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Pe3siome. KateTbpHaTa abnauus Ha CbpAeyHu apuTMUm NPean3BIKkBa AECTPYKLMS Ha MUOKapAHa ThKaH 1 NoBHLLaBaHe Ha Cbpaey-
HWS1 TPONOHWH 1 Ha C-peakTneHKsa npoTenH (CRP). [JaHHUTE OTHOCHO AMHaMWKaTa Ha BUCOKOCEH3UTUBHMS TPOMOHUH Npu
upurupaHa abrnayus ca no-0CKbAHM, a NPy AMarHOCTUYHU enekTpodn3nonorniHmu nacnegsaquns (EOU) nsobuyo nuncear.
Llenta 1y Belwe ga npoyunm nepunpoLeypHaTa AMHaMmKa Ha BUCOKOCEH3UTUBHUS CbpaeyeH TponoHuH | (hscTn 1) v Ha
CRP, kaKTo 1 Bpb3kaTa UM C pasnnyHW npoueaypH napameTpu npn EOU n abnauus Ha pasnuynu aputmun. Matepuan
1 meToau: MpOoCNeKkTUBHO Ca NPOYYEHN NOCMENOBATENHU NALUNEHTN C M3BBbPLLEHO EPU unn abnaums. MpeactaBenn ca
KIMHUYHWTE W NPOLIEAYPHUTE UM XapaKTEPUCTUKW, U NPEA- 1 CNeAnpoLeaypHUTE CTOMHOCTM Ha hscTn | u CRP B geH 1,
2 1 3. 3a npoLieaypHu MapKkepu Ha WHAyLMpaHaTa MuokapaHa Hekposa 6sixa n3bpanum 6 nokasatens. Npu cTatuctude-
CKUTe TecToBe CTOMHOCT Ha p < 0,05 Gelwe npueTa 3a 3Haumma. Pesyntatu: Mpu 103-ma naumneHTn (58 mbxe, 56,3%)
ca u3sbpLueHn 98 abnauuv u 8 EOW. Mpn abnauun nsxogHute ctoitHocTu Ha hscTn | B aeH 1 Bsxa 3,2 ng/L (1,7-4,93),
a crnegnpoLeaypHUTe CTOMHOCTW Ha feH 2 1 3 6sxa cboteeTHO 500 ng/L (269-1044) n 404 ng/L (179-1017), p < 0,05
3a Bcuyku gHu. CregnpoueaypHuTe CToMHOCTW Ha hscTn | Bsixa ymepeHo 40 CUMHO CBbP3aHu ¢ pagnodpekseHTHaTa
(P®) eHeprus, Bpeme v Gpos annmkauyun. CnegnpovuesypHoTo nosuieHne Ha CRP cblyo Belue 3HaY1MMo, Makap 1 MHOTO
no-cna6o. Kopenauusita ¢ npouenypHute napametpu bewe cnaba. Mpu EOGU naxogHnte ctoitHoctn Ha hscTn | Bsxa 5,95
+ 5,34 ng/L (0,6-15,9), a 3a cneggalumTe aBa AHM CboTBETHO 53,2 + 43,1 ng/L (13,3-144) n 16,7 + 9,65 ng/L (3,3-30,9), p
< 0,05 3a Bcuukm gHU. 3aknroveHue: Mpy BCUUKK €NeKTPOdM3NOonorniHu npoueaypy — abnauum n EOW, ce yctaHoBsBa
3Ha4MMO creanpoLeaypHO noBuiuaBaHe Ha hscTn |. ToBa noBuwwaBaHe e 0COBEHO u3paseHo npu abnayuute, Npy KOUTO
TO Ce 3afbpxa 1 Npe3 Mbpaus CregnpoLedypeH AeH, 1 Nokassa ficHa Bpb3ka C kymynatueHata PO eneprus, PO Bpeme
1 6pos Ha P® annukauumte. PaHHoTo nosuweHne Ha CRP CbLLO e 3Ha4MMO, HO € MHOrO Manko 1 B cnaba kopenaums ¢
npoLeaypHUTe napameTpy.
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Abstract. The catheter ablation of cardiac arrhythmias causes myocardial destruction and increase of the cardiac troponin and
C-reactive protein (CRP). Data regarding dynamics of high-sensitivity troponin during irrigated ablation are scarce, and
for diagnostic electrophysiological studies (EPS) are lacking. We aimed to study the periprocedural dynamics of high-
sensitivity cardiac troponin | (hscTn 1) and CRP, as well as their relation to different procedural parameters during EPS and
ablation of various arrhythmias. Material and methods: Consecutive patients with EPS or ablation performed were studied
prospectively. Clinical and procedural characteristics, and pre- and postprocedural values of hscTn | and CRP are presented
atdays 1,2 and 3. Sixindices were chosen as procedural markers of induced myocardial injury. P-value < 0.05 was accepted
as statistically significant for all tests performed. Results: Eight EPS and 98 ablations were performed in 103 patients (58
males, 56.3%). For ablations the baseline values of hscTn | at day 1 were 3.2 ng/L (1.7-4.93), while postprocedural values
at days 2 and 3 were 500 ng/L (269-1044) and 404 ng/L (179-1017), p < 0.05 for all days. Postprocedural hscTn | values
were moderately to strongly correlated to radiofrequency (RF) energy, time and number of RF applications. Postprocedural
increase of CRP was also significant, but its magnitude was much smaller. Its correlation to procedural indices was
weak. For EPS the baseline values of hscTn | were 5.95 + 5.34 ng/L (0.6-15.9), while for the next 2 days these were
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53.2 + 43.1 ng/L (13.3-144) n 16.7 + 9.65 ng/L (3.3-30.9), p < 0.05 for all days. Conclusion: Significant postprocedural
increase of hscTn | was detected in all electrophysiology procedures — EPS and ablations. This increase was more
pronounced and prolonged to at least the next day after ablation. It was clearly correlated to the cumulative RF energy, RF
time and number of RF applications. Early increase of CRP was also significant, but to a lesser magnitude and in weak
correlation to the procedural parameters.
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BbBEOQEHME INTRODUCTION

Mo aedunHMLMA abnaumsTa Ha CbpaeYHN apUTMUK €
LLerneHacoyeHa JeCcTpyKUUs Ha apUTMOreHHa Mnokapa-
Ha TbKaH, OOMbIHUTENHM MPOBOAHN BPBb3KM UMK YacTu
OT crneLmnanManpaHaTa Bb3byaHO-NpoBogHa cUcTeMa Ha
CbpLETO C LiEN U3NeKyBaHe UMM KOHTPOS Ha CbpaeyHa
apuUTMUS Ype3 XMPYPTUYHW, ENeKTPoO-KaTETbPHU WU
dapmakonornyHn metoam“ [1]. Han-yecto npunaraHute
enekTpoa-KaTeTbPHM METOAM NPEAM3BUKBAT KOHTPOSK-
paHO M OrpaHUYEHO TEPMUYHO MUOKApOHO yBpexaaHe
ypes HarpsiBaHe unu 3ampassaBaHe. [JOKONKOTo 1 TpuTe
n36pOEHN OCHOBHU apUTMOreHHM cybcTpaTta ca npeg-
CTaBeHM OT MMOKapgHa ThbKaH, Hamb/IHO eCTECTBEHO €
cnep abnaums ga ce o4akBa NoBuvLIaBaHe Ha MapKepu-
Te 3a MMOKapaHa Hekpoa3a [2].

ToBa e m3cnegBaHO B NpeauvlHM nybnuvkaumm ¢
Len KonuyecTBeHa OLEeHKa Ha cb3gajeHaTta nesus.
MoBMwaBaHeETO Ha MapkepuTe, MO-CNeunanHo Ha
CbpAeYHMUTE TPOMOHUHW (BKM. C BUCOKOCEH3UTUBHMU
TecToBe) e [JoKa3aHo, He3aBMCMMO Janu e 13nornasa-
Ha paguodpekBeHTHa (P®P) unn KpuoreHHa eHeprus
3a abnauus, kato gopw npu 6anoHHa kpuoabnaums
Ha MpeacbpaHO MbXAEHEe TOBa MOBULUEHME € MHOTO
no-ronamo [3-8]. [laHH1Te 3a NOBULLABAHETO Ha Map-
KepuTe 3a MUOKapgHa Hekposa npu upurmpaHa P®
abnauusa obave ca NMO-OCKbOHU U Ca OrpaHUYeHn 0o
abnaumsa Ha NpeacbpAHO MBXOEHE M KamepHa Taxu-
Kapausi, cBbp3aHa ¢ umkatpuke [9, 10].

Llenta H1 Gewe ga npoyyum nepunpouesypHata
AVHaMMKa Ha BUCOKOCEH3UTUBHMS CbpAEYEH TPOmMo-
HuH | (hscTn I) kaTo nabopaTopeH Mapkep 3a UHAYLN-
paHa MMokapaHa Hekpo3a 1 Ha C-peakTUBHUS NPOTENH
(CRP) kaTo mapkep 3a acenTU4HO Nepune3noHHO Bb3-
naneHune, KakTo 1 Bpb3kaTa Ha Tasu AUHaMuUKa C pas-
NYHWM NPOLIEAYPHN XapaKTepUCTUKMA MpU NauueHTw,
NOANOXEHN Ha Pa3NUYHN ONArHOCTUYHM U abnavumoH-
HW KaTETbPHW eneKkTpor3nonornyHn Nnpoueaypu.

MATEPUAN U METOAMU

BkntoyeHn ca BcuYkM nocrnegoBaTtenHu nauueHTu
Ha Bb3pacT Haa 18 roamHu, npu KOUTO € usBbpLueHa PO
KaTeTbpHa abnaumsi UnM camo enekTpodrU3MonormyHo

By definition the ablation of cardiac arrhythmias re-
fers to “intentional destruction of arrhythmogenic myo-
cardial tissue, accessory AV connections or parts of the
specialized conduction system to cure or control car-
diac rhythm disturbances ... by using surgical or elec-
trode catheter methods or by delivery of pharmacologic
substances to the target region” [1]. The most common-
ly used electrode catheter methods cause controlled
and limited thermal myocardial injury by heating or
freezing the tissue. As all above-listed arrhythmogenic
substrates are represented by myocardial tissue, it is
completely unsurprising to expect rise of the markers
of myocardial necrosis after ablation [2].

This has been studied previously with the pur-
pose of quantitative estimation of the lesion created.
The increase of the markers, specifically of the cardiac
troponins (incl. by high-sensitivity assays), has been
proven, irrespectively of the use of radiofrequency (RF)
or cryogenic ablation energy, the latter causing much
larger increase during cryoballoon ablation for atrial
fibrillation [3-8]. The data on the rise of the markers of
myocardial necrosis during irrigated RF ablation are
rather scarce and limited to ablation of atrial fibrillation
and scar-related ventricular tachycardia [9, 10].

We aimed to study the periprocedural dynamics
of the high-sensitivity cardiac troponin | (hscTn |) as
laboratory marker of induced myocardial necrosis, and
of the C-reactive protein (CRP) as a marker of aseptic
perilesion inflammation, as well as the relation of this
dynamics to several procedural indices in patients sub-
jected to various diagnostic and ablation electrophysio-
logical catheter procedures.

MATERIAL AND METHODS

All consecutive patients aged >18 years with RF
catheter ablation or electrophysiological study (EPS)
done from October 2020 till April 2021 were included.
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nacneasaHe (EPQN) ot oktomepum 2020 r. oo anpun 2021
r. NpocnekTnBHO ca cbOMpaHu gemorpaddCckM LaHHU
N OCHOBHMW W3XOOHW KIMHWYHW XapakTepUCTUKW, Mpu-
OpyXaBally 3abonsiBaHusi, nokasatenu Ha ObOpedvHa
PYHKUNS, XapaKTEPUCTMKM Ha enekTpodm3nonormyiHa-
Ta npoueaypa (TapreTHa apuTMms, TapreTHa cbpaevHa
KyXuHa, npurnpaHa abnauus, kymynatusHo P® Bpeme
N eHeprus, 6por annmkKaumn, UHTpanpoLesypHO TpaH-
CTOpakarnHo eneKkTPUYecko KapgamoBep3no), CTOMHOCTU
Ha hscTn | B Tpu nocnegoBatenHy gHu (Npegu n cneg,
npoueaypara, KakTo U Ha cregBalums AeH), a CbLUo U
ctonHoct Ha CRP B geHs npegu v cneq npoueaypa-
Ta. 3a npoueaypH/ MapKepu Ha MHAyLmMpaHaTa Hekpo3a
n3bpaxme KymynaTtveHaTta P® eHeprus, KyMynaTMBHOTO
P® Bpeme, 6pos PO annukauuu, Buaa Ha abnauvsTa,
Bnga Ha P® neaun [11] n n3nonsBaHeTo Ha MpurmpaH
U HempurmpaH abnaumMoHeH KaTeTbp.

B aeHs Ha noctbneaHe (1) B KnuHukata e npase-
Ha NoaroToBka MO CTaHOApPTU3MPaH MHCTUTYLMOHaNEH
NPOTOKO, BKMOYBALLA KpbBHM nabopatopHu nscnen-
BaHus, EKI, exokapavorpadus, a npy Hyxga — u Myn-
TMAETEKTOpPHAa KOMMITbpHa ToMorpadus. Enekrtpodu-
3uonormyHaTa npouegypa e n3BbplUBaHa Ha cregsa-
wma geH (02). Oexocnutanusaumsita € oCbLLeCTBsIBa-
Ha B AeHs cnef npoueayparta (03).

NabopaTtopHu Mapkepu 3a MHAyLMUpaHa
MUOKapAHa HeKpo3a U Nepune3moHHo
Bb3narneHue

WN3axogHuTe nabopartopHu mscnegsaHusa B [11 ca
npaeeHn nNpu noctbneaHeTo (21-23 yaca npegn Ha-
4YanoTo Ha npoueaypaTta) n 3agbiMKUTENHO BKYBaT
cepymeH kpeatuHuH, CRP un hscTn I. Ha 2 (5-7 4aca
cnepn Kpasi Ha npouegyparta) e nscneaBsaHd hscTn |, a
Ha [03 (19-21 yaca cnep Kkpasi Ha npoueaypara) ca us-
cneasaHn CRP n otHoBo hscTn .

OnpepgensHeTo Ha hscTn | e ocbLlecTBABaHO Mo Xe-
MUcpryopecLieHTEH METOL, C aBTOMATUYEH aHanu3aTop
Access (Beckmann-Coulter Inc., USA). lopHaTta rpaHu-
ua Ha Hopmata (99-um nepceHTVN) e nonosocneunguy-
Ha — 19,6 ng/L 3a mbxe n 11,6 ng/L 3a xeHn. CRP e ¢
ropHa rpaHuua Ha Hopmata 5 mg/L n 3a gBata nona.

Enelcrpoqmsuonomql-m u3criegBaHuA 1 abnauum

EnektpodumanonornyHmute mscneaBaHus ca npa-
BEHN C MYHKUMOHEH BEHO3eH AOOCTbM W BbBeXAaHe
Ha eauH o Tpu 6 F guarHoCTU4YHKM KateTbpa, pasno-
naraHu Cropen HyXguTe B AscHaTa Kamepa, Kopo-
HapHWUSI CMHYC, BbPXY CHoMa Ha Xuc, B OAACHOTO U B
nsBoTo npeacbpave. MNpaseHa e 6bp3a 1M nporpamu-
paHa npeacbpaHa M KamepHa ctumynaums ¢ 1 go 3
eKcTpacTMMyna C LWMPUHa Ha uMmnynca 2 ms M MoL-
HOCT Ha Toka 7-11 mA. 3a abnauusa ca usnonasanu 7
F abnaunoHHn kateTpu ¢ 4 mm nnbTeH BpbX 6e3 npu-
raums (Therapy, Abbott, USA nnu FireMagic, MicroPort

A number of data were collected prospectively — de-
mographic data and baseline clinical characteristics,
comorbidities, renal function indices, characteristics of
the electrophysiological procedure (target arrhythmia,
target cardiac chamber, irrigated ablation, cumulative
RF time and energy, number of RF applications, intrap-
rocedural transthoracic electrical cardioversion), val-
ues of hscTn | in three consecutive days (before and
after the procedure, as well as on the next day), values
of CRP in the days before and after the procedure. Cu-
mulative RF energy, cumulative RF time, the number
of RF applications, the type of ablation, the type of RF
lesions [11] and use of irrigated or non-irrigated cath-
eter were chosen as procedural markers of induced
myocardial necrosis.

On the day of admission (D1) preparations were
done following a standard institutional protocol in-
cluding blood tests, ECG, cardiac ultrasound, and
cardiac multidetector computed tomography when
needed. The electrophysiological procedure was
performed on the next day (D2). On the day after the
procedure (D3) the patients were discharged from
the hospital.

Laboratory markers of induced
myocardial necrosis and perilesion
inflammation

The baseline laboratory tests of creatinine, CRP
and hscTn | on D1 were done at admission (21-23
hours before the start of the procedure). On D2 (5-7
hours after the end of the procedure) hscTn | was mea-
sured, and on D3 (19-21 hours after the end of the pro-
cedure) hscTn | and CRP were measured again.

The measurements of hscTn | were done using
automatic analyzer Access (Beckmann-Coulter Inc.,
USA) by hemifluorescence method. The upper nor-
mal limit (99th percentile) is sex-specific — 19.6 ng/L
for males and 11.6 ng/L for females. The upper normal
limit for CRP is 5 mg/L for both sexes.

Electrophysiological studies and ablations

Electrophysiological studies were done using
venous puncture and insertion of one to three 6F di-
agnostic catheters, positioned as needed in the right
ventricle, the coronary sinus, the His bundle area, the
right or the left atrium. Burst and programmed elec-
trical pacing was done with 1 to 3 extrastimuli at an
impulse width of 2 msec and an output of 7-11 mA.
Ablation was performed using 7F ablation catheters
with 4-mm non-irrigated tip (Therapy, Abbott, USA, or
FireMagic, MicroPort EP MedTech, China) or 4-mm la-
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EP MedTech, China) nnn ¢ 4 mm nasepHo Haps3aH
rbBKaB BpbX 1 oTBopeHa upwuraums (Therapy CoolFlex,
Abbott, USA) B TemnepaTypHO KOHTPOMMpaH PeXuM.
B 3aBucumocT ot cybecTparta 3a abnauus e npunaraHa
paanopekBeHTHa eHeprus ¢ MoLuHocT oT 20 go 50 W
npy makcumanHa Temnepartypa ot 40° C (npu mpuru-
paHa abnaums) o 65° C 1 NpogbimMKMTENHOCT Ha OT-
aenHute annukaumm ot 15 go 120 s. Mpu npurnpanmTte
abnaumm paboTHUAT gedbut Ha nomnata e ot 17 go 30
ml/min. B 3aBMCMMOCT OT cybcTpaTa.

3a uenuTe Ha aHanu3a abnauumTe ca pasgerneHy Ha
NPOCTU N KOMMNSEKCHU, a PP nesum — Ha dhokanHu n nu-
HelHK. B npoctute abnaumu ce BktoyBaT abnaummTe Ha
AV HopanHa pvieHTpu Taxukapamsa (AVNRT), AV pueh-
TPY Taxukapausi npy MaHUecTHa unm ckpyuTa SOMbIIHU-
TenHa npoBofHa Bpb3ka (AVRT), TMNMYHO NpeacbpaHo
TPenTeHe, 3aBUCUMO OT KaBOTPUKYCIMOAMHUS UCTMYC, U
abnauus Ha AV Bb3ena. KbM crnioxHute abnauum cna-
aat hokanHu npeacbpaHn Taxukapgum (OrT), atunmy-
HO MpeacbpaHO TPEnTeHe M NpeacbpaHU MakpOpUEH-
TPU TaxuvKapgaun, NpeacbpaHo MBbXAEHE, MAMONATUYHU
KaMepHN apuTMuMKn, M KaMepHU TaxuKapguu, CBbp3aHu
C uukatpukc. MNpu dokanHuTe abnaumm PO eHeprus ce
npuvnara Ha egHo MsACTo U Tyk ce BkmtouBaTt AVNRT,
AVRT, abnauusTa Ha AV Bb3ena, ®IT n ngnonatnyHmute
KaMepHu apuTMumn. [Npy BCUYKM OCTaHanm ropens3bpoeHn
BMOOBE apUTMUK Ca Cb34aBaHU IMHENHN NE3UN.

CtaTucTUKa

CTaTUCTUYECKMAT aHanM3 e WU3BbLbPLUEH C Naket
jamovi 1.6.23. PasnpegeneHneto Ha aHHUTE € oue-
HABaHO upe3 TecT Ha Shapiro-Wilk. HenpekbcHaTtute
AaHHU C HOpMarnHoO pasnpegeneHve ca npeacrase-
HW KaTo cpefHa CTOMHOCT + CTaHAaApPTHO OTKIOHEHWE
(MUHUMYM—MaKCUMyM), a Te3n C pasnpegerneHne, pas-
NINYHO OT HOPMASHOTO — KaTo MeAuaHa U UHTepKBap-
TuneH nHTepsan (25-75% nepceHTun). OTHOCUTENHK-
AT OSn e NpeacTaBeH KaTo MpoueHT. Bpbakata mex-
4y noctnpouenypHuTte ctorMHoctn Ha hscTn | u1 CRP
W NpouefypHUTE Mapkepu 3a MHAyLMpaHa Hekposa e
OLeHsIBaHa 4pe3 paHroB KopenauuvoHeH KoeduuMeHT
Ha Spearmann, a AuHaMuKaTta Ha npea- u cnegnpoue-
AypHUTE CTOMHOCTM e nu3cneaBaHa vpes T-TecToBe 3a
He3aBMUCMMU UM YMATHU M3BaOKWM (HenapameTpuyeH
TecT Ha Mann-Whitney n Tect Ha Student 3a mexagyr-
pynoBu cpaBHeHus, paHroB TecT Ha Wilcoxon 3a Bb-
TperpynoBu cpaBHeHus1). CTonHocT Ha p < 0.05 e npu-
eTa 3a CUrHUUKaHTHA.

PE3YNTATH

MacnegBaHu ca 103-ma naumeHTn, ot kouto 58
MbXe (56,3%). M3axogHnTe xapakTepucTuUKn Ha naum-
€HTUTe ca npefcTaBeHn B Tabnuua 1.

ser-cut open irrigation tip (Therapy CoolFlex, Abbott,
USA) in temperature-controlled mode. Depending on
the ablation substrate RF energy was delivered at a
power of 20 to 50 Watts, a maximum temperature of
40°C (for irrigated ablation) to 65°C, and application
duration of 15 to 120 sec. For irrigated ablation the
peak pump flow was 17 to 30 ml/min. depending on
the substrate.

For the purposes of the analysis the ablations were
defined as simple or complex, and RF lesions — as fo-
cal or linear. Simple ablations included ablation of AV
nodal reentrant tachycardia (AVNRT), AV reentrant
tachycardia using manifest or concealed accessory
pathway (AVRT), typical cavotricuspid isthmus-de-
pendent atrial flutter, and ablation of the AV junction.
Complex ablations included focal atrial tachycardias
(FAT), atypical atrial flutter and atrial macroreentrant
tachycardias, atrial fibrillation, idiopathic ventricular
arrhythmias, and scar-related ventricular tachycar-
dias. In focal ablations RF energy was delivered to a
single spot — this included AVNRT, AVRT, AV junction
ablation, FAT, and idiopathic ventricular arrhythmias.
Linear lesions were created in all other types of ar-
rhythmia.

Statistical analysis

The statistical analysis was carried out with
jamovi 1.6.23. Data distribution was assessed by
Shapiro-Wilk test. Continuous data with normal
distribution are presented as mean t standard
deviation (minimum — maximum), while data with
non-normal distribution are presented as median
and interquartile range (25%-75% percentile). Pro-
portions were presented as percentages. Correla-
tion between postprocedural values of hscTn | and
CRP and procedural markers for induced necrosis
was tested by Spearman’s rank correlation test.
The dynamics of the pre- and post-procedural val-
ues was tested by T-tests for independent or paired
samples (Mann-Whitney test and Student’s t-test
for intergroup comparisons, Wilcoxon signed rank
test for intragroup comparisons). P-value < 0.05
was considered significant.

RESULTS

Overall, 103 patients were studied. Males were 58
(56.3%). The baseline characteristics of the patients
are presented in Table 1.
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Ta6bnuua 1. XapakTepuctukm Ha naumeHTuTe / Table 1. Patients’ characteristics

BbapacT (roa.) / Age (years)

57 (47,5 — 67,5)

PwcT / Height (cm)

172 £ 10,1 (145 — 197)

Terno / Weight (kg)

82+ 17,9 (43 — 120)

NTM / BMI

27,7 +5.2 (16 — 41,5)

Mpuapyxasawwm 3abonasanus: / Comorbidities (n, %):

— Obesuter — Obesity 33 (32%)
— ApTepuanHa XxunepToHus — Arterial hypertension 71 (68,9%)
— 3axapeH anabet — Diabetes mellitus 18 (17,5%)
- KBC - CAD 15 (14,6%)
— CHHOU — HFrEF 3(2,9%)
— CHsoU -~ HFpEF 11 (10,7%)
- XB3 - CKD 7 (6,8%)
OUNK / LVEF (%) 59 (55 - 62)

Kpeatunnun/ Creatinine (umol/L)

84 (73,3 — 96,8)

eGFR (ml/min./1.74 m?)

73,3+20,1 (4 - 117)

KpeatnHunHoB knupbHc / Creatinine clearance (ml/min./1.74 m?)

93,1+33,3(3-178)

WTM — nHgekc Ha TenecHa maca; KbC — kopoHapHa 6onecT Ha cbpueTo; CHHPU — cbpaeyHa HeAOCTaTbYHOCT C HaManeHa pakums Ha us-
TnacksaHe; CH3®U — cbpaeyHa HeqoCTaTbYHOCT Npu 3ana3eHa pakuust Ha natnacksaHe; Xb3 — xpoHuyHo 6b6peyHo 3abonsBaHe; PUNK —
pakuma Ha ustnacksaHe Ha nsia kamepa; eGFR — n3dyncneHa ckopocT Ha rnmomepynHa dunTtpaums. O6e3nteTsT e geduHupaH kato UTM >
30. KBC e pethuHupaHa kaTto ctap MnokapaeH UHMapKT/nepkyTaHHa KopoHapHa MHTepBeHUMs/KopoHapHa barnac xmpyprus

BMI — body mass index; CAD — coronary artery disease; HFrEF — heart failure with reduced ejection fraction; HFpEF — heart failure with
preserved ejection fraction; CKD — chronic kidney disease; LVEF — left ventricular ejection fraction; eGFR — estimated glomerular filtration rate.
Obesity was defined as BMI > 30. CAD was defined as previous myocardial infarction/percutaneous coronary intervention/coronary artery by-

pass surgery.

MpoBeaeHu ca 8 guarHocTnyHn EOU n 98 abnauyun
(Mpu egHa naumneHTka e n3BbpieHo EOU, a Ha cnen-
BaL eTan — v abnauusi, a npy gpyru ABaMma naumeHTm —
NoBTOpHa abnauus nopagu peunave Ha TpeTMpaHaTta
apuTMuns). XapakTepucTuknTe Ha abnaumMoHHUTE Mpo-
Lueaypv ca npeactaBeHn B Tabnuua 2.

MepunpouenypHata aguHamuka Ha hscTn | no non
n Ha CRP 3a uyanarta nonynauusi npy abnaumm n npu
E®U ca nokasaHu B Tabnuum 3 n 4. nHamukaTta Ha
hscTn | 3a BCu4kn naumeHTn ¢ abnaunmn e, Kakto crne-
Ba: B [1-3,2ng/L, 1,7-4,93; 02 — 500 ng/L, 269-1044;
O3 — 404 ng/L, 179-1017. Mpn E®PU gnHamukata e
cvboTtBeTHO: 11 — 5,95 + 5,34 (0,6-15,9); A2 — 53,2 +
43,1 (13,3-144); 03 — 16,7 + 9,65 (3,3-30,9). AnHamu-
KaTa Ha hscTn | 3a yanata uacnegsaHa nonynauus e
nokasaHa Ha c¢wur. 1. MNpu 5-ma nauymeHTn ¢ abnaums
WHUMAEHTHO UNN MO TEXHUYECKU MPUYMHKU ca Npomnyc-
KaHW eguHnYHK nacnegsaHusa — hscTn | He e nacnen-
BaH npv eauH naumeHT B 11 v npu eamH naumeHT B 12,
CRP He e nscnegsaH npu eguH naumeHt B 1, a npu
neama B 13 He e mnacnensaH hscTn | 1 CRP. OceeH
TOBa Npuv Apyrn ABama naumeHTn naxogHmar hscTn | B
[1 no TexHMYeCKn NPUYNHK € U3CreaBaH NO pasnuyeH
METOA, KaTo 1 B ABaTta clyyas CTOMHOCTTa My € Nnof
ropHaTa rpaHuLa Ha Hopmara.

IOuHamukata Ha hscTn | npu abnauuu n npu am-
arHoctuyHu E®U (cbur. 1) B oTAENHUTE OBONKU OHU €
oTyeTnMBa M 3Hauyuma. lNpu abnauuute ce ycTaHOBMU

Eight diagnostic EPS and 98 ablations were done
(one patient had EPS first and ablation at another ad-
mission, two other patients had redo ablations for re-
currences of the ablated arrhythmia). The characteris-
tics of the ablation procedures are shown in Table 2.

The periprocedural dynamics of hscTn | stratified
by sex, and of CRP for the entire population in abla-
tions and EPS are presented in Tables 3 and 4. The
hscTn | dynamics for all ablations is as follows: at D1
— 3.2 ng/L, 1.7-4.93; D2 - 500 ng/L, 269-1044; D3 —
404 ng/L, 179-1017. For EPS it is: D1 — 5.9545.34
(0.6-15.9); D2 - 53.2+43.1 (13.3-144); D3 - 16.7+9.65
(3.3-30.9). The dynamics of hscTn | for the entire pop-
ulation is shown on Fig. 1. In five patients of the ab-
lation group accidentally or due to technical reasons
single lab tests were not performed — hscTn | was not
tested in one patient at D1 and one patient at D2, CRP
was not tested in one patient at D1, while in two pa-
tients hscTn | and CRP were missed at D3. Besides,
in two other patients the baseline hscTn | at D1 was
tested by different method due to technical reasons,
and in both cases the values were lower than the up-

per normal limit.

The dynamics of hscTn | in ablations and diag-
nostic EPS (Fig. 1) in the different pairs of days is
manifest and significant. In the ablation group there
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ymepeHa (3a [02) go Bucoka (3a [13) curHudpmkaHTHa
Kopenaums mexagy npoueoypHUTE MapKepu 3a HEKpo-
3a 1 hscTn |, n curHudukaHTHa, Ho crnaba kopenauus
Mexagy npouenypHuTe mapkepu 3a Hekpo3a n CRP
(cpur. 2). CRP ce nosuwaBa curHuguUKaHTHO cnen-
npouenypHo (Tabn. 3 un 4), Ho mexay abnaunm n EOU
He ce yCTaHOBSABaAT pPasnuku HUTO maxogHo (p = 1,00),
HWUTO criegnpoueaypHo (p = 0,542).

Mpn 15 abnaumoHHn npoueaypu (11 KOMAAEKCHW) e
npoBeAeHa 1 NHTpanpoLeaypHO TpaHCTOpakasHo enek-
Tpokapgnosep3uno. [Npu Te3n nauneHTn CTOMHOCTUTE Ha
hscTn | B 12 n 13 He nokasaxa 3Ha4MMu pasruku cnps-
MO nMuaTa ¢ KOMMIeKCHN abnaumm, Ho 6e3 enekTpokap-
aunosep3suo. MNpu 13 abnauumn Ha naumeHTn ¢ KopoHapHa
©onecT (5 KOMNNEKCHN) CBLLO HE CEe YCTaHOBU 3Ha4YnMa
pasnuka B ctonHocTuTe Ha hscTn | B 12 1 [03 cnpsmo
ocTaHanuTe naumeHTn 6e3 kopoHapHa Gonecr.

was moderate (on D2) to strong (on D3) correlation
between the procedural markers of induced necrosis
and hscTn |, and significant but weak correlation be-
tween the same markers and CRP (Fig. 2). Post-pro-
cedural increase of CRP was significant (tables 3 and
4), but there were no differences between ablations
and EPS neither at baseline (p = 1.00), nor post-pro-
cedure (p = 0.542).

In 15 ablations (11 complex) a transthoracic elec-
trical cardioversion was done. In those patients the
hscTn | values at D2 and D3 did not show significant
differences compared to patients with complex abla-
tions without cardioversion. In 13 ablations of patients
with coronary artery disease (5 complex) the hscTn |
values at D2 and D3 also did not show significant dif-
ferences compared to patients without coronary artery
disease.

Ta6bnuua 2. NpoueaypHu xapakrepucTuku Ha abnauuute / Table 2. Procedural characteristics of the ablations

n (%) nnu meguaxa (IQR)
n (%) or median (IQR)

Bug abnauus (n, %)
— [Mpocta
— KomnnekcHa

Type of ablation (n, %)
— Simple
— Complex

53 (54,1%)
45 (45,9%)

Bug P® nesus (n, %)
— ®okanHa
— JlnHenna

Type of RF lesion (n, %)
— Focal
— Linear

41 (41,8%)
57 (58,2%)

AbnupaHa aputMus (n, %)

— AVNRT

— AVRT

— AGnauus Ha AV Bb3ena

- onT

— VpvonatnyHa kamepHa apuTMus

— TunuyHo NpeacbpPAHO TpenTeHe

— MNpencbpaoHo MbXOEHE

— ATUNUYHO NpeacbpAHO TpenTeHe/npeacbpaHa MakpopUeH-
TpU Taxukapams

— KamepHa Taxvikapaus, cBbp3aHa C LukaTpukc

— KombGuHupaHa

Arrhythmia ablated (n, %)

— AVNRT

— AVRT

— Ablation of the AV junction

- FAT

— Idiopathic ventricular arrhythmia

— Typical atrial flutter

— Atrial fibrillation

— Atypical atrial flutter/atrial macroreentrant
tachycardia

— Scar-related ventricular tachycardia

— Combination

30 (30,7%)
4 (4,1%)
1 (1%)

5 (5,1%)
2 (2%)
17 (17,3%)
32 (32,7%)
1(1%)

1 (1%)
5 (5,1%)

AbnupaHa KyxuHa (n, %)

— [dcHo npeacbpave

— JlaBo npeacwpave

— [dacHa kamepa

— JlaBa kamepa

— [sicHo npeacbpave v NsBo Npeacbpave

Chamber ablated (n, %)

— Right atrium

— Left atrium

Right ventricle

— Left ventricle

— Right atrium and left atrium

54 (55,2%)
40 (40,8%)
2 (2%)
1(1%)
1(1%)

AbnaunoHeH kateTtbp (n, %)
— Wpurupax
— HewupurupaH

Ablation catheter (n, %)
— Irrigated
— Non-irrigated

66 (67,3%)
32 (32,7%)

ManonasaH EAM (n, %)

EAM used (n, %)

47 (44,3%)

Bpon P® annukaumu

Number of RF applications

20 (7-68)

P® Bpewme (cek.)

RF time (sec.)

763 (254-1200)

P® eneprusa (J)

RF energy (J)

24 802 (6986-42 847)

MHTpanpouenypHa enektpokapgunosepcus (n, %)

Intraprocedural cardioversion (n, %)

15 (15,3%)

EAM — enektpoaHatomuyeH menuHr. / EAM — electroanatomic mapping.
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Ta6nuua 3. MepunpouenypHa AMHaAMUKa Ha BUCOKOCEH3UTUBEH TPOMOHUH | U C-peakTUBEH NpoTeunH Npu abnauus

Table 3. Periprocedural dynamics of high-sensitivity troponin | and C-reactive protein in ablations

Muxe / Males

CRP D3 (mg/L)

3,85 (1,4-7,48)

XeHu | Females p
hscTn | D1 (ng/L) 3,4 (2,15-5,4) 2,9 (1,45-4,47) 0,169
hscTn | D2 (ng/L) 661 (369-1574) 438 (220-645) 0,003
hscTn | D3 (ng/L) 593 (221-1420) 265 (134-600) 0,005
CRP D1 (mg/L 0,9 (0,4-2,2
(mg/L) ( ) <0,001*

* —3a CRP cpaBHeHuveTo e mexay 1 n 3 /* — D1 vs D3 comparison for CRP

Ta6bnuua 4. NMepunpouenypHa AMHaMUKA HA BUCOKOCEH3UTUBEH TPONOHUH | u C-peakTMBEH NPOTEUH

Table 4. Periprocedural dynamics of high-sensitivity troponin | and C-reactive protein in diagnostic EPS

npu guarHocTu4yHmn EOU

Muxe / Males XeHu /| Females p
hscTn I D1 (ng/L) 2,6 (2,2-4,1) 7,4 + 4,28 (4,4-12,3) 0,25
hscTn | D2 (ng/L) 36,1+ 19,4 (13,3-65,3) 81,6 £ 61,7 (20,5-144) 0,16
hscTn I D3 (ng/L) 11,5 £7,54 (3,3-21,2) 25,4 +5,5(19,9-30,9) 0,033
CRP D1 (mg/L) 1,05 (0,4-2,08) 0.04*
CRP D3 (mg/L) 3,3(1,45-4.4) ’

* — 3a CRP cpaBHeHveTo e mexay 1 n A3 /* - D1 vs D3 comparison for CRP

p<0.001
|l 1
»
* i
p<0.001 : p=0.007
[) 1 I 1 »
==
= = by A
p=0.013
i 1
p=0.02 p=0.027
T

e e " B

®dwur. 1. Boke rpadmka Ha guHamukaTa Ha hscTn | npu abnauus (A) n npu E®W (B) B A1, A2 v 3. lNopHaTa v gonHaTta ctpaHa Ha 6okcoBeTe
nokaseart 25-75 nepceHTUn Ha CTOMHOCTUTE, CUHSITa XOpU3oHTana BbTpe B bokca e MeavaHaTa, a YepBeHaTta — cpefHaTa cToHocT. Kpavuwarta

Ha BepTUKanHUTe NMMHUK NoKaseat MakcumMmanHarta U MMHUManHata CTOWMHOCT, a 3eMIeHNTE TOYKM 1 3BE3ANYKUTE — EKCTpeMHUTe CTOMHOCTW.

Fig. 1. Box plot of hscTn | dynamics in ablations (A) and in EPS (B) on D1, D2 and D3. The top and bottom of the boxes show 25-75 percentile
of values, the blue line in the box is the median, the red line is the mean. The whiskers show maximum and minimum, green dots and asterisks

are the extremes.
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®ur. 2. Kopenauus mexay npoueaypHu napametpu n hscTn | 8 12 n A3, n CRP B 3. MNaHenu A-F nokassat PP eHeprus, P® Bpeme, 6pon PO
annukaumm, Bua abnaums (1 — npocta, 2 — komnnekcHa), Bug PO nesus (1 — dpokanHa, 2 — nuHenHa) 1 abnaunoHeH kaTteTsbp (1 — upurupax, 2 —
HeupuripaH). BbB Bceku naHen ropHnaT pea nokassa hscTn | B 12, cpepnuat pea — hscTn | B 13, a ponHuat — CRP B [13. 3a Bcsika kopenauus
€ MocoYveHa CTOMHOCTTa Ha KopenaumnoHHus koeduuneHT p (rho) n Ha ctaTucTuyeckaTa BEPOSITHOCT p.

Fig. 2. Correlation between the procedural parameters and hscTn | on D2 and D3, and CRP on D3. Panels A — F show RF energy, RF time,
number of RF applications, type of ablation (simple/complex), type of RF lesion (focal/linear), and ablation catheter (irrigated/non-irrigated). The
upper row in all panels shows hscTn | on D2, middle row — hscTn | on D3, lower row — CRP on D3. The values of the correlation coefficient rho
and the statistical probability are shown for every correlation.
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®wur. 3. CtonHocTn Ha hscTn | B [13 B 3aBUCMMOCT OT Konn4yecTBoTo eHeprus (J) v Buaa Ha abnauusita. Bnaso — npoctu abnauum (abl_type 1),
BASICHO — KOMMNeKcHM abnauum (abl_type 2) (c HacnoxeHa rpaduka 3a npocTuTe abnauum).

Fig. 3. hscTn values | on D3 depending on the amount of energy (J) and the type of the ablation. Left panel — simple ablations (abl_type 1), right
panel — complex ablations (abl_type 2) (with superimposed graphic for simple ablations).

OBCBHXAOAHE DiscussION
OcHoBHaTa Haxogka B HacTOSALWOTO MNpoyyBaHe The main finding in this study is that during RF
e, Yye npu PP abnaumsa nma nspaseHo noBuLLEHME HA ablation there is pronounced increase of hscTn | and

hscTn | n To noka3ea sicHa Bpb3Kka C peguua npowueay- it shows clear relation to a number of procedural pa-
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pHY nokasartenu. MHoro no-mHTepecHo e obadye, 4ye na-
TONOMMYHO NoBULLEHME Ha hscTn ce perncTpypa noyTu
0e3 n3KknYeHre 1 Npyu NarHoCTUYHN enekTpodn3mno-
NOrMYHM NpoLeaypw.

MoBuweHnetro Ha crnegnpoueanypHust hscTn | B
HaCTOSALLOTO MpOyyYBaHe € OT nopsigbk, Onu3bk [o
[oKnagBaHvsa B NpeaulHn nybnukauum, npyu KOUTo e
n3cneaBaH BUCOKOCEH3UTUBEH TPOMOHMH [6-8]. Beunu-
K1 nNpouedypHY MapKkepu 3a umHaoyumMpaHa MuokapaHa
HEeKpo3a Mnokasaxa 3HauMma Kopernauusi cbC cneg-
npouenypHute cTomHoctT Ha hscTn. ToBa He € u3He-
HaJBallo, 3al0TO MOBEYETO OT THAX Ca B3aUMOCBBLP-
3aHn. Taka Hanpumep KymynatmBHata P® eHeprus e
npaeonponopuMoHanHa Ha P® Bpeme n Ha 6posi PO
annukaummn. Cbllo Taka e No-BeposATHO KOMMIIEKCHU-
Te abnauumn ga ca C JIMHEAHN Ne3nMn U C M3Non3BaHe
Ha VMpUrMpaH KaTeTbp, KakTo M Aa M3UCKBaT MoBeve
P® annukauuu, no-ronsamMo kymynatusHo PO Bpeme
M no-ronisiMa MOLUHOCT Ha annukauuute. Hesasucu-
MO OT TOBa Kopenauusita, KOATO YyCTaHOBUXME, Bapu-
pa OT yMepeHa [0 curiHa — BEPOATHO nopaan dakTa,
Yye rornemMuHaTa Ha MHgyumMpaHaTa Hekpo3a 3aBuUCK OT
MHOXECTBO NnapamMeTpu, Hanpumep Cuna Ha HaTucka
Ha KaTeTbpHUS BPbX BbPXY €HOoKapaa, opuveHTaums
Ha KaTeTbPHWS BPbX M KOHTaKTHa Mrow, C eHgoKap-
4a, nornblyaHe M pasceriBaHe Ha 4acT OT eHeprudara
OT KPBbBOTOKA OKOMO KaTeTbpPHMSA BpbX. VIHaye ka3aHo,
HSIMa HUTO e[MH OTAENHO B3ET NpoLedypeH Mapkep 3a
MHOyUMpaHa HeKpo3a, KOMTO BMHaru aa e Han-goopust
nokasaten. Bce nak uamexay Tpute mapkepa, nokasa-
nn Har-Bucoka kopernauus ¢ hscTn | (PO eHeprus, PO
Bpeme n 6pon PP annukaumum), cnopen Hac Ham-Ba-
XHa e kymynatusHata P® eHeprus, yacT OT KOSATO
HaBnM3a B TbKaHTa, KaTo Mpeav3BUKBa 3arpsiBaHe U1
nocneasalla HeKpo3a, 1 KOSTO € B Nnpsika 3aBMCMMOCT
OT NPOABLIDKMTENHOCTTA U 6post Ha PP annukauyuuTe,
N OT M3NON3BaHETO Ha upurMpaH katetbp. OT gpyra
cTpaHa, P® Bpeme n 6poar PO annuvkauum morat ga
He MokasBaT Bpb3ka NMOMEXAY CU, 0OCOBEHO Mpu 4vec-
TO M3non3BaHaTa TEXHMKA C BUCOKa MOLLHOCT 1 Marka
NPOOBIMKUTENHOCT Ha annukauunTe. Bpbakarta mexay
P® eHeprua n noBuweHneto Ha hscTn | npu npocTtu n
KOomnnekcHn abnauuun e unoctpupaHa Ha dwur. 3. NMpu
npocTn abnaumym TPONOHNHOBUAT U3NNB Ce yBENMYyaBa
NUHENHO C HapacTBaHe Ha KymyrnaTuBHaTa eHeprus,
HO KpuBaTa He € 0COBEHO CTPbMHA, a eHeprusitTa paa-
ko Hagxebprs 20 000 J. MNpu komnnekcHUTe abnaumm
Makap pasceriBaHeTO Ha TPOMOHWHOBUTE MNKOBE B OT-
OenHuTe npoueaypv Aa e no-rofisiMo yBENMYEeHNETo e
MHOFO MO-CTPBbMHO, a KymyrnaTMBHaTa eHeprus e cpae-
HUTENHO PaBHOMEPHO pasnpeferneHa B 3HaYUTENHO
No-LUMPOK AManasoH.

Mo OTHOWEHWE Ha AMAarHOCTUYHWUTE Mpouenypu
OnHamukaTta Ha hscTn | e ocobeHo nHTepecHa, JOKoM-
KOTO CaMoO Mpv €A4uH NauueHT TO3M Mapkep ocTaHa B

rameters. Much more interesting is the pathological in-
crease of the hscTn | that is found almost universally in
diagnostic EPS also.

The postprocedural hscTn | increase in this
study is of magnitude close to the reported in previ-
ous publications using high-sensitivity troponin [6-
8]. All procedural markers of induced myocardial ne-
crosis showed significant correlation to post-proce-
dural hscTn | levels. This is not surprising because
most of them are interrelated. The cumulative RF
energy for example is directly proportional to the RF
time and the number of RF applications. It is also
more likely that complex ablations are done with
linear lesions and irrigated ablation catheter, and
also to need more RF applications, longer RF time
and more powerful applications. Nevertheless, the
correlation found varied from moderate to strong,
most probably due to the fact that the volume of the
induced necrosis depends on multiple parameters,
i.e., contact force of the catheter tip over the endo-
cardium, orientation of the catheter tip and contact
area with the endocardium, absorption and dissipa-
tion of part of the energy in the bloodstream around
the catheter tip. Briefly, there is not a single proce-
dural marker for induced necrosis that is always the
best one. However, among the three markers with
highest correlation to hscTn | (RF energy, RF time
and number of RF applications) the most important
in our opinion is the RF energy, part of which enters
the tissue and causes heating and subsequent ne-
crosis, and which is directly dependent on the du-
ration and number of RF applications, and the use
of an irrigated ablation catheter. On the other hand,
the RF time and number of applications may not
be mutually related, especially with the commonly
used high-power-short duration ablation. The rela-
tion between the RF energy and hscTn | increase in
simple and complex ablations is shown on Fig. 3 —
the troponin leak increases linearly with increasing
cumulative RF energy in simple ablations, but the
curve is not particularly steep, and the energy rarely
exceeds 20 000 J; in complex ablations, although
the scattering of troponin peaks in the individual
procedures is greater, the increase is much steep-
er, and the cumulative energy is relatively evenly
distributed over a much wider range.

Regarding the diagnostic procedures the hscTn
I dynamics is especially interesting given that it re-
mained within normal limits on D2 and D3 in only one
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HOpMarsnHu rpaHnum Ha 2 n [13. N3BeCTHUTE HK NpoyY-
BaHusA gatupar ot Hag, 20 roguHu 1 ca ¢ HeeaHO3HaYHU
pesynTatu — B TX HE Ce YCTaHOBSIBA MOBULLEHME Ha
TPOMOHUHA UMW TakoBa Ce OTKpMBA PSOKO M B MHOIO
HMCKa cTeneH cnpsiMo abnaunoHHuTe npoueaypm [3-5].
Hal-BeposiTHa npuynHa 3a ToBa € 13Non3BaHeTo Tora-
Ba Ha ODMKHOBEHW, a HEe BUCOKOYYBCTBUTENHM Nnabo-
paTopHU TECTOBE, OLLEe NOBeYe Ye B Te3n NpoyyvBaHust
Oopv cnep nsBbpliBaHe Ha abnauus He e JoNnaBsiHO
NOBULLIEHWE Ha TPOMOHWHa Npu 7 Ao 32% OT nauuneH-
TuTe. VIHTepeceH e MexaHu3MbT Ha MUoKapgHaTa yB-
peda npu guarHoctnyHn EPU, cnep kato oyeBMAHO
abnauuata He e npuymHa. Cnopen Hac Bb3MOXHOCT-
uTe ca OBe — MexaHW4yHa TpaBMa Ha MuoKapga npu
NO3NLNOHMPAHE Ha KaTeTpUTe B CbPOEYHUTE KYXMHU
n/vnn nporpammupaHata CTUMynaumsi, KOSTO Ce u3s-
BbpLUBA C BbBEXJAHE HAa MOPEAMLM MUMMYIICU C MHOTO
HUCKa MOLLHOCT Y NPOABLITDKUTENHOCT. Bb3MOXHO e 1
ABaTta dakTopa fa mmat pons B TPOMNOHUHOBOTO OC-
BoGOXaaBaHe Npu YMCTO AMAarHoCTUYHM npouenypu. B
CpaBHeHne ¢ abnauyuoHHWUTe npouenypwu nabopartop-
HaTa guHamuka npun E®U e gocta no-pasnunyHa — Tpo-
NMOHMHOBUAT MWK TyK € B [12, ¢ otyeTnue cnag Ha O3
npy BCUYKN NaUMEHTW, AoKaTo npu abrnauum nukeT €
NPeAnMHO (HO He n3knunTenHo) B 12, a cnagbt B 3
€ no-cnabo m3paseH, 1 Jopu NpuW YacT OT NauueHTuTe
umeHHo B [13 ce oTtumMTa no-BucokaTta criegnpouenyp-
Ha cToMHOCT Ha hscTn. [JokonkoTo npu P® abnauns B
nepudepusaTa Ha nesnsita ce ohopMs 30Ha HA EOEM U
Bb3naneHue, KOMTO MoraT Aa nporpecupat 40 HEKpo-
3a B crneaBalimMte 4acoBe U OHWU, Bb3MOXHO e 3aba-
BeHUAT cnag Ha hscTn cnep abnauvsa ga e npuyYnHeH
OT 0CBOOOXOaBaHe Ha HOBWU KONMUYECTBA TPOMOHUH OT
KapaMoMMUOLUTU, KOUTO 3arMBaT CbC 3akbCHEHue. [Mpu
E®W 1031 thakTop HanMbHO NMNcea U BEPOATHO TOBA €
npuymMHaTa 3a 6bpP30TO HamansBaHe Ha TPOMOHMHOBKS
nuk. VIHTepeceH getann e n no-ronsamMoTo noBuLleHne
Ha TPOMOHMHa 1 No-3abaBeHOTO My cragaHe npu EOU
npuv XeHun. Hamame obsicHeHMe 3a Ta3n AMHaMuUKa, HO
HEe MOXEeM [a W3KIHYMM criyyaHa Haxopgka, AOKOf-
KOTO MaLMeHTUTE OT XKEHCKM Mon B Ta3u nogrpyna ca
camo 3 ot obwo 8 aywun.

Mo oTHoweHne Ha CRP n npu AnarHOCTUYHK, U
npy abnaunoHHU enekTpor3nONorMyHn npoueaypu
pernctpupaxme 3Ha4yMMO MOBULLABAHE Ha creanpo-
LeaypHUTe CTOMHOCTM CMpSMO M3XogHuTe. Bbnpeku
ye cnepn abnauma ToBa nosuiaBaHe 6e Manko no-us-
paseHo OTKONKoTo npu EPWU, pasnukata Tyk He e cur-
HUdUKaHTHa. TbIW KaTo Kopenaundara ¢ npoueaypHuTe
napameTpu, Makap 1 curHudprkaHTHa, e cnaba, npea-
nonarame, Yye fiekoTo Ha4anHo nosuweHve Ha CRP Be-
POSITHO € 0DyCNoBEHO OT TpaBMara Ha BeHo3HaTa CcTe-
Ha npu cbaoBWs JocTbN. He ycnsaxve ga gonosmm na-
TONOrMYHO crnegnpouenypHo noeuleHne Ha CRP npu
abnauuu 3a pasnuka ot npegxoaHu nybnukaumm [7, 8,

patient. The studies available to us date more than
20 years back and have inconsistent results — they
did not find troponin increase or it was found rare-
ly and of much smaller magnitude than the ablation
procedures [3-5]. The most probable reason for this
is the use then of regular and not high-sensitivity lab-
oratory assays, even more so these studies did not
detect troponin increase in 7 to 32% of the patients
even after ablation. As ablation is obviously not the
cause, the mechanism of the myocardial injury in di-
agnostic EPS is intriguing. We think that there are
two options — mechanical trauma of the myocardium
during positioning of the catheters within the cardiac
chambers and/or programmed pacing which is done
by introducing a series of impulses of very low power
and duration. It is possible that both play a role in
the troponin release in purely diagnostic procedures.
Compared to ablations, the laboratory dynamics in
EPS is quite different — the troponin peak is at D2
with a sharp decline at D3 in all patients, while in
ablations this peak is predominantly (albeit not ex-
clusively) at D2 and the decline at D3 is of lesser
degree, and even in some patients it is in D3 that
the higher postprocedural hscTn value is reported.
To the extent that RF ablation forms a zone of edema
and inflammation at the periphery of the lesion that
may progress to necrosis in the following hours and
days, the delayed decrease of hscTn after ablation
may be caused by the release of new amounts of
troponin from cardiomyocytes that die with a delay.
In EPS, this factor is completely absent and this is
probably the reason for the rapid decrease of tropo-
nin peak. An interesting detail is the higher increase
in troponin and its slower decrease in EPS in wom-
en. We have no explanation for this dynamic, but we
cannot rule out a random finding, as only three out of
eight patients in this subgroup were female.

With regard to CRP in both diagnostic and abla-
tion electrophysiological procedures, we found a sig-
nificant increase in post-procedure values compared
to baseline. Although after ablation this increase was
slightly more pronounced than after EPS, the differ-
ence is not significant here. As the correlation with the
procedural parameters, although significant, is weak,
we suggest that the slight initial increase in CRP is
probably due to the trauma to the venous wall at the
site of vascular access. We were unable to detect a
pathological post-procedure increase in CRP after ab-
lation, unlike previous publications [7, 8, 12]. It should
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12]. TpsibBa pa otbenexum obaye, Ye B TAX ca Gunu
BKIOYMEHN caMo abnaumm Ha NpeacbpaHO MbXOeHe U
e 6un nscnenBaH BucokoceH3nTueeH CRP mexay 18-
ns vyac n 7-usi oeH cneg npoueaypata. [Npu ToBa NUKbT
Ha creanpouenypHOTO NOBULLEHNE € Bun 3Ha4YUTENHO
NMO-KbCEeH CMPsIMO TPOMOHMHOBUS MUK — Ha 72-pu 4ac,
N € Nno-BeposATHO Aa € 6un cebp3aH C NEPUNE3NOHHO
Bb3naneHne OTKOMKOTO C MYHKUWOHHWS CbAOB A0C-
TbM. Bb3MOXHO € 1 B Hawara rpyna B crnegsaiuuTe
OHW Ja e nMmano no-mspaseHo noeuwaBaHe Ha CRP,
HO TO € OCTaHarno HeJoNOBEHO, LOKONKOTO nabopartop-
HUTE MokasaTenu ca uscrnegBaHu camo B pamMKkuTe Ha
OOITHNYHWSI NPECTOMN.

BbB BCekM criyyai crnopeg Hac e BaXHo fa ce no-
3HaBa nepwunpoueaypHarta gnHamuka Ha hscTn n CRP,
KaKTO W roriemmHaTa Ha Tasu AuHaMuKa, 3a Ja ce U3-
OerHart norpeLLHn UHTepnpeTaumMm Ha nabopaTtopHuTe
pesynTtatu crieg P® abnauus. ToBa e ocobeHo Banua-
HO NPW NaUWEHTU C U3BECTHA KOpoHapHa Gonect nnu
B pegkuTe crnyyam Ha npexogHa ST-enesauusi, KOUTO
mMorat fa ce Habntogasat npu TpaHccenTanHa nyHKUms
WINW MPU TEXKKM BarycoBun peakLuu.

OrPAHUYEHUSA

MpocneasiBaHeTo Ha NabopaTopHUTE NPoMeH bellie
OrpaHNYeHO B pamMK1MTe Ha OOMHMYHMS NMPEeCTon, T.e. A0
24 yaca crnieq Kpasi Ha npoleayparta, nopagu KoeTo Be-
POSITHO € MpornycHaTa No-KbCHaTa AMHaMuKa Ha uscnea-
BaHWTe nabopaTtopHu nokasartenu. PasnuyHute Buaose
apuTMMKU ca JOCTa HEPaBHOMEPHO pasnpeaeneHn — ka-
MEpHUTE apuUTMUM HaMpPUMeEp ca MHOFO Masnko U He e
SICHO Janu ToBa HAMa OTpaXXeHue BbpXy pe3ynratuTe.

3AKNIOYEHUE

Mpun BCUYKM eneKkTpodm3MoNnorMyHm npouegypu —
abnaumm n E®U, ce yctaHoBsiBa 3Ha4MMo criegnpoLie-
aypHo nosuwaBaHe Ha hscTn |. ToBa noBuaBaHe e
ocobeHo mn3paseHo npu abnauyuuTte, NpyU KOUTO TO cCe
3agbpka 1 npe3 NbpBusa cneanpouenypeH OeH, n no-
KasBa sicHa Bpb3ka ¢ kymynatusHata P® eneprus, P
BpeMe n 6pos Ha PP annukauyunte. PaHHOTO noBuwwe-
Hune Ha CRP cblo e 3Ha4nMMo, HO € MHOFO Marko 1 B
cnaba kopenauusa ¢ npoueaypH1UTe napaMmeTpu.

He e deknapupaH KOHAUKM Ha uHmMepecu
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the hospital stay, i.e., up to 24 hours after the end of the
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later dynamics of the laboratory parameters. Various
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CONCLUSION

Significant postprocedural increase of hscTn | is
found in all electrophysiological procedures, be they
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postprocedural day, and shows a clear relation to the
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plications. The early increase of CRP is also significant,
but is very small and weakly correlated to the procedur-
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No conflict of interest was declared

versal Definition of Myocardial Infarction. Fourth universal definition
of myocardial infarction (2018). Eur Heart J. 2019;40(3):237-269.
doi:10.1093/eurheartj/ehy462

3. Katritsis D, Hossein-Nia M, Anastasakis A, et al. Use of tro-
ponin-T concentration and kinase isoforms for quantitation of myo-
cardial injury induced by radiofrequency catheter ablation. Eur Heart
J. 1997;18(6):1007-1013.  doi:10.1093/oxfordjournals.eurheartj.
a015358



54

Y. lllaneaHos, M. CmosiHos

4. Madrid AH, del Rey JM, Rubi J, et al. Biochemical markers
and cardiac troponin | release after radiofrequency catheter ablation:
approach to size of necrosis. Am Heart J. 1998;136(6):948-55. doi:
10.1016/S0002-8703(98)70148-6

5. Manolis AS, Vassilikos V, Maounis T, et al. Detection of myo-
cardial injury during radiofrequency catheter ablation by measuring
serum cardiac troponin | levels: procedural correlates. J Am Coll Car-
diol. 1999;34(4):1099-1105. doi: 10.1016/s0735-1097(99)00330-7

6. Vasatova M, Pudil R, Tichy M, et al. High-sensitivity tropo-
nin T as a marker of myocardial injury after radiofrequency cathe-
ter ablation. Ann Clin Biochem. 2011;48(1):38-40. doi: 10.1258/
acb.2010.009280

7. Antoli¢ B, Pernat A, Cviji¢ M, et al. Radiofrequency catheter
ablation versus balloon cryoablation of atrial fibrillation: markers of
myocardial damage, inflammation, and thrombogenesis. Wien Klin
Wochenschr. 2016;128(13-14):480-487. doi: 10.1007/s00508-016-
1002-0

8. Yano M, Egami Y, Yanagawa K, et al. Comparison of myocar-
dial injury and inflammation after pulmonary vein isolation for parox-
ysmal atrial fibrillation between radiofrequency catheter ablation and

cryoballoon ablation. J Cardiovasc Electrophysiol. 2020;31(6):1315—
1322. doi: 10.1111/jce. 14475

9. Yoshida K, Yui Y, Kimata A, et al. Troponin elevation after
radiofrequency catheter ablation of atrial fibrillation: relevance to
AF substrate, procedural outcomes, and reverse structural re-
modeling. Heart Rhythm. 2014;11(8):1336-1342. doi: 10.1016/j.
hrthm.2014.04.015

10. Reichlin T, Lockwood SJ, Conrad MJ, et al. Early release of
high-sensitive cardiac troponin during complex catheter ablation for
ventricular tachycardia and atrial fibrillation. J Interv Card Electro-
physiol. 2016;47(1):69-74 doi: 10.1007/s10840-016-0125-6

11. Carlsson J, Erdogan A, Guettler N, et al. Myocardial injury
during radiofrequency catheter ablation: comparison of focal and
linear lesions. PACE. 2001;24(6):962-968. doi: 10.1046/j.1460-
9592.2001.00962.x

12. Lim HS, Schultz C, Dang J, et al. Time course of inflamma-
tion, myocardial injury, and prothrombotic response after radiofre-
quency catheter ablation for atrial fibrillation. Circ Arrhythm Electro-
physiol. 2014;7(1):83-89. doi: 10.1161/CIRCEP.113.000876



