOB, @ HEWHBA3UMBHOE
KapTMpoBaHMe YCTYNaeT No CBOMM BO3MOMXKHOCTAM «3Ta/IOHHOMY»
meToay BHyTpucepaedHoro 3PU, uto TpebyeT ganbHenLWwmx nccie-
[OBaHWI B HaNpaBAeHWUM NOBbIWEHUA TOYHOCTU BbIYUCIUTENBHOM
PEKOHCTPYKLMM 3NU- U SHAOKAPAMNANbHBIX SNEKTPOrPaMm U onpe-
AeNeHnn ONTUMA/bHbIX afITOPUTMOB K NMOJAHOMY peLleHuto obpaT-
HOW 334,341 INEKTPOKAPAMONOTNK C BbiCTpo 06paboTKoi Nnonyya-
€MOro MaccmBa AaHHbIX.

B HacToslee Bpemsa Ha pblHKe MpeacTaBneHbl NpUbopbl Kak
ANA MHBa3mBHOro 3®U, Tak U ANA HEMHBA3MBHOIO 3N1EKTPOGU3U-
0/I0TMYECKOTO KapTUpoBaHua cepala. OAHAKo B YCI0BUAX onepa-
LUMOHHOM HeobXxooMma MHTErpuMpoBaHHaA cUCTEMa HeWHBa3WB-
HOrO 3N1EeKTPOOU3NONIOIMYECKOTO KapTUPOBAHUA C WMHBA3WBHbLIM
TPEXMEePHbIM 3N1EKTPOAHATOMMUYECKMM KapTupoBaHuem. Co3paHne
rTMOPUAHBIX CUCTEM NMO3BOJINT C OYEHb BbICOKO TOYHOCTbIO BU3Y-
aNM3NPOBaTb 31eKTPOPU3NONOTMYECKME NPOLLECCHl HA 3MU- U 3H-
AOKapAManbHON NOBEPXHOCTU B PEXMME peasibHOro BPeMeHu U
NpPOBOAMUTb NO MOJYYEHHbIM pe3y/bTaTam PagmoyacToTHoW abna-
UMW apUTMUIA C OAHOBPEMEHHBIM CHUMKEHUEM NYYEBOW HarpysKku
Ha MaumMeHTa U MegMUMHCKMI nepcoHan. Co3gaHue cuctembl no-
3BO/IUT C AOCTAaTOYHO BbICOKOM TOYHOCTbIO BNAOTb A0 0,5-1,0 cm
IOKa/IN30BaTb IKTOMMYECKME OYarn apuTMUKM cepaua He TONbKO
ANA MAMONATUYECKMX apUTMUIA (T. e. A1A NnaumeHToB 6e3 CTPYKTYp-
HbIX U3MEHEHWUI cepaua), HO U ANA TOMMYECKOM AMArHOCTUKM KaK
npeacepaHbIX, TaK U XKeayLo4KOBbIX APUTMUI Y NALMEHTOB PasHbIX
KAMHWUYECKUX TPYyNn, Hanpumep, ¢ pybLoBbIMU U3MEHEHUAMMU.

MNpepnaraemas K paspaboTke cuctema, B KOTOpoi paboTa Bcex
KOMMNOHEHTOB OyaeT KOHTPOAMPOBATHCA e4UMHOW KOMMbIOTEPHOM
NnporpaMmmoi, MO3BO/IUT CYLLECTBEHHO YMPOCTUTb ynpaB/eHue B
YyCN0BUAX onepaumMoHHON. C ee NMOMOLLbIO TaKKe MOXKHO byaeT
yCTaHaBAMBaTb NApaMeTpbl PAaSMOYHACTOTHOrO BO3AENCTBUA U INEK-
TpoKapauoCcTUMynALUMM 1 obecneuntb rMOKy0 aBTOMaTM3aLMIO
npovecca UccnefoBaHuA U 1e4eHus, B HaCTHOCTU, aBTOMATUYECKOE
coXpaHeHue (perncrpaumio) cobbITUM B Npouecce UccienoBaHMA
(abnaumn, cTMmynAuMA), aBTOMATUYECKYIO KOPPEKTUPOBKY MNapa-
METPOB CTUMYAALMU, UHAMKALMIO aBAaPUMHbIX CUTYyaLMUin M aBTo-
MaTUYeCcKoe NPUHATUE Mep MO UX YCTpaHeHuto. CucTema No3BOAUT
NpPOBOAUTb KapTUPOBaHWE 3N1eKTPOOU3NOIOrMYECKUX MPOLLECCcoB
o4HOBPEeMeHHO B 4 Kamepax cepaua, KapTupoBaHUe 3nu- U 3HAO-
KapauanbHOW NOBEPXHOCTW, anepuoaMyecKMx MpoLEeccoB, npes-
CTaBNAOLWMX 3HAYUTENBHYIO CNOXKHOCTb U TPYAHO MHAYLMPYEMbIX
BO Bpems onepatuBHoro nedyeHnsa HPC [22], coBmewaTb gaHHble
MHBa3nBHOro 3®U 1 HEeMHBA3MBHOIO 31EKTPOPU3NONOTMYECKOTO
KapTMpoBaHUsA cepaua.

At present, the market presents devices both for the invasive
EPS and for non-invasive electrophysiological mapping of the heart.
However, in the context of surgical procedures, the integrated
system of non-invasive mapping with invasive electroanatomical
mapping is needed. The creation of hybrid systems will allow to
visualize electrophysiological processes on the epi- and endocardial
surface in a real time and, based on obtained results, to perform
the radiofrequency ablation of arrhythmias with simultaneous
reduction of the absorbed radiation dose to the patient and medical
personnel. The creation of the system will ensure high accuracy
(up to 0.5-1.0 cm) of cardiac arrhythmia localization not only in
patients without structural changes in the heart, but also for topical
diagnostics of both atrial and ventricular arrhythmias in patients of
different clinical groups, for example, with scar changes.

The system, proposed for the development, will have the
components integrated by unique software, which will allow to
essentially simplify the control of the system in the conditions of
a surgery room. With the help of the system, one may also set the
parameters of the radiofrequency ablation and cardiac pacing and
ensure a flexible automatization of the diagnostics and treatment
processes, in particular, automatic storing (registration) of the
events in the process of the study (ablation, pacing), automatic
correction of the cardiac pacing parameters, indication of the
emergency situations, and automatic measures for the emergency
response. The system will allow to perform mapping of the
electrophysiological processes simultaneously in four cardiac
chambers, mapping of the epi- and endocardial surfaces, and
mapping of the aperiodic processes and arrhythmias challenging
for induction during surgical treatment [22]. The system also allows
to integrate data of the invasive EPS and NICE.
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