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Abstract.

PATIENTS WITH PAROXYSMAL ATRIAL FIBRILLATION

T. Shalganov, M. Stoyanov, M. Mirazchiyski, B. Kunev
Cardiology Department, National Heart Hospital — Sofia

OcKbaHu ca npoyyBaHusATa, M3CNeaBaLLy BpbakaTa Mexay nesonpegcbpaHata (/1) gunataums u obwara nnowy Ha JN
W NoLTa Ha 30HUTe ¢ abHOPMEH BOMTaX MpW MauMeHTn ¢ npeacbpaHo MbxaeHe (MM). Llenta vn bewwe aa onpege-
num nnowta Ha J1 v cermeHTUTE My C BUCOKOMITLTHOCTEH MEMUHT NpW NauueHTyu ¢ npuctbnHo M, 1 ga kopenvupame
exorpadcku ycraHoBeHaTta JIMN aunatauus ¢ obwata u abHopmHara JIMN nnow,. Matepuan u metogu. PeTpocnekTus-
HO Mpoy4BaHe Ha mauueHTn ¢ npucTbnHoO MM 1 n3onaums Ha 6enofpobHM BeHM, MPeAXoXAaHa OT BUCOKOMTbTHOCTEH
MEenVHr B CMHYCOB pUTbM. BCuukm ca umanu exokapayorpadvs v npu Hanuune Ha JM gunataums s e 6una rpagupaxa
kaTo nekalymepeHa-Texka. JIM BonTax e gednHupaH kato HUewK (< 0.5 mV) unu umkatpucvaneH (< 0.1 mV). N Gewe
pasgeneHo Ha 5 cermeHTa. bsixa n3amepeHm obLiaTa u cerMmeHTHaTa noLL, HUCKOBONTaXHATa M LuKkaTpucuanHaTa nno-
wy. flaHHWTe ca NpeLcTaBeHM KaTo cpeaHa CTOMHOCT + SD unm kato MeanaHa ¢ MHTEpPKBapTUNeH uHTepsan (25-75%) B
3aBMCUMOCT OT HOPManHoCTTa Ha pasnpegeneHue. M3anonssann 6sxa tect Ha Shapiro-Wilk, kopenauus Ha Spearman,
Kruskal-Wallis » ANOVA aHanuan. CtoinHocT Ha p < 0.05 e npueTa 3a curiudmkantHa. PeaynTatu. Mpoyyenn ca 67 na-
LneHTH (66% mbxe). NN gunatauus umate npn 58% (neka B 39%, ymepeHa/Texka B 19%). HuckoBonTaxHM 1 Lkatpu-
cuanHm 3oHu 6sixa OTKpUTM W B ABETe rpynn cbe 1 6e3 J1M gunataums. bele ycTaHoBeHa yMepeHa Kopenauus Mexay
OTHOCUTENHUS 4N Ha abHopmHaTa nnow v cTeneHTa Ha JM gunataums (nuncealla cly neka cly ymepeHaltexka), rho
=0.44, p = 0.0002. Mpwn nauuerTn 6e3 JIMN gunatauns cpeaHata obiwa JIM nnowy 6ewe 100.4 + 17 cm?, a abHopMHaTa
nnowy bewwe < 10% (9.9%, 6.2-14.8%), ¢ noutn nuncaaLy yukatpuke. Mpu naurenTy ¢ JN gunatauus obwata nnowy Gete
¢ okono 10% no-ronsima (109.8 cm?, 100.9-123.8 cm?), Ho abHopmHaTa nnoLy, Belle NoyTH fBoitHO no-ronmama (17.1%,
11.1-26.8%), ¢ Manka, HO M3vMepuma LykaTpucuanHa nnowy. 3akntodeHue. JIN 3041 ¢ HUCHK BonTax < 0.5 mV ce oTkpu-
BaT NOBCEMECTHO C BUCOKOMITBTHOCTEH MEMUHT NPY NauneHT ¢ npucTbnHo MM, HesaBucumo aanv uma JIM gunataums.
Camo npw naupeHTn ¢ JIM gunataums obadve ce ycTaHOBSBAT U3MEPUMM LkaTpucuanHu noneta. Obuiata abHopmHa
NNoLL, Kopenupa yMepeHo cbe cTenenTa Ha J1M aunatauyws, oLeHeHa exokapanorpadcky.
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There is paucity of studies correlating the left atrial (LA) dilation and the LA total and abnormal voltage areas in patients
with atrial fibrillation (AF). We sought to determine the area of LA and its segments by high-density mapping in patients
with paroxysmal AF, and to correlate the LA dilation defined by echocardiography with the total and the abnormal LA areas.
Material and Methods. Retrospective study of patients with paroxysmal AF and pulmonary vein isolation proceeded by
high-density mapping in sinus rhythm. All had transthoracic echocardiography and LA dilation, if present, was graded as
mild/moderate-severe. LA voltage was defined as low (< 0.5 mV) or scar (< 0.1 mV). The LA was divided in 5 segments
and the total and segmental area, low voltage area and scar area were measured. Data were presented as mean + SD
or median and interquartile interval (25-75%) depending on normality of distribution. Shapiro-Wilk test, Spearman T
correlation, Kruskal-Wallis, and ANOVA analysis were used. A p-value < 0.05 was considered significant. Results.
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Sixty-seven patients (66% males) were studied. LA enlargement was present in 58% (mild enlargement in 39%, moderate/
severe in 19%). Low voltage and scar areas were found in both groups with and without LA dilation. Moderate correlation
was found between the percentage of abnormal area and the degree of LA dilation (none vs mild vs moderate/severe), rho
=0.44, p=0.0002. In patients with non-dilated LA the mean total LA area was 100.4 + 17 cm? and the abnormal area was
<10% (9.9%, 6.2-14.8%), with barely detectable scar. In patients with LA enlargement the total area was approximately
10% larger (109.8 cm?, 100.9-123.8 cm?), however the abnormal area was almost doubled (17.1%, 11.1-26.8%), and
there were small yet measurable dense scar areas. Conclusions. Low voltage LA areas < 0.5 mV were found universally
by high-density mapping in patients with paroxysmal AF, irrespective of the presence of LA enlargement. However, only
patients with LA enlargement had measurable scar areas. The total abnormal area correlated moderately with the degree

of LA dilation defined by echocardiography.
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BbBEOLEHMUE

MpeacbpaoHoto MbXaeHe (MMM) e 3abonssaHe,
KOETO e CBbp3aHo ¢ Aunartaums u pubposa Ha nsBo-
To npeacepave (J1M), Hapen c gpyrm dakTtopm [1-3].
MoHacTosileM kaTeTbpHaTa abnaumsa ce npenopbyBa
3a neyeHve Ha CUMMTOMHO MPUCTBMHO WX nepcuc-
Tnpawo MM ¢ nanonasaHe Ha TPUMU3MEPEH EMNEKTPO-
aHatoMunyeH MenuHr [4, 5]. HannyHute cuctemu 3a
efiekTpoaHaToOMMYeH MENVHI MO3BONSABaT M3MepBaHe
Ha usanara JIM nnow, KakTo U Ha 30HUTE C HUCHK MIK
LUMKaTpucmnaneH BONTax.

JIMN pasmepu ce namepsar fecHoO 4Ypes TpaHcTopa-
KanHa exokapgmorpacdus. Cnopen aktyanHute npeno-
pbKK [6] HAKOMKO Ca MeToAUTE 3a OLEHKa Ha Hanuvve
Ha JIM gunataums. Han-npoctnsT e vM3mepBaHe Ha
npeaHo-3agHua JIN pasmep B napactepHaneH cpes no
Abnrata oc. [pyrm MeTOAM BKIHOYBAT M3MepBaHe Ha
JIMN nnow, nnn obem. Korato e HanwuyHa, JIIN gunara-
LMs ce gedurHMpa KaTo fieka, ymepeHa unmn Texka [6].

[Hocera ca nybnukyBaHu CbBCEM Marko Mpoy4sa-
HWs1, NpaBeLwm kopenauusa mexay M gunatauus, oue-
HeHa exokapauorpadcku, 1 nnowta Ha J1 n Ha 30HK-
Te C HUCBK/UMKaTpUCHaneH BONTax, onpeaeneHmn Ypes
erneKTpoaHaToMM4yeH MeNUHr Npy KaTteTbpHa abnauus
Ha M. MNMpu TOoBa Te gaTupar OT BpPEMETO npeaun Ha-
BMNM3aHETO Ha BUCOKOMITbTHOCTHMS MeNuHr [7, 8].

LlenTta HM Gelue fa onpegenyM noLuTa Ha HSKomM-
ko JIM cermeHTa u Ha yanoto J1IM 4ype3 BMCOKOMMbLT-
HOCTEH enekTpoaHaToMu4yeH 6unonsdpeH BONTaXeH
MEMNWHTI NpWU nauneHTn ¢ npuctbnHo MNMM. Cblo Taka
nacnegsaxme kak J1I gunartauus, oueHeHa exokap-
avorpadbckn, kopenupa ¢ obwara n abHopmHara JIl
NnoL, n3MepeHa Ypes3 BUCOKOMITbTHOCTEH MEMMHT.

MATEPUAN U METOOMU

Mpoyynxme peTpocnekTUBHO MNOCNeaoBaTeNHU
NauMeHT CbC CUMNTOMHO NpucTbnHO M (npoabn-

pulmonary vein isolation; echocardiography; high-density mapping; voltage mapping; dense scar.

Prof. Tchavdar Shalganov, MD, PhD, Cardiology Department, National Heart Hospital, 65, Konyovitsa St., 1309 — Sofia,
Tel: +359-2-9211-411, fax: +359-2-9211-402; e-mail: icd@hearthospital.bg

INTRODUCTION

Atrial fibrillation (AF) is a disease condition de-
pending on left atrial (LA) dilation and left atrial fibrosis
among other factors [1-3]. Currently catheter ablation is
recommended treatment for symptomatic paroxysmal
or persistent AF by using three-dimensional mapping
[4, 5]. The commercially available systems for electro-
anatomic mapping allow for measurement of the overall
LA area and of the areas showing low or scar voltage.

LA dimensions are easily measured by transthorac-
ic echocardiography. According to the current guide-
lines [6] there are several methods to assess the pres-
ence of LA dilation. The simplest one is to measure the
anteroposterior LA dimension in long axis parasternal
view. Other methods include measuring the LA area or
volume. When present, the dilation is defined as mild,
moderate or severe [6].

So far there is paucity of studies correlating the LA
dilation defined echocardiographically and the overall
LA area and low/scar voltage areas defined by elec-
troanatomic mapping during catheter ablation of AF.
Moreover, these studies date back to before the advent
of high-density mapping [7, 8].

We sought to determine the areas of several LA
segments and of the entire LA measured by high-densi-
ty electroanatomic bipolar voltage mapping in patients
with paroxysmal AF. We investigated also how the LA
dilation defined by transthoracic echocardiography cor-
related with the total and the abnormal LA areas, both
measured by high-density mapping.

MATERIALS AND METHODS

We studied retrospectively consecutive patients
with symptomatic paroxysmal AF (episode duration
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XWUTEMNHOCT Ha enu3oauTe He MoBeve OT 7 OHU Cb-
rmacHo aktyanHata geduHuums [4]), nekyBaHu ypes
pagnodpekBeHTHa n3onauusa Ha 6enogpobHUTe BEHU
B nepuoga sHyapu 2018 r. u gekemspu 2019 r., npu
KOWTO HEMOCPELCTBEHO Npean abnaunsita e HanpasBeH
BMCOKOM/TbTHOCTEH BOMTaXeH MenuHT. BkntoyeHu bsixa
camo NbpBM abnaLroHHK npoueaypu Npu naunueHTn B
CMHYCOB pUTBM, 3a ga ce msberHat nuuata cbC Cny-
YanHO NPEeACbPAHO LuMKaTpuavpaHe creq npeaxogHa
abnauusa. Bcuukm naumeHTn ca vMManuM HeycneLlHo
rfiedeHne C NoHe eduH aHTMapUTMUYEH MEeOUKaMEHT,
KaKToO M NMUMUTMPALLM CUMMNTOMM C pasfnnyHa TexecT
n mogmncmumpaH EHRA knac = IIb no Bpeme Ha apuT-
MU4HUTE enusoam [9].

Mpu BCWYKM MaLMEHTM € HanpaBeHa TpaHcTopa-
KanHa exokapguorpacdusa npegn abnaumsita. Namep-
BaHusATa Ha JI ca v3BbplIBaHM B napacTepHaneH
cpes no Abnrata oc U/unu anvkaneH YeTUPUKYXUHEH
cpes B kpad Ha cuctonata. [Mpu gaunatauua Ha Nl ta e
oTbens3BaHa u rpagupaHa crnopeg nona Ha nauueHTa
KaTo neka, ymMepeHa unm Texka, cnopen npenopbkute
Ha American Society of Echocardiography [6].

Abraumsita e u3BbplIBaHa Mpu HenpeKkbcHaTa
TepaneBTUYHa nepoparnHa aHTMKoarynauus ¢ aHTaro-
HUCT Ha BUTaMuH K unu gupekTeH opaneH aHTukoary-
nanT [10, 11]. BbB BCMYKKM criydam € u3nonsBaHa Cuc-
TeMa 3a eflekTpoaHaToMmyeH menuHr EnSite Precision
(Abbott, MN, USA). HakpaTtko, B KOPOHapHWS CUHYC €
BbBexaaH eanH 10-nonceH KaTeTbp 3a NO3MLMOHHA
N enektpuyecka pedepeHums. OcurypsiBaH e OBOEH
TpaHccenTaneH OOCTbMN Ype3 MyHKUUs Ha oBarnHara
SMKa U nHcepumsa Ha gBa 8F abnru nHTpoglcepa B
JIMN. Cnep ToBa B J1l1 ca BbBexgaHu ynpasnsem 10-no-
TNIOCEH LMPKYISAPEH MEMUHT KaTeTbp CbC 7 MM MeEX-
AYerneKkTpoaHO pascTosiHMe M abnaumoHeH KaTeTbp C
4 mm BpbX U OTBOpeHa upurauus. VIHTpaBeHO3HO €
npunaraH xenapuH B HayarnHa gosa 70-100 Ul/kg, pas-
JAerneH B ABa paBHU bonyca, KOUTo ca npuraraHu cneg
BCSIKa TpaHccenTanHa NyHKUmMs. AKO NaumMeHTsT e 6un
B NPeACbpOHO MbXAEHE, Ha TO3M eTan € npaBeHa
TpaHcTOpakarnHa enekTpokapanoBepcust 3a Bb3CTaHo-
BsIBAHE Ha CUHYCOB pPUTBbM. Upes UUPKYyNAPHUS MENUHT
KaTeTbp € npaBeHa reoMeTpuyHa PEKOHCTPYKUUSA Ha
eHpokapgHata noBbpxHOCT Ha JIIM, npokcumanHute
4YacTu Ha yXoTo My 1 Ha BenogpobHute BeHn. OvepTa-
BaH € MUTPanHUAT KnaneH npbCcTeH. EgHoBpemeHHo ¢
reoMeTpuyHaTa PEKOHCTPYKLUSA aBTOMaTUYHO e npaBse-
Ha BunonsipHa BonTaxHa kapTa. Crieq ToBa e N3BbpLU-
BaHa UMpKymdepeHTHa abraumst OO MocTuraHe Ha
enekTpuyecka nsonauus Ha Bcuykm 6enogpobHmn BeHw,
KOETO € [OKa3BaHO Ype3 n3yesBaHe unv gmcoummpaHe
Ha 6enogpobHMTE BEHO3HM MOTEHLMANN, perncrpupa-
HW OT LUPKYMAPHMA MEMNUHT KaTETbP BbB BCAKa BEHA, U1
ypes nurnca Ha 3axBalllaHe Ha NpeacbpaMeTo npu cTu-
Mynaumns BbB BEHUTE CbC cuna Ha umnynca > 10 mA.

up to 7 days according to current definition [4]) treat-
ed by radiofrequency pulmonary vein isolation be-
tween January 2018 and December 2019 who had
high-density voltage mapping done immediately
before the ablation. Only first ablation procedures
while the patient was in sinus rhythm were included
to avoid patients with inadvertent atrial body scarring
after a previous ablation. All patients had at least one
failed antiarrhythmic drug treatment attempt and all
had disabling symptoms of variable severity with a
modified EHRA score of = llb during arrhythmia ep-
isodes [9].

All patients had transthoracic echocardiogra-
phy before the ablation. The LA measurements were
done in parasternal long-axis view and/or in apical
four-chamber view at end systole. LA enlargement, if
present, was noted and graded depending on the sex
of the patient as mild, moderate or severe, based on
the recommendations of the American Society of Echo-
cardiography [6].

The ablation procedure was performed during
uninterrupted therapeutic oral anticoagulation with
vitamin K antagonist or direct oral anticoagulant as
previously described [10, 11]. The EnSite Precision
system (Abbott, MN, USA) was used for electroana-
tomic mapping in all patients. Briefly, one 10-polar
catheter was inserted in the coronary sinus serving as
positional and electrical reference. Double transseptal
access was achieved by puncture of the oval fossa
and insertion of two 8F long sheaths in the left atrium.
Then, a steerable 10-polar circular mapping catheter
with 7-mm interelectrode distance and a 4-mm tipped
ablation catheter with open irrigation were introduced
in the LA via the sheaths. Heparin was administered
intravenously at an initial dose of 70-100 Ul/kg divid-
ed in two equal boluses, each one applied after each
of the transseptal punctures. If the patient was in AF,
transthoracic cardioversion was done at this point to
restore sinus rhythm. Using the circular mapping cath-
eter, a geometrical reconstruction of the shell of the
LA, and the proximal parts of the LA appendage and
the pulmonary veins was done. The mitral valve open-
ing was traced out. Simultaneously with the geometri-
cal reconstruction a bipolar voltage map was created
automatically. Circumferential ablation was performed
until electrical isolation of all pulmonary veins was
achieved as verified by disappearance or dissociation
of the pulmonary vein potentials on the circular map-
ping catheter positioned in each vein, and by non-cap-
ture of the atrium during pacing with an output > 10
mA in the veins.
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AHann3bT Ha CUrHaNuUTe € HanpaBeH creq npoLe-
aypute. JIM Gewe pasgeneHo Ha npefeH, 3ageH, Oo-
neH, cenTtaneH n nocreporatepaneH cerMeHT (cwur.
1). ¥xoto Ha J1I Gelue n3KknYeHoO OT M3MepBaHUsATa,
TbI KAaTO HUKOra He € COHAMPAaHO A0CTaTbYHO AbIIOOKO
3a usrpakgaHe Ha AOCTOBEpPHa reoMeTpust U Tbi KaTo
OOVMKHOBEHO B HEro ce perucTpupaT BUCOKOBONTaXKHMN
curHanu gopu no Bpeme Ha MM [12]. Beudku npeg-
CbpAHW curHanu ¢ amnnutyga = 0.5 mV 6sxa npuetn
3a HopmanHu. CurHanu ¢ amnnutyga = 0.1 mV u <
0.5 mV Bsxa npueTn 3a HUCKOBOMTAXHWN, @ CUrHanuTe
¢ amniutyga < 0.1 mV 6axa npuetn 3a NITbTEH Lu-
katpukc [7, 13, 14]. Cnep pbYHO ovepTaBaHe Ha neTTe
CerMeHTa Ha NpeacbpaneTo codhTyepbT Ha cuctemarta
3a MEnuHr aBTOMaTU4YHO M3YMCIIsiBalLe CbOTBETHaTa
nnowi B kBagpaTHu caHTumeTpu. OCBEH TOBa HUCKO-
BONTaXXHUTE 30HU N 30HUTE C LIMKATPUKC BbB BCEKU OT
5-Te npeacbpaHM cerMeHTa 6sixa ovepTaBaHy U TEXHU-
Te NMoLLM CbLLO Bsixa n34yncrnsiBaHM aBTomaTuyHo (cur.
1). Cneq ToBa Ypes n3BaxkgaHe Ha uukaTpucnanHara un
HUCKOBONTaXXHaTa nnowy, oT obLiata nnow, Ha cerMmeH-
Ta Gelle Bb3MOXHO Aa Ce U34ncnm pasnpeneneHneTo
N OTHOCUTENHWS OAN Ha HOPMasnHus MUOKapA, KakTo
N HUCKOBOMTaXHaTa M UMKaTpucuanHaTta nnow no
cermMeHTn n 3a uyanoto JII. AHanmsmpaHu bsixa camo
KapTu, Cb3gadeHu U3usano B CUHYCOB PUTHM, Tbi KaTto
MM obuyaliHo NpenuM3BMKBa MOHWXKaABaHE Ha BOMTaXa
Ha npeacbpaHuTe curHanu [12, 15]. Beuykn naumneHTn
C KapTu, cb3gadeHn M3usno unu YactuyHo npu MM,
0s1xa U3KMNOYEHN OT aHanusaa.

Analysis of the signals was done off-line. The LA
was divided in anterior, posterior, inferior, septal and
posterolateral wall (Fig. 1). The LA appendage was
excluded from the measurements as it was never en-
tered deep enough to create a reliable geometry and
as it usually showed high voltage signals even in AF
[12]. All atrial signals with amplitude = 0.5 mV were
considered normal. Signals with amplitude = 0.1 mV
and < 0.5 mV were considered low voltage, while sig-
nals with amplitude < 0.1 mV were considered as
dense scar tissue [7, 13, 14]. After having manually
outlined the different parts of the atrium the software
of the mapping system automatically calculated the
respective area in square centimeters. In addition,
the low voltage zones and the scar areas in each of
the 5 atrial segments were traced out and their areas
were also automatically calculated (Fig. 1). Then, by
subtracting the scar area and the low voltage area
from the entire area of the segment we were able to
calculate the distribution and the percentage of the
normal myocardium as well as the low voltage and
scar areas by segments and for the entire LA. Only
maps created entirely during sinus rhythm were an-
alyzed as AF usually causes lowering of the voltage
of the atrial signals [12, 15]. All patients with maps
entirely or partially created while in AF were exclud-
ed from the analysis.

®ur. 1. Pasanuunn cermenTn Ha J1I n namepsaHe Ha obLiarta nnoLy Ha CerMeHTa, NoLLTa Ha HUCKOBOMNTaXHAaTa 30Ha U Ha NITbTHUS LMKATPUKC B
3afHo-npeaHa npoekuus (A) 1 kayaanHo aHrynupaHa nsisa npefHa koca npoekums (B). OpaHxeBuTe NMHUM o4epTaBaT OTAENHUTE CEerMEHTU Ha
J1M, 3eneHnTe — 30HMTE ¢ abHOpMeH BonTax. A — npefHa cTeHa, | — gonHa cteHa, P — 3agHa cTeHa, S — cenTanHa cteHa, PL — 3agHonarteparnHa

cteHa, MV — mutpaneH knaneH oTBop

Fig. 1. Different segments of the LA and measurement of the total area of a segment, the area of low voltage zone and the dense scar area
in posteroanterior view (A) and caudally angulated left anterior oblique view (B). The LA segments are depicted by orange lines, the abnormal
areas — by green lines. A — anterior wall, | — inferior wall, P — posterior wall, S — septal wall, PL — posterolateral wall, MV — mitral valve opening
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Mpoyuynxme CbLLO PasfUYHM KIMHUYHW U npoLeay-
PHU XapaKTEPUCTUKM Ha NauMeHTuTe — Bb3pacT, nor,
WHAEKC Ha TenecHa maca, M34ucrieHa CKOpoCT Ha [o-
MepyrHa unTpaLmsa n KpeaTUHUHOB KIMPBHC, Npuapy-
aBally 3abonsiBaHusi, 3a KOMTO € M3BEeCTHa Bpb3ka C
MM, [16] CHA2DS2VASc n HASBLED c6op, Hanuune
Ha JIIM gmnartauus, oueHeHa exokapauorpadcku, Te-
xecT Ha JIIN gnnataums, korato € 6una HanmyHa, Gpon
eHAoKapaHWM ToYkuM nNpu kapTtorpadupareTto (o6 6pon
1 n3nonaeaHn). CbLyo Taka ce onutaxme Aa Hanpasum
Kopenaums mexagy Hanvyuneto u ctenenTta Ha J1N guna-
Taums C HUCKOBONMTaXXHUTE/LUMKATPUCHUATTHATE 30HM.

CTatmucTnyecknaTt aHanus 6elle M3BbpPLUEH C NPO-
rpama StatPlus:mac Pro, v. 7.1.3. HopmanHocTTa Ha
pasnpegeneHve Ha gaHHuWTe Oelle npoBepeHa uypes3
TecTta Ha Shapiro-Wilk. HenpekbcHaTUTe gaHHM C HOp-
MarnHo pasnpeferneHvne ca npeacraBeHn Kato cpefHa
CTOMHOCT + CTaHO4APTHO OTKMOHEeHWe u obxeaT, a He-
npekbCHaATUTE JaHHU C pasnpegeneHue, pasnnuyHo ot
HOPMAaIHOTO, Ca NPeACTaBEHN KaTo MeanaHa N UHTEPK-
BapTWUneH nHtepsan (25-75% nepcextun). OTHocuTen-
HUAT OsN € NpeacTaBeH KaTo NpoueHT. MisnonaeaHum ca
Kopenaumsi Ha Spearman, aHanu3 Ha Kruskal-Wallis,
kakto n ANOVA. BeposiTHoCcTHa cTonHocT < 0.05 Gelwe
npuerta 3a CUrHMguKaHTHa.

PE3YNTATH

B aHanu3a ca BkntoyeHn 67 naumeHTn (44 mMbxe,
66%). N3xogHuTe xapakTepucTuK1 U NpuapyxasaLiu-
Te 3abonsBaHWSA Ha MauMeHTUTe ca NpPeacTaBeHn B
Tabn. 1 n 2. TenecHoTo TErno U UHAEKCHT Ha Tenec-
HaTa Maca 6sxa CUrHUPMKAHTHO NO-BMCOKM MpKU Nauu-
eHTun ¢ JIMN gunataums cnpsiMo Te3n 6e3 gunartauus.
3atnbcTaBaHeTo, AeUHMPAHO KaTo MHAEKC Ha Tenec-
Ha maca > 30 belle ¢ TeHOeHUMS 3a No-ronsiMma YecTo-
Ta npu naunenTn c JIlN gunatayms.

MpenHo-3agHuaT JIM pasmep npu Mbxe bGelle
39.97 £ 413 mm (31-47 mm). Mpun xeHn Ton Gelle
42.31 £ 6.19 mm (34-54 mm). JIN gunataums nvawle
npu 39 nauuneHtn (58%). OT Tax, 26 naumeHTn (39%)
baxa ¢ neka guvnartauus, gokato 13 naumeHTtn (19%)
Bsxa c ymepeHa (n = 9) unu Texka (n = 4) gunaraums
(nopagn mankusa 6pon naumeHTn C ymepeHa n Texka
npeacbpAaHa gunataumsa Te 6sxa obeanHeHu 3aegHo
3a nocriegeallm aHanman).

Mpu 10 nauueHTtn (14.9%) 6e m3BbpLUIEHA TPaHC-
TopakariHa enekTpokapanoBepcusi pean HadanoTo Ha
kapTorpadupaHeTo. O6LWmnAT 6pon eHgoKapaAHU TOYKM
Npv BOMTAXHWUSI MENUHT NMpu naumeHTuTe 6e3 JIM an-
nataums Gewe ¢ meguara 3857 (IQR 2709.2-4772),
gokarto npu nuuata c J1IN gunartaums ton 6e 3425 (IQR
2945-4501.5), p = 0.6381. M3non3BaHuTe TO4YKM Npwu
naumeHTn 6e3 JIlM aunataumnsa 6axa ¢ meanana 1444
(IQR 1145.2-1822.5), pokato npu nauyneHTuTe ¢ auna-

We studied also multiple clinical and procedural
characteristics of the patients — age, sex, body mass
index, estimated glomerular filtration rate and creati-
nine clearance, comorbidities with known relationship
to AF [16], CHA2DS2VASc and HASBLED scores,
presence of LA dilation as assessed by transthoracic
echocardiography, severity of LA dilation when pres-
ent, endocardial points collected during mapping (over-
all and used). We also tried to correlate the presence
and magnitude of LA enlargement with the low voltage/
scar voltage areas.

The statistical analyses were done using StatPlus:-
mac Pro software, v. 7.1.3. Normality of the data dis-
tribution was tested by Shapiro-Wilk test. Continuous
data with normal distribution were presented as mean
+ standard deviation and range, while continuous data
with non-normal distribution were presented as median
and interquartile interval (25%-75% percentile). Pro-
portions were presented as percentages. Spearman
rho correlation, Kruskal-Wallis, and ANOVA analysis
were used. A 2-sided probability value < 0.05 was con-
sidered significant.

RESULTS

Sixty-seven patients (44 males, 66%) were includ-
ed in the analysis. The baseline characteristics and
comorbidities of the patients are presented in Tables
1 and 2. Body weight and body mass index were sig-
nificantly higher in patients with LA enlargement vs
those without. Obesity defined as body mass index
> 30 tended to be more frequent in patients with LA
enlargement.

The anteroposterior LA dimension in men was
39.97 £ 4.13 mm (31-47 mm). In women it was 42.31
+ 6.19 mm (34-54 mm). LA enlargement was present
in 39 patients (58%). Of those, 26 patients (39%) had
mild enlargement, while 13 patients (19%) had moder-
ate (n = 9) or severe (n = 4) enlargement (due to the
low numbers of patients with moderate and severe atri-
al enlargement they were merged together for further
analyses).

Ten patients (14.9%) had transthoracic electrical
cardioversion before starting the mapping. Endocardial
points collected overall during voltage mapping in pa-
tients without LA enlargement were a median of 3857
(IQR 2709.2-4772), while in patients with LA enlarge-
ment these were 3425 (IQR 2945-4501.5), p = 0.6381.
Used points in patients without LA dilation were a me-
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TnpaHo JIN Te 65axa 1532 (IQR 1255-1873), p = 0.3534.
HuckoBonTaxkHW 30HM Bsixa oTKpUTK Npn 27 (96.4%) ot
28 nauueHTn 6e3 JM gunataumsa n 12 ot Tax (42.8%)
MMaxa 1 HsKakbB LUukaTpucmaneH sontax. Beuukm na-
umenTu c NN gunaTtauma 6s5xa ¢ HUCKOBOMNTAXHW 30HM
n 21 (53.8%) nmaxa 1 30HM C NITBTEH LMKaTPUKC. Tesn
pasnuku He ca curigukanTHu (p = 0.8 3a oTHocuTEn-
HUS OAN Ha NauueHTUTe ¢ HUCBLK BonTax; p = 0.5 3a
OTHOCUTENHMS OSN Ha NauueHTUTe C uukaTpucuaneH
BonTax). [MNogpobHu faHHKM 3a obLiata u 3a CerMeHT-
HuTe JIM nnown, KakTo U 3a HUCKOBOMTAXHUTE 30HU
N 30HUTE C MITbTEH LMKATPUKC OT BONTaXKHUTE KapTu
npu nuuata ¢ HegunaTupaHo u ¢ gunatupado JN ca
nokasaHu B Tabn. 3 u 4.

dian of 1444 (IQR 1145.2-1822.5), while in patients
with dilated LA these were 1532 (IQR 1255-1873), p
= 0.3534. Low voltage areas were found in 27 (96.4%)
out of 28 patients without LA enlargement, and among
them 12 (42.8%) had some scar voltage. All patients
with LA dilation had low voltage areas and 21 (53.8%)
had also dense scar areas. These differences were not
significant (p = 0.8 for percentage of patients with low
voltage; p = 0.5 for percentage of patients with scar
voltage). Detailed data on total and segmental LA ar-
eas, and low voltage and dense scar areas from the
voltage maps in patients with non-dilated and dilated
LA are shown on Tables 3 and 4.

Tabnuua 1. U3xonHu xapaktepuctuku / Table 1. Baseline characteristics

MapameTbp / Parameter C punatupano J1M / Dilated LA C HegunatupaHo J1IM / Non-dilated LA P
Bb3pacT (rogunHu) / Age (years) 60.1 £ 7 (44-74) 56.7+8.8 (32-69) 0.084
Pbct / Height (m) 1.74 £ 0.1 (1.56-1.88) 1.75 (1.69-1.78) 0.731
TenecHo Terno / Weight (kg) 93.9 + 13.2 (68-126) 80 (72.2-90.7) 0.0007
WHpekc Ha TenecHa maca / Body mass index 30.5 (27.7-35) 26.5 (23.7-28.6) 0.0002
KpeatuHuh / Creatinine (umol/L) 91 (84.5-99.5) 94.4+16.7 (62.1-126) 0.884
eGFR (ml/min/1.74 m?) 65.1 £ 13.2 (38-94) 68.1+12.1 (37-90) 0.34
é???ﬁﬂﬁi”ﬁiﬂi‘éﬂuminm 74 m?) %0 (79.5101) 84.5(76.2:98.7) 0-325
CHA2DS2VASc cbop / score 1(1-3) 1.5 (1-2) 0.492
HASBLED c6op / score 0 (0-0) 0 (0-0) 0.954

eGFR — n34ucneHa ckopocT Ha rnmomepynHa dounTpaums no dpopmynarta Ha MDRD — estimated glomerular filtration rate calculated by the MDRD formula

KpeaTuHUHOBUSAT KNMpBHC e n3dmcneH no chopmynarta Ha Cockeroft-Gault / Creatinine clearance was calculated by the Cockcroft-Gault formula

Ta6bnuua 2. NpuapyxaBawm 3a6onsBaHus / Table 2. Comorbidities

MpuapyxaBalyo 3abonsiBaHe C annatupano J1n / C Hegunatupano JIM /
Comorbidity Dilated LA (n, %) Non-dilated LA (n, %) P
KopoHapHa 6onect* / Coronary artery disease* 3(7.7) 2(7.1) 0.899
MocTosiHeH nevicmelikbp / Permanent pacemaker 1(2.5) 2(7.1) 0.629
Crap nHeynTt/TUA / Previous stroke/TIA 2(5.1) 3(10.7) 0.585
3axapeH anabet / Diabetes mellitus 7(17.9) 0 0.286
Xunotupeonaunabm / Hypothyroidism 9(23.1) 3(10.7) 0.484
ApTepuanHa xunepToHus / Arterial hypertension 32 (82) 21 (75) 0.593
CHHOW / HFTEF 1(2.5) 1(3.6) 0.809
CH3®W / HFpEF 2(5.1) 0 0.859
XpoHunyHo 6B6peyHo 3abonsasaHe / Chronic kidney disease 0 3(10.7) 0.367
XOBB / COPD 1(2.5) 2(7.1) 0.629
3atnberaBaHe™ / Obesity™* 20 (51.3) 5(17.8) 0.071
O6cTpyKTBHA CbHHa anHes / Obstructive sleep apnea 4 (10.3) 0 0.593

*kopoHapHaTa bonecT belwe geduHUpaHa KaTo ctap MUOKapAeH WMHMAPKT MM NpeaxogHa nepkyTaHHa KOpoHapHa MHTEpPBEHLUMS Unu npe-
nxogHa kopoHapHa 6aii-nac onepauusi / coronary artery disease was defined as old myocardial infarction or previous percutaneous coronary

intervention or previous coronary artery bypass grafting

**3aTnbCTABaHETO Oelle fAedmHMpaHo KaTo MHAEKC Ha TenecHa maca > 30 / obesity was defined as BMI > 30

CHH®W / HFrEF — cbpaeyHa HemocTaTbYHOCT C MOHWXKeHa dpakuusi Ha uatnacksaHe / heart failure with reduced ejection fraction; CH3®W /
HFpEF — cbpaeyHa HegocTaTbYHOCT CbC 3ana3eHa dpakums Ha natnacksade / heart failure with preserved ejection fraction; TUA / TIA — TpaH-
3MTOpHa McxeMuyHa ataka / transient ischemic attack; XOBE / COPD — xpoHuyHa obcTpykTuBHa GenoapobHa 6onect / chronic obstructive

pulmonary disease
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Ta6nuua 3. JleBonpeAcbpAHU NOLWM MO CEFMEHTU U MO aMNIUTYAa Ha BoNTaxa Npu naumMeHTU ¢ Hegunartupato J1M
Table 3. Left atrial areas by segments and by voltage amplitude in patients with non-dilated LA

CreHa / Wall Mnowy LVA<0.5 LVA (%) DS < 0.1 mV DS (%) ABHopmHa nnowy, | AGHOpPMHa NoLL,
Area (cm?) mV (cm?) (cm?) Abnormal area | Abnormal area
(LVA+DS) (cm?) (%)
, 261458 2.8 10.4 0 0 2.8 13
Mpepka / Anterior (16.9-40.2) (0.8-4.3) (3.1-16.3) (0-0.1) (0-0.5) (0.8-5.2) (3.1-18.4)
, 229+638 0.2 14 0 0 0.2 1.4
3apwa / Posterior (10-37.2) (0-1.1) (0-4.8) (0-0) (0-0) (0-1.1) (0-5.3)
, 204+5 1.1 52 0 0 1.1 5.9
Ronka / Inferior (11.4-34) (0-2.7) (0-12.5) (0-0) (0-0) (0-2.7) (0-12.5)
16.3+55 1.4 85 0 0 1.4 85
Cenranxa / Septal (7-26.2) (0.8-4.6) | (3.8-30.8) (0-0) (0-0) (0.8-4.6) (3.8-32.3)
3aﬂHonaTepanHa 14.7+5.8 1.1 9.9 0 0 11 10.9
Posterolateral (5.9-28.7) (0-2.3) (0-16.9) (0-0) (0-0) (0-2.9) (0-19.4)
, 100.4 + 17 9.2 95 0 0 9.9 9.9
NMobwo/Entire LA | (661-133.7) | (6.8-12.9) | (6.2-12.8) (0-1) (0-1.1) (6.9-14.9) (6.2-14.8)

LVA — HuckoBonTaxHa 30Ha (low voltage area); DS — 3oHa Ha nnbTeH umkatpuke (dense scar area); 1M / LA — naBo npeacwpave / left atrium

Tabnuua 4. lleBonpeacbpAHM NAOLWM MO CEFMEHTU M MO aMNNUTYyAa Ha BonTaxa npu nauueHTn ¢ gunatupado JMN
Table 4. Left atrial areas by segments and by voltage amplitude in patients with dilated LA

Crena / Wall Moy, LVA<0.5mV LVA (%) |DS<0.1mV| DS (%) ABHOpMHa nnoy ABHopmHa nnoL,
Area (cm?) (cm?) (cm?) Abnormal area Abnormal area
(LVA+DS) (cm?) (%)
, 293 48 15.5 0 0 6.1 17.1
Mpepna / Anterior (24-34.5) (1.9-10.4) | (7.3-33.3) | (0-1.4) (0-5.9) (2.1-12.5) (7.8-45.4)
_ 25.316.6 0.4 1.3 0 0 04 1.3
3apHa / Posterior (15.1-42.7) (0-2.1) (0-7.7) (0-0) (0-0) (0-2.2) (0-8.6)
_ 19.1 4 14.6 0 0 4.1 18.7
Ronta / Inferior (17.2-24.6) (1.5-6.6) (7.9-34.5) (0-0) (0-0) (1.7-7.4) (8.3-39.9)
18.4 2.1 15.2 0 0 24 15.4
Cenranta / Septal (14.8-21.5) (0.6-6.4) (2.1-34.8) (0-0) (0-0) (0.8-7.8) (2.9-40.6)
3agHonareparnHa 15.316.4 1.7 134 0 0 25 19.4
Posterolateral (4.5-31) (0.4-5.3) (4.6-335) | (0-0.5) (0-2.5) (0.7-6.8) (6.8-41.4)
, 109.8 18.3 15 0.2 03 19.7 17.1
M obwo/Entire LA | (100.9-123.8) | (10.6-25.3) | (10.5-23.1) |  (0-4.3) (0-4.5) (11.4-28.7) (11.1-26.8)

LVA — HuckoBonTaxHa 30Ha (low voltage area); DS — 3oHa Ha nnbTeH umkatpuke (dense scar area); 1M / LA — naBo npeacwpave / left atrium

Kopenauusita mexay npegHo-3agHus J1I pasmep,
namepeH exokapauorpadcku, n obwata JIM nnow, Ha
BONTaXHMTe kapTn 6e MHOro cnaba n HeCUrHUAUKaHT-
Ha, rho = 0.11, p = 0.445. Kopenauusta mexagy Hanu-
yneto unu nuncara Ha J1IM gunataums u J1IMN nnow Bce
owe Gelle cnaba, HoO Bce nak CUrHUduKaHTHa, rho =
0.27, p = 0.026. OTKkpnxme obaye Mno-curHa Kopena-
unsa (Makap u Bce oLle yMepeHa) Mexagy OTHocuTen-
HUS asan Ha abHopmHata J1I nnowy 1 Hanu4dmneTo Ha J1TM
aunataums, rho = 0.40, p = 0.0007 (dwur. 2A); oTHOCUK-
TenHusa asn Ha abHopmHata J1IM nnow, n cteneHTa Ha
JIN gunataums (HMKakBa cpeLly feka cpeLly ymepeHa/

The correlation between the anteroposterior LA
dimension measured by echocardiography and the
total LA area on the voltage maps was very weak and
non-significant, rho = 0.11, p = 0.445. The correlation
between the presence or absence of LA dilation and
the LA area was still weak, but significant, rho = 0.27,
p = 0.026. However, we were able to find a stronger
correlation (albeit still moderate) between the percent-
age of abnormal LA area and presence of LA dilation,
rho = 0.40, p = 0.0007 (Figure 2A); percentage of ab-
normal LA area and the degree of LA dilation (none vs
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Texka), rho = 0.44, p = 0.0002 (dur. 2B); n oTHOCUTEN-
HWUs1 gan Ha abHopmHaTta JIM nnow, n npegHo-3agHus
JIMN paamep, rho = 0.35, p = 0.011 (cpur. 2C).
MexpgyrpynoBu cpaBHeHUs bsixa HanpaeeHu 3a J1I1
nnowy, HMckoBonTaxkHara J1 3oHa, oTHOoCUTENEH Asn Ha
HWCKOBOMTaXHaTa 30Ha, 30HaTa C NITbTEH LIMKaTPUKC 1
OTHOCUTENHMUSA OAN Ha LMKaTpucManHarta 3oHa, abHopmM-
HaTta nnoLy, (HMCKOBONTaXHa NMOC MIbTEH LIMKATPUKC)
N OTHOCUTENHUS AN Ha abHopMHaTa nnowy,. Tesn cpas-
HeHus 6sxa HanpaeeHu No 2 HaumHa: 1) naumeHTn ¢ He-
aunartupano J1M cpeluy nauneHTn ¢ gunatupato J1I1; 2)
naumeHTn 6e3 J1IM gunataums cpelly naumeHT ¢ Neko
aunartumpano J1 cpelly naumeHTn ¢ yMepeHo/TEXKO an-
natupano J1. Pesyntatute ca nokasaHu B Tabnuvua 5.
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mild vs moderate/severe), rho = 0.44, p = 0.0002 (Fig-
ure 2B); and percentage of abnormal LA area and the
LA anteroposterior dimension, rho = 0.35, p = 0.011
(Figure 2C).

Intergroup comparisons were done for the LA area,
LA low voltage zone, percentage of low voltage zone,
dense scar area and percentage of dense scar area,
abnormal area (low voltage plus dense scar) and per-
centage of abnormal area. These comparisons were
done in two ways: 1) patients with non-dilated vs dilat-
ed LA; 2) patients with non-dilated vs mildly dilated vs
moderately/severely dilated LA. The results are shown
on Table 5.

dur. 2. A — kopenauus Mexay OTHOCMTENHUSA Aan Ha abHopmHara J1T1
nnowy (HUCKOBONTaXHa + MABbTEH LMKATPUKC) U Hanuymne/nunca Ha JMM
avnataums; 1 — nauveHTy ¢ gunatupano J1MN, 2 — naumeHT ¢ Heguna-
Tupano J1. B — kopenaumsa mexay oTHOCUTENHUS Asn Ha abHopMHaTa
JIM nnowy (HUCKOBOMTaXHa + MABbTEH LMKATPUKC) U cTeneHTa Ha JM1
avnataums; 1 — nauneHTtu ¢ Heaunatupado JM, 2 — naumeHTn ¢ neka
JIMN gunatauus, 3 — naumeHTn ¢ ymepeHa/Texka J1M gunataums. C — ko-
penauus Mexay OTHOCUTENHUA AAn Ha abHOpMHaTa Mol (HUCKOBOI-
TaKHa + NbTEH LWKATPUKC) U NpeaHo-3aaHnsa pasmep Ha J1rl

Fig. 2. A—correlation between the percentage of abnormal LA area (low
voltage + dense scar) and presence/absence of LAdilation; 1 — patients
with dilated LA, 2 —patients with non-dilated LA. B — correlation between
the percentage of abnormal LA area (low voltage + dense scar) and
the degree of LA dilation; 1 - patients with non-dilated LA, 2 - patients
with mild LA dilation, 3 — patients with moderate/severe LA dilation.
C — correlation between the percentage of abnormal LA area (low
voltage + dense scar) and the anteroposterior LA diameter
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Tabnuua 5. MexayrpynoBu cpaBHeHUs1 Ha NleBoNpeAcHPAHUTE MoK

Table 5. Intergroup comparisons of left atrial areas

JI nnowm / LA areas

Hepnnatupaxo c/y aunatupaxo J1I1

Non-dilated vs dilated LA
(MeguaHu | medians, p)

HepunaTtupaHo c/y neko aunatupaHo cly
ymepeHo/Texko gunatupano J1

Non-dilated vs mildly dilated vs moderately/
severely dilated LA (MegnaHu | medians, p)

O6Lwa nnouy / Total area (cm?)

101.7 vs. 109.8, p = 0.027

101.7 vs. 110.6 vs. 106.3, p = 0.0785

HuckoBonTaxkHa noty, (cm?) 9.2vs.18.3, p = 0.003
2vs.18.3,p=0.

Low voltage zone

9.2vs. 18 vs. 18.3, p = 0.0012

% HUCKOBOMTaXHA MIoLL
9.5vs. 15, p = 0.0027
% low voltage zone

9.5vs.14.1vs. 17.7,p=0.011

[now Ha NAbTeH LumKaTpuKe (cm?)
0vs. 0.2, p=0.0933
Dense scar area

Ovs.0vs.4,p=0.0011

% NoL, Ha NITbTEH LMKaTPUKC Ovs. 0.3 0.1336
vs.0.3,p=0.
% dense scar area i

Ovs.0vs. 4.5 p=0.0017

ABHOpMHa nnoLy, (HUCKOBOMNTaXHa
+ NIBbTEH UMKATPUKC) (cm?)

Abnormal area (low voltage + dense scar areas)

9.9 vs. 19.7, p = 0.0001

9.9 vs. 18.6 vs. 26.3, p = 0.0002

% abHOpPMHa NnoLL
% abnormal area

9.9vs. 17.1, p = 0.0011

9.9vs. 15.3 vs. 25.6, p = 0.0018

OBCBHXAOAHE

OcHoBHaTa Haxogka B TOBa PETPOCMNEKTUBHO en-
HOLIEHTPOBO MpOy4YBaHe €, Ye NMpu nauumeHTn ¢ npuc-
TbnHO M MMa M3MepMMO KONMMYECTBO E€HAOKapOHU
HUCKOBONTa)XHW 30HM gopwu korato JII He e gunaTu-
paHo. To Kopenvpa yMepeHo C HanuyineTo U CTEneH-
Ta Ha JIIN gunatauus. [Npy naumeHTn ¢ HegunaTMpaHo
JIM neBonpeacbpgHaTa nnow, e cpegHo 100 cm2, a
abHopmHaTa nnowy e < 10%, ¢ egBa [ONOBUMU 30HU
¢ nnbTeH uukatpuke. Mpu nayneHtn ¢ 1M gunatayusa
MegmaHHaTta obwa J1INM nnow, e npnbnuautenHo ¢ 10%
no-rongma, Ho abHopMHaTa nroL, € NoYTU yABOEHa, 1
MMa Marku, HO BCe NaK M3MePUMU 30HU C LiMKaTpUCK-
aneH BonTax.

3a nNpbB NbT TOBa Ce CMOMEHaBa B NpoydBaHe-
TO Ha Verma n cbTp. [7] Ype3 HEBUCOKOMITbTHOCTEH
BONTa)XEH MENVHr (cpegHo 164 eHOoOKapAHU TOYKK) 1
CblUMTE TPaHMLUM 3a BONTaX TE€ YCTaHOBABAT MioL, C
abHopMeH BonTax OT cpegHo 21% B ronsiMa cmece-
Ha rpyna naumMeHTn C NPUCTBLMHO MU HenpucTbnHO M.
MaumeHTUTEe ¢ abHOpPMEH BOMTaX ca MManu no-ronsim
JI pasmep B cpaBHeHME € NaumeHTn 6e3 H1UKakem BOM-
TaXKHW OTKNOHeHMs. [Mo-kbCHO Sung n cbTp. n3cnegsat
3a NpbB NbT KOpenaumsaTa Mexay HAKOMKO exokapau-
orpadpckn pasMepHu n 06eMHM MHOEKCa U OaHHWU OT
HEBMCOKOMTbTHOCTEH BONTaXXEH MenuHr (cpegHo 223
TOYKM) U OTKPMBAT CTATUCTUYECKM 3HAYMMa yMepeHa
NUHenHa kopenaumsa npu 44 nauueHTu, NpeguMHo C

DiscussION

The main finding in this retrospective single-center
study is that in patients with paroxysmal AF there is
a measurable amount of endocardial low voltage ar-
eas even when the LA is non-dilated. This amount cor-
relates moderately with the presence and magnitude
of LA enlargement. In patients with non-dilated LA the
left atrial area is on average 100 cm2 and the abnormal
area is < 10%, with barely detectable amounts of dense
scar voltage. In patients with LA enlargement the medi-
an total LA area is approximately 10% larger, however
the abnormal area is almost doubled, and there were
small yet measurable dense scar voltage areas.

That was first mentioned in the study of Verma et
al. [7]. Using non-high-density voltage mapping (164
endocardial points on average) and the same voltage
cut-offs they found on average 21% of abnormal volt-
age area in a large mixed group of patients with par-
oxysmal and non-paroxysmal AF. Patients with abnor-
mal voltage had larger LA size compared to patients
without any voltage abnormalities. Later, Sung et al.
studied for the first time the correlation between sever-
al echocardiographic dimensional and volume indices
and non-high-density voltage mapping data (average
of 223 points) and found statistically significant moder-
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npuctbnHo MM [8]. Park n cbTp. ca nybnukyBanu no-
pobHa Haxodka nmpu m3nona3saHe Ha 3D komnoTbpHA
ToMorpadus 3a n34ncnsiBaHe Ha obLLMSA N CErMEHTHUS
JIMN obem B cmeceHa rpyna oT 36 mauueHTn ¢ napo-
Kcu3marnHo u HenapokcuamanHo NM. 3a otbensisBaHe
e, Yye Park n cbTp. He ca u3nonsesanu npenBapuTen-
HO 3ajajeHu rpaHuum u ca uamepsanu cpegHus J1IM
BONTaX Bb3 ocHoBa Ha camo 100 go 130 eHpokapaHu
Touku [17]. Kottkamp n cbTp. goknagsaT ymepeHa no-
noxwurtenHa kopenaumsa mexay J1IN pasmep 1 npoueHTa
Ha HMCKOBONTAXHUTE TOYKW, HO NPW U3MNOM3BaHe caMo
Ha 100 go 120 TOYKM M MHOrO MO-BUCOKM rpaHuLN 3a
nnbTeH umkaTpuke (< 0.5 mV) n 3a HUCBK BonTax (<
1.5 mV) B cMeceHa rpyna ¢ npeobnagasallo Henapo-
kcmamarnHo M [18].

EnBa B mocnegHo BpeMe, C HaBMM3aHETO Ha BU-
COKOM/TbTHOCTHUS BONTaXeH MENUHT, 6s1xa nyonukysa-
HW HSIKOMNKO CTaTUM OTHOCHO TOYHOCTTa Ha AeTeKuusi
Ha abHopmHuM J1 nnowm cnpamMo NOTOYKOBUS MEMNUHT
nW/unn KbCHOTO YyCuNBaHe MpU MarHUTHO-PE3OHAHC-
Ho nscnegsaHe (DE MRI) [19, 20]. Te notebpxaasar
OopurMHanHoTo npoy4ysaHe Ha Oakes n cbTp. [21], K-
UTO pes3ynTatu BMOCMeACTBME Ca MPEenoTBbpAEHU OT
Marrouche [22-24]. HakpaTko, pasnpoCTpaHeHneTo
Ha npegcbpaHaTta pmbposa, gonoeeHo vpe3 DE MRI,
Kopenupa gobpe ¢ nnowmTte ¢ abHOpMeEH BonTax, yc-
TAHOBEHW MpY BONTaXXEH MENUHT. Hukoe OT Tesn npo-
yuBaHug He ce okycupa Bbpxy Kopenauus c JIIM au-
narauusi.

DE MRI nokasea BuMcoka TOYHOCT Mpu Mpenckas-
BaHe Ha pasnpocTpaHeHuneTo Ha J1IM punbposa, HO He e
00LWoa0CTBNHO 1 e Heobxoanm cneyunaneH coTyep 3a
KonmnyecTBeHa oueHka Ha ¢hmnbposHua Toeap. Exokap-
auvorpacuaTta € LWMPOKOPasnpoCTPaHEeH M OOCTbMNEH
HenHBa3nBeH metoa. He e nsHeHagauwlo, Ye J1IM gauna-
Tauus npegcraBeHa KaTo HenpekbCHaTu gaHHM (pas-
Mep) Kopenupa camo yMepeHo ¢ abHOPMHUSA BONTaX.
WN3BecTHO e, Ye NpegHo-3agHUAT pa3mep Aaned He e
Han-gobpoTo M3MepBaHe 3a Hanuume un cteneH Ha J1IM
aunataums. Bunpeku ye kopenauuaTta mexay I am-
natauus, onpegeneHa exokapguorpadcku, 1 nnowTa
Ha 30HMTe c abHOPMEH BONTax e B Han-4obpus criyyan
yMepeHa, HalleTo npoyyBaHe Noka3ea, Ye Korato CcTe-
neHTa Ha gunarauuaTa ce M3Mon3eBa KaTo OUMCKpPEeTHa
KaTteropms — nunceaLla cpeLly neka cpewly ymepeHa/
TEeXKa — ce MoCcTura Han-godbpuaT KopenaumoHeH Koe-
duumneHT. Tean Tpn KaTeropum nmaxa abHopMeH BOI-
Tax cboTBETHO < 10%, > 10% < 20%, 1 > 20%. Umain-
K/ NpegBuA, Ye pasnpocTpaHEeHWETO Ha npeacbpaHa
pnbposa, yCTaHOBEHO C BONTAXXEH MEMMHI, Kopenupa
nobpe c pasnpocTpaHeHMeTo, yctaHoBeHo 4ype3 DE
MRI, moxe ga ce u3gurHe xunortesaTa, Ye pasnuu-
HUTe cTenenn Ha JII gunartaums KopecnoHampaTt Ha
pasnuMyHMTe cTaamm Ha mnbposa no knacudukaumsaTa
Utah, yctaHoseHu ¢ DE MRI [22]. ToBa Ha cBon pen 61

ate linear correlation in 44 patients, predominantly with
paroxysmal AF [8]. Park et al. published similar findings
using 3D computed tomography for calculation of the
total and segmental LA volume in a mixed group of 36
patients with paroxysmal and non-paroxysmal AF. Of
note, Park et al. did not use prespecified cut-offs and
measured the mean LA voltage using only 100 to 130
points [17]. Kottkamp et al. reported moderate correla-
tion between LA size and percentage of low voltage
points using only 100 to 120 points and much higher
cut-offs for dense scar (< 0.5 mV) and low voltage (<
1.5 mV) in a mixed group with predominantly non-par-
oxysmal AF [18].

Only recently with the advent of high-density volt-
age mapping few papers were published dealing with
the accuracy of detecting abnormal LA area compared
to point-by-point mapping and/or delayed enhance-
ment on magnetic resonance imaging (DE MRI) [19,
20]. They confirmed the seminal study by Oakes et al.
[21], the results of which were later reiterated by the
findings of Marrouche [22-24]. In summary, the extent
of atrial fibrosis detected on DE MRI correlates well
with the abnormal voltage areas detected by voltage
mapping. None of those studies focused on the cor-
relation with LA enlargement.

While DE MRI showed high accuracy in pre-
dicting the extent of LA fibrosis, it is not readily
available and special software for quantification of
the fibrotic burden is needed. Echocardiography is
a widely available non-invasive tool. It is not sur-
prising that LA enlargement shown as continuous
data (dimensions) did correlate only moderately
with the abnormal voltage. It is known that the an-
teroposterior dimension is far from being the best
measurement to define the presence and magni-
tude of LA enlargement. Although the correlation
between the LA enlargement defined by echocardi-
ography and the abnormal voltage areas is at best
moderate, our study shows that when the magni-
tude of enlargement is used as discrete categories
— none vs mild vs moderate/severe — the best rho
coefficient is achieved. These 3 categories had ab-
normal voltage < 10%, > 10% < 20%, and > 20%.
Bearing in mind that the extent of atrial fibrosis
detected by voltage mapping correlates well with
DE MRI fibrotic extent, one could hypothesize that
different degrees of LA enlargement correspond to
different Utah stages of fibrosis detected by DE
MRI [22]. This in turn could be related to the long-
term outcomes after pulmonary vein isolation in
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MOFTI0 Ja UMa OTHOLUEHUE KbM AbTOCPOYHUS U3XO0[4
cnep n3onauus Ha 6enogpobHuTe BEHU NpW NaUMEHTH
c M. Pa3bupa ce, ToBa ca camo NPEANONIOKeHUs, U
camo gobpe 3amMu1crieHo NPOCNEeKTUBHO Mpoy4yBaHe 61
MOTFT10 Aa NOTBbPAM HaLLMTE HAaXO4KM.

[ocera manko ctyauu ca uscneaBanu edekta Ha
JonbrHUTENHaTa abnaynsa Ha HUCKOBOMNTAXHUTE 30HU
BbpXy usxopa npu naumeHtn ¢ NMM. B HepaHgomunan-
paHo NpoyYBaHEe Ha NauMEHTU C MAPOKCU3MArHO U He-
napokcuamanHo M Rolf n cbTp. Hamupart, Yye mogm-
duumpaHeTo Ha cybcTpaTta Ypes XOMoreHm3npaHe unm
cTpaTernyeckn pasnofioXXeHU OOMbIHUTENHWU JUHUK
yBenuyaBsa 3Ha4yMMo npexuBsiemoctTa 6e3 aputmus
Ha 12 mecel B CpaBHEHWE C UCTOpMYECKA KOHTPOI-
Ha rpyna [13]. Kottkamp u cbTp. TecTBaT noaxoda ¢
Ookc-m3onaumsa Ha pubpo3HM noneta npu NaumeHTu
c MM n ycTaHoBsiBaT, 4Ye TakvMBa Moneta ce oTkpueaT
MHOrO YeCTo Npu peuunamsmupallo npuctenHo NM cneg
TparHo ycrnellHa msonauusa Ha 6enogpobHUTE BeHw,
KaKToO M Npv naumeHTn ¢ HenapokcuamanHo MM 6es
npeaxogHa abnauus, U 4e TO3M Noaxon ocurypsisa
71% npexunBaemocT 6e3 aputmusa Ha 12 mecel, cnea
camo efHa npoueaypa 3a Henapokcuamanso MM [18].
CbBceM Hackopo Masuda u cbTp. NnybnukyBaxa pesyrn-
TaTuTe OT PaHAOMM3UPaHOTO KOHTPONMPaHO NpoyyBa-
He VOLCANO, un3cnegpallo 3a npbB NbT abnauyusara
Ha HMCKOBOMNTaXHW 30HM (< 0.5 mV, > 5 cm?), pobaBeHa
KbM M3onaumsaTa Ha 6enogpobHu BEHW, NpY NALUEHTK
¢ napokcuamanHo MM 6e3 npegxogHa abnauus [25].
TakmBa 30HM ca OTKpUTK Npu 15.6% OT nauneHTUTE U
nnowta um e éuna cpegHo ot 15.8 no 16.9 cm?. Jo-
nbrAHUTENHaTa abnaumsi Ha HWCKOBOMTaXHWUTE 30HMU
He e Hamanuna peuugusuTe Ha MM npu 12-meceqHo
npocrniegasaHe. Yeenudenust J1IM pa3mep n Hanmnyune-
TO Ha HMCKOBONTaXHW 30HM ca Bunun He3aBucMMK npe-
AVKTOpY 3a peumavB Ha apuTmusd. [Npu naumeHTuTe
C HWCKOBONTaXHW 30HM no-gunatupaxo JIM n no-ro-
nsiMa HMCKOBOJTaXHa 30Ha CbLUO ca bunm cBbp3aHn
C peunamB. HawwuTte pesyntatv nokassaT no-marka
HWCKOBOMNTaXHa MIoL, Npu NauueHTu C Hegunartupa-
Ho J1I n no-ronama nnow, npu Te3u ¢ JIIN annatayus.
Bb3MoXHO 06sicCHEHME 3a Te3M pa3nukm Moxe ga 6bae
nancksarHeto B ctyamsata VOLCANO HuckoBonTaxHa-
Ta 30Ha ga O6bae c nnow, noHe 5 cm? 1 nuncata Ha
rpynupaxe crnopeg J1I1M pasmep.

He w3HeHagBallo, nauueHTUTe C HeaunaTupaHo
JIINM nokasaxa TeHOeHUMs KbM MNO-mraga Bb3pacT u
MO-HWCKO TEMEeCHO Terno U MHAEKC Ha TenecHa maca.
HesaBucumo oT ToBa npu TsX Ce OTKpuxa abHOPMHM
30HM CbC CbLaTa YecToTa, KakTo 1 NpU NauneHTuTe C
JIM gunartauma. YctaHoBMXME, Ye Npu NaLMEHTU C He-
annatmpaHo J1IN Han-3acerHata oT abHOPMEH BonTax
e npepgHaTta cTeHa, crieBaHa OT 3agHonarepanHarta
n centanHara cteHa. Npu naunenTn ¢ JIIMNM gunatayus
obaue, nsrnexga camo 3agHata CTeHa € OTHOcUTen-

patients with AF. Of course, these are mere as-
sumptions, and only a well-designed prospective
study could confirm our findings.

So far, few studies have examined the effect
of additional ablation of low voltage areas on the
outcome in patients with AF. In a non-randomized
study of patients with paroxysmal and non-parox-
ysmal AF Rolf et al. found that the modification of
substrate by homogenization or strategically placed
additional lines increased significantly the rate of
arrhythmia-free survival at 12 months compared to
comparison group [13]. Kottkamp et al. tested the
box isolation of fibrotic areas approach in patients
with AF and found that such areas were highly prev-
alent in patients with recurrent paroxysmal AF af-
ter durable pulmonary vein isolation as well as in
ablation-naive patients with non-paroxysmal AF,
and that this approach resulted in 71% 12-month
arrhythmia-free survival after a single procedure
for non-paroxysmal AF [18]. Very recently Masuda
et al. published the results of the randomized con-
trolled VOLCANO trial exploring for the first time
the ablation of low voltage areas (< 0.5 mV, > 5
cm?) in addition to pulmonary vein isolation in ab-
lation-naive patients with paroxysmal AF. [25] Such
areas were found in 15.6% of the patients, with an
average size of 15.8 to 16.9 cm?. Additional ablation
of low voltage areas did not reduce AF recurrences
during 12-month follow-up. Large LA size and pres-
ence of low voltage area were found to be indepen-
dent predictors of arrhythmia recurrence. Among
patients with low voltage areas larger LA size and
larger low voltage area were too associated with re-
currence. Our results show smaller low voltage area
in patients with non-dilated LA and larger area in
those with enlarged LA. A possible explanation for
those differences could be the requirement in the
VOLCANO trial for a low voltage area to be at least
5 cm? and the lack of grouping according to LA size.

Not unexpectedly patients with non-dilated LA
tended to be younger and had smaller weight and
body mass index. However, abnormal voltage areas
were found in those patients as frequently as in pa-
tients with LA enlargement. We found that in patients
with non-dilated LA the anterior wall was mostly af-
fected by abnormal voltage followed by the postero-
lateral and septal wall. However, in patients with LA
enlargement only the posterior wall seemed to be rel-
atively spared by low voltage, while the percentage of
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HO cnabo 3acerHaTa OT HUCbBK BONTaX, 4OKATO B OCTa-
HanuTe CErMeHTN OTHOCUTENHUAT AN Ha abHOPMHUS
BOMTaX € MO-BMCOK U NMOYTU MAEHTUYEH. ToBa e pas-
nun4yHo oT pesyntatute Ha Asvestas n cbTp. [19], npu
KOWUTO pasnpeneneHneTo Ha abHOPMHMS BONTax e A40C-
Ta Mo-XOMOreHHO BbB BCUYKO cermeHTU. Pasbupa ce,
JII cermeHTn 1 rpaHMumnTe Ha abHOPMHUA BONTaX W3-
nonsesaHun oT Asvestas 1 CbTp. ca pasnmyHn OT U3NON3-
BaHuMTe oT Hac. OcBeH ToBa Te He cbobLlaBaT HUKaKBU
exokapamnorpadCckn JaHHU U HE € ACHO Janu U KOMKO
OT nauneHTute um ca nmanu JIlN gunarayms.

OrpAHUYEHUSA

Mpoy4yBaHETO € EeOHOLIEHTPOBO M PETPOCTEKTUBHO.
MoBe4eTo JAaHHK ca CbOMpPaHK OT eNeKTPOHHWUTE AocueTa
N UCTopunTe Ha 3abonsiBaHe Ha nauueHTUuTe 1 He Gelle
Bb3MOXHO [a ce pasrnexaar NoBTOpHO exokapamorpad-
cKuTe nscreasaHys. [JaHHUTe OT BONTaXKHUSA MenuHT Bsixa
MOBTOPHO MPErNeXaaHy BbB Beye 3anvcaH By 1 bsixa no-
NOXXEHN BCUYKY YCUINWS 3@ MPELM3HM M3MEpPBaHMsl.

3AKNIOYEHUE

JIMN nnowwm ¢ Hncbk BonTax < 0.5 mV ce otkpueaTt
NMOBCEMECTHO Ype3 BUCOKOMITbTHOCTEH MEMUHI NpW Na-
UMeHTn ¢ npuctbnHo MM, He3aBMCMMO OT HanM4mueTo
Ha JIIT gunataums. Msmepumn nnowm ¢ uukaTpucua-
neH BonTax obaye ce OTKpUBAT CamMO MpU MaUMUEHTU
c JIMN punataums. O6wara abHopMHa nnoLy, kopenupa
yMepeHo cbe cTeneHTa Ha J1IN gunartauumsi, yctaHoBeHa
ypes exokapanorpadus.

He e deknapupaH KOH¢hnukm Ha uHmepecu

Bubnuorpadusn/References

1. Stiles MK, John B, Wong CX, et al. Paroxysmal
lone atrial fibrillation is associated with an abnormal atrial
substrate: characterizing the “second factor”. J Am Coll Cardiol.
2009;53(14):1182-1191. doi:10.1016/j.jacc.2008.11.054

2. Kottkamp H. Human atrial fibrillation substrate: towards a
specific fibrotic atrial cardiomyopathy. Eur Heart J. 2013;34(35):2731-
2738. doi:10.1093/eurheartj/eht194

3. Xintarakou A, Tzeis S, Psarras S, et al. Atrial fibrosis as a
dominant factor for the development of atrial fibrillation: facts and
gaps. Europace. 2020;22(3):342-351. doi:10.1093/europace/euaa009

4. Calkins H, Hindricks G, Cappato R, et al. 2017 HRS/EHRA/
ECAS/APHRS/SOLAECE expert consensus statement on catheter
and surgical ablation of atrial fibrillation. Europace. 2018;20(1):e1-
e160. doi:10.1093/europace/eux274

5. Kim YH, Chen SA, Ernst S, et al. 2019 APHRS expert
consensus statement on three-dimensional mapping systems
for tachycardia developed in collaboration with HRS, EHRA, and
LAHRS. Journal of Arrhythmia. 2020;36(2):215-270. doi: 10.1002/
joa3.12308

6. Lang RM, Bierig M, Devereux RB, et al. Recommendations
for chamber quantification. Eur J Echocardiography. 2006;7(2):79-
108. doi:10.1016/j.euje.2005.12.014

the abnormal voltage in all other segments was higher
and almost identical. This is different from the findings
of Asvestas et al. [19] where the distribution of the
abnormal voltages is much more homogenous across
all segments. Of course, the LA segments and the
voltage cut-offs used by Asvestas et al. are different
from ours. Besides, they did not report any echocar-
diographic data and it is not known whether and how
many of their patients had LA dilation.

LIMITATIONS

This is single-center retrospective study. Most data
were extracted from the electronic records and the files
of the patients and it was not possible to review the
echocardiographic studies. Voltage mapping data were
reviewed off-line and every effort was done for precise
measurements.

CONCLUSIONS

Low voltage LA areas < 0.5 mV were found univer-
sally by high-density mapping in patients with paroxys-
mal AF, irrespective of the presence of LA enlargement.
However, only patients with LA enlargement had mea-
surable scar voltage areas. The total abnormal area
correlated moderately with the degree of LA dilation
defined by echocardiography.

No confiict of interest was declared

7. Verma A, Wazni OM, Marrouche NF, et al. Pre-existent
left atrial scarring in patients undergoing pulmonary vein antrum
isolation: an independent predictor of procedural failure. J Am Coll
Cardiol 2005;45(2):285-292. doi:10.1016/j.jacc.2004.10.035

8. Sung SH, Chang SL, Hsu TL, et al. Do the left atrial substrate
properties correlate with the left atrial mechanical function? A
novel insight from the electromechanical study in patients with
atrial fibrillation. J Cardiovasc Electrophysiol. 2008;19(2):165-171.
doi:10.1111/j.1540-8167.2007.00982.x

9. Wynn GJ, Todd DM, Webber M, et al. The European Heart
Rhythm Association symptom classification for atrial fibrillation:
validation and improvement through a simple modification. Europace.
2014;16(7):965-972. doi:10.1093/europace/eut395

10. Shalganov T, Stoyanov M, Kunev B, Dzhinsov K. Catheter
ablation during uninterrupted oral anticoagulation — single Bulgarian
center experience. Bulgarian Cardiology. 2018;24(4):12-18.

11. Shalganov T, Stoyanov M. Integrated approach with electrical
isolation of the pulmonary veins in atrial fibrillation. Bulgarian
Cardiology. 2014;20(2):5-9.

12. Rodriguez-Mafiero M, Valderrabano M, Baluja A, et al.
Validating left atrial low voltage areas during atrial fibrillation and atrial
flutter using multielectrode automated electroanatomic mapping.
J Am Coll Cardiol EP. 2018;4(12):1541-1552. doi:10.1016/j.
jacep.2018.08.015



64

Y. lllaneaHos, M. CmosiHos, M. Mupa3s4uticku u dp.

13. Rolf S, Kircher S, Arya A, et al. Tailored atrial substrate
modification based on low-voltage areas in catheter ablation of atri-
al fibrillation. Circ Arrhythm Electrophysiol. 2014;7(5):825-833. doi:
10.1161/CIRCEP.113.001251

14. Markowitz SM, Lerman BB. How to interpret electroana-
tomic maps. Heart Rhythm. 2006;3(2):240-246. doi:10.1016/j.
hrthm.2005.10.032

15. Sim |, Bishop M, O’Neill M, et al. Left atrial voltage mapping:
defining and targeting the atrial fibrillation substrate. J Intervent Cardiac
Electrophysiol. 2019;56(3):213-227. doi:10.1007/s10840-019-00537-8

16. Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC Guide-
lines for the management of atrial fibrillation developed in collabora-
tion with EACTS. Eur Heart J. 2016;37(38):2893-2962. doi:10.1093/
eurheartj/ehw210

17. Park JH, Pak HN, Choi EJ, et al. The relationship between
endocardial voltage and regional volume in electroanatomical re-
modeled left atria in patients with atrial fibrillation: comparison of
three-dimensional computed tomographic images and voltage
mapping. J Cardiovasc Electrophysiol. 2009;20(12):1349-1356.
doi:10.1111/j.1540-8167.2009.01557 .x

18. Kottkamp H, Berg J, Bender R, et al. Box isolation of fi-
brotic areas (BIFA): a patient-tailored substrate modification ap-
proach for ablation of atrial fibrillation. J Cardiovasc Electrophysiol.
2016;27(1):22-30. doi:10.1111/jce.12870

19. Asvestas D, Vlachos K, Bazoukis G, et al. Left atrial volt-
age mapping using a new impedance-based algorithm in patients

with paroxysmal atrial fibrillation. Pacing Clin Electrophysiol.
2018;41(11):1447-1453. doi: 10.1111/pace.13501

20. Zghaib T, Keramati A, Chrispin J, et al. Multimodal exam-
ination of atrial fibrillation substrate: correlation of left atrial bipolar
voltage using multi-electrode fast automated mapping, point-by-point
mapping, and magnetic resonance image intensity ratio. J Am Coll
Cardiol EP. 2018;4(1):59-68. doi:10.1016/j.jacep.2017.10.010

21. Oakes RS, Badger TJ, Kholmovski EG, et al. Detection and
quantification of left atrial structural remodeling with delayed-en-
hancement magnetic resonance imaging in patients with atrial fibril-
lation. Circulation. 2009;119(13):1758-1767. doi: 10.1161/CIRCULA-
TIONAHA.108.811877

22. Marrouche NF, Wilber D, Hindricks G, et al. Association
of atrial tissue fibrosis identified by delayed enhancement MRI
and atrial fibrillation catheter ablation: the DECAAF study. JAMA.
2014;311(5):498-506. doi:10.1001/jama.2014.3

23. Gal P, Marrouche NF. Magnetic resonance imaging of atri-
al fibrosis: redefining atrial fibrillation to a syndrome. Eur Heart J.
2017;38(1):14-19. doi:10.1093/eurheartj/ehv514

24. Sohns C, Marrouche NF. Atrial fibrillation and cardiac fi-
brosis. Eur Heart J. 2020;41(10):1123-1131. doi:10.1093/eurheartj/
ehz786

25. Masuda M, Asai M, lida O, et al. Additional low-voltage-ar-
ea ablation in patients with paroxysmal atrial fibrillation: results of
the randomized controlled VOLCANO trial. J Am Heart Assoc.
2020;9(13):e015927. doi: 10.1161/JAHA.120.015927



