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Abstrakt. Uvod: Vztah medzi oxidaénym stresom a fibrilaciou
predsieni je dobre znamy. Cielom nasho vyskumu bolo Studovat
vztah medzi mnozstvom atridlnej fibrilacie (AF burden), defino-
vanej ako percento casu, pocas ktorého je pacient vo fibrildcii
predsieni a koncentraciou biomarkerov oxida¢ného stresu pred
a po katétrovej izolacii plucnych vén (PVI).

Metodika: Do studie sme zaradili 19 pacientov (priemerny vek
55 + 10 rokov, Styri Zeny a 15 muzov) s implantovanym slucko-
vym rekordérom podstupujucich PVI. Merali sme plazmaticku
koncentraciu koncovych produktov pokrocilej glykacie (AGEs),
fruktozaminu (FR), produktov pokrocilej oxidacie bielkovin
(AOPP) a reaktivnych zlucenin tiobarbiturovej kyseliny (TBARS).
AF burden bol zaznamenany bezprostredne pred, tri a potom
devat mesiacov po PVI.

Vysledky: Postprocedurdlna koncentracia AGEs vyznamne ne-
gativne korelovala s AF burden po troch (p = -0,63; p < 0,01)
a deviatich mesiacoch (p = -0,5; p = 0,04), rovnako ako aj kon-
centracia TBARS vyznamne negativne korelovala s AF burden
po deviatich mesiacoch (p = —0,61; p = 0,01).
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Abstract. Introduction: There is a well-known relation between
oxidative stress and atrial fibrillation. The aim of our research
was to study the relation between the percentage of time
spent in atrial fibrillation (AF burden) and concentrations of
oxidative stress biomarkers, before and after pulmonary veins
isolation (PVI).

Methodology: We included 19 patients (mean age 55+10 years,
4 females and 15 males) with implanted loop recorders unde-
rgoing PVI. Plasmatic concentrations of advanced glycation
end-products (AGEs), fructosamine, advanced oxidation protein
products and thiobarbituric-acid reacting substances (TBARS)
were measured and AF burden was recorded immediately be-
fore and 3 months after the PVI. AF burden was also recorded
9 months after the PVI.

Results: Post procedural AGEs concentration significantly nega-
tively correlated with AF burden after 3 months (p = -0.63;
p<0.01) and 9 months (p=-0.5; p = 0.04) respectively, as well
as TBARS concentration significantly negatively correlating with
AF burden after 9 months (p = -0.61; p = 0.01).
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Zdver: Nasa studia ukdzala AGEs a TBARS ako potencidlne
indikatory AF burden po PVI. Predpokladdme, Ze ¢im je vacsi
oxidacny stres vyvolany PVI, tym je vyssia produkcia fibrotic-
kého tkaniva. To znamen4, lepsiu elektricku izolaciu plucnych
zil a nasledne aj nizsi AF burden. Tab. 5, Obr. 3, Lit. 16, Online
full text (Free, PDF) www.cardiology.sk

Klticové slova: fibrildcia predsieni — biomarkery oxida¢ného
stresu — implantovatelny loop recorder — radiofrekven¢nd ka-
tétrova ablacia

Conclusion: Our study showed AGEs and TBARS to be potential
predictors for AF burden after the PVI. We suppose that the more
oxidative stress after the PVl is provoked, the more fibrotic tissue
is produced. That means a better electrical isolation of pulmonary
veins and consequently a lower AF burden. Tab. 5, Fig. 3, Ref. 16,
Online full text (Free, PDF) www.cardiology.sk

Key words: Atrial fibrillation — Oxidative stress biomarkers
- Implantable loop recorder - Radiofrequency catheter
ablation

Doélezité zistenia

- Biomarkery oxida¢ného stresu AGEs a TBARS negativne
koreluji s AF burden po izoldcii plucnych zil rdadiofrek-
venénym katétrom.

- Oxidacny stres po izolacii radiofrekvencnym katétrom
mdze zohravat ddlezitd ulohu v G¢inosti elektrickej izolacie
plicnych zil.

- Biomarkery oxida¢ného stresu mézu byt uzito¢né pri
predvidani fibrilacie predsieni po katétrovej ablacii.

Stcasna paradigma tvrdi, Ze medzi oxidaénym stresom
a fibrilaciou predsieni (FP) je vyznamny vztah. Viaceré §tu-
die preukazali, ze prevalencia a progndéza FP su spojené so
sérovymi hladinami zapalovych biomarkerov, ako C-reaktivny
protein, faktor nekrotizujici nadory (TNFa), interleukin-2,
interleukin-6, interleukin-8 (1, 2). Nasledkom zapalového
procesu je tvorba volnych radikélov, ktoré vedd k zvySeniu
oxida¢ného stresu, ktory je dolezitym patologicko-fyziologic-
kym mechanizmom v etioldgii a pretrvavani FP (3). Niektoré
$tudie preukdzali vyrazny narast oxida¢ného poskodenia pri
FP v porovnani so sinusovym rytmom. Okrem toho, génova
expresia spojena s produkciou reaktivnych metabolitov kyslika
bola pri FP zvy$ena (4, 5, 6).

Ablacia radiofrekvenénym katétrom predstavuje tspesnu
lie¢ebnu stratégiu FP (7, 8). Predpoklada sa, Ze tento postup
sposobuje zapal s oxida¢nym stresom a potencidlnymi aryt-
mogénnymi substratmi, ktoré mozu viest ku skorému alebo
neskorému vyskytu arytmie (9, 10).

Cielom nasho vyskumu bolo prestudovat vztah medzi
biomarkermi oxida¢ného stresu (OS) a AF burden, za-
znamenany implantovanym sluckovym rekordérom (ILR),
pred a po izolacii plucnych zil ablaciou radiofrekvenénym
katétrom (PVTI).

Material a metody
Studovana populacia, inkltzne a exklizne kritéria

Stadia bola navrhnuta ako prospektivna monocentricka
$tudia. Celkovo zahfnala 19 po sebe nasledujticich pacientov (15
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Highlights

- Oxidative stress biomarkers AGEs and TBARS negatively
correlate with atrial fibrillation burden after the radiofre-
quency catheter pulmonary veins isolation

- Oxidative stress after radiofrequency catheter isolation
might play an important role in the efficacy of electrical
isolation of the pulmonary veins

- Ogxidative stress biomarkers might be useful in predicting
atrial fibrillation after catheter ablation

The current paradigm claims a strong link between in-
flammation and atrial fibrillation (AF). Several studies showed
that prevalence and prognosis of AF are both associated with
serum levels of inflammatory biomarkers such as C-reactive
protein, tumor necrosis factor-a, interleukin-2, interleukin-6,
and interleukin-8 (1, 2). The consequence of the inflamma-
tory process is a production of free radicals, which in turn
leads to increased oxidative stress which seems to be an
important pathophysiological mechanism in the etiology and
sustainability of AF (3). Several studies showed a significant
increase in oxidative damage in AF compared to sinus rhythm.
Furthermore, gene expression associated with the production
of reactive oxygen species was increased in AF (4, 5, 6).

Radiofrequency catheter ablation is an effective treatment
strategy for AF (7, 8). However, it is thought that this pro-
cedure also induces inflammation with oxidative stress and
potential arrhythmogenic substrates that may lead to an early
or a late recurrence of arrhythmia (9, 10).

The aim of our research was to study the relation be-
tween the oxidative stress (OS) biomarkers and AF burden,
detected by an implantable loop recorder (ILR), before and
after radiofrequency catheter ablation with pulmonary veins
isolation (PVT).

Material and Methods

Study population, inclusion and exclusion criteria
The study was designed as a prospective monocentric
study. A total 19 consecutive patients (15 males and 4 females)



muzov a 4 zeny) so symptomatickou FP po PVI vykonanej v Na-
rodnom tstave srdcovych a cievnych chordb na Slovensku.

Inklazne kritérid predstavovali: Vek 18 rokov alebo viac;
planované PVI; implantované ILR najmenej dva mesiace
pred PVI; symptomatickd a na liecbu neodpovedajicu pa-
roxyzmalnu FP charakterizovani spontdnnym ukoncenim
do siedmich dni od zaciatku alebo perzistujucu FP trvajucu
viac ako sedem dni (ale nie viac ako 40 dni), alebo so spon-
tannou, alebo farmakologickou ¢i elektrickou kardioverziou
na sinusovy rytmus zdokumentovanu pred implantaciou ILR;
trvalt a u¢innd peroralnu antikoagulaciu warfarinom (INR
2-3) najmenej jeden mesiac pred PVI; schopnost a ochotu
pacientov na poskytnutie pisomného stuhlasu so stadiou;
antiarytmicku terapiu betablokdtorom a amiodarénom zacatu
najneskdr tri mesiace pred a najmenej tri mesiace po PVIL.
Charakteristiky populac¢nej $tadie st uvedené v tabulke 1.

Vylucovacie kritéria predstavovali: pacienti s predcha-
dzajucou katétrovou abldciou, implantovanym kardiostimu-
latorom alebo ICD; pacienti s predpokladanou vac¢sou kar-
diologickou operaciou pocas konania tejto stdie, stabilnou
anginou pektoris funkénej triedy (CCS: 3-4) alebo nedavny
akutny koronarny syndrém; infarkt myokardu v obdobi troch
mesiacov pred implantaciou ILR; srdcové zlyhanie (NYHA:
III-1V); historiu akatneho alebo chronického zapalového
ochorenia; chronické ochorenie oblic¢iek; trombus v lavej
predsieni zisteny transesofagedlnou echokardiografiou pred
PVI a nekontrolovanu hypertyreozu.

Stdiu schvalila etickd komisia Nérodného tstavu srdcovo
cievnych chor6b na Slovensku a od vetkych pacientov bol pred
zaradenim do $tudie ziskany pisomny informovany sthlas.

Ablacia radiofrekven¢nym katétrom s izolaciou plticnych
zil (PVI)

Pacienti ostali na svojej povodnej antiarytmickej terapii
pred zacatim $tadie. U¢inné peroralne antikoagulancia (INR

Tabulka 1 Popisna statistika
Table 1 Descriptive statistics of the study population
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with symptomatic AF undergoing PVI in the Slovak National
Institute of Cardiovascular Diseases were included.

The inclusion criteria were: Age 18 or greater; planned PVT;
implanted ILR at least 2 months before the PVI; symptomatic
and drug refractory, paroxysmal AF characterized by spontane-
ous termination within 7 days of onset or persistent AF lasting
more than 7 days (but not more than 40 days) with either
spontaneous or pharmacological or electrical cardioversion
to sinus rhythm documented prior to the ILR implantation;
continuous, effective oral anticoagulation with warfarin (INR
2-3) at least one month prior to the PVI; ability and willing-
ness of the patients to provide written informed consent
with the study; antiarrhythmic therapy with beta blocker and
amiodarone started at least 3 months before ILR implantation
and continued at least 3 months after the PVI. Characteristics
of the study population are presented in Table 1.

Patients with previous catheter ablation; implanted pace-
maker or ICD; anticipating major cardiac surgery within the
course of this study; stable coronary artery disease func-
tional class (CCS: 3-4) or recent acute coronary syndrome;
myocardial infarction within three months prior to the ILR
implantation; heart failure (NYHA: III-IV); history of acute
or chronic inflammatory disease; chronic kidney disease;
left atrial thrombus detected by transesophageal echocardio-
graphy prior to the PVI and uncontrolled hyperthyroidism
were excluded.

The study was approved by the ethical committee of the
Slovak National Institute of Cardiovascular Diseases and
a written informed consent was obtained from all patients
before the study inclusion.

Radiofrequency catheter ablation with pulmonary veins
isolation (PVT)

Patients remained on their original antiarrhythmic therapy
treatment before the study. Effective oral anticoagulation

Zakladna charakteristika (Baseline characteristics)

Spolu (Total) (n = 19)

Vek (roky) (Age in years)
Zenské pohlavie, pocet (%) (Female gender, no. (%)
BMI (kg/m?)

Historia FP pred PVI (roky) (AF history before PVI (years)

Velkost LP pri PVI (mm) (LA size at PVI (mm)

Arterialna hypertenzia, pocet (%) (Arterial hypertension, no. (%)

Stabilna angina pektoris, pocet (%) (Stable coronary artery disease, no. (%)

CMBP, pocet (%) (Stroke, no. (%)

Diabetes mellitus, pocet (no) (%)

Zlyhanie srdca, pocet (%) (Heart failure, no. (%)
Fajcenie, pocet (%) (Smoking, no. (%)

55+ 10
4(21%)
28,5 +4,2
6,2+4,5

44+4

16 (84 %)
3 (16 %)

1(5%)
0 (0 %)
0(0 %)
0 (0 %)

355



Cardiology Lett 2016;25(5):353-364

2-3) boli podané vsetkym pacientom. Bezprostredne pred
ablaciou (ABL) bola vykonana transesofagealna echokardio-
grafia na vylucenie zrazeniny v lavej predsieni (LA). V$etkym
pacientom bolo zrealizované CT vy$etrenie na zdokumento-
vanie ich individualnej anatémie LA.

Pred samotnou FP ABL vsetci pacienti podstupili kom-
pletné elektrofyziologické vySetrenie na vylacenie inych
arytmii ako FP. Pocas vykonu ABL FP bol vlozeny jeden
kvadripolarny diagnosticky katéter 6Fr (Supreme™, SJM,
USA) cez pravu femoralnu Zzilu do oblasti Hisovho zvézku.
Dekapolarny diagnosticky katéter 6Fr (Response™, SJM, USA)
bol umiestneny cez pravu jugularnu vénu do koronarneho
sinusu. Fluoroskopicky vedend dvojitd transseptalna punkcia
sa uskuto¢nila Brockenbroughovou ihlou (BK1) zavedenou cez
pravu femoralnu Zilu, cez 8.5 Fr dlhy plast (SL1, SJM, USA)
kontinualne preplachovany heparinizovanym roztokom. Dva
pevné oblé plaste alebo otdcatelny transseptélny plast (AGI-
LIS, SJM, USA) sa pouzili na vstup do LP a na stabilizaciu
obvodového mapovacieho katétra (Lasso, Biosence-Webster,
USA) a zvlh¢ovany hrot abla¢ného katétra (NaviStar Ther-
mocool, Biosence-Webster, USA alebo Therapy Cool Path,
SIM, USA) v LP. V pripadoch so zlozitou anatémiou LP
opera¢ny vykon bol usmernovany intrakardialnou echokar-
diografiou. V priebehu celého vykonu sa kazdych 20 minut
meral aktivovany koagula¢ny ¢as (ACT), ktory sa pohyboval
medzi 250 az 300 s.

Konstantne sa monitorovali povrchové EKG a bipo-
larne endokardialne elektogramy, ktoré sa nasledne ulozili
v pocitaci/nahravacom systéme (PRUCKA, GE, USA alebo
AXIOM Sensis, Siemens, Nemecko). Vykon sa zrealizoval
pri analgo-sedativnom vedomi, v pripade potreby s pouzi-
tim midazolamu, propofolu alebo fentanylu pre neznesitelné
bolesti po¢as ABL.

Elektroanatomicky mapovaci systém (CARTO, Biosense-
Webster or NavX, SJM) vytvoril trojrozmernd mapu na pod-
porenie a overenie radiofrekven¢nych (RF) lézil poc¢as ABL.
U pacientov s vyluénymi epizodami FP ABL pozostavalo iba
z odpojenia plucnych zil (PV), vytvorenim vodivého bloku
cirkuldrnych linii okolo kazdého tstia PV.

Radiofrekven¢éné impulzy boli vyprodukované prostred-
nictvom Stockert (Biosense-Webster, USA) alebo IBI Therapy
generatorom (Irvine Biomedical, Inc.), pouzitim irrigated-tip
katétra s menitelnou teplotou limitovanou na 43 °C, pouzitim
maximélneho vykonu 40 W a iriga¢nou rychlostou az 20 ml/
min v LP alebo 30 ml/min v PP. Odpojenie PV potvrdilo
zru$enie alebo disocidciu miestnych PV potencidlov na ob-
vodovom mapovacom katétri umiestnenom v oblasti kazdého
ustia PV. Odpojenie PV, ktoré pretrvavalo pocas FP viac
ako 30 minut po skonceni poslednej RF aplikacie, muselo
byt tieZ potvrdené sinusovym rytmom. Dalsie LP linearne
lézie (LP strechovité linie, linie mitrdlneho istmu - medzi
mitralnym medzikruzim a lavou zadnou plicnou Zilou), ako
aj kavotrikuspidalne istmy ABL boli vykonané u pacientov
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(INR 2-3) was administered to all patients. Transesophageal
echocardiography for exclusion of left atrium (LA) thrombus
was performed immediately prior to the ablation (ABL). All
patients underwent a contrast CT scan for documentation of
individual LA anatomy.

A complete electrophysiological study was performed
before entire AF ABL to exclude any other arrhythmia than
AF. During the AF ABL procedure one 6Fr quadripolar
diagnostic catheter (Supreme™, SJM, USA) was inserted
via the right femoral vein to the His bundle area. A 6Fr
decapolar diagnostic catheter (Response™, SJM, USA) was
positioned in the coronary sinus via the right jugular vein.
Fluoroscopically guided double transseptal puncture was
performed by the Brockenbrough needle (BK1) inserted via
the right femoral vein through an 8.5 Fr long sheath (SLI,
SIM, USA) continuously flushed with heparinized normal
saline. Two fixed curve sheaths or deflectable transseptal
sheaths (AGILIS, SJM, USA) were used for entering LA and
for stabilizing the circumferential mapping catheter (Lasso,
Biosence-Webster, USA), and irrigated-tip ablation catheter
(NaviStar Thermocool, Biosence-Webster, USA or Therapy
Cool Path, SJM, USA) in the LA. In cases with difficult LA
anatomy, intracardiac echocardiography was performed to
guide the procedure. During the entire procedure, the ac-
tivated clotting time (ACT) was measured each 20 minutes
and maintained between 250 and 300s.

Surface ECGs and bipolar endocardial electrograms were
monitored continuously and stored in a computer-based
digital amplifier/recording system (PRUCKA, GE, USA or
AXIOM Sensis, Siemens, Germany). The procedure was per-
formed in an analgo-sedated conscious state, with addition
of midazolam, propofol or fentanyl in the case of intolerable
pain during the ABL.

An electroanatomic mapping system (CARTO, Biosense-
Webster or NavX, SJM) generated a three-dimensional map to
support the creation and validation of radio-frequency (RF)
lesions during ABL. In patients with exclusively AF episodes,
ABL consisted of pulmonary veins (PV) disconnection only,
creating circular lines of conduction block around each
PV ostium. Radiofrequency pulses were delivered through
a Stockert (Biosense-Webster, USA) or IBI Therapy (Irvine
Biomedical, Inc.) generator using irrigated-tip catheter in
a temperature-controlled mode limited to 43 °C using a maxi-
mal power of 40W and an irrigation rate up to 20 ml/min. in
LA or 30 ml/min. in RA. PV disconnection was confirmed
by the abolition or dissociation of the local PV potentials
on the circumferential mapping catheter placed in an ostial
position of each PV. PV disconnection that persisted dur-
ing AF more than 30 minutes after the last RF application
had to be confirmed in sinus rhythm, too. Additional LA
linear lesions (LA roof line, mitral isthmus line — between
mitral annulus and left inferior pulmonary vein) as well as
cavotricuspid isthmus ABL were performed in patients with



s histdériou perzistentnej FP, ako aj u pacientov s pravidelnou
predsienovou tachyarytmiou, ktoré boli zdokumentované pred
ABL na $tandardnom EKG, pomocou ICM alebo pocas celého
vykonu ABL. Linedrne lézie sa uskuto¢nili anatomicky a ani
jeden elektricky blok nebol vyhodnoteny.

Implantovatelny loop recorder (ILR)

Pre tucely tejto studie, intrakardidlny monitor (ICM)
Reveal® XT (Model 9529, Medtronic Inc. Minneapolis, MN)
bol pouzity na nepretrzité monitorovanie EKG. Kazdému
pacientovi bol implantovany ICM niekolko mesiacov pred
vykonom s cielom charakterizovat zakladny status FP. Vetky
zariadenia boli zavedené podkoine v lokalnej anestézii do
lavej hornej prednej hrudnej oblasti paralelne ku hrudnej
kosti. Po aktivécii zariadenia v opera¢nej miestnosti zostali
véetky zistované parametre na uvodnom nastaveni. Podkozny
ICM REVEAL XT je vybaveny FP detek¢nym algoritmom,
ktory vyuziva nepravidelnost alebo nestuvis v RR intervale,
na zistenie pritomnosti epizod FP a na vycislenie AF burden,
definovaného ako percento casu straveného vo fibrilacii pred-
sieni. Automaticka softvérova analyza kontinualneho monito-
rovania EKG poskytuje niekolko udajov, ktoré su zozbierané
a zobrazované na kardialnom kompase pocas kazdej kontroly
(denny AF burden, hodiny vo FP pocas jedného dna, prie-
merna komorova frekvencia vo FP, priemerna denna/no¢na
srdcova frekvencia, variabilita srdcovej frekvencie, priemerny
AF burden celkového sledovaného obdobia atd.). Vypocitana
zivotnost batérie v ICM je tri roky a je MRI kompatibilna.

Zber udajov a laboratérne metédy

Zakladné klinické udaje (tabulka 1) od pacientov boli
pozbierané jeden den pred PVI. Informacie o AF burden
boli prevzaté z ILR bezprostredne po zikroku, potom po
troch a po deviatich mesiacoch po PVI (na konci sledova-
ného obdobia).

Periférna krv nala¢no bola odobrana rano do skimaviek
s K.EDTA, pred a tri mesiace po zakroku. Krv bola scentrifu-
govana pri 5 000 ot/min pocas piatich minut a ziskané vzorky
plazmy sa skladovali pri teplote —20 °C. Koncové produkty
pokrodilej glykacie (AGEs), fruktozamin (FR), produkty
pokrocilej oxidacie bielkovin (AOPP) a reaktivne zluceniny
tiobarbiturovej kyseliny (TBARS) sa merali spektrofotomet-
rickymi alebo spektrofluorometrickymi metédami. Analyza
vzoriek bola na zaciatku ukoncend u vsetkych pacientov
okrem jedného. Po zakroku bola ukoncend analyza vzoriek
s vynimkou dvoch pacientov.

Statistické metody

Kontinualne premenné su prezentované ako priemery
a Standardné odchylky, kym kategorické premenné su uve-
dené v percentach. Vztah medzi premennymi sa hodnotil
pomocou neparametrického Spearmanovho koeficientu
koreldcie p. Neparametrickd Theil-Senovd metdda sa pou-
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history of persistent AF, as well as in patients with regular
atrial tachyarrhythmias that were documented prior to the
ABL on standard ECG, by ICM or during entire ABL pro-
cedure. Linear lines were performed anatomically, and no
electrical block was assessed.

Implantable loop recorder (ILR)

For the purpose of the study, the intra-cardiac monitor
(ICM) Reveal® XT (Model 9529, Medtronic Inc., Minneapolis,
MN) was used to perform continuous ECG monitoring. Each
patient was implanted with the ICM several months before
the procedure in order to characterize the baseline status
of AF. All devices were inserted under local anesthesia sub-
cutaneously in the left upper anterior chest region parallel to
the sternum. Upon device activation in the operating room
all detection parameters remained in the nominal settings.
Subcutaneous ICM REVEAL XT is equipped with an AF
detection algorithm that uses irregularity and incoherence
of RR intervals to identify the presence of AF episodes and
to quantify the AF burden defined as the percentage of time
spent in atrial fibrillation. Automatic software analysis of
continuous rolling ECG buffer provides several data that are
displayed on Cardiac compass collected during each inter-
rogation (daily AF burden, hours in AF in one day, average
ventricular rate in AF, average day/night heart rate, heart
rate variability, mean AF burden of the overall follow-up
period, etc.). Calculated battery life of an ICM is 3 years
and it is MRI safe.

Data collection and laboratory methods

Baseline clinical data (Table 1) from the patients were
collected one day before the PVI. Information about the AF
burden was downloaded from the ILR immediately after the
procedure, 3 months after and 9 months after the PVI (at
the end of the follow-up).

Peripheral fasting blood was taken in the morning into
K,EDTA tubes, before the procedure and 3 months after. The
blood was centrifuged at 5000 rpm for 5 minutes and the
obtained plasma samples were stored at -20 °C. Advanced
glycation end-products (AGEs), fructosamine (FR), advanced
oxidation protein products (AOPP) and thiobarbituric acid
reacting substances (TBARS) were measured by spectrophoto-
metric or spectrofluorometric methods. The sample analysis
was completed in all but one patient at the baseline. After
the procedure the sample analysis was completed in all but
two patients.

Statistical methods

Baseline continuous variables are presented as means
and standard deviations, whereas categorical variables are
presented as percentages. The association between variables
was assessed using the Spearman rank correlation co-
efficient p. The ponparametric Theil-Sen method was used
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zila na odhad regresnej priamky na bodovych diagramoch.
Mann-Whitneyho test bol pouzity na posudenie rozdielov
medzi postprocedurdlnou AF burden v dvoch od seba ne-
zévislych skupindch (s alebo bez abla¢nych linedrnych 1ézii
a s a bez histérie perzistujicej FP). Udaje sa analyzovali
pomocou $tatistického softvéru StatsDirect, verzia 3.0.161
(http://www.statsdirect.com). P < 0,05 sa povazuje za Sta-
tisticky vyznamnd.

Vysledky

Zakladné vlastnosti

Nasu skupinu tvorili $tyri Zeny a 15 muZov, s priemer-
nym vekom 55 + 10 rokov. Najbeznejsou komorbiditou
bola arteridlna hypertenzia, ktora sa vyskytla takmer v 85 %
pripadov. Nikto nemal diabetes mellitus ani zlyhanie srdca
a nebol faj¢iarom. Vietci pacienti boli lie¢eni rovnakou te-
rapiou kardioselektivnym dlhoucinkujicim betablokatorom
(metoprololom alebo bisoprololom), amiodarénom a war-
farinom, najmenej tri mesiace pred implantaciou ILR do
prvého sledovaného obdobia (tri mesiace po PVI). V pripade,
ze AF burden v prvom sledovacom obdobi bola menej ako
1 %, bola ukonéena terapia betablokatorom a amiodarénom
(tabulka 1).

Priemerny follow-up pred PVI bol 69 dni, po troch me-
siacoch 94 dni a po deviatich mesiacoch po PVI 285 dni.
Priemerny AF burden o tri mesiace po vykone klesol o 78 %
a po deviatich mesiacoch o 35 % (tabulka 2).

Po implantacii ILR sa len u jedného pacienta vyvinula
perzistujica FP s AF burden 97 %. Podrobnosti o jednotlivych
AF burden, historii perzistujicich FP a linearnych léziach su
uvedené v tabulke 3.

Vztah medzi biomarkermi OS a AF burden

Neexistoval ziadny Statisticky vyznamny vztah medzi
koncentraciou biomarkerov OS a AF burden pred PVL

Avsak sme zistili $tatisticky vyznamnu negativnu kore-
laciu medzi koncentraciou AGEs a AF burden (p = —0,63;
p < 0,01, n = 17) a nevyznamnu negativnu koreldciu medzi
koncentraciou TBARS a AF burden (p = —0,44; p = 0,09 N =
17) po PVI (tabulka 4 a obrazok 1).

Tabulka 2 Loop recorder charakteristika
Table 2 Loop recorder characteristics

to estimate regression line displayed on the scatterplots.
The Mann-Whitney test was used to assess differences
between post procedural AF burden in two independent
groups (with and without ablative linear lesions and with
and without history of persistent AF). Data were analyzed
using StatsDirect statistical software version 3.0.161 (http://
www.statsdirect.com). P < 0.05 was considered statistically
significant.

Results

Baseline characteristics

Our cohort included 4 females and 15 males with a mean
age of 55+10 years. The most common comorbidity was arter-
ial hypertension that occurred in almost 85% of the sample.
No one had diabetes mellitus nor heart failure and there was
no smoker present in the cohort. All patients were receiving
equal therapy with a cardio-selective long acting beta-blocker
(metoprolol or bisoprolol), amiodarone and warfarin, at least
3 months prior to the ILR implantation until the first follow-
up (3 months after the PVI). If the AF burden at the first
follow — up was less than 1%, therapy with beta-blocker and
amiodarone was terminated (Table 1).

The mean follow-up before the PVI was 69 days, the mean
follow-up 3 months after the PVI was 94 days and the mean
follow-up 9 months after the PVI was 285 days respectively.
The mean relative AF burden decreased by 78% three months
and by 35% nine months after the procedure (Table 2).

After the ILR implantation, only one patient developed
persistent AF with AF burden 97%. Details about the indi-
vidual AF burdens, history of persistent AF and linear lesions
are in Table 3.

Association between OS biomarkers and AF burden

There was no statistically significant correlation between the OS
biomarkers concentrations and the AF burden before the PVL

However, we detected a statistically significant negative cor-
relation between the AGEs concentration and AF burden (p=
-0.63; p < 0.01, n=17) and a non-significant negative correlation
between the TBARS concentration and AF burden (p= -0.44;
p = 0.09, n=17) after the PVI (Table 4 and Figure 1).

Premenna Pred PVI (Baseline) 3 mesiace po PVI 9 mesiacov po PVI
(Variable) (Before PVI (Baseline) (3 months after PVI) (9 months after PVI)
Trvanie follow-up (v dnioch) (Follow-up period, days) 69 £ 26 94+9 285+ 25

AF burden, priemer (mean) (%) 28,6 +27,0 54 +8,1 53+59

AF burden, minimalne (minimum) (%) 2,1 0,0 0,0

AF burden, maximélna (maximum) (%) 97,1 27,9 17,3

AF burden, relativny pokles (relative reduction) (%) N/A 78,11 + 303 35+ 163
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Obrazok 1 Bodovy diagram koncovych produktov pokrodilej glykacie (AGEs) tri mesiace po PVI korelovanych na AF burden tri

mesiace po izolacii plicnych zil
Figure 1 Scatter plot of Advanced glycation end-products concentration (AGEs) 3 months after the PVI correlated to atrial fibrillation (AF) burden 3 months after the
pulmonary veins isolation

Tabulka 3 Individudlne charakteristiky atridlnej fibrilacie a udajov z loop rekordéra
Table 3 Individual characteristics of atrial fibrillation and loop recorder data

Cislo pacienta Anamnéza perzistentnej Linearne lézie Baseline AF burden tri mesiace ~ AF burden devit
(Patient No.) FP (Linear lesions) AF burden (%) po PVI (%) mesiacov po PVI (%)
(History of persistent AF) (3 months after PVI, %) (9 months after PVI, %)
1 A Roof line 65,8 27,9 12,73
2 N Nie (No) 2,3 3,1 16,48
3 N Nie (No) 2,1 0,1 0,03
4 A Roof line 10,3 0,6 13,41
5 A Roof line, Mitral isthmus, Cavotricuspid isthmus 9,0 3,5 1,21
6 N Nie (No) 18,8 1,4 1,90
7 A Nie (No) 67,0 18,0 6,52
8 A Cavotricuspid isthmus 30,8 5,6 6,73
9 A Cavotricuspid isthmus 24,6 4,4 1,72
10 A Nie (No) 11,8 0,1 0,18
11 A Nie (No) 36,0 13,5 7,78
12 A Roof line, Mitral isthmus 97,1 0,5 1,54
13 N Roof line, Mitral isthmus 6,7 0,1 9,43
14 A Nie (No) 67,0 18,9 17,28
15 A Roof line, Mitral isthmus 20,0 0,0 0,00
16 N Roof line, Mitral isthmus 2,3 0,4 2,30
17 N Roof line, Mitral isthmus 15,8 52 2,10
18 A Nie (No) 16,9 0,0 0,00
19 A Roof line, Mitral isthmus 39,0 0,0 0,00

Tabulka 4 Korelacia medzi biomarkermi oxida¢ného stresu a AF burden tri mesiace po PVI
Table 4 Oxidative stress biomarkers and AF burden correlations 3 months after the PVI

Biomarker Pacienti (Patients) Koeficient (Coefficient) t(n-2) p hodnota (p-value)
(n) (p)

AF burden & AGEs 17 -0,63 -3,073 0,0083

AF burden & FR 17 -0,14 -0,519 0,6122

AF burden & TBARS 17 -0,44 -1,817 0,0906

AF burden & AOPP 17 -0,09 —-0,294 0,7732
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Obrazok 2 Bodovy diagram koncovych produktov pokrodilej
glykacie (AGEs) tri mesiace po PVI korelovanych na AF burden
devit mesiacov po PVI

Figure 2 Scatter plot of Advanced glycation end-products concentration (AGEs)
3 months after the pulmonary veins isolation (PVI) correlated to atrial fibrillation
(AF) burden 9 months after the PVI

Podobné vysledky sa pozorovali pri AF burden devit
mesiacov po PVIL Doslo k Statisticky vyznamnej negativnej
korelacii medzi koncentraciou AGEs tri mesiace po PVI a AF
burden devit mesiacov po PVI (p = -0,5; p = 0,04, n = 17)
a taktiez medzi $tatisticky vyznamnou negativnou korelaciou
koncentracie TBARS tri mesiace po PVI a AF burden devit
mesiacov po PVI (p = —-0.61, p = 0,01, n = 17) (tabulka 5,
obrazky 2 a 3).

Vztah medzi abla¢nymi linedrnymi léziami a AF burden
po PVI

Median rozdielu AF burden medzi pacientmi s a bez
abla¢nych linedrnych 1ézii bol nevyznamne nizsi o -1,65 %
(p = 0,77) a nevyznamne vyssi o 0,8 % (p = 0,98) po troch
a deviatich mesiacoch od PVL

Vztah medzi historiou perzistujicej FP a AF burden po
PVI

Medidn rozdielu AF burden medzi pacientmi s a bez
historie perzistujucej FP bol nevyznamne vyssi 0 2,6 % (p =

AF Burden (%)

10 20 30 40 50 o0 70 &80
TBARS (umol/l)

Obrazok 3 Bodovy diagram reaktivnych zlicenin tiobarbituro-
vej kyseliny (TBARS) tri mesiace po izolacii plucnych zil (PVI)
korelovanych na AF burden devit mesiacov po PVI

Figure 3 Scatter plot of Thiobarbituric acid reacting substances concentration
(TBARS) 3 months after the pulmonary veins isolation (PVI) correlated to atrial
fibrillation (AF) burden 9 months after the PVI

Similar results were observed with AF burden 9 months
after the PVI. There was a statistically significant negative
correlation between the AGEs concentration 3 months after
the PVI and AF burden 9 months after the PVI (p= -0.5;
p = 0.04, n=17) and a statistically significant negative cor-
relation between the TBARS concentration 3 months after
the PVI and AF burden 9 months after the PVI (p= -0.61;
p = 0.01, n=17) (Table 5, Figure 2 and Figure 3).

Association between ablative linear lesions and AF burden
after the PVI

The median difference of AF burden between patients with
and without ablative linear lesions was non-significantly lower
by -1.65% (p = 0.77) and non-significantly higher by 0.8% (p =
0.98) 3 months and 9 months after the PVI, respectively.

Association between history of persistent AF and AF
burden after the PVI

The median difference of AF burden between patients with
and without history of persistent AF was non-significantly higher

Tabulka 5 Korelacia medzi biomarkermi oxidaéného stresu tri mesiace po PVI a AF burden devit mesiacov po PVI
Table 5 Oxidative stress biomarkers 3 months after the PVI and AF burden 9 months after the PVI correlations

Biomarker Pacienti (Patients) (n) Koeficient (Coefficient) t (n-2) p hodnota(p-value)
(p)

AF burden & AGEs 17 -0,50 -1,867 0,0408

AF burden & FR 17 -0,00 2,278 0,9811

AF burden & TBARS 17 -0,61 -2,564 0,0108

AF burden & AOPP 17 0,04 1,164 0,8686
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0,51) a nevyznamne niz$i 0 2,3 % (p = 0,45) po troch a de-
viatich mesiacoch od PVI.

Vztah medzi abla¢nymi linedrnymi léziami
a biomarkermi OS

Existuje $tatisticky vyznamna korelacia medzi poctom
linearnych 1ézii a koncentraciou AOPP (p = 0,54; p = 0,02,
n = 17) a $tatisticky nevyznamna korelacia medzi poctom
linearnych lézii a TBARS (p = 0,35; p = 0,16, n = 17), AGEs
(p =-0,02, p = 0,94, n = 17) a FR koncentraciou (p = 0,28;
p = 0,27, n = 17) tri mesiace po PVIL.

Diskusia

Nasa $tadia priniesla kontroverzny nahlad do mechanizmu
AF po PVI. Vzhladom na suc¢asny ndzor, povazujuci oxida¢ny
stres za patofyziologicky faktor FP, sme ocakavali pozitivnu
korelaciu medzi biomarkermi OS a AF burden. Avsak vysledky
nasej $tudie preukazali opa¢ny trend pri vSetkych meranych
biomarkeroch.

Navyse stanovenie AGEs a TBARS ukazalo $tatisticky
vyznamnu negativnu korelaciu s AF burden tri mesiace
po PVI. AGEs a TBARS merané tri mesiace po PVI tiez
$tatisticky vyznamne korelovali s AF burden devit mesiacov
po ukonceni PVI, kedy uz bola ukoncena fibroticka remo-
deldcia jaziev po ablacii. Okrem toho, postprocedurdlna
AF burden v nasej $tudii nebola ovplyvnena pritomnostou
ablativnych linedrnych 1ézii, ani histériou perzistujicej FP,
kedZze sa nevyskytli Ziadne $tatisticky vyznamné rozdiely
v AF burden medzi skupinami s a bez linedarnych Iézii,
respektive s alebo bez histérie perzistujacich FP. Vzhladom
na to, ze sa v sucasnosti poklada postproceduralny zapal
a nasledny oxidacny stres za pric¢inu opitovného objavenia
sa FP, vysledky nadej $tudie navrhuji prehodnotenie tohto
negativneho vnimania zvySeného oxidativneho stresu po
PVL

Otazkou zostéva, pre¢o mdze mat oxidacny stres priaz-
nivy vplyv na AF burden po PVI? Jeden predpoklad je,
ze zvySeny oxidac¢ny stres vyjadreny biomarkermi OS je
zodpovedny za zvySenu produkciu fibrotického tkaniva
v oblastiach, kde bolo aplikované radiofrekven¢né posko-
denie. Zrejme existuje pozitivna koreldcia medzi intenzitou
odpovede na oxidacny stres a intenzitou fibrotickej reparacie
tkaniva. Nasledkom vy$sej produkcie fibrotického tkaniva
v oblasti usti pulmonalnych zil je lepsia elektricka izolacia po
radiofrekvencnej ablacii. Teda AF burden sa znizuje, kedZze
elektrické impulzy z ,,micro-reentry“ fokusov, vychadzajuce
z pulmonalnych Zil, sa nemozu $irit na predsien. Okrem toho
tedria zalozend na zdklade nasich zisteni by mohla vysvetlit
zlyhanie poslednych randomizovanych studii, ktoré vyuzivaja
imunosupresiva po PVI na zabranenie opakovaného vyskytu
FP. V jednej $tudii sa rozdiel v opakovani FP nenasiel, pri
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by 2.6% (p = 0.51) and non-significantly lower by -2.3% (p =
0.45) 3 months and 9 months after the PVI, respectively.

Association between ablative linear lesions and OS
biomarkers

There was a statistically significant correlation between the
number of linear lesions and AOPP concentration (p= 0.54;
p = 0.02, n=17) and a statistically non - significant correla-
tion between the number of linear lesions and TBARS (p=
0.35; p = 0.16, n=17), AGEs (p= -0.02; p = 0.94, n=17) and
FR (p= 0.28; p = 0.27, n=17) concentrations 3 months after
the PVI, respectively.

Discussion

Our study brought a controversial insight into the mecha-
nism of AF after the PVI. Due to the current opinion regard-
ing the oxidative stress as a pathophysiologic factor of AF,
a positive correlation of OS biomarkers and AF burden was
expected. However, the results of our study showed a consist-
ent opposite trend for all biomarkers measured. Additionally,
the measurement of AGEs revealed a statistically significant
negative correlation with AF burden 3 months after the PVI.
The AGEs and TBARS measured 3 months after the PVI also
statistically significantly correlated with AF burden 9 months
after the PVI when the reverse remodeling of the ablative scars
was already accomplished. Furthermore, the post-procedural
AF burden in our study was not influenced by the presence of
ablative linear lesions or history of persistent AF as there were
no statistically significant differences in AF burden between
groups with and without linear lesions or history of persistent
AF Since the post procedural inflammation and subsequent
oxidative stress is currently believed to be a reason of early AF
recurrence, the findings of our study suggest reevaluating this
negative perception of increased oxidative stress after PVL.

The question remains as to why the oxidative stress might
have a beneficial impact in terms of AF burden reduction after
the PVL One assumption is that the increased oxidative stress
expressed by the OS biomarkers is responsible for enhancement
of the fibrotic tissue repair in the areas where radiofrequency
damage was delivered. There might be a positive correlation
between the intensity of oxidative stress response and the
intensity of fibrotic repair. The rationale behind the benefits
of higher fibrotic production in the pulmonary veins ostia
after radiofrequency ablation is the better electrical isolation.
Consequently, AF burden is reduced as the electrical impulses
from micro-reentries originating in the pulmonary veins cannot
spread to the atria. In addition, this theory based on our find-
ings could explain the failure of recent randomized controlled
trials where immunosuppressive treatment after the PVI was
used to prevent the AF recurrence. In one study, the differ-
ence in the AF recurrence was not found when comparing
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porovnani imunosupresiv s placebom. V dal$ej $tudii nebolo
pouzivanie imunosupresiv spojené so zniZzenym vyskytom FP,
a dokonca viedlo k vd¢sim radiofrekvenénym poziadavkam
na PVI a k vysSej prevalencii latentnej vodivosti plicnych
zil (11, 12).

Nase predpoklady podporuju aj nedavne $tadie na zviera-
tach, skiimajuce os AGEs-RAGE. Tieto studie priniesli dokazy
o tom, ze AGEs spdsobuju predsieniovu fibrézu u diabetickych
potkanov pomocou ,,up-regulacie“ spojovacieho tkanivového
rastového faktora (CTGF) a matrixovej metaloproteindzy
(MMPs) (13 - 16). Tieto vysledky poukazali na to, Ze kon-
centracie AGEs mozu mat pri¢innu savislost s predsieniovou
fibrozou, ktora sa mdze zvysit najmd po PVI pocas hojenia
abla¢nych lézii. Okrem toho toto mdze vysvetlit, preco
koncentracie AGEs po, ale nie pred PVI, negativne koreluju
s AF burden.

Vynara sa dalSia otdzka, ktora stvisi s rozdielmi v indivi-
dualnej odpovedi na OS. Predpokladali sme, zZe rozsah PVI
by mohol byt spojeny s velkostou zapalu a ndslednym OS.
Avsak v naSej $tadii sme nenasli rozdiel medzi postprocedu-
ralnym AF burden u pacientov s a bez ablacie linedrnych 1ézii.
Navyse iba AOPP S$tatisticky vyznamne korelovalo s po¢tom
linearnych 1ézii, ale nie s TBARS a AGEs, ktoré boli spojené
s postproceduralnym AF burden. Této tedria vSak nie je pod-
porena vysledkami nasej $tudie a mechanizmus individualnej
odpovede na OS tak zostdva neznamy.

Nami prezentovana §tidia priniesla aj rézne klinické
dosledky. Okrem vysvetlenia, pre¢o by sme sa mali vyhnut
imunosupresivnej terapii po PVI, nasa $tidia naznacuje aj
iny terapeuticky smer, ktory by mohol smerovat k stimulacii
oxida¢ného stresu. Daldim délezitym a klinicky relevantnym
prinosom je slubnd moznost predikcie AF burden z poza-
krokovej koncentrdcie AGEs a TBARS. Mohlo by to byt
osobitne dolezité pri kontroldch srdcového rytmu a prognoéze
pacientov podstupujtcich PVI. Av8ak na to, aby sa vytvoril
spolahlivy prediktivny model a na potvrdenie vyssie uvede-
ného patofyziologického ndhladu, si potrebné vacsie Stadie
a dalsi vyskum.

Obmedzenia

Napriek tomu, ze plazmatické koncentrdcie biomarkerov
OS sa povazuju za pomerne stabilné, jestvuje mnoho von-
kajsich a vnutornych faktorov, ktoré by mohli mat vplyv na
ich hladinu. Nie je isté, ¢i namerané koncentracie odrazaju
stabilna aktivitu oxida¢ného stresu u pacientov, alebo ¢i to
bol len prejav aktualnej zmeny ovplyvnenej stcasnym prij-
mom antioxidantov, pasivnym fajéenim alebo inou expoziciou
volnych radikalov.

Dal${im obmedzenim tejto $tidie je heterogenita pacientov,
kedZze niektori mali anamnézu perzistujiicej FP, kvoli comu
bola technika radiofrekvencnej ablacie nejednotna. Na druhej
strane, postproceduralny AF burden nemal ziaden vplyv na
$tatisticka analyzu a iba u jedného pacienta sa pocas sledova-

362

immunosuppressant to the placebo arm. In the other study,
the use of immunosuppressant was again not associated with
the reduction of AF recurrence, but resulted in greater radio-
frequency requirements for PVI and a higher prevalence of
dormant pulmonary veins conduction (11, 12).

Our assumptions are further supported by recent animal
studies examining AGEs-RAGE axis. These studies have
brought evidence that AGEs cause atrial fibrosis in diabetic rats
by up-regulation of connective tissue growth factor (CTGF)
and matrix metalloproteinases (MMPs) (13 - 16). These results
indicated that AGEs concentrations could be causally linked
with the atrial fibrosis, which might be enhanced especially
after PVI during the fibrotic repair. Moreover, this may explain
why only the post PVI, but not the pre PVI concentration of
AGEs negatively correlated with the AF burden.

Another question emerges, related to the differences in
the individual OS response. We hypothesized that the extent
of PVI could be linked with the extent of inflammation and
subsequent OS. However, in our study there was no differ-
ence between post-procedural AF burden in the patients with
and without ablative linear lesions. Furthermore, only AOPP
statistically significantly correlated with the number of linear
lesions, but not the TBARS and AGEs which were shown to
be associated with the post-procedural AF burden. So this
theory was not supported by the results of our study and the
mechanism of individual OS response remains unknown.

Our study also brought various clinical implications.
Except for an explanation as to why immunosuppressive
therapy after the PVI should be avoided, it suggests a differ-
ent therapeutic direction that might aim for oxidative stress
stimulation. Another important and clinically relevant contri-
bution is the promising possibility of AF burden prediction
from the post-procedural concentrations of AGEs and TBARS.
This could be of paramount importance in the heart rhythm
follow-up and prognosis assessment of the patients undergo-
ing PVI. However, to create a reliable predictive model and
to confirm the above mentioned pathophysiological insights,
larger studies and further research are required.

Limitations

In spite of the fact that the plasmatic concentrations of
OS biomarkers are considered to be quite stable, there are
a lot of external and internal factors that might influence their
levels. It is not certain whether the measured concentrations
reflected a stable oxidative stress activity in the patients or
whether this was just a reflection of actual variation influ-
enced by current antioxidants intake, passive smoking or
other free radical exposure. Another limitation of this study
is the heterogeneity of the patients as some had history of
persistent AF, and the catheter ablation technique was not
uniform. On the other hand, in statistical analysis it had
no impact on the post procedural AF burden and only one
patient developed persistent AF during the follow-up. Finally,



ného obdobia vyvinula perzistujica FP. Napokon, aj napriek
tomu, Ze ziskané vysledky boli vyznamné, pocet pacientov
v nasej $tadii bol relativne nizky.

Zaver

V tejto $tudii sme analyzovali vztah medzi biomarkermi
OS a AF burden pred a po PVI. Nase vysledky ukazuju na
negativu korelaciu koncentracie AGEs a TBARS s AF burden
po PVL Tieto zistenia mozu prispiet k pochopeniu etioldgie
FP po PVI. Napriek tomu by mali byt klinické zavery zhod-
notené vo vacsich a dlhodobejsich $tudiach.
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