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Research Article

SLC2A9 Genotype Distribution and Left Atrium
Diameter in Patients with Arterial Hypertension
and Atrial Fibrillation

Viktor A. Snezhitskiy, Andrei V. Kopytsky, Tatyana L. Barysenko

Grodno State Medical University, Grodno, Belarus

BACKGROUND: In recent years, asymptomatic hyperuricemia (HU) has been found to have significant adverse effects
on the cardiovascular system. Uric acid (UA) accumulation in cardiomyocytes may cause ionic and structural remodeling of
the atria. One of the causes of increased UA and a significant risk factor for HU is polymorphism in the SLC2A? gene, which
encodes the GLUT9 protein, a highly specific urate transporter in proximal renal tubular cells.

AIM: To investigate the frequency of genotypes and alleles of the SLC2A? gene rs734553 polymorphism and left atrium (LA)
diameter in patients with arterial hypertension (AHT) and atrial fibrillation (AF).

MATERIALS AND METHODS: One hundred four patients, including 94 (90.4%) men and 10 (9.6%) women (aged 55 [45; 61]
years old) were enrolled in the study. The patients were divided into the following groups: first — patients with AF (n = 13);
second — patients with AHT and AF (n = 68); and third — patients with AHT (n = 23). The LA diameter equal to the LA ante-
rior—posterior dimension on transthoracic echocardiography was taken into account as a characteristic of structural changes
of the LA. All patients underwent instrumental, laboratory, and molecular genetic testing, including SLC2A9 gene rs734553
polymorphism using the polymerase chain reaction technique.

The data were presented as median, first and third quartiles, and absolute and relative frequencies. Differences between
groups of patients were assessed using the Mann — Whitney U-test and Fisher and Pearson’s y? test. The Kruskal-Wallis test
was used to compare three independent groups. Differences were considered statistically significant at p < 0.05. The relation-
ship between the quantitative and dichotomous variables was described using the rank-biserial correlation coefficient (rrb).
The distribution of alleles and genotypes in the studied patient groups was tested for Hardy — Weinberg equilibrium and as-
sessed using the ¥’ test.

RESULTS: There were no significant differences (p > 0.05) when comparing the LA diameter and the genotype of
the SLC2A9 gene rs734553 polymorphism in all groups of patients. However, in Group 2, the LA diameter in the CC genotype
(43 [42; 44] mm) patients and the AC genotype (40 [49; 43] mm) patients was determined to be larger than in the AA genotype
ones (38 [38; 42] mm). In Group 1, the LA diameter in the AC genotype patients (40 [38; 42] mm) was larger than in the AA
genotype ones (38 [34; 38] mm).

When studying the distribution frequency of genotypes and alleles of the SLC2A9 gene rs734553 polymorphism in patients
with LA dilatation, we found that in the second group of patients, the AC genotype was significantly more common than in other
groups (23.5%) (p = 0.004), and there was also a trend toward a higher incidence of AA (13.2%) and CC (14.7%) genotypes.
However, it did not reach the criteria for statistical significance. It should be noted that in patients of the first group, LA dilatation
was diagnosed only with the AC genotype (38.5%). Dilatation of the LA in patients of the third group was not detected.

CONCLUSIONS: In Group 1 patients (with AF), LA dilatation was observed only in the AC genotype ones. In Group 2 patients
(with AHT and AF), LA dilatation was significantly more frequent (p = 0.004) in the AC genotype ones. The AC and CC genotype
of the SLC2A9 gene rs734553 polymorphism was more frequent in Group 2 patients (with AHT and AF).

Keywords: arterial hypertension; atrial fibrillation; hyperuricemia; uric acid; left atrial diameter; left atrial enlargement;
SLC2A9 gene polymorphism.

To cite this article:
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HayuHas craTbs

Pacnpepenenue reHotunos reHa SLC2A? v guametp
NeBOro npeacepaua y NauueHToB C apTepuanbHoOM
runepreHsuen u ¢pubpunnsumuein npepcepaum

B.A. CHexxmukui, A.B. Konbiukui, T.J1. bopuceHko

PoaHeHCKWIA rocynapCTBEHHBIN MeAULMHCKIIA YHUBepcuTeT, [poaHo, benapych

06ocHosaHue. B nocnegHue rofbl ycTaHoBNEHO, YTo beccumnTomHasn runepypukemus (IY) okasblBaeT CyLLIECTBEHHOE He-
raTMBHOE BO3AENCTBME HA CepAeyHO-cocyaucTylo cucteMy. HakonneHue moueBoit kucnotsl (MK) B kapanoMuoumTax MoxeT
NPUBECTU K MOHHOMY M CTPYKTYPHOMY peMOZieNMpoBaHuio npeacepami. OnHoM u3 npuunH nosbieHns MK 1 3HauMMbIM dak-
TOPOM pUCKa BO3HUKHOBEHMA Y aBnseTca Hanuume nonumopduamMa reHa SLC2AY, kopumpytowwero benok GLUT9 — Bbicoko-
cneuudurUecKoro TpaHCNopTepa YpaToB B KNETKAX NPOKCUMabHBIX MOYEUHbIX KaHasbLeB.

Lleste. VI3yunTb YacToTy BCTPEHAEMOCTM FEHOTMMNOB M annenen nonnMopdusma rs734553 reHa SLC2A9 v naMeTp neBoro
npeacepausa (J1M) y naumeHToB ¢ apTepuanbHomn runepteHsuedi (Al) n ¢ubpunnsumeii npeacepauii (ON).

Mamepuaner u Memodel. B nccneposanve Brntovenbl 104 naumenta, u3 Hux 94 (90,4 %) mywumH u 10 (9,6 %) xeH-
LWKH, B Bo3pacTe 55 [45; 61] neT. MMauneHTbl ObiNK pa3aeneHbl Ha creayowme rpynnbl: 1-a — nauuentsl ¢ O (n = 13);
2-9 — naumeHTbl ¢ Al u OI (n = 68); 3-a — naumenTbl ¢ Al (n = 23). B KauecTBe XapaKTEPUCTUKM CTPYKTYPHLIX U3MeHe-
Hui J1N yuutbiBancs auametp JIM, pasHblit nepeaHe-3agHeMy pasmepy J1M, npu BbINOHEHWM TPaHCTOPaKabHOW 3X0Kapam-
orpadmu. BceM naureHTaM nNpoBoAMANCL MHCTPYMEHTanNbHbIe, 1abopaTtopHble U MOMEKYNSPHO-TeHEeTUYECKME UCCTef0BaHMS,
B TOM 4uC/le onpeneneHune nonumopdusma rs734553 reHa SLC2A9 ¢ nomMoLLbio METOAMKM NONIMMEPa3HON LEMHONM peakLmm.

[laHHble npefcTaBneHbl B BUAe MeaumaHbl, 1-ro v 3-ro KBaptunen, abconoTHOM U OTHOCUTENBbHOI YacToT. Pasnnumsa Mex-
[ly TpynnaMu NauueHTOB OLEHNUBaNM ¢ NoMoLubio U-kputepus ManHa — YutHu, Ouwepa u Kputepusa x2 MupcoHa; npu cpas-
HeHUW 3 He3aBUCMMBIX Fpynn McnoNb3oBaH KpuTepuit Kpackena — Yonnuca. Pasnuuns cuutanuch CTaTUCTUYECKU 3HAYMMbI-
MU Npu 3HadeHum p < 0,05. CBA3b Mexay KOMMYECTBEHHOW M LUXOTOMUYECKOM MepeMeHHbIMU OMMCLIBaNach Npyu NOMOLLM
paHroBo-6ucepuanbHorro koadduumenta rrb. PacnpeaeneHue anneneid U reHOTUNOB B UCCNEAYEMbIX Tpynnax NauMeHToB
MpoBEpsIM Ha COOTBETCTBUE paBHOBECHIO Xapau — BaiHbepra v oLeHnBanm ¢ NoMoLLbIO KpuTepus 2.

Pesynemamel. Mpu cpaBHeHu anameTpa JIM 1 reHotMna nonmMopduama rs734553 reHa SLC2A9 cpeam Beex rpynn na-
LMEHTOB J,0CTOBEPHbIX Pasiinynii nonyyeHo He obino (p > 0,05). OaHako amametp JIM y naumeHToB 2-i rpynnbl C reHOTUMOM
CC (43 [42; 44] mm) 1 reHotunom AC (40 [49; 43] MM) onpenensncs 6onbLumia, yeM ¢ reHoTnoM AA (38 [38; 42] MM). [InaMeTp
JIN'y naumenTos 1-i rpynnbl ¢ reHoTunom AC (40 [38; 42] mm) Bbin bonblue, YeM y nuy, ¢ reHoTunoM AA (38 [34; 38] mm).

Mpu M3y4eHUn YacToTbl pacnpesieneHns FeHOTUNOB M annenei nonumopduama rs734553 reHa SLC2A9 y naumeHToB ¢ an-
natauwuei JIM Hamm bbino ycTaHOBNEHO, YTO BO 2-1 FPpynne NauMeHTOB JOCTOBEPHO YaLLle M0 CPABHEHWIO C APYrUMM rpynnamm
BcTpeyancs redotun AC (23,5 %) (p = 0,004), a Takxe Habntopganack TeHAEHUMA K 6onee BbICOKOI BCTPEYAaEMOCTU FeHOTHUIOB
AA (13,2 %) n CC (14,7 %), ogHaKo oHa He JOCTUINIA KPUTEPUEB CTAaTUCTUYECKON 3HaYMMocTu. CneflyeT 0TMETUTb, YTO y Ma-
uueHToB 1-i rpynnbl gunataumsa JIM 6bina AMarHocTMpoBaHa ToNbKo ¢ reHotvnom AC (38,5 %). Ounatauusa JI y nauueHToB
3-1 rpynnbl He BblsiBNEHA.

3aknmoyenue. Y naumenTos 1-i rpynnbl (¢ @) aunatauus JIM Habnoganack Tonbko npu reHotune AC. Bo 2-ii rpynne na-
umenToB (c Al n ®I) aunatauus JIMN BcTpeyanach gocToBepHo Yalle (p = 0,004) npu reHotune AC. Y nauueHToB 2-i rpynnbi
(c AT u @IT) yawe sctpedancs reHotun AC u CC nonumopdusma rs734553 rena SLCZA9.

KnioueBble cnoBa: apTepuanbHas runepTeHsus; Gubpunnaums npescepanid; rMnepypUKeMus; MoYeBas KUCIOTa; AuMaMeTp
NIeBOro NpeAcepans; aunatauus nesoro npeacepaus; noammopdusm reHa SLC2A9.
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Increased uric acid (UA) blood levels, along with gout
progression, are associated with cardiovascular system (CVS)
diseases [1]. Atrial fibrillation (AF) and arterial hypertension
(AHT) are the two most common, often combined CVS
pathologies. The incidence of these diseases increases with
age, leading to numerous complications and a high mortality
rate [2].

Due to the high prevalence of AHT in the population, it is
associated with more cases of AF than any other risk factor.
The risk of AF incidence in patients with hypertension is
1.9-fold higher compared with patients with normal blood
pressure (BP) [3].

There is no single explanation for the relationship
between HU and cardiovascular disease (CVD). There are
several concepts that interpret the possible influence of
UA on the incidence and progression of a number of CVDs,
as proved by the results of some clinical and experimental
studies [4].

UA itself has several adverse effects and may be
directly involved in the pathogenesis of CVDs. In general,
prooxidant activity, nitric oxide deficiency and endothelial
dysfunction, stimulation of inflammation, and potentiation
of vasoconstrictor responses and proliferative vascular
stimuli can be considered as the most obvious mechanisms
of UA involvement in the pathogenesis of circulatory system
diseases [5].

In recent years, whole-genome studies have demonstrated
the important role of genetic predisposition to disorders of
purine metabolism. In particular, polymorphisms of genes
encoding urate transporters in the kidney and intestine
(SLC2A9, SLC22A12, ABCG2, etc.) may cause increased UA
levels and a significant risk factor for gout and HU [6].

The SLC2A9 gene is located on the short arm of
chromosome 4 at the 15.3-16 position and encodes a protein
known as glucose transporter 9 (GLUT9) or urate efflux
transporter (URATv1) [7]. In the proximal renal tubules,
SLC2A9 transports UA through the basolateral membrane
into the bloodstream during reabsorption, thereby being
critical for UA homeostasis [8].

SLC2A9 has a relatively conserved amino acid
sequence in the seventh and eighth helices located around
the central channel of the transport protein [9], which
makes the polymorphic variant in intron 7 very important.
The rs734553 polymorphism in intron 7 (A/C alleles) may
alter the polarity of some of these conserved amino acids.
Consequently, it can affect the transporter-UA affinity, which
causes changes in UA levels in the blood [10].

According to published information, the SLC2A9 gene
rs734553 polymorphism in intron 7 affects UA levels in
the blood serum, contributing to predisposition to gout,
Parkinson’s disease, or chronic kidney disease (CKD)
progression [11,12].

Common genetic variants of SLC2A9 have recently been
found to be strongly associated with serum urate levels and
gout in Caucasian cohorts from ltaly, the United Kingdom,
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Croatia, the United States, Germany, and Austria [13].
Genetic variants of SLC2A9 affected UA levels in Korean
adult patients A number of studies have been described in
the foreign literature on the relationship between UA levels
in the blood and the left atrium (LA) diameter in patients
with and without cardiac pathology. Thus, K.P. Letsas et al.
presented the results of a study that included 86 patients
with AF and 48 patients without arrhythmia. It was found
that the UA level significantly correlated with the LA diameter
(p <0.001) [15].

As a result of a retrospective analysis of 3,043 medical
records, T.F. Chao et al. showed that HU is associated with
a large LA diameter [16]. Similar results were obtained in
another study that included patients with AHT. The UA level
was also associated with LA diameter and was a risk factor
for LA dilatation [17].

The results of a study by Hidru et al. in 2020, which is
conducted using data from 9,618 patients with AH from
the hospital registry, HU and a larger LA diameter are
independently associated with a higher probability of AF [18].

The research objective was to investigate the frequency
of genotypes and alleles of the SLC2A9 gene rs734553
polymorphism and left atrium (LA) diameter in patients with
AHT and AF.

MATERIALS AND METHODS

One hundred four patients, including 94 (90.4%) men and
10 (9.6%) women (aged 55 [45; 61] years old) were enrolled
in the study. The patients were divided into the following
groups: first — patients with AF (n = 13); second — patients
with AHT and AF (n = 68), third — patients with AHT
(n=13).

The inclusion criteria for Group 1 were the presence
of idiopathic AF or AF developed in the setting of coronary
heart disease (CHD). The inclusion criteria for Group 2 were
the presence of AHT and AF developed in the setting of
AHT and/or CHD. The identification of AF forms was carried
out according to the 2012 European Society of Cardiology
Guidelines [19]. The inclusion criteria for Group 3 were
the presence of AHT, as well as negative AF history and other
clinically significant cardiac rhythm disturbances.

The exclusion criteria were as follows: acute coronary
or cerebrovascular pathology at the time of examination,
history of myocardial infarction or cerebrovascular disorders,
clinically significant valve pathology of rheumatic or other
etiology, H2A circulatory failure or higher, history of
cardiac surgery, AF following alcohol drinking, multifocal
atherosclerosis, gout, CKD, diabetes mellitus (DM), obesity,
thyroid disorders, bronchopulmonary pathology, exacerbation
of gastrointestinal diseases, liver dysfunction, and active
inflammatory process of any site.

All patients underwent clinical, laboratory, and
instrumental examinations, including analysis of complaints,
medical history, physical examination, electrocardiogram
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(ECG) recording, 24-h ECG monitoring, echocardiography, and
general clinical laboratory tests. UA levels were determined
using the enzymatic colorimetric method. Increased serum
UA levels above 360 pmol/L in women and 400 pmol/L
in men and the absence of signs of gouty arthritis were
considered to be HU [20]. The determination of xanthine
oxidase in blood serum was carried out by a method
based on a solid-phase “sandwich” variant of enzyme
immunoassay, the determination of purine metabolites using
high-performance liquid chromatography.

Molecular genetic testing methods included
the determination of the SLC2A? gene rs734553 polymorphism
using the polymerase chain reaction technique. Whole
venous blood was used as a test material for the study
of polymorphism. Isolation of human genomic DNA was
carried out using the “DNA-Extran-1" reagent kit (“Syntol”,
Russian Federation). The identification of each polymorphic
variant rs734553 of the SLC2A9 gene was carried out using
the corresponding set of reagents manufactured by “Litech”
(Russian Federation). DNA amplification was carried out on
a Rotor Gene-Q amplifier (“Qiagen,” Germany).

As a characteristic of structural changes in the LA,
the LA diameter was taken into account, equal to the LA
anterior—posterior dimension when performing transthoracic
echocardiography on the Philips ultrasound system, IE-33,
using a broadband phased probe S5-1 with Pure Wave
Crystal technology (single crystal) and an extended frequency
band from 1 to 5 MHz using standard positions (in M, B, and
Doppler mode). The LA diameter over than 38 mm in women
and 40 mm in men was considered to be LA dilatation [21].

During hospital stay, treatment of patients with
paroxysmal and persistent forms of AF was consistent with
a rhythm control strategy with class Il antiarrhythmic drugs
(amiodarone or sotalol). All patients with persistent AF also
underwent electrical cardioversion to restore sinus rhythm.
Treatment of patients with permanent AF was consistent
with a strategy to control heart rate, which was achieved by
prescribing a -blocker (metoprolol, bisoprolol, or carvedilol).
The treatment of patients of the third group corresponded
to the algorithms for managing patients with AHT, with
the purpose to achieve the target level of BP. All patients
also received one of the angiotensin-converting enzyme
inhibitors — perindopril, ramipril, lisinopril, or combination
therapy in accordance with the recommendations of
the European Society of Cardiology 2018 [22].

The data obtained were processed using STATISTICA 10.0
for Windows (StatSoft, Inc., USA). Descriptive statistics were
presented as Me [Q1; Q3] where Me is the median and Q1
and Q3 are the first and third quartiles. The categorical data
were presented as absolute and relative frequencies. Since
the quantitative characters did not conform to the concepts
of normal distribution, nonparametric statistical methods
were used on comparison. The Mann — Whitney U-test was
used to compare differences in quantitative characteristics
between two independent groups. The Kruskal — Wallis
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test was used to compare three independent groups. If
necessary, posteriori pairwise comparisons were made
using the Dwass — Stee — Critchlow — Fligner test.
When comparing categorical variables between groups,
Fisher's exact two-sided test and Pearson’s chi-squared (x?)
test of homogeneity were used (in case of comparison of
dichotomous traits between two groups, Yates' correction was
used for the latter). The relationship between the quantitative
and dichotomous variables was described using the rank-
biserial correlation coefficient (rrb).

For pairwise comparisons of qualitative trait distributions,
Holm correction was applied to p-values. Differences were
considered statistically significant at p < 0.05. The distribution
of alleles and genotypes in the studied patient groups was
tested for Hardy — Weinberg equilibrium and assessed
using the ¥? test.

The study was conducted in accordance with Good Clinical
Practice and the Declaration of Helsinki. Written informed
consent was obtained from all subjects prior to enrollment.

RESULTS

The study included 104 patients (median age:
55 [45; 61] years). The proportion of men in the total sample
was 90.4%. All three groups were dominated by men (85%,
93%, and 87%, respectively), which is consistent with
published statistics on the prevalence of AHT and AF [23, 24].

The characteristics of the patient groups enrolled in
the study are shown in Table 1.

SBP, systolic blood pressure; DBP, diastolic blood
pressure; AF, atrial fibrillation; LA, left atrium; LV EF,
left ventricular ejection fraction; LV, left ventricle; IVS,
interventricular septum; LV PW, posterior wall of the left
ventricle; LV RWT, relative wall thickness of the left ventricle.

UA levels were 310 [273; 370] pmol/L in patients with AF
(Group 1), 335 [284; 413] pmol/L in patients with AHT and
AF (Group 2), 330 [281; 390] pmol/L in patients with AHT
(Group 3) (p < 0.001), (Table 1).

HU was detected in 33 (31.7%) patients, of whom 4 (3.8%)
patients were in Group 1, 24 (23.1%) patients in Group 2,
and 5 (4.8%) patients in Group 3. 71 (68.3%) patients had
a normal UA level.

The LA diameter was 39 [38; 42] mm in patients with
AF (Group 1), 41 [38; 43] mm in patients with AHT and AF
(Group 2), and 35 [34; 38] mm in patients with AHT (Group 3)
(p<0.001), (Table 1).

LA dilatation was detected in 40 (38.5%) patients in
all groups cumulatively, including 35 (51.5%) patients in
Group 2 and 5 (38.5%) patients in Group 1. LA dilatation was
not detected in Group 3 patients. 64 (61.5%) patients had
a normal LA diameter.

Groups 1, 2, and 3 were combined for further analysis
of patients. The subgroups of patients with hyperuricemia
(HU “+") and without hyperuricemia (HU “-") were identified
(Table 2).
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Table 1. Characteristics of the patient groups enrolled in the study
Parameters | Group 1 (n=13) | Group 2 (n = 68) | Group 3 (n=23) | p

Men, n (%) 11 (85%) 63 (93%) 20 (87%) < 0.001
Age, years 47 [42; 58] 57 [51; 62] 45 [38; 50] <0.001
SBP, mmHg 110 [110; 120] 140 [130; 155] 150 [140; 160] <0.001
DBP, mmHg 70 [70; 80] 90 [87.5; 100] 90 [90; 100] <0.001
AF experience, months 16 [5; 36] 22 [3; 96] - < 0.001
Body mass index, kg/m? 26.8 [25.7; 28.6] 26.8 [25.7; 28.3] 26.8 [25.6; 21.5] > 0.05
Uric acid, pmol/l 310 [273; 370] 335 [284; 413] 330 [281; 390] < 0.001
Xanthine oxidase, pg/ml 0.66 [0.17; 0.71] 0.511[0.17; 0.92] 0.58 [0.25; 0.76] >0.05
Hypoxanthin, pmol/l 6.47 [3.98; 10.05] 4.9 [2.4; 8.2] 3.91.8; 8.5] < 0.001
Xanthine, pmol/l 0.7310.39; 0.83] 0.7 [0.5; 1] 0.69 [0.4; 0.9] < 0.001
Adenosine, pmol/l 0.12 [0.08; 0.17] 0.12 [0.08; 0.17] 0.13[0.09; 0.17] 0.01
LA (anterior—posterior dimension), mm 39 [38; 42] 41 [38; 43] 35 [34; 38] <0.001
LV EF, % 62 [60; 64] 63 [58; 66] 65 [63; 70] 0.03
LV hypertrophy, n (%) 2 (15.4) 49 (72.1) 11 (47.8) < 0.001
IVS at end-systole, mm 11110; 1] 13[12; 14] 12 [11; 14] < 0.001
LV PW at end-systole, mm 11110; 11] 12 [11; 13] 11[11;12] < 0.001
LV RWT 0.44 [0.41; 0.48] 0.46 [0.42; 0.50] 0.44 [0.41; 0.51] >0.05

Note. Here and in Tables 2 and 3, data are presented as absolute number of patients (%) or median, 25% and 75% quartiles.

Table 2. Characteristics of the hyperuricemic and nonhyperuricemic patient groups in the study

Indicator HU “+" (n = 33) | HU “-" (n=T71) p

Age, years 54 [43; 57] 55 [45; 62] > 0.05
Men, n (%) 30 (90.9%) 63 (88.7%) >0.05
SBP, mmHg 150 [140; 160] 140 [130; 150] > 0.05
DBP, mmHg 90 [90; 100] 90 [80; 100] > 0.05
Body mass index, kg/m2 26.8 [26.5; 28.2] 26.7 [25.6; 28.3] >0.05
Paroxysmal AF, n (%) 4(12.1%) 21 (29.6%) 0.04
Persistent AF, n (%) 13 (39.4%) 22 (30.9%) > 0.05
Permanent AF, n (%) 11 (33.3%) 10 (14.1%) 0.004
Creatinine, pmol/L 99.5[89.6; 108] 98.2 [89; 106] >0.05
Glucose, pmol/L 5.6 [5.3; 6.1] 5.51[5.2; 5.9] > 0.05
C-reactive protein, mg/L 3.7[0.7; 4.6] 21[0.3; 4] >0.05
Uric acid, pmol/L 420 [412; 423] 310 [267; 330] < 0.001
Xanthine oxidase, pg/ml 0.511[0.17; 0.89] 0.651[0.23; 0.9] > (.05
Hypoxanthin, pmol/L 5.57 [2.38; 7.9] 4.85 [2.16; 8.59] >0.05
Xanthine, pmol/L 0.73 [0.52; 1.09] 0.71 [0.49; 1] > 0.05
Adenosine, pmol/L 0.13[0.09; 0.16] 0.12 [0.08; 0.17] >0.05
LA (anterior—posterior dimension), mm 42 [39; 44] 38 [36; 42] 0.002
LV EF, n (%) 60 [57; 65] 64 [61; 67] 0.02
LV hypertrophy, n (%) 22 (66.7%) 41 (57.8%) > 0.05
IVS at end systole, mm 13112; 13] 13[11; 14] > 0.05
LV PW at end systole, mm 12 [11;13] 12 [11;13] >0.05
LV RWT 0.45 [0.42; 0.49] 0.45 [0.42; 0.50] >0.05

Note. SBP — systolic blood pressure; DBP — diastolic blood pressure; AF — atrial fibrillation; LA — left atrium; LV EF — left ventricular ejection
fraction; LV — left ventricle; IVS — interventricular septum; LV PW — posterior wall of the left ventricle; LV RWT — relative wall thickness of

the left ventricle.
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Table 3. Left atrial diameter depending on the genotype of the SLC2A9 gene rs734553 polymorphism in the study subjects

Indi SLC2A9 (rs734533) | SLC2A9 (rs734533) | SLC2A9 (rs734533)

ndicator, group AA AC ce p
LA (anterior—posterior dimension), mm, Group 1 38 [34; 38] 40 [38: 42] B 0.07
(n = 13) ' ’ .
LA (anterior—posterior dimension), mm, Group 2 38 [38; 42] 40 [39; 43] 43 [42; b4] 0.08
(n=68) ; ; ; .
LA (anterior—posterior dimension), mm, Group 3 36 [35; 38] 35 [32; 39] 35 [32; 7] 0.6
(n=23) ' ' ' )

Note. LA, left atrium.

Table 4. Distribution of genotypes and alleles of the SLC2A9 gene rs734553 polymorphism in patients with left atrial dilatation

Polymorphism, genotype SLC2A9 Group 1 (n = 13),

Group 2 (n = 68), Group 3 (n = 23),

(rs734533) abs. (%) abs. (%) abs. (%) P
AA 0(0) 9(13.2) 0(0) 0.09
AC 5 (38.5) * 16 (23.5)* 0 (0) *# 0.004
cc 0(0) 10 (14.7) 0(0) 0.06
Allele A 5 (50) 34 (48.6) 0(0) 1
Allele C 5 (50) 36 (51.4) 0(0) 1
ggﬂzﬁzﬁﬂrﬂed to the Hardy — Weinberg =5, p =003 Y= 0.25 p = 0.62 B _

*significant differences between the first and third groups where p < 0.05.

*significant differences between the second and third groups where p < 0.05.

The findings of an obviously significant relationship
between HU and LA diameter (U=1,616.0, p=0.002,
rrb = -0.379) are of particular interest. The patients with HU
had a larger LA diameter compared with those with a normal
UA level — 42 [39; 44] mm and 38 [36; 42] mm, respectively
(p =0.002) (Table 2) [25]. LA dilatation was more common in
patients with HU, with 19 (57.6%) cases, including 16 (48.5%)
patients in Group 2 and 3 (9.1%) patients in Group 1. LA
dilatation in patients with normal UA levels was detected in
21 (29.6%) patients.

Molecular genetic testing of the SLC2A9 gene rs734553
polymorphism identified three types of genotypes: AA
(homozygous dominant), AC (heterozygous), and CC
(homozygous recessive).

There were no significant differences (p > 0.05) when
comparing the LA diameter and the genotype of the SLC2A9
gene rs734553 polymorphism in all groups of patients.
However, in Group 2, the LA diameter in the CC genotype
(43 [42; 44] mm) patients and the AC genotype (40 [49; 43]
mm) patients was determined to be larger than in the AA
genotype ones (38 [38; 42] mm). In Group 1, the LA diameter
in the AC genotype patients (40 [38; 42] mm) was larger than
in the AA genotype ones (38 [34; 38] mm) (Table 3).

When studying the distribution frequency of genotypes
and alleles of the SLC2A9 gene rs734553 polymorphism
in patients with LA dilatation, we found that in the second
group of patients, the AC genotype was significantly more
common than in other groups (23.5%) (p = 0.004). There was
also a trend toward a higher incidence of AA (13.2%) and CC
(14.7%) genotypes. However, it did not reach the criteria for
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statistical significance. It should be noted that in patients of
the first group, LA dilatation was diagnosed only with the AC
genotype (38.5%). Dilatation of the LA in patients of the third
group was not detected (Table 4).

DISCUSSION

AHT is the most significant risk factor for AF [26]. AF is
the most persistent arrhythmia [18] that worsens patients’
quality of life and increases the risk of fatal cardiovascular
complications [27]. AF is prognostically unfavorable since it
is followed by increased overall mortality and, in particular,
cardiovascular mortality [28]. Given the continuous growth of
life expectancy and the increase in heart disease incidence
observed in recent years, the incidence of AF has sharply
increased in the last two decades [18].

The RACE and AFFIRM studies have found that
the combination of AF and AHT dramatically increases
the risk of thromboembolic complications, including stroke,
despite anticoagulant therapy [26].

Many epidemiologic studies report that HU is considered
among important risk factors for AF [29]. However, there
is no well-defined cause of AF in 1.6%-11.4% of cases
(according to some authors, up to 30% of cases). In such
situations, the role of genetic factors is not excluded for
heart rhythm disturbances [30]. Moreover, AF and AHT often
coexist in patients with HU [18].

High serum UA levels have been shown to be associated
with the development and progression of a number of CVDs,
such as CHD, heart failure, AHT, and AF [5]. In patients with




ORIGINAL RESEARCH

AHT and AF, who made up the second group in our study,
serum UA level was significantly higher than in patients from
other groups (p < 0.001).

Although the exact mechanisms of the relationship
between UA and cardiovascular pathology have not yet been
identified, some of them are known, suggesting that UA may
play a pathogenetic role in the progression of CVDs [31].

First, it is a relationship between HU and classical
risk factors for CVDs (in particular, AHT) [32]. Structural
changes in the atria are of particular importance for AF [26].
An expectable consequence of AHT is the formation of left
ventricular (LV) hypertrophy, which causes increased LV
stiffness and diastolic dysfunction. Consequently, there is
an increase in the LA pressure and its dilatation shown in
the Framing study. Within this study, it was also found out
that the LV wall thickening by 4 mm raises the risk of AF by
28%, and the LV diameter increase by 5 mm raises the risk of
AF by 39% [33]. It is indicative that in our study, no significant
differences in LVH were found when comparing groups of
patients with and without HU. However, significant differences
in the LA diameter were identified. Thus, in patients with HU,
a larger LA diameter was determined than in patients with
a normal level of serum UA (p = 0.002). LA dilatation was
detected in 57.6% of patients with HU, whereas in patients
with normal serum UA levels, in 29.6%. These data are
consistent with the results of several recent studies, which
have shown that the risk of AF and LA dilatation increases
significantly in patients with high UA levels [34].

Structural remodeling includes changes in the number
and size of cardiomyocytes, hibernation, inflammation,
fatty degeneration, accumulation of extracellular matrix,
and fibrosis. Fibrosis is one of the main components of
structural (and functional) atrial remodeling in AF. Fibrosis
is a consequence of the outcome of repair processes and
reactive response to inflammation, stress, and recurrent
oxidative stress, and can also arise as a consequence
of aging and apoptosis. Myocardial fibrosis causes
replacement of atrial cardiomyocytes with connective
tissue, loss of myofibrils, accumulation of glycogen, and
intercellular junction destruction. All of this also contributes
to the formation of atrial dilatation. The increased LA size
associated with its structural remodeling plays a crucial role
in the AF occurrence and maintenance [35].

The association between HU and changes in cardiac
structure was investigated in mice. Increased UA level
was followed by increased xanthine oxidase activity in
cardiac tissue, which caused cardiomyocyte hypertrophy,
myocardial oxidative stress, interstitial fibrosis, and diastolic
dysfunction due to activation of Sé kinase beta-1, profibrotic
TGF-B1/Smad2/3 signaling. These results improved after
allopurinol treatment. Xanthine oxidase may facilitate an
aggravation of AF, although no prospective clinical studies
have yet been performed to test the possibility of xanthine
oxidase inhibitor’s ability to prevent a genesis of AF [36]. In
our study, there were no significant differences obtained in
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the xanthine oxidase activity index, but in 54% of the subjects,
it was above the normal values.

An electrophysiological hypothesis suggesting that UA
may increase atrial cell susceptibility to AF has also been
proposed. This hypothesis suggests that UA urate transporters
(in particular, URATV1/GLUT9) promote the activation of
voltage-dependent K+ channel (Kv1.5) proteins. This results
in an inducement of ultrarapid delayed rectifier current
(/Kur) with decreased atrial action potential, thus influencing
the development of arrhythmogenic substrate [37].

UA plays an important role in oxidative stress, which
contributes to intracellular calcium overload with decreased
density of sodium channels and cell damage aggravation.
These pathological processes contribute to LA electrical
remodeling [38].

Moreover, UA has proinflammatory effects, contributing
to release of proinflammatory factors (e.g., thromboxane A2,
platelet growth factor, interleukins, C-reactive protein, tumor
necrosis factor-a, and monocyte chemoattractant protein).

The role of neurchumoral systems, in particular, renin-
angiotensin system, as well as inflammation, which leads to
endothelial activation and damage, tissue factor expression
by monocytes, increased platelet activation, and increased
fibrinogen level, is known. All of this together leads to
remodeling of both the heart and the vascular bed [39].

Taking into account the direct influence of the LA
diameter index on the occurrence and persistence of AF,
as well as the role of serum UA level and AHT in altering
the pathophysiology of AF, we have found it relevant to
assess the correlation between the SLC2A9 gene rs734553
polymorphism and LA diameter in patients with AHT and AF.
Thus, in patients with AHT and AF, who made up the second
group in our study, there was a tendency to determine
a larger LA diameter with the CC and AC genotype, but it did
not reach the criteria of statistical significance (p > 0.05). In
addition, in patients of the same group, with AHT and AF,
LA dilatation occurred significantly more often with the AC
genotype (23.5%, p = 0.004).

In a study by F. Mallamaci et al,, a correlation was
found between the UA level and the SLC2A9 gene rs734553
polymorphism (G/T alleles) (p < 0.001). An association was
also found between this polymorphism and phenotypic
markers of atherosclerosis, such as intima-media thickness,
internal diameter of the carotid arteries, and arterial
stiffness. At the same time, an association between the UA
level, the SLC2A9 gene polymorphism, and BP has been
established. The TT genotype individuals had higher systolic
BP (p = 0.02) [10].

In the study by X.L. Yi et al., the presence of a recessive
C allele of the SLC2A9 gene rs734553 polymorphism in
the Chinese population increased the risk of HU and type 2
DM complicated by HU (p = 0.03) [8].

It should be noted that the impact of SLCZ2A9 genetic
variants on serum UA levels varied from country to country:
in the Framingham and Rotterdam populations, as well as
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on the Croatian Adriatic coast, the c.884 G/A variant was
related to high serum UA concentrations (especially in
women), but this was not observed in African Americans.
Whereas the c.841 G/A variant was obviously related to high
serum UA concentrations and gout in the Han, Japanese, and
Solomon Islander populations, this was not in the eastern and
western Polynesians and Europeans [40]. This may be due to
different diet and lifestyle habits, which may also influence
serum UA levels. In addition, the regulation of SLCZA9 gene
transcription may be controlled by the combined effect of
several polymorphisms. However, the question of whether
other polymorphisms are involved in this process requires
further investigation [41].

We did not find any studies in the scientific literature
on the role of the SLC2A9 gene rs734553 polymorphism
(A/C alleles) in patients with AHT and arrhythmias. Therefore,
our study is of particular relevance. We have established, for
the first time, a correlation between the identified genotypes
of the SLCZ2A9 gene rs734553 polymorphism and the LA
diameter in patients with AHT and AF.

Our study, however, had some limitations. We studied
a small sample of patients, which could have contributed to
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Diagnostic Value of Slow Conduction Index

in Differential Diagnosis of Wide GRS Complex
Arrhythmias with Left Bundle Branch Block
Morphology

Mikhail P. Chmelevsky, Margarita A. Budanova, Danila A. Stepanov, Ekaterina S. Zhabina,
Tatiana E. Tulintseva

Almazov National Medical Research Centre, Saint Petersburg, Russia

BACKGROUND: Differential diagnosis of arrhythmias with wide QRS complexes remains an unresolved problem in clinical
practice. After decades of careful research, many different criteria and algorithms have been proposed, but many of them are
not quite accurate and effective in real clinical conditions. One of the approaches is to use ECG to estimate the speed of propa-
gation of excitation through the ventricular myocardium. The estimation is based on the ratio of the amplitudes of the initial and
final parts of the QRS complex, in particular, using the slow conduction index.

AIM: To study the possibility of using the slow conduction index in the differential diagnosis of arrhythmias with wide QRS
complexes and to carry out a detailed comparative analysis of the diagnostic value of this criterion in all 12 ECG leads with
evaluation and comparison of the obtained values of diagnostic accuracy.

MATERIALS AND METHODS: The study included 280 single wide QRS complexes with a form of left bundle branch block
(LBBB) detected during one-day and multi-day ECG monitoring in randomly selected 28 patients. For a detailed analysis,
a comparison of the original 12-lead ECG and individual scalable ECG graphs for selected leads was carried out, followed by
measurement of the absolute values of the total amplitudes during the initial and final 40 ms wide QRS complexes. For a quali-
tative and quantitative assessment of diagnostic significance, ROC analysis was used to determine the informative value of
a diagnostic test based on sensitivity (Sn), specificity (Sp) and diagnostic accuracy (Acc).

RESULTS: According to the obtained values of Sn, Sp and Acc, all 12 leads were arranged in the following order as the di-
agnostic value of the slow conduction index decreased: aVL, V2, aVF, V5, lll, V1, V4, Il, aVR, V6, V3 and 1. In the first six ECG
leads, Acc was consistently above 90%, gradually decreasing in the next six leads from 89% to 67%, respectively (p < 0.001
for all leads).

CONCLUSIONS: The results of this study showed that the slow conduction index can be used in any ECG leads as a crite-
rion for the differential diagnosis of arrhythmias with wide QRS complexes with a form of LBBB. The study also demonstrated
the importance of a comprehensive approach to the analysis of the form of the QRS complex and the need for a consistent
detailed analysis of the existing criteria for the differential diagnosis of arrhythmias with wide QRS complexes in different clini-
cal groups of patients.

Keywords: differential diagnosis; wide QRS complex; left bundle branch block.
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HayuHas craTbs

IlnarHocTuyecKkas LLeHHOCTb MHAEKCca

MeasieHHoro nposeaeHus B 12 otBegeHusax IKI
npu auddepeHuUanbHOU AUArHOCTUKE apUTMUMA

C wupokuMM KoMnaekcamu GRS n dopmMoki 6a1okaab
NneBOM HOXXKM nyyka lNuca

M.M. Ymenesckuin, M.A. bynaHosa, [.A. CtrenaHos, E.C. }abuHa, T.3. TynuHuesa

HauvoHanbHbIN MeaWLIMHCKMIA UccnefoBaTeNbCKuMin LeHTp UM. B.A. AnMa3sosa, CaHkT-leTepbypr, Poccus

Ob6ocHoeaHue. [IndpdepeHunanbHasn AMarHOCTUKA apUTMUIA C LUMPOKMMM KoMnneKcaMm QRS 0cTaeTcs CNOXHOM W [0 KOHLA
He peLUeHHOW NpobneMoi B KNMHUYECKONM npakTuke. llocne fecATUNneTWin TLaTeNbHbIX UCCefoBaHui bbino npefioXkeHo
MHOECTBO Pa3/M4HbIX KPUTEPWEB U aNropuTMOB, HO MHOTUE U3 HUX SIBNSIOTCA HEAOCTAaTOMHO TOYHBIMU U 3QHEKTUBHBIMM
B pearibHbIX KIMHUYeckux yenosusx. 0auH 13 nopxonoB anddepeHUmManbHOM AMarHoCTUKU TakUX apuTMUIA — oLeHKa Ha KT
CKOpOCTel pacnpocTpaHeHus Bo30YXAeHWS N0 MUOKApLY eNyA04KOB Ha OCHOBE COOTHOLLEHWUS aMIMJIUTY[, HaYanbHOM U KO-
HeYHoM YacTi Komnnekca @RS, B YaCTHOCTM C MOMOLLIbK MCMOMb30BaHNS MHAEKCA MEeJJIEHHOO NPOBEEHWS.

Llents. N3yyeHne BO3MOKHOCTM UCMO/b30BaHUS MHAEKCA MeANEHHOr0 NpoBeaeHus B A depeHLManbHOM AMarHoCTUKe
apuTMUIA € LUMpOKMMKM KoMmniekcamu @RS ¢ nocneaylowmM feTasbHbIM CPaBHUTENBHBIM aHaNM30M AMarHOCTUHECKOW LieH-
HOCTM 3Toro Kputepus Bo Bcex 12 otefienmsax KM M conocTaBneHUEM NOSyYEHHbIX 3HAYEHWUN AMArHOCTUYECKOW TOYHOCTH
C NIEKTPOPU3MONOTNIECKON TOUKM 3PEHUS.

Mamepuanel u Memodsl. B uccnepnosanue 6bino BKoYeHo 280 04MHOYHBIX LUMPOKMX KoMnnekcoB GRS ¢ dopmoit
Bnokapbl NEBOM HOXKK NyYKa [1ca), BbISBNEHHBIX NPU OAHOCYTOYHOM U MHOTOCYTOYHOM MoHuTopupoBaHuu KTy cnyyaitHo
BblbpaHHbIX 28 naumreHToB. [11s feTanbHoOro aHanu3a NpoBoAmMIoCh conocTaBneHne UexoaHon 12-kaHanbHoi 3K 1 oTAenbHbIX
macwTabupyembix rpagukos 3Kl ona BbibpaHHbIX OTBELEHWI C NOCNELYHLMM WU3MepeHUeM abCoMTHBLIX 3HAYeHWN
CyMMapHbIX aMnauTyA B TedeHne HauyanbHbIX (V) n KoHeuwbix (V) 40 Mc wupokux QRS Komnnekcos. [na KayecTBeHHOM
W KONMYECTBEHHOMN OLIEHKW AMarHOCTUYECKOK 3HauMMocTy ucnonb3osancs ROC-aHanus ¢ onpegeneHueM MHGOPMaTUBHOCTH
AMarHoCTUYECKOro TeCTa Ha OCHOBAHUM YYBCTBUTENBHOCTU, CNELMPUYHOCTV U AMArHOCTUYECKOW TOUHOCTU. [1pn cpaBHeHWM
nnowaznen ROC-KpMBLIX CTAaTUCTUHECKW 3HAUMMbIMKU NPUHUManUChb 3Hadenusa p < 0,001.

Pe3ynbsmamei. CornacHo noy4eHHbIM 3Ha4eHWAM YyBCTBUTENTBHOCTH, CreumMdUYHOCTM M AMArHOCTUHECKOM TOYHOCTU BCE
12 oTBEAEHNI PACNONOXMIMUCD B ClIEAYHOLLMM NOPSAKE M0 MEPe YMEeHbLUEHWUS AMArHOCTUYECKOM LIEHHOCTU MHAEKCA Me[LIEHHOM0
nposenenus: avl, V2, aVF, V5, Il V1, V4, I, aVR, V6, V3 u |. Mpu 3tom B nep.bIx wectu IKI-0TBEAEHUAX AMArHOCTUHECKAA TOYHOCTb
Obina cTabubHO Bhilwe 90 %, NOCTENEHHO YMeHbLUAACL B NOCNEAYIOLLMX LWEeCTU oTBefeHusAX ¢ 89 [0 67 % COOTBETCTBEHHO
(p < 0,001 ans BCex 0TBEAEHUN).

3arsoyeHue. Pe3ynbTatbl JaHHOrO MCCNEAOBAHMSA NMOKA3aiu, YTO MHAEKC MeJJIEHHOr0 NPOBEAEHUS MOXET UCMOSb30-
BaTbca B Ntobbix otBefenuax JKI Kak Kputepun auddepeHUManbHOM AMarHOCTUKM apuUTMUIA C LUMPOKUMU KOMIJIEKCaMM
QRS v dopmoii briokagbl neBoi HOXKKM NydKa Mca. Takxe npoBeAeHHOE McciefoBaHWe NPOLEMOHCTPUPOBANO BaXHOCTb
BCECTOPOHHEr0 NoAxofAa K aHanuay dbopmbl komnnekca QRS v HeobxoaUMoCTb NOCNeA0BaTeNbHOMO feTaNbHOro aHanu3a cy-
LLeCTBYIOLLMX KpuTepueB anddepeHLManbHOM AMarHoCTUKM apuUTMUIIA € LIMPOKUMU KoMmiekcaMu QRS B pasHbIX KIIMHUYECKUX
rpynnax nauueHToB.

KnioueBble cnoBa: anddepeHumanbHas AMarHoCTUKa; LUMPOKMe KoMnnekcebl QRS; 6iokapa NeBoii HOXKY Nyyka lca.
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BACKGROUND

Differential diagnosis of arrhythmias with wide QRS com-
plexes remains an unresolved problem in clinical practice
[1, 2]. Electrocardiography (ECG) and ECG Holter monitoring
are key data interpretation tools in the differential diagno-
sis of these arrhythmias. After decades of careful research,
many different criteria and algorithms have been proposed,
but many of them are not sufficiently accurate and effective
in real clinical conditions [3, 4]. This is confirmed by many
scientific publications and individual clinical observations that
demonstrate the insufficient effectiveness of most of these
algorithms [5, 6].

The main problem in the differential diagnosis of arrhyth-
mias with wide complexes is the need to analyze the rela-
tionship between atrial and ventricular rhythms to search for
signs of atrio-ventricular (AV) dissociation and other criteria
for ventricular tachycardia (VT), when high-quality visualiza-
tion of atrial activity waves renders difficult. In this regard,
it is often impossible to use this approach and it becomes
necessary to assess the shape of wide QRS complexes
(the so-called morphological features) characteristic of VT
or aberrant ventricular conduction. Despite the ever-increas-
ing number of algorithms for assessing the shape of GRS
complexes, most of these criteria show low diagnostic ac-
curacy in repeated studies on different groups of patients [5].
The reasons for this are, firstly, the high degree of subjectiv-
ity in the assessment of amplitude-time characteristics by
different researchers, and secondly, the inability to take into
account the individual characteristics of the propagation of
the excitation wave through the myocardium using these cri-
teria in arrhythmias with wide QRS complexes.

In fact, all amplitude-time criteria can be divided into
three groups. The first group includes signs that character-
ize the shape of individual deflections of the QRS complexes.
The second group includes features that determine the du-
ration of the individual components of the QRS complexes.
The third one includes characteristics aimed at determining
the rate of change in the amplitude of the initial and final
parts of the QRS complexes and their ratio. At the same
time, almost all amplitude-time criteria included in the first
two groups show relatively low diagnostic accuracy in re-
peated studies on clinically different groups of patients [5].
Apparently, one of the reasons leading to such results is
the presence of structural changes in the myocardium and
a significant difference in the individual ratios of the shape
of the chest and the location of the heart, which largely af-
fect the amplitude characteristics of individual elements of
the QRS complex and their duration.

As we pointed out in our previous publication [7], one of
the approaches designed to solve these problems is the ECG
assessment of the propagation velocities of excitation through
the ventricular myocardium based on the ratio of the am-
plitudes of the initial and final parts of the QRS complex.
The most well-known criterion for assessing the amplitude
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ratio is the slow conduction index proposed by A. Vereckei
et al. [8]. This criterion allows for differential diagnosis of
arrhythmias with wide QRS complexes based on the analy-
sis of the ratio of the absolute values of the total amplitude
of the @RS complex over the first and last 40 ms, which is
calculated in each individual ECG lead. This approach greatly
reduces the subjectivity of wide QRS morphology assess-
ment by different specialists, especially in complex cases of
arrhythmias with the form of a complex in the form of a left
bundle branch block (LBBB).

One of the features of using the slow conduction index is
the need to select an ECG lead with a wide RS-type complex
according to the original concept of the authors of the pro-
posed criterion [8]. However, the choice of an ECG lead is
largely arbitrary, especially in the presence of several simi-
lar leads, which can show conflicting results. At the same
time, in a number of other cases, the absence of an RS-type
form of the complex leads to the formal impossibility of using
the slow conduction index in practical work. Such features of
the use of this criterion, in our opinion, are significant limi-
tations. In this regard, in our previous publication, we pre-
sented the results of a study that showed the fundamental
possibility of using the slow conduction index in the differ-
ential diagnosis of arrhythmias with wide QRS complexes
in any ECG lead without the need to search for a biphasic
wide complex with an RS-type shape [7]. In addition, it was
shown that the diagnostic value of the slow conduction in-
dex was quite high in leads II, Ill, aVL, aVF, V1, V2, V4, V5
(8 out of 12). At the same time, upon careful study of the ob-
tained results, it becomes obvious that a detailed comparison
of the diagnostic value of this criterion in 12 ECG leads, as
well as a detailed analysis of the obtained incorrect values,
is necessary. It is also necessary to evaluate the results of
the study in terms of analyzing the relationship between
the obtained diagnostic characteristics and the electrophysi-
ological features of the propagation of the excitation wave
through the myocardium.

In this regard, this work continues the previous study on
the possibility of using the slow conduction index in the dif-
ferential diagnosis of arrhythmias with wide QRS complexes.
It is also devoted to a detailed comparative analysis of the di-
agnostic value of this criterion in all 12 ECG leads with evalu-
ation and comparison of the obtained values of diagnostic
accuracy, as well as analysis of the obtained results from
the electrophysiological point of view.

MATERIALS AND METHODS

Data processing and recording

The layout for recording and processing ECG data for sub-
sequent analysis was described in detail in a previous pub-
lication [7]. In this work, a detailed analysis of the morpho-
logical characteristics of QRS and a consistent comparison
of the total amplitude during the initial and final 40 ms wide
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ventricular complexes were additionally carried out in those
cases and ECG leads, when the use of the slow conduction
index led to erroneous results. To do this, a comparison of
the original 12-channel ECG and individual scalable ECG
graphs for the selected leads was carried out, followed by
the measurement of the absolute values of the total ampli-
tudes during the initial and final 40 ms wide QRS complexes.

Building scalable ECG graphs

To build separate scalable graphs, ECG data was ex-
ported from the PhysioNet in the text format, which were
then imported into Microsoft Excel spreadsheets (Microsoft
Corporation, 2016). The amplitude-time values of the ECG
were synchronized in 12 leads according to the sampling
frequency of the original signal. After finding the boundaries
of the QRS before its beginning and after its end, the values
of 100-120 ms were plotted, which were used as points be-
tween which the ECG was visualized in a separately selected
lead using the built-in tools for creating graphs in Microsoft
Excel. As a result, for each separately selected ECG lead,
two-dimensional diagrams were constructed, on which
the time scale was plotted along the abscissa axis (X) with
a scale corresponding to the minimum value of the sampling
frequency of the original recording. The amplitude scale was
plotted along the ordinate axis (¥) with automatic scaling
according to the initial values of the potentials of the GRS
complex. After that, on each ECG graph, 40 ms from the be-
ginning and end of the wide QRS complex were plotted on
the time scale, and the absolute values of the total ampli-
tudes at these points were measured, followed by a com-
parison of the results obtained.

STATISTICAL ANALYSIS

The technique of statistical analysis is also described in
detail in our previous publication [7].

In this work, a detailed study of the diagnostic value of
the slow conduction index was carried out based on a com-
parison of the results of ROC analysis. To assess and com-
pare the areas of ROC curves (AUC — Area Under Curve) in
all 12 leads, a nonparametric approach was used according
to the DeLonghi-Clark-Pearson method [9]. Further compari-
son of the areas under the curves was carried out based on
the values of the standard error calculation method of Hanley
and McNeil [10; 11], and an exact 95% confidence interval (Cl)
based on the binomial distribution [12]. To compare the re-
sults, baseline p values < 0.05 were assumed to be statisti-
cally significant. Diagrams of ROC curves were visualized us-
ing a color scale for each ECG lead (6 out of 12) on one graph.

For additional analysis of the results, a plot of the area
difference (AUC difference) of the ROC curves and the cor-
responding significance level p was plotted by analogy with
the method of constructing correlograms [13]. To visualize
the change in the absolute values of the difference in the ar-
eas of the ROC curves and the corresponding significance

Tom 3,Ne 1, 2023

DOl https://doiorg/10.17816/cardar233537

Cardiac Arrhythmias

levels, a color palette in the RYG (Red-Yellow-Green) format
was used.

The calculated values of sensitivity (Sn), specificity (Sp)
and diagnostic accuracy (Acc) for all 12 ECG leads were com-
pared with each other and visualized in the form of color
grouped bar graphs for clarity.

After analyzing the number of comparisons made with
the p-level estimate and calculating the probability of an
incorrect conclusion regarding at least one of the hypo-
theses that significantly exceeds the initial significance level
(p <0.05), it was decided to correct the obtained values
for multiple testing using the Bonferroni corrections [14].
As a result, p values < 0.001 were finally considered sta-
tistically significant. The resulting AUC difference plots of
the ROC curves were adjusted according to this final accepted
level of statistical significance.

Complete statistical analysis was performed using Sta-
tistica v.12 (Statsoft Inc., USA), SPSS v.23 (IBM Corp., USA),
and MedCalc Statistical Software v.20.115 (MedCalc Software
Ltd, Ostend, Belgium).

RESULTS

Diagnostic value of slow conduction index
in 12-lead ECG

According to the obtained values of Sn, Sp and Acc, all
12 leads were arranged in the following order as the diag-
nostic value of the slow conduction index decreased: aVL, V2,
aVF, V5, Ill, V1, V4, 1, aVR, V6, V3 and 1. In the first six ECG
leads, Acc was consistently above 90%, gradually decreasing
in the next six leads from 89% to 67%, respectively (Fig. 1).
All obtained values were statistically significant (p < 0.001).

Comparison of the Obtained Values
of the Diagnostics of the Slow Conduction Index
in 12 ECG Leads

Comparison of the ROC curves showed that the diagnostic
value of the slow conduction index does not differ signifi-
cantly in leads aVL, V2, aVF, V5, lll, V1, while in leads V4, II,
aVR, V6, V3, and I it clearly decreases (Fig. 2).

According to the ROC area difference chart, there were
no significant differences in the diagnostic value of the slow
conduction index for the first 8 leads (aVL, V2, aVF, V5, lIl,
V1, V& and Il), while the remaining leads (aVR, V6, V3 and I)
were statistically significantly different from them (Fig. 3).

Evaluation of the obtained incorrect values
of the slow conduction index in individual
ECG leads

A detailed examination of the results obtained revealed
that in some cases the use of the slow conduction index
led to errors in the differential diagnosis of wide QRS com-
plexes. These cases were singled out and selected for fur-
ther analysis. So, as a result of reviewing some ECGs with
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Fig. 1. Histogram of slow conduction index Sensitivity (Sn), Specificity (Sp) and diagnostic Accuracy (Acc) for 12 lead ECG

V; /V, index V; /V, index

Fig. 2. ROC curves comparison charts as an illustration of slow conduction index diagnostic value difference for 12 lead ECG. Cut-off values
are marked as red marker on each of ROC curves
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premature atrial contractions (PAC) and aberrant conduc-
tion by the type of LBB block, it turned out that in one of
the leads (aVL) the use of the obtained values of the slow
conduction index V;/V, < 1) led to an erroneous diagnosis
of premature ventricular contractions (PVC), while in in all
other leads, the use of this criterion showed correct results
(Fig. 4). Analysis of the scaled ECG plot in lead aVL showed
that the absolute values of the amplitudes of the initial (V)

Tom 3,Ne 1, 2023
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and final (V) 40 ms of the QRS complex were 94 pV and
316 pV, respectively (Fig. 5). Similarly, reviewing some PVC
ECGs with a form of LBBB, it was found that in some leads
(aVR) the use of the obtained slow conduction index values
(V;/ V,> 1) led to an erroneous diagnosis of PAC, while in all
other leads the use of this criterion showed correct results
(Fig. 6). Analysis of the scaled ECG plot in lead aVL showed
that the absolute values of the amplitudes of the initial (V)

Area under curve (AUC) 0.94 ‘ 0.92 ‘ 0.91 ‘ 0.91 ‘ 0.90 ‘ 0.90 ‘ 0.89 ‘ 0.88 ‘ 0.80 ‘ 0.79 ‘ 0.75 ‘ 0.67
AUC difference
max Lead aVL V2 aVF V5 1} Vi Vi I aVR Vb V3 1
aVL 0.018 0.021 0.029 0.036 0.039 0.043 0.057 0.136 0.150 0.189 0.268
0.92 V2 0.407 0.011 0.018 0.021 0.025 0.018 0.096 0.11m 0.150 0.229
0.91 aVF 0.268 0.007 0.014 0.018 0.021 0.036 0.114 0.129 0.168 0.246
0.91 V5 0.226 0.620 0.007 0.011 0.014 0.029 0.107 0.121 0.161 0.239
0.90 1l 0.049 0.482 0.100 0.007 0.021 0.100 0.114 0.154 0.232
0.90 | 0.078 0.239 0.312 0.671 0.671 0.018 0.096 0.111 0.150 0.229
0.89 Va4 0.059 0.336 0.310 0.545 0.754 0.014 0.093 0.107 0.146 0.225
0.88 I 0.012 0.385 0.011 0.190 0.194 0.385 0.516 0.079 0.093 0.132 0.211
0.80 aVR <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.014 0.054 0.132
0.79 V6 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.576 0.039
0.75 V3 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.076 0.218 0.079
1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.023
min min p-value max

Fig. 3. Diagram of AUC difference between ROC curves (right upper triangle) and corresponding p-value (left bottom triangle) illustrating
a difference of slow conduction index diagnostic value in 12 lead ECG. Leads are sorted towards a decrease of their diagnostic value from
up to down (left column) and from left to the right (upper row) according to the calculated absolute value. A color palette of diagram shows
changing of AUC difference absolute values from min (green) to max (red) and p-values from max (green) to min (red). AUC difference
with corresponding p < 0.001 are marked with red font on white background

V./V> 1

Vi/V<1

VT

Fig. 4. ECG example of supraventricular extrasystoles with LBBB aberration. Borders of all QRS complex are marked with small red
vertical lines. Borders of selected for analysis wide QRS complex are marked with solid red vertical lines in all 12 ECG leads. Leads with
correct results (V; / V,> 1) of slow conduction index calculations in differential diagnosis are marked with green color while leads with

wrong results (V; / V, < 1) for this case are marked with red color
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Fig. 5. ECG plot in aVL lead and determination of an absolute values of initial (V) and terminal (V,) 40 ms of wide QRS complex for the case
of supraventricular extrasystoles with LBBB aberration where calculation of slow conduction index (V; / V,) shows wrong results (V; / V,< 1)
in differential diagnosis. Voltage (V) — ECG amplitude (microVolts), time in ms

V./V<1

V. V> 1

V./V< 1

Fig. 6. ECG example of ventricular extrasystoles with LBBB type morphology. Borders of all QRS complex are marked with small red
vertical lines. Borders of selected for analysis wide QRS complex are marked with solid red vertical lines in all 12 ECG leads. Leads with
correct results (V;/ V, < 1) of slow conduction index calculations in differential diagnosis are marked with green color while leads with
wrong results (V;/ V> 1) for this case are marked with red color
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V=385 uV
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Fig. 7. ECG plot in aVR lead and determination of an absolute values of initial (V) and terminal (V,) 40 ms of wide QRS complex for
the case of ventricular extrasystoles with LBBB type morphology where calculation of slow conduction index (V; / V,) shows wrong results
(V;/ V,> 1) in differential diagnosis. Voltage (uV) — ECG amplitude (microVolts), time in ms

and final (V) 40 ms of the QRS complex were 385 pV and
177 WV, respectively (Fig. 7).

Further consideration of the obtained results showed that
the frequency of occurrence of such cases with incorrect val-
ues of the slow conduction index, leading to erroneous results
in the differential diagnosis of arrhythmias with wide GRS com-
plexes, directly corresponds to the values of the diagnostic ac-
curacy of this criterion in each ECG lead shown in Fig. 1.

DISCUSSION

Main results

The study showed that the diagnostic value of the slow
conduction index does not differ significantly in leads aVL, V2,
aVF, V5, lll, V1, V4, and II, while for the remaining leads aVR,
V6, V3, and |, it clearly decreases (Figures 1 and 3). These
facts once again confirm the results of the previous study [7],
which showed the fundamental possibility of using this di-
agnostic criterion in any ECG leads. In addition, the obtained
results show in which leads the use of the slow conduction
index leads to the best results in the differential diagnosis of
arrhythmias with wide QRS complexes with LBBB.

Analysis of the results of comparing the values
of the diagnostics of the slow conduction index
in 12 ECG leads

A detailed analysis of color grouped bar graphs with
the values of diagnostics showed that the spread of Sn and

DOl https://doiorg/10.17816/cardar233537

Sp values in leads aVL, V2, aVF, V5 and Il does not exceed
10% at the level of Acc from 94% to 90%, respectively
(Fig. 1). This fact testifies to the significant robustness of
the slow conduction index against changes in the shape
of wide QRS complexes with the form of LBB blockade as
a criterion for the differential diagnosis of such arrhythmias.
This is confirmed by a direct comparison of the shape of
the ROC curves in these leads (Fig. 2), as well as a sequential
pairwise comparison of the difference in their areas (AUC)
and the corresponding significance levels p (Fig. 3). For
the remaining leads V1, V4, I, aVR, V6, V4 and |, the spread
of Sn and Sp values increases significantly, reaching 51%
in lead V3, and the values of Acc, respectively, begin to
decrease markedly from 89% to 67%. This, in turn, may
indicate a significant sensitivity of the slow conduction index
to changes in the shape of wide QRS complexes in these
leads. At the same time, sequential pairwise comparison of
the area difference (AUC) and the corresponding significance
levels p for these leads in Fig. 3 shows that for leads aVR,
V6, V3, and |, the difference in diagnostic values reaches
the level of statistical significance adopted in this study
(p < 0.007). These facts confirm that these leads are not
the best choice for using the slow conduction index as
a criterion for the differential diagnosis of arrhythmias with
wide QRS complexes with a form of LBBB.

In general, the analysis of the color palette of the diagram
of the difference in the areas of ROC curves shows a gradual
significant and pronounced decrease in the diagnostic value
of the slow conduction index from its central part towards
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the right and lower borders, while there is no such significant
difference in the upper-central part of the diagram.

Analysis of cases of incorrect differential diagnosis
of wide QRS complexes when calculating the index
of slow conduction in some individual ECG leads

According to the results obtained, the use of the slow
conduction index in some cases led to erroneous results in
the differential diagnosis of wide QRS complexes. As the most
illustrative cases, ECGs of one of the patients with PAC and
aberrant conduction in the form of LBBB were selected and
it was shown that in one of the leads (aVL) the calculated
index of slow conduction incorrectly indicates the ventricular
genesis of these wide @RS (V;/ V, < 1) complexes, while in
the remaining 11 leads diagnostics is correct (Fig. 4). When
considering the scaled ECG graph in lead aVL, it turned
out that the absolute value of the amplitude of the initial
40 ms of the GRS complex (V) is three times less than
the corresponding value of the final 40 ms (Fig. 5). The reason
for this is, apparently, that the first 20 ms of the QRS
complex are almost isoelectric and a significant increase
in amplitude begins only from the 30" ms. However, this
does not mean that during the first 20 ms, excitation spreads
slowly through the myocardium. In this case, such individual
anatomical features of this patient as the location of the heart
in the chest and its shape relative to the recording leads,
as well as the electrophysiological features of the course of
excitation in the myocardium lead to the fact that the main
vector of the first 20 ms of depolarization is directed almost
perpendicular to aVL lead, which results into isoelectric form
of this section of the ECG.

A similar situation arises when considering another
selected case of PVC with LBBB, when in one of the leads
(@VR) the calculated slow conduction index also incorrectly
indicates the supraventricular genesis of wide QRS (V. / V, > 1),
while in the other 11 leads, this criterion correctly diagnoses
PAC (Fig. 6). When considering the scaled ECG plot in aVR
lead, it turns out that the absolute value of the amplitude of
the initial 40 ms of the GRS complex (V) is more than twice
the corresponding value of the final 40 ms (Fig. 7). Similar
to the previous case, when analyzing the terminal part of
the GRS complex, it becomes apparent that the last 30 ms
is almost isoelectric. The reasons for this, apparently, are
the same as in the situation described above with incorrect
diagnosis of PVC in lead aVL in a patient with PAC and
aberrant conduction like LBBB.

When analyzing the remaining cases of incorrect results of
differential diagnosis, it turned out that in the vast majority of
cases the causes are similar to those described above. From
our point of view, these facts testify that with an arbitrary choice
of one of the 12 ECG leads for calculating the slow conduction
index, erroneous results may spontaneously appear. In this
regard, to use this criterion in the differential diagnosis of
arrhythmias with wide QRS complexes, it is necessary to
choose ECG leads with the highest diagnostic value.
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Evaluation of the results of using the slow conduction
index in connection with the electrophysiological
features of the propagation of excitation through

the myocardium

As shown above, in some cases, the use of the slow
conduction index in individual ECG leads may show incorrect
results in the differential diagnosis of wide QRS complexes.
This raises the question: are these erroneous results random
or are there any definite patterns? To answer this question,
we must first consider more detail the electrophysiological
basis for the use of the slow conduction index.

The original algorithm of A. Vereckei is based solely on
the hypothesis of differences in the direction and speed of
initial and final myocardial activation during ventricular and
supraventricular arrhythmias with aberrant conduction [8].
The electrophysiological rationale for the slow conduction
index criterion is that during arrhythmias with wide QRS
due to PAC, the initial activation of the interventricular
septum (occurring either from left to right or from right to
left, depending on the type of BBB) occurs at a rate slightly
slower than during normal conduction of the excitation wave
according to the His-Purkinje system, and intraventricular
conduction delay, causing a wide QRS complex, occurs
in its middle and final parts. As a result, the increase in
the amplitude of the initial part of the QRS complex will occur
more rapidly than the final one. Therefore, the slow conduction
index is greater than 1 (V;/V, > 1) during supraventricular
tachycardias with aberrant conduction. In arrhythmias with
wide QRS due to PVC, the slower propagation of the excitation
wave through the contractile myocardium occurs until
the impulse reaches the His-Purkinje system, after which
the rest of the myocardium is activated more rapidly. As
a result, the amplitude of the initial part of the QRS complex
rises much more slowly, so the slow conduction index is less
than 1 (V;/ V, < 1) during ventricular tachycardias. According
to the authors, this assumption should be true regardless of
the mechanism of occurrence of VT, the presence or absence
of structural heart disease [3]. At the same time, the authors
point to the use, among other things, of another assumption
when developing the criterion for the slow conduction index
(V;/ V,) that the steepness of the initial part of the wide GRS
complex is directly proportional to the conduction velocity of
the excitation wave propagating in the ventricles [3].

A critical analysis of the electrophysiological foundations
of these hypotheses shows that these assumptions, from
our point of view, only partially reflect the real relationship
between the shape of the QRS complex and the nature of
the propagation of the excitation wave through the ventricles
of the heart. First, the assumption that the degree of increase
in the amplitude of the initial part of the QRS complex is
directly proportional to the rate of conduction of excitation in
the ventricles is based on a simplified idea of the shape and
homogeneity of the excitation wave front. In fact, as shown
in experimental studies, when various conduction blockades
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occur, the excitation waveform can vary significantly and
be divided into several fronts [15-18]. Secondly, according
to the accepted dipole ECG model, the propagation of
excitation can be described by the vector theory in the form
of the dependence of the amplitude of the QRS complex on
the location of the recording electrode on the body surface
with respect to the front of the excitation wave in the ventricles
of the heart [19]. However, this dependence is not linear and
also implies the use of a significantly simplified dipole model,
when the ECG is a total reflection of the electrical activity of
the heart [20, 21]. Thus, the magnitude of the amplitude of
the initial and final parts of the QRS complex is not a direct
reflection of the nature of the propagation of the excitation
wave in the heart.

In addition, it is important to note that the original
concept of using the slow conduction index for the differential
diagnosis of arrhythmias with wide QRS complexes,
proposed by the authors, involves only assessing the ratio of
the amplitudes of the initial and final parts of the GRS complex
(V;/ V) relative to each other. Moreover, not only the values
of the amplitudes themselves, but also the absolute value
of this ratio are not used in the analysis, which leads to
the loss of a significant part of the information, since these
values also register the features of the rate of change in
the QRS amplitude as an indirect characteristic of the speed
and direction of propagation of the excitation wave through
the myocardium. It should also be added that the assessment
of these parameters in the sections of the initial and final
part of the QRS complex with a duration of 40 ms poses
a significant number of questions without an obvious
electrophysiological justification.

Thus, the incorrect results of the differential diagnosis
of wide GRS complexes when using the slow conduction
index are, apparently, a reflection of the limitations of this
criterion as a characteristic that actually reflects the course
and nature of the propagation of the excitation wave
through the ventricles of the heart. These limitations, most
likely, are systematic rather than random and lead to an
understanding of the need for a deeper and more detailed
analysis of the relationship between the surface ECG and
the electrophysiological features of the conduction of
excitation through the myocardium.

Analysis of the methodology used and evaluation
of the results of the study in connection with previously
published data

In their original work, the authors of the proposed slow
conduction index criterion showed that their algorithm was
generally superior to the P.Brugada algorithm in terms of
diagnostic accuracy (90.3% vs. 84.8%, respectively) [3].
At the same time, the superiority of the A. Vereckei algorithm
was mainly due to the significantly better overall accuracy
of testing the V. / V, criterion at the 4™ step compared to
the 4™ step of the P. Brugada algorithm (82.2% versus
68%, respectively). Later proposed by A. Vereckei et al.
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the algorithm for the differential diagnosis of arrhythmias
with wide QRS complexes based on only one aVR lead
showed that the overall accuracy of testing the new criteria
was similar to the accuracy of the first A. Vereckei algorithm
and exceeded the accuracy of the P. Brugada algorithm
(91.5% versus 90.7% and 85, 5%, respectively) [22].

However, when analyzing subsequent publications, it
turned out that independent assessments of different research
groups did not show such high diagnostic characteristics as
described in the original publications by A. Vereckei et al.
[23-28]. For example, one of the groups showed that, when
independently tested, the A. Vereckei algorithm showed high
sensitivity, but very low specificity (29%) [26].

From our point of view, the published results show that
the algorithm used has been tested on different groups of
patients, as well as by different researchers, without using
a common standardized approach. Moreover, the ECG analysis
and calculation of the slow conduction index were carried
out manually without the use of modern digital information
processing methods. In addition, it becomes obvious that
the subjective method of selecting different ECG leads was
used to calculate the index of slow conduction according to
the first original algorithm of A.Vereckei. When using the new
aVR algorithm, the degree of subjectivity, apparently, was
lower, however, the use of different groups of patients and
the lack of digital methods for recording and processing ECG
do not allow an objective comparison of previously published
research results. Similar conclusions are reached by other
scientific groups that have conducted a detailed analysis of
the results of using various algorithms for the differential
diagnosis of arrhythmias with wide QRS complexes [29].

In this regard, it should be noted in general that
the method of calculating the slow conduction index is
extremely important. Firstly, the ECGs selected for analysis
should initially be recorded digitally at a high sampling
rate, and not on paper at a speed of 25 mm/s, as is often
described in many publications. Secondly, a detailed analysis
of the initial and final parts of the QRS and an assessment
of the characteristics of its shape in different ECG leads is
necessary. That is why the ECG analysis technique used by
us in this study was initially developed taking into account
all the above features. Moreover, this method of analysis
of the results was subjected to a thorough retrospective
analysis, and the results obtained were analyzed in detail
using modern digital information processing methods and
the possibility of detailed scaling of the ECG.

It also becomes apparent that one of the important
components of any study in the differential diagnosis of
arrhythmias with wide GRS complexes is the analysis of the ECG
in all 12 leads. From our point of view, the algorithm for using
a single lead aVR (proposed by A. Vereckei et al.) has significant
drawbacks, since it completely ignores all other information from
the remaining 11 ECG leads. In this regard, the obtained high
values of the diagnostic accuracy of the algorithm of A. Vereckei
et al. in their original study are questionable, despite the relatively
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large group of patients used for analysis. Later publications of
the results of an independent assessment of various research
groups showed a rather low specificity of these criteria. In
our work, we also received confirmation of these data, since
the results of this study indicate that aVR lead was not the best
choice for calculating slow conduction index in the differential
diagnosis of wide QRS arrhythmias. Moreover, we have shown
that in a number of cases, it is in lead aVR that the calculation
of the slow conduction index leads to an incorrect result due to
the final isoelectric part of the wide GRS complex. From our point
of view, this is yet another confirmation of the need to analyze all
ECG leads in the differential diagnosis of this type of arrhythmias.

Assessment of the representativeness and limitations
of the study

The possible limitations of this study were detailed in
our previous publication [7]. However, it should be noted
that certain limitations may also apply to the limits of
applicability of the slow conduction index criterion from
an electrophysiological and anatomical point of view. So,
the analysis of later publications shows that the authors of
various studies also noted certain limitations when using
the slow conduction index as a criterion for differential
diagnosis [6, 28-30]. In particular, it was pointed out that
myocardial diseases with local changes in different segments
of the ventricles can lead to changes in the rates of excitation
propagation, and, accordingly, incorrect values of the slow
conduction index [3]. For example, in the case of local fibrotic
changes in the myocardium, the use of this criterion cannot
be used in the differential diagnosis of arrhythmias with wide
QRS complexes. These situations require further research.
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Atrial Fibrillation Recurrence Rate in Different Clinical
Groups: Coronary Artery Disease and Age Matter

Maxim V. Gorev', Irina L. Urazovskaya®

! Family Doctor JSC, Moscow, Russia;

2 North-Western State Medical University named after 1. Mechnikov, Saint Petersburg, Russia

BACKGROUND: Catheter ablation (CA) is an established method for atrial fibrillation (AF) treatment. Up to 20% of patients
with AF develop coronary artery disease (CAD) as a secondary diagnosis. The data on whether the CAD affects the efficacy of
AF ablation is contrary, while arterial hypertension is a known risk factor for AF as well as for AF recurrence after the CA.

AIM: We conducted this research to assess the AF recurrence rate and its risk factors after the primary catheter AF abla-
tion procedure in the different clinical groups including IdiopathicAF, AF concomitant to arterial hypertension (HTN) and AF
concomitant to CAD.

MATERIALS AND METHODS: Patients who underwent 451 PVI procedures performed since January 2016 to December
2017 were screened for AH, CAD and other structural heart disease. Among them 153 pts were selected for the subsequent
analysis and divided into 3 groups — IdiopathicAF, AF + AH, AF + CAD.

RESULTS: The presence of CAD (r=0.313, p <0.001), age (r=0.224, p = 0.008), CHA2DS2-VASc score (r=0.279, p=0.001),
history of Ml (r=0.240, p=0.004), LA size (r=0.204, p=0.018) were correlated with the recurrence rate. In the AF + CAD group
patients older than 65 years demonstrated dramatically lower AF-free survival rate (37.5%) in comparison to younger CAD
population (75%, log-rank p < 0.001) as well as to younger and older non-CAD patients.

CONCLUSIONS: The presence of CAD should always attract the attention of physicians before considering the AF ablation
as an option to treatment. Elderly CAD patients have the lowest ablation efficacy and the best strategy for this group (more
extensive primary ablation or conversion to the permanent AF) needs to be studied.

Keywords: atrial fibrillation; catheter ablation; pulmonary vein isolation; arterial hypertension; coronary artery disease.

To cite this article:
Gorev MV, Urazovskaya IL. Atrial fibrillation recurrence rate in different clinical groups: coronary artery disease and age matter. Cardiac Arrhythmias.
2023;3(1):31-40. DOL: https://doi.org/10.17816/cardar305725

Received: 02.03.2023 Accepted: 02.04.2023 Published: 31.03.2023
5
ECOeVECTOR All rights reserved

© Eco-Vector, 2023


https://doi.org/10.17816/cardar233537

32

OPUTHAJIBHBIE MCCIIELOBAHMA Tom 3, N2 12023 Cardiac Arrhythmias

YK 616.12
DOI: https://doi.org/10.17816/cardar305725

HayuHas cratbst

IddeKTMBHOCTL KaTeTepHOU abnauum ¢pubpuanauum
npeAcepAUNA B pasNMUYHbIX KIUHMYECKUX rpynnax:
BAMAHME MLIeMUYecKoU 6onesHu cepaLa M BospacTta

M.B. F'opes', W.J1. Ypa3oscKas?

! CeMmeltHbIit aokTop, Mocksa, Poccus;

2 CeBepo-3anafHbiil rocyapcTBEHHbIA MeAULMHCKIIA YHUBepcuTeT uM. W.W. Meunmkosa, CankT-letepbypr, Poccus

O6ocHoeaHue. KatetepHas abnaums (KA) — pacnpocTpaHeHHblii MeTop, NeyeHus ¢mbpunnaumm npepcepamin (OI).
Jlo 20 % nauwenToB c @I B KayecTBe COMYTCTBYHOLLEr0 AMarHo3a UMeKT uwwemuyeckyio bonesub cepaua (MBC). JaHHble
o BmsaHuM UBC Ha adpdektnBHocTs KA npu O npotuBopeumsbl. B To e Bpems apTepuanbHas runepTeHsus (Al saensetcs
U3BeCTHbIM (akTopoM pucka @I u peunauea @I nocne KA.

Llenns — oueHKa BeposTHocTH peumnama O nocne nepeuyHoM KA B pasHbIX KIMHUYECKMX FpyNnax NaLuyeHToB, BKIKOYas
uanonatnyeckyto @I, N Ha doxe Al u O, coveTarowytocs ¢ UBC.

Mamepuanel u Memodel. Cpeay naumneHToB, KoTopbIM ¢ sHBaps 2016 1. no aekabpb 2017 r. 6binn BeinonHeHs! KA no no-
Bogy OI1, bbin npoBeaeH CKpUHUHE Ha npeaMeT AT, BC 1 apyroi cTpyKTypHOM natonorum cepaua. Maumentsl ¢ TKMI 1 kna-
MaHHOM NaToorvei, a TaKKe NauneHTbl ¢ NoBTOPHbIMM KA Bbinu ucktoueHsl. [is nocneayloliero aHanu3sa bbiiv 0Tobpatbl
153 nauueHTa 1 pasgeneHbl Ha 3 rpynnbl — uamonatuyeckas @I, O + Al, © + UBC.

Pesynemamel. Hannume UBC (r = 0,313, p < 0,001), BospacT (r = 0,224, p = 0,008), puck no CHA2DS2-VASc (r = 0,279,
p=0,001), noctuHdbapKTHbIN Kapauocknepos (r = 0,240, p = 0,004) v nepeaHe-3aaHuii pasmep JI (r = 0,204, p = 0,018) Kop-
penupoBanu ¢ puckoM peunamsa Of. B rpynne O + UBC naumenTbl cTapLue 65 NeT MeNM 3HaYUTENbHO MeHbLUYI0 I deK-
TmBHOCTb KA (37,5 %), uem 6onee Monoable naumeHTsl ¢ MIBC (75 %, norapudmuyeckuin panr p < 0,001) u naumeHnTsl 6e3 UBC.

3axmoyenue. Hannuve y naumenta MBC LOMKHO yuMTLIBATHCA NPU NPUHATAM peLueHms o BoinonHeHun KA no nosogy Of1.
Bo3pactHble naumeHTsl ¢ MBC uMetoT Habonee HU3Kyo apdekTnBHOCTL KA 1 npeanoyTUTeNtbHan TaKTMKa NneveHuns (bonee
arpeccuHas KA wnmn nepesog B noctosHHyto dpopmy @) TpebyeT usyyeHus.

KnioueBble cnoBa: CI)VIﬁpVIﬂJ'IﬂLI,VIFI npeucepumﬁ; KaTeTepHasa abnauus; M30NAUMA NEroYHbIX BEH; apTepuanbHasa
rMnepTeH3uAa; uemMnyeckas bonesHb cepaua.

Kak uutupoBartb:
l'opeB M.B., Ypazosckas U.J1. IhdeKT BHOCTL KaTeTepHo abnaumum hbrubpunnsaumm npescepamin B pasimnyHbix KIMHAYECKUX rpynnax: BAUAHME ULLIEMUYECKON
bonesHu cepaua v Bopacta // Cardiac Arrhythmias. 2023.T. 3, N2 1. C. 31-40. DOI: https://doi.org/10.17816/cardar305725
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BACKGROUND

Catheter ablation is an established method for atrial
fibrillation (AF) treatment [1]. Despite the fact that it is
the most effective approach to maintain sinus rhythm [2, 3],
the postprocedural recurrence rate remains high. Better
patient selection is one of several directions (as well as
durable pulmonary vein isolation (PVI) and looking for
additional AF triggers) to improve the AF-free survival after
ablation. Up to 20% of patients with AF develop coronary
artery disease (CAD) as a secondary diagnosis [4]. The data
on whether the CAD affects the efficacy of AF ablation is
contrary [6, 7] probably due to the heterogeneity of CAD
group (individual coronary anatomy, revascularization
status, signs of ischemia, heart failure and other
comorbidities, etc.) as well as the number of concomitant
risk factors affecting the risk of AF recurrence. We believe
that the separation of AF patients into several clinical
groups could help describe their profiles better and assess
the complex interactions between the AF and CAD in
the real-world population.

AIM

This study was aimed to assess the AF recurrence
rate and its risk factors after the primary catheter AF
ablation procedure in the different clinical groups including
IdiopathicAF, AF concomitant to arterial hypertension (HTN)
and AF concomitant to CAD.

METHODS
Study design

This study was performed as a single-center retrospective
comparison.

Vol. 3 (1) 2023
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Population

Of 451 PVI procedures performed since January 2016 to
December 2017, 396 were primary. Two-hundred and forty
patients with known coronary anatomy (Coronary angiography
(CAG) or computed tomography-angiography (CTA))
were selected for the subsequent analysis. Patients with
hypertrophic cardiomyopathy, mitral stenosis (valvular AF)
were not included in the study.

After exclusion of the nonqualifying patients, remaining
patients (n = 153) were retrospectively enrolled into this
study and divided into three groups based on the medical
history and CTA data: IdiopathicAF group, AF + HTN group
and AF + CAD group (Fig. 1).

IdiopathicAF group (n = 32)

Diagnosis of idiopathicAF was established in AF patients
without history of arterial hypertension and coronary
atherosclerosis (CCSi = 0).

AF+HTN group (n=73)

HTN was diagnosed according to guidelines [8]. In all
patients’ medications were titrated to keep blood pressure
at the target level less than 139/89 mmHg.

All patients in this group had no signs of coronary
atherosclerosis by CAG or CT-CAG (no stenoses and CCSi =0).

AF+CAD group (n = 48)

CAD was diagnosed in patients with at least one of
the following:

+ significant (> 50%) coronary artery stenosis revealed

by the CAG or CTA,

« history of percutaneous coronary intervention or

coronary bypass surgery before primary ablation.

All patients signed informed consent for the personal
data processing during their hospitalization for primary
ablation procedure.

Clinical and demographic data are presented in Table 1.

Fig. 1. Study groups selection work-flow

D0l https://doiorg/10.17816/cardar305725
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Table 1. Demographic, echocardiography and intraprocedural data
Parameter IdiopathicAF AF + HTN AF + CAD
(n=32) (n=72) (n = 48) P
Male sex, n (%) 22 (68.8) 28 (38.4) 30 (62.5) ;:g ~ ggg;‘
Age, yrs 48.6 £11.9 59.6£9.2 6669 <0.001
HTN, n (%) 0 72 (100%) 48 (100%) -
DM, n (%) 13.1) 5 (6.8) 11229 ;:g 3 ggg?
MI, n (%) - - 19 (39.6) -
Revascularization, n (%) - - 20 (42) -
CHA2DS2-VASc score 03+0.7 23+1.2 37+13 < 0.001
Rivaroxaban, n (%) 9(45) 26(60) 18(69)
. . Apixaban, n (%) 3(15) 7(16) 0(0)
Anticoagulation ,
Dabigatran, n (%) 6(30) 10(23) 5(19)
Warfarin, n (%) 2(10) 0(0) 3(12)
History of stroke, n (%) 0 4(1.1) 9 (22.5) 0.044
Paroxysmal AF, n (%) 25 (78.1) 62 (84.9) 44 (91.7) ns
LV EF, % 644523 62345 612574 }:g - gggg
1-2 - 0.004
LA diameter, mm 394+ 40 42 + 4.4 443+ 4.8 1-3<0.001
2-3-0.011
Degree of MR 0.8+0.6 11£06 12+06 }:g B gg[g
CTI ablation, n (%) 6(18.8) 18 (25) 23 (47.9) 12__33__0600015
Energy used for PVI, n (%) RFA 19 (59.4) 55 (76.4) 38(79.2) "
CBA CBA 13 (40.6) 17 (23.6) 10 (20.8)

Note: AF — atrial fibrillation, HTN — arterial hypertension, CAD — coronary artery disease, Ml — myocardial infarction, LV EF — left ventricular ejection

fraction, LA — left atrium, MR — mitral regurgitation, CTl — cava-tricuspid isthmus, RFA — radiofrequency ablation, CBA — cryo-balloon ablation.

Catheter ablation procedure

Left atrial (LA) and pulmonary venous CTA was performed
in all patients to assess the individual anatomy and exclude
LA thrombosis. In some patients a transesophageal
echocardiography was used to exclude LA thrombi (on
condition CTA was performed more than 48 hours earlier
than ablation procedure) or to assist transseptal puncture.
Right femoral and right jugular (or left subclavian) venous
access were used to insert diagnostic and ablation catheters.
Transseptal access was performed under the fluoroscopy
guidance and the direct LA angiography was done while
pacing the ventricles at 200 bpm.

Different energy modalities were used to isolate PVs.
Radiofrequency ablation (RFA) was used in 112 pts (73.2%)
and cryoballoon ablation (CBA) — in 41 pt (26.8%) (Table 1).
During RFA procedures a “single puncture — double access”
approach was used. Multipolar circular diagnostic catheter
Lasso 2515 (Biosense Webster, USA) was introduced into

D0l https://doiorg/10.17816/cardar305725

the LA through the transseptal sheath SRO or SLO (Abbott,
USA). In the majority of cases RFA was performed under
the fluoroscopy guidance using an open-irrigated ablation
catheter Thermocool EZsteer (Biosense Webster, USA)
consecutively in the RSPV, RIPV, LSPV and LIPV. If non-
fluoroscopy mapping system Carto 3 (Biosense Webster,
USA) was used, the wide antral isolation of the right and then
left PVs was performed by Thermocool SF Nav (Biosense
Webster, USA) or Thermocool SmartTouch catheters
(Biosense Webster, USA). Contact force technology as well as
Ablation index and CLOSE protocol, were not routinely used in
patients enrolled in this study. Entrance and exit block were
checked and achieved at the end of procedure in all patients.

Cryoballoon ablation was performed using Arctic Front
Advance (Medtronic, USA) cryoballoon catheters. Single
240 sec application was performed consecutively in LSPV,
LIPV, RIPV and RSPV. Entrance and/or exit block were checked
after the cryoapplication in each vein using circular multipolar




ORIGINAL RESEARCH

diagnostic catheter Achieve 20 mm (Medtronic, USA). Phrenic
nerve was paced from the SVC at cycle 1000-2000 ms and
voltage of 15 V during right PV cryoablation.

If isthmus-dependent atrial flutter was diagnosed prior
to or induced during the procedure, the linear RF ablation
in the cava-tricuspid isthmus was performed, and bi-
directional conduction block was confirmed at the end of
procedure.

Follow up

To collect the data on arrhythmia recurrence, patients on
antiarrhythmic therapy were interviewed by phone, the query
included the following questions:

1. Do you have episodes of palpitations after the ablation
procedure?

2. What time after the ablation were you diagnosed with
AF recurrence?

3. Has AF transformed to a permanent form?

4. If AF was paroxysmal, how often did the paroxysms
happen?

5. How many AF-related admissions did you have after
the ablation procedure?

6. What AAD/dosage are you taking now?

Mean follow up duration at the time of the call was similar
in the IdiopathicAF group (27.0 mos) and the AF + HTN group
(29.1 mos, p = 0.47), while in the AF + CAD group it was
significantly shorter (23.5 mos, pAF + CADvsldiopathicAF —
0.011, pAF + CADvs.AF + HTN < 0.001).

AF recurrence definition

Postablation recurrence was diagnosed if sustained AF
episode was registered by the standard surface 12-lead ECG
tracing or during ECG monitoring.

Antiarrhythmic therapy after ablation

Antiarrhythmic drugs were prescribed to all patients for
at least 3 months post ablation period. The decision whether

Table 2. Antiarrhythmic therapy in 2-years follow up
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to continue therapy, to change the drug or to discontinue its
use after 3 months was made by primary care physician.
As shown at the Table 2, at the moment of the phone call
70.5% in IdiopathicAF group, 42.3% in AF + HTN group and
45.4% in AF + CAD group were off Class 1 and 3 antiarrhythmic
drugs (p > 0.05).

Statistical analysis

Statistical analysis was performed using licensed SPSS
Statistics version 26.0 (IBM, USA) software.

Distribution normality test for continuous and categorical
parameters was performed using Kolmogorov-Smirnoff test.
Descriptive statistics were presented as a mean value and
a standard deviation. Nominal variables were described as
a number of cases and a valid percent.

Differences between two groups by quantitative
parameters were analyzed using Student’s t-test or Mann —
Whitney test depending on the normality of distribution. Three
and more groups were compared using Kruscall — Wallis
criterion or ANOVA.

Comparison of categorial data was performed using Fisher's
exact test or Chi-square criterion. To compare 3 and more
groups we performed Pearson’s Chi-square Post-Hoc analysis.

Kaplan — Meier analysis was used to compare the efficacy.
The difference was assessed by log rank test.

Correlations between the risk factors and recurrence
were assessed using Spearmen method.

Prognostic model was used to assess the dependence
of AF recurrence rate on the studied risk factors. Wald test
was used to test the significance of individual coefficients in
the model, and the factor with coefficient having the lowest
probability of being non-zero is excluded on each step.
AF recurrence probability was calculated using formula
p=1/(1+¢e?.

The differences in all tests were considered statistically
significant when p-value was below 0.05.

Antiarrhythmic drug IdiopahicAF AF + HTN AF + CAD

Off AAD (none+beta-blocker) 70.5% 42.3% 45.0%

None 47% 23.1% 21.2%

Beta-blocker 23.5% 19.2% 24.2%
Lappaconitine hydrobromide 5.9% 1.7% 9.1%
Propafenone 5.9% 1.7% 0
Flecainide 0 1.9% 0
Sotalol 17.6 32.7% 39.6%
Sotalol + Lappaconitine hydrobromide 0 5.7% 0
Amiodarone 0 1.9% 6.1%

Note: Overall difference between groups was not statistically significant (p-value — ns)
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Fig. 2. Caplan — Meyer analysis of the AF recurrence over 2 years after ablation in different clinical groups

1.0
non CAD < 65 years
79.1%
0.8 AF + HTN
= pi,=0616 AF + CAD > 65 years 75%
) pi_s = 0.469
506 p_, = 0.001
2 P,_3 = 0.660
[}
g P, =0.000 AF + CAD < 65 years  37.5%
L p,, =0.039
<C
0.2
0
0 3 6 9 12 15 18 21 24
Time to recurrence, months
IdiopahicAF 24 24 24 24 22 22 21 21 21
AF + HTN 67 67 65 62 60 58 57 54 53
AF + CAD 16 16 14 14 14 13 12 12 12
AF + CAD > 65 years| 32 32 32 28 27 22 21 18 15

Fig. 3. Caplan — Meyer analysis of the AF recurrence over 2 years after ablation in different clinical groups depending of age. CAD patients

older than 65 years demonstrated worst AF-free survival

RESULTS

Recurrence rate in different clinical groups

As shown at the Figure 2, the patients in AF + CAD group
demonstrated significantly lower efficacy than in other clinical
groups: 50% vs 83.3% (IdiopathicAF, log-rank p = 0.008) and
79.1% (AF + HTN, log-rank p = 0.002). The recurrence rate
in the AF + HTN group did not differ from IdiopathicAF group
(log-rank p = 0.616).

D0l https://doiorg/10.17816/cardar305725

Risk factors affecting the recurrence rate

The presence of CAD (r=0.313, p <0.001), age (r=0.224,
p=0.008), CHA2DS2-VASc score (r=0.279, p=0.001), history
of Ml (r=10.240, p = 0.004), LA size (r=0.204, p=0.018) were
correlated with the recurrence rate. These weak correlations
were confirmed by significant differences which were found
during paired comparisons of subgroups of patients with vs
without recurrence by these factors.
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Table 3. Logistic regression sequence
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Risk factors | B-coefficient p-value
CAD 0.669 0.234
Age 0.023 0.442
CHADS-VASc score 0.184 0.350
Step | History of MI 0.427 0.500
LA size 0.057 0.211
Constant -5.468 0.037
CAD 0.864 0.072
Age 0.022 0.453
Step 2 CHADS-VASc score 0.177 0.368
LA size 0.054 0.231
Constant -5.305 0.042
CAD 0.887 0.065
CHADS-VASc score 0.268 0.087
Step 3 LA size 0.051 0.259
Constant -4.017 0.034
CAD 0.964 0.043
Step 4 CHADS-VASc score 0.293 0.059
Constant -1.948 0.000
Table 4. Subgroup analysis of AF recurrence risk factors inside the CAD group
Risk factor Younger 65 years (n = 16) 65 years and older (n = 32) p-value
Age, years 58.7 £4.9 69.7+4.2 <0.001
Male sex, n (%) 14 (87.5) 16 (50) 0.013
LA size, mm 45.6 + 4.7 437 + 4.7 < 0.001
CHA2DS2-VASc score 2711 425+ 1.1 0.0
AF history duration, Me (25; 75) 59.4 (14.5; 90) 43.5(12; 66) 0.001

Note: AF — atrial fibrillation, CAD — coronary artery disease, LA — left atrium

Logistic regression

All factors, correlating with the recurrence rate, showed
a low correlation level (less than 0.3) and lost its effects after
their inclusion into the regression model. Beta-coefficients
and p-values for every separate risk factor at each step of
binary regression are presented in the Table 3. At the final
step the presence of CAD stayed the only statistically
significant risk factor.

The final formula of binary logistic regression model
looked like this:

p=1/(1+¢e?-100%,

where z = —1.948 + 0.964 - CAD, p — probability of AF
recurrence, CAD — presence of CAD (0 — no CAD,
1 — CAD), were statistically significant (p-0,001) and

D0l https://doiorg/10.17816/cardar305725

the model had specificity of 87.1%, sensitivity of 31.7% and
diagnostic efficiency of 70.1%.

CAD and age interactions

Then we performed the search on the factors decreasing
the AF ablation efficacy in the AF + CAD group. To achieve
this goal we consecutively divided AF + CAD group into two
subgroups based on different parameters (male vs female,
paroxysmal AF vs persistent AF, DM vs no DM, LA < 40 mm
vs LA > 40 mm, LA < 45 mm vs LA > 45 mm, age < 60 years
vs age > 60 years, etc).

The age group over 65 years was the only significant risk
factor for AF recurrence.

In the AF + CAD group older patients demonstrated
dramatically lower AF-free survival rate (37.5%) in comparison
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to younger CAD population (75%, log-rank p < 0.001) as well
as to younger and older non-CAD patients (Fig. 3).

Risk factors for AF recurrence in CAD patients
older than 65 years

Older CAD patients differed from younger CAD population
by several significant parameters (Table 4). But none of these
factors was an independent predictor of AF recurrence in
the regression analysis.

DISCUSSION

Our results support the opinion that in patients with CAD
the results of AF ablation are worse than in those without CAD.
This could be explained by the effect of CAD itself as well as
by the complex action of several risk factors, which are more
common in CAD population. All these factors (age, LA size,
history of MI, presence of DM and HTN etc.) were found to be
insignificant after the adjustment of the presence of CAD.

Data on whether the CAD affects the AF ablation results
are contradictory. The retrospective analysis of the Leipzig
registry did not find the difference between CAD and non-CAD
populations [7]. Similar data are presented by L. Liu at al. in
their study [9]. Alternatively in papers by R. Winkle at al. the CAD
was described as one of the risk factors for AF recurrence
and was used for CAAP-AF score [6; 10]. These discrepancies
between studies could be explained by the different inclusion
criteria and arrhythmia recurrence definition.

Subsequent analysis of the same risk factors inside
the AF + CAD group showed the dramatic decrease in AF-free
survival in patients older than 65 years while in IdiopathicAF
and AF + HTN groups no correlation between the age and AF
recurrence was found.

It is well known that the aging plays an important role
in the pathogenesis of AF, as it promotes the atrial fibrosis,
dilatation and atrial cardiopathy [11, 12]. In most studies
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Long QT syndrome is a disease associated with a high risk of sudden cardiac (arrhythmic) death. The frequency of sudden
cardiac death is approximately 1: 100,000 young athletes, while autopsies often do not detect changes, which indicates
a primary arrhythmogenic death. The article describes two clinical cases of young athletes with prolongation of the QT interval.
The possible causes of the long QT syndrome and the difficulties of diagnosing this syndrome in children and adolescents
involved in sports are discussed. Regardless of the reasons leading to the prolongation of the QT interval, there is a risk of
arrhythmic events. Timely diagnosis of long QT syndrome is the way to the primary prevention of sudden cardiac death in
young athletes.
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CvHApoM yanuHeHHoro uHTepBana QT — 3aboneBaHue, acCOLMMPOBAHHOE C BLICOKUM PUCKOM BHE3aMHOW CepAeqHom
(apuTMMYecKoit) cMepTu. YacToTa BHe3anHoi cepaedHoi cMeptn coctaBnsiet npumepHo 1 : 100 000 toHbIX CNOpTCMEHOB,
MPM 3TOM Ha BCKPbITUM 3a4acTylo He 0BHapYXKMBAIOT U3MEHEHMIA, UTO YKa3bIBaeT Ha MEPBUMYHO apUTMOreHHY0 cMepTb. B cTa-
Tbe MPUBOAUTCA OMUCAHWE OBYX KIIMHUYECKWX CITyYaeB IOHbIX CMOPTCMEHOB C yAsMHeHueM uHTepBana Q7. Obcyxpatotcs
BO3MOXHblE NMPUYMHBI CUHLPOMA YANUHEHHOro WHTepBana AT, TPYAHOCTU AMArHOCTUKM [AHHOTO CMHAPOMA Y AeTel U NoA-
POCTKOB, 3aHUMAIOLLMXCA CMOPTOM. Hes3aBUCMMO OT MpUYMH, NPUBOASALLMX K YAJMHEHUO WHTepBana AT, cyliecTByeT pucK
pa3BUTUA apUTMUYECKUX cobbITUIA. CBOEBpEMEHHas AMarHOCTMKA CMHAPOMA YANMHEHHOro uHTepBana QT — nyTb K NepBuy-
HOM NpodUNaKTUKe BHE3aMHOM CepAEYHON CMEPTY Y HOHBLIX CMOPTCMEHOB.

KnioyeBble cnoBa: cnopr; 1oHble CNOPTCMEHbI; BPOXAEHHBIN CUHAPOM YAAUHEHHOro WHTepBana QT; BTOPMYHbIE NMPUYUHBI
yauHeHus uHTepeana QT; BHe3anHas cepfieyHas cMepTb.
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CLINICAL CASES

Sudden cardiac death (SCD) is a tragic event, particularly
for athletes who undergo routine medical examinations and
are considered healthy. The incidence of SCD is approximately
1:100,000 in young athletes, with autopsy often showing no
abnormalities indicating primary arrhythmogenic death [1].
The causes of SCD can be acquired or genetic. Acquired
causes include myocarditis and coronary artery disease,
and genetic causes include genetically determined structural
heart diseases and channelopathies [2]. An example of
channelopathies is the hereditary (congenital) long QT
syndrome (LQTS). The prevalence of congenital LQTS is
estimated at 1:2000 [3], and for its diagnostics, the criteria
developed by Schwartz in 1985 [4] and supplemented by him
in 2011 [5, 6] are currently used. Over the past 25 years,
17 genes have been associated with LQTS; however, a recent
analysis based on a gene- and disease-specific approach
developed by the Clinical Genome Resource classified several
of these genes as limited or controversial. This analysis
selected seven genes with definitive or conclusive evidence
of a causal relationship [7]. All of these remaining genes,
i.e., KCNQ1, KCNH2, SCN5A, CALM1, CALM2, CALM3, and
TRDN, encode ion channels involved in cardiac repolarization,
their modulating subunits, or proteins that regulate or
modulate ion channel function [7]. The LQTS genotype can
be identified in 75% of sick people with a clear phenotype,
and this is important because it determines the approach to
their treatment [8]. In addition to congenital LQTS, various
causes (conditions) lead to secondary prolongation of the QT
interval. One of them is an electrolyte imbalance, such as
hypokalemia, hypocalcemia, and hypomagnesemia, which
can occur under the influence of many triggers, for example,
with long-term intake of diuretics, especially loop diuretics
(furosemide).

CLINICAL CASES

Young female athlete A, aged 16 years, was referred
for a consultation with a cardiologist because of identified
changes in the electrocardiogram (ECG). The history revealed
that the patient has been doing rhythmic gymnastics since
the age of 3.5 years. At the time of the consultation,
the duration of training was 3.5 h a day 56 times a week,
and she was a sub-master athlete. She coped with exertions,
and syncope conditions were not registered. She underwent
a planned thorough medical examination (TME). During
the regular TME, pathological changes in the ECG, such as
prolongation of the QT interval, were detected. In the analysis
of the family history, cases of SCD and syncope conditions
did not occur in the next of kin. The QT interval duration in
the parents was normal.

On examination, the condition was satisfactory. Her
height, weight, and body mass index were 163 cm, 42 kg, and
15.8 kg/m?, respectively. The skin color was normal. Breath
sounds were heard in all lung fields, there were no rales, and
the respiratory rate was 20 per min. Visually, the region of
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the heart was not abnormal. Percussion borders of relative
cardiac dullness were within the age norm. The heart sounds
were clear, and her heart rate (HR) was 64 per minute and
regular in a lying position. Her blood pressure and oxygen
saturation were 100/60 mm Hg and 99%, respectively.
The abdomen was soft and nontender on palpation. The liver
was not enlarged. There was no peripheral edema. The pulse
on the femoral arteries was determined on both sides. Bowel
and bladder habits were normal.

On a surface 12-channel ECG (computer electrocardiograph
CARDI, Medical Computer Systems, Moscow, Zelenograd,
Russia), with a recording speed of 50 mm/s (Fig. 1),
moderate sinus bradycardia was recorded with an HR of
54-57 beats/min, QT interval (V5) of 460 ms, and corrected
QT (QTc) interval of 438—451 ms.

When taking an ECG in an upright position (Fig. 2)
in the presence of an increase in sinus rhythm up to
82 beats/min, the duration of the QT interval (V5) was 540 ms
and QTc was 635 ms (pronounced prolongation of the QT
interval).

Given the QT interval prolongation, Holter ECG monitoring
(ECG HM) was performed using the Poly-Spectrum-SM
system, Neurosoft, Ivanovo, Russia.

During ECG HM, a prolongation of the QT interval up to
680 ms was registered (Fig. 3).

The QT interval prolongation persisted regardless of
the HR, namely, 680 ms in sinus rhythm with an HR of
53 beats/min, 580 ms with an HR of 85 beats/min (Fig. 4), and
with a norm according to ECG HM findings up to 480 ms [9].

Fig. 1. 12-lead electrocardiogram in young athlete A., 16 years old
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Fig. 2. 12-lead electrocardiogram (standing) in young athlete A.,
16 years old

According to the automatic analysis of QT (the norms
are presented according to the National Russian
recommendations for the use of the HM technique in clinical
practice), an elongation of this interval was also revealed,
where the average QT interval was 471 (normal 342-401) ms,
QTc by Bazett was 500 (normal 396—-447) ms, and QTc by
Fridericia was 490 (normal 384-421) ms.

Rare (total 354, extrasystole density 0.4%) single
ventricular extrasystoles and episodes (3) of trigeminy
(Fig. 5) were registered.

Tom 3,Ne 1, 2023

Cardiac Arrhythmias

Transthoracic echocardiography (EPIQ 5 Ultrasound
Device, Philips, Netherlands) showed normal biventricular
systolic function. The valvular apparatus had no pathological
abnormalities, and the transvalvular flow was normal.
No enlargement/hypertrophy of the heart chambers
was detected. To rule out possible secondary causes of
QT interval prolongation in a young athlete, the level of
electrolytes in the blood serum was determined. The analysis
revealed hypokalemia (potassium 2.2 mmol/L; normal,
3.6-5.6 mmol/L). During a conversation with the patient,
it was established that she had been taking furosemide
without control for 1.5 years to reduce weight. After drug
correction of the potassium level, the QT interval was
normalized according to the results of ECG (Fig. 6) and ECG
HM, ventricular extrasystoles were not recorded.

Bicycle ergometry (Corival Lode, Netherlands) at all
stages of the load, with 4 min of recovery, did not reveal an
elongation of the QT interval.

During the follow-up period (catamnesis 2 years),
the athlete fulfilled the standard of mastery of sports in
rhythmic gymnastics, and her blood level of potassium and
the duration of the QT interval remained within the normal
range.

Young female athlete E, aged 10 years, was examined
due to acute respiratory disease at the Children’s Scientific
and Clinical Center for Infectious Diseases of the Federal
Medical and Biological Agency. The prolongation of the QT
interval was revealed by ECG with a recording speed of 50
mm/s. ECG (Fig. 7) recorded sinus arrhythmia, episodes of
bradycardia (HR 63-86 bpm), QT (V5) of 420 ms, and QTc
of 429-506 ms (increase in QTc interval with an increase
in HR). The two-humped T wave morphology and notched
T wave were revealed in leads V4-Vé, which is characteristic

Fig. 3. Fragment of Holter ECG monitoring in young athlete A. The maximum duration of the QT interval

Fig. 4. Fragment of Holter ECG monitoring in young athlete A. Prolongation of the QT interval

Fig. 5. Fragment of Holter ECG monitoring in young athlete A. Ventricular extrasystoles, trigeminy
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Fig. 6. 12-lead electrocardiogram (standing) in young athlete A.,
16 years old, after normalization of potassium concentration in
blood serum. QT (V5) = 350 ms (A heart rate of 96 beats per min),
QTc = 443 ms.

of the molecular genetic variant 2 (LQT2) of the hereditary
LQATS [10].

During ECG HM (Cardioline System, ltaly), the QT
interval was prolonged up to 540 ms (recording channel 3)
at a minimum HR of 46 beats/min (Fig. 8) at a rate of up
to 480 ms. Serum electrolytes were normal. Transthoracic
echocardiography revealed no pathological changes.

The anamnesis revealed that the patient has been
doing rhythmic gymnastics since the age of 4, with
training 5-6 times a week for 3 h. No pathological
changes in the ECG were detected during the scheduled
TME. She had no episodes of loss of consciousness.
As regards heredity, the girl's mother had two episodes
of loss of consciousness (at the age of 33 and 35 years).
The first attack was related to stress, and the other
had no apparent cause. The attacks were accompanied
by convulsions and involuntary urination. Regarding
fainting, the patient was examined in one of the clinics in
St. Petersburg and consulted by a neurologist, and
a diagnosis of autonomic dysfunction syndrome was
made. The ECG of the mother (Fig. 9) revealed sinus
rhythm with an HR of 70-80 beats/min and a significant
prolongation of the QT interval, where the QT (V5) at an
HR of 76 beats/min was 500 ms and QTc was 562 ms.
The T morphology was also characteristic of the molecular
genetic variant 2 of the hereditary LQTS.

Based on the generally accepted diagnostic criteria
proposed by Schwartz [4, 6], patient E was diagnosed with
hereditary LQTS, familial variant (inheritance on the mother’s
side), and molecular genetic variant 2. Whole-genome
DNA sequencing was performed at the EVOGEN Medical
Genetic Laboratory (Moscow), which revealed a previously
undescribed variant p. Met554ValfsTer100 (leading to
the formation of a premature stop codon) in the heterozygous
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Fig. 7. 12-lead electrocardiogram in young athlete E., 10 years old

Fig. 8. Fragment of Holter ECG monitoring in young athlete E.
Prolongation of the QT interval

Fig. 9. Prolongation of the QT interval in the girl's mother.

state in exon 7 of 15 exons of the KCNH2 gene responsible
for the development of the molecular genetic variant 2 of
LQTS (LAT2).

Atenolol was recommended at a daily dose of 1 mg/kg.
Training at the sports school has been discontinued.
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DISCUSSION

LQTS is a disease associated with a high risk of SCD
due to the development of torsade de pointes polymorphic
ventricular tachycardia [11]. Regardless of the causes of
LATS (such as hypokalemia due to long-term intake of
furosemide in clinical case 1 and a mutation in the KCNH2
gene in clinical case 2, which caused the development of
LQT2), patients with LQTS are at risk of life-threatening
arrhythmic events. In a study conducted in the USA, LQTS
causes SCD in 2% of athletes [2], and 0.4% of Olympic
athletes may experience ventricular tachyarrhythmias
associated with this syndrome [12]. Before diagnosing
young athletes with congenital LQTS, acquired causes of
QT prolongation must be ruled out. The most common
causes include medications that prolong QT, metabolic
changes, and electrolyte disorders. One of the routine
methods to detect changes typical for LQTS is a standard
12-lead ECG. The interpretation of the ECG in athletes
includes an estimate of the length of the QTc, calculated
using the Bazett equation. However, difficulties may be
encountered in assessing the QT interval in young athletes.
Approximately 25%-35% of patients with a genetically
confirmed hereditary LQTS may have normal QT interval
on the ECG at rest [2]. Determining the duration of the QT
interval associated with sinus bradycardia characteristic of
athletes is even more difficult, especially when identifying
the prolongation of the QT interval associated with an
increase in HR (an example of a 10-year-old rhythmic
gymnast diagnosed with LQT2). Moreover, when registering
severe sinus arrhythmia on the ECG, the response of the QT
interval to a change in the HR is not instantaneous and
complete adaptation takes 1-3 min [13]. Problems can
also arise when making a differential diagnosis between
the U wave and the two-humped T wave, characteristic of
LQT2, on the body-surface ECG.
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