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Abstract

Background: Atypical atrial flutter (AAFL) is often associated with cardiac surgery or catheter ablation of atrial fibrillation.
Clinically, patients with AAFL are already complex and serious patients. Mapping and ablation of these complex arrhythmias
is a challenge for every arrhythmologist and electrophysiologist. In addition, this category of patients is often ignored: in
particular, due to the lack of approved algorithms and clinical protocols for the diagnosis and treatment of such patients in
Kazakhstan.

Purpose of the study: to evaluate the improvement in the management of patients with atypical atrial flutter after heart
surgery and catheter ablation using innovative technologies.

Materials and methods: The single-center study included 208 patients (Al group - 107 patients, non-Al group - 101
patients) with atrial flutter after heart surgery and catheter ablation. Inclusion criteria: adult patients (18 years and older,
regardless of gender) with atrial flutter after undergoing cardiac surgery and catheter ablation, signed informed consent of
patients for EPS, RFA. Criteria for exclusion of patients from the study group: age under 18 years, decompensation of
concomitant diseases, thrombosis of the left atrial appendage, thrombosis of the left atrium, mechanical mitral valve with
atypical flutter from the left atrium, refusal of the patient from EPS and RFA.

Results: Cardiac surgery for valvular heart disease was frequent reason for atypical atrial flutter in both groups, 63
(58,9%) and 46 (45,5%), respectively. The mean left atrial size on transthoracic echocardiography was 42,9 mm (39;47) and
42,5 mm (39;46), respectively. NT-proBNP was high in Al-group, which indicates to heart failure. RFA with index ablation has
a high effect in the acute phase (p=0.001). A positive correlation was found between left atrium pressure and NT-proBNP
(p<0.001).

Conclusion: Combined therapy in combination with catheter ablation, antiarrhythmic therapy and heart failure therapy
can reduce the risk of recurrent atrial events.
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KATETEPHAA ABJIALUUA ATUNMWYHOIO TPENETAHUA NPEACEPOUN
Y NALMEHTOB NOCIE KAPAUOXUPYPIrMYECKMX ONEPALIUA
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! HAO «HauvoHanbHbIif Hay4YyHbIA KapAWOXUPYPru4ecknn ueHTp», OTaeneHuMe WHTEPBEHLMOHHOMN
aputmoorum, r.ActaHa, Pecny6nuka KasaxcraH;
’HAO «MeaMUMHCKUI yHuBepcuTeT AcTaHar, r.ActaHa, Pecny6nuka KasaxcTaH.

AktyanbHocTb: ATUNU4YHas TpeneTaHue npeacepauit (ATIT) YacTo CBS3aHO C KapaMOXUPYPritveckum BMeLLaTenbCTBOM
WNW KaTeTepHoii abnauuen mepuatenbHoi apuTMun. KnuHuueckn nauweHtsl ¢ ATI, yxe, SBRSIOTCA CMNOXHbIMUA W
CEPbE3HbIMI NaLMeHTaMn. KapTuposaHue n abnaums aTux CROXHbLIX HApYLIEHWIA CEPLEYHOr0 pUTMa SIBMIAETCS HEMPOCTOW
3afjaven ans Kaxaoro aputmorora U anektpodmanonora. Kpome Toro, aaHHas kateropusi 60MbHbIX YacTo octaetcs 6es
BHUMAHWS; B YaCTHOCTW, M3-3a OTCYTCTBMS B KasaxcTaHe YTBEPXOEHHbIX anrOpuTMOB W KIMHMYECKMX NPOTOKOMOB
LMarHOCTUKMA U NeYeHNs Takux BOMbHBbIX.
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Llenb: oueHuTb ynydlleHne BeAeHWs NaLMeHToB C aTUNMYHBIM TPENeTaHMeM Npeacepani nocrne onepauun Ha cepaue
W KaTeTepHOM abnauum ¢ UCrnonb30BaHNEM MHHOBALMOHHbIX TEXHOMOTUIA.

Matepuansl n metoabl. B ogHoueHTpoBOe uccrnegosaHue BknoveHsl 208 nauueHTtos (rpynna AU - 107 yenosex,
rpynna 6e3 AW - 101 nauueHT) ¢ TpeneTaHem Npeacepamii nocne onepauum Ha cepaue 1 kateTepHon abnauun. Kputepum
BKIIOYEHUS: B3POCTblE MauueHTbl (18 neT u cTapwe, He3aBUCMMO OT fona) C TpeneTaHuem Mpeacepauin mocne
NepeHECEHHbIX KapaMOXWUPYPIMYECKUX OMnepaumii U KaTeTepHbIX abnauuii, nognucaHHoe WHGOPMUpOBaHHOE cornacue
naumeHToB Ha AOU, PYA. Kputepun nckmoueHns 6onbHbIX U3 rpynmbl UCCREA0BaHMs: BO3pacT 4o 18 net, aekomneHcauus
COMyTCTBYIOLLUMX 3aboneBaHwi, TpombO3 ylika NEeBOro npeacepaus, TPOoMOO3 NEeBOro Npefacepamusl, MexaHUYecKun
MWUTPanbHbIN KnanaH npy aTunM4YHOM TpeneTaHuu U3 NeBOro npeacepans, 0tkas 6onsHoro ot 3GU n PYA.

PesynbTatbl. Kapanoxupyprvs no nosogy nopoka cepgua bbina Hanbonee 4acTon NpUYMHON TpeneTaHus Npeacepauii
B 00ewx rpynnax, 63 (58,9%) un 46 (45,5%) cnyyaes coOTBETCTBEHHO. [py TpaHCTOPaKanbHON 3XOKapAMorpacun cpeaHuii
pasmep neeoro npeacepaus coctaeun 42,9 mm (39;47) n 42,5 mm (39;46) cooTBetcTBeHHO. B rpynne AW Bbin BGonee
Bbicokuin NT-proBNP, 4o yka3biBano Ha CepaeyHyl HeaocTaTouHoCcTb. Abnaums ¢ uHgekcom abnauuu umeet 6Gonee
Bbicokui achcpekT B octpoit hase (p=0,001). BoisieneHa nonoxutensbHas KOppensauust Mexay AaBneHWeM B NEBOM
npeacepaumn n NT-proBNP (p<0,001).

3akntoyeHune: KomOMHMpOBaHHas Tepanus B COYETAHUM C KaTeTepHOW abrauueil, aHTMapUTMWYECKON Tepannen W
NeYeHneM cepaeyHol HeJoCTaTOYHOCTU MOXET CHU3UTb PUCK MOBTOPHbIX MPEACEPAHbIX COObITHIA.

Knroyeenie cnoea: mpenemarue npedcepdul, kapouoxupypeusi, cepdeyHass HedocmamoyHocmb, uHOeke abnayuu,
KkamemepHas abnayus.
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L FNTTBIK FLINbIMM Kapauoxupyprus optanbifbi» KeAK, UHTepBeHUMANLIK apuTMonorusa 6enimweci,
AcTaHa K., KazakctaH Pecny6nukacsbl.
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©3sekrTiniri: ATunuanbik, xypekwenep gipini (AXI) xui Xypek Xvpyprusicel HEMECE KypeKLue XbiObIpbIH KaTeTepri
abnauus apkbinbl emaey agicimeH bainanbicTbl. KnuHukanbik, Typoe AX[ 6ap Haykactap KasipgiH, esiHge canansbl,
Kypaeni xaHe ayblp Haykactap 6onbin Tabbinagel. Ockl Kypaeni Xypek biprasbiHbiH, Oy3bIIbICTapbIH KapTaFa TyCipy XaHe
abnaums xacay opbip apuTmonor, anekTpodmsMonor ywiH kypaeni macene 6onbin Tabbinagbl. CoHbIMeH KaTtap,
nauueHTTepain, Oyn caHaTtbl Xui TWICTi HasaphaH ThiC Kanadbl: aTan anTkaHaa, KasakcTaHga MyHZan Haykactapsl
AuarHocTukanay MeH emaeyaiH, 6ekiTinreH anroputMaepi MeH KIMHUKanbIK xaTTamanapblHbiH, 6onmaybiHa 6ainaHbiCTbl.

MakcaTtbi: VIHHOBaLMANbIK TEXHOMOTMSANApAbl KondaHa OTbIpbIN, KapaMOXUPYPIUSIbIK XaHe kaTeTep abnsauuschiHaH
KeMiH XypekLe gipii 6ap HaykacTapabl 6ackapyablH, XeTingipyiH 6aranay.

Matepuangap MeH Tacingep: bip opTanbik, 3epTTeyae KapaMoXupyprusnblk, 0TafaH XoHe kaTeTep abnauuschiHaH
KemiH Xypekwwenepaiy, Aipini 6ap eki xy3 ceria Haykac (Al To6bl - 107 naumeHT, non-Al Ton - 101 nauueHT) KamTbINgbl.
BypbIHFbl KapAMOXMPYPIUANbBIK OnepauusgaH xaHe kateTep abnauuscbiHaH kewiH apTypni TunTeri X[-meH aybipaTblH
epecek naumeHTTep (18 xac XasHe ofaH XOfapbl, XbIHbICbIHA KapamacTaH). [lauueHTTepai 3epTTey TOmTapbiHa KOCY
KpuTepuiinepi: 18 xacTaH ackaH Haykactap, aTUnusnbik XaHe Tunnkanblk XK aHbikTanfaH guarHossl, 393, PXKA yiwiH
nawumMeHTTEPAH, KON KOMbINFaH aknapaTTaHabIpbinFaH kenicimi. MaumeHTTepai 3epTTey ToObIHaH LWbiFapy kKputepuinepi: 18
acka TONMMaraH Haykactap, Kartap XypeTiH aypynapiblH, [AEeKOMNEeHCALWsChl, CON XaK KypeKle KOCaIKbIChbIHbIH,
TpoMOO3bI, CON XakK, KypPeKLUEHiH, TPOMOO3bI, CON XaK, XXyPeKLLeHiH, AipiniHaeri MexaHUKanbIk, MUTpanbabl Kaknakwa, 993,
PXXA-gaH nauueHTTiH, 6ac TapTysl.

Hatuxenep: XKypekTiH KaknakLa aypynapbiHa apHanFaH Kapavmoxupyprusrblk oTa exi Tonta Aa XypekLue SipiniHiH, xui
cebebi 6ongbl, colikeciHwe 63 (58,9%) xoHe 46 (45,5%) xarman. TpaHcTopakanbabl axokapauorpadmsa con xak
KYPEKLLEHIH, opTalla enwemi cailkeciHwe 42,9 mm (39;47) xaHe 42,5 mm (39;46) kypagabl. Al TobbiHaa NT-proBNP xoFapbl
Bongbl, Byn Xypek XeTkinikciagiriH kepceTegi. MHaekc abnaunscbiMeH abnauns xacay XiTi ke3eHae XorFapbl acep eTegi
(p=0.001). Con xak xypekue KbicbiMbl MeH NT-proBNP apacbiHga oH, koppensuus aHbiktangsl (p<0.001).

KopbiTbiHabi: KaTeTepai abnauusameH, aHTMapUTMUSNbIK EMMEH XeHe XYPeK XeTKinikciaairiH emaeymeH GipikTipinrex
€M XYpeKLIenepiH, putM Oy3bInbIChIHbIH, KanuTanaHy KayniH a3aiTybl MyMKiH.

Tytindi ce3dep: xypekwenepdiH Oipini, kapduoxupypeusi, Xypek xemkinikciadiei, abnayusi uHOexci, kamemep
abnayusichb.
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Introduction

With the development of the cardiac surgical service
and the increase in the volume of cardiac surgery, such as
heart valve surgery, the number of substrates for atypical
atrial flutter (AFL) has also increased. And clinically,
patients with atypical AFL are already qualitatively different
patients [1-3]. Many of these AFL appear in patients who
have previously undergone medical interventions, such as
valve surgery and congenital heart defects, which in turn
involve atriotomy, a surgical 'Maze' procedure, or
radiofrequency isolation of the pulmonary vein orifices.
Atypical AFL after cardiac surgery is called incisional AFL
because the substrate of the arrhythmia is a scar in the
atria. Patients after cardiac surgery are considered to be
more prone to develop complex rhythm disturbances, and
there is a risk of recurrent AFL after radiofrequency
ablations (RFA) and the risk of atrial fibrillation (AF) in the
postoperative period [4-7]. In this category of patients,
there are usually several circles of reentry, i.e. apart from
the most frequent typical AFL, atypical AFL also occurs.
There are two strategies for rhythm control in these
tachyarrhythmias: 1) drug antiarrhythmic therapy combined
with electrical cardioversion, which does not irreversibly
affect the substrate for re-entry, and 2) radiofrequency
ablation, which aims at irreversibly removing the substrate
for re-entry. Often, if atypical AFL persists for a long time,
sinus rhythm cannot be maintained by medication alone
and, unfortunately, a strategy of heart rate control is
chosen: medication or pacemaker implantation with creation
of an artificial atrioventricular block [8-12]. The latter is a
"desperate” therapy when no other method of correcting the
heart rate is available. With the development of new
technologies in medicine it is possible to avoid this
outcome. Modern diagnostic techniques, such as
electrophysiological study (EPs) and electro-anatomical
mapping, allow to identify the precise localization of the re-
entry cycle and perform effective catheter ablation to
interrupt the re-entry cycle and prevent further arrhythmia
recurrence [13-15].

While the target of ablation in typical AFL is, by
definition, the cavotricuspid isthmus (CTI), atypical AFL is a
more complex type of tachycardia, in which finding the
critical isthmus of re-entry and effective ablation can be
challenging [16-19]. Mapping and ablation of these complex
arrhythmias is not an easy task for every interventional
arrhythmologist and the efficacy is far from ideal. At
present, the combination of activation mapping, bipolar
mapping and endocardial stimulation (entrainment)
maneuvers allows to understand the localization of re-entry
and to ablate the critical isthmus of re-entry tachycardia [20-
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22]. The combination of RFA for atypical AFL and drug
therapy (combination therapy) can achieve long-lasting
sinus rhythm in most patients [23-25]. Increasing the
opportunities for radical therapy of arrhythmias with
catheter-based techniques will preserve sinus rhythm in a
sufficiently large proportion of patients and avoid
complications associated with cardiac arrhythmias [26-28].

In this paper we will try to optimize the management of
patients with a complex heart rhythm disorder as atypical
AFL in patients after previous cardiac surgery and catheter
ablation.

Methods.

The population of patients in the study.

This study compares the efficacy of RFA of atypical AFL
with ablation index (Al) in patients with previous cardiac
surgery and catheter ablation for heart rhythm disorders. In
addition, the efficacy and safety of intracardiac ultrasound
for RFA of atypical AFL is evaluated. Inclusion criteria for
the study were patients over 18 years of age, established
diagnosis of AFL, previous cardiac surgery and catheter
ablation (RFA, cryoablation). Exclusion criteria were: age
under 18 vears, left atrial and left atrial appendage
thrombosis, mechanical mitral valve, decompensation of
concomitant diseases, refusal to participate in the study.
Patients were included in the study according to the
inclusion criteria between January 2015 and December
2020. Procedures performed between 2015 and 2017 were
analyzed retrospectively, and from January 2018 data were
collected prospectively and each patient signed a written
consent to participate in the study before the current RFA.
The interventional arrhythmologists who have performed
RFA are the most experienced in our clinic and perform
more than 300 RFA of pulmonary vein occlusion and more
than 400 RFA of supraventricular arrhythmias using the
Carto3 navigation system (CARTO 3; Biosense Webster,
Diamond Bar, CA) per year. Thus, the prospective group of
patients who have undergone RFA with ablation index is
called the Al group and the retrospective group is called the
non-Al group.

The technique of performing RFA for atrial flutter.

Patients with mechanical heart valves took warfarin with
achievement of target INR 2.0-3.0, patients without
mechanical valves were partly on OAC and partly on
warfarin with a target INR 2.0-3.0. The intake of factor Xa
inhibitors or direct thrombin inhibitors was not suspended.

Before the procedure, all patients were premedicated
with Relanium 2ml/10mg solution and Promedol 1%/2ml
solution and injected intramuscularly. Femoral vein
puncture was performed under local anaesthesia using 1%
lidocaine solution. Intraoperatively, an additional infusion of
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0.05mg fentanyl solution was administered for analgesia. In
all cases, a 3D navigation system (CARTO 3; Biosense
Webster, Diamond Bar, CA) was used to perform
electroanatomical mapping of the left and right atria. The
right atrium, inferior vena cava, superior vena cava, and
tricuspid valve annulus were mapped. Using stimulation
maneuvers-entrainment and a diagnostic 10-pole catheter
in the coronary sinus-the reentry cycle was localized. When
reentry was located in the left atrium, transseptal puncture
(TSP) was performed. In the Al group, a TSP was
additionally used to visualize cardiac structures more
accurately. After TSP, an intravenous heparin solution was
administered with an acute clotting time > 300 sec. In both
groups, linear point-by-point RFA was performed with fusion
of the anatomical structures.

AFL RFA in the Non-Al group was performed using a
Thermocool SmartTouch (CARTO 3; Biosense Webster,
Diamond Bar, CA) irrigation catheter with contact force
sensitivity (CARTO 3; Biosense Webster, Diamond Bar,
CA). Contact force ranged from 5g to 40g and application
time was 20-40 seconds per point. A power of 30-35V was
used in all sections of the left and right atria, depending on
the wall. Continuous RFA points were achieved using the
automatic marking function (VisiTag, Biosense Webster).
The settings for the VisiTag function were as follows:
stability of catheter position - minimum time 10 sec,
maximal fluctuation 3mm; contact force minimum 5g, from
30% of time; point size 3mm. Criteria for effectiveness of
RFA were: termination of AFL and restoration of sinus
rhythm or change of tachycardia cycle length when
switching to another reentry mechanism, achievement of
isthmus block at the critical point, absence of AFL induction
during frequent stimulation. If there was no induction of AFL
and the efficacy criteria were maintained, the procedure
was terminated.

In the Al group, patients underwent RFA using a
Thermocool SmartTouch (CARTO 3; Biosense Webster,
Diamond Bar, CA) irrigation catheter with ablation index
function (Biosense Webster). When using the automatic
marking function (VisiTag), the Al group applied similar
parameters to the Non-Al group, in order to obtain more
accurate results: catheter position stability - minimum time 10
sec, fluctuation no more than 2mm; contact force minimum 5g,
from 30% of time; point size 3mm. The distance between two
consecutive RFA points was maximum 6 mm. In left atrial RFA,
Al changed between 400 and 550, the same as with right atrial
RFA. Ablation duration at each point ranged from 20-40 sec. If
the catheter was moved from the ablation site before reaching
the required Al, the catheter was placed in the same place and
the application was continued until the required Al was
reached. If there was a history of catheter isolation of
pulmonary vein orifices (PVI) (RFA, cryoablation), in addition to
linear RFA of atypical AFL, PVI isolation was checked, and if
there was a gap, PVA reisolation was performed. In the Al
group, left atrial pressure was additionally measured at the
rhythm of AFL and after rhythm recovery.

Medication therapy after an RFA procedure.

Patients who had received preoperative antiarrhythmic
therapy (AAT) continued for 12 weeks postoperatively. If the
patient did not receive any AAT prior to the procedure, an
AAT was selected and therapy was continued in the
postoperative period. The group of patients with a reduced
ejection fraction also received heart failure (HF) therapy.
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Outpatient follow-up of patients.

As the Non-Al group underwent dynamic outpatient
follow-up every 3 months, the same outpatient follow-up
interval was observed in the Al group. Thus, patients came
for follow-up outpatient follow-up every 3 months for 12
months after discharge with 24-hour Holter ECG,
echocardiography and ECG of cardiac rhythm disturbance.
The presence of sustained atrial tachyarrhythmias (atrial
tachycardia, atrial flutter, atrial fibrillation) was assessed
from the Holter ECG and ECG as an indicator of the
effectiveness of the performed RFA. In patients with
sustained episodes of atrial tachyarrhythmia (>30 sec), AAT
was administered for a minimum of 3 months.
Subsequently, if AAT was not effective, RFA was repeated
after 3 months. If a patient was treated with AAT and
sustained episodes of atrial arrhythmia occurred, RFA was
repeated after 3 months. Echocardiography in the
postoperative period allowed to assess atrial size, left
ventricular (LV) function. In the Al group, patients were
additionally tested for NT-proBNP as an indicator of chronic
heart failure and dilated heart chambers.

Statistical analysis.

Continuous variables are represented as mean and
standard deviation if they were normally distributed. For
non-normal distributions, variables are described by median
and quartile (25-75%). Student's t-test, Mann-Whitney U-
test and Kruskal-Wallis test were used to compare
independent samples. Categorical variables were presented
as frequency or percentage values and were compared with
the x2 -Pearson test. Spearman's correlation rank was used
to identify the relationship between the variables. All
statistical analyses were performed on SPSS (version 22,
IBM Corp., Armonk, NY, USA).

Results.

Basic patient characteristics.

The study group included 112 patients who were
monitored for one year after RFA with ablation index.
During the COVID-19 pandemic, 2 patients were excluded
from the Al group due to death due to coronavirus infection
and 3 patients refused to continue the study. Retrospective
data of 101 patients were used as a control group.
According to table 1, the main baseline characteristics of
the patients in the two groups did not differ (p>0.05).

Mean age of patients in Al group was 57.8+11.1 years
and in Non-Al group was 56.6+£10.9 years. Male patients
predominated in both groups, 60 (56%) and 61 (60.4%)
respectively (p=0.528). Patients in both groups were
overweight, 27.8+5 and 28.2+4.7kg/m2, p=0.564.

Arterial hypertension (p=0.791) was equally more
common as background disease in both groups, while
diabetes (p=0.713) and stroke (p=0.506) were much less
common. In the groups, atrial flutter developed mainly after
valve cardiac surgery (p=0.054). There was a difference in
the groups associated with the cryoballoon PVI (p=0.049).

Thus, 21 (19.6%) patients in the Al group had
previously undergone cryoablation compared to the control
group with only 10 (9.9%) patients. Both groups had
estimated pulmonary artery systolic pressure (ePASP)
greater than 25 mmHg (p=0.743) on transthoracic
echocardiography. Atypical AFL also occurs more
frequently (Al group - 77.6%, non-Al group - 68.3%,
p=0.133) than typical AFL in both groups (Al group - 20.6%,
non-Al group - 31.7%, p=0.067).
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Table 1.

Patients’ characteristics according to physical parameters, anamnesis, antiarrhythmic therapy, anticoagulation and

transthoracic echocardiography.

Baseline characteristics Al-group (n=107) |NonAl-group (n=101)| P-value

Age, years 57,8+11,1 56,6+10,9 P=0,441
BMI, kg/m? 27,845 28,2447 P=0,564
Male, n (%) 60 (56) 61 (60,4) P=0,528
Hypertension, n (%) 72 (67,2) 70 (69,3) P=0,791
Diabetes mellitus, n (%) 14 (13,0) 15 (14,8) P=0,713
Stroke/TIA, n (%) 6 (5,6) 8(7,9 P=0,506
IHD/operated, n (%) 21(19,6) 27 (26,7) P=0,224
CHD/operated, n (%) 10 (9,3) 15(14,9) P=0,222
VVHD/operated, n (%) 63 (58,9) 46 (45,5) P=0,054
Afib PVI CRYO, n (%) 21(19,6) 10(9,9) P=0,049
Afib PVI RFA, n (%) 17 (15,9) 19 (18,8) P=0,577
Afib PVI+lines, n (%) 15 (14,0) 7(6,9 P=0,097
AFLRFA, n (%) 21(19,6) 16 (15,8) P=0,476
AAFL RFA, n (%) 5(4,7) 1(0,9) P=0,113
AT RFA, n (%) 1(0,9) 3(29) P=0,285
HAS-BLED, Me (Q1;Q3) 2,2(2;3) (1;3) P=0,770
CHA2DS,VASCc, Me (Q1;Q3) 1,0 (0;1) 1,0 (1;2) P=0,791
Pulmonary hypertension, n (%) 53 (49,5) 49 (48,5) P=0,883
Hyperthyroidism, n (%) 17 (16) 15 (15) P=0,836
Atrial flutter typical, n (%) 22 (20,6) 32(31,7) P=0,067
Atrial flutter atypical, n (%) 83 (77,6) 69 (68,3) P=0,133
Concomitant atrial fibrillation, n (%) 8 (7,5) 2(2) P=0,064
Onset of atrial events after incision/ablation, month, Me (Q1;Q3) |12 (4;25) 8 (3;23) P=0,072
Duration of tachycardia, month, Me (Q1;Q3) 3(2;4) 2(1;4) P=0,401
| class, n (%) 7(6,5) 2(2) P=0,106
Il class, n (%) 47 (43,9 49 (48,5) P=0,507
b-blockers, n (%) 82 (76,6) 5 (84,2) P=0,173
ACE-i/ARB, n (%) 73 (68,2) 1(60,4) P=0,239
Diuretics, n (%) 16 (15) 3(12,9) P=0,665
Aldosterone antagonists, n (%) 34 (31,8) 3(32,7) P=0,890
NOAC, n (%) 41(38,3) 6 (25,7) P=0,052
Warfarin, n (%) 66 (61,7) 75 (74,3) P=0,052
LA diameter, mm 42,9 (39;47) 42,5 (39;46) P=0,599
EF, Me (Q1;Q3): 55 (50;59) 54 (44,58) P=0,53

>40, n (%) 98 (91,6) 86 (81,1) P=0,146
<40, n (%) 9(84) 15 (18,9) P=0,146
ePASP, mmHg Me (Q1;Q3) 28 (23;34) 27 (24,32) P=0,743
EDV, ml, Me (Q1;Q3) 95 (76;117) 114,4 (86;131) P=0,004
ESV, ml, Me (Q1;Q3) 42 (34;,52) 49 (37;69) P=0,005

BMI - body mass index, TIA - transient ischemic attack. IHD- ischemic heart disease. CHD - congestive heart disease.

VHD - valvular heart disease. AAFL — atypical atrial flutter. AT — atrial tachycardia. NOAC - new oral anticoagulants. LA — left atrium.

EF - ejection fraction. ePASP — estimated pulmonary artery systolic pressure. EDV - end diastolic volume. ESV — end systolic volume.
HAS-BLED - scale for bleeding risk assessment. CHA2DS2VASc — scale for thromboembolic risk assessments.

Prior to the current RFA, an increase in LV size was
noted in both groups (p=0.599). There was, however, a
significant difference between the groups in terms of end-
diastolic volume (p=0.004) and end-systolic volume
(p=0.005).

Results of the procedure.

According to the results (table 2), the duration of
operations was longer in the Al group (110.8+10.4min) than
in the Non-Al group (95.52+10.7min), but the difference was
not statistically significant (p=0.057). There was a statistically
significant difference (p<0.001) in the duration of transseptal
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puncture. Thus, less time was spent in the Al group than in
the control group (5 and 7 min respectively). Similar
significant differences between groups were found in
fluoroscopy time (2.2min and 5.5min, p=0.003) and radiation
dose itself (0.04mSv vs 0.15mSv, p=0.026). Contrast agent
was not used at all in Al group in comparison with other group
(p<0.001).

The number of reentries, localization of critical isthmus in
the atria, localization of scar zones and arrhythmia
mechanisms were comparable in both study groups (Table
2).
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Table 2.
Procedure based characteristics of patients.
Al-group (n=107) Non-Al-group (n=101) | P-value
Mean procedure time, min Me (Q1;Q3) 94 (75;125) 89 (72;,117) P=0,057
TSP mean time, min 5(5;6) 7 (6;8) P<0,001
Fluoroscopy time, min 2,2 (0;5,3) 55(0;12,2) P=0,003
Mean dose area product, mSv 0,04 (0;0,28) 0,15 (0;0,56) P=0,026
Contrast agent, ml 0 0 (0;50) P<0,001
Number of re-entry:
1,n (%) 74 (69,2) 78 (77,2) P=0,146
2n (%) 24 (22,4) 17 (16,8) P=0,310
>3 n (%) 9(8,4) 6(5,9) P=0,491
LA critical isthmus localization:
Roof, n (%) 13 (12,1) 6 (5,9) P=0,120
Anterior, n (%) 18 (16,8) 28 (27,7) P=0,058
Posterior, n (%) 1(0,9) 4(3,9) P=0,151
Left PVs area, n (%) 8(7,5) 5(4,9) P=0,452
Right PVs area, n (%) 6 (5,6) 3(29) P=0,350
RA critical isthmus localization:
CTl, n (%) 55 (51,4) 53 (52,5) P=0,877
Lateral, n (%) 31(29) 32 (31,7) P=0,671
Posterior, n (%) 8 (7,5) 2(1,9) P=0,064
Anterior, n (%) 5(4,7) 3(2,9) P=0,523
SVC, n (%) 1(0,9) 2(1,9) P=0,527
Scar zones localization in RA:
Lateral, n (%) 66 (61,7) 50 (49,5) P=0,077
Posterior, n (%) 8 (7,5) 2(1,9) P=0,064
Anterior, n (%) 1(0,9) 0 P=0,330
Septal, n (%) 15 (14) 28 (27,7) P=0,015
1 zone, n (%) 44 (41,1) 31(30,7) P=0,117
=>2 zones, n (%) 32 (29,9) 27 (26,7) P=0,612
Scar zones localization in LA:
Posterior, n (%) 10(9,3) 15(14,9) P=0,222
Roof, n (%) 19 (17,8) 7(6,9) P=0,018
Anterior, n (%) 17 (15,9) 9(8,9) P=0,077
PVs area, n (%) 32 (29,9) 38 (37,6) P=0,303
Septal area, n (%) 4(3,7) 3(2,9) P=0,759
1 zone, n (%) 20 (18,7) 27 (26,7) P=0,166
=>2 zones, n (%) 25 (23,4) 22 (21,8) P=0,785
RA Re-entry mechanisms:
CW, n (%) 13(12,1) 14 (13,9) P=0,714
CCW, n (%) 40 (37,4) 34 (33,7) P=0,575
RL, n (%) 40 (37,4) 33 (32,7) P=0,477
Septal, n (%) 2(1,9) 0 P=0,167
Other, n (%) 4(3,7) 3(29) P=0,759
1 zone, n (%) 63 (58,9) 56 (55,4) P=0,617
=>2 zones, n (%) 17 (15,9) 14 (13,9) P=0,682
Ablation index:
Minimum Al, Me (Q1;Q3) 404 (401;408)
Maximum Al, Me (Q1;Q3) 506 (503;509)
Mean Al, Me (Q1;Q3) 457 (452;465) -
IPG, n (%) 11(10,3) 6(5,9) P=0,390
Complications (tamponade), n (%) 0 9(8,9) P=0,002
NT-proBNP, Me (Q1;Q3) 1564 (1025;1906) - -

Throughout the follow-up period after surgery, patients ~ complications (cardiac tamponade), 0 versus 9 cases,
in the Al group showed a decrease in atrial recurrence  respectively.
episodes (Figure 1) and an increase in the risk of Correlation analysis in Al group showed a strong
recurrence in patients in the control group. There was a  significant positive association (p<0.001) between the LV
statistically significant (p=0.002) difference with regard to  pressure index and the cardiac marker NT-proBNP (Figure 2).
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Figure 1. Kaplan-Meier criterion for identifying atrial episodes.
With Al group of patients who received RFA using the ablation index.
Non-Al group of patients who underwent RFA without using the ablation index. p=0,001.

In the Al group, paroxysms of AF were observed
in the remote period. According to the odds criteria
(Table 3), there was an association between left
atrial pressure and episodes of AF (p<0.001).
Patients in the Al group were allocated according to
the development of recurrent atrial fibrillation in the
long term. Left atrial pressure was taken into account
during EPs in AFL.

Patients with high LV pressure were included in the
risk group, and those without the presence of high LV
pressure were included in the comparison group. The
significance of the difference in frequencies was
calculated by x2 -test. The odds ratio is within the Cl,
indicating a high chance of 15.8/1 of developing AF in
the long-term period in patients with high LV pressure.

Discussion. Currently, with the increasing
number of catheter ablations in the treatment of atrial
fibrillation and the increasing number of cardiac
surgeries, the proportion of postoperative incisional
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atrial arrhythmias, especially atypical AFL, is Figure 2. Presence of association with increased NT-proBNP
increasing. and left atrial pressure. Significance p<0.001.
Table 3.
Risk of atrial fibrillation as a function of increased invasive left atrial pressure.
AF No AF Total Frequency of AF | Cl, 95%
High LA pressure 46 18 64 71,8745,62% 60,85-82,88%
No pressure in the LP 6 37 43 13,95+5,28% 3,6-24,29%

The difference in frequencies is statistically significant, p<0.001

Such patients clinically endure episodes of AT worse
and decompensation of the patient's condition occurs faster.
In particular, patients after valve surgery or after correction
of congenital heart disease are more likely to develop
atypical AFL than those after pulmonary vein cryoisolation
for AF (Table 1). The presence of a significant difference
(p=0.049) between the groups regarding the development
of TP after cryoballoon PVI can be attributed to the lower
number of cryoablation procedures in the control group,
rather than to the lack of association between cryoablation
and AFL development. Atrial fibrillation RFA is a relatively
effective treatment for organized incisional atrial fibrillation.
However, despite refractory to antiarrhythmic therapy and
the relatively rapid development of arrhythmogenic
cardiomyopathy, it takes a long time for the patient to reach
catheter ablation. This can be seen in table 1, where a

patient with AFL has not undergone RFA for an average of
3 (Al group) and 2 (non-Al group) months (p=0,401).
Effective RFA for AFL against a background of atriotomy
scarring and pre-existing structural heart disease does not
reduce the risk of recurrent atrial arrhythmias. However,
there is a reduced risk of recurrence when using ablation
index with RFA for atypical and typical AFL (Figure 1).

In most cases, 2 or more reentry mechanisms were
observed in the patient, increasing the complexity and
duration of the procedure itself. Nevertheless, our results
showed significant differences in contrast agent exclusion,
TSP duration, fluoroscopy time and X-ray dose. Patients in
the Al group were divided into 4 groups to identify the
association between high LV pressure and the development
of recurrent atrial fibrillation in the long-term follow-up
(Table 1). The odds ratio with p<0.001 was used to identify
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the association. In the risk group, the incidence of AF was
71.8715.62% (95% Cl) (Table 3). The odds ratio showed a
high chance of long term recurrence of AF in the risk group
(high LV pressure) with a rate of 15.8 (Cl 95%).

Conclusion. The RFA with ablation index has a high
effect in the acute phase. In the long-term period, patients
with high LV pressure have a high risk of developing AF or
other atrial events. A direct positive correlation has been
found between LV pressure and the cardiac marker NT-
proBNP, which in turn is a marker of heart failure, and
combined therapy with catheter ablation, antiarrhythmic
therapy and HF therapy may reduce the risk of recurrent
atrial events. However, this requires more detailed and
additional research.

Funding. This research work was not funded.

Author Contributions. All authors participated equally in the
writing of this article.

Acknowledgements. The authors thank the administration of
JCS “Natioanal research cardiac surgery center” for support.

Conflict of interest. The authors declare the absence of
conflict of interest; all authors had an equal contribution to the
given material.

Publication information. The authors declare that none of
the blocks of this article were published in the open press and are
not under consideration by other publishers.

References:

1. Bochoeyer A., Yang Y., Cheng J. et al. Surface
electrocardiographic characteristics of right and left atrial
flutter // Circulation 2003; 108:60-66

2. Bun S.S. et al. Afrial flutter; More than just one of a kind
I European Heart Journal. 2015. Vol. 36, Ne35. P. 2356-2363.

3. Baranova V.V. Clinical evaluation of the efficacy of
radiofrequency catheter ablation in patients with atrial flutter
after correction of cardiac defects, dissertation, Novosibirsk,
2006. C. 153.

4. Ardashev A.V. Clinical experience with irrigated
ablative catheters in the treatment of patients with typical
atrial flutter and ventricular pre-excitation syndrome //
Journal of Arrhythmology. 2001. No23. C.10-14.

5. Ardashev A.V. Atrial flutter: clinical electrophysiology
and catheter ablation // Ekonomika Publish.House, 2001, P.142.

6. Zipes D. Specific arrhythmias: Diagnosis and
treatment/Philadelphia: Saunders.-1988.-P .658-716.

7. Pokushalov E.A. Radiofrequency catheter ablation
of atrial flutter, dissertation, Novosibirsk, 2004, pp. 13-14,

8. Mayer A.G. rhythmical pulsation in scyphomedusae //
Cornegie Institution 1906. Publication N47. P. 62.

9. Lewis T. et al. Observations upon flutter and fibrillation.
II. The nature of auricular flutter. Heart 1920; 7:191-233.

10. Lewis T. et al. A demonstration of circus movement in
clinical flutter of the auricles // Heart 1921. 8:341-59.

11. Rosenblueth A. Estudios sobre el fltter y la fibrilacion.
Il. La influencia de los obstaculos artificiales en el flutter
auricular experimental // Arch Inst Cardiol Mex 1947. 17:1-19.

12. Scherf D., Romano F.J., Terranova R. Experimental
studies on auricular flutter and auricular fibrillation // Am
Heart J 1948;36:241-51. PMID: 18873261.

Correspondence:

13. Prinzmetal M., Corday E., Oblath R.W. et al.
Auricular flutter. Am J Med 1951;11:410-30

14. Waldo A.L, McLean WA.H., Karp R.B. et al.
Entrainment and interruption of atrial flutter with atrial
pacing. Studies in man following open heart surgery.
Circulation 1977;56:737-45. PMID: 912831.

15. Francisco G. Cosio, Atrial Flutter, Typical and
Atypical: A Review. Arrhythm Electrophysiol Rev. 2017 Jun;
6(2): 55-62. doi: 10.15420/aer.2017.5.2

16. Lewis T., Feil H.S., Strupd W.D. Observation upon a
curious and not uncommon form of extreme acceleration of
the auricles // Heart-1912.- Vol A-P. 171.

17. Puech P.L. Activite electrique auriculaire normale et
pathologique// Paris: Masson& Cie.-1956. P. 214-240.

18. Schamroth L. In: The Dissoders of Cardiac Rhythm //
Victoria, Australia, Blackwell Scientific Publication.1980. P.49-57.

19. Cosio F.G., Gil M.L. et al. Mechanism of entrainment of
human common atrial flutter studied with multiple endocardial
recordings // Circulation, 1994; 89:2117-2125

20. Revishvili A.Sh. et al. Atypical left atrial flutter //
Vestnik Arhythmologii, No 44, 2006, 40-44.

21. Cosio F.G., Arribas F. et al. Atrial flutter mapping
and ablation. . Studying atrial flutter mechanisms by
mapping and entrainment // PACE 1996; 19:841-53.

22. Olgin J.E., Kalman J.M., et al. Role of right atrial
endocardial structures as barriers to conduction during
human type | atrial flutter. Activation and entrainment
mapping guided by intracardiac echocardiography //
Circulation 1995, 92:1839-48. PMID: 7671368.

23. Tai C.T., Chen S.A., Chen Y.J. et al. Conduction
properties of the crista terminalis in patients with typical
atrial flutter: basis for a line of block in the reentrant circuit //
J Cardiovasc Electrophysiol. 1998. 9:811-9. PMID: 9727659

24. Shumacher B., Jung W., Schmidt H., et al.
Transverse conduction capabilities of the crista terminalis in
patients with atrial flutter and atrial fibrillation // J Am Coll
Cardiol, 1999. 34:363-73. PMID: 10440147

25. Arenal A. et al. Rate-dependent conduction block of
the crista terminalis in patients with typical atrial flutter:
influence on evaluation of cavotricuspid isthmus conduction
block // Circulation 1999. 99:2771-9. PMID: 10351971

26. Friedman P.A., Luria D. et al. Global right atrial
mapping of human atrial flutter: the presence of posteromedial
(sinus venosa region) functional block and double potentials: a
study in biplane fluoroscopy and intracardiac echocardiography
Il Circulation. 2000. 101:1568-77.

27. Santucci P.A., Varma N., Cytron J. et al.
Electroanatomic mapping of postpacing intervals clarifies
the complete active circuit and variants in atrial flutter //
Heart  Rhythm 2009. 6: 1586-95. DO
10.1016/j.hrthm.2009.08.010; PMID: 19879536 17.

28. Dixit S., Lavi N. Robinson M. et al. Noncontact
electroanatomic mapping to characterize typical atrial flutter:
participation of right atrial posterior wall in the reentrant circuit /
J Cardiovasc  Electrophysiol. 2011,  22:422-30. DOI
10.1111/.1540-8167.2010.01917..x; PMID: 20958830

Bakytzhanuly Abay, interventional arrhythmology department, JSC “National Scientific Cardiac Surgery Center”, Astana,

Republic of Kazakhstan.

Mailing Address: Republic of Kazakhstan, 010000, Astana, Turan 38 ave.

E-mail: bakytzhanuly@gmail.com, Tenedpon: +77013834096

96


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5522718/
https://dx.doi.org/10.15420%2Faer.2017.5.2
mailto:bakytzhanuly@gmail.com

