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[Mpy NaumMeHTy C peLmanBMpaLL BazoBaraneH CUHKOMN C KapAMOUHXMOUTOPEH UM CMECEH MEXaHU3bM, UM NpY NaLyMeHTH
CbC CUMNTOMHA (PYHKLMOHaNHa cuHycoBa Gpaaukapams unu AV Briok Moxe aa ce Npunoxu kapanoHespoabnaums. Ma-
Tepuan u metoau: NpeactaBsme cepus OT 5 NaLUeHTN — YeTUpUMa OT TAX C PELMANBUPALLN CUHKOMM /M CUMNTOMHA
CUHycoBa bpaaukapams, a neTsT — C NPUCTBNHO NPeACHPAHO MbXAEHe W peLmuavBmpaLLy cubkonn. Cneg noTBbpxae-
HME Ha MexaHW3ma Ha CHKONa C TUMT-TECT W Cej NONoXUTeNeH aTponuHOB TecT Gelle M3BbPLLEHA paguodpekBeHTHa
KaTeTbpHa kapanoHespoabnaums (Mpy nauueHTa ¢ NPeACbPAHO MbXAeHe kaTo AobaBka KbM n3onaums Ha 6enogpob-
HuTE BeHu). Mpu KpaTKOCPOYHO NpOCcneasBaHe Npu HUTO eAMH OT NaLNeHTUTE HAMa PeLanB Ha CUHKOM. 3aknioyeHue:
KateTbpHaTa HeBpoMoOgynaLus B Tasu Mbpea B bbarapus KnuHWYHa cepus nokassa MHOTO A0BPU KPaTKOCPOYHM pesyn-
TaTV W INNCa Ha CEPUO3HN YCIOXKHEHNS.
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Patients with recurrent vasovagal syncope with cardioinhibitory or mixed mechanism, or with symptomatic functional
sinus bradycardia or AV block can be treated with cardioneuroablation. Material and methods: A case series of 5
patients is presented — four with recurrent syncope and/or symptomatic sinus bradycardia, and one with paroxysmal
atrial fibrillation and recurrent syncope. After a confirmation of the syncope mechanism with ilt table test, and after
positive atropine test, radiofrequency catheter cardioneuroablation was performed (this was adjunctive procedure for the
patient with atrial fibrillation who received pulmonary vein isolation). During short-term follow-up none of the patients had
syncopal recurrence. Conclusion: Catheter neuromodulation provided very good short-term results and lack of serious
complications in this first case series in Bulgaria.
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BbBEOQEHME

CuHKOMbT NpeAcTaBnsBa KpaTkoTparHa npexogHa
camoorpaHm4aBalla ce 3aryba Ha Cb3HaHMe B pesyn-
TaT Ha rnmobanHa Mo3byHa xunonepdyaus [1]. EamH ot
Han-yecTuTe NoABMAOBE Ha pecdrnekTopHust (HeBparn-
HO MeauMnpaH) CUHKON e Ba3oBaranHusT cuHkon (BBC).
Mpu yacT ot nauneHTnte BBC peumnamBmpa n Moxe
3HAYUTENHO [a BMOLIN Ka4eCTBOTO Ha XMBOT. B 3aBu-
CMMOCT OT MexaHu3Ma ce pasfens Ha KapauouHxmou-
TOPEH, CMEeCEH 1 BasogenpecopeH. Cnopea HacTosLLm-
Te EBponenckn npenopbky 3a HamarnsiBaHe Ha CUHKO-
nanHuTe peunavBu MpU KapaMOUHXUOUTOPEH CUMHKOM
TpsibBa ga ce obmMucnyM MMMnaHTauus Ha MoCTOsIHEH
nericmerikbp DDD(R) (no Bb3moxHocCT ¢ closed-loop
stimulation nnu none c rate-drop response) [2]. lNoka-
3aHK 3a KapAMoCTUMYynaums ca NauMeHTn Ha Bb3pacT
> 40 roguHwn, C TEXbK, peunansBupaly, Hernpeackasyem
(6e3 NpogpoMM) CUHKOM M CMOHTaHHU OOKYMEHTUPaHU
CUMMTOMHW nay3u > 3 S UM aCUMNTOMHU naya3m > 6 s
nopagu CuMHycoB apecT unu AV Onok, unv ¢ Kkapguo-
WHXMOUTOPEH CUHAPOM Ha KapOTWAHMS CUMHYC, WK C
aCMCTONMYEH CUMHKOMN Npu TUNT-TecT. MHaukaumsaTa 3a
kapguoctumynaums e ot knac IA B lNpenopbkute 3a
kapanoctumynaums [2] n ot knac llaB B [Npenopbkute
3a nosegeHue npu cuHkon [1]. Mpy naumeHTn Ha Bb3-
pact < 40 rognHu obaye B lNpenopbk1MTe NpakTUYECKN
nuncea pasymMHa TepaneBTUYHa anTepHaTuea.

lMpe3 nocnegHWTe rOAMHU YCUIIEHO Ce Mpoy4yBa
Bb3MOXHOCTTa 3a €NMMUHMPAHE UM HamarnsBaHe Ha
CYHKOManHuTe peuvamBey Ypes paguodpekBeHTHa Ka-
TeTbpHa HeBpoMoaynauus (kapgnoHeBpoabnauus) Ha
envkapgHuTe raHrmuiiin nnekcycu (') npu naumeHTn
¢ BBC, dyHkumoHaneH AV 6rnok 1 yHKUMOHanHa cu-
HycoBa 6paaukapaus [3-8].

MATEPUAN U METOOMU

Onucanu ca nocnepgosaTtenHyn naumeHtTn ¢ BBC
n/vnn dyHKUMoHanHa cuHycoBa Opagvkapausi, npu
KOWTO e HanpaBeHa pagnopeKkBeHTHa KaTeTbpHa He-
BpoMogynaumsi. Bcnyku naumeHTn ca nognucanu uH-
dopmMmmpaHo cbkrnacue 3a npoueaypara, crief 00CHX-
AaHe Ha anTepHaTUBHUTE TepaneBTUYHW BapUaHTW.
MogroToBkaTta n camara npoueaypa ca U3BbpLUEHM MO
NpPOTOKON, YTBbPAEH OT MecTHata Komucusa no eTuka,
1 BKNIOYBAT 00pa3Ha AvarHoCTMKa Ha CbpLEeTo C Mynl-
TUOETEKTOPHA KOMMIOTbPHA TOMOrpadusi ¢ KOHTpacT,
TUNT-TECT (Camo NpY NaLUUEHTH CbC CMHKOM) 1 aTponu-
HOB TeCT. TUNT-TECTBT € OTYMTaH KaTo MOSIOKUTENEH
NpW UHAYKUMUSE HA CUHKOMN C KapAWOWMHXUOUTOPEH Wnu
CMECeH MexaHW3bM. ATPONWHOBUAT TECT € OTYUTaH
KaTo MOMOXMTENEH Mpy yBenuyaBaHe Ha M3xogHara
cbpgedHa yectota ¢ noHe 25%. Camarta npoueaypa
BKIOYBA €rieKTpoaHaTOMMYeH MEMUHr CbC CcucTeMa

INTRODUCTION

Syncope is defined as short transitory self-termi-
nating loss of consciousness caused by global cerebral
hypoperfusion [1]. One of the most common subtypes
of the reflex (neurally mediated) syncope is vasovagal
syncope (VVS). VVS can recur and impair seriously
the quality of life. Syncope is classified according to
its mechanism as cardioinhibitory, mixed, and vaso-
depressor. Current European Society of Cardiology
guidelines recommend implantation of a permanent
pacemaker DDD(R) (with closed-loop stimulation or
rate-drop response) for decreasing syncopal recur-
rences [2]. The indication for pacing includes patients
> 40 years, with severe recurrent syncope without pro-
dromes and documented spontaneous pauses > 3 sec.
or asymptomatic pauses > 6 sec. due to sinus arrest
or AV block, or with cardioinhibitory carotid sinus syn-
drome, or with tilt-induced asystolic syncope. The indi-
cation for pacing is rated class IA in the Guidelines for
cardiac pacing [2] and class llaB in the Guidelines for
management of syncope [1]. However, in patients <40
years there is no viable guideline-directed therapeutic
alternative.

In recent years, the possibility of eliminating or re-
ducing syncopal recurrences by radiofrequency cathe-
ter neuromodulation (cardioneuroablation) of the epi-
cardial ganglionated plexi (GP) in patients with VVS,
functional AV block and functional sinus bradycardia
has been intensively investigated [3-8].

MATERIAL AND METHODS

Consecutive patients with VVS and/or function-
al sinus bradycardia who underwent radiofrequency
catheter neuromodulation, are reported here. All pa-
tients had signed informed consent for the procedure
after discussion on the alternative treatment options.
The preprocedural preparation and the ablation were
done following a protocol approved by the local Eth-
ics committee and consisted of cardiac imaging by
contrast-enhanced multidetector computed tomogra-
phy, tilt-table test (only for patients with syncope),
and atropine test. The tilt test was deemed positive
if syncope with cardioinhibitory or mixed mechanism
was induced. Atropine test was deemed positive if
the baseline heart rate increased by at least 25%.
The procedure itself consisted of electroanatomic
mapping using EnSite Precision system and irrigat-
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EnSite Precision n npurupana abnauua B nsBoto u/
UnNn OACHOTO Mpeacbpane Ha MecTa, onpegerneHn no
aHaToMu4HKU penepu. lMpunara ce pagnodpekBeEHTHa
eHeprms ¢ mowHocT 35-50 W n npoabimKUTENHOCT 0
30 s. lopHMAT NsiB U NpegHuaT geced M1 ce abnupar
BMHaru, a octaHanuTe — no npeLeHka Ha onepaTopa.
Mpn abnauusa Ha nesute Tl uenTta e ga ce NPOBOKK-
pa v enuMmnHUpa BarycoB pedrekc, a npu abnauus Ha
[ecHuTe — aa ce NoCTUrHe TpamHO YyCKopsBaHe Ha Cbp-
AeyHaTa YyectoTa (M nogobpsBaHe Ha AV nposexaaHe-
TO, ako e Heobxogumo). lMNMpouenypata ce npekpaTsasa
npu gocturaHe Ha 75% OT nNMkoBaTa cbpaeyHa YecTo-
Ta npu aTponuHoBuA TecT. NpocneasaBaHeTo BKAOYBA
KnuHnyeH nperneq, EKI n xontep-EKIT, a korato € Bb3-
MOXHO — U MOBTOPEH TUNT-TECT.

PE3YNTATHK

Mpu BCUYKM NAUMEHTU C MONOXWUTENEH TUMAT-TECT
€ NHOYUUPaH CUHKOM, YAATO MEXaHM3bM € onpegeneH
cnopen mogudmumpaHata knacudukaums VASIS [9].
Mpw BCUYKM NAUMEHTN C aTPONMHOB TECT TOW e bun no-
noxuTeneH. B Tabnuua 1 ca nokazaHn HAKOW N3XOOHM
XapakTepUCTUKN 1 NpeanpoueaypHn nscnegsaHus Ha
nauneHtuTe. Mo-gony 3a BCekM NaumeHT ca npeacra-
BEHW OOMBbIHUTENHW AEeTalnu.

Cnyuvan 1

[eBoiika Ha 15 roguHW, C peumavBMpaLLi CUHKOMK
(obwo 9 npes nocnegHata roguHa, oT KOUTO 3 npes Mo-
crieqHvTe ABa Mecela), eyTupeouaHa, ¢ HopMareH HeB-
pororndeH craTyc v enekTpoeHuedanorpama. CbpLeTo e
CTPYKTypHO 3apaBo. EKI™ B cMHYcOB puTbM 1 ambynatop-
HoTo xonTep-EKI™ MoHWTOprpaHe ca HaMbHO HOpMariHu.
Jluncea dhamunHa aHamHesa 3a apuUTMUKM UNK BHE3anHa
cMbpT. [Npn enekTpodmanonorniyHoTo nacnensaHe (EPN)

ed ablation within the left and/or the right atrium at sites
defined by anatomical landmarks. Radiofrequency en-
ergy was delivered with a power of 35-50W and du-
ration of up to 30 seconds. The superior left and the
anterior right GPs were targeted always, while the re-
maining GPs were ablated only at the discretion of the
physician. The ablation of the left-sided GPs aimed to
elicit and abolish vagal reflex, while the ablation of the
right-sided GPs aimed to increase durably the heart
rate (and improve the AV conduction if deemed neces-
sary). The procedure is completed when the heart rate
attains 75% of the peak heart rate during the atropine
test. The follow-up consists of a clinical visit, ECG and
Holter-ECG, and when possible — repeat tilt-test.

RESULTS

All patients with positive tilt table test had a syn-
cope induced with a mechanism defined according
to the modified VASIS classification [9]. In all patients
with an atropine test performed, it was positive. Sever-
al preprocedural characteristics and test results of the
patients are shown on Table 1. Additional details are
presented below for each patient.

Case 1

A 15-year-old girl with recurrent syncope (a total of
9 episodes during the last year, of which 3 in the last
two months), euthyroid, with normal neurological status
and electroencephalogram. The heart was structural-
ly normal. The ECG in sinus rhythm and ambulatory
Holter-ECG were completely normal. There was no
family history for arrhythmias or sudden death. During

Ta6bnuua 1. MpeagnpouenypHU xapakTepucTukn Ha naumeHTuTe // Table 1. Preprocedural characteristics of the patients

MauuneHTt Mon/Bb3pact MNoka3aHusa 3a abnauus TunT TecT, TN otroBop | MNpomsHa Ha CY npu atponuHoB TecT (%)
Patient (roa.) Indication for ablation Tilt table test, type of Change of HR during atropine test (%)
Sex/age (years) response
1 XK/15 CuHkon
()1 +65
F/15 Syncope
2 K/43 CuHkon
(+).2B +50
F/43 Syncope
3 /38 CuHkon, cuHycoBa 6paau-
Kapaus (+), 1 +60
F/38 . .
Syncope, sinus bradycardia
4 K/49 CuHycoBa bpaavkapams
y Papuiapa NA +60
F/49 Sinus bradycardia
5 MpeacbpaHO MbXaeHe
M/76 peA . p,u,. . .M (+), 3 NA
Atrial fibrillation

CHY — cbpaeyHa yecToTa; XK — xeHckn; M — mbxku; (+) - nonoxuteneH; NA — He e npaBeH.

HR — heart rate; F — female; M — male; (+) — positive; NA — not done.
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n3xogHaTta CMHycoBa YecTtoTa Gewe 58 ya./min, npoeoa-
HUTE BpemeHa 1 ePekTUBHUAT pedpakTepeH nepunog Ha
AV Bb3ena (EPIM AV) 6sixa HopmanHu. 3sbpLum ce abna-
LUMsi Ha ropHUs NsiB U npeaHus aeceH [T1. Mpu abnauunsta
Ha ropHusa nsiB [T ce MHAyUMpa TeXbK BarycoB pedorekc
¢ 6pagukapgus oo 30 ya./min. Cnen envMMUHUpPaHETo Ha
BarycoBus pedoriekc ce 1M3sbpLuM abnaums n Ha npeaHust
aeceH [T1 ¢ yBennyaBaHe Ha cbpaeyvHaTa Yectora o 77-
81 ya./min. Crieq MapkmpaHe Ha xofa Ha dpeHnKyCoBUSI
HEpPB Ce NPUNoXnxa ABe KOHCoNnuavpaLum nesum 3a npeg-
HuMs aeceH [T1 oT gacHata cTpaHa Ha cenTyma C ycKops-
BaHe Ha YectoTara go 100 ya./min. duHanHo 3agbpkaHa-
Ta CMHycoBa YecToTa e 86 ya./min Ha dooHa Ha BEHO3Ha
aHecTesus ¢ npornodon v peHTaHun. Ha koHTporeH npe-
rmef eaviH MeceL, Mo-KbCHO CbobLaBa 3a MHTEPMUTEHTHO
ycelLaHe 3a YCKOpPEH Myric 1 NEeKo 3amarBaHe Mpu psa3ko
n3npaesiHe, HO HSMa CUMHKoMNanHu peuvomeu. MNpu Tene-
(POHEH KOHTaKT 6 Mecela cref abnauusita CbLUO HsAMa
CMHKOMNAsHN peLuaneu.

Cnyuan 2

YKeHa Ha 43 1., ¢ 3 cMHKoNanHu enunsoda 6e3 npoga-
poMM (MOCNEAHUST € MOCTMUKLMOHEH, C TpaBma Ha rmna-
BaTa npu nagaHeto). CbpLETO € CTPYKTYPHO 3apaeo.
EKI™ n xontep-EKI" He nokassaT OTkNOHeHUs. EnekTpo-
eHuedanorpamara cbLUo e B Hopma. [pu TunT-Tecta ce
MHAyUMpa KapaAMOUHXMOUTOPEH CUHKOM C acuUcTonus ¢
npoabmkutenHocT 17.8 cekyHau. MNMpyu EPU cuHycosata
yectota Gewe 60 ya./min, AH nHTepBanbT Gele yaobn-
xeH go 130 ms, EPIM AV cbuo Gelwe yabrmkeH go 470
ms, a BeHkebaxoBaTa Touka belle noHmkeHa o 520 ms.
M3BbpLum ce abrnaums Ha ropHUS NsB U Ha ABaTa OECHU
M (cpur. 1). MNpun abnaumsta Ha ropHus nse IT1 ce nH-
Ayumpa BarycoB pedrekc cbc 3abaBsiHe Ha cbpaeyHaTa
yecToTa 6e3 naysa, nocrnengaH ot yckopsisaHe go 90 ya./
min. Cnen abnauusita Ha npegHus aeceH M cuHycoBata
YyecToTa HapacHa gonbnHutenHo o 107 ya./min. Cnen
abnauuarta Ha gonHua geceH nnekcyc EPIM AV ce Hop-
Manuavpa, a Toykata Ha BeHkebax HapacHa. PuHanHo
3agbpKaHaTa cuHycoBa YecToTa e 83 ya./min Ha doHa
Ha aHanrocegaums ¢ peHTaHun n mmgasonam. EguH me-
cel Mo-KbCHO NauueHTkata CcbobLiaBa eduMHCTBEHO 3a
ycellaHe 3a NO-yCKOPEH Myric Bevep B MOKOW, KOETO He €
NMMUTMPALLO, a Ha KOHTponHus xonTtep-EKI™ cbpaedHaTa
YyecToTa Bapupa oT 74 0o 125 yg./min, cbC cpefHa YecTo-
Ta npe3 geHsa 89 ya./min, npes HowTa 80 ya./min. Mecew,
1 nornoBuHa crieq abnauusita npyu KOHTPOSEH TUNT-TECT
cnef NpOBOKaUWst C HUTPOIMULEPUH CyOnuHreanHo ce
WHOyuMpa BasodenpecopeH CuHkon 6e3 HukakeBa Kap-
OVOUHXMOMTOPHA KOMMOHEHTa — CUHycoBaTa 4ecToTa
TpanHO ocTaHa Hag 95 ya./min, BKM. MO BpeMe Ha CUH-
KonanHusa enu3on. Ha naumeHTkaTa 6sixa gageHy npeno-
PBbKM 3a MNO-00UNEeH NpUeM Ha TEYHOCTM U n3bsreaHe Ha
AbMr Neprvoamn Ha HenoaBWXKHO NPaBo MNONOXeHue, bsixa
" nokasaHu 1 MepkuTe 3a (OU3nKarnHo NPOTMBOHAanNSAraHe.

the electrophysiological (EP) study the baseline heart
rate was 58 bpm, conduction intervals and effective re-
fractory period of the AV node (ERPAV) were normal.
Ablation of the superior left and anterior right GPs was
done. The ablation of the superior left GP induced se-
vere vagal reflex with bradycardia down to 30 bpm.
After the reflex was abolished, ablation of the anterior
right GP was also done with an increase of the heart
rate up to 77-81 bpm. The phrenic nerve was tagged
and two consolidating lesions for the anterior right GP
were applied on the right atrial aspect of the septum
leading to additional increase of the heart rate to 100
bpm. The final heart rate was 86 bpm under i.v. anes-
thesia with propofol and fentanyl. At the follow-up visit
one month later the patient reported intermittent feel-
ing of increased heart rate and light dizziness at brisk
standing up, but there were not syncopal recurrences.
During a telephone contact 6 months after the ablation,
she still did not report syncopal recurrences.

Case 2

A 43-year-old woman with 3 syncopal recurrenc-
es without prodromes (the last one was micturition
syncope with head trauma after the fall). The heart
was structurally normal. The ECG and ambulatory
Holter-ECG were also normal, as was the electro-
encephalogram. The tilt-table test induced cardio-
inhibitory syncope with asystole of 17.8 sec. At EP
study the heart rate was 60 bpm, the AH interval
was prolonged to 130 ms, the ERPAV was also pro-
longed to 470 ms, while the Wenckebach point was
decreased to 520 ms. Ablation of the superior left
and of the right-sided GPs was done (Fig. 1). The
ablation of the superior left GP induced a brady-
cardic vagal reflex without asystole, followed by in-
crease of the heart rate to 90 bpm. The ablation of
the anterior right GP caused additional increase of
the sinus rate to 107 bpm. After the ablation of the
inferior right GP the ERPAV became normal, and
the Wenckebach point increased. The final heart
rate was 83 bpm under i.v. analgesia/sedation with
fentanyl and midazolam. One month later she is
feeling faster pulse in the evening at rest, which is
not limiting her. The follow-up Holter-ECG showed
a heart rate of 74 to 125 bpm, with an average heart
rate of 89 bpm at daytime and 80 bpm at night. The
follow-up tilt-test done 45 days after the ablation in-
duced a pure vasodepressor syncope after sublin-
gual nitroglycerin challenge — the lowest heart rate
was 95 bpm even during the syncope. The patient
was given recommendations for liberal fluid intake
and avoidance of long periods of immobile upright
standing, and she was also shown the physical
counter-pressure maneuvers.
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Cnyvan 3

XKeHa Ha 38 r. ¢ MeguMKamMeHTO3HO KOMMeHcupaH
nek XunotvpeouausbMm, C peunanBMpaliyn CUHKOMNU
mexay 18- n 32-roguwiHa Bb3pacT, cneqj Koeto € no-
CTOSIHHa cuHycoBa bpagukapaus (oo 38-40 ya./min
npes AeHsd), agMHamusi, CEpMO3HO HamarneH usmye-
CKM KanauuTeT, JHEBHA CbHMMBOCT, XPOHUYHA yMopa.
YCTaHOBU Ce CTPYKTYPHO HOPMarHO CbpLe, a Ha Xor-
Tep-EKI cbpaeyHaTa vectoTa Bapupa ot 40 oo 92 ya./
min. MNpn E®U ce ycTtaHOBMXa CUNHO yabImKEHW Bpe-
Me Ha Bb3CTaHOBsIBAHE Ha CUHycoBus Bb3en (BBCB)
n kopurmpaHo BBCB — cbotBeTHO 3130 n 1685 ms,
KaKTO M NaTonornyHy nokasarenu Ha AV npoBexgaHe-
TO ¢ Toyka Ha BeHkebax 840 ms n EPI AV 540 ms.
M3ebpun ce kapguoHeBpoabnaums Ha NneBuTe M Ha
npenHus gecex I (cwur. 2). Mpu abnauyusta Ha aBata
nesu Tl ce nHaoyumMpa TeXbK acUCTonuyeH pednekc
C nocriegBalla Texka cvHycoBa bpagukapousa go 28-
32 ya./min. PednekcbT Bele envMMrMHUpaH ¢ noBTop-
HWY pagmodpeKkBeHTHM annukauuu. MNMpu abnaumata Ha
npegHus geceH [Tl HacTbNM pPA3KO yBenvyaBaHe Ha
C/YHycOBaTa 4ecToTa MbpBOHAYanHo 0o 72 ya./min, a
no-kbcHo n 0o 90 ya./min. Toukata Ha BeHkebax Ha-
pacHa, 6e3 ga ce HopManuaupa, nopagu Koeto ce
M3BbPLUM abnauus n Ha gonHua geced [T1. duHanHo
3agbpXaHaTa cMHycoBa YecToTa € 84 ya./min (dwur. 3).
[MocTurHa ce MbAHO HOpManu3MpaHe Ha nokasaTenu-
Te 3a cuHycoBa yHKuusa n AV nposexaaHe — BBCB
1275 ms, kopurupaHo BBCB 485 ms, Touka Ha BeHke-
6ax 380 ms, EPITAV 340 ms. Ha koHTponHus nperneq
cnen eQuH Mecel, € B MHOro nogobpeHo ChbCTOsIHME,
0e3 aguHamMusa M CbHAMBOCT, C NMOBULUEH (hr3nMYeckn

®dur. 1. N3rmeg Ha aBeTe npeacbpaus B nnuTka NsiBa Koca
npoekumnsi. 3eneHnte cgepu obo3HayaBaT xoga Ha LEecHUs
(PPEHNKYCOB HEPB A0 ropHaTa npasHa BeHa. Cdepute B opyru
LBETOBE NnokasBaT MecTata Ha abnauus. ARGP — npegeH ge-
ceH '], SLGP — ropeH nsiB I'T1, IRGP — goneH geceH M

Fig. 1. Shallow left anterior oblique view of both atria. The
green spheres denote the course of the right phrenic nerve
close to the superior caval vein. The spheres in other colors
denote the ablation sites. ARGP — anterior right GP, SLGP —
superior left GP, IRGP — inferior right GP

Case 3

A 38-year-old woman with medically compen-
sated mild hypothyroidism and history of recurrent
syncope between 18 and 32-year-old age. In the
following years she had persistent sinus bradycar-
dia (38-40 bpm during daytime), adynamia, severely
compromised physical capacity, daytime sleepiness,
chronic fatigue. The heart was structurally normal. On
Holter-ECG the heart rate fluctuated between 40 and
92 bpm. At the EP study the sinus node recovery time
(SNRT) and the corrected SNRT were very prolonged
— 3115 and 1685 ms respectively. The AV conduction
parameters were also abnormal with a Wenckebach
point of 840 ms and ERPAV of 540 ms. Cardioneu-
roablation of the left-sided and the anterior right GPs
was done (Fig. 2). During the ablation of the left-sided
GPs a severe asystolic reflex was induced with sub-
sequent sinus bradycardia of 28-32 bpm. The reflex
was abolished by repeat radiofrequency applications.
During the ablation of the anterior right GP a sudden
increase of the sinus rate ensued — initially up to 72
bpm, and later on — up to 90 bpm. Wenckebach point
also increased without reaching normal values, so
the inferior right GP was also ablated. The final sinus
rate was 84 bpm (Fig. 3). The parameters of the si-
nus node function and the AV conduction completely
normalized — SNRT shortened to 1275 ms, correct-
ed SNRT - to 485 ms, Wenckebach point increased
to 380 ms, the ERPAV shortened to 340 ms. At the
follow-up visit one month later she was in highly im-
proved clinical condition, without adynamy or sleepi-
ness, with improved physical capacity in daily activi-



66

Y. llaneaHos, M. CmosiHos, U. balipakmaposa, Jl. bbpdapcka

a

®dur. 2. Niarmen Ha nsBOTO Npeacbpave ot3ad. pynupa-
HWUTEe LUBETHWU cdepn nokaseaT mecTtaTta Ha abnaums. ILGP
— goneH naB M1, [IpyriTe cbKpalleHns ca Kakto Ha dwur. 1

Fig. 2. Posterior view of the left atrium. The grouped
colored spheres denote the ablation sites. ILGP — inferior
left GP. Other abbreviations are as in Fig. 1
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KanauuTeT B exXeaHeBHUTE aenHoctn. Xontep-EKI no-
Kas3Ba CUMHYyCOB puUTbM C dp. 62-113 yg./min, cpeaHa
YyecToTa nNpes AeHd 88 ya./min, npes Howta 70 ya./min,
0e3 Opagukapoun nnu naysu, 6e3 ektonus. KoHtpon-

neuromodulation

ties. The follow-up Holter-ECG showed sinus rhythm
at a rate of 62 to 113 bpm, average heart rate of 88
bpm at daytime and 70 bpm at night, without brady-
cardia, pauses or ectopy. The follow-up tilt test was
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HUAT TUNT-TECT € HeratuBeH, BKI1. criea npoBoKauuda c
HUTPpAaT — He Ce npean3Bukea CVIHKOI'IaJ'IHa/I'IpeCVIHKO-
nanHa cMuMnTomMaTuka, HAMa 6pa/:|,|/|l<app,|/w| nnn naysu.

Cnyvan 4

XKeHa Ha 49 1., ¢ NpecrHKonu, XpoHU4Ha ymopa u
afvHaMus Npu oTAaBHa M3BeCTeH ,6aBeH nync”. MNpe-
OV efHa rogvMHa e yctaHOBeHa MOHOMOpMHa kaMepHa
€KCTpacucTonunss Npu CTPYKTYPHO 3A4paBO Cbpue, 3a
KOSATO € npeanucaH 6usonponon 2.5 mg AH., HO He3a-
BMCUMO OT TOBa B pasnuyHu xontep-EKI 3anucu 6po-
AT Ha ekcTpacuctonuTe Bapupa ot 7000 go 20 000/24
yaca. EKIN e HopmanHa, ¢ nsknyeHne Ha CUHycoBa
Opagukapgus go 41/min. MpuapyxaBawute 3abons-
BaHUS ca apTepuarnHa XWUnepToHusi, aBTOMMYHEH Tu-
peonauTt (eyTMpeouaHa npu 3aMecTUTENHO nevyeHue ¢
nesoTtupokcuH 50 mcg aH.), npebonegysaHa Covid-19
WHMEKUMS, XPOHUYEH KONUT U Hedponutmasa. MMbp-
BOHaYanHoTo npegnonoxeHue 6Gewe, 4ve ,6aBHUAT®
nyrnic BEPOSITHO € pe3ynTar oT NyncoB AeduuuT npu
KaMepHa €eKTOMusi, HO BMOCIeaCTBUE YCTaHOBUXME,
Yye onnakBaHWsITa OT OTNagHanocT U ymopa ca nocTo-
SIHHW, BKM. B ObArn nepvoan 6e3 Hukaksa eKkTonuMyHa
akTmBHocT. CuHycoBaTa bpaavkapams CblLO ce okasa
NOCTOSIHHA — 0PV Crned NpekpaTsBaHe Ha NeYeHeTo
c beTa-bnokep cMHycoBaTa YecToTa He HagxBbpnu 48-
53 ya./min. Cnepn nonoxuTeneH aTponvMHoB TecT belue
nnaHvpaHa 3a KaTeTbpHa abnauus Ha eKTOMUYHOTO
orHviwe n Hespomoaynaums. o Bpeme Ha EPU cuHy-
coBuaT 6asdaneH umkbn Bapupalue ot 1240 go 1440 ms
(dbp. 48-42 ya./min). MNpw npeagcbpgHa cTMMynaums ce
ycTaHoBuxa cunHo yabimken BBCB (4307 ms) n kopwu-
rmpaHo BBCB (2540 ms), ¢ ussiea Ha Abnrn nepuogm
Ha 3amecTuTeneH HoganeH puTtbM ¢ umkbn 1100-1520
ms (cpp. 54-39 ya./min). Nopaan N3KMUNTENHO pPeakn
KamMepHW eKCTpacucTonu, BKI. crieq dhapMakornormyHo
NOTEHLMpPaHe C XEKCOMPEHamnuH 1 enekTpuyecka ctu-
Mynauus, ce U3BbpLUM CaMO HEBpoMOoZynauums Ha rop-
HUA NaB 1 NpegHusa geced 1. MNpu pagnodpekBeHTHN
annukaummn B obnactTta Ha ropHusi nse 1 ce nHayuupa
BarycoB pedrekc ¢ naysm ot 2 CeKyHAu, KOMTo Gelue
enumuHupad. MNpy annukauumn B obnactra Ha NnpegHnst
neceH [Tl cuHycoBUAT UMKBLI TpanHo ce ckbeun Ao 900
ms (dp. 67 ya./min) n enudoguTe Ha HodaneH pUTbM
n3yesHaxa HanbnHo. Cneg mapkmpaHe Ha xoda Ha
PpEHNKYCOBUS HepB Osixa HaHEeCeHW OOMbIIHUTENHU
nesnn Ha npegHna gecet 1 oT cTpaHaTta Ha OSCHOTO
npeacbpave 1 ropHata npasHa BeHa, Mpu KOETO CUHY-
COBUSIT LMKBI CE CKbCU OOMBIHUTENHO U Ce 3aabpXa
Ha 850 ms. BBCB u kopurnpaHoto BBCB ce Hopmanu-
3upaxa, cboTBeTHO Ha 1205 ms n 355 ms, 6e3 Hukaksu
naysu, HUTO 3amecTuTeneH HodaneH pUuTbM UNu opu
€0VMHUYHM HoAanHuW cbkpalleHus. Crieg npouenypa-
Ta C onnakeBaHus OT npexogHa 6onka n nogyBaHe Ha
Kopema, NpeofornsiH1 CbC cna3mMonuTuk. EauH mecel

negative, incl. after nitrate challenge — no syncope/
presyncope was provoked, there were not bradycar-
dia nor pauses.

Case 4

A 49-year-old woman with recurrent presyncope,
chronic fatigue and adynamia together with known
for many years “slow pulse rate”. One year earlier
monomorphic ventricular premature beats were de-
tected in structurally normal heart and bisoprolol was
started at a daily dose 2.5 mg. Nevertheless, at sev-
eral Holter recordings the number of premature beats
varied between 7000 and 20000/24 hours. The ECG
was normal except for sinus bradycardia of 41 bpm.
She had also arterial hypertension, autoimmune
thyroiditis (she was euthyroid while substituted with
50 mcg levothyroxine daily), previous Covid-19 in-
fection, chronic colitis and nephrolithiasis. Our initial
suspicion was that the “slow pulse rate” was due to
pulse deficiency during ventricular premature beats.
However, subsequently we found that the complaints
of exhaustion and fatigue were constant, incl. during
long periods without any ectopic activity. Sinus bra-
dycardia also proved constant — even after stopping
the beta-blocker treatment the sinus rate did not ex-
ceed 48-53 bpm. After a positive atropine test she
was scheduled for catheter ablation of the ectopic fo-
cus and concomitant neuromodulation. At the time of
the EP study the sinus cycle length varied between
1240 and 1440 ms (48-42 bpm). During atrial pac-
ing we found severely prolonged SNRT of 4307 ms
and corrected SNRT of 2540 ms, with long periods
of escape nodal rhythm at a cycle length of 1100-
1520 ms (54-39 bpm). The ventricular premature
beats were exceedingly rare and not potentiated by
infusion of hexoprenaline and pacing, so only neuro-
modulation of the superior left and anterior right GPs
was performed. Radiofrequency applications at the
superior left GP provoked a vagal reflex with paus-
es of 2 seconds which was abolished. The applica-
tions at the anterior right GP persistently shortened
the sinus cycle length to 900 ms (67 bpm), while the
nodal rhythm completely disappeared. After tagging
the phrenic nerve additional lesions were delivered
on the right atrial aspect and within the superior ca-
val vein, thus decreasing and stabilizing the sinus
cycle length to 850 ms. SNRT and corrected SNRT
became normal — 1205 and 355 ms respectively, and
there were neither pauses, nor escape nodal rhythm
or even single nodal beats. After the procedure she
complained of transient abdominal pain and disten-
sion, resolved with spasmolytic drug treatment. One
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MO-KbCHO € B 3HAYUTENTHO NogobpeHo cbCTosiHME, 6e3
agnHamus, a oT KoHTpomnHua xontep-EKI 3anuc ce
oT4yeTe CMHycoBa YectoTa mexay 57 u 132 ya./min u
4000 kamepHun ekcTpacucTtonn/24 yaca 6e3 aHTUpu-
TbMHa Tepanus. CbBMECTHO C nNaumeHTkaTa ce peLuu
Aa ocTaHe 6e3 Tepanus 1 ga ce npocregssa c nepmo-
ONYHM ambBynaTopHM MOHUTOPMPAHUS 3a 3HAYUTEITHO
3a4ecTsiBaHe Ha kaMepHaTa ekTonus.

Cnyyan 5

MbX Ha 76 r., C peumaMBMpaLLo NPUCTBNHO Npea-
CbpOHO MbXAEHE, YecTa NpeacbpaHa eKCTpacucTonus,
W peuMamBMpaly CUMHKONM (2 3a nocrnegHus Mecel)
N MPECUHKOMM, SBABALLM CE HEMOCPEACTBEHO Npeau
npucTbLNUTE Ha apuTMus. EnmMsognte Ha npeacbpaHo
MbXOeHe 06M4alriHO Bb3HUKBAT NPEAMMHO BeYep, B Mo-
KOW, crnefd HaxpaHBaHe, 1 ce npeaLwecTsaT OT ycellaHe
3a nogyeBaHe Ha KOpema C OpurBaHe M rasoBe. TWMT-
TECT, NpoBedeH eaHa roguMHa Mno-paHo, € NpPoBOKMpan
BasogenpecopeH cuHkon. MNpuapyxasawute 3abonsea-
HWUS ca apTepuanHa XMnepToHust, 3axapeH anaodet Tun |l
Ha AMeToneYeHne, NeKoCTENEeHeH aHeMUYEH CUHAOPOM
cnen nonunekToMust OT CurMata, XPOHUYEH racTpuT.
Hama curiudumkaHTHa KOpoHapHa unu kapotugHa 6o-
necrt. N3sbpum ce ndonauusa Ha 6enogpobHUTE BEHN U
abnaums Ha ekTonmnyeH OOKyC B Moga Ha NABOTO Npeg-
cbpaMe 3agHOCenTanHo, TOYHO Hag MpoKcumarnHata
YyacT Ha KOpoHapHUS cuHyc. C Len HamansiBaHe Ha pu-
CKa OT peuMamB Ha NPeacbpaHO MbXAEeHe ce U3BbpLUK
1 HEBpoOMOZyrnaLuus OT cTpaHaTta Ha ASICHOTO Mpeachp-
Aue c HenpeKbcHaTa NMHWS OT ropHaTa npasHa BeHa no
3a4HMS CENTYM OO0 YCTUETO Ha KOPOHapHUSA cuHyc. MNpu
TOBa CMHycoBaTa YeCToTa HapacHa oT 57 Ha 74 ya./min,
ToukaTa Ha BeHkebax — ot 480 Ha 360 ms, a EPI1 AV
ce ckbeu oT 410 Ha 340 ms. Xontep-EKI™ Ha 30-usa geH
nokasa CMHycoB puTbM ¢ dp. 48-109 ya./min n cpegHa
yectoTa 61 yg./min npe3 aeHsa n 59 ya./min npes HowTa.
B crnegpawmte 6 Meceua HMa peunanB Ha Npeacbpa-
HO MBbXAEHE, HATO CMHKOMM U MPECUHKOMMN.

Ha Ttabn. 2 ca nokasaHu HAKOM nokasaTenu Herno-
CpPeACTBEHO Npeau 1 BegHara crnej HeBpomMoaynaums-
Ta, KaKTo 1 NPULENHUTE MecTa 3a abnaumsi Npyu BCUYKK
nawuueHTu.

OBCBXAOAHE

3a pasbupaHe Ha TeopeTMyHaTa OCHOBa U edek-
TUTE Ha KapAauMoHeBpoabnauuata e gobpe ga ce npu-
NMOMHM aHaTOMKsITa HA aBTOHOMHATa HEpPBHA cUCTEMA
Ha CbpLETO M MeXaHU3MbT Ha HEBPANHO MeauMpaHns
cuHkon. CobcTBeHaTa aBTOHOMHa HEpBHa cUcTeEMa Ha
CbpPLETO BKMHOYBA CUMMNATUKyCOBa M BarycoBa MHepBa-
uma. CumnaTmkycoBaTa MHepBaUMsi Ce OCbLLecTBsiBa
AVPEKTHO OT TopakanHuTe napaBepTebpanHu cumna-
TMKYCOBW FaHIMUM NOCPEeACTBOM ObITU MOCTraHMUIAHN

month later she was in improved condition, with-
out exhaustion, with a sinus heart rate of 57 to 132
bpm on Holter-ECG and 4000 ventricular premature
beats/24 hours without any antiarrhythmic therapy.
A shared decision was made to not institute antiar-
rhythmic treatment and to follow her for a significant
increase of the ventricular ectopy with periodic am-
bulatory monitoring.

Case 5

A 76-year-old male patient with recurrent paroxys-
mal atrial fibrillation, frequent atrial ectopic beats, and
recurrent syncope (2 episodes during the last month)
and presyncope occurring just before the arrhythmia
bouts. The atrial fibrillation recurred usually at the eve-
nings, at rest, after meals, and was preceded by feeling
of bloating, belching and flatulence. One year earlier
a vasodepressor syncope was induced during tilt-test.
The patient had also arterial hypertension, type 2 dia-
betes mellitus, mild anemia after sigmoidal polypecto-
my, and chronic gastritis. He had no significant coro-
nary or carotid disease. A pulmonary vein isolation was
done, followed by ablation of the ectopic focus located
on the left atrial floor posteroseptally, just over the prox-
imal part of the coronary sinus. With the aim to reduce
the risk of atrial fibrillation recurrence we performed
neuromodulation from the right atrial side — a continu-
ous line was created extending from the superior caval
vein along the posterior septum and down to the cor-
onary sinus ostium. The sinus rate increased from 57
to 74 bpm, the Wenckebach point — from 480 to 360
ms, while ERPAV shortened from 410 to 340 ms. One
month later the Holter-ECG showed sinus rhythm with
a heart rate of 48 to 109 bpm, and average heart rate
of 61 bpm at daytime and 59 bpm at night. Six months
later there were neither recurrences of atrial fibrillation,
Nnor syncope or presyncope.

Table 2 shows some parameters just before and
immediately after the neuromodulation, as well as the
targeted sites in all patients.

DiscussiON

To understand the rationale and effects of car-
dioneuroablation, it is necessary to recall the anat-
omy of the autonomic nervous system of the heart
and the mechanism of neurally mediated synco-
pe. The intrinsic autonomic nervous system of the
heart includes sympathetic and vagal innervation.
Sympathetic innervation is effectuated directly from
the thoracic paravertebral sympathetic ganglia by
means of long postganglionic axons that form a
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Ta6nuua 2. Hakou npoueaypHU NapameTpy HeNocpeaCcTBEHO Npeau U crea abnauusaTa, M NpULenHn Mecta
Table 2. Some procedural parameters immediately before and after the ablation, and target sites

MauueHTt CU npepu/cnen CU cnep (% ot nukoBaTta CY Touka Ha BeHkebGax EPIM AV npegu/ Mpuuenuu M
Patient (yAa./MuH.) npu aTponUHOBUSA TECT) npeau/cnepn (mc) cnep (mc) Targeted GP
HR before/after HR after (% of the peak HR Wenckebach point ERP AV before/
(bpm) during atropine test) before/after (ms) after (ms)
1 nr, an
58/86 60 400/400 340/330
LS, RA
2 N, an,
60/83 88 520/460 470/300 An.an
LS, RA, RI
} A, ng, AN,
42-51*/84 104 840/380 540/340 A. An, A
LS, LI, RA, RI
4 nr, an
41-48*/70 86 400/380 360/320
LS, RA
5 m,
57174 - 480/360 410/340 An. nA
RA, RI

* /I3sxogHO cuHycoBaTa 4yecToTa MokasBa rofieMun crnoHTaHHu Bapuaumm. CY — cbpaeydHa yectota; EPIMT AV — edekTuBeH pedpakTepeH nepuop,
Ha AV Bb3ena, JII — ropeH nsa. M1, 10 — gonen nas M, AN — npeneH gecex M, O — noneH geceH 1.

* The baseline sinus heart rate showed large spontaneous variations. HR — heart rate; ERP AV — effective refractory period of the AV node, LS
— superior left GP, LI — inferior left GP, RA — anterior right GP, RI — inferior right GP

aKCOHW, KOUTO OCHOPMSAT HEBPAITHA MpeXXa no envkapaa
M ce cBbp3BaT Npsko ¢ enukapgHute M u kapgmomu-
ountuTe. lNapacmmnaTvkycoBaTta MHepBauus Ce OCb-
LecTBABa OT AbMrM NPEraHrmvMnHY BarycoBy BrakHa,
KOWTO Ce CBbp3BaT C FAHIUNHN HEBPOHU C KbCK MOCT-
raHrmMnHW 3pacTbUm. Tesun raHrmuinHN HEBPOHW ca rpy-
nupaHu B cbpgedHun M B MacTHUTE Bb3rMaBHUYKA MO
enuvkapaHaTta NOBbPXHOCT, KaTto BCekn TakbB [T1 moxe
[Ja BKMo4Ba oT Hakonko aecetkn Ao Hag 1000 HeBpPOHHM
knetbyHu Tena. Tl ca KOHUeHTpupaHu B onpeneneHu
yyacTbUM A0 MecTaTa Ha CBbp3BaHe Ha 6ernogpobHuTe
BEHW C NSIBOTO NPeAChpAne 1 ocurypsisat aBTOHOMHaTa
WHEpBaLMS Ha CMHYCOBWSI Bb3en (ropeH NsAB 1 npeaeH
unu ropeH gecet 1) n AV Bb3ena (NpegeH geceH 1 o-
neH geceH [T1) [10]. MNMpu HeBpanHO MegunpaH CUHKOM
Hal-4eCTO NPOOBLIPKUTENEH OPTOCTAaTUYEH CTPeC BOau
[0 HamarneHo BEHO3HO BpbluaHe KbM CbpLETO, Hama-
NeH cbpaeveH OebuT, akTMBMpPaHe Ha KamepHUTe Me-
XaHOpeLEenTopn 1 OTKNoYBaHe Ha pedorekc Ha Bezold-
Jarisch ¢ noTuckaHe Ha CMMNATUKYCOBUSI TOHYC, KOETO
BOAM [0 Basoaunatauums, 1 ycunsaHe Ha BarycoBus To-
HYC, KOETO npeau3BukBa bpaavkapams Unm acuctTonust
[11]. B 3aBucmumocCT oOT ToBa Aanu npeobnagasa 6paau-
KapavaTa unv Basogunaraumsata n kak ce KoMbuHupar,
BBC moxe aa uma KapanouHxnbutopeH, Basoaenpeco-
peH unu cmeceH mexaHusom [1, 9, 12]. KapgnoHeBpo-
abnauusita yBpexga TEPMUYHO MapacuMnaTUKyCOBU-
T€ aMUTOTMYHU HEBPOHHW KNeTbyHu Tena B [T1 (ede-
peHTHaTa 4YacT Ha pedrekcHaTta abra), Kakto 1 4Yactu
OT aKCOHHaTa MOCTraHrMMMHa CUMMNATUKYCoBa Mpexa.
KpanHunat pesynTtaT e BarycoBa AeHepBauus C yBenu-
YaBaHe Ha CbpgedHaTa 4yecToTa, cKkbcsiBaHe Ha PQ- 1

neural network over the epicardium and connect
directly to epicardial GPs and cardiomyocytes.
Parasympathetic innervation is effectuated by long
preganglionic vagal fibers that connect to gangli-
onic neurons with short postganglionic processes.
These ganglionic neurons are grouped into cardiac
GPs in the fat pads on the epicardial surface, and
each one GP may contain from a few dozen to over
1000 neuronal cell bodies. GPs are concentrated in
certain areas near the pulmonary vein-to-left atrium
junctions and provide the autonomic innervation of
the sinus node (superior left and anterior or supe-
rior right GP) and the AV node (anterior right and
inferior right GP) [10]. In neurally mediated synco-
pe, most often prolonged orthostatic stress causes
reduced venous return to the heart, reduced car-
diac output, activation of ventricular mechanore-
ceptors, and triggering of the Bezold-Jarisch reflex
with inhibition of the sympathetic tone, leading to
vasodilation, and enhancement of the vagal tone,
causing bradycardia or asystole [11]. Depending on
the prevalence of bradycardia or vasodilatation and
how they combine, VVS may have a cardioinhibito-
ry, vasodepressor, or mixed mechanism [1, 9, 12].
Cardioneuroablation inflicts thermal damage to the
parasympathetic amitotic neuronal cell bodies in
the GP (the efferent part of the reflex arc), as well
as to parts of the axonal postganglionic sympathet-
ic network. This results in vagal denervation with
an increase of the heart rate, shortening of PQ and
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QTc-uHTepBanuTte, ckbesiBaHe Ha BBCB n Ha EPIT AV,
yBenuM4aBaHe Ha To4ykaTa Ha BeHkebax, a OT KnnHu4Ha
rregHa To4YKa — 3Ha4YMMO HamarieHne Ha peumanBuTe Ha
CWMHKOMN 1 nNpecuHkon [5-8, 13, 14].

C Ta3u cepusa crnyyav npeactaBsive 3a NpbB NbT B
Bwnrapusi npunaraHeTo Ha KapguoHeBpoabnaums npu
naunMeHTn ¢ peuMamBMpall, CUHKOM WM CUMMATOMHA
dyHKUMOHanNHa cuHycoBa Opagukapgua. Npegnpole-
AypHaTa noArotoBka U camarta abnaumsi npu nauneHTu
1-4 6axa OCbLUECTBEHM MO MPOTOKOS, U3FOTBEH OT HAC
N yTBbpAeH oT mecTtHata Komucusa no etuka. 3agbn-
XUTENHWTE npennpouenypHu mMscriedBaHus BKITHOYBAT
obpasHa OgnarHOCTMKa Ha CbpLEeTo, TUIT-TECT 3a U3s-
CHSIBAHE Ha MexaHu3Ma Ha CMHKOoMa 1 aTponMHOB TeCT
3a OLleHKa Ha noTeHumanHus edbekT ot abnauusTa. Kap-
AVOHeBpoabnaumsaTa UMUTUPa BaronUTUYHUTE eddeKTH
Ha aTponvHa 1 ce M3BbpLUBa CaMoO NPW MONOXUTESNEH
aTponuHoB TecT. [NauneHTn ¢ BazogenpecopeH CUHKONM,
CVHKOM C HEU3SICHEH MEXaHU3bM WIN HEraTMBEH aTpo-
NWHOB TECT HE Nogniexar Ha abnaums. TecTbT ce npasu
noHe 24 yaca npegu camarta abnauus, 3a fa e CUrypHo,
ye MEeOMKaMEHTO3HUAT ePEeKT € HaMmbHO n3depnaH u
HsMa fa Mackvpa edekTa Ha KapgnoHeBpoabnauusiTa.

OcBeH MHOro 400OpUTE HEMOCPEACTBEHM Pe3ynTaTn
Mo OTHOLUEHME Ha MapaMeTpuTe Ha CUHycoBaTa (OyHK-
unst 1 AV npoBexaaHeTo, KpaTKOCPOYHOTO Mpocnens-
BaHe Npu ONMUCaHWTe NaumMeHTU CbLLO € MHOrO OKypa-
XuTenHo. Mpu BCUYKN MMa OTYETIIMBO KIMMHUYHO Mogdo-
OpeHune, n3passBallo ce B NUMca Ha CUHKOMAanHW peLu-
AVIBU U/Mnn B 3HaYUTENHO nogobpeHne Ha rsnyeckms
kanaumTeT. [pu naumeHT 2 Npu KOHTPOIHWUS TUMT-TECT
Ce VHOyLumMpa CUHKONM, BEYE C U3LSAN0 Ba3odenpecopeH
MexaHu3bM. BeposiTHO oLLe Npu MbpBUSE TUNT-TECT WH-
OYUMPAHUAT CUMHKOM € OMn CbC CMECeH MEXaHWu3bM,
KOWTO nopagu Abnrata acuctonuyHa naysa e oun uH-
TeprnpeTnpaH KaTto U3LsAno KapauouHxubuTopeH. B Ta-
KMBa Crlydaun Hama CMUCHI OT MOBTOPHa abnauums, HUTO
OT UMMMaHTaLUMsA Ha NOCTOSIHEH NMEWCMENKBLP, Thil KaTo
KapOMOMHXMOMTOpHATa KOMMOHEHTA € EeNMMUHUpaHa.
Heobxoammo e Ha naumeHTuTe ga ce gagaT npenopbKu
3a NoBefeHVe 1 NTleYeHne KaTo 3a U3onmpaH Basogenpe-
COpPEH CuHKor. 3a oThensisaBaHe €, Ye B CbBCEM CKOPOLLI-
HO Mpoy4YBaHe C MeauaHHo NpocneasBsaHe oT 8 Meceua,
Npwv KOHTPONEH TUNT-TECT cried KapanoHeBpoabnaums e
OoTYeTeHa CpaBHUTENHO BUCOKA YeCToTa Ha Basogenpe-
COPEH CUHKOM, BKIT. MPU MNALUEHTU C U3XOOEH acUCTONM-
YeH TUNT-UHAYLUMPaH CUHKOM, HO MHOIO HUCKa YecToTa
Ha KITMHWYHO M3SIBEHM CMMMTOMU — CaMo MNpu ABamMa OT
17 naumeHnTn [15]. CnegoBaTenHo TUAT-MHOYLUUPAHUAT
Ba304ENPECOPEH CUMHKOMN creq kapAvoHeBpoabnaums
MoXe 61 He NpefckasBa KNMHUYEH peuvamnB U Oopu B
Te3n criyvyaun nporHo3sarta usrnexaga e énaronpusaTHa.

M3BbpLuBame HeBpoMoOaynaumsita Ha aHaTOMUYEH
NPVHUMM, 3aLL0TO HE3aBUCUMO OT U3MON3BaHNS METoq

QTc intervals, shortening of the SNRT and the ERP
AV, an increase in Wenckebach point, and from a
clinical point of view — a significant decrease of syn-
cope and presyncope recurrences [5-8, 13, 14].

With this case series, we report for the first time in
Bulgaria the implementation of cardioneuroablation in
patients with recurrent syncope or symptomatic func-
tional sinus bradycardia. The pre-procedural preparation
and the ablation in patients 1-4 were carried out follow-
ing a protocol designed by us and approved by the local
Ethics Committee. Mandatory preprocedural investiga-
tions include cardiac imaging, a tilt table test to elucidate
the mechanism of syncope, and an atropine test to eval-
uate the potential effect of ablation. Cardioneuroablation
mimics the vagolytic effects of atropine and is performed
only after a positive atropine test. Patients with vasode-
pressor syncope, syncope with an unclear mechanism,
or a negative atropine test are not eligible for ablation.
The test is done at least 24 hours before the ablation to
be sure that the drug effect has completely worn off and
will not mask the effect of the cardioneuroablation.

Besides the very good acute results regarding the
sinus node function and AV conduction parameters,
the short-term follow-up in these patients is also very
encouraging. In all of them, there was a manifest clin-
ical improvement, as demonstrated by the absence
of syncopal recurrences and/or in a significant im-
provement of the physical capacity. In patient 2, the
follow-up tilt test induced a syncope, now with a pure
vasodepressor mechanism. Probably already during
the preprocedural tilt-test the induced syncope had
a mixed mechanism, which was interpreted as car-
dioinhibitory due to the long asystolic pause. In such
cases, there is no point in repeat ablation, nor in im-
plantation of a permanent pacemaker, since the car-
dioinhibitory component is eliminated. It is necessary
the patients to receive recommendations for manage-
ment as for isolated vasodepressor syncope. Of note,
in a very recent study with a median follow-up of 8
months, a relatively high incidence of tilt-induced va-
sodepressor syncope after cardioneuroablation was
reported, incl. in patients with baseline asystolic tilt-in-
duced syncope, but at the same time the incidence of
clinically apparent symptoms was very low — in only
two of 17 patients [15]. Therefore, tilt-induced vaso-
depressor syncope after cardioneuroablation may not
predict clinical recurrence, and even in these cases
the prognosis seems to be favourable.

We perform the neuromodulation on an anatom-
ical basis, because, regardless of the method used
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3a nokanuaupaHe Ha [T pasnuka B KpanHUTE TOYKM
HaMa [14], HO BpeMeTpaeHeTOo Ha npoueaypaTa ce CKb-
csiBa. [TbpBOHa4YanHUTE HKU Brie4yatrieHus ca, 4ye abna-
umsaTa Ha ropHus nae [T npeanssukBa 1 Nocne envumm-
HMpa BarycoB pedriekc ¢ NocneaBaLlo KpaTkoTpaHo 1
Obp3onpexofHO NoBMLLIABaHe Ha CbpaeyHaTa 4ecToTa,
Jokato abnauusaTa Ha npegHus geced M1 npeanssukea
He3abaBHO 1 TparHO NoBuULIaBaHe Ha YectoTaTa. [pu
Bb3MOXHOCT npegnoymMtame no-orpaHMyeHa abnauus,
HacoveHa kbM ropHuTte 1, 3aW0TO BAUSHNETO Ha aB-
TOHOMHAaTa HEpPBHa CUCTEMA BbpPXYy CUHYCOBUSI Bb3en
Ce OCbLLECTBSABA OCHOBHO OT TAX — OT NPeAHUst AeCeH
I'TT anpekTHO 1 oT ropHus nas 1 onocpefcTBaHo yYpes
npeaHust aeceH M1, Covwmte gea M1 noenusieat n AV
nposexgaHeTo nocpeacTsom gonHua aecex M1 [10].

Cny4ani 5 e nHTepeceH ¢ ToBa, Ye Npw Hero npeg-
CbpOHOTO MbXAEHE MMaLLe KIMHUYHK Genesun Ha T.Hap.
,Barycoso“ mbxgaeHe [10] n HeBpoMoaynaumnsaTa BCbLL-
HocT Oelle HanpaBeHa OCHOBHO C Len HamansiBaHe
Ha puCKa OT peunauB Ha apuTMuUATa, OLle NoBede, Ye
TUAT-UHOYUMPAHUTE CUMMATOMU ca Ounn UHTepnpeTu-
paHun KaTo pesynTaT OT Ba3OAENpPEecopeH MEXaHU3bM.
BepoATHO npyn CMeceH MexaHM3bM C MHOTO M3pas3eHo
npeobnagaBaHe Ha efHaTa KOMMOHEHTaA € TPyAHO Aa
ce [ONoBU ,MarnkaTa“ KOMNOHEHTa U MHTepnpeTaumsaTa
MOXe [a € HenpaBuiHa, KakTo nNpu criydam 2. Taka nnu
WHade, Npy NaAuUUEHT 5 KNNMHWYHMAT pe3ynTaT e OTnu-
YeH He camo Mo OTHOLLIEHME Ha NPUCTbNHATa apUTMnS,
HO 1 MO OTHOLUEHWE Ha CUHKOManHuTe peunamsn. h-
TEpPEecHo e, 4Ye B uMTMpaHoTto npoyysaHe ELEGANCE
€0VH OT NaumneHTnTe C U3BbpLLEHA KapaMoHeBpoabna-
Lumsa n3xodHo e 6un ¢ BasogenpecopeH TUNT-MHAYLUN-
paH CMHKOM, HO MOBTOPHUAT TUNT-TECT crieq abnayus-
Ta e 6un HeraTueeH [15].

Mpn eaHa OT NaUMEHTKNTE HSKOMKO Yaca creg npo-
uegypata Bb3HMKHaxa onnakBaHusa oT 6orka n noay-
BaHe Ha KopeMa. baxa n3Kno4eHn yCrnoxXHeHus!, CBbp-
3aHU CbC CbAOBUS OOCTDBIM, KAKTO N OCTbP XUPYPruyeH
kopem. OnnakBaHusiTa Osixa OBnageHN KOHcepBaTWB-
HO, BMOCIeACTBME NPU NporexaBaHe B raCTPOEHTEPO-
NOrNYHO OTAENeHne e NocTaBeHa AMarHosa ,M30CTPeH
XPOHUYeEH KonuT“. He ctaHa sicHO gann uMma npuimHHa
Bpb3Kka c abnauudara.

Opyru ycnoxHeHuns He Bsxa pernctpupanu. lNotex-
umanHuTe puckose ca obuyarHuTe 3a BCsKa KaTeTbp-
Ha MHTEPBEHLMS 1 Ca CBbP3aHN CbC CbOOBUSA U TPaH-
ccentanHua gocTon. o OTHOWeEHWe Ha camaTta HeB-
pomogynauus npouegypara mnarnexga 6esonacHa u B
noBeYveTo AOoKMaau ce cbobliaBa camo 3a NpexoaHa
HEeMOTMBMpPaHa CMHYCOBa Taxnkapamsi Npyu manka vact
oT nauuneHTuTe [14]. B manka cepus oT naumneHTn e go-
KnagBaH M eduWH crnydan Ha npexofHa ractponapesa
cnep kapanoHespoabnauus [16].

B npencraBeHaTa KNMHUYHA cepus npocneasaBaHe-
TO € KpaTKO U C HAKOM orpaHuyveHmns. Hemanka yact ot

to localize the GPs, there is no difference in the end
points [14], however, the duration of the procedure is
shortened with this approach. Our initial impression is
that ablation of the superior left GP induces and then
abolishes vagal reflex with a subsequent short-lived
and transient increase of the heart rate, whereas ab-
lation of the anterior right GP produces an immediate
and sustained increase of the heart rate. When possi-
ble, we prefer a more limited ablation directed to the
superior GPs, because the influence of the autonomic
nervous system on the sinus node is mainly carried out
by them — from the anterior right GP directly and from
the superior left GP mediated through the anterior right
GP. The same two GPs also influence the AV conduc-
tion through the inferior right GP [10].

Case 5 is interesting in that his atrial fibrillation
had signs of the so-called “vagal” fibrillation [10] and
neuromodulation was actually done primarily to reduce
the risk of arrhythmia recurrence, especially since the
tilt-induced symptoms were interpreted as the result
of a vasodepressor mechanism. Probably, in a mixed
mechanism with a very pronounced predominance of
one component, it is difficult to detect the “minor” com-
ponent and the interpretation may be incorrect, as in
case 2. However, in patient 5, the clinical outcome was
excellent not only with respect to the paroxysmal ar-
rhythmia but also with respect to syncopal recurrences.
Interestingly, in the above-cited ELEGANCE study one
of the patients undergoing cardioneuroablation had va-
sodepressor tilt-induced syncope at baseline, but the
repeat tilt test after ablation was negative [15].

One of the patients had abdominal pain and dis-
tension a few hours after the procedure. Complications
related to vascular access and surgical abdominal
emergency were excluded. Symptoms were managed
conservatively, and subsequently during hospitaliza-
tion in a gastroenterology department, a diagnosis of
“exacerbated chronic colitis” was made. It is not clear
whether there was a causal relation to the ablation.

Other complications were not registered. Poten-
tial risks are common to any catheter intervention and
are associated with vascular and transseptal access.
In terms of the neuromodulation itself, the procedure
appears to be safe, and most publications report only
transient inappropriate sinus tachycardia in a minori-
ty of patients [14]. In a small clinical series, there was
also one case of transient gastroparesis after cardio-
neuroablation [16].

In this case series the follow-up is short and with
some limitations. A significant part of the patients
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nauMeHTUTe ca OT OPYrY HaceneHn Mecta U KOHTPOr-
HuTe xonTep-EKI ce npaBAT oT ambynaTtopHu kapau-
051031, KOUTO MPEACTaBAT B 3aKMOYEHMATa pasnmyHu
napamMmeTpu no HeyHU@UUMpaH Ha4nH. ToBa He NO3BO-
nsiBa fa ce Hanpasu BanugHO CpaBHeHWE Ha ambyna-
TOPHOTO MOHUTOpMPaHE Npeaun u cneq abnaumsTa npu
BCUYKKN NaumeHTn. KOHTponeH TUNT-TeCT CbLUOo Nuncea
npu 4acT OT nauuneHTuTe. MscnegsaHeTo ce nnaHupa
npeaBapuUTENHO U HE BUHArM € Bb3MOXHO [a Ce OCb-
LLIeCTBM HENOCPEACTBEHO NPEeAN KOHTPOMNHWS Npernea,
a ocBeH ToBa He ce peummbypcupa ot H3OK, koeTo
CblLO BB3NPENATCTBA PEOOBHOTO MYy W3BbpLUBAHE.
HesaBucumo OT TOBa KMMHUYHOTO MpocrefsBaHe Ha
npeacTtaBeHNTe NauMeHTU MokasBa HaucTMHa JOObp
edeKkT BbpXy CMHKOMaNHUTE peunanBu u BbpXy CUMI-
TOMUTE, CBbP3aHN CbC CUHYcoBa bpaavkapaus.

3AKNIOYEHUE

HacTosiwata cepust OT criydan Ha KateTbpHa HeBs-
pomogynaLms Npu peuuansmnpalLm Ba3osaranHn CUHKO-
N1 1 pyHKUMOHaNHa cuHycoBa Gpaavkapays e mbpeaTa
AoknagsaHa B Bbnrapus 1 nokasea MHoro 4o6pu kpart-
KOCPOYHWU pesynTaTu crieq Heobxogumata npeasapu-
TenHa noaroToBka, M NMnca Ha CEPUO3HN YCIOXHEHMSI.

He e deknapupaH KOHAUKM Ha uHmepecu
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