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Pestome. BbBepeHue: KatetbpHaTa abnauus (KA) e yTBbpaeH MeTof 3a NeyeHne Ha noBeyeTo aputmui. Tpunameprute (3D)
€NeKTpOaHaTOMNYHK cUCTeMM 3a kapTorpadmpaHe nossonseat KA Ha HagkamepHu Taxvkapauy (HKT) v npeacbpa-
Ho TpenTeHe (I1T) 6e3 unu ¢ MMHUMANHO M3non3eaHe Ha dnyopockonus (ZF/NZF). HactoswoTo npoyysaHe Lenm
Ja [oknagea Hawwus HavaneH onut ¢ ZF/NZF KA npu naupentn ¢ HKT u MT. MaTtepuan u metogu: lNposenoxme
€[JHOLIEHTPOBO MPOCMEKTUBHO MPOYYBaHe, BKMIOYBALLO MocnefoBaTenHu naumeHTtn, HacodeHn 3a KA npu HKT wnm
MT. Mpw Bcnukm Gewwe nposeaeHa ZF/NZF KA ¢ nanonssaHeTo Ha 3D cuctema 3a kapTorpadmpane. M3nonasatqe Ha
chriyopockonus 6e paspelueHo npes uanata npoueaypata. AHanusupaHu 6sxa npoLieaypHUTe XapakTepucTiku, oTaa-
neyeHuTe pesynTati n epekTa Ha kpueaTa Ha obyueHne. Pesyntatu: B nepuoga 07.2020- 08.2021 r uscneageaxme
63-ma nauueHTu (Bb3pact 53,5 + 14,1 rognHu, 57% mbxe) ¢ HKT nnm MT. Cnopeg Tuna aputmus AV HoganHa pueHTpu
Taxukapansa bewe auarHoctuumpana npu 36 (57,1%) cnydau, MT npu 25 (39,7%), nsBa AOMBAHUTENHA NPOBOAHA
Bpb3ka npn 1 (1,6%), n hokanHa gecHonpeacbpaHa Taxukapaus npu 1 cnyyan (1,6%). Mpu Tpuma naumrenTy (4,8%)
e yCTaHoBMXa fBa apuTMmoreHHu cyberpata. Mpu 49 ot 63-ma naunentyn (77,8%) ocbluectsuxme ZF KA, a npn 14
(22,2%) — NZF KA ¢ dnyopockoncko Bpeme 220 + 169 s 1 npousseseHue aosa-nnowy 7556 + 5886 mGy*cmz2. Meau-
aHarta Ha npoueaypHoTo Bpeme Gelue 88 (IQR 25-75 nepceHtun 71,5-116) min, kaTo 3a kapTorpacdupaHe ca u3nonasa-
Hn 22 (IQR 25-75 nepcentun 16-31) min. HenocpeacTaeH npolieaypeH ycnex 6eLle NocTUrHaT npu BCUYKA NaLMEHTU.
MepunpoueaypHu ycnoxHeHns He 6sxa Habnioaasanu. Mpu npocneasBaHe oT 12 + 3 mecela He 6sixa yCTaHOBEHM
peLuauBy Ha pUTbMHUTE HapyleHus. OTyeTe ce edekTbT Ha KpuBaTa Ha obyyeHue, C pedyKums Ha npoLeaypHOTO
Bpeme (p = 0,025) u 3Haunma pasnuka (p = 0,019) B u3non3eaHeTo Ha GryopoCKONMS Npe3 pasnuyH1TE BPeMEBH
nepuoau Ha npoyysaHeTo. 3akntoyenune: ZF/NZF KA e cebpaaHa ¢ Bucoka edpektnsHocT 1 BesonacHocT npu HKT v
MT. KatetbpHa abnauus 6e3 n3nonasaHe Ha ryopockonus e MpuioxuMa npu NoBeveTo nauneHTu. ToBa e necHo
OCBLLECTBIM MOAXOL, C OTYETNMBA KpuBa Ha 0by4eHue.

KntouoBu gymu: KaTeTbpHa a6nau,vm, HagkamepHa Taxukapaua, npoueaypa 6e3 u3nonssaHe Ha dZ)J'IyOPOCKOI'IVIﬂ, eKcnosnunsa Ha 1IOHU-
3upaLln mbyeHua
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Abstract. Introduction: Catheter ablation (CA) is an established therapy for most arrhythmias. Non-fluoroscopic three-dimensional
(3D) electroanatomic mapping systems allow ablation of supraventricular tachycardia (SVT) and atrial flutter (AFL) with
zero or near-zero fluoroscopy (ZF/NZF). The current study aims to report our initial experience with ZF/NZF in SVT
or AFL CA. Material and methods: We conducted a single-center prospective registry enrolling consecutive patients
referred for CA of SVT or AFL. ZF/NZF CA was attempted in all patients using a commercially available 3D mapping
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system. Fluoroscopy use was allowed at any point of the procedure. Procedural characteristics and long-term outcome
were analyzed. The learning curve effect was also studied. Results: Sixty-three patients (age 53.5 + 14.1, 57% males)
with SVT or AFL were enrolled. According to arrhythmia type typical AVNRT was diagnosed in 36 (57.1%) cases,
right atrial flutter in 25 (39.7%) cases, left-sided accessory pathway in 1 (1.6%) and focal right atrial tachycardia in 1
(1.6%) case. Three patients (4.8%) had two arrhythmia substrates. The procedure was performed with ZF in 49/63
cases (77.8%), while NZF was necessary in 14 (22.2%) patients with a fluoroscopy time of 220 + 169 sec and a dose-
area product of 7556 + 5886 mGy*cm? Median procedural time was 88 (IQR 25-75 percentile 71.5-116) min with 22
(IQR 25-75 percentile 16-31) min of mapping time. Acute procedural success was accomplished in all patients with no
periprocedural complications. Over a follow-up of 12 £ 3 months, all patients remained arrhythmia-free. There was a
learning curve effect with a significant reduction of procedural time (P = 0.025) and a significant difference (P = 0.019)
in the rate of fluoroscopy use among different periods of the study duration. Conclusion: ZF/NZF CA of SVT and AFL
is associated with high efficacy and safety. Entirely fluoroless CA can be performed in the vast majority of patients. It is
a feasible approach associated with a detectable learning curve effect.

catheter ablation, supraventricular tachycardia, zero-fluoroscopy procedure, radiation exposure
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BbBEOQEHMUE

MoHacTosileM pagunodpekBeHTHaTa  KaTeTbp-

Ha abnauusa (KA) e ocHoBHaTa Tepanusi 3a NMOBEYeTO
CYMMTOMATUYHU N peunanBmpaLL CbpaeyHn aputMmnm
ocobeHo 3a HagkamepHuTe Taxukapamm (HKT) kaTo
aTPMOBEHTPVKYyNapHaTa HoganHa pUEeHTPU Taxukap-
ans (AVNRT), aTproBeHTpuKynapHarta pueHTpu Taxu-
kapausa (AVRT) u TMNMYHOTO NpeacbpaHO TpenTeHe
(CTIJAFL) [1]. KaTeTbpHaTa abnaums ¢ m3nonseaHe
Ha dornyopockonus e npuemaHa 3a 3naTteH ctaHgapT B
NPOABLIMKEHNE HAa MHOrO roanHu [2]. KoHBeHLoHanHa-
Ta donyopockonus Hen3bexHO e CBbp3aHa C uanaraHe
Ha NOHU3MpaLLa pagnaumsi U MMa HSKOWM OrpaHuyeHnst
KaTo npeactaBsiHe Ha TpumamepHu (3D) CTpykTypu B
ABypasMepHU (ryopoCKOMNCKN pPaBHUHU. YCnexbT Ha
Tean npouenypu e Hag 90% [1]. UsnonsBaHeTo Ha
MNOHM3Mpala pagunaums e CBbp3aHO C MOTEeHUManHu
pUCKOBE 3a MauMEHTUTE M MELMLUHCKUS MnepcoHan
nopagun HanuyHuTe OAETEPMUHUCTUYHN U CTOXaCTUYHU
edekTu [3]. Te nmat KymynatmMBeH edekT 1 ca oT cepu-
03HO 3Ha4yeHne 0cobeHo B Miagarta nonynauus nauu-
€HTU, KOEeTO onpeaens 1 BaXXHOCTTa Ha HaMarnsiBaHETo
Ha pagvauuoHHaTa ekcnosmuus no Bpeme Ha ernek-
TpodmaunonormyHmTe npoueaypu [4]. Mo Te3n npuymHmn
AMEPUKAHCKUAT KOMEX Mo Kapgauonornsa npenopbysa
npvHuuna “ALARA" (Bb3MOXHO HanW-HWCKaTa pasyMHO
NOCTMXMMA [403a) BbB BCUYKN UHTEPBEHLMOHANHN Na-
©opaTtopuu [5].

Hednypockoncknte 3D enekTpoaHaTOMU4HU CUC-
Temu 3a KapTtorpadumpaHe 0sixa BbBeAeHM C Len yne-
cHaBaHe npouenypute 3a KA. Mpouenypute 6e3 nnm
C MWHMMarnHoO M13nons3BaHe Ha dryopocKonus Bede
JoKasaxa CbNOCTaBMMW pe3ynTaTh C KOHBEHLMOHan-
HUTE TakuBa Mo OTHOLUEHWE Ha MPOOBbIMKUTENHOCT, He-
NOCpenCcTBEH NpoLeaypeH ycrnex U YecToTa Ha YCnox-

Radiofrequency catheter ablation (CA) is cur-
rently a mainstream therapy for most symptomatic
and recurrent cardiac arrhythmias, especially su-
praventricular tachycardia (SVT) such as atrioven-
tricular nodal reentrant tachycardia (AVNRT), atrio-
ventricular reentrant tachycardia (AVRT) and typi-
cal atrial flutter (CTIdAFL) [1]. Fluoroscopy-guided
catheter ablation technique has been considered
the gold standard for many years [2]. Convention-
al fluoroscopy is inevitably associated with ioniz-
ing radiation exposure and carries some inherent
limitations, such as the representation of three-di-
mensional (3D) structures in a biplane fluoroscopic
view. The success rate for this procedure is greater
than 90% [1]. The use of ionizing radiation is as-
sociated with risks for patients and staff due to the
deterministic and stochastic effects of radiation ex-
posure [3]. These effects are cumulative and give
rise to great concerns, especially in the younger
population highlighting the importance of reducing
radiation exposure during cardiac electrophysiology
procedures [4]. Thus, the American College of Car-
diology recommends the adoption of the “ALARA”
(as low as reasonably achievable) principle in all
interventional laboratories [5].

Non-fluoroscopic 3D electroanatomic mapping
systems have been introduced to facilitate cathe-
ter ablation procedures. Procedures with zero or
minimal X-ray exposure have already been proved
to be comparable to the conventional approach in
terms of procedural time, acute success, and rate
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HeHusa [6]. B gonbnHeHne, paHOOMU3NPaHU KITMHUYHN
NpoyYBaHWsi OEeMOHCTpMpaxa 3Ha4duTenHa pegykums
Ha peHTreHoBaTa eKCNo3uLnsi B CPaBHEHME C KOHBEH-
LMOHAarHUs nogxon, KOeTo ce CBbp3Ba CbC 3HAYUTENHO
HamarnsiBaHe Ha pycka OT PasBUTME Ha 3IOKa4YECTBEHU
3abonsiBaHus u cMbpT [7, 8]. HAkonko nybnukauum on-
ncBat AbIIroCpoYHUTE pesynTtatu OT npoueayparta [9].

Llen Ha HacTosWwoOTO NpoyyBaHe bGelue fa nscnea-
Ba GesonacHocTTa, NpUIoXMMocTTa U edurkacHocTTa
Ha nogxopa 6e3 (ZF) nimM ¢ MMHUManHO M3nonsBaHe
Ha donyopockonusa (NZF) npu kateTbpHa abnaums Ha
HKT n npegcvpgHo TpenteHe (MT) noa KoHTporna Ha
TpUM3MepHa cuctema 3a kaptorpadupaHe B e4UHUYEH
KNMHWYEH LeHTbp B Bvrrapus.

MATEPUAN U METOOMU

MauneHTn

B nepunoga 2020-2021 r. 6sxa BKIOYEHWN MOCe-
JoBaTtenHn nauneHTn ¢ gokymeHtupaHa HKT n npeg-
cbpaHo TpenTeHe (IMT) oT eguHUYEH UeHTBLp. Npu yde-
ONTEnHN KNMHUYHM gaHdu 3a HKT nagueHTtuTte cbllo
Osixa BKIHOYEHW B Mpoy4vBaHETo. M3knouBawm Kpute-
pun 3a ZF/NZF nogxoga 6sixa HanmMyne Ha CbpAaeqHO
UMMNaHTUPYEMO ENEKTPOHHO YCTPOWCTBO U Npeaxoa-
HO M3BECTHa BEHO3HA aHOManwusl, KOATO Ou 3aTpygHU-
na unu nonpeyuna Ha JocTbha A0 CbpAeYHUTE KyXu-
HW. HannuneTo Ha CTPYKTYpHO CbpAevHo 3abonsiBaHe
camo no cebe cu He Belle KOHTpaMHAMKaums 3a yyac-
TWe B NpoyyBaHeTo. BCykm naumeHTy ¢ nepcucTmpaly
enusog Ha T npemnHaxa npegnpouenypHa TpaHce-
30¢pareanHa exokapguorpadusa. AHTUAPUTMUYHUTE
MeOuKaMeHTU ©Osixa MpeycTaHOBEHM 3a MUHUMYM 5
nonyxuBoTa npegu npouegypara, ¢ U3KIYeHe Ha
amumopapoH. Benukn naumeHTr nognucaxa MHOPMU-
paHO cbrnacue npegu npouenypara. [poTokonbsT Ha
npoekTa Gelle ogobpeH OT MecTHaTa eTU4YHa KOMUCUS
M e B CbOTBETCTBME C AeKnapaunsata oT XenauHKu.

EﬂeKTpO(*WI3VIOJ10FVI‘IHO uscnegBaHe v abnauus

Bcuukn npouenypu 6sixa M3BbpLUEHW OT 6 orne-
paTopu C pas3nuMyHO HMBO Ha ekcrneptu3a. 3a uenute
Ha KaTeTbpHaTa HaBuraumsi Oelue wu3nonsBaHa WM-
negaHc-6asnpaHa 3D cuctema 3a kaprtorpaduvpaHe
(Ensite Precision™, Abbott, St. Paul, MN, USA). B
cnyyamTte ¢ HKT HabopbT OT KaTeTpy 3a U3BbPLUBA-
He Ha npouedypaTa BKM4YBalle ynpasnseM OeceT-
NoniocCeH AMarHOCTUYEH eneKkTpoU3MONorMieH Ka-
TeTbp (Inquiry™, Abbott Inc., Plymouth, MN, USA or
Multicath™, Biotronik, Berlin, Germany), Heynpaensiem
yeTupunontoceH auarHoctndeH katerbp (ViaCath™,
Biotronik, Berlin, Germany) n HenpurinpaH abnaumoHeH
kateTbp ¢ 4 mm Bpbx (Therapy, Abbott Inc, Plymouth,
MN, USA). B cnyyante Ha CTIdAFL Gsixa nsnonseaxmu

of complications [6]. In addition, randomized trials
have demonstrated a significant reduction in fluo-
roscopy exposure as compared to the conventional
approach, thus showing a considerable reduction in
the estimated risks of cancer incidence and mortality
[7, 8]. Long-term follow-up data have also been de-
scribed in other publications [9].

The aim of the present study was to explore the
safety, feasibility, and efficacy of a completely zero
fluoroscopy (ZF) or near-zero fluoroscopy (NZF) ap-
proach for catheter ablation of SVT and atrial flutter
(AFL) guided by a three-dimensional (3D) mapping
system performed at a single center in Bulgaria.

MATERIAL AND METHODS

Patients

Between July 2020 and August 2021, consecu-
tive patients with documented SVT and AFL were
enrolled at a single center. When SVT was strong-
ly suspected by the clinical presentation, patients
were also included. Exclusion criteria for ZF were
the presence of cardiac implantable electronic de-
vices and known venous anomalies preventing or
hampering access to cardiac chambers. Structural
heart disease was not a contraindication for the ZF
approach per se. All patients with an ongoing AFL
episode underwent preprocedural transesophageal
echocardiography. Antiarrhythmic drugs were dis-
continued for a minimum of five half-lives prior to the
procedure, except for amiodarone. Written informed
consent was obtained from all patients before the
procedure. The study protocol was approved by the
local ethical committee and complied with the decla-
ration of Helsinki.

Electrophysiological study and ablation

Procedures were performed by six operators
with different level of expertise. A commercially
available, impedance-based 3D mapping system
(Ensite Precision™, Abbott, St. Paul, MN, USA)
was used for catheter navigation. In cases of SVT,
catheter setting consisted of a steerable decapolar
diagnostic electrophysiological catheter (Inquiry ™,
Abbott Inc., Plymouth, MN, USA or Multicath™,
Biotronik, Berlin, Germany), non-steerable quad-
ripolar diagnostic catheter (ViaCath™, Biotronik,
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ABa OeCEeTNoMCHN ynpaBnsgeMn OUarHOCTUYHU KaTe-
Tbpa, KakTo U HempurupaH abnauvoHeH KaTeTbp C 8
mm BpbXx (Therapy, Abbott Inc, Plymouth, MN, USA).
M3nonsBaHuTe HacTponku Ha 3D cuctemarta, HaunHUTe
3a HaBurauusita Ha KateTpute 4O CbpOEYHUTE KyXUHU
N Cb3[aBaHETO Ha KapTUTe Ha CbpAeYHUTE CTPYKTYpU
ca onucaHu nogpobHO B AOMbIHUTENHUTE MaTepuanm
kbM cratusta (https://10.3897/bgcardio.29.e108927.
suppl.1, https://10.3897/bgcardio.29.e108927.suppl.2).
HakpaTtko, crneq oCblUecTBABaHEe Ha BEHO3€H A0CTbN
npes gsicHata 6egpeHa BeHa BCUYKM KaTeTpu Ce Bb-
BeJoxa npe3 OCUrypeHUss BEHO3EH OOCTbM U MbTAT UM
[0 OEeCHUTE CbpAeYHM KyxvHu Belue odepTaH, M3nons-
BalkM TpuMaMepHaTa cucTemMa 3a KapTtorpadumpaHe
(dour. 1A). NMbpBUAT KaTETHP, BbBEAEH B CbpLETO, belue
yrpaBnseMusaT OEeCETNOMNCEH, KONTO Ce MO3ULMOHW-
pa B KOPOHAPHUSI CMHYC, KaTo MpOKCMMarnHata OBOWMKa
enekTpoau aHraxupa octuyma my (dur. 1B). B 1031 Mo-
MEHT, NO MNpeLeHKa Ha oneparopa, 3a NpocTpaHCTBEHa
pedepeHums belle 3agageHa HAKOSA OT ABOVIKUTE enek-
TPOAM Ha KaTeTbpa B KOPOHAPHUS CUHYC UK MbK Gelue
nsrnonssaHa cuctemHata pedepeHumns. B cnydaute ¢
HKT abrnaunoHHMAT kaTeTbp Gelue n3nonseaH 3a Cb3-
AaBaHe Ha aHaTOMMYHa KapTa Ha OACHOTO NpeAcbpane
(cdour. 1C). Mo Bpeme Ha KapTorpacmMpaHeTo B 30HaTa
Ha 3anuncBaHe Ha NoTeHuManu OT cHoma Ha Xuc ce no-
cTaBsixa TOYKM 3a 0603Ha4YaBaHETO Ha Tasu 30Ha, KaTo
ce odhopmu T.Hap. ,Xuc obnak” (cpur. 2). Opyrn 3oHM Ha
WHTEepeC CbLUo Osixa MapkupaHu. B criydanTe Ha nepcu-
ctupaluo MNT BTOpMAT AeceTnomnoceH ynpasnsiem Kate-
Tbp bBeLle n3non3saH 3a Cb3aaBaHETO Ha aKTMBaLMOH-
Ha KapTa Ha OACHOTO Npeacbpamne, Kato Npu Heobxoam-
MOCT 3a cbLuaTa Len GeLle n3nonssaH 1 abnaumvoHHUSAT
katetbp (cpur. 3). Cnen obo3HayaBaHe Ha TOYKMTE OT
Cb3fgageHaTta kapTa KbM ASCHOTO npeacbpane, ropHa-
Ta 1 gorHaTa npasHa BeHa 30HaTa Ha TpuKycnuganHus
npbCcTeH Oelle ovepTaHa pbyHO. Crieq 3aBbpLUBAHETO
Ha KapTaTa M3nona3saxme yTBbpAeHN METOAUKN Ha CTU-
Myraums ¢ Lern nocTaBsHe Ha enekTpodumanonormyHara
AnarHosa un nssicHsiBaHe mexaHuama Ha aputmuarta [10].
WHonkaunnTe 3a kaTeTbpHa abnaums 6sixa onpegenexHm
CbrMacHo CbliecTByBalmTe npenopbku [1]. MNpu BCuy-
K1 npouenypu usnonssaxme pagvodpekBeHTHa eHep-
rms. B cnyyante Ha AVNRT abnaumsta 6elue HacoyeHa
KbM GaBHMA NbT B AV Bb3ena (dwur. 4), npu dokanHa
npegcbpaHa Taxvkapams Len elue 3oHaTta Ha Havi-paHHa
npeacbpaHa akTuBaums, a npy HanMuneTo Ha OOMbIHU-
TenHa NpPoBoAHa Bpb3Ka LienTa Ha abnauusita 6elle Haco-
YeHa KbM NPeAcbpaHaTa Unv kamepHara n nHcepums (yc-
TaAHOBEHM MO BPEME Ha aHTerpagHoO W/Mnu peTporpagHo
npoBexaaHe) cropen npegnodMTaHusita Ha onepartopa.
Cnyvante Ha CTIJAFL 6sixa TpeTupaHu ¢ abnaums Ha ka-
BoTpukycnvaanHus uctmyc (KTW). Mpwy Bcrudkn npouenypuy
Oeluie 13non3BaHa MeCTHa aHeCTe3Ns!, KakTo 1 cefaums C
Mugasonam 1 doeHTaHu Mo nNpeLeHka Ha onepaTopa.

Berlin, Germany) and a 4-mm tip non-irrigated ab-
lation catheter (Therapy, Abbott Inc, Plymouth, MN,
USA). In cases of CTIdAFI, two steerable decap-
olar diagnostic catheters and an 8-mm tip non-ir-
rigated ablation catheter (Therapy, Abbott Inc,

Plymouth, MN, USA) were used (https://10.3897/
bgcardio.29.e108927.suppl.1, https://10.3897/bgcar-

dio.29.e108927.suppl.2). The workflow we used for
system setup, catheter navigation to the heart
chambers, and map creation is described in detail
in the supplementary material. Briefly, following
right-sided femoral venous access, all the cathe-
ters were introduced in the vasculature, and their
path to the right heart chambers was tracked using
the mapping system (Fig. 1A). The first catheter to
be introduced into the right heart was a decapolar
catheter which was positioned in the coronary si-
nus (CS) with the proximal bipoles positioned at
the ostium (Fig. 1B). At that point, the operator
chose to use either one of its poles or the sys-
tem reference for spatial reference. In cases of
SVT, the ablation catheter was used to perform
an anatomical map of the right atrium (Figure 1C).
During mapping, points where His bundle poten-
tials were recorded were tagged to delineate the
“His cloud” (Fig. 2). Other zones of interest were also
tagged. In cases of persistent AFL, the second decap-
olar catheter was used to create an activation map of
the right atrium, which was later further mapped with
the ablation catheter as needed (Fig. 3). Following
reassignment points to the superior and inferior vena
cava and the right atrium, the tricuspid annulus was
manually marked as needed and cut. Following map
creation, commonly accepted pacing maneuvers were
used to diagnose the arrhythmia mechanism [10]. In-
dications for catheter ablation were determined as per
current recommendations [1]. Radiofrequency energy
was used for all ablations. Ablation targeted the slow
pathway in AVNRT (Fig. 4), the sites of earliest atri-
al activation during tachycardia in FAT, and the atrial
or ventricular accessory pathway insertion sites (as-
sessed during antegrade and/or retrograde accessory
pathway conduction at the operator’s discretion). In
CTIdAFI, cavotricuspid isthmus ablation was carried
out. All procedures were performed under local anes-
thesia, and sedation with midazolam and fentanyl was
administered at the operator’s discretion.
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®wur. 1. MNocnenoBaTenHoCT Ha BbBEXAAHETO Ha KaTeTpuTe U Cb3gaBaHe
Ha kapTaTta. lMaHen A: Tpu enekTpoduU3MonorMiHn KateTbpa (ynpaensem
[ANarHOCTUYEH AEeCeTNOoMOCeH KaTeTbp B XKbIITO, HETUPUMOMIOCEH Heynpa-
BMSieM [AMarHoCTUYeH KaTeTbp B YepBeHO, 4 mm HeupurupaH abnauwmo-
HeH KaTeTbp B CMHbO) BbBeAEHW npe3 uHTpoatocepu B beapeHata BeHa v
BU3yanusmpaHu ¢ TpumamMepHa cuctema 3a kaprtorpadumpane. lManen B:
[lecetnontoceH ynpaensem KaTeTbp BbBEAEH B KOPOHApPHUSA CUHYC. [Tb-
TAT Ha KaTeTbpa OT [onHaTa npasHa BeHa npes3 AsICHOTO MNpeacbpave B
ropHaTa npasHa BeHa 1 0bpaTHO B KyxuMHaTa Ha AACHOTO Npefcbpauve u
KOPOHapHWS CMHYC € MapK1paH CbC 3eneHn Touku. MaHen C: AHaToMuyHa
KapTa, nsobpassaBalla ASCHOTO Npeacbpane, KOPOHAPHUS CUHYC U ABETe
npasHu BEHW B NsiBa NpeaHa koca npoekuus. MNokasaHa e CbLyo nosuuusaTta
Ha [4eCceTrnontoCHNSA KaTeTbp B KOPOHAPHMSA CUHYC, abnaunoHHUAT KaTeTbp
B 30HaTa Ha cHoma Ha XWUC W YETUPWMOMIOCHUAT ANArHOCTUYEH KaTeTbp
npe3 TpUKycnupanHarta knana B gsicHata kamepa.

Fig. 1. Steps taken during catheter introduction and map creation. Panel
A: Three electrophysiological catheters (steerable diagnostic decapolar
catheter in yellow, quadripolar non-steerable diagnostic catheter in red and
4-mm non-irrigated tip ablation catheter in blue) introduced in the femoral
vein across the sheaths as visualized with the 3D mapping system. Panel
B. A decapolar catheter has been introduced in the coronary sinus. The
path of the catheter from the inferior caval vein through the right atrium
into the superior caval vein and back to the right atrial cavity and coronary
sinus has been tracked with the point could showed by the green dots.
Panel C. Anatomical map depicting the right atrium, coronasy sinus and
the two caval veins in left anterior oblique projection. Catheter position is
also shown with the decapolar catheter in the coronary sinus, the ablation
catheter in the His bundle region and quadripolar diagnostic catheter
across the tricuspid valve in the right ventricle.

®dur. 2. TpumamepHa aHaTOMUYHA Kap-
Ta Ha OACHOTO npeacbpaue ¢ npune-
Xallyusi KOPOHAPEH CUMHYC W NpasHUTe
BEHW C pasnorioXkeHne Ha KateTpu-
Te, KaKTO e MnokasaHo Ha curypa 1 B
Obnboka nsiBa npegHa Koca npoekuust
(NsiBO) M npepHo-3afgHa npoekums (B
cpepata). CuHute cdepu npeacrasns-
BaT TOYKMTE, KbAETO ce perucTpupat
noteHumanu ot cHona Ha Xuc. Ha ge-
CHWSA NaHen ca npefacTaBeHy MOBbpX-
HocTHu EKI otBexganusa |, Il, V1 n V6
3aefHO C WHTpakapauanHu enekTpo-
rpamu oT abnauuoHHUs KaTeTbp, eaHa
oT BunonspHUTE ABOWKM Ha KaTeTbpa
B KOPOHAPHWUSI CUHYC U CUTHanM oT Auc-
TanHarta ABolika Ha YeTMPUMOIHOCHUS
KaTeTbp B AsAcHaTa kamepa (ASCHO).
3abenexeTe noTeHUManbT OT 30HaTa
Ha cHona Ha Xwuc, 3anucaH B panoHa
MapKupaH CbC CUHU cdhepn (3Be3ga).
CkopocT Ha 3anunca 100 mm/s. CS —
KaTeTbp B KOpPOHapHusi cuHyc, ROV
Abl — abnauunoHeH kaTteTbp, RV — ka-
TETbP B AsicHaTa kamepa.

Fig. 2. Three-dimensional anatomical map of the right atrium with the adjacent coronary sinus and caval veins with the catheters positioned
as described in Figure 1 shown in deep left anterior oblique position (left) and anteroposterior position (middle). Blue spheres represent the
points where His bundle potential was recorded. The right panel shows surface leads I, Il, V1 and V6 along with intracardiac electrograms from
the ablation catheter, one bipole from the coronary sinus catheter and from the distal bipole of the quadripolar catheter positioned in the right
ventricle are shown in the right panel. Please note the His bundle potential recorded from the region marked with blue spheres (asterix). Sweep
speed 100 mm/sec. REF CS — coronary sinus catheter, ROV Abl — ablation catheter, RV — right ventricular catheter.



16

[. Mapuos, M. MapuHos, . bol4es u dp.

®ur. 3. TpumamepHa akTMBaLMOHHA KapTa Ha ASICHOTO Npeacbpave B Nnsasa npegHa
Koca MpOeKLUMs C fieka KpaHvuanHa aHrynauus (maHesn A) v B fgcHa npefHa koca npo-
ekuus (maHen B) npu TUNWYHO NPEACHPAHO TpenTeHe. LlenuaTt umkbn Ha aputMmusaTa
e KapTorpadupaH OKofno TPUKYCNUAAnHUS aHynyc (CTpenku B naHen A) U panoHbT,
KbETO paHHaTa 1 KbCHaTa akTUBaLMs ce CpeLlaT no narepanHara cteHa Ha AACHOTO
npeacbpane, KakTo e nokasaHo B ABaTta naHena, KoeTo NpeacTaBnsiBa OTNMYnTENeH
Gener Ha MakpOPUEHTPW.

Fig. 3. Three-dimensional activation map of the right atrium in left anterior oblique
projection with slight cranial angulation (panel A) and in right anterior oblique projection
(panel B) during cavotricuspid isthmus dependent atrial flutter. The whole cycle length
of the arrhythmia is mapped around the tricuspid annulus (arrows in panel A) and there
is an the early-meets-late region on the lateral wall of the right atrium as demonstrated

BbB BCMYKM cnydan npouedypata 3anoysaile c
N3KIOYEHa PEHTreHOoBa anapartypa, 3a ga ce nusberHe
dnyopockonus no HeBHMMaHue. B cnyvauTte ¢ nsiBa
OOMbITHUTENHA NPoBOAHA Bpb3ka drlyopocKonusi ce
Aornyckalle camMo 3a OCbLUECTBSIBAHETO Ha TpaHCCen-
TanHaTa MyHKUMs, a U3MON3BaHeTO M NpU mnarpaxaa-
HETO Ha KapTaTta B NSIBOTO npeAacbpave belle no us-
©op Ha onepatopa. lNpu 3aTpygHEHME C BbBEXOAHETO
U NpY MaHWMYNUMPaHETO C KaTeTpuTe doryopoCKo-
nna Gelle gonyctMma Mo npeueHka Ha onepartopa. B
Te3n cnydam Gelle permctpupaHo ryopoCKONCKOTO
Bpeme B MuHyTM, DAP (mpousBegeHue [o3a-nnoLw)
B mGy*cm?. MpuunHuTe 3a ynotpeba Ha doriyopocko-
nna 6sxa otbensasaHn 1 BNocneacTBue aHanmanpaHu.
MpouenypHoTo Bpeme Gelle gedunHMpPaHO KaTto Bpe-
MEeTO OT MyHKUMsTa Ha GepgpeHata BeHa OO MpemMax-
BaHETO Ha BCUYKM BEHO3HM UHTPOAKCEPU B Kpasi Ha
npoueaypara. 3a uenMTe Ha HacTosILLOTO u3crensaHe
npouenypa 6e3 nanonssaHe Ha ryopockonus ce ge-

in both panels which are hallmark findings of macroreentry.

®ur. 4. TpymamepHa aHaTOMUYHA KapTa Ha AACHOTO
NpeacbpAne N KOPOHApHWUS CUHYC B NsiBa NpeaHa
Koca npoekuus (maHen A) n OsicHa npefHa koca
npoekuus (maHes B), nokassalum 3oHaTa Ha cHona
Ha Xuc (cuHu cdbepm) n abnauyoHHUTe ne3umn annu-
LUMpaHu B 30HaTa Ha GaBHusi nbT B AB Bb3en, no-
CTaBeHM 4pe3 u3nonasaHeTo Ha Automark® mogyn
Ha cucTemara.

Fig. 4. Three-dimensional anatomical map of the
right atrium and coronary sinus in left anterior
oblique projection (panel A) and right anterior
oblique projection (panel B) demonstrating the His
cloud (blue spheres) and the lesions placed in the
slow pathway region tagged using the Automark®
module.

In all cases, the procedure was started with the
X-ray equipment switched off to avoid inadvertent flu-
oroscopy. If left accessory pathway conduction was
demonstrated, fluoroscopy was adopted only for the
transseptal puncture, and mapping of the left atrium
was also carried out at the discretion of the opera-
tor. In case of difficulties in introducing or manipulat-
ing catheters, fluoroscopy was allowed at the opera-
tor’s discretion. In these cases, fluoroscopy time (in
minutes), dose-area-product (DAP) in mGy*cm?, and
the reason for using fluoroscopy were recorded and
analyzed. Procedure time was recorded in minutes
and was defined as the interval from the beginning of
femoral vein puncture to the extraction of all femoral
venous sheaths at the end of the procedure. For the
purpose of the current study, zero-fluoroscopy (ZF)
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vHMpaLLe KaTo TakaBa, Npu KOSITO He € WU3MoN3BaHo
HMKaKBO NbyeHue. [og MMHMMAanHO M3Mnon3BaHe Ha
doriyopockonusi ce MMart npeaBud criyvyamTe, Npu KouTo
ce Hanaralle orpaHudeHaTa ynotpeGaTa Ha dryopo-
CKOMWS, HE3aBMCUMO OT MbPBOHAYANHOTO HamepeHue
Ha onepaTtopa [a He M3Mon3Bea Takaea.

MpouenypHU KPaHU TOUYKMU U YCIIOXKHEHUSA

B cnyyante Ha AVNRT HenocpenctseH npoueay-
peH ycnex bele aeduHMpaH Kato HEBb3MOXHOCT 3a
WHOYKUMS Ha KNMHUYHAaTa Taxukapgusa B 6asanHu yc-
NoBUS, UNKW crneq NPUoXeHNeTo Ha beTa- agpeHepru-
YeH aroHucT (xekconpeHanuH 5 nnn 10 mcg nHTpase-
Ho3eH Gonyc). MNpouenypeH ycnex npu naumMeHTuTe c
AVRT pedvHmnpaxme KaTo nuncarta Ha npoBexaaHe no
JonbNHWTENHaTa NPOBOAHA Bpb3ka B aHTerpagHa unm
peTporpagHa nocoka. Mpu CTIdAFL npouenypHuaT yc-
nex bewwe geduHMpaH KaTo NpekbCBaHe Ha apuTMUS-
Ta 1 eMOHCTpupaHe Ha ABynocodeH 6nok npes KTU.
B cnyyauTe ¢ hokanHa npeacbpaHa Taxmkapgous Kato
npouedypeH ycrnex nprexMe HeBb3MOXHOCTTa 3a WH-
OyKUMS Ha KnNvHUYHaTa Taxukapgusa B 6asanHu ycro-
BUS N crief, MPUIOXeHMe Ha XeKCcornpeHarnuH. YCnox-
HEeHWs Ha npouegypaTta onpeaernmxme Kato Xxematom
B cnabvHHaTta obrnact, nceBgoaHeBpu3Ma unu apte-
pUoBEHO3Ha (hucTyna, nepukapaeH U3nuse Unu Tamno-
Haga (Hanaranku unu He nepkyTaHeH Unn XmpyprudeH
ApeHax), noctosiHeH AV Grnok OT BCsikakBa CTeneH unm
OPYrv Cep1O3HN YCNOXHEHWS, Hanarawm AoNbAHUTEr-
HO neveHne U/unun yabrmkeH 60rHUYEH NpecTon.

MpocnepsBaHe

MaumeHTuTe Bsxa NnpocnegexHn Ha 1-eu, 6-u n 12-n
Mecel, creqd npouenypata ¢ 12-kaHanHa EKT, knuHu-
YeH nperneg unu TenedoHHO NPO3BbLHSABAHE.

CTtaTucTu4vecku aHanms

HenpekbcHaTTe NPOMEHNMBM Ca NpeacTaBeHU
KaTo cpefHo + cTaHOapTHO OTKNOHEeHWe, Npu HopMarn-
HO pasnpeferneHve unm Kato meavaHa (MHTepkBapTu-
neH wHTepsan, IQR 25-75 nepceHTun) npu pasnpe-
JeneHve, pasnuyHo OT HopmarHoTo. KateropuiHute
NPOMEHNNBMK Ca NMpeacTaBeHu KaTo abcontoTHa CTowW-
HOCT U1 NMPOLIEHT 1 ca cpaBHeHu 4vpes X2-TecT. C ornen
aHarnus Ha BNUsIHWETO Ha HaTpyrnBaHETO Ha ONUT B XoAa
Ha Npoy4BaHETO BbPXYy NpoueaypHUTE napaMeTpu na-
uneHTuTe Osxa pasgeneHu Ha rpynv B 3aBMCMMOCT
OT BPEMETO Ha BPEeMETO Ha BKIOYBAHETO UM B MpoO-
yuBaHeTo. Ipynute 6sxa aHanuaupaHm ¢ ANOVA nnm
TecTta Ha Kruskall-Wallis B 3aBMcMMOCT OT Tuna pas-
npegenexune. 3a oueHKka Ha MEeXAyrpynoBuTe pasnmku
ce n3BbpK post-hoc aHanms ¢ Tecta Ha Bonferroni.
BpbakaTta mexay dnyopockonckoto Bpeme, DAP n Ha-
TpynaHus onuT Belle aHanuaMpaHa 4Ypes Kopenaumo-
HeH aHanu3 Ha Spearman. CTaTUCTUYECKMAT aHanu3

was defined as no radiation used during the proce-
dure. Under near-zero fluoroscopy (NZF), we meant
those cases in which, although the operator planned
to follow the ZF strategy, the limited use of radiation
became necessary during the procedure.

Procedural endpoints and complications

In cases of AVNRT, acute procedural success
was defined as tachycardia non-inducibility either
under basal condition or following administration
of beta-adrenergic agonists (Hexoprenaline 5 or
10 mcg iv. Bolus). Procedural success for AVRT
was defined as loss of antegrade or retrograde
accessory pathway conduction. Procedural suc-
cess for CTIdAFL was defined as arrhythmia ter-
mination and demonstration of bidirectional block
across the cavotricuspid isthmus. In cases of FAT,
acute procedural success was defined as tachy-
cardia non-inducibility under basal conditions and
after hexoprenaline administration. Complications
were defined as groin hematoma, pseudoaneu-
rysm or arteriovenous fistula, pericardial effusion
or tamponade (requiring percutaneous or surgical
pericardial drainage or not), permanent AV block of
any degree or any other serious complications ne-
cessitating additional treatment and/or prolonged
hospital stay.

Follow-up

Patients were followed-up at one month, six
months, and 12 months by 12-lead ECG, a physical
examination, or phone call interview as appropriate.

Statistical analysis

Continuous variables are presented as mean *
SD when normally distributed or as median (inter-
quartile range, IQR 25-75 percentile) when non-nor-
mally distributed. Categorical variables are described
as absolute value and percentage and compared
with the x? test. Patients were grouped based on the
timing of the procedure in relation to their inclusion
in the study to analyze the impact of experience on
procedural parameters. Groups were compared with
ANOVA or Kruskall-Wallis test depending on the dis-
tribution of data. Post-hoc analysis with Bonferroni
correction was carried out to study intergroup differ-
ences as appropriate. Spearman’s rank correlation
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Oewe ocbllecTBeH ¢ Jamovi v 2.3 (Jamovi project,
WWW.jamovi.org) U 3a HMBO Ha 3Ha4MMocCT belle Bb3-
npueto P < 0.05.

PE3YNTATH

OCHOBHM XapaKTepPUCTUKU U NpoLeaypPHU AaHHU

Lectaoecer n Tpuma nauueHtn (Bb3pacT 53.5 *
14.1 roguHn, 57% mbxe) ¢ HKT wnnn MT 6axa noa-
noxeHun Ha KA ¢ nomouita Ha TpumamepHa cuctema
3a kaptorpacdupaHe Ensite Precision™ B nepuoga
07.2020-08.2021 r. OCHOBHUTE XapaKTEPUCTUKX Ha
nacriegBaHaTta nonynauvs ca npegcraBeHu B Tabn. 1.
OT TunoBeTe apuTMmum ce yctaHosmxa 36 (57,1%) cny-
Yyada Ha TunuyHa popma Ha AVNRT, npu 25 (39,7%) ot
cnyyanTte ce guarHoctuumpa CTIdAFL unu atmnmyHo
aecHonpencbpaHo TpenteHe. MNpu 1 (1,6%) cnyyan
Ce YCTaHOBMW NEeBOCTpaHHa AOMbIHUTENHA NpOBOAHA
Bpb3ka u cbwo npu 1 (1,6%) cnyyam ce gmarHocTtu-
umpa cokanHa gecHonpencbpgHa Taxukapgus. [Mpu
Tpuma naumeHTn (4.8%) 6sxa yctaHOBeHM ABa apuT-
MoreHHn cybctpaTta. B gBa ot Te3nm cnydyam ce ycta-
HoBun CTIJAFL kato ce m3Bbplum abnaums Ha KTW.
Bnocnencteune B xoga Ha npouenypata ce uHgyumpa
n atunudHo MT ¢ npomsxon OT AACHOTO npeacbpane,
KoeTo Oelle ycnewHO TEPMUHUPaHO 4pe3 abnauwus.
B Tpetusa cnyyan ce yctaHosu tunudHa AVNRT, kato
cneq ycnelwHa abnaums Ha 6aBHusa NbT B AV Bb3ena
Cce vHAoyumMpa AecHOoCTpaHHa dokanHa npeacbpaHa
Taxuvkapaus, KOSTo CbLLo Gelle ycnewHo abnupaHa.
PasnpegeneHneto Ha AuarHoCTMUMpaHUTE TUMNOBE
apuTMnM Npv u3cnegsaHaTa rpyna naumMeHTv e npeg-
CTaBeHo Ha ¢ur. 5. [Npu BCUYKM NaLMeHTn, KaTeTpuTe
Bsixa ycnewHo no3LUMOHNPaHN B CbpAEYHUTE KYXUHMW.
MpouenypHoTto Bpeme bewe 95,2 + 34,4 min. OT Hero
BPEMETO 3a kapTorpadupaHe Ha CbpAevHUTE CTPYK-
Typu e 3aemano 22 (IQR 16-31) min, koeTo oTroBaps
Ha 23,7% (IQR 16,3-32,7) OT Npoab/KNTENHOCTTA Ha
uanata npouenypa. dnyopockonua e 6una m3nons-
BaHa npu 14 (22,2%) nauneHtn. B Te3n crniyyam cpea-
HOTO dbnyopockorncko Bpeme e 6uno 220 + 169 s, a
DAP 755615866 mGy*cm? (tabn. 2). Han-yectuat
cueHapui, Hanarauy ynotpebata Ha donyopockonus, e
Oun 3aTpyaHEeHUs1 NpU KaHINMPaHETO HA KOPOHapHUS
cuHyc (5 ot 14 naumeHTn, 36%) 1 n3paseHa TopTyo3-
HOCT Ha BEHO3HMTE CbAOBE, 3aTpyaHsIBalla rmagkoto
npeMnHaBaHe Ha kKateTpute — npu 5 ot 14 nauneHTn
(36%). NMpun octaHanute 4 naumeHTn (29%) nsnonsea-
HEeTOo Ha doriyopockonusa e 6uno Heo6xoaMmo no Bpeme
Ha KA, BKIIOYMTENHO M MpU NaumeHTa ¢ NeBOCTpaHHa
OOMbIIHUTENHA NPOBOAHA Bpb3Ka, KOrato ce e Hamno-
XKMMO M3MNOMn3BaHETO Ha (oyopoCKoNWs Npu TpaHccen-
TanHUsa OCTbI.

was used to analyze the correlation between fluo-
roscopy time and DAP and experience. Statistical
analyses were carried out with Jamovi v 2.3 (Jamovi
project, www.jamovi.org), and statistical significance
was set at P < 0.05.

RESULTS

Baseline characteristics and procedural data

Sixty-three patients (age 53.5 + 14.1, 57%
males) with SVT or AFL underwent CA guided by
the Ensite Precision™ system in the period July
2020-August 2021. Baseline characteristics of the
studied population are presented in Table 1. Of the
arrhythmia types, typical AVNRT was diagnosed in
36 (57.1%) cases, CTIJAFL or atypical right AFL in
25 (39.7%) cases. A left-sided accessory pathway
was found in 1 (1.6%) case, and focal right atrial
tachycardia also in 1 (1.6%) case. Three patients
(4.8%) had two arrhythmia substrates. In two of
these cases, CTIdAFL was diagnosed and ablated,
and a right-sided atypical AFL was later induced
and ablated. In the third case, a typical AVNRT was
induced, and after successful ablation of the slow
pathway, a right-sided FAT was induced and even-
tually ablated. The distribution of the arrhythmia
types in the studied patients is shown in Figure 5.
In all patients, all catheters were successfully posi-
tioned in the cardiac chambers. The procedural time
was 95.2 + 34.4 min. Out of this, mapping occupied
a median of 22 (IQR 16-31) min of the procedure,
which equalled a median of 23.7% (IQR 16.3-32.7)
of the total procedural duration. Fluoroscopy was
used in 14 (22.2%) patients. In these cases, the
mean fluoroscopy time was 220+169 sec, and the
mean dose-area product of 7556 + 5866 mGy*cm?
(Table 2). The most common scenarios necessitat-
ing fluoroscopy use were difficult coronary sinus
cannulation (5 of 14 patients, 36%) and vessel tor-
tuosity preventing smooth catheter advancement in
5 of 14 patients (36%). In the remaining four pa-
tients (29%), fluoroscopy was necessary during the
ablation phase, including the patient with a left-sid-
ed accessory pathway who required transseptal ac-
cess for ablation.
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Tabnuua 1. U3xoaHN xapakTepuCTUKM Ha u3cnepBaHarta rpyna naumMeHTu
Table 1. Baseline characteristics of the studied population

Bb3pacT, roguHu Age, years 53,5+14,1

Mon, M/F Sex, M/F 36 (57,1%)/27 (42,9%)
ApTepuanHa XunepToHus Hypertension 35 (55,6%)

3axapeH gnabet Diabetes 7 (11,1%)

KopoHapHa 6onect Coronary artery disease 20 (31,7%)

Valvular heart disease 6 (9,5%)

KnanHa 6onect

MpenxogHa cbpaeyHa onepaums

Previous cardiac surgery

e EKCTMpNauus Ha MUKCOM e Myxoma extirpation 1(1,6%)
e Kopurupan ASD Tun sinus venosus e Corrected ASD sinus venosus type 1(1,6%)
LVEF, % LVEF, % 63 (58-65)

HenpekbcHaTUTE NPOMEHNMBK ca NpeacTaBeHn KaTo cpeaHa ctonHocT + SD nnu meguana (IQR 25-75 nepceHTnn) B 3aBUCMMOCT OT pasnpe-
AeneHnero. KateropuinHnte npoMeHnunBm ca npefctasenn kato 6pon (%). ASD — mexaynpeacbpaeH aedekt, LVEF — nesokamepHa dpakums
Ha n3TnackBaHe

Continuous variables are presented as mean + SD or median (IQR 25-75 percentile) depending on distribution. Categorical values are presented
as number (%). ASD — atrial septal defect, LVEF — left ventricular ejection fraction.

®ur. 5. lnarpama TMN nuTa, Nnokasealla pasnpeaeneHneTo Ha
pasnuYyHNTE apuUTMOreHHW cybcTpaTtv mpu uscnefsaHarta rpyna
naumeHtn. AFL — npeacbpaHo TpenteHe, AVRT — atpoBeHTpu-
= CTIdAFL KynHa pueHTpu Taxukapaums, AVNRT — aTpuoBeHTpuKynapHa
HopanHa pueHTpu Taxukapaus, CTIJAFL — npeacbypaHo TpenTe-
He 3aBMCMMO OT KaBOTPUKycnuaanHus uctmyc, FAT — cokanHa
npeacbpaHa Taxvkapams

= AVNRT

= CTidAFL+atypical AFL

AVNRT+FAT

" FAT

L% 125 1 2% = AVRT

Fig. 5. Pie-chart demonstrating the distribution of different
arrhythmia substrates in the studied group of patients. AFL
— atrial flutter, AVRT — atrioventricular reentrant tachycardia,
AVNRT - atrioventricular nodal reentrant tachycardia, CTIdJAFL
— cavotricuspid isthmus dependent atrial flutter, FAT — focal atrial
tachycardia.

Ta6bnuua 2. MpouenypHu xapaktepuctuku // Table 2. Procedural characteristics

O6LL0 nNpouenypHO Bpeme, min Total procedural time, min 95,2+ 34,4
Bpeme 3a kapTorpadupaHe, min Mapping time, min 22 (16-31)
Bpoii abnaynoHHu neamu Number of ablation lesions 10 (6-16,8)
O6wo P® Bpeme, s Total RF time, s 185 (121-333)
®dryopocKomncko Bpeme, s Fluoroscopy time, s 220 + 169
DAP, mGy*cm? DAP, mGy*cm? 7556 + 5866

HenpekbcHaTuTe NPOMEHNUBKM ca NpedcTaBeHn KaTo cpegHa ctonHocT = SD nnu meguaxa (IQR 25-75 nepceHTun) B 3aBUCMMOCT OT pasnpege-
nexneto. DAP — npoussegexne gosa-nnoul, PO — pagnodpekBeHTHO

Continuous variables are presented as mean + SD or median (IQR 25-75 percentile) depending on distribution. DAP — dose-area product, RF

— radiofrequency

HeI'IOCpe,CI,CTBeHVI n otganevdeHu npouenypHu
pe3yntaTtu

[Mpw Benykmn 63 naumeHT KA e 6una yenewHa (100%),
OLieHeHa Criopef; ropenoco4eHuTe kKputepun. He ca pervc-
TpUpaHu NpoLieaypHU ycrioxHeHus. B npoabmkeHve Ha 12
+ 3 Mecela npocneasBaHe He ca JOKYMEHTPaHW peLm-
OVBW Ha KMUHWYHaTa aputmus. MNpu ABama OT naumeHTu-
Te ca YCTaHOBEHW [aHHW 3a NPEACHPAHO MbXIAEHE, KaTo
cblumMTe ce BunM NnaHvpaHn 3a npoueaypa 3a usonaums

Acute and long-term procedural
outcome

All 63 procedures were acutely successful
(100%) as assessed by the criteria described
above. There were no procedural complications.
Over a mean follow-up of 12 £+ 3 months, there
were no recurrences of the clinical arrhythmia.
Two of the patients had concomitant atrial fibril-
lation, and a pulmonary vein isolation proce-
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Ha 6enoapobHMTe BeHW, AOKATO NpU €4MH OT NauneHTuTe
¢ CTIdAFL Brnocnenctsue ce e Hanoxuna umniaHTaums
Ha MOCTOSIHEH EeNEKTPOKapAMOCTUMYNaTop NPy AaHHM 3a
BIMOLLIEHO MHAPAXMCOBO NPOBEXOAHE.

KpuBa Ha obOy4eHue

Bcunyku npouenypwm 6s1xa n3BbpLueHmn oT 6 oneparo-
pu. C uen aHanua Ha KpyuBaTa Ha 00y4yeHune nopegHuTe
nauuneHTn 6sxa pasgeneHu B 6 rpynu ot no 10 nayunex-
Tn (nocnegHara rpyna cbabpxa 13 naumeHTn) Ha 6asa
Ha BPEMETO Ha BKIOYBAHETO MM B Mpoy4yBaHeTo. 1o
BpeEMe Ha M3crnefBaHus nepuog ce YCTaHOBWU 3Hauu-
Ma pasnuka B 06LLOTO NpoLedypHO Bpeme Mexay OT-
aenHute Bpemesu nepuogu (P = 0,025). MNMocnegHoTo
AeMoHcTpupa yeenudeHue ot 81,7 £ 23,8 min npu cny-
yam 1-10 go 105,9 + 44,5 min npu cnyyam 11-20 n go
MakcumanHa ctonHocTt ot 120,8 £ 31,9 min npu cnyyau
21-30, nocneasanu ot cnag Ao 91,4 £ 25,6 minn 102,6
+ 35,5 min (cny4an 31-40 n cvotBeTHO 41-50), 3a ga
aocTurHe go 75,1 £ 26,5 min npu cnyyam 51-63 (cour.
6A). NpoeeneHuaT post-hoc mexagyrpynos aHanms yc-
TaHOBW 3HAYMMO HamareHue Ha ofLWoTo NpouegypHO
BpemMe npu cnyyvyam 51-63 cnpamo ToBa Mpu cry4vau
21-30 (cpegHa pasnuka -45,7 min, P = 0,018). Otkpu
Ce CbLUO Taka 3Ha4YMma pasnuka npu pasnuyHuTe rpy-
Ny No oTHoweHne ynotpebaTa Ha dnyopockonust (P =
0,014, dur. 6B). dnyopockonus e nsnonssaHa npu 5
naumeHTn (50%) B rpyna 21-30, npu 5 naumneHTn (50%)
B rpyna 41-50, npn aBama nauuneHtn B rpyna 11-20 u
npuv 1 naumeHT B rpynute ¢ 31-40 n 51-63. He ycnaxme
Aa OTYEeTEM 3HAYMMO HamarnsBaHe Ha nyopPOCKOMNCKU-
Te BpemeHa (Spearman rho = -0,047, P = 0,905) unu
DAP (Spearman rho = -0,298, P = 0,3). He yctaHoBuU-
XMe 3HayMma pasfnuka no OTHOLUeHMEe Ha BPeMEeTOo 3a
narpaxkgaHe Ha KapTata Mexay pasnuyHuTe rpynu.

dure was planned, while one of the patients with
CTIdAFL had an impaired infrahisian conduction,
and permanent pacemaker was subsequently im-
planted.

Learning curve

All procedures were performed by five experienced
operators. For the analysis of the learning curve con-
secutive patients were divided into six groups of 10 pa-
tients (the last group containing 13 patients) based on
the time of their enroliment in the study. Over the study
period, there was a significant difference in procedural
time among time periods (P = 0.025). It increased from
81.7 + 23.8 min in cases 1-10 to 105.9 + 44.5 min in
cases 11-20 and peaked at 120.8 + 31.9 min in cas-
es 21-30, followed by a drop at 91.4 + 25.6 min and
102.6 = 35.5 min (cases 31-40 and 41-50 respectively)
to reach 75.1 £ 26.5 min in cases 51-63 (P = 0.025)
(Fig. 6A). Post-hoc pairwise comparison revealed a
significant reduction in procedural time in cases 51-63
compared to cases 21-30 (mean difference -45,7 min,
P = 0.018). There was also a significant difference in
fluoroscopy use among different groups (P = 0.014,
Fig. 6B). Fluoroscopy was used in 5 patients (50%) in
cases 21-30, 5 patients (50%) in cases 41-50, 2 pa-
tients in cases 11-20, and one patient in each group
31-40 and 51-63. We could not identify any significant
trend at reduction of fluoroscopy time (Spearman rho =
-0.047, P = 0.905) or DAP (Spearman rho = -0.298, P
= 0.3). There was no significant difference in the time
used for map creation among cases from different time
periods during the study.

®ur. 6. Manen A: [dnarpa-
Ma, npeacrasswa obuoto
npoueagypHo Bpeme (Kato
cpegHa cTtorHocT + SD) B
pasnuyHUTE BpPEMEBU Me-
pvoan Ha nacnegsaHeTo. “P
= 0.018 cnpsmo nauuneHTn
21-30. Manen B: Wsnons-
BaHeTO Ha dhryopockonus
B pasnuyHUTE BPEMEBU Me-
pvoaun. N Ha gBata naHena
crnyvauTe ca pasnpegerneHu
B 6 rpynu, KakTo € onmcaHo

B Tekcta. Case number —

HOMep Ha cny4van, cbrmac-

HO BPEMETO Ha BKIHOYBaHe-
TO B NMPOY4YBaAHETO.
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Fig. 6. Panel A: Error bar
describing total procedural
time (as mean = SD) in

Case number

different time periods during the study. *P = 0.018 vs cases 21-30. Panel B: Fluoroscopy use in different time periods. For both panels cases

were distributed in 6 groups as described in the text.



KaTeprHa a6r|au,|/|;| Ha HaAKaMepHU Taxukapauu...

21

OBCBXAOAHE

OCHOBHWTE Haxogku OT ToBa obcepBaLMOHHO MPO-
yuBaHE Ha eauvHUYEH KNMHUYEH LEHTBbP ca: Mbpeo, KA
n3usano 6e3 usnonsesaHe Ha yopockonusl, MoXe Aa
Obae m3BbpLUeHa npy noeeyveto naumeHTn ¢ HKT un MT;
BTOpO, KA 6€3 n3nonssaHe nnm ¢ MMHUMAarHO MU3Mnon3-
BaHe Ha (bnyopockonusi e ocbLlecTBMM 1 6e3onaceH
noaxoAd, KOMTo MoXe Aa 6be BbBeAeH B peanHarta Knm-
HWYHa npakTyka. TpeTo, Hanmue e ebeKT Ha KpvBaTa Ha
0byyeHne Bbpxy 06LL0TO NpoLeaypHo Bpeme. [Jokonko-
TO HW € M3BECTHO TOBA € MbPBOTO MPOCMEKTUBHO NPOYY-
BaHe B bvnrapusi, onncearo KA npu HKT v INMT 6e3 nnu
C MVHMMAIHO M3Mnon3BaHe Ha NyopOCKONUSI.

dnyopockonckata ekcnosuumsa 3a LenuTe Ha Meau-
LIMHCKV NpOLEaYypY € NoKa3ana BpeaHOTO CU Bb3AENCTBNE
KaKTO BbpPXY MEAMUMHCKUA MepcoHarn, Taka U Bbpxy na-
uneHTuTe. ToBa € ocobeHo BanuagHoO npu GpemMeHHN nnm
npu geua. ViHBasMBHWTE CbpAeYHM npouenypu 3aemar
okoro 40% oT usanarta ecbeKTuBHa A403a NorbSiHaTa oT Me-
OVNUMHCKUSA nepcoHan npu mMmeauumHckm npouenypu [11].
PagvaumoHHaTa ekcrnosuumsi nMma [0Ka3aHO CEepUO3HO
BMUsIHME BbPXY YecToTaTta Ha OHKOSOMYHM 3abonsiBaHms
N MMalikv Npenua wmpokara ynorpeba Ha peHTreHOBO
nbYeHVe B KNMHUYHATa npakTvka, ToBa Npeacrasnsisa
Cepuro3eH U MOTeHUManHo npegoTspatumM, OOLecTBeH
3gpaseH npobnem [12]. N3cneasaHu ¢ pasnuyHn meTo-
OVKN 32 HamansiBaHe Ha paguauvoHHaTa eKcrnosvuus,
BKITHOUUTENHO NogobpsiBaHe Ha chriyOpOCKONCKUTE TEXHU-
Ku, ynotpeba Ha OMOBHO 3aLUMTHO OBIEKNO 1 BbBEXOa-
HETO Ha HOBM 0Bpa3HM TEXHOMOTMK KaTo eneKkTpoaHaTo-
MUYHO KapTorpadumpaHe unu yntpassyk [3].

B monbrnHeHne, HOCEHETO Ha ONOBHO 3aLLUTHO 06-
NEeKNo MoKa3ea, Ye € CBbP3aHO CbC 3HAYMM PUCK OT
OpTONeanYHM YCIOXHEHWS 1 YBPEXOAHMSA Ha nepudep-
HaTta HepBHa cuctema [13]. B onut ga ce nogobpwu pa-
AvaumoHHaTa 6e3onacHOCT 3a nepcoHana v Aa ce Ha-
Manu yectoTata Ha rpbOHavYHUTE yBpPEXOaHUsi, HAKOU
KOMMaHUN pa3Brxa pasnmyHy OKavyeHu unm ctaumoHap-
HW NpegnasBaliy CUCTEMU, KOUTO Aa HamManaT gosarta
norbfiHaTa OT onepartopa M Aa enMMUHUPpAT Hyxxaata
OT HOCEHE Ha ONoBHW MpecTunku. B egHo cpaBHuTen-
HO MpoyYBaHe efHa OT Te3u CUCTEMM A0Kas3aHo € Ha-
Manuna 3HadvMMO pagvauuoHHaTa Ao3a norbfHarta oT
onepatopa [14]. Tean cuctemmn obaye ca MHOTO CKbMW,
HEeLOCTBLMHU NMOBCEMECTHO U HE BOOAT A0 pedyKuusi Ha
norbnHartarta gosa ot nauvexta. OT gpyra cTpaHa, pas-
BUTMETO Ha 3D cuctemun 3a kapTtorpacmpaHe no3eonu
Ha WHTEpPBEHLMOHANHUTE enekTpou3nNono3n 3Hauu-
TEeNHO Ja HamanaAT paguaumoHHaTa eKCno3ULNsS KakTo
3a MegMUMHCKMA NepcoHan, Taka v 3a nauueHTute [15].

CpaBHeHue ¢ Apyr1 Npoy4YBaHusA

MpeouwHyn nybnukaumm goknagsaT GnaronpuaT-
Hn pesyntatn 3a ZF/NZF KA npu HKT. Pesyntatute

DiscussIiON

The main findings of this single-centre observa-
tional study are: first, entirely ZF catheter ablation
can be performed in the majority of patients with
SVT and AFL. Second, ZF or NZF catheter ablation
of SVT and AFL represents a feasible and safe ap-
proach that can be applied in real clinical practice.
Third, there is an identifiable learning curve effect on
total procedural time. To the best of our knowledge,
this is the first prospective study in the country de-
scribing the utilization of ZF and NZF catheter abla-
tion in SVT and AFL.

Fluoroscopic exposure for medical procedures
has been shown to be harmful to both medical staff
and patients. This is especially valid for pregnant
women or children. Invasive cardiac procedures ac-
count for about 40% of the entire effective dose ac-
quired from medical procedures [11]. Radiation expo-
sure has been proven to have a serious impact on
the incidence of oncological diseases and given the
widespread use of radiation in medicine, it represents
an important yet potentially avoidable public health
issue [12]. Various efforts and measures have been
explored for reducing radiation exposure, including
adjustments in fluoroscopic technique, the use of lead
protective garments, and the introduction of addition-
al imaging technologies, such as electroanatomical
mapping or ultrasound [3].

In addition, wearing lead protection has been
demonstrated to be associated with a significant risk
of orthopedic complications and peripheral neural
damage [13]. In an attempt to improve radiation safe-
ty to staff and diminish the risk of spinal injury, some
companies have developed different suspended or
stationary radiation protection systems in order to re-
duce operator dose and obviate the need to wear a
lead apron. In a bench study, one of these systems
has been proven to reduce operator radiation dose
significantly [14]. However, these systems are costly,
not ubiquitously available, and do not result in dose
reduction to the patient. On the other hand, the de-
velopment of 3D electroanatomic mapping systems
has allowed interventional electrophysiologists to sig-
nificantly reduce the amount of radiation exposure to
both staff and patients [15].

Comparison with previous studies

Previous studies have reported favorable out-
comes of the ZF/NZF approach for catheter ablation
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OT MPOCMNEKTUBHO, PaHAOMMU3UPAHO €OHOLIEHTPOBO
npoyysaHe Ha Ma et al. gemoHcTpupart, Yye usnons-
BaHeTo Ha cuctemaTa Ensite 3HauntenHo Hamansea
donyopockonckata ekcnosuums no speme Ha KA npwu
Bb3PaCTHN MaUMEHTU C OECHOCTPaHHWU OOMbIHUTEN-
HW NpoBoaHM Bpb3kK [16]. Stec et al. cvoblyasar, ve
MUWHUManHO MHBa3vWBeH MnoaxoAd, uanonssanku Ensite
cuctemarta, BOAM OO0 MbJIHOTO eNVMUHMPaHE Ha ymno-
Tpebata Ha dnyopockonuss M HeobxogMmocTTa OT
HOCEHEe Ha 3alUMTHO ONIOBHO OO6MEeKkno OT nepcoHa-
na B 95% ot cny4aute Ha KA npu HKT, 6e3 ToBa ga
BOOW OO pa3fnuka B HEMOCPEACTBEHMS U OAbIrOTpaeH
ycnex, KakTo U B YecToTaTa Ha HexernaHute cbouTtus
[17]. Fernandez-Gémez et al. goknageart, 4ye npwuno-
XeHneTo Ha cuctemara Ensite, kato camoctoaTenHa
MeToOMKa 3a HanpasensiBaHe Ha npoueaypaTa, No3Bo-
nsiBa HanNbfHO eNnMMUYHMPaHe Ha HeobxoaMMocTTa OT
n3nonseaHe Ha donyopockonusa B 94,7% oT cnyyante
Ha HKT ot gacHoTo npeacwpaue [18]. NMogobHu pesyn-
Tatu nybnukysat n Chen et al. B ronsam pernctsp [19].
Hawute gaHHM nokasBaT Mo-HMCKA 4YecToTa Ha Cry-
YauTe, npu komto KA e buna m3sbplieHa 6e3 n3nons-
BaHETO Ha chnyopockonus. Bb3aMoXXHO 0BscHeHue 3a
Te3n pesynTtati € 6posAT NauMeHTH, BKITIOYEHN B Halle-
TO n3cnegBaHe, KOMTO B HallaTa cepus e 63, AokaTo B
APYrv Mpoy4YBaHuWs ca BKITHOYEHW 3HAYUTENHO MO-roNsam
©pown naumeHTn [6, 9]. C HaTpynBaHETO Ha ONWT, npe-
MWHaBaHETO KbM NpoLeaypy C U3NOoM3BaHeTo Ha dry-
opocKonusa narnexaa no-Marnko BeposiTHo. B nogkpena
Ha ToBa TBbpAeHWe e (haKkTbT, Ye B MOBEYETO Ccry4vau
HeobxoaMMocCTTa OT U3MON3BaHETO Ha hNyopOCKONUst
e 6uno cBbp3aHO C TPYAHOCTU MPU KaHKOMMPAHETO Ha
KOPOHapPHMUS CUHYC NN N3pa3eH TOPTYO3UTET Ha CbAO0-
BeTe. B no-marnka cteneH ToBa ce onpegens ot Heob-
XOAMMOCTTa OT M3BbPLUBAHE Ha TpaHccenTanHa nyHk-
uud, Koeto e Buno pelleHne M3LANO Ha onepaTopa
CbOOpa3HoO OOLONPUETUS MPOTOKOS, Makap Hanuime-
TO Ha UHTpakapguanHa exorpadusi oa e JoCTbNHa arn-
TepHaTuBa. YecTtotata Ha ynotpeba Ha cpriyopockonus
B HalMS UeHTbp obave e B CbOTBETCTBUE C AAHHUTE,
Joknaasanu B apyru cepuu [20]. 3acnyxasa ga ce oT-
Oenexu, Yye ynotpebarta Ha dhriyopockonus U gosuTe
obnbyBaHe ca HUCKM W aHaNoOrM4yHU ¢ Te3un, nyonuky-
BaHW B Opyrv paHAoMU3upaHu npoy4dsaHus [7]. Hesa-
BMCUMO OT TOBa, CbBCEM CKOPOLLUHO paHAOMU3UPAHO
KOHTPOMMpaHo NpoyyBaHe, BKIHOYBaLLO 123 naumeHTw,
AEMOHCTpUpa NpUNoXmMMocTTa Ha nogxog 6e3 nanons-
BaHe Ha chriyopockonusa npu kateTbpHa abnaumsa Ha
SVT n AFL [8]. PeTpocnekTMBHO npoyyBaHe OT ApYyr
LeHTbp B Bbnrapusa gemoHcTpupa 3HavymMmMa pegykums
Ha bryopoCKOMNCKOTO BpemMe 1 Jo3ata npu NauueHTu
¢ CTIdAFL, npu kouTo abnauusita € usBbplUeHa noj
KOHTpOMa Ha cucTema 3a TpuM3aMepHa KapTorpadus
[21]. Opyro ckopolwHo npoy4yBaHe Ha Gasata Ha gaH-
HW OT Hawara cTpaHa goknagsa DAP ¢ meamaHa ot

of SVT. Results of a prospective, randomized, sin-
gle-center study from Ma et al. demonstrated that
the use of the Ensite system significantly reduced
fluoroscopy exposure during right-sided accessory
pathway ablation in adults [16]. Stec et al. reported
that a minimally invasive and simplified approach
using the Ensite system resulted in the complete
elimination of fluoroscopy and precluded the use
of protective lead apparel by the electrophysiology
staff in approximately 95% of SVT ablations without
changing the acute, long-term success or adverse
event rates [17]. Fernandez-Gémez et al. reported
the application of the Ensite system as a sole im-
aging method for guiding procedures, allowing the
complete elimination of fluoroscopy in 94.7% of
right-sided SVT cases [18]. Similar results have also
been reported by Chen et al. in a large registry study
[19]. We reported a lower proportion of patients ab-
lated without the use of fluoroscopy. We believe one
of the possible explanations for this is the sample
size; in our study, we included 63 patients, while
Fernandez-Gomez et al. and other series enrolled
a larger number of patients [6, 9]. With increasing
experience crossing over to fluoroscopy is proba-
bly less likely. This is supported by the fact that in
most of the patients, the decision to use fluoroscopy
was motivated by difficult CS cannulation or vessel
tortuosity. In a smaller number of patients, this was
driven by the need to perform transseptal puncture,
so the operators opted to use fluoroscopy, which is
the accepted approach, although intracardiac echo-
cardiography is also available. However, the rate of
use of fluoroscopy is in line with other reported se-
ries [20]. It is also worth noting that the fluoroscopy
time and dose used were low and in line with a pre-
viously published randomized controlled study [7].
Fluoroscopy doses reported Nevertheless, a very
recent randomized controlled study including 123
patients demonstrates the feasibility of a zero-flu-
oroscopy approach for the treatment of SVT and
AFL [8]. Previous retrospective data from another
Bulgarian center show a significant reduction in flu-
oroscopy time and dose in patients with CTIdAFL
undergoing catheter ablation guided by three-di-
mensional mapping [21]. Another recent study
based on Bulgarian national experience reported a
median DAP of 10500 (5000-26800) mGy*cm? for
simple ablations (those in AVNRT, AVRT, and AFI)
[22]. Mean fluoroscopy doses reported in the pa-
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10500 (5000-26800) mGy*cm? npu KOHBEHLMOHAIHN
abnaumm (Te3m npu AVNRT, AVRT, AFI) [22]. CpegHa-
Ta [03a, AOoKNaJBaHa B HACTOSILLOTO Mpoy4YBaHe, npwu
naumMeHTuTe, Npu KoMTo abnauusita € M3BbpLUeHa C
nanonasaHe Ha cnyopockonus (22% oT uicnegBaHuTe
cny4yau), e ocTa No-HUCKa U € MHOro nopj npeanoxe-
Hua ot JledptepoBa-KoctoBa 1 cbTp. HaUMOHANHO pe-
depeHTHO HMBO OT 25500 mGy*cm? [22].
HenocpeacteeHnaT ycnex ot npoueaypute 6e3 unu
C MUHMMarHO M3nonseaHe Ha PriyopocKkonusa e nopo-
©eH Ha KOHBEHUMOHanHns nogxod. ToBa e NOTBbpAEHO
B ronam 6pori cepumn naumeHTn, 0606LLEHO B HACKOpPO
nybnukyBaH metaaHanu3 ot Debreceni et al. [6]. Mpu
9074 nauuneHTn oT 24 npoyyYBaHMS HENOCPEeaCTBEHUAT
npoLuenypeH ycnex Ha cTpateruata 6es3 unm ¢ MmHuman-
HO M3Mon3BaHe Ha PryopoOCKONMsi € BUCOK U CPaBHUM
C TO3M MpU KOHBEHUMOHanHust nogxoad. NpouenypHoTo
Bpeme 1 6poAT annmKkaumm Ha paguodpeKBEHTHA eHEP-
s e cpaBHUM MeXay ABETe rpynu BbNpeku no-kpat-
KOTO Bpeme 3a camara abnauuwsa npu rpynata 6e3 unm
C MMHUMAaSIHO U3Mon3BaHe Ha Gonyopockonusi, Npeano-
naramku no-gobpata nokanusauusa Ha apuUTMOreHHUs
cybctpar ¢ nomowTa Ha TPUU3MEPHUTE CUCTEMMU 3a
KapTorpacupaHe. B peTpocneKkTMBHOTO Npoy4yBaHe Ha
LLlanraHoB 1 CbTp. CbLUO Ce [oKnaaBa Mo-HUCHK Bpor
abnaumoHHn neanu, korato abnauusTta npu CTIJAFL ce
M3BbPLUBA MO KOHTPOMa Ha cucTeMa 3a TpumMamMepHa
kapTorpacusa [21]. B cboTBeTCTBME C TE3W AAHHW, HUE
CblLo cbobLiaBamMe 3a MHOMO BUCOK HeNnocpencTBeH
ycnex Ha npouenypute, pgocturavkn 100% B Hawara
cepus. MogobHM gaHHM ca nyGnukyBaHW M OT TpuUTe
paHAOMU3MPaHN KOHTPOMMPaHW MPOyYBaHUS BKIHOYe-
HW B UMTUpaHUS MeTaaHanu3. B Te3n npoyyBaHusi He-
nocpeacTBeHusT ycnex e mexay 72 n 100% [7, 23-25],
NoTBbPXAaBanky Hawmte aHHW. Hawwute pesyntaTtu
CbOTBETCTBAT Ha MybnuKyBaHUTE B CKOPOLUHOTO MpO-
yuBaHe ZeroFluoro, kboeTo B paMoTo 6e3 13nonseaHe
Ha cbrnyopockonusi HEMOCPEACTBEH NPOLEAYPEH ycrnex
npu kateTbpHata abnaums Ha SVT n AFL e 100% [8].
[ObnroTpaHMAT ycnex Ccblo e CpaBHMM Mpu gBaTta
nogxoga. Debreceni et al. onucear gbnrotpaeH npo-
uenypeH ycnex B 97,02% 3a rpynata 6e3 unm ¢ MUHU-
MarHo M3nomnseaHe Ha dorniyopockonus cpelty 96,7% B
rpynarta ¢ koHBeHumoHaneH nogxog (RR 1,01, 95% Cl
1,00-1,03, P = 0,13). B HacToAWOTO n3cnensaHe Hue
CblLO MoKasBaMe MHOrO BUCOK AbIIrOTpaeH npoueay-
peH ycnex — 100% 3a nepuog ot npocnegsasaHe 12 + 3
Meceua. [laHHM OT paHAOMMU3VpaHW MPOYYBaHKS CbLLO
OEMOHCTpMpaT MHOMO BUCOKAa YeCcToTa Ha NOCTUraHe Ha
ObINrOCPOYEH MPOLEdYpPEH yCrex Mpu U3MNon3BaHe Ha
ZF/NZF nogxop [7, 8]. B npoTnBoBeC Ha Te3n AaHHU, B
Hackopo nybnvkyBaHO mMacrieaBaHe npu 266 naumeHTu
C PasnuyHu apuUTMOreHHu cybcTpaTy (BKM. 7 MaumeHTm
C KaMepHU apuTMnm), NOANOXKEHN N3LANO Ha npoleay-
pu 6e3 n3nona3eaHe Ha PriyopocKonud, AOKManBaHUAT

tients in which fluoroscopy was required (22% of
the whole studied population) in the current study
were much lower and far below the national diag-
nostic reference level of 25500 mGy*cm? proposed
by Kostova-Lefterova et al. [22].

The acute success of the procedure using ZF/
NZF is similar to the conventional approach. This
has been reported in large series of patients, which
have been summarized in a recent meta-analysis
by Debreceni et al. [6]. In a total population of 9074
patients from 24 studies, the acute success rates
of the ZF/NZF approach were found to be high and
similar to the conventional, fluoroscopy-guided ap-
proach. Procedural time and number of ablation ap-
plications were comparable between the two groups
despite the shorter ablation time in the ZF/NZF ap-
proach suggesting better localization of the arrhyth-
mogenic substrate with the use of a three-dimen-
sional mapping system. In their retrospective study,
Shalganov et al. also report a lower number of ab-
lation lesions when CTIJAFL ablation is performed
under the guidance of a three-dimensional mapping
system [21]. In line with these findings, we also re-
port a very high acute success rate of the proce-
dure, reaching up to 100% in our study. Similar find-
ings were also reported by the three randomized
controlled trials included in the meta-analysis men-
tioned above. In those, the acute success ranged
from 72% to 100% of the cases [7, 23-25], further
corroborating our findings. Our results are also in
line with the very recent ZeroFluoro study, where
a 100% acute success rate has been reported in
cases of AVNRT and AFI in the ZF arm [8]. Long-
term success has also been shown to be similar
between the two strategies. Debreceni et al. report
long-term success in 97.02% of the ZF/NZF group
vs. 96.7% in the conventional group (RR 1.01, 95%
Cl 1.00-1.03, P = 0.13). In the current study, we
have also shown a very high long-term success rate
of a 100% over a mean follow-up of 12 + 3 months.
Randomized studies also report very high long-term
success rates with the ZF/NZF approach [7, 8]. In
contrast, a recent study enrolling 266 patients with
various arrhythmia substrates (including ventricular
arrhythmias in 7 patients) undergoing exclusively
ZF ablation reported lower long-term success rates
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npouenypeH ycnex e no-Hucek — 90,8% cnepg 2,9 + 1,6
roauvHu Ha npocneasiBaHe [26]. VIHTepeceH e akTbT, Ye
B MOCOYEHOTO M3creaBaHe ce cbobLLaBa 3a nosisata Ha
HOBW apuUTMuUK cneg abnaumsta npu 7.7% OT NnauneHTu-
Te. B MHO3MHCTBOTO OT criy4auTe cTaBa BbMNpoc 3a Cry-
Yan Ha NpeacbpAHO MbXAeHe Npu naumMeHTW, noano-
XXeHu Ha abnauwus 3a npeacbpaHo TpenTeHe. B Hawarta
cepus naumMeHTn gpyrn aputMmm ca HabnogasaHu npm
2 cnyyasa ot 0bwo 63 nauneHTn (3,2%). N B gBara cny-
Yyasi ce Kacae 3a CbMbTCTBALLO NPEeACHPAHO MBbXAEHE,
KOETO BnocrieacTame e 06eKT Ha apyra abnaums n pearn-
HO He MOXe [a ce npreme 3a 13siBa Ha HoBa apuUTMus.

YcnoxHeHus

B metaaHanusa Ha Debreceni et al. poknagsaHata
YyecToTa Ha ycnoxHeHusaTa e 1.59% npu ronsma rpyna
naumeHTn [6]. Tasm YecToTa He ce pasnuyaBa CnpsiMo
rpynata C KOHBEHLMOHaneH noaxod, npu KOWTO € 13-
nonseaHa gnyopockonusi (RR = 0,68; 95% CI 0,45-1,05;
P = 0,08). B egHo OT npoyyBaHuATa, BKITKOYEHN B METa-
aHanm3a, ce cbobLyaBa 3a No-H1CKa YecToTa Ha YCroX-
HEeHUsITa NpU MWUHUMArHO U3Momn3BaHe Ha (ryopoOCKo-
nusa (0,5% cnpsamo 3,4% B rpynata C KOHBEHLUMOHaneH
nogxoAd, p = 0,03) [27]. Ot gpyra cTpaHa, JaHHWUTE OT
paHgommsmpaHoto npoyysaHe NO-PARTY nokassar
CcpaBHMMa YecToTa Ha ycnoxHenus (1,1%) mexay pa-
MeHaTa 6e3 Unn ¢ MUHMMarHO M3Mon3BaHe Ha gornyopo-
CKOMMS N KOHBEHLMOHANHOTO pamo [7]. BeblHocT aBa
OT TpUTE Cny4as Ha HENOCPELCTBEHN YCIOXHEHNS Ca B
KOHBEHLIMOHAMNHOTO pamo 1 ca CBbpP3aHu C yabikaBaHe
Ha VA npoBexgaHeTo. TpeTuaT criyyan e CBbp3aH CbC
Cb0BVSI OOCTbM M Ce € Cry4urn B UHTEPBEHUMOHAr-
HOTO pamo. CKOpPOLUHOTO PaHOOMM3UpPaHO NpoyyBaHe
ZeroFluoro goknagBa MHOMO CXo4HM TUMOBE U YecToTa
Ha HabntogaeaHuTe ycnoxHeHus [8]. Hawwnte gaHHM ca
aHanorM4yHu C Tesn pesynTaTtu, Npu ToBa 6e3 ga cbob-
LlaBaMe 3a YCINOXHEHUs1 KaKTO HEeMOCPEeACTBEHO, Taka
M Npy ObAroTpanHo npocneasiBaHe, nogkpensinkm 6es-
OMacHOCTTa Ha TO3M MoAXo4 B Ha4anHuTe gasn Ha Bb-
BEXAaHETO MY B KIMHUYHATA NpakTuKa.

KpuBa Ha oGy4eHue

Hawwute pesyntatu noka3eaT 3HAYMMU PasfvKu
B MpoUEedypHUTE BpeMeHa C HaTpynBaHETO Ha OnwT,
npeanonaranki eekT Ha kpuBaTa Ha obyyeHue. Ko-
rato aHanuaupaxme cnydaute B rpynv no 10 (13 B no-
crnepHara rpyna) B 3aBUCMMOCT OT HaTpynaHus onuT B
XO[a Ha NPoy4YBaHETO Ce YyCTaHOBM, Ye Han-CTpbMHaTa
YacT Ha KpvBaTa € Mo cpefaTa Ha uscneaBaHus ne-
puoa, KbAeTo MMalle yaobikaBaHe Ha npoLeaypHoTo
BpeMe, nocregBaHo oT cnaj, 3a ga ce AOCTUrHe [0
Han-kpaTkMTe NpoLeaypHU BpEMEHa Mpu naumeHTu
51-63. Ynotpebata Ha cnyopockonusa Gelle pasnuy-
Ha B MauMEHTCKUTE rpynu, cTpatuduumpaHn cnopes
BPEMETO Ha BK/IOYBAHE B M3CMEABAHETO, HO BbMPEKM

of 90.8% after 2.9 + 1.6 years [26]. Interestingly,
new post-ablation arrhythmia occurred in 7.7% of
the study population. In the majority of cases, this
was atrial fibrillation in patients who underwent AFL
ablation. In our series, other arrhythmias emerged
in 2 of 63 patients (3.2%). Both patients had con-
comitant atrial fibrillation, which was subject to ab-
lation, which in its essence, could not be considered
as an occurrence of a new arrhythmia.

Complication rates

In the meta-analysis of Debreceni et al., the re-
ported overall complication rate was 1.59% in a large
patient population [6]. This rate was not different com-
pared to the group undergoing conventional, fluoros-
copy-guided ablation (RR = 0.68; 95% CI 0.45-1.05,
p = 0.08). However, one of the studies included in the
meta-analysis actually reported lower late complication
rates with the NZF approach (0.5% vs., 3.4% in the
group undergoing conventional ablation, p = 0.03) [27].
On the other hand, data from the randomized NO-PAR-
TY trial demonstrate comparable and low complication
rates (overall 1.1%) between the arm utilizing no or
minimal fluoroscopy for ablation and the conventional
arm [7]. Actually, two of the three acute complications
occurred in the conventional arm and were associated
with prolonged VA conduction. The third complication
was associated with vascular access and occurred
in the intervention arm. The recent ZeroFluoro trial
reports very similar complication types and rates [8].
Our data are in line with these results as there were no
acute or long-term complications supporting the safety
of such an approach, even in the initial phases of its
implementation.

Learning curve

Our results indicate a significant difference in the
procedural time with increasing experience suggest-
ing a learning curve effect. When cases were analyzed
in groups of 10 patients (13 in the last group) based
on increasing experience during the study, the steep-
est portion of the learning curve was demonstrated
in the middle of the study period, where there was
an increase in procedural time followed by a gradu-
al decrease to reach the shortest procedural time in
the patients 51-63. Fluoroscopy use was different in
the patient groups stratified by study, but there was
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TOBa He ce yCTaHOBW Kopenauusa mexgy onvTa un dny-
OPOCKOMNCKOTO BpeMe 1 nbyeBaTta gosa. B npegxogHo
peTpocnekTMBHO n3cnensaHe Ha Kochar et al. 167 na-
UMeHTM ca npemuHanu POA Ha pasnuyHn aputMum,
BkMounTenHo 64 naumeHtn (38%) ¢ HKT [28]. Mpu
aHanu3a Ha KpuBaTta Ha oby4eHue, aBTopuTe ca ycTa-
HOBMMM nogobHa TeHOeHUUs B MPOABbIDKUTENHOCTTa
Ha npouedypvTe CbC CTPbMHO MOKavyBaHe Ha KpvBara
no Bpeme Ha nbpeute 30 cryyas, nocrnensaHo OT cnag
B cneggawmte 10. He cTtaBa AcHO ganuv To3m pesynTar
JocTura ctatuctTudecka 3HadmmoctT. [py npoBegeHns B
HaCTOSILLIOTO MPOyYBaHe MEXAYrpyrnoB aHanms ce ycta-
HOBSIBa 3HAYMMO HamarieHue B NpoLeaypHOTO Bpeme B
Kpasi Ha u3cnegBaHus Nepuog, cnpsiMo Hark-CTpbMHaTa
yacT Ha kpuata npu nauuneHtu 21-30. B npoyyBaHeTo
Ha Kochar n cbTp. MMa 1 gaHHM 3a 3Ha4uma pefyk-
umnsa B ynotpebarta Ha ¢nyopockonusi C HaTpynBaHETO
Ha OnuT, KOETO € B NPOTUBOPEYME C HALLINUTE HaXOOKW.
ToBa pasmMuHaBaHe MOXe NleCHO Aa ce 0BsCHM ¢ pas-
nnyMsa B NPOTOKONUTE Ha M3CnefBaHuSaTa, NO3BONsBa-
Wy ynotpebarta Ha ¢briyopoCKONUs npu HAKOM cryvau
B HavarnHarta ¢pasa, JoKaTO HaLIMAT NPOTOKOM NO3BO-
nsiBawe ynotpebata n camo B Criydan Ha Bb3HWKHaNa
TPYOHOCT B X0A4a Ha npoueayparTa.

OrpaHu4YeHus U NMpeYvKn 3a NOBCEMECTHOTO
BbBeXxgaHe Ha PDA 6Ge3 usnonssaHe
Ha dhnyopockonus

Bbnpekn oTnuyHuTE pesynTtati 3a ehekTUBHOCTTA
n 6esonacHocTTa Ha npouedypaTta OT HepaH4OMU3U-
paHu U paHOoOMU3MpPaHW faHHW, NoAxoabT 6e3 n3nons-
BaHe Ha (hnyopoCKonusi He e NOBCEMECTHO BbBeEH B
KNuHWYHaTa npakTuka. [JaHHuTe oT ronemuTe permcTpu
nokasear, Ye npoueaypuTe 6e3 nsnonasaHe Ha dnyo-
pOCKOMNUS BCE OLLe 3aeMaT HUCKa Nponopumsi CnpsiMo
obwusa 6pon npoueaypu 3a KA [9, 29]. Hali-BaxkHOTO
€ MoroXuTenHata TeHOEHUMS 3a YBENUYaBaHETO UM,
crneumnanHo B LEHTPOBETE C MO-TOMsIM OMWT, KbAETO
MMa gaHHM 3a gocTuraHeTo um o 22,9% npes nocnean-
HUTE roguHK, KakTo e goknaasaHo ot Troisi et al [9].

EQHa oT noTeHumanHuTe npeyvkn 3a Mno-LnMpoKoTO
BbBEXAaHe Ha noaxoda 6e3 usnonseaHe Ha dnyopo-
CKOMUsi MoXXe BU ca HSKOM TEXHUYECKU OrpaHuveHusi
Ha JOCTbMNHMUTE B MOMEHTa CUCTeEMM 3a kapTorpadupa-
He 1 KOHCymaTuBu. Hanpmumep ¢ HanMyHUTE B MOMEH-
Ta CMCTEMW HE MOXe Ja Ce BM3yanusmpar BogauuTe.
Ynotpebarta Ha HTpakapavanHa exorpacgust Moxe ga
Hamanu HSIKOM OT Te3u OFPaHUYEHNs U BCE MOBEYE Ha-
Mupa ynotpeba B cTpemexa Aa Hamanu unu nsberHe
ynoTpebarta Ha ¢onyopocKonusi Mo BPEME Ha enekTpo-
PU3MoNornYHNTE NpoLleaypu, JoOpy U Te3N C NO-KOM-
nnekceH xapaktep [30]. HesaBucumMo OT TO3U Hanpe-
ObK B TeXHoMnorumTe, ynotpebara Ha peHTreHOCKonms
Moxe O6u Bce olle e bbae Heobxogmma 3a onpege-
neHa 4yact oT npouenypute. ToBa € BanngHo ocobe-

no identifiable correlation between experience and
fluoroscopy time and dose. In a prior study, Kochar
et al. conducted a retrospective study of 167 patients
undergoing catheter ablation for various arrhythmias,
including 64 patients (38%) ablated for SVT [28]. In
an analysis of the operator learning curve, the authors
demonstrated a similar trend in procedure duration,
with a steep increase in the first 30 patients followed
by a decrease in the next 10 cases. However, this
study does not report whether this result was statisti-
cally significant. Contrary to that, the post-hoc group
comparison in our study demonstrated a significant
decrease in procedural time at the end of the stud-
ied period as compared to the steepest portion of the
curve (patients 21-30), suggesting a learning curve
effect. In the study by Kochar et al., there also was
a significant reduction in fluoroscopy time with expe-
rience, which is in contradiction to our findings. This
discrepancy could be easily explained by differences
in study protocol which allows fluoroscopy use in the
initial learning phase in some of the procedures, while
in our protocol, fluoroscopy was used only in cases
where difficulties were encountered.

Limitations and obstacles to the ubiquitous
implementation of zero-fluoroscopy
ablation

Despite the excellent results on efficacy and
safety from non-randomized and randomized data,
the ZF approach is not ubiquitously implemented.
Data from large registries show that the proportion of
ZF procedures still remains low [9, 29]. Importantly
with time, this proportion tends to increase, especial-
ly in experienced centers where it has been reported
to reach 22.9% in recent years, as reported by Troisi
et al. [9].

One of the potential obstacles to the further imple-
mentation of the ZF approach could be some techno-
logical limitations of the currently available mapping
systems and consumables. For instance, with the cur-
rent technology, guidewires cannot be visualized. How-
ever, the use of intracardiac echography can mitigate
some of these limitations and is increasingly used to
reduce or eliminate fluoroscopy use in electrophysiol-
ogy, including during more complex procedures [30].
Despite these advances, fluoroscopy might still be
required for some parts of the procedures. This is es-
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HO B CrnyvyauTe C n3paseHa TOPTYO3HOCT Ha BEHO3HUTE
CbJOBE UIN KOrato MMa HeauarHocTMumpaHa BeHO3Ha
aHomanus [19].

OrpaHuy4yeHUs Ha Npoy4BaHeTo

HawweTo npoyyBaHe Mma HSAKOM orpaHnyeHns. Mop-
BO, ToBa € 0OCepBaLMOHHO MpOyyBaHe, BKMHOYBALLIO
CPaBHUTENHO MasTbk 6por nauneHTn, makap uenta My e
[a NnoKake Hallngd Ha4varneH onuT € ToO31 noaxoa. BTOpO, B
MPOYYBaHETO € M3MoMn3BaHa CaMo eHa OT HanM4HUTE Ha
nasapa c1cTeMm 3a kapTorpacmpaHe, KOeTo Ha NpaKTyKa
03Ha4yaBa, Ye pesynTaTute He moraTt Ja 6baaT reHepa-
NN3MPaHN 3a BCUYKM HaNMUYHKU CUCTEMU. TpeTo, He cMe
CpaBHUINN pe3ynTaTuTe OT npouenypata Ha 6asarta Ha
onvTa Ha OTAernHWTe onepartopu. B peanHaTta knMHu4Ha
npakTuka, Tean npoLiedypy ce M3BbpLUBAT OT onepaTopu
C pasnu4yeH onuT. B paHgoMusupaHoTo npoyyBaHe eauH-
CTBEHUAT oneparop C No-MaltbK ONUT € AeMOHCTpupan
3Ha4YMMO NO-AbIro OBLLO npouenypHo Bpeme [8].

3AKNIOYEHUE

KA 6e3 nsnonssaHeto Ha onyopoCKonusi, Hanpae-
nsiBaHa OT TPUM3MEPHAa eneKkTpoaHaTOMUYHa cuctema
3a KapTorpadmpaHe e edekTuBeH u GesonaceH noa-
XOf, 3a KaTeTbpHa abnauma Ha HagkaMepHW Taxukap-
AN 1N NPeacbpAHO TpenTeHe. B eanHuWyeH KnuHM4eH
LeHTbp noaxoabT 6€3 unu ¢ MMHUMAarHoO M3non3BaHe
Ha bryopockonusa AeMOHCTpupa edhekT Ha KpuBaTa Ha
obyyeHune, KakTo U HamansaBaHe ynotpebata Ha dnyo-
POCKOMNUS C HAaTPYNBaHETO Ha OMNWUT.

He e deknapupaH KoHhrukm Ha uHmepecu
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