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Brugada syndrome: variability of clinical
and genetic characteristics

Svetlana M. Komissarova', Natalya N. Chakova?, Nadiia M. Rineiska', Svetlana S. Niyazova’,
Tatyana V. Dolmatovich?, Veronika Ch. Barsukevich', Larisa . Plashchinskaya'

! State Institution Republican Scientific and Practical Centre “Cardiology”, Minsk, Belarus;

Z|nstitute of Genetics and Cytology of Belarus National Academy of Sciences, Minsk, Belarus

ABSTRACT

AIM: To evaluate the clinical characteristics of patients with diverse genetic variants of Brugada syndrome.

MATERIALS AND METHODS: 24 patients (17 male and 7 female) aged 18 to 55 years (median age 32.5 [20; 42] years) with
a pattern of Brugada syndrome on electrocardiogram were observed for 3 years. From their ECGs, a type 1 pattern was found in
9 (37.5%) of these patients, type 2 pattern in 14 (58.3%) and type 3 pattern only in 1 patient. The clinical and instrumental study
included 12-lead electrocardiogram, 24-hour Holter electrocardiogram monitoring, provocative drug testing with intravenous
administration of sodium channel blockers (novocainamide), electrophysiologic study according to indications, genealogical
history collection and family history of sudden cardiac death, transthoracic echocardiography and cardiac magnetic resonance
imaging to detect structural myocardial changes. High-throughput sequencing was utilized to search for mutations in genes
linked to the onset of channelopathies and other inherited rhythm disorders.

RESULTS: In 15 (62.5%) of the 24 probands included in the study, variants of the nucleotide sequence of pathogenicity classes
[1I-V according to The American College of Medical Genetics and Genomics criteria (2015) were found in genes encoding so-
dium (SCN5A, SCN10A) and potassium (KCNE3, KCNJ2, KCNJ8, KCNAS5) channels, as well as in HCN4 and SNTAT genes linked
with these channels. Moreover, 3 variants were identified in ANKZ gene associated with ankyrinopathies, and 3 variants in
DSP and DES genes connected with arrhythmogenic right ventricular cardiomyopathy. Four genetic variants in SCN5A gene
were of pathogenicity classes IV and V, the rest were variants of uncertain clinical significance (class Il). Six (40.0%) of the
15 genotype-positive patients had several genetic variants. The most severe form of the disease, manifested by the develop-
ment of ventricular fibrillation with successful resuscitation and subsequent cardioverter-defibrillator implantation, was ob-
served in patients with mutations in SCN5A, SCN10A genes. Recurrent syncope, polymorphic ventricular tachycardia induced by
programmed ventricular stimulation during electrophysiologic study, followed by cardioverter-defibrillator implantation were
observed in patients with variants KCNJ8 and HCN4, DES and MYHT 1. In 2 patients with clinical manifestations, no mutations
were identified. 13 (54.2%) patients were asymptomatic, while 3 of them had pathogenic and likely pathogenic mutations in
SCN5A gene, as well as variants of uncertain clinical significance.

CONCLUSION: Thus, this study examined various genetic variants in patients with Brugada syndrome based on their clinical
manifestation. The impact of the genotype on the Brugada syndrome phenotype is not unambiguous. The most severe form
of the disease with the development of ventricular fibrillation and successful resuscitation with subsequent cardioverter-
defibrillator implantation was observed mainly in patients with variants in several genes (SCN5A and JUP, KCNJ8 and HCN4,
DES and MYH11). This substantiate the idea that Brugada syndrome, along with monogenic, may also have a polygenic nature of
the disease, in which the clinical phenotype is determined by variants in respective genes linked to the onset of cardiovascular
disorders.

Keywords: Brugada pattern; genotypic and phenotypic diversity; provocative drug tests.
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T.B. lonmarosuy?, B.Y. Bapcykeswny', J1.W. Mnatmuckas'

! PecnyBnMKaHCKWIA HayuHO-NPaKTYeCKUi LieHTp «Kapavonorus», Munck, Pecnybnuka Benapych;

2 YIHCTUTYT reHeTUKM 1 LuTonoruu HaumoHanbHoit akafemun Hayk Benapycy, Munck, Pecnybnnka benapych

AHHOTALUNA

Lenb uccnepnoBaHMs — OLEHUTb KITMHUYECKYI0 XapaKTEPUCTUKY Y MaUMEHTOB C Pa3fMyHbIMU FEeHETUHECKUMM BapuaHTaMu
cuHpoma bpyraga.

Matepuansbl u MeTogbl. 06cnenoBaHo 24 naumneHTa (17 MyKcKoro 1 7 XeHcKoro nona) B Bospacte ot 18 no 55 net (MeaunaHa
Bo3pacta 32,5 [20; 42] ropa) ¢ naTTepHoM cMHApOMa bpyraga Ha anekTpokapauorpamme, HabnlogaeMblx B TeyeHue 3 net.
Y 9 (37,5 %) naumeHTOB 3aperucTpupoBaH CMOHTaHHBIA NaTTepH 3neKTpoKapavorpammel 1 Tuna, y 14 (58,3 %) — natTepH
3/7IeKTPOKapAuorpaMMel 2 TMna, y 1 — naTTepH aneKkTpokapamorpaMMbl 3 Tuna. KnuHUKo-MHCTpYMeHTanbHOe UCCNeaoBa-
HWe BKJII0Yano PermcTpaumio aNeKTpoKapamorpaMMel B 12 oTBefieHUsIX, CYTOYHOE MOHUTOPMPOBAHME 3IEKTPOKAPAUOrPaMMbl,
NpoBeieHWe NPOBOLMPYIOLLEro TecTa ¢ 6110KaTOpOM HaTpUEBLIX KaHaNoB HOBOKaMHAMMAOM, BbIMOJIHEHWE SHA0KApANANBHOTO
3M1EKTPOGM3MONIOrMYECKOr0 UCCNeA0BaHNS MO MOKa3aHWaM, cbop reHeanorMyeckoro aHaMHe3a C OLEHKOW 3NIEKTPOKapamo-
rpamMM BCEX YIEHOB CEMbM C BbISIBSIEHWEM CIly4aeB BHE3aNHOW CEPAEYHON CMEPTU B CEMbE WM HaNUuMsA CEMENHOW QOopMbl
3aboneBaHus, 3X0KapaMOrpaMMbl U MarHUTHO-PE30HAHCHOW ToMorpaduu cepaua AN UCKIKYEHUS CTPYKTYPHBLIX M3MeHe-
HWI MUOKapAa. Monck MyTauui B KOAMPYHOLLMX NOCeA0BaTeNIbHOCTSX FEHOB, aCCOLMMPOBaHHbIX C pa3BUTUEM KaHanonaTui
W OpYrUX HacnefCTBEHHbIX HApYLLEHWUA pUTMa, MPOBOAWIM METOL0M BbICOKOMPOU3BOAUTENBHOTO CEKBEHUPOBAHHS.
Pesynbtathl. Y 15 (62,5 %) U3 24 BKIIOYEHHBIX B UcCnefoBaHMe NpobaHLoB BbISBNEHbI BapUaHTbl HYKNeOTUAHOW nocneso-
BaTenbHOCTM |lI-V KnaccoB NaToreHHOCTM COrNacHo KpuTepusaM AMepUKaHCKoro obLiecTBa MeaMUMHCKON reHeTuku (2015)
B reHax, Kogupytowumx Hatpuesble (SCNSA, SCNT0A) v kanuesble (KCNE3, KCNJ2, KCNJ8, KCNA5) KaHanbl, a TakKe B reHax
HCN4 v SNTAT, accoummpoBaHHbIX € 3TUMM KaHanamu. Kpome Toro, BbisiBneHo 3 BapuaHTa B reHe ANK2, accoummpoBaHHOM
C aHKupuHonatuamu, 1 3 BapuaHTa B reHax DSP w DES, accoummpoBaHHbIX C apUTMOTEHHOM KapAMOMWOMaTUeEN NpaBoro
XKeny[ouKa. YeTbipe reHeTUUeCKMX BapuaHTa B reHe SCN5A 6binu IV 1 V KnaccoB naToreHHOCTH, OCTasbHbIe SBNANMCL Bapy-
aHTaMu ¢ HeonpegeneHHon 3HaunmMocTbro (VUS, Il knacc). Wects (40,0 %) u3 15 reHOTUN-NONOMUTENBHBIX MALMEHTOB UMENU
HECKOJIbKO reHeTMYecKux BapuaHToB. Hanbonee Taxenas dopMa 3aboneBanus, MaHudecTupytoLlas passutueM dubpunns-
LI JKeNyL,04KOB C YCMeLUHbIM MPOBEEHNEM PEAHUMALIMOHHBIX MEPONPUATUIA 1 NOCIeAYHOLLEH UMNIaHTaUUeN KapauoBepTe-
pa-nedubpunnatopa, Habnoganuck y nauveHToB ¢ MyTaumamu B reHax SCN5A, SCNT0A. PeuyamsupytoLme CMHKONaNbHbIE
COCTOSHUA, MOMMMOPdHAN XenyaouKoBas TaxvapuTMUS/GUOPUINALMS KenyA04KOB, MHAYLMPOBaHHas MpOrpaMMUpyeMoil
CTUMYNAUMEN KENYL0YKOB NMPU HLO0KAPAMANBHOM 3NIEKTPOPU3MONOTMYECKOM MCCNEe0BaHUM, C MOCNeLYIOWeN UMNaHTa-
uuen KapauoBepTepa-aedubpunnatopa Habnoganuce y nauueHToB ¢ BapuaHtamn KCNJ8 w HCN4, DES w MYHT1. Y 2 na-
LIMEHTOB C KJTMHUYECKUMM MPOSIBNIEHUAMU MyTaLuii He BbisBneHo. 13 (54,2 %) naumeHToB bblM 6ECCUMNTOMHBIMY, MPU 3TOM
y 3 13 HUX 0BHapyKeHbl NaToreHHbIe 1 BEPOSITHO NaToreHHble MyTauum B reHe SCN5A, a Takxe BapuaHT YUS B 3TOM 3Ke reHe.
3arutioyeHme. M3yyeHbl KNMHUYECKWE NPOSBIEHNS Y NALMEHTOB C PasfIMyHbIMKU FEHETUYECKMMU BapUaHTamMu cuHapoMa bpy-
raga. Bnusanue reHotuna Ha deHotun cuHgpoMa bpyraga He ogHo3HauHo. Hanbonee Tsxenas gopMa 3aboneBanus ¢ pas-
BUTUEM UOPUNNALMM KEeNYLOYKOB U YCNELHbIM NPOBEAEHUEM PEaHUMALMOHHBIX MEPONPUATUIA C NOCNeAyHoLLei UMNNaH-
Taumeil KapavosepTepa-aedubpunnatopa HabnAanack NPEMMYLLECTBEHHO Y NALMEHTOB C BapUaHTaMu B HECKOMBKUX reHax
(SCN5A v JUP, KCNJ8 v HCN4, DES v MYHT11). TonyyeHHble AaHHblE NOATBEPKAANT MAEI0 0 TOM, YTO CMHAPOM bpyrapa Ha-
PAAY C MOHOTEHHBIM MOXET UMETb U NONIMrEHHBIA XapaKTep 3abofeBaHus, NPy KOTOPOM KIMHUYeCKUiA GeHoTun obycnosneH
BapuaHTaMW B HECKOJTbKUX FEHaX, acCoLMMPOBaHHbIX C CePAEYHO-COCYAUCTON NaToNorvei.

KnioyeBble cnoBa: natTepH cuHapoMa bpyraaa; reHotunnyeckoe u heHoTMNUYeCKoe pasHoobpasue; NpoBOKaLMOHHbIe Npabbl.
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BACKGROUND

Brugada syndrome (BrS), an inherited cardiac
channelopathy first diagnosed in 1992, is still considered
a complex disorder in terms of diagnostics, arrhythmia
risk prediction, pathophysiology, and treatment.
It is electrophysiologically characterized by the typical
electrocardiogram (ECG) pattern of BrS type 1, demonstrating
ST-segment elevation by 2 mm, followed by a negative
T-wave in at least one or two right precordial leads, and
a high incidence of life-threatening arrhythmic events in
the absence of structural heart diseases [1]. BrS may be
the cause of 4%—-12% of all sudden cardiac death (SCD) cases
and up to 20% of SCD cases due to polymorphic ventricular
tachyarrhythmias (VTs) or ventricular fibrillation (VF) [2].
The prevalence of BrS ranges from 1:5000 to 1:2000, with
the highest incidence in Asians [3].

The onset of symptoms often occurs at a young age, and
SCD or SCD with successful resuscitation may be the first
clinical manifestation of BrS. Although BrS appears to occur
equally in men and women, most patients with clinically
significant BrS are men [4]. Patients more often experience
fever or conditions that increase vagal tone, including sleep.
The diagnosis is made by identifying the BrS type 1 ECG pattern,
which can be noted either spontaneously or over the course
of provocative testing with a sodium channel blocker such as
ajmaline, flecainide, pilsicainide, or novocainamide [5]. These
antiarrhythmic drugs, by inhibiting the fast sodium current
(INa), increase the imbalance between inward and outward
currents during the early phases of the action potential (AP),
thereby eliciting the phenotypic expression of BrS. However,
the disease is asymptomatic in most patients. Owing to
the fact that the inducibility of VT/VF during the endocardial
electrophysiological study (EEPS) is associated with the high
risk of future ventricular arrhythmias, patients with BrS and
induced VT/VF in the course of EEPS, consequently, have an
implantable cardioverter defibrillator (ICD) inserted [6].

Clinical variability in BrS may be primarily due to genetic
heterogeneity. BrS is most commonly caused by changes
in SCN5A gene, which is responsible for the synthesis of
the alpha subunit of the myocardial sodium channel Nav1.5.
It accounts for 15%-30% of confirmed BrS cases. Genes
encoding subunits of other sodium channels, as well as
potassium and calcium channels, including SCN70A, SCN1B-
3B, GPD1L, RANGRF, SLMAP, ABCC9, KCNH2, KCNE3, KCNJ8,
KCNE5, KCND3, HCN4, CACNAIC, CACNBZB, CACNA2D1,
TRPM4, and PKP2, are also associated with this syndrome.
A plethora of identified variants in these genes are registered
in individual families and cause < 5% of BrS cases.

Polymorphic variants of other genes, as well as
nongenetic factors such as fever and intake of certain
drugs, contribute to the phenotypic implementation of
the main mutations. Therefore, the same genetic variant
can lead to different phenotypes even among members
of the same family [7]. BrS may represent a group of
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diseases with common ECG changes that are characterized
by different clinical manifestations and inheritance
patterns [8]. The reason is that the BrS phenotype may be
due to variants in genes associated with other diseases.
Thus, the so-called overlap syndrome of BrS with other
heart diseases, such as arrhythmogenic cardiomyopathy,
hypertrophic cardiomyopathy, and long @7 syndrome (LQTS),
was noted. Desmosomal proteins, including plakophilin-2,
encoded by PKP2, and desmoglein-2, encoded by DGC2,
have been implicated in arrhythmogenic right ventricular
cardiomyopathy (ARVC) and BrS by interacting with
the NaV1.5 sodium channel [9]. However, the role of
desmosomal proteins in the etiology of BrS is still debated.

These issues emphasize the need for a better
understanding of the molecular genetic causes of BrS and
more accurate genotype—phenotype correlations.

This study evaluated the clinical characteristics of patients
with different BrS genetic variants.

MATERIALS AND METHODS

The study included 24 patients (17 men and 7 women)
aged 18-55 years (median age, 32.5 [20; 42] years) with
an ECG pattern of BrS. The median follow-up period was
3 years.

The clinical and instrumental study included recording
a standard 12-lead electrocardiogram (ECG-12), 24-h ECG
monitoring (24H ECG), provocative testing with the sodium
channel blocker novocainamide, EEPS according to
indications, and gathering a complete and accurate medical
history with ECG assessment of all family members with
identified SCD, or the family history of the disease.

According to ECG-12, the following parameters were
assessed: heart rate (HR), corrected QT interval (Q7c), T-wave
morphology and alternans (negative, positive, or biphasic),
J-point elevation, configuration (coved or saddle-shaped),
and terminal part (smooth descending or elevation) of the
ST-segment in the right precordial leads, presence of right
bundle branch block, and intermittent prolongation of the PR
interval.

In intensive care unit at the Republican Scientific
and Practical Center “Cardiology”, patients underwent
a diagnostic testing with novocainamide (10 mg/kg for
10 min) under constant monitoring of ECG and blood pressure
(BP). BrS was diagnosed if the patient had ECG changes in
the right precordial leads (V1 and/or V2), characterized by
ST-segment elevation from the J-point of >2 mm in a “coved”
configuration along with a negative T-wave. For patients with
BrS type 1 pattern, provocative testing was not performed
due to no additional diagnostic value.

To rule out structural myocardial disorders, an
echocardiographic study (EchoCG) was performed using an
IE-33 device Philips (USA), as well as magnetic resonance
imaging (MRI) using a Magnetom Aera 1.5 T tomograph
(Siemens, Germany) according to relevant recommendations.
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ECG was performed on the Intecard-3 hardware and
software complex (Republic of Belarus). 24H ECG was
performed using an Oxford Medilog AR12 recorder (UK).
EEPS was performed on Siemens (Germany) and Bard (USA)
systems.

During the 24H ECG, the average HR per day, QRS
fragmentation, early repolarization pattern, prominent
S-wave in lead /, diverse ventricular arrhythmias and
sustained VT and VF), BrS ECG pattern (intermittent or
permanent), and ST-segment and T-wave alterations
were assessed. The ventricular genesis of the arrhythmia
was confirmed by 24H ECG data, ECG registration during
the arrhythmia episode and EEPS in some cases. Eleven
patients underwent EEPS to screen for arrhythmic risk by
examining the area and size of the arrhythmogenic substrate
causing the arrhythmia burden. This method corresponded
to an internationally recognized protocol using stimulation
of two segments, namely, the region of the right ventricular
apex and the right ventricular outflow tract, with a cycle
length of 600, 430, and 330 ms, application of 1, 2, or
3 extrastimuli, and a progressive decrease in the coupling
interval to minimum values (200 ms) [10]. Programed
electrical stimulation was performed in accordance with
a standard protocol. If sustained VT or VF lasting > 30 s was
induced or cardioversion was required, patients were
classified as having an inducible arrhythmia.

Mutations in the coding sequences of genes associated
with the development of channelopathies and other inherited
heart rhythm disorders were identified using high-throughput
sequencing on a MiSeq genetic analyzer (Illumina, USA).
Sample preparation was performed using the TruSight Cardio
Sequencing Kit (Illumina, USA). Annotation of the sequencing
results was performed using ANNOVAR software [11].
The pathogenicity of the new and previously described genetic
variants was interpreted according to the recommendations
of the American College of Medical Genetics and Genomics
(ACMG, 2015) [12]. Pathogenic (class V) and likely pathogenic
(class IV) genetic variants were considered diagnostically
significant. The analysis also included variants of uncertain
clinical significance (VUS, class Ill), pathogenic according to
in silico predictors, whose incidence in population databases
(GnomaD) did not exceed 0.01%.

This study was approved by the ethics committee of
the Institute of Genetics and Cytology of the National Academy
of Sciences of Belarus (Minutes No. 2 of the meeting of
the Bioethics Committee dated 06/08/2021). All patients
provided informed voluntary consent to participate in
the study.

RESULTS

Twenty-four probands from unrelated families in whom
the BrS pattern was recorded on ECG were examined
(Table 1). The majority of patients were men (n = 17; 70.8%),
with a median age of 32.5 (20; 42) years. Nine (37.5%) patients
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had a spontaneous type 1 ECG pattern, 14 (58.3%) represented
with type 2, and 1 patient with type 3. Four (16.7%) patients
had a family history of SCD among their close relatives. Seven
(29.2%) patients had clinical manifestations of BrS (syncope,
spontaneous or induced polymorphic VT/VF, with resuscitation
after SCD). Of these patients, 4 probands (16.7%) had VF with
successful resuscitation and subsequent ICD implantation,
and 3 (12.5%) had recurrent syncope, polymorphic VT/VF
induced by programed ventricular stimulation during EEPS,
followed by ICD implantation. EEPS revealed sick sinus
syndrome (SSS) that required pacemaker implantation in
one patient, sinus node dysfunction in two patients, and
loop recorder implantation in one patient. Supraventricular
paroxysmal tachycardia was recorded in two patients. In
one patient, premature ventricular contractions (PVCs) and
episodes of second-degree atrioventricular (AV) block, type |,
were registered. A loop recorder was implanted in a patient
with a single syncope episode and a BrS type 3 ECG pattern.
The remaining 13 (54.2%) patients were asymptomatic.

To determine the risks of arrhythmic events, 11 (45.8%)
patients underwent EEPS with programed ventricular
stimulation. In 3 (12.5%) patients, VT was induced, and an
ICD was implanted. However, in 8 (33.3%) patients, VTs were
not triggered. The clinical characteristics of the patients are
presented in Table 1.

While genotyping, in 15 (62.5%) out of 24 probands
included in the study, nucleotide sequence variants of
pathogenicity classes IlI-V were identified according to
the criteria of the ACMG (2015) in the genes encoding sodium
(SCN5A and SCN10A) and potassium (KCNE3, KCNJ2, KCNJ8,
and KCNA5) channels, as well as in HCN4 and SNTAT genes
associated with these channels (Table 1). In addition, three
variants in ANK2, which are associated with ankyrinopathies,
and variants in DSP and DES, which are mutations that lead
to ARVC, were determined. Only four variants belonged to
pathogenicity classes IV and V, two of which were new,
and the rest were VUS, class Ill). All pathogenic and likely
pathogenic variants were defined in SCN5A. Six (40.0%)
out of 15 genotype-positive patients had several genetic
variants, and predominantly they affected genes linked to
cardiomyopathies.

In seven patients, variants were identified in the genes
encoding sodium channels and associated proteins (Table 2).
Five patients carried SCN5A variants.

The most severe clinical manifestations of the disease
were registered in proband 799 (41 years old), in whom
the disease manifested with VF with resuscitation measures,
which required ICD implantation. His father died suddenly at
the age of 28 years. The proband experienced syncope during
the day, which clearly has not been related to exercise, and
eventually cardiac arrest occurred at night. ECG showed
a spontaneous BrS type 1 pattern. Upon further monitoring,
the BrS pattern was not registered on the ECG; sinus rhythm
was recorded with an HR of 68 beats/min, the PQ interval
duration was 110 ms, the QTc interval was 380 ms, and
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Table 2. Genetic characteristics of patients with variants in genes encoding sodium channels and associated proteins
Tabnuua 2. MeHeTuuyeckas XapaKTepUCTMKa MaLMEHTOB C BapuaHTaMM B reHaX, KOAMPYIOWMX HaTpueBble KaHasbl M accouMmpoBaHHble

C HUMM BenKu

Patient code Gene Nucleotide substitution/Rs Amino acid substitution Variant class MAF (GnomaD)
799 SCN5A c.142G > A, rs199473048 p.Glu4BLys P 0.000039
JUP c.427G > A, rs375788626 p.Ala143Thr VUS 0.000098
c.3840+1G> A
611 SCN5A rs1366120635 - P 0.0000048
716 SCN5A €.4055G > A p.Gly1352Asp LP* -
TPM] c.766>C p.Glu26GIn VUS -
117 SCN5A €.2572dupA p.Met858Asnfs*73 LP* -
668 SCN5A €.5360G > A, rs199473316 p.Ser1787Asn VUS 0.000495
132 SCN10A ¢.5216 A>T, rs760863009 p-Asp1739Val VUS 0.000014
641 SNTAT ¢.7876G > T, rs150576530 p.Ala263Ser VUS 0.00026
Note: * — new variant; P — pathogenic variant; LP — likely pathogenic variant; VUS — variant with uncertain significance; MAF — minor allele
frequency.

[pumedaHue: * — HOBLI BapuaHT; P — natoreHHbI BapuaHT; LP — BeposATHO natoreHHbIi BapuaHT; VUS — BapuaHT ¢ HeonpeaeneHHoM 3HauuMOoCTbIo;

MAF — yacTota MUHOpHOro annens.

the GRS was 120 ms. Genotyping revealed a p. Glu48Lys
pathogenic variant in SCN5A and an additional substitution in
JUP associated with ARVC. Cardiac MRI revealed no changes
in myocardial structure and no evidence of ARVC.

In patient 611 (26 years old) with a family history of SCD
in a relative (elder brother aged 30 years) and a spontaneous
BrS type 1 pattern on ECG, no clinical manifestations of BrS
were observed, and, ultimately, she refused further EEPS and
ICD implantation. Genotyping revealed a pathogenic mutation,
€.3840 + 16 > A, affecting a splice site in SCN5A.

Patients 668, 716, and 717 also had an asymptomatic
disease course. ECG of proband 717 (20 years old) showed
a BrS type 1 pattern. Genotyping revealed a new probably
pathogenic duplication of one nucleotide c.2572dupA,
leading to a reading frame shift and the appearance of
a premature stop codon (p. Met858Asnfs*73) in SCN5A.
The patient refused EEPS. Patient 716 (18 years old) had
a BrS type 2 pattern on ECG, and the novocainamide test
was positive. In this patient, a new variant was detected,
which was pathogenic according to the in silico predictors,
€.4055G > A (p. Gly1352Asp) in exon 23 of SCN5A. Patient
668 (31 years old) had a BrS type 1 pattern on ECG.
Genotyping revealed a p. Ser1787Asn substitution of
unknown clinical significance in SCN5A.

Proband 732 (female, 55 years old), who had no known
risk factors for the development of coronary heart disease
and no family history of SCD, was admitted to the intensive
care unit by reason of cardiac arrest with documented VF
and underwent ICD implantation; a BrS type 1 pattern was
detected on serial ECG. Genotyping revealed p. Asp1739Val
substitution in SCNT0A, which encodes the neuronal
sodium channel (Nav1.8) and is associated with BrS,
which was proven in recent genome-wide association
studies (GWAS) [13]. A study demonstrated similarities
in phenotypes between patients with a SCNT0A variant
and those with SCN5A variants, including family history,
presence of syncope, and spontaneous ECG patterns [14]. In
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our cohort, a SCN10A substitution was also associated with
disease manifestation, VF development, and cardiac arrest,
followed by ICD implantation. D. Hu et al. [15] identified
SCNT0A mutations in 25 of 150 probands (17%) with BrS,
emphasizing the crucial role of this gene in this disease. Its
significance was confirmed by studies on the influence of
SCN10A on both cardiac conduction [16] and the autonomic
nervous system [17]. In proband 641 (male, 38 years old),
a BrS type 2 pattern was recorded for the time of a routine
ECG (Fig. 1).

The novocainamide test was positive. In the course of
EEPS, ventricular arrhythmias were not induced. Holter ECG
monitoring recorded frequent PVCs and episodes of second-
degree AV block, type 1. Antiarrhythmic drug treatment was
prescribed. Genotyping revealed p. Ala263Ser substitution
in SNTAT, which encodes syntrophin, a scaffold protein of
the cytoplasmic peripheral membrane and a component
of the dystrophin-associated protein complex. This gene
is @ member of the syntrophin gene family and encodes
the most abundant syntrophin isoform detected in cardiac
tissue. The N-terminal PDZ domain of this syntrophin protein
interacts with the C-terminus of the pore-forming alpha
subunit (SCN54) of the cardiac sodium channel Nav1.5.
This gene is associated with LQTS and sudden infant death
syndrome (SIDS). This protein also binds to dystrophin and
dystrophin-related proteins at neuromuscular junctions and
alters intracellular calcium ion levels in muscles [18].

In two patients with BrS, variants were identified in
the genes encoding potassium channels (Table 3), and their
clinical manifestations were analyzed.

Patient 638 (female, 34 years old) had a family history of
SCD via parental lineage in her closest relatives (a second
cousin aged 24 years and three paternal uncles aged 36,
47, and 52 years), and a BrS type 2 pattern was registered
on the ECG (Fig. 2). The proband has experienced rapid
heart palpitation accompanied by shortness of breath and
dizziness since the age of 16 years. Several months before
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Table 3. Genetic characteristics of patients with variants in potassium channels
Ta6nuua 3. [eHeTuYecKas XxapaKTepUCTUKA NALMEHTOB C BapuaHTaMu B KanueBbIX KaHanax

Patient code | Gene | Nucleotide substitution/Rs Amino acid substitution Mutation class MAF (GnomaD)
c.980T>C
- KCNJ8 rs1940609307 p.lle327Thr VUS 0.0000034
HCN4 c415C>T p.Pro139Ser VuSs* -
c.845T > 6
606 KCNJ2 1s758092571 p.Leu282Trp VUS 0.00001735

Note: * — new variant; VUS — variant with uncertain significance; MAF — minor allele frequency.
[pumeyaHue: * — HoBbI BapuaHT; VUS — BapmaHT ¢ HeonpeaeneHHon 3HaunMocTblo; MAF — yactota MuHOpHOro annens.

Fig. 1. 12-lead electrocardiogram of patients (598 and 641) with distinct Brugada patterns: @ — Brugada pattern type 1 (coved), showing
a “vaulted” elevation of the ST segment of more than 2 mm in more than one right precordial lead, followed by a negative T-wave;
b — Brugada pattern type 2 (saddle-back), showing a “saddle-shaped” elevation of the ST segment of more than 2 mm in more than one
right precordial lead, followed by a positive T-wave

Puc. 1. Inektpokapamorpamma B 12 otBefieHmsAx nauneHToB N2 598 n 641 ¢ pasHbiMK naTTepHamu bpyraga: @ — nattepH bpyraga tvn 1
(coved), nokasbiBaloLLmii «cBOAYATLI» NOABLEM cerMeHTa ST bonee 2 MM B Boniee YeM OJHOM NPaBOM MPEKOPLAMANBLHOM OTBEAEHUH,
3a KOTOpbIM CrieflyeT oTpuuaTtenbHbii 3ybew, T; b — natrepH bpyraga Tna 2 (saddle-back), nokasbiBatoLmii «cen0BUAHbIA» NOABEM
cerMeHTa ST bonee 2 MM B bonee 4eM 0AHOM NpaBOM NPEKOpAMUabHOM 0TBEAEHUM, 33 KOTOPLIM CeayeT NONOXKUTENbHbINA 3ybell T
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hospitalization, the patient endured three episodes of
syncope. Changes were recorded in the analysis of a series
of ECGs, namely, abnormalities of intraventricular conduction
(widening of the QRS complex up to 130 ms), or R-wave
progressionin leads V1-V3, slowing of AV conduction with
transient first-degree AV block, transient second-degree SA
block type I, and pauses lasting 1495 ms.

During a novocainamide testing (10 mg/kg body weight
intravenously for 10 min) at the tenth minute, changes were
recorded in leads V1-V2, such as a coved-type ST-segment
elevation (Fig. 3), characteristic of a BrS type 1 pattern
(amplitude > 2 mm, width > 4 mm, Corrado index > 1).

Tom 3, N2 4, 2023
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During EEPS, programed stimulation of the ventricles
with extrastimuli (coupling intervals of 220 and 230 ms)
provoked a sustained paroxysm of polymorphic VT
with a cycle of 224-176 ms, which was terminated
spontaneously, and a characteristic BrS pattern with
2-3 mm ST elevation. Considering the presence of BrS,
recurrent syncope, induced polymorphic ventricular
tachycardia during EEPS, and a high SCD risk, a single-
chamber ICD was implanted for urgent indications. During
treatment (metoprolol 12.5 mg twice a day under HR and
BP control), the patient’s medical state improved, and she
was discharged in a satisfactory condition. Genotyping

Fig. 2. 12-lead electrocardiogram of patient 638 at rest, 10 mm/mV, 50 mm/s
Puc. 2. 3nektpokapamorpamma B 12 otBefieHmMsax naumeHTku N2 638 B nokoe, 10 MM/MB, 50 MM/c

Fig. 3. 12-lead electrocardiogram of patient 638, 10 min of the novocainamide testing, 10 mm/mV, 50 mm/s
Puc. 3. 3nektpokapavorpamma B 12 otBepeHusx naumeHtkn N2 638 Ha 10-ii MuUHyTe npoBefeHWs HOBOKaMHaMMAOBOW Mpobbl,

10 MM/MB, 50 Mm/c
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revealed two new allelic variants: the p. Ile327Thr mutation
in KCNJ8, which encodes a subunit of the ATP-sensitive
potassium channel Kiré.1, and the p. Pro139Ser mutation
in HCN4, which is responsible for the synthesis of one of
the family members controlled by cyclic nucleotides in
hyperpolarization-activated potassium channels.

In patient 606 (44 years old) with a BrS type pattern on
ECG and asymptomatic disease course, the novocainamide
testing was positive. While conducting EEPS, VT was not
induced. Antiarrhythmic drug therapy was prescribed.
Genotyping revealed a variant of unknown clinical significance
of p. Leu282Trp in KCNJ2, encoding the alpha subunit of
the influent potassium current channel Kir2.1.

Genetic variants leading to BrS in one of the potassium
channels usually result in increased channel function.
Rare KCNJ8 variants, by increasing the throughput of
the ATP-sensitive potassium channel (IK-ATP), reduce
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the AP as well as plateau depression, causing the ECG
changes registered in BrS [19]. The severe clinical
presentation in proband 638 was conceivably due to
the presence of another, also not previously described,
mutation c.415C > T (p. Pro139Ser) in HCN4, which
encodes the protein of hyperpolarization-activated cyclic
nucleotide-dependent potassium channel 4.

KCNJ2 variants are associated with LQTS type 7 and short
QT syndrome type 3. This gene is related to KCNJ8, which
is associated with BrS type 8, and its variants presumably
cause this syndrome.

In patients 598, 788, and 580c (male) with the BrS pattern
on ECG were revealed desmosomal gene substitutions
(Table 4).

Proband 580c (36 years old) with recurrent syncope and
BrS type 2 ECG pattern and SCD in two family members
(father and brother aged 32 years) underwent a novocainamide

Fig. 4. Endoelectrogram of proband 580c, representing the paroxysm of ventricular fibrillation
Puc. 4. 3npoanektporpamma npobanga N® 580c, npescTaBnstowan napoKcusM GubpunnsaLmMm XenynoyKos

Table 4. Genotyping results of patients with Brugada syndrome (overlapping phenotypes with right ventricular arrhythmogenic

cardiomyopathy)

Tabnuua 4. PeaynbTaTbl reHOTUNMPOBAHMA MaLMEHTOB C CMHAPOMOM bpyraaa (nepekpbiBatolume GeHOTUMbI C apUTMOTeHHO Kapauo-

MUonNaTUei NPaBoro XenyaoyKa)

Patient code Gene Nucleotide substitution/Rs Amino acid substitution Mutation class MAF (GnomaD)
580 DES c.752A>C p.Gln251Pro Vus* -
¢ MYH11 c.39256>C p.Asp1309His Vus* -
c.6188G > A
DSP rs142927608 p.Arg2063Gln Vus 0.00001115
o8 c.674C>T
MY0Z2 rs200428820 p.Pro225Leu VusS 0.0001289
768 DSP c.6014C > T rs749925817 p.Ala2005Val VUS 0.000007
RBM20 c.1244G > A rs748133931 p.Ser415Asn Vus 0.000035

Note: * — new variant; VUS — variant with uncertain significance; MAF — frequency of the minor allele.
[pumeyaHue: * — HoBbI BapuaHT; VUS — BapumaHT ¢ HeonpeaeneHHo! 3HaunMocTblo; MAF — yactoTa MUHOpHOrO annens.
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testing (positive) and EEPS. During EEPS, VF paroxysm was
induced and was successfully terminated by cardioversion,
and the arrhythmia substrate was ablated (Fig. 4). Considering
the persistently high SCD risk, an ICD was implanted as
a next step. Genotyping revealed two new variants that
were pathogenic according to in silico predictors, precisely,
p. GIn251Pro in DES, which encodes desmin and is associated
with ARVC [20], and p. Asp1309His in MYH1T, which is linked
to SCD and familial aortic aneurysm.

In patient 598 (29 years old), without clinical disease
manifestations and family history, a BrS type 1 pattern was
recorded on ECG (Fig. 1). Throughout the EEPS, VT was not
induced, and the patient was followed up. A VUS p. Arg2063Gln
was identified in DSP, which encodes desmoplakin.

Patient 788 (26 years old) without clinical manifestations
had a BrS type 2 pattern on ECG. Novocainamide testing
and EEPS were not performed. The patient refused further
examination. Cardiac MRI did not reveal any evidence
of cardiac structural alterations. Genotyping revealed
p. Ala2005Val substitution in OSP.

In patients 580c, 598, and 788, genetic testing revealed
rare variants in MY0Z2, RBM20, and MYH1T associated with
changes in myocardial structure.

Genetic variants in desmosomal genes in patients with
BrS ECG patterns specify an overlap between BrS and ARVC
phenotypes. Genes encoding desmosomal proteins, known
as ARVC susceptibility genes [21], have also been described
in several patients with signs of BrS in the absence
of evident structural disease manifestations. In vitro
functional studies in HL-1 cells and human cardiomyocytes
derived from induced pluripotent stem cells showed that
desmosomal gene mutations can reduce sodium ion (INa)
current by disrupting the interaction between desmosomal
proteins and the Nav1.5 channel in the cardiac muscle [22].
These data enabled us to hypothesize that ARVC and BrS
are not completely different conditions and could thereby
be considered final stages of the same disease, i.e., cardiac
connexome disease [9].

In patients 12m, 756c, and 796, genotyping revealed
ANK2 substitutions (Table 5).

Patients 12m and 756c (both male, 19 years old) with
BrS type 2 and 3 ECG patterns that transformed into type 1

Tom 3, N2 4, 2023
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during the novocainamide testing were asymptomatic.
In patient 796 (25 years old), VT was not induced during EEPS;
however, SSS was detected, and an PM was implanted.

Ankyrin is a multifunctional protein involved in
the functioning of ion channels and transporters in various
tissues [23]. Despite their common basis, these proteins have
different functions. The genes encode three different ankyrin
proteins, namely, ankyrin-R (ANK-1), ankyrin-B (ANK-2), and
ankyrin-G (ANK-3). ANK-2, like ANK-3, controls the functioning
of the sodium channel Nav1.5 and is associated with BrS [24].
In case ANK-B is impaired, other arrhythmia phenotypes
are distinguished, including SSS, atrial fibrillation, and life-
threatening ventricular arrhythmias with SCD risk [25]. Hence,
this phenotypic diversity of rhythm disorders was combined
and presented as Ankirin B syndrome. In a Japanese cohort of
535 probands with inherited rhythm disorders, 12 (2.2%) had
ANKZ mutations, with 8 out of 12 probands having bradycardia,
2 having BrS phenotypes, and 7 having malignant VTs [26].
Thus, ANK2 variants are potential candidates for BrS. Further
functional and molecular studies of the detected variants
should clarify the mechanisms associated with the ANK2
variants underlying BrS.

DISCUSSION

In this paper, we characterized the clinical aspects,
including adverse arrhythmic events, and analyzed
the phenotypic manifestations depending on the genotype
in patients with BrS ECG patterns. In the study cohort,
the clinical diagnosis of BrS was confirmed by genetic testing
in 7 (29.2%) patients; most patients (20.8%) were carriers
of SCN5A variants, which is considered the most clinically
significant in relation to this syndrome [27]. A patient
with severe clinical presentation of BrS had a variant in
SCNT0A, which encodes another sodium channel, Nav1.8.
Recent studies have highlighted that the Nav1.8 channel is
a modulator of cardiac conduction and that SCN70A variants
may be associated with atrial fibrillation and BrS [28].
SCN10A variants affect PR interval duration, GRS, HR, and
arrhythmia risk [14].

In another female patient, two rare variants of KCNJ8
and HCN4, which encode potassium channels and are

Table 5. Genotyping results of patients with Brugada syndrome associated with ankyrin
Tabnuua 5. PesynbTaThl reHOTUNMPOBaHWA NALMEHTOB C CUHAPOMOM bpyrapia, accoLMMpoBaHHbIe C aHKUPUHOM

Patient code Gene Exon Nucleotide substitution/Rs Amino acid substitution M:lt:;i:n MAF (GnomaD)
p.Lys2033Glu
12m ANK2 38 c.6097A> G 15756877862 VUS 0.0000032
p.Gln3281Glu
756¢ ANK2 38 c.9841C> 0 1$372534074 VUS 0.00017
796 ANK2 26 c.2890A> G p.lle964Val rs750129234 VuS 0.00001055

Note: VUS — variant with uncertain significance; MAF — frequency of the minor allele.
[pumeyaHue: VUS — BapuaHT ¢ HeonpeAeneHHo 3HaumMocTbio; MAF — yacToTa MUHOpHOrO annens.
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associated with BrS, were identified. KCNJ8 is responsible for
the synthesis of the membrane protein of the inward rectifying
potassium channel (Kir and IRK), through which positive ions
easily pass into the cell. The flow of ions into the cell may
play an important role in the regulation of neuronal activity,
helping to stabilize the resting membrane potential of the cell.
Defects in this gene may also cause J-wave syndrome and
SIDS. HCN4 encodes the hyperpolarization-activated cyclic
nucleotide-gated potassium channel 4 protein. This gene is
expressed primarily in cardiac cells with high automaticity.
Through the HCN4 channel, potassium and sodium ions enter
the cells of the sinoatrial node, generating electrical impulses
that trigger each heartbeat and maintain a regular heart
rhythm. Moreover, the HCN4 protein is responsible for slow
kinetic activation and inactivation and is essential in cardiac
excitation and for the proper functioning of the cardiac
conduction system [29]. Accordingly, mutations in this gene
are also associated with SSS.

In 8 (33.3%) patients, rare substitutions were identified in
SNTA1, KCNJ2, ANK2, DSP, and DES, which are associated
primarily with LQTS and ARVC. Currently, growing evidence
shows that some allelic variants of these genes may also
cause BrS. Furthermore, this phenomenon is associated with
the overlap syndrome of several diseases, namely, BrS and
LQTS and BrS and ARVC.

Remarkably, 6 out of 15 patients with a positive genetic
analysis had several nucleotide variants, which most often
affected genes associated with changes in myocardial
structure, specifically, MY0Z2, RBM20, JUP, TPM1, and
MYH11. Although BrS was initially described as a monogenic
autosomal dominant disorder with incomplete penetrance,
it is increasingly evident that it may follow a more complex
genetic model. Indeed, it can be considered an oligogenic or
polygenic disease in which more than one causative gene
contributes to the clinical phenotype [30].

On the other hand, no genetic changes were observed
in 7 (29.2%) patients. No significant relationship was noted
between the disease course and the patient's genotype.
The most severe clinical course with cardiac arrest due to
VF development at the age of 36-55 years was registered
in patients 799, 732, and 580, who had SCN5A and SCN10A
variants, and patient 789 who had no genetic changes.
Polymorphic VT/VF induced by EEPS followed by ICD
implantation was identified in patient 638 (female) with rare
KCNJ8 and HCN4 variants, in patient 580s with DES and
MYH11 variants, and in a patient without mutations. Moreover,
13 (54.2%) patients were asymptomatic, whereas three of
them (patients 611, 716, and 717) had pathogenic and likely
pathogenic mutations in SCN54, and a variant of uncertain
clinical significance in the same gene was found in patient 668.
However, BrS symptoms were more common in patients with
mutations because out of 9 patients without genetic changes,
5 (55.6%) were asymptomatic, accounting for 33.3% (5 of 15)
of those with rare genetic variants. SCD among close relatives
with a family history was acclaimed in 50% of probands with
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pathogenic SCN5A mutations, implying a poor prognosis in
carriers of pathogenic variants in this gene and the need for
scrupulous examination of such patients.

The impact of genetic variants on the risk of developing
cardiac arrhythmias and their prognosis is still debated.
The extent to which different gene variants increase the risk
of arrhythmic events and SCD remains unclear and is
therefore not yet considered in risk stratification. However,
genetic data can be another tool for risk stratification in
genotype-positive patients, and if it does not result in an
active treatment strategy, this could at least contribute
to a lifestyle change (avoidance of drugs that may induce
ST-segment elevation in right precordial leads and excessive
alcohol intake).

CONCLUSION

This study substantiates the idea that BrS, along with
monogenic inheritance, may also have a polygenic nature, in
which the clinical phenotype is caused by variants in several
genes associated with cardiovascular diseases. Mutations in
patients with the BrS pattern have been associated with an
increased likelihood of clinical manifestations of the disease.
Nevertheless, the impact of genotype on the BrS phenotype
is not entirely clear. The most severe form of the disease
with VF development and successful resuscitation followed
by ICD implantation was predominantly registered in patients
with variants in several genes (SCN5A and JUP; KCNJ8 and
HCN4; DES and MYHT1).

STUDY LIMITATIONS

The study limitations include the small number of patients
with different genetic variants of BrS on grounds of its low
prevalence. Nevertheless, the data presented are consistent
with those described in the literature.
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How to improve long-term results of patients
with atrial fibrillation of non-valvular ethiology
after embolism to main arteries of the limbs

Artem V. Sotnikov', Michail V. Mel'nikov', Michail V. Pyshnyj', Vyacheslav V. Semenyuta?

! North-Western State Medical University named after I.I. Mechnikov, Saint Petersburg, Russia;

2Republican Clinical Diagnostic Center of the Ministry of Health of the Udmurt Republic, Izhevsk, Russia

ABSTRACT

BACKGROUND: In patients with atrial fibrillation, systemic thromboembolic complications dramatically worsen the long-
term prognosis. There is currently no generally accepted treatment tactics for patients with atrial fibrillation of non-valvular
ethiology after embolism to main arteries of the limbs. Objective: evaluate the efficacy of our approach for patients with atrial
fibrillationof non-valvular ethiology who survived an embolism to main arteries of the limbs and acute limb ischemia.
MATERIALS AND METHODS: For the period from 1991 to 2022, in the Department of Vascular Surgery of our institution,
emergency care due to embolism and acute limb ischemia was provided to 1816 patients. In 1425 (78.5%) patients, the main
disease that led to arterial embolism was non-valvular atrial fibrillation. In the long-term period after discharge from our clinic,
it was possible to trace the fate of 216 patients and determine the cause of death for 106 patients. The main causes of death
in the long-term period were the decompensation of chronic diseases of the cardiovascular system in 73,6% of patients and
the recurrence of systemic thromboembolic complications in 21.7%. Since 2012, at our department an integrated approach has
been developed and implemented. It included a set of measures aimed at compensating for chronic cardiovascular pathology
and preventing the recurrence of systemic thromboembolic complications. The whole set of measures all patients underwent
during their current hospitalization after the elimination of life-threatening complications associated with acute limb ischemia
and the stabilization of their general condition. They formed the main group (n = 50). The control group (n = 166) consisted of
patients after embolism and acute limb ischemia discharged before 2012. Their cardiac pathology was treated after discharge
from our department on an outpatient basis in a polyclinic at their place of residence. The overall comparative survival rate was
analyzed. The survival function was evaluated using the Kaplan — Meyer method.

RESULTS: In the control group, long-term survival was low, and the median life expectancy was 24 months after discharge.
In the main group, long-term survival improved significantly, and the median survival period was not reached during the
observation time set. The differences in overall survival estimated using the likelihood ratio test were statistically significant
(p=0.001). When evaluating the groups, the risk of death in the main group was 2.2 times lower than in the control group for
each month of follow-up (p = 0.003).

CONCLUSION: the set of measures implemented in our clinic over the last decade for patients with atrial fibrillation of non-
valvular ethiology hospitalized with arterial embolism and acute limb ischemia has proved its efficacy and significantly
(p =0.003) improved the survival rate of patients with long-term follow-up after discharge from our department.

Keywords: atrial fibrillation; embolism of the main arteries of the limbs; long-term survival rate.
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HeKNanaHHOWU 3TUOJIOrUKM, NepeHecLnX ambonuio
MarucTpanbHbIX apTepuit KOHEYHOCTEN
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AHHOTALNA

AkTyanbHocTb. Y 60nbHbIX C QubpuUnnAuMen npeacepamin CUCTEMHbIE TPOMOO3IMBOMYECKME OCMOMHEHMSA CYLLECTBEHHO
YXYALLAT OTAANEHHbIA NporHo3. 0BLLenpUHATON CUCTEMBI, ONPeAENALLEA AaNbHELLYI0 TaKTUKY JiedeHns BobHbIX ¢ Gu-
Bpunnsaumen npefcepauii HeKNanaHHoM 3TMONIONMK, NepeHeCLUMX 3MDOOreHHYH apTepuanbHYK HEeMpOXoAUMOCTb, B HACcTos-
LLee BpeMS HeT.

Lenb — oueHntb 3pHeKTMBHOCTL NPOBOAMMOIO JiIeYeHUs NaLMEHTOB C GuUbpunnsaumMeid npeLcepanin HeKlanaHHoW| 3TMono-
WK, NepeHecLUnx 3M60MI0 MarucTpabHbIX apTepuid KOHEYHOCTEIA.

Marepuansb! u Metoabl. 3a nepuoa ¢ 1991 no 2022 rog, B oTAENEHWM CepAEYHO-COCYAMUCTOM Xupyprumn N2 1 (aHrmoxupyprus)
C3I'MY um. U.U. MeunnKoBa oKasaHa 3KCTpeHHas nomoub 1816 6oNbHBEIM ¢ 3MBONMAMM MaruUCTpasbHbIX apTepUn KoHeu-
HocTen. Y 1425 6onbHbix (78,5 %) ocHOBHBIM aMboIOreHHbIM 3abonieBaHueM bbina ubpUINALMA NpeacepaniA HEKTanaHHO
3TMonoruu. B oTaaneHHoM nepuofie nocne BIMUCKKU M3 OTAENEHWs yOanoch Npocneautb cyabby 216 naumeHToB M ycTa-
HOBUTb NMpu4mMHy cMepTn ¥ 106 naumeHToB. OCHOBHBIMM MPUYMHAMM CMEPTU B OTAANIEHHBIE CPOKM CTa/M [LEKOMMEHcaLms
XPOHUYECKUX 3abosieBaHuMin CepfieYH0-cocyancToi cucTeMbl y 73,6 % 60NbHBIX M peLmanBbl CUCTEMHbIX TpOMBo3aMbonmnue-
CKMX ocnoxkHeHun y 21,7%. C 2012 ropa B KNMHMKe BHEAPEH KOMMJIEKC Mep, HaMpaBJieHHbIX Ha KOMNEHCALMI0 XPOHMYECKO
CepAeyYHO-COCYANCTON MaToNorM U NpeaynpexaeHne peLuuavBoB CUCTEMHbIX TPOMB03IMBONMYeCcKUX OCoXHeHMIA. Becb
KOMMIEKC Mep MPOBOAMICA B TEKYLLYI0 rOCMMTanM3aLymio nocne YCTPaHEHUS YIPOXaloLLMX HU3HU OCNOMHEHWH, CBA3aH-
HbIX C OCTPOW WLIEMMEN KOHEYHOCTW, W CTabunmsaumm obLiero cocTosHUsa naumeHToB. OHM COCTaBUIM OCHOBHYH) Fpynmy
(n = 50). Kontponbhyto rpynny (n = 166) cocTaBunW naumeHTbl ¢ 3MOONOreHHON apTepuUanbHOi HEMPOXOAMMOCTbIO, BbINU-
caHHble 8o 2012 r. JledeHne KapAManbHOi NaTonorum nocne nepeHeceHHon aMb0IoreHHOM apTepuanbHO HENpPOXoAMMOCTH
OHM Moflyyanu aMbynaTopHo B MONMKIMHUKE NO MECTY XUTeNbCTBa. [poBefeH CpaBHUTENbHBIN aHaNW3 NnoKasateneii obLueil
BbMBaeMocTH. OLeHKa hyHKLMK BbIXXMBAaEMOCTW NpoBoaunack no Metody KannaHa — Meliepa.

Pe3ynbtathl. B KOHTpONbHOW rpynne oTaaneHHas BbIKWMBAeMOCTb Oblna HWU3KOW, MeauaHa cpefHel NpoAOSIKUTENBHOCTH
JKU3HW cocTaBuna 24 Mec nocnie BbIMUCKKU. B 0CHOBHOI rpynne 0TaneHHas BbIXXWBAEMOCTb 3HAUYUTENIBHO YAYYLIUNACh, Me-
[MaHa cpefiHen NPOAOCIIKMTENBHOCTU HU3HW YBESMYMIACch M 3a nepuog, HabmogeHns [ocTUrHyTa He bbina. Pasnuums 0b-
LLei BbIXKMBAEMOCTH, OLieHEHHbIE C MOMOLLbIO TeCTa OTHOLLEHWs NpaBAonogo6bus, beinm ctatucTuyeckn sHaummel (p = 0,001).
Mpy OLeHKe rpynn cpaBHEHUS PUCK HACTYNJIEHUs NETaNbHOM0 UCX0[a B OCHOBHOM rpynne bl HUXe B 2,2 pasa no CcpaBHe-
HWIK0 C KOHTPOJIbHOM IPYNMoii Ha KaxAablv MecA Habnogenus (p = 0,003).

3aknoueHune. BHeapeHHbIN B 0TAeNEHUM cepaedHo-cocyamcToi xupyprisn N2 1 (aHruoxmpyprin) C3rMY um. WM. MeuHukoBa
3a nocnefHee AECATUNETME KOMIJIEKC Mep MO JIeYeHWH NauMeHToB ¢ Gubpunnaumeid npeacepAmnii HeKnanaHHoM 3TUONOMUH,
rocnuTanu3upoBaHHbIX C 3MDOMOreHHONM apTepuabHOK HEeMpOXOAMMOCTbI0, NoKa3an cBo 3hdEKTMBHOCTL U AOCTOBEPHO
(p = 0,003) yny4Lumn BbIXKMBAEMOCTb MALMEHTOB C OTAANEHHbIE CPOKW NOC/IE BbIMUCKM W3 HALLEro cTauuoHapa.

KnioueBble cnoBa: ¢ubpunnaums npeacepaui; 3m60AMA  MarucTpanbHbIX apTepUn  KOHEYHOCTEW; OThaneHHas
BbIXKMBAeMOCTb.
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Nonvalvular atrial fibrillation (AF) is common among
elderly and senile people in Russia [1]. Moreover, systemic
thromboembolic complications (STEC) significantly worsen
the immediate and long-term prognoses of patients with
AF. Embolism of the main arteries of the extremities
ranks second in incidence following cardioembolic
strokes among STEC [2]. The survival rate of patients
with embologenic arterial obstruction (EAQ) is extremely
low [3]. The main causes of high mortality in the long
term have not been sufficiently studied. Currently, there
is no generally accepted system that determines further
treatment approach for patients with nonvalvular AF with
a history of EAQ.

This study aimed to evaluate the efficiency of a set of
treatment measures for patients with nonvalvular AF with
a history of EAO.

MATERIALS AND METHODS

Overall, 1816 patients with EAO received treatment in
the Department of Cardiovascular Surgery No. 1 of Peter
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the Great Clinic of Mechnikov North Western State Medical
University between 1991 and 2022; in 1425 (78.5%) of
the patients, acute limb ischemia (ALI) developed in presence
of nonvalvular AF. The collection, accumulation, and
computer processing of clinical material was performed using
the original program “Doctor’s Scientific Archive — DSM”,
which was developed at Mechnikov North Western State
Medical University and registered in the “Register of Computer
Programs” of the Federal Service for Intellectual Property,
Patents, and Trademarks (certificate of official registration of
the computer program no. 2004611296; May 26, 2004).

Table 1 presents the clinical characteristics of the patients.

Among patients hospitalized with EAO due to AF,
women predominated (67.9%), and 88.3% of patients were
elderly and senile. All patients were urgently admitted
with a clinical presentation of ALI. The degree of ischemia
was assessed according to the classification by Zatevakhin
et al. The severity of ALl manifestations upon admission
to the clinic varied. Moreover, 470 (33.0%) patients were
hospitalized with nonthreatening limb ischemia (degree I).
The clinical manifestations of ALl were pain and paresthesia

Table 1. Clinical characteristics of patients with AF of non-valvular etiology hospitalized at our clinic with acute limb ischemia due to

embolism

Tabnuua 1. KnuHuyeckan xapakTepucTuKa 00nbHbIX ¢ GUbpUnnsumMei Npencepamit HeKManaHHoW 3TUOOTWM, FOCMUTANM3MPOBaHHbIX
B OTZleNEHWM cepaeydHo-cocyancToit xupyprim Ne1 (aHrnoxmpypriumn) C3rMY um. U. UN. MeuynnkoBa ¢ 3MO010reHHo! apTepuanbHon Henpo-

X0[MMOCTbI0
. . Number of cases . 95% Confidence
Indicators Categories (n = 1425) Proportion, % interval
Se Women 968 67.9 65.4-70.3
X

Men 457 32.1 29.7-34.6
30-39 3 0.2 0.0-0.6
40-49 years old 36 25 1.8-3.5
50-59 years old 128 9.0 7.5-10.6

Age, years
60-69 years old 314 22.0 19.9-24.3
70-79 years old 518 36.4 33.8-38.9
Over 80 years old 426 29.9 27.5-32.3
I 470 33.0 30.5-35.5
lla 480 337 31.2-36.2

Degree of acute limb 277 19.4 17.4-21.6

ischemia (according to

Zatevakhin [4]) llc 99 6.9 5.7-8.4
llla 9 0.6 0.3-1.2
b 90 6.3 5.1-1.7
Up to 6 hours 447 3.4 29.0-33.8

Duration of limb 6-12 hours 563 395 37.0-42.1

ischemia before 12-24 hours 150 10.5 9.0-12.2

hospitalization 2448 hours 73 5.1 4064
Over 48 hours 192 13.5 11.7-15.4
Paroxysmal or persistent form 470 33.0 30.5-35.5

Atrial fibrillation Permanent form 939 65.9 63.4—68.4
Permanent form, PPM 16 1.1 0.6-1.6

DOl https://doiorg/10.17816/cardar625527
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End of the table 1

Number of cases 95% Confidence

Indicators Categories (n = 1425) Proportion, % interval
i(:;;[iztiﬁ):]HD without a history of myocardial 669 4.9 44 849 1
Ischemic heart disease Postinfarction cardiosclerosis 205 14.4 12.6-16.3
Acute period of myocardial infarction 43 3.0 2.2-4.0
Degree | 77 5.4 4.3-6.7
Arterial hypertension Degree |l 1223 85.8 83.9-87.6
Degree Il 125 8.8 7.4-10.4
Not expressed 59 4.1 3.2-5.3
Chronic heart failure Stage 2 1291 90.6 89.0-92.1
Stage 3 75 53 4.2-6.6
Atherosclerosis of peripheral arteries 256 18.0 16.0-20.1
Diabetes mellitus 283 19.9 17.8-22.0
Concomitant disease Chronic nonspecific lung diseases 229 16.1 14.2-18.1
Chronic kidney and/or liver diseases 63 b 3.4-5.6
Others 23 1.6 1.0-2.4
History of acute Acute cerebrovascular accident 179 12.6 10.9-14.4
disturbances in arterial
Embologenic arterial obstruction 126 8.8 7.5-10.4

blood supply

Note: IHD — ischemic heart disease; PPM — permanent pacemaker; AF — atrial fibrillation.
Mpumeyarue: UBC — nwemmnyeckan bonesHb cepaua; MIKC — nocTosHHbIN 3nekTpoKapavocTumynsTtop; O — dubpunnaums npescepauii.

in the ischemic limh. Majority of the patients (856 cases;
60.1%) were hospitalized with manifestations of threatening
ALl (degrees IIA-IIB). In addition to pain, the main
clinical presentation was sensory and motor disorders in
the ischemic limb, namely, paresis and paralysis. The most
severe condition was noted in 99 (6.9%) patients hospitalized
with irreversible acute ischemia (llla and lllb), that is, distal or
total contracture of the limb. Moreover, 588 (41.3%) patients
had acute ischemia of the upper limb and 803 (56.3%) had
the lower limbs affected, including 27 (1.9%) patients with
acute ischemia of both lower limbs caused by embolism
associated with aortic bifurcation. Multiple embolisms with
simultaneous damage to two or three arterial territories of
the extremities was diagnosed in 34 (2.4%) patients.

In all patients included in this study, AF was the major
cause of EAQ. Paroxysmal or persistent AF was detected in
470 (33.0%) patients, whereas the permanent form of AF was
observed in 939 (65.9%) patients, and a permanent pacemaker
had been previously implanted in 16 of these patients.

In most patients, AF-associated background cardiac
pathology manifested as hypertension, ischemic heart
disease (IHD), and atherosclerotic cardiosclerosis. Degree
| arterial hypertension was detected in 77 (5.4%) patients,
and degree Il was found in 1223 (85.8%) patients. Arterial
hypertension severity was correlated with chronic heart
failure (CHF) severity. In most of the patients (1291 cases;
90.6%), clinical manifestations corresponded to stage

DOl https://doiorg/10.17816/cardar625527

lla-b CHF. Other predisposing factors of AF included IHD
such as stable effort angina without a history of acute
myocardial infarction (AMI) in 669 (46.9%) patients,
postinfarction cardiosclerosis in 205 (14.4%) patients, and an
acute period of myocardial infarction in 43 (3.0%) patients.
Concomitant noncardiac pathology was significant in
the development of AF in several patients: diabetes
mellitus in 283 (19.9%) patients and chronic nonspecific
lung diseases in 229 (16.1%) hospitalized patients. In
256 (18.0%) patients, ALl coexisted with stage 2 chronic
arterial insufficiency caused by peripheral atherosclerosis.

A crucial characteristic of the studied group of patients
was their CHA2DS2-Vasc scale score [5]. More than
97% of the patients had a high or extremely high risk of STEC
(Table 2).

The adherence to prescribed oral anticoagulant therapy
during the prehospital stage of patients hospitalized in
the past 10 years in the Department of Cardiovascular
Surgery No. 1 (Angiosurgery) of Mechnikov North Western
State Medical University was approximately 12%. In earlier
cases, systemic antithrombotic therapy in patients admitted
with EAO was limited to acetylsalicylic acid.

In most cases, medical approach in relation to ALI
in the Department of Cardiovascular Surgery No. 1
(Angiosurgery) of Mechnikov North Western State Medical
University included open surgical treatment aimed at
restoring arterial blood supply to the limb. Moreover,
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Table 2. Values of CHA2DS2-Vasc scores in patients hospitalized at our clinic with acute limb ischemia due to embolism
Tabnuua 2. 3Havenus bannos no wkane CHA2DS2-Vasc y rocnutanusupoBaHHbIX B OTAENEHUE CepAeyHo-cocyaucTorn xupypriuv Ne 1
(aHrvoxupyprum) C3rMY um. N.N. MeyHnkoBa naumMeHTOB ¢ 3MOONOreHHON apTepuanbHON HEMPOXOAUMOCTbIO

Value on the CHA2DS2-Vasc scale

Number of cases

Proportion, % 95% Confidence interval

(n = 1425)
2 points 5 0.4 0.1-0.8
3 points 3 2.2 1.5-3.1
4 points 151 10.6 9.0-12.3
5 points 290 20.4 18.3-22.5
6 points 385 27.0 24.7-29.4
7 points 380 26.7 24.4-29.0
8 points 158 1.1 9.5-12.8
9 points 25 1.8 1.1-2.6

Note: CHA2DS2-Vasc is a scale for assessing the risk of systemic thromboembolic complications in patients with atrial fibrillation [5].
[pumeqaHue: CHA2DS2-Vasc — LuKana OLEHKW pUCKa CUCTEMHBIX TPOMB03MBONIMYECKUX OCNOXHEHNUN Y BonbHbIX ¢ Pubpunnsaumeir npeacepann [5].

1241 (87.1%) patients underwent emergency surgery, and
another 74 (5.2%) patients received surgical treatment
within 24 h of admission. Operational activity was 92.3%.
In 1239 (86.9%) patients, limb revascularization was
performed using direct or indirect embolectomy with
a balloon catheter. In 76 (5.8%) patients, because of
irreversible ischemia, primary amputation of the limb was
conducted within well-vascularized tissues.

Revascularization resulted in restoration of the main
arterial blood supply in 892 (65.5%) patients, with
complete ALI regression and peripheral pulse restoration.
In 333 (25.3%) patients, the arterial blood supply to the limb
was reestablished following surgery without restoring
the pulsation of the distal limb arteries. The required limb
perfusion was not achieved in 14 (1.0%) patients after
the intervention. In 73 (5.1%) patients with nonthreatening
ALl (grade 1), arterial blood supply was restored through
conservative treatment. Hospital mortality was 12.2%;
174 patients died. The main causes of in-hospital lethal
outcomes were the initial terminal condition in 37 (2.6%)
patients and postoperative complications, including ischemic
intoxication, decompensation of the initial cardiac and other
concomitant pathologies, and STEC relapses in 137 (9.6%)
patients. Additionally, 1183 (83%) patients were discharged
with a salvaged limb.

Furthermore, 216 patients were available for analysis of
long-term treatment results. The follow-up period ranged
from 1 to 12 years. The causes of lethal outcomes in long-
term follow-up were established in 106 patients, that is,
decompensation of CHF in 52 (49.1%) patients, AMI in
26 (24.5%), recurrent STEC in 23 (21.7%), and other causes
in 5 (4.7%) (Fig. 1). Summarizing the causes of the high long-
term mortality of patients discharged from the Department of
Cardiovascular Surgery No. 1 (Angiosurgery) of Mechnikov
North Western State Medical University, after treatment for
EAQ, the most significant links in thanatogenesis in the long
term were decompensation of chronic cardiovascular
disease in 73.6% of the patients and relapse of systemic
thromboembolic events in 21.7%.

DOl https://doiorg/10.17816/cardar625527

Statistical analysis was performed using StatTech v. 4.0.4
(Stattech, Russia).

Until 2012, in the Department of Cardiovascular
Surgery No. 1 (Angiosurgery) of Mechnikov North Western
State Medical University, after eliminating life-threatening
complications associated with ALl and stabilizing the general
condition, majority of the patients were discharged on
days 5-7 for outpatient treatment under the supervision
of a therapist at the primary healthcare facility. Patients
available for contact in the long term after discharge (n=166)
formed the control group (CG) of follow-up.

The involvement of a cardiologist among the staff of
our department in 2012 enabled the implementation of
the main (cardiological) part of the rehabilitation. Since
then, the cardiologist of the Department of Cardiovascular

5%
Decompensation of
2%
CHFAMI
49 %
STEC
2% % Other

Fig. 1. The main causes of death of patients with AF in the long
term follow-up discharged from our clinic after treatment for
acute limb ischemia due to embolism. AMI — acute myocardial
infarction; STEC — systemic thromboembolic events; AF — atrial
fibrillation; CHF — chronic heart failure

Puc. 1. OcHoBHble NpuU4mMHbLI cMepTY NaumeHToB ¢ Ol B oTAaNeHHbIe
CPOKY, BbINUCAHHBIX U3 OTAENEHUS CePAEYHO-COCYAUCTON XUPYpPriuv
N2 1 (aHrnoxupyprum) C3rMY um. U. U. MeunnkoBa nocne neye-
HWA Mo NMoBOAY 3MDONOreHHoW apTepuanbHOW HenpoXoLUMOCTH.
ONM — ocTpbiit MHbapKT Muokapaa; CTI0 — cucTeMHble TpOM-
6oambonmyeckme ocnoxHeHus; O — dubpunnaums npeacepamin;
XCH — XpoHunyecKas cepfiedHas HeA0CTaTO4HOCTb
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Surgery No. 1 (Angiosurgery) select directly and prescribe
anticoagulants, antihypertensives, and cardiotropic therapy
for patients of the main group (MG) according to current
clinical recommendations, coordinate the treatment of
concomitant noncardiac pathology, resolve the issue of
further treatment strategies for AF (‘rhythm control” or
“rate control”), determine indications for consultation with
an arrhythmologist, verify myocardial ischemia, identify
indications for coronary angiography and the need and timing
of myocardial revascularization, establish the significance of
structural heart pathology and indications for consultation
with a cardiac surgeon, and determine indications for
alternative methods of preventing STEC such as implantation
of an occluder of the left atrial appendage. Patients
discharged after 2012 and who were available for contact
in the long term after discharge were included in the MG
(n = 50).

A cross-sectional and observational study was conducted
in MG, whereas a retrospective analysis was performed
in CG.

RESULTS

Analysis of the overall survival in the study participants
was performed depending on the comparison groups.

Tom 3, N2 4, 2023
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The survival function of patients was assessed using
the Kaplan — Meier method (Fig. 2).

The analysis showed that the 75" percentile of life
expectancy in CG was 12 (12-12) months from the start of
monitoring, the median was 24 (24—48) months, and the 251
percentile was 60 (48-144) months. In the study group,
the 75" percentile of life expectancy was 24 (12 — o) months,
and the median and 25" percentiles for the entire follow-
up period were not reached (Fig. 2). Differences in overall
survival, which was assessed using the likelihood ratio test,
were statistically significant (p = 0.001).

To determine the key factors that influenced the risk
of lethal outcome, a multivariate Cox proportional hazards
regression analysis was performed. Following multifactorial
stepwise selection, only the factor of attitude toward
the group was statistically significantly associated with
the event occurrence. The final proportional hazards model
was as follows:

h(t) =h (t) x EXp(—U,801 x X Comparison groups : MG)

1 o

where h(t) is the predicted risk of the deceased for the i-th
follow-up element (%), h,(t) is the basic risk of the deceased
for a certain time period ¢ (%), and X ¢opparison groups : M6 —
X (Table 3, Fig. 3).

Comparison groups : Main group

Control group

100 Main group
80
=
)
°
= 60
=
c
a
=
g 40
o
20
0
0 20 40 60 80 100 120 140
Follow-up period, months
Control group
Cases 166 87 22 5 2 2 2 1
Censored 0 26 59 69 A A n il
Events 0 53 85 92 93 93 93 9%
Main group
Cases 50 37 17 2 0 0 0 0
Censored 0 5 16 31 33 33 33 33
Events 0 8 17 17 17 17 17 17

Fig. 2. The overall survival curve depending on the comparison groups
Puc. 2. Kpusas 06Luei BbIXKMBAEMOCTM B 3aBUCUMOCTU OT FPYNn CPaBHEHMS
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Table 3. Values of the basic risk of death for different periods for the general sample of the patients
Tabnuua 3. 3HaueHMs 6a30BOr0 puCKa CMepPTM LIS pa3HbiX BpEMEHHbIX NepUoLoB 1S 06LLeli BbIDOPKU NaLMeHToB

Time periods, months

Base risk values h(t), %

12 32.37
24 66.15
36 76.907
48 90.406
60 110.965
12 127.921
132 177.921
144 271.921

300

250

- 200

3 150

£ 1o

50

0

0 12 24 36 48 60 72 84 96 108 120 132 144
Follow-up period, months

Fig. 3. The curve of the basic risk for the entire follow-up period for the general sample of the patients
Puc. 3. Kpusas 6a30B0ro pucka cMepT Ha Becb nepuoA HabnioaeHus ang obLueii BeIGopky naumeHToB

The relative risk of MG was 0.449 (0.267-0.755;
p =0.003). Accordingly, the risk of lethal outcome in MG was
2.227 times lower than that in CG for each month of follow-
up. This is equivalent to a 26.7-fold reduction in the risk of
death for each year since the start of treatment.

DISCUSSION

The study results showed the advantages of developing
a scheme for further conservative treatment of AF patients with
a history of EAQ during the current hospitalization compared
with rehabilitation conducted at the outpatient stage.

The study was cross-sectional and observational in
nature; therefore, full coverage of discharged patients was
not expected. The study patients were mostly elderly and of
low social status; thus, even at the end of year 1, contact with
most of them was complicated. Data from the most compliant
patients are presented, and the results showed a significantly
increased survival rate of patients in long-term follow-up.
The immediate causes of lethal outcomes of patients in
the long-term period were mostly established according to
information provided by relatives, since most of the patients
died at home or in different hospitals in the city. More than
two-thirds of the deaths were due to the decompensation of

DOl https://doiorg/10.17816/cardar625527

chronic cardiovascular diseases, and in a quarter of patients,
sudden severe neurological symptoms indicated a relapse of
STEC (Fig. 1).

Experience in the Department of Cardiovascular Surgery
No. 1 (Angiosurgery) of Mechnikov North Western State Medical
University provided evidence on the extremely low adherence
of hospitalized EAO patients to lifelong oral anticoagulant
therapy, which should have been performed on an outpatient
basis. Among EAQ patients admitted to our hospital, the overall
adherence to this type of treatment was approximately 12%.
Moreover, this trend has not improved over the past decade.
The lack of anticoagulant therapy was often associated with
insufficient patient awareness of the risks associated with AF,
or the arrhythmia was first identified during hospitalization.
The lack of continuous anticoagulation therapy could be one of
the main factors in the development of EAQ. Low adherence to
oral anticoagulant treatment among AF patients hospitalized
for STEC has been noted among those admitted with embolism
of the main arteries [6] and acute cerebrovascular accident
(ACVA). Thus, 6.9%—17.5% of AF patients hospitalized for ACVA
in 20142015 took anticoagulants regularly and in an adequate
dose [7].

This type of treatment is critical for the study patients,
considering their CHA2DS2-Vasc score (Table 2).

2]



28

OPUMVHANBHBIE VICCITEAOBAHAA

The selection and prescription of an oral anticoagulant
for lifelong use should be performed during the current
hospitalization, immediately after limb revascularization,
and stabilization of the condition during inpatient treatment.
Currently, the main oral medications for patients with
AF are indirect anticoagulants (warfarin) and new oral
anticoagulants (NOACs). According to current clinical
guidelines, NOACs are the drugs of choice in patients with
nonvalvular AF for the prevention of STEC; however, warfarin
may also be considered [8]. In 2011-2016, the Department of
Cardiovascular Surgery No. 1 (Angiosurgery) of Mechnikov
North Western State Medical University prescribed NOACs
to MG patients in every third case; in the remaining cases,
the warfarin dose was selected according to the international
normalized ratio (INR). In recent years, NOACs have bheen
prescribed to most patients, and the prescription of indirect
anticoagulants has become an exception.

In this study, patient adherence to anticoagulant therapy in
the long term after EAO and discharge from the Department
of Cardiovascular Surgery No. 1 (Angiosurgery) of Mechnikov
North Western State Medical University was significantly
higher than that before hospitalization, which was facilitated
by regular follow-up of patients by an angiosurgeon and
cardiologist. During the follow-up period, the average
adherence of MG to this type of treatment prescribed
upon discharge among patients available for contact was
52.0% (26 patients). The main drugs taken were NOACs.
No relapses of hospitalizations were observed in MG patients
with EAO in the Department of Cardiovascular Surgery No. 1
University over the past decade. Among newly admitted
patients, a decrease in the frequency of EAO relapses during
hospitalization was not noted (26 patients in MG (8.8%)
versus 100 patients in CG (8.8%)).

Despite the convenience of using NOACs, warfarin may
have advantages for treating some patients after EAO. First
is the low cost (orders of magnitude less than NOAC drugs),
which enables elderly patients, even those with low income,
to provide themselves with this drug in case of difficulties with
free provision of NOACs. Second is the constant availability
of warfarin in pharmacies in various regions of Russia
since it is produced in Russia. Finally, despite the safety
of using NOACs, we believe that a drawback is the lack of
an accessible method for monitoring the regularity of their
intake. Upon detailed questioning of patients taking NOACs,
evidence of errors in the regularity of administration was
repeatedly revealed, which could affect the final efficiency.
Over the years of monitoring, we identified only one patient
in whom EAO occurred while taking warfarin in presence of
target INR values. Thus, the choice of an anticoagulant drug
for lifelong use in patients with AF who have undergone EAO
requires a differentiated approach.

The next mandatory step for treating patients with AF who
have undergone EAQ is normalization of blood pressure. This
component of therapy should be identified and implemented
in the current hospitalization as soon as the patient's
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condition has stabilized. The data from our study indicate
that all hospitalized patients had hypertensive disease (HD),
with only 5.4% of patients having initial forms such as degree
| arterial hypertension (AH). In the rest, degrees Il and Ill AH
were determined. The wide prevalence of HD among patients
with nonvalvular AF in Russia is confirmed by literature
data [1]. This emphasizes the leading role of chronic AH in
the development of AF. Uncontrolled AH in patients with AF
leads to increased CHF incidence, increased risk of STEC,
and increased risk of hemorrhage during lifelong use of
oral anticoagulants [9]. Therefore, the selection of effective
antihypertensive therapy at the stage of inpatient rehabilitation
after EAQ, in addition to the selection of oral anticoagulants,
is critical. Repeated studies have confirmed improved long-
term survival of patients with AF when arterial normotension
is achieved [10, 11].

Moreover, it is crucial to select cardiotropic therapy to
compensate for the manifestations of CHF in accordance with
current clinical recommendations. Optimization of this type
of treatment during the current hospitalization, according
to MG results, had advantages compared with delayed
administration. The relevance of this type of treatment
for patients was due to the high prevalence of high-grade
CHF among hospitalized patients. Manifestations of chronic
circulatory failure were at stage lla—b in 90.6% of patients
and at stage Ill in 5.3% of cases. In addition to significant
limitations of physical activity and decreased quality of
life, CHF decompensation was the leading cause of lethal
outcomes in the long term after discharge in almost 50% of
the patients. According to current clinical recommendations,
the composition of drugs for optimal drug therapy for CHF
should include angiotensin-converting enzyme inhibitors,
beta-blockers, mineralocorticoid receptor antagonists, and
dapagliflozin [12]. Effective drug therapy improves long-
term survival rates in patients with AF (CHARM 2006,
ANTIPAF 2012, GISSI-AF 2009, EMPHASIS-HF 2012 studies).
Furthermore, it aims to normalize coronary circulation in
chronic forms of IHD. In the study group, 46.9% of patients
had chronic IHD without a history of myocardial infarction, and
another 14.4% of patients had postinfarction cardiosclerosis.

In addition to optimizing anticoagulant and cardiotropic
therapy, patients with AF who underwent EAQ during
their current hospitalization required treatment for
concomitant pathology, primarily diabetes mellitus (DM).
The recommended composition of optimal drug therapy
for the treatment of CHF includes the hypoglycemic
drug dapagliflozin, even in the absence of DM, with
recommendations class | and level of evidence A [12].
Notably, the prevalence of DM among hospitalized patients
was 19.9%. The increased risk of thrombotic complications
in DM is associated with an increase in the level of blood
coagulation factors and inhibition of fibrinolysis, which is
associated with chronic hyperglycemia [13]. Strict control of
glucose levels and stable normoglycemia can reduce the risk
of STEC in patients with AF [14].
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When considering a treatment strategy for AF (“rhythm
control” or “rate control”) after EAO, most patients required
a “rate control” strategy, i.e., achieving normosystole without
attempting to restore the sinus pacemaker. This is due to
the fact that most of the patients were elderly (66.3% of
patients were over 70 years old) and that in 67.0% of
cases, AF was permanent. The appropriateness of choosing
the “rhythm control” strategy with this combination was
controversial. In some cases of paroxysmal AF and high
life expectancy, the “rhythm control” approach was chosen;
however, these cases were rare. Therefore, conclusions
about long-term efficiency require data accumulation.

A promising direction that can make a positive
contribution to improving the long-term survival
of patients with AF with a history of EAO in MG is
endovascular implantation of an occluder of the left atrial
appendage. This procedure is as effective as warfarin
in preventing STEC in patients with contraindications to
oral anticoagulants, as demonstrated in the PROTECT AF
trial [15]. In the Department of Cardiovascular Surgery
No. 1 (Angiosurgery) of Mechnikov North Western State
Medical University, endovascular implantation of left atrial
appendage occluders has been performed since 2019.
The long-term results of this treatment type in patients with
a history of EAQ are currently being analyzed.

Optimization of conservative treatment during the current
hospitalization in AF patients with a history of EAQ improved
long-term survival. We believe that the most significant
difference was the normalization of anticoagulant therapy.
However, the clinical role of the remaining links cannot
be overestimated. The relatively small number of patients
available for long-term follow-up did not enable to identify
the most crucial among these links; therefore, continued
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research in this direction has been planned. This study
primarily aimed to evaluate the influence of the optimization
of cardiotropic therapy on long-term survival in EAO patients
during the current hospitalization. We have not come across
any publications in the available literature on the prospects
for improving long-term results of treatment of patients with
nonvalvular AF with a history of EAO.

CONCLUSION

The absence of a generally accepted system that
determines further treatment approach for patients with
nonvalvular AF with a history of EAO reduces long-term
survival. Optimization of conservative treatment during
rehabilitation after EAO during the current hospitalization led
to a monthly reduction in the risk of lethal outcome by 2.2
times (p = 0.003).
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Frequency and features of cardiovascular diseases
in spondyloarthritis

Ruzana R. Samigullina’, Vadim I. Mazurov' 2, Elizaveta A. Vasilenko?, Evgeniy A. Trofimov'

! North-Western Medical State University named after I.I. Mechnikov, Saint Petersburg, Russia;

2 Saint Petersburg State University, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: Group of spondyloarthritis include not only damage of musculoskeletal system, oftenly it's combination with
a variety of comorbid pathologies, primarily involving the cardiovascular system, is characteristic. Given the high importance of
early detection, assessment and further prediction of the risks of cardiovascular diseases in this cohort of patients, a compe-
tent interpretation of the risks of aggravating cardiovascular diseases and their prevention is one of the priority tasks not only
for rheumatologists, but also for specialists in related fields.

AIM: To study the structure of comorbid pathology and assess the frequency of cardiovascular diseases in patients with an-
kylosing spondylitis, psoriatic arthritis and psoriatic spondyloarthritis, to conduct a comparative analysis of the incidence of
cardiovascular comorbidities in different groups of spondyloarthritis.

MATERIALS AND METHODS: The study included 153 patients with a verified diagnosis of spondyloarthritis. Patients were
divided into 3 groups depending on the nature of the lesion of the musculoskeletal system: ankylosing spondylitis meeting the
modified New York criteria for ankylosing spondylitis (1984) (n=53), psoriatic arthritis meeting the CASPAR criteria (Classifica-
tion criteria of Psoriatic Arthritis, 2006) (n = 40) and psoriatic spondylitis simultaneously meeting the modified New York criteria
for ankylosing spondylitis and the CASPAR criteria for psoriatic arthritis (n = 60). All patients taken with monoclonal antibodies
(inhibitors TNF-alpha).

RESULTS: When studying cardiovascular comorbidity in patients with spondyloarthritis in three groups, arterial hypertension
was most common in the ankylosing spondylitis group — 37.7%, in psoriatic arthritis — 62.5%, in the psoriatic spondylo-
arthritis group — 51.7%, conduction disturbance in ankylosing spondylitis — 28, 3%, in psoriatic arthritis — 17.5%, in the
psoriatic spondyloarthritis group — 18.3%, dyslipidemia is significantly more common in the psoriatic arthritis and psoriatic
spondyloarthritis groups — 47.5% and 51.7%, respectively, compared with the ankylosing spondylitis group — 18.9%. Along
with cardiovascular diseases, endocrine disorders were detected with a high frequency of occurrence: overweight was more
common in patients of the psoriatic arthritis and psoriatic spondyloarthritis groups — 35.0 and 38.3%, respectively, significant
differences in the incidence of type 2 diabetes mellitus in the three groups has not been identified.

CONCLUSIONS: It is necessary to carry out medical examination in order to identify comorbidities in patients with various forms
of spondyloarthritis, in order to determine further tactics of management and correction, depending not only on the activity of
the disease, but also taking into account comorbidities.

Keywords: spondyloarthritis; comorbidities; ankylosing spondylitis; psoriatic arthritis; psoriatic spondylitis; cardio-vascular
risk.
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YacToTa n 0cob6eHHOCTM TeyeHUs cepAeYHO-COCYyAMCTbIX
3aboneBaHUM NpU CNOHAMI0APTPUTAX

P.P. Camurynnuua’, B.W. Masypos' 2, E.A. Bacunenxo?, E.A. Tpodumos'

! CeBepo-3anajHblil rocyAapCTBEHHbIA MeAMLMHCKWIA yHuBepcuTeT M. W.A. Meunnkosa, CankT-Metep6ypr, Poccus;

2 Cankt-MNeTepbyprckmin rocyaapcTaeHHblit yausepeuTeT, CaukT-Metepbypr, Poccua

AHHOTALMA

AxTtyanbHocTb. /13BeCTHO, YTO 4151 CNOHAMN0APTPUTOB XapaKTEPHO COYeTaHUe C pa3HoobpasHbIMU KOMOpOUAHBIMK COCTOS-
HWAMM, B NepBylo 0uepedb 3aboneBaHMAMU CepAeYHO-COCYAMUCTON CUCTEMBI. YUuTbIBas BbICOKYID 3HAYMMOCTb PaHHEro Bbl-
SIBNIEHMs] PUCKOB CepAeyHO-COCYANCTLIX 3ab0NeBaHuid y JaHHOW KaTeropum naumeHToB, HeobxoauMa AanbHenwwas paspabot-
Ka AOMOJHUTENbHBIX BbICOKOMH(OPMATUBHBIX MapKePOB MX AMArHOCTUKW 1S NPOBEAEHUS! CBOEBPEMEHHOW NPOPUIAKTUKY,
uYTO ABNAETCA OJHOW M3 NPUOPUTETHBIX 33434 AN BPayeil MHOTUX TepaneBTUYECKUX CreLuanbHOCTEN.

Lienb — u3yunTb CTPYKTYpYy KOMOPOMAHOM NaTONOMMU W OLEHUTb YacTOTy CEpAEYHO-COCYAUCTLIX 3ab0N1eBaHUIA Y NaLMEHTOB
C aHKW/IO3MPYIOLLMM CMOHOMAMTOM, NCOPUATUYECKUM apTPUTOM M NCOPUATUYECKUM CMOHAMNOAPTPUTOM, a TaKXKe MpoBECTM
CPaBHUTENbHbIN aHanU3 BCTPEYAeMOCTM KapAMOBACKYIAPHOM NaTenorui npu pasiuyHelx hopMax CroHAUN0apTpUTOB.
Matepuansl u MeToabl. B uccnegosanmne bbimm BROYeHb! 153 naumeHTa ¢ JOCTOBEPHBIM AMarHO30M CoHaunoapTput. Ma-
LMeHTbI 6binM pasgeneHbl Ha 3 rpynmbl B 3aBMCUMOCTM OT XapakTepa nopaxKeHus OnopHO-ABUraTelbHoro annapara: aHKUo-
3vpytowuiA cnoHammT (n = 53), ncopuatnyeckuit aptput (n = 40) 1 ncopuatyeckmin cnonaunoaptput (n = 60). Bce naumeHTs
nonyyanu Tepanuto uHrobutopamm OHO-anbda. CtpykTypa KoMOpOMAHO NaToNorUK OLEHWUBaNach Npy NMOMOLLUM UHAEKCOB
Charlson u CIRS-G no Miller. MoauduumposarHas wkana SCORE (Systematic COronary Risk Evaluation), wkana PefiHonbaca
(Reynolds Risk Score), MoanduumpoBaHHas wkana QRISK3 ncnonb3oBanuch A5 OLEHKW CepAeYHO-COCYAMUCTBIX CODBITHIA.
Pesynbtathl. PasnuuHble conyTcTBylowme 3aboneBaHns BCTpedanuch y BombluMHCTBA 06CNeA0BaHHbIX MALMEHTOB CO CMOH-
pvnoaptputoM (72 %), y bonee 4eM NonoBWHbI 0TMeyanach nonMMopbuaHas natonorus. Cpeay KOMOPOMAHBIX COCTOSHUM
npeobnasanu 3aboneBaHus cepAeyHo-cocymmucTon cucteMbl (63 %), xenynouHo-KuLweyHoro TpakTta (53 %) 1 3HAO0KPUHHOM
cucTeMbl (46 %). ApTepuanbHas rMNepTeH3Us Yalle BCTpeYanach y MaLMEeHTOB C MCOPUATMYECKUM apTpUTOM W NcopuaTy-
YECKUM CMOHAWUNIOAPTPUTOM, a HapyLUeHWe NPOBOAMMOCTU Y MALMEHTOB C aHKUMO3MPYHIOLLMM CMOHAMAMTOM. bonbluMHCTBO
naumeHToB uMenn 2 u 3 cTeneHb cornacHo wkanam SCORE v PerHonbaca. bonee nonoBuHbI NALMEHTOB C NCOPUATUHECKUM
apTPMTOM U MCOPUATMYECKWUM CMOHAMI0APTPUTOM UMENM 3 1 4 cTeneHb pUCKa, TOFAA KaK MeHee TPETU MaLMEeHTOB C aHKu-
NO3MPYIOLLMM CMOHAWANTOM UMenmn 3 1 4 cTeneHb pucka. CpeaHue 3HadveHus QRISK Obinn f0CTOBEPHO BhILLE Y MaLMEHTOB
C NCOPUATUYECKUM apTPUTOM W NMCOPUATUHECKUM CMOHAMN0APTPUTOM, YEM Y NALMEHTOB C aHKUNO3WPYIOLLMM CMIOHAWITUTOM.
OupeHWe U AUCIUNMAEMUSA Yallie BCTPEYanuCh Y NaLMEHTOB C NCOPUATUHECKUM apTPUTOM W NCOPUATUYECKUM CMOHAMUN0ap-
TpUTOM. 10-NETHAN BbIXMBAEMOCTb Oblsla JOCTOBEPHO BhILLIE Y MALMEHTOB C aHKUIO3MPYIOLLMM CMOHAWIIMTOM W NCopUaThye-
CKWUM apTpUTOM, YeM B rpynne BosbHbIX C MCOPUATUHECKUM CMOHAMN0APTPUTOM.

3akuitoyenme. [lpu obcneoBaHMM NaUMEHTOB C MCOPUATMHECKUM apTPUTOM LienecoobpasHo NpOBOAUTH He TONIBKO OLIEHKY
aKTUBHOCTM MCOPUATMYECKOro apTpuTa U CTPYKTYPHOro NpOrpeccupoBaHus B CycTaBax, HO M COMYTCTBYIOLWMX 3aboneBaHui
C Lenbto Bbibopa Hanbosiee ONTUManNbHOMO JleYeHus.

KnioueBble cnoBa: CMOHANNOAPTPUTDI; KOM0p6VI,U,HOCTb; aHKMJ'I03VIPYIOLLWIl7I CNOHAUNHAT; ncopmamqecxwﬁ apTpuT; ncopmnatu-
YECKUI CMOHAVINT; Cep,D,eLIHO—COCWJ,VICTbIVI PUCK.
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ORIGINAL STUDY ARTICLES

INTRODUCTION

Spondyloarthritis (SpA) is a group of chronic inflammatory
diseases affecting the spine, joints, and entheses that share
clinical, radiographic, and genetic characteristics. SpA refers
to ankylosing spondylitis (AS), which includes nonradiographic
axial SpA, psoriatic arthritis (PsA), reactive arthritis, SpA
associated with inflammatory bowel disease and uveitis, and
undifferentiated SpA. These diseases are typically associated
with the MHC class | molecule HLA-B27. They show several
common clinical symptoms, including inflammatory back pain,
peripheral arthritis, enthesitis, dactylitis, and extraarticular
manifestations, such as anterior uveitis, psoriasis (PSO),
and inflammatory bowel disease (IBD) [1]. Inflammation of
the joints and enthuses causes gradual structural damage to
the musculoskeletal system, leading to a reduced quality of life
and a rapid onset of disability.

Spondyloarthritis, like many other rheumatic diseases, is
treated with a treat-to-target approach to achieve remission
or low disease activity. Rheumatologists might use various
drugs depending on the form and stage of SpA. These drugs
include nonsteroidal anti-inflammatory drugs (NSAIDs),
disease-modifying antirheumatic drugs (OMARDs), biological
DMARDs (bDMARDs), and JAK inhibitors (small molecule
inhibitors) [2].

Given that NSAIDs are the primary drugs used to treat
axial SpA (axSpA) and must be used for a lengthy period
of time, it is critical to closely monitor side effects related
to gastrointestinal and cardiovascular damage [3, 4l.
Furthermore, concomitant cardiovascular diseases (as signs
of multimorbidity) are common in patients with SpA, affecting
quality of life and life expectancy [5]. Long-term use of NSAIDs,
even at low doses, may be contraindicated in patients with
an increased risk of major adverse cardiovascular events
(MACEs), upper gastrointestinal tract disorders, and IBD [6, 7].
Several studies have found a relationship between NSAID use
and cardiovascular risk. However, recent studies examining
the effect of long-term NSAID use on the risk of MACEs in
AS patients (n = 22,929) during an 8-yr follow-up period
found a modest correlation between cardiovascular events
and NSAID use. Comorbidities such as hypertension, diabetes
mellitus, dyslipidemia, and upper extremity atherosclerosis
increase the risk of MACE [8].

According to recent studies, SpA patients have
a 5—to 7-yr lower life expectancy, 1.6—1.9 times higher total
mortality, and 20%—40% higher cardiovascular mortality than
the general population [9].

The most important standardized criteria for assessing
cardiovascular risk in SpA patients and the characteristics of
cardiovascular disease progression are currently under debate.
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This study aimed to investigate comorbidities, analyze
the incidence of cardiovascular diseases in patients with AS,
PsA, and psoriatic SpA, and conduct a comparative analysis
of cardiovascular comorbidities in various SpA groups.

MATERIALS AND METHODS

The study included 153 patients with confirmed SpA.
Patients were divided into three groups based on the type of
musculoskeletal damage: AS meeting the modified New York
criteria for AS (1984; n = 53), PsA meeting the Classification
Criteria of Psoriatic Arthritis (CASPAR, 2006; n = 40), and
PsSpA meeting both the modified New York criteria for AS
and the CASPAR for PsA (n = 60).

In the study, patients with AS or PsSpA received
a bDMARD from the tumor necrosis factor-a (TNF-a)
inhibitor group, alone or in combination with an NSAID.
PsA patients were given TNF-a inhibitors and DMARDs
(methotrexate, sulfasalazine, or leflunomide). The groups
were sex- and age-matched. Patients with IBD were
excluded from the study.

All patients had their clinical laboratory parameters, SpA
activities (BASDAI, ASDAS-CRP, DAPSA, and DAS28-CRP),
and SpA functional status (BASFI) examined.

All patients were evaluated at baseline for comorbidities
and the severity and risk of severe adverse cardiovascular
events (Charlson Comorbidity Index [CCI] and CIRS-G
by Miller). Three approaches were used to determine
the 10-yr risk of MACEs: the modified Systematic Coronary
Risk Evaluation (SCORE) system, the Reynolds Risk Score
(RRS), and the modified QRISK3. The SCORE, RRS, and QRISK3
values were interpreted in accordance with the European
Society of Cardiology guidelines. The risk levels are classified
as low (< 1%), moderate (= 1% to 5%), high (= 5% to 10%),
and very high (= 10%).

R 3.4.1 (R: A Language and Environment for Statistical
Computing, R Foundation for Statistical Computing, Vienna,
Austria, R Core Team, 2017), with jamovi graphical user
interface and jmv packages (Jmv: The “Jacobi” Analyses,
version 0.9.5.0; Selker et al., 2018) was used to statistically
analyze the study data.

All patients signed an informed consent form. The patient
data were anonymized. This study was approved by the Ethics
Committee of the I.I. Mechnikov North-Western State Medical
University.

RESULTS

The study had a low prevalence of men (55%) (Table 1).
The mean age of patients was 46.7 + 12.5 yr, and the disease
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duration was 11.3 + 8.1 yr. HLA-B27-associated disease was
found in 73 patients (47.7%). Nonaxial SpA symptoms included
enthesitis in 93 patients (60.8%), dactylitis in 57 patients
(37.2%), and coxitis in 26 patients (17.0%). Extraskeletal
symptoms (uveitis) were found in 20 patients (13.1%).
BASDAI found that most patients (67%) had low-activity
SpA at baseline. The study groups differed significantly in
the presence of dactylitis, enthesitis, coxitis, and psoriatic
onychodystrophy and the detection of HLA-B27 carriage
(p < 0.07). When the results were compared between groups,
it was observed that AS patients were more likely to have

All patients

AS

Tom 3, N2 4, 2023

a

PsA

b
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HLA-B27 carriage and sacroiliitis. PsSpA patients showed
higher mean activity based on BASDAI than AS and PsA
patients. According to ASDAS-CRP, baseline activity was
very high (21.5%), increasing (29.6%), and moderate (28.5%),
with 20.4% in clinical and laboratory remission. PsSpA
patients had higher ASDAS scores. All patients received TNF
inhibitors. Most AS patients had previously received one
bDMARD, whereas one-third of PsA and PsSpA patients had
previously received two or more bDMARDs.

Most patients (72%) had several comorbidities.
The most common comorbidities were cardiovascular

PsSpA

Fig. 1. Affected organs and systems according to the CIRS-G by Miller in all patients (a) and by group (b). AS — ankylosing spondylitis;

PsA — psoriatic arthritis; PSpA — psoriatic spondyloarthritis

Puc. 1. KonnuecTso nopaeHHbIX OpraHoB U CUCTEM NpK oLieHKe ¢ noMoLubto Haekca CIRS-G no Miller y Bcex naumeHToB (a) U B 3aBUCH-
MocTu oT rpynnbl (b) AC — aHKuno3upylowwmin cnoHaunmt; McA — ncopuatuyeckuii aptpuT; NMcCnA — ncopuatuyeckuin CNoHAUN0apTpUT

DOl https://doiorg/10.17816/cardarb 24781




ORIGINAL STUDY ARTICLES

(63%), gastrointestinal (53%), and endocrine (46%)
disorders. Miller's CIRS-G revealed that most patients
(56.5%) had several comorbidities. In total, 23.2% of
PsA patients and 16.3% of PsSpA patients had five or
more affected organs compared with only 4.6% of AS
patients (Figure 1). The total CIRS-G score in AS patients
was significantly lower than in PsA and PsSpA patients
(4.22 vs. 5.5 vs. 5.67, p = 0.013).

Table 1. Baseline clinical characteristics of patients (n = 153)
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Cardiovascular diseases were the primary focus
of comorbidity analysis (Table 2). Hypertension was
the most common cardiovascular disease, affecting 50% of
the patients. Notably, hypertension was more prevalent in
patients with PsA and PsSpA. Coronary artery disease (CAD)
incidence was comparable in all groups. Eight patients
experienced myocardial infarction. Only AS patients had
a myocardial infarction while taking TNF inhibitors (1, 8, and

Tabnuua 1. KnuHuyeckan xapaKTepucTiKa NaumMeHToB Ha MOMEHT BKJIOYEHMUS B UccnefoBakue, n = 153

Study parameters AS (n =53) PsA (n = 40) PsSpA (n = 60)
Male, n (%) 31(58.5) 21 (52.5) 32 (53.3)
Mean age at baseline, M + SD 443119 48.8 +13.3 47.4+12.4
Disease duration (yr), M + SD 9.9+8.3 13.2+8.1 11.2+£79
Sacroiliitis, n (%) 52 (98) 26 (65) 50 (83)
Dactylitis, n (%) 5 (9.4) 21 (52.5) 31(51.7)
Enthesitis, n (%) 20 (37.7) 25 (62.5) 48 (80.0)
Coxitis, n (%) 6(11.3) 4(10.0) 16 (26.7)
Uveitis, n (%) 11 (20.8) 4(10.0) 5(8.3)
HLA-B27 carriage, n (%) 42 (79.2) 10 (25.0) 21 (35.0
BASDAI, points (M + SD) 29+19 3017 37+£20
ASDAS-CRP, points (M + SD) 2009 2.0+0.98 24+ 1.1
Therapy duration and all bDMARDs 4.0 (1.0-6.0) 5.0 (2.0-8.2) 3.0 (2.0-5.0)
Therapy duration and the last bDMARD 3.0 (1.0-6.0) 2.8 (2.0-5.0) 2.0 (1.0-4.0)

Note: AS — ankylosing spondylitis; PsA — psoriatic arthritis; PSpA — psoriatic spondyloarthritis; GEBD — genetically engineered biological drugs;
CRP — C-reactive protein; BASDAI — Bath Ankylosing Spondylitis Disease Activity Index; ASDAS — Ankylosing Spondylitis Disease Activity Score.
Mpumeqarue: AC — aHKuno3upytoLLmii cnoramnut; NMcA — ncopuatnyeckuii apTpuT; McCnA — ncopuatuueckuii cnonamnoaptput; TMBIN — reHHo-uHxe-
HepHble Bronoruyeckue npenapatel; CPb — C-peakTtuBHbIi 6enok; BASDAI — Bath Ankylosing Spondylitis Disease Activity Index; ASDAS — Ankylosing
Spondylitis Disease Activity Score.

Table 2. Cardiovascular diseases in patients with AS, PsA, and PsSpA
Tabnuua 2. CtpyKTypa CepLe4HO-COCYAMUCTON NaToNorM y NaLUMeHToB UCCeayeMbIX rpynn

Cardiovascular diseases All patients (n = 153) AS (n=53) PsA (n = 40) PsSpA (n = 60)
Hypertension, n (%) 76 (49.7) 20 (37.7) 25 (62.5) 31 (51.7)
Grade 1 54 (35.2) 14 (26.4) 18 (45) 22 (36.7)
Grade 2 6 (10.5) 4(7.6) 6 (15) 6 (10
Grade 3 63.9) 2(3.8) 1(0) 309)
Coronary artery disease (CAD), n (%) 7(11.1) 7(13) 5(12) 5(8.3)
Stable angina, FC 1-2, n (%) 13 (8.5) 5 (9.4) 4(10) 4(8.8)
Acute myocardial infarction, n (%) 8(5.2) 3(2.0) 3(7.5) 2(3.3)
Atrial fibrillation, n (%) 4(2.6) 2(3.8) 1(2.5) 1(1.7)
Rhythm disorder, n (%) 16 (10.4) 6(11) 5(12.5) 5(8.3)
Chronic heart failure (CHF), n (%) 14 (9.1) 3(.7) 6 (15) 5(8.5)
CHF grade |, n (%) 3(0.5) 1(2) 2 (5) 0(0)
CHF grade Il, n (%) 11(7.2) 2(3.8) 5(12.5) 4(6.7)

Note: AS — ankylosing spondylitis; PsA — psoriatic arthritis; PSpA — psoriatic spondyloarthritis.
lpumeyaHue: AC — aHkunosupyrowmii cnoHamnut; NMcA — ncopuatudeckuii aptput; NcCnA — ncopuatyeckmii CNOHAUNOAPTPUT.
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10-yr after starting treatment), whereas other patients had
a myocardial infarction before beginning treatment. Seven
patients (4.6%) had coronary angiography and/or stenting,
whereas one patient underwent coronary artery bypass
surgery. Conduction disorders were 10% more prevalent
in AS patients (28%) than in PsA patients (18%) and PsSpA
patients (18%). The incidence of cardiac rhythm disorders
was comparable in all groups. They were found in every
10" patient, with sinus tachycardia and extrasystole
being the most common types. Chronic heart failure was
more prevalent in patients with PsA. One PsA patient and
three PsSpA patients had previously experienced an acute
cerebrovascular accident.

Notably, 29% of the patients had dyslipidemia.
Dyslipidemia was significantly more prevalent in PsA and
PsSpA patients than in AS patients (Table 3). The lipid
metabolism parameters of PsA and PsSpA patients were
comparable. Mean cholesterol levels, low-density lipoprotein
levels, and total cholesterol to high-density lipoprotein
cholesterol ratio were significantly higher in PsA and PsSpA
patients than in AS patients.

An intergroup comparative analysis was conducted based
on obesity grades. The study found significant differences
(p < 0.001) in obesity grades among AS, PsA, and PsSpA

Tom 3, N2 4, 2023
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patients (Table 4). Obesity was more prevalent in patients
with PsA and PsSpA with grade 1 or 2 in most cases.

The SCORE system, RRS, and modified QRISK3 were used
to determine cardiovascular risk. The mean SCORE value
was significantly higher in PsSpA patients (1.98 [0.75; 3.28]
points) than in AS patients (1.59 [0.74; 3.61]) and PsA
patients (1.73 [1.18; 4.36]). However, there were no
significant differences after recalculating SCORE values for
rheumatological diseases (x 1.5). Most patients had SCORE
grades 2 and 3 (48% and 28%, respectively). There was no
difference between the groups.

The mean RRS values were 2.0, 3.0, and 4.0 for AS,
PsA, and PsSpA patients. Most patients had RRS grades 2
and 3.

QRISK found significant differences between the groups
(Table 5). More than half of PsA and PsSpA patients had risk
grades 3 and 4 compared with less than one-third of AS
patients. The mean QRISK score was significantly higher in
PsA and PsSpA patients than in AS patients (6.12 vs. 6.81 vs.
3.8, p =0.002), indicating a higher cardiovascular risk.

The CCl was used to assess comorbidities and predict
10-yr survival rates (Figure 2). The CCI score was higher in
PsA and PsSpA patients than in AS patients, affecting survival
parameters. Thus, AS and PsA patients had significantly higher

Table 3. Lipid metabolism parameters in patients with AS, PsA, and PsSpA
Ta6nuua 3. MNokasatenu MMNUAHOro 06MeHa y NaUMEHTOB UCCTIEAYEMbIX Mpynn

Lipid metabolism parameters AS (n =53) PsA (n = 40) PsSpA (n = 60) p
Dyslipidemia, n (%) 10 (19) 19 (48) 31(52) 0,001
Cholesterol (mmol/L), Me (25%; 75%) 4.53 (4.13;5.23) 5.50 (5.00; 6.30) 5.80 (4.98; 6.33) 0.001
HDL (mmol/L), Me (25%; 75%) 1.70 (1.58; 1.85) 1.72 (1.52; 1.90) 1.70 (1.39; 1.90) 0.6
LDL (mmol/L), Me (25%; 75%)] 2.55 (2.00; 3.04) 2.89 (2.40; 3.62) 2.89 (2.10; 3.61) 0.023
Total cholesterol to HDL cholesterol ratio 2.69 (2.47; 3.20) 3.33(2.88; 3.71) 3.21 (2.87; 4.04) 0.001

(mmol/L), Me (25%; 75%)

Note: AS — ankylosing spondylitis; PsA — psoriatic arthritis; PSpA — psoriatic spondyloarthritis; LDL — low density lipoproteins; HDL — high density.

lipoproteins.

Mpumeyarue: AC — aHKkunosmpytowmii cnoHamnut; McA — ncopuatnyeckui apTpuT; McCnA — ncopuatnyeckuin cnoHgunoaptput; JIMHMT — avnonpo-

TenHbl HU3KoM naoTHocTK; JIMBIM — nunonpoTenHbl BLICOKOM NAOTHOCTH.

Table 4. Obesity grades in the study groups

Taﬁnuua 4, Pacnpe.u.eneHme CTEeneHn 0XKnpeHua B uccnepyembix rpynnax nauneHToB

Obesity grade AS, n (%) PsA, n (%) PsSpA, n (%) P
0 34 (64) 8 (20) 14(23) < 0,001
1 13 (25) 15 (38) 23 (38)
2 3(6.7) 10 (25) 15 (25)
3 2(3.8) 5(12) 5(8.3)
4 1(1.9) 2 (5.0) 3 (5.0

Note: AS — ankylosing spondylitis; PsA — psoriatic arthritis; PSpA — psoriatic spondyloarthritis.
[pumeyaHue: AC — aHkunosupyrowmii cnoHamnnmt; NMcA — ncopuatuyeckuii aptput; NcCnA — ncopuatyecKmii CNOHAUNOAPTPUT.
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Table 5. QRISK scores in patients with ankylosing spondylitis, psoriatic arthritis, and psoriatic spondyloarthritis
Tabnuua 5. Mokasatenm wkansl QRISK y naumneHToB nccneayembix rpynn
Risk level
Patient group p
1 2 3 4

AS, n (%) 19 (51) 9 (24) 4 (15) 5 (14) 0.002

PsA, n (%) 4 (15) 6 (23) 13 (49,8) 3(12)

PsSpA, n (%) 7(16) 15 (34) 13 (30) 9 (20)

Note: AS — ankylosing spondylitis; PsA — psoriatic arthritis; PSpA — psoriatic spondyloarthritis.

IMpumeyarue: AC — aHKuNo3upyloLwmit cnoHannuT; McA — ncopuatndeckiuit apTpuT; NcCnA — ncopuaTyeckuit CNOHAMN0apTPUT.

All patients

AS  PsA  PsSpA
b

Fig. 2. Distribution of AS patients depending on the incidence of comorbidities in all patients (a) and by group (b). AS — ankylosing

spondylitis; PsA — psoriatic arthritis; PSpA — psoriatic spondyloarthritis

Puc. 2. Pacnpesienenue nauueHTos ¢ CnA B 3aBUCMMOCTM OT pacmpoCcTpaHEHHOCTU CONYTCTBYIOLLE NaToNoruK: @ — [J18 BCeX nalueH-
T0B; b — Mo rpynnaM nauuenToB. AC — aHKuno3upylowmii cnoHpmnm; McA — ncopuatuyeckuit apTput; McCnA — ncopuatuyeckwii

CNOHANN0apPTPUT
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10-yr survival rates than PsSpA patients (78% vs. 78% vs.
54%, p = 0.008).

The findings indicate that PsSpA patients have more
comorbidities than AS and PsA patients, affecting predicted
10-yr survival rates, which are significantly decreased in
PsSpA patients.

DISCUSSION

A review of comorbidities in patients with various forms
of SpA indicated that 72% of patients had at least one
concomitant disease. Cardiovascular diseases were the most
prevalent, affecting 63% of patients. Gastrointestinal diseases
were the second most prevalent, affecting 53% of patients.
The study cohort had a higher incidence of comorbidities than
larger cohort studies.

In a study of 3,379 SpA patients, 51% reported at least one
comorbidity, with 9% having three or more. The Rheumatic
Disease Comorbidity Index was associated with higher BASFI
scores, low quality of life (EuroQol), and lower employment
rates. The most prevalent comorbidities were hypertension
(33%), osteoporosis (13%), and gastrointestinal disorders
(12%) [101.

In the British registry of axSpA patients (n = 2,043),
44% had at least one comorbidity. Comorbidities were
more prevalent among older patients and those with
lower levels of education. Smoking was more prevalent
among patients with comorbidities (63% vs. 50%). Patients
with comorbidities showed increased disease activity but
no laboratory inflammatory markers. Each comorbidity
increased the BASDAI score by 0.4 and the back pain score
by 0.53. Depression, heart failure, and peptic ulcers were
associated with increased disease activity [11].

The most common cardiovascular diseases in our
cohort were hypertension (50%), CAD (11%), and conduction
disorders (22%). The most common gastrointestinal diseases
were Helicobacter pylori-associated chronic gastritis (37%),
gastroesophageal reflux disease (21%), and peptic ulcer (10%).

When comparing the three groups, patients with PSO
had more cardiovascular events and dyslipidemia, while
patients with PsSpA had significantly higher incidences of
hypertension, CAD, type 2 diabetes mellitus, dyslipidemia,
and obesity.

Several studies have found that patients with PsA are
more likely to develop hypertension, type 2 diabetes mellitus,
obesity, dyslipidemia, and metabolic syndrome. Insulin
resistance is associated with PsA.

Psoriasis is associated with lipid metabolism disorders
and obesity; inhibiting TNF-a can promote adipogenesis,
leading to weight gain [12].

Tom 3, N2 4, 2023

DOl https://doiorg/10.17816/cardarb 24781

Cardiac Arrhythmias

According to Miller’s CIRS-G, most patients had two to
four affected organs and systems. The mean CCl score was
1.99 £ 1.77, and the mean 10-yr survival was 80.6% =+ 24.0%.

Ballegaard et al. (2021) found that obesity, hypertension,
and CCl > 1 were associated with low efficacy of PsA
treatment [13].

This study focused on cardiovascular risk assessment.
At present, no standardized techniques for assessing
cardiovascular risk consider the presence of SpA.

Patients with PsSpA had the highest SCORE, QRISK3, and
RRS values when assessing cardiovascular risk. QRISK3 was
more helpful than SCORE and RRS.

Cardiovascular risk parameters in patients under the age
of 40 yr were assessed using the only available instrument,
QRISK3. Notably, 18% of patients had moderate to high risk
of MACEs. PsA and PsSpA patients had significantly higher
QRISK scores than AS patients (6.2 vs. 4.6 vs. 0.7, p = 0.002),
indicating a higher cardiovascular risk.

The CCl score indicated that AS and PsA patients had
the highest 10-yr survival rates (74%), whereas PsSpA
patients had the lowest (54%).

Cardiovascular risks were assessed in a cohort study
of 463 axSpA patients. During the 12 (7-19) yr of follow-
up, 12 patients (2.6%) died, with five (1.1%) fatalities due
to cardiovascular events. Nonfatal cardiovascular events
occurred in 61 patients (13.2%), with CAD in 29.5%,
myocardial infarction in 13.1%, transient ischemic attacks
in 4.9%, stroke in 23%, and heart failure in 24.6%. Patients
who experienced cardiovascular events were older, had more
common risk factors, used statins, antihypertensive drugs,
and acetylsalicylic acid more often, and had higher BASDAI
scores, ESR, and CRP levels. FRS, SCORE, and QRISK3
identified 8.2%, 11.5%, and 1.8%, respectively, of 61 patients
with cardiovascular events as being at high risk. High disease
activity and BASDAI scores (> 4) were associated with
increased cardiovascular risk. No relationship was found
between the study treatment and cardiovascular risk [14].

Within 10 yr of follow-up, 23 of 295 patients (7.8%)
reported their first cardiovascular event, which was
significantly associated with a high CRP level and high
BASDAI scores (> 4) [15].

Cardiovascular events were associated with type 2 diabetes
mellitus, hypertension, dyslipidemia, and atherosclerosis in
a French cohort study of SpA patients; patients taking NSAIDs
and TNF inhibitors had significantly lower cardiovascular risk
than those taking IL-17 inhibitors [16].

Thus, previous studies have indicated a relationship
between high disease activity and cardiovascular risk,
underlining the importance of SpA treatment in a timely and
appropriate manner.
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In our study, three AS patients had myocardial infarction
during treatment with TNF inhibitors. Although TNF inhibitors
may be beneficial in reducing cardiovascular risk, an
earlier study reported no TNF inhibitor-specific reduction in
cardiovascular disease incidence in axSpA patients [17].

The study of Spanish colleagues, who developed
a checklist for comorbidity assessment in axSpA patients
for doctors and patients, is highly beneficial in practice.
The checklist assesses comorbidities such as cardiovascular,
gastrointestinal, renal, and pulmonary diseases, lifestyle,
immunization status, and the risk of infectious diseases,
affective disorders, osteoporosis, and fractures. “Practices
to avoid” have been developed for physicians [18].

The ASAS-EULAR recommendations for axSpA
management were released in 2022 [19], including two new
and two revised recommendations since 2016 [20]. The two
new recommendations consider comorbidities. To treat
recurrent uveitis or IBD, anti-TNF-a monoclonal antibodies
are recommended, whereas IL-17 inhibitors are preferred for
psoriasis. If treatment does not yield results, comorbidities
should be considered.

CONCLUSION

Screening patients with SpA for cardiovascular risk
factors and diseases is recommended. Identifying risks and
current diseases will aid in developing additional treatment
and adjustment strategies depending on disease activity
and comorbidities. A multidisciplinary approach to treating
SpA patients will reduce the rheumatic disease burden
while improving the prognosis and quality of life in chronic
noncommunicable diseases.
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ABSTRACT

The continuing application of cardiac implantable electronic devices (CIED) has led to an increasing concern regarding dis-
turbances in the tricuspid valve (TV). The most prevalent TV issue related to lead implantation is tricuspid regurgitation.
CIED-induced tricuspid regurgitation is associated with emerging or worsening preexisting heart failure and increased mortal-
ity rate. Because discontinuing the implantation of these instruments is not feasible, further knowledge of their mechanical
problems may lead to advancements. This review addresses the available data regarding CIED-induced tricuspid regurgitation,
elucidating its plausible pathomechanisms, diagnostic methods, and prospective treatments.
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TpuKkycnuaanbHasa peryprutaums, UHAYLMPOBaHHaS
CEepPAEYHbIMU UMMIAHTUPYEMbBIMU IIEKTPOHHbIMM
ycTporcTBaMm (KpaTkuu 0630p)

PaHa 3a¢upa AMaHpa', Cuau JlakcHo MypsosuitoTo?

! BonbHuLa Bpaya obLuen npakTvkK Aipan Pas, I0xHbili NlamnyHr, MHaoHesus;

2 MeavumHCKWIA GakynsTeT, YHUBepcuTeT npodeccopa AoKTopa XaMkn Myxammaguu, TaHrepaHr, MHaoHesma

AHHOTALNA

AKTVBHOE NpuUMeHeHWe CepeYHbIX UMMNAHTUPYEMbIX 3MIEKTPOHHBIX ycTpoicT (CU3Y) BbibiBaeT pacTyLlylo obecnoKoeH-
HOCTb MO MOBOLY HapyleHun B paboTe TpUKycnuAanbHOro KianaHa. Haubonee pacnpocTpaHeHHoi npobneMoi, cBA3aH-
HOM C WMNNaHTaLMel 3M1eKTPOLOB, SBNAETCA TPUKYCNMAANbHAA Peryprutaums, Kotopas NpUBOAMT K BO3HUKHOBEHWKD WK
ycyrybneHuio yxe UMeloLLeiics cepAeYHON He[oCTaTOYHOCTH, @ CriefloBaTeNlbHO, K MOBLILIEHWIO YPOBHSA cMepTHocTU. [lo-
CKOJIbKY 0TKa3 0T MMMaHTaLuMm 3TUX YCTPOICTB HellenecoobpaseH, fanbHelliee U3ydeHne MexaHuieckux npobnem, ces3aH-
HbIX C UX paboToil, MOXET MPUBECTM K YNyuLLEHUO cuTyaumn. B aaHHoM o63ope cucTeMaTuavpoBaHbl UMelOLMECS AaHHble
0 TPUKYCNMAANBHOW Peryprutaumm, Bbi3aBaHHOM uMnnaHTaumen CU3Y, onucaHbl BeposiTHble MEXaHU3Mbl pa3BUTUS 3TOM NaTo-
NOTWM, METOAbI AMarHOCTUKU W MEPCNEKTUBHBIE HANPaBNEHUS B NEYEHUM.

KnioueBble cnosa: cepaeyHoe uMnnaHTupyeMoe 3fIeKTpoHHoe YCTPOVICTBO; TPUKyCnuaanbHaa peryprutauma; cepaeyvyHasa
HeJ0CTaTO4YHOCTb.
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INTRODUCTION

Cardiac implantable electronic device (CIED) usage
has become prevalent for cardiac rhythm detection and
management. CIEDs typically involve inserting a lead
through the tricuspid valve (TV) and fixing its end to the right
ventricle (RV). Numerous publications have described the link
connecting the device lead and the TV apparatus, leading to
severe tricuspid regurgitation (TR). TV regurgitation is the most
common TV malfunction associated with lead implantation.
The interval between implantation and clinical appearance can
range from a few weeks to up to 30 years [1-3].

TR progression is significantly noticeable in patients
with a higher ejection fraction after progressing from no
TV disease to mild TR. Nevertheless, TR progression is
more crucial in individuals with advanced heart failure
(HF) because it is associated with a considerably greater
incidence of severe TV illness. HF therapies may not be
effective in managing lead-induced TR, which could
worsen the prognosis. Therefore, improved prevention
and treatment are pivotal for identifying the patients most
susceptible to the effects of TR [4, 5].

CIED-induced TR is becoming more widely acknowledged
as a significant clinical disorder associated with an increased
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risk of HF and mortality. Poor clinical outcomes may result
from the underestimation of TR severity or late diagnosis of
worsening TR, regardless of the morphological varieties. This
study aimed to review the information currently available on
CIED-induced TR, describing its potential pathomechanisms,
diagnostic methods, and therapeutic options [1, 2, 6].

METHODS

An extensive electronic search was conducted using search
engines such as Google Scholar, ScienceDirect, and PubMed.
The search was limited to English-language articles published
between 2014 and 2023 using “cardiac implantable electronic
device” AND ‘“tricuspid regurgitation” as the keywords.
The search results included reviews, original papers, and case
reports. Articles with restricted access and those authored in
languages other than English were excluded. The extracted
articles were managed using the Mendeley software. After
arranging the search results based on the titles and abstracts,
the full texts of the publications were examined, and those
that matched the exclusion criteria were eliminated. A total
of 1.233 articles were retrieved through the search strategy,
and 14 articles met the criteria. The literature search process
is shown in Figure 1.

Records excluded (not full text,
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Fig. Diagram ilustrating study selection process
Puc. [lnarpamma, unntoctpupyloLLas npoLecc 0Tbopa UccneAoBaHmii

DOl https://doiorg/10.17816/cardar626186




48

OB30PL

RESULTS AND DISCUSSION

Definition

CIEDs, such as permanent pacemakers (PPMs),
implantable cardiac defibrillators (ICDs), and cardiac
resynchronization therapy devices, are increasingly being
used in patients with severe cardiac disorders. The lead in
CIEDs is usually placed extending across the TV and anchors
in the ventricle, whereas leadless cardiac pacemakers
(LCPM) are inserted right into the RV [7, 8].

CIEDs can lead to TV malfunction, which includes
regurgitation and, less typically, stenosis. TR provoked
or intensified by a right ventricular lead after pacemaker
placement is referred to as cardiac implantable electronic
device-induced TR. Various mechanisms have been proposed
to precipitate TR and right ventricular dysfunction after lead
implantation [3, 4, 6].

For CIED implantation, three methods are most often
used: prolapsing, direct crossing, and dropping down. Of
the three main methods of right ventricular lead placement,
the prolapsing technique may be less likely to result in
leaflet perforation or rupture than other techniques because
of less damage to the leaflets and subvalvular tissue.
In addition, because leads are often inserted with some
excess intraventricular lead loop length to allow movement
of the arm, the lead loop may cause anterior leaflet
entrapment [1, 9].

Epidemiology

The prevalence of CIED-associated TR varies from 7% to
45%, depending on the research methodology and population
observed. The different standards used in the studies, such
as wide variation in follow-up evaluation, imaging technique,
availability of baseline echocardiograms, study design, and
divergent interpretation for “significant” postprocedural TR,
caused several prevalence [1, 10, 11].

No substantial disparity was noted between the implanted
device type (ICD or PPM) and the likelihood of developing
postimplantation TR. An increased risk of TR was associated
with all devices. Patients’ TR severity increases by one or
two grades from pre- to postpermanent lead implantation.
Novel postimplant moderate or severe TR is associated with
poor right ventricular function and long-term (>10 years)
survival rates [12-14].

Hospitalizations for HF and all-cause mortality risk
were related to CIED-associated TR. After CIED placement,
there may be an increase in TR symptoms between 1 and
12 months, whereas hospitalization for HF only became
relevant more than a year after CIED implantation [15, 16].

Identifying risk factors for TR development after CIED
implantation has been the focus of numerous studies.
Atrial fibrillation and right ventricular systolic pressures
were linked to significant TR progression in a study by
Van de Heyning et al. Atrial fibrillation remained the only
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independent predictor after adjusting for the baseline
TR grade. Zhang et al. found no association between TR
and baseline atrial fibrillation and mild TR, age, or left
ventricular ejection fraction. In contrast, the time that
passed since the implantation and lead interference were
risk factors for worsening TR [6, 17].

Mechanism

Previously, the interaction between the device lead and TV
leaflets was considered a primary cause of TR. Nonetheless,
researchers have reclassified CIED-related TR as a distinct
etiologic category because of the numerous causes of TR in
the existence of a CIED. Mechanisms underlying CIED-related
TR can be classified into implantation, pacing, and device-
related [1, 8].

Conventional CIEDs require the implantation of a lead
through the TV, which may contribute to TR generation.
The most frequently mentioned mechanism among
implantation-related TR is lead impingement, which is
the mechanical interference of the ventricular lead with
leaflet movement. Additional implantation mechanisms
include leaflet perforation, impairment of the subvalvular
apparatus, entangled or ruptured chordae tendinae, and
perforated papillary muscles [1, 2, 4].

Frequently, TR is brought on by or made worse by typical
functional causes. Pacing-induced TR is a pathological
process triggered by electrical stimulation of the RV. In
the absence of mechanical leaflet interference, dyssynchrony
brought on by right ventricular stimulation appears to create
geometric alterations in the RV that lead to insufficient mitral
and TV coaptation. In this situation, nonapical right ventricular
pacing — pacing of the interventricular septum or right
ventricular outflow tract — may result in less dyssynchrony
and more natural ventricular activity than apical pacing. It
may also be linked to a decreased risk of TR worsening.
The lead's position in the RV — apical vs. nonapical —
influences the lead-leaflet relationship during its crossing
over the TV [1].

TR progresses at different rates depending on
the mechanism after CIED implantation. Mechanical
impingement/restriction of the leaflets or damage to the TV
apparatus are possible causes of acute TR alterations.
Significant changes in heart inflammation were also noted
a few days after surgery. Furthermore, endocarditis or
thrombus formation may be more likely to be caused by
the device [8, 18].

For severe TR or lead-related infections, transvenous
lead extraction (TLE) is a laborious treatment option.
The fundamental problem with TLE is that because of
considerable fibrous tissue growth along with lead
attachment to the TV apparatus, there is a high likelihood
of TV avulsion with increasing TR. The main risk associated
with TLE operations is TV tissue avulsion throughout
manual traction for lead expulsion, which can intensify TR
severity [1].
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Leadless pacemakers potentially intensify or even
develop TR because of their functional effects and mechanical
disruption of the TV subvalvular apparatus. Because of
the potential of leadless devices to become entangled in
the chordae tendineae or to interact directly with leaflets,
septal insertion of these devices has been demonstrated to
have a fivefold increased risk of intensifying tendinopathy
(TR) compared with apical implantation [11].

Because of lower left ventricular filling and elevated
right ventricular pressure, CIED-induced TR may present
as either left- or right-sided HF. Notable differences were
observed in the responses to HF therapies between lead-
induced and lead-nonrelated TR. If significant TR has
occurred during follow-up, the underlying cause should be
determined. HF therapies may not be effective in managing
HF associated with lead-induced TR, which could worsen
the prognosis [7, 15].

Diagnosis

The first imaging modalities for CIED implantation
are chest X-ray or ultrasonography. Chest radiography is
performed to verify the continuity of the leads and determine
the dislocation of the leads and their position relative to each
other. The gold standard for diagnosing and classifying TR
severity is echocardiography along with associated imaging
modalities. All available echocardiographic techniques must
be employed for the correct diagnosis of lead-related TR and
to distinguish the mechanism causing TR [1, 9].

Identifying a new or deteriorating TR after implantation
can be arduous if a baseline echocardiogram (before
implantation) is unavailable. In preparation for CIED
implantation, candidates should optimally undergo a thorough
baseline echocardiogram with the assessment of significance
on TV and right ventricular performance. In addition, routine
echocardiography after CIED implantation should be
performed to establish the presence of TV remodeling and
risky lead placement, both of which may result in lead-
induced severe TR [5, 8].

Two-dimensional (2D) transthoracic echocardiography
(TTE) has been the initial method for identifying and
classifying TR and assessing its hemodynamic effects.
2D imaging is applicable to determine the cause of TR,
grading of its severity, and evaluating how it affects right
ventricular performance. Since only two TV leaflets may be
seen at a time on the unusual parasternal view, conventional
2D TTE had limited ability to analyze the anatomy of the TV,
all the more, figuring out how the leaflets and a CIED lead
interact [1, 9].

The primary shortcomings of 2D echocardiography in
evaluating lead-related TR have been resolved by three-
dimensional echocardiography (3DE). All TV leaflets and
the pacing lead position can be observed concurrently
with 3D imaging. 3DE is critical for understanding
the pathophysiological pathways that cause lead-related
diseases. “En face” imagery from the ventricular and atrial
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viewpoints during TTE and 3DE can accomplish a thorough
TV evaluation [1, 14].

The following steps are involved in diagnosing TR
associated with lead: 1) Using a direct comparison of pre- and
postimplant TTE studies, the presence of TR is determined;
(2) TR is graded based on the most recommendations;
(3) using 2D echocardiography and 3D imaging to show
mechanical damage on the TV leaflets or apparatus;
(4) assessing the hemodynamic effect on the RV if TR is
greater than moderate; and (5) determining whether early
TLE or surgical treatment is necessary and feasible [1].

When 3D TTE visualization of leaflets is insufficient,
transgastric 2D or 3D transesophageal echocardiography
(TEE) and cine cardiac CT can be used to provide short-axis
TV imaging. On the condition that the lead position cannot
be established with certainty, TEE should be considered an
additional imaging modality. The use of cardiac magnetic
resonance imaging (MRI) for diagnostic purposes is limited
because notable local local artifacts in the vicinity of the CIED
leads affect cardiovascular MRI and frequently obscure
the view of the lead, valve, and related TR. Therefore, 3D
echocardiography is the preferred imaging modality for
diagnosing and planning interventional therapy for TR
associated with CIED [9, 11, 19].

Management

Treatment options include medical therapy and
percutaneous and surgical interventions. Medical therapy is
aimed at alleviating TR symptoms and right heart dilatation,
with diuretics as the primary treatment. Aldosterone
antagonists are recommended as helpful supplemental
medications, particularly for patients with hepatic congestion
and secondary aldosterone rise, whereas loop diuretics are
frequently used in severe TR and symptomatic right HF.*

The definitive therapy may require lead repositioning or
removal, either surgically or percutaneously, depending on
the expertise of each medical facility. Treating lead-related
TR with TLE may be appealing. Given the lack of defined
guidelines for the use of TLE in patients with pertinent TR,
a comprehensive risk—benefit analysis is crucial. Although
rare, significant damage to the TV apparatus may occur
throughout TLE, with a reported incidence of 2.5% across
over 2600 procedures. Furthermore, the clinical reason for
stimulation or pacing when lead extraction is required must
be reassessed, and alternative CIED techniques such as
subcutaneous ICDs, leadless pacemakers, epicardial, His-
bundle pacing, and coronary sinus lead positioning must
be considered. Nonetheless, mechanical issues that result
in substantial TR can still affect devices such as leadless
pacemakers [1, 8, 20].

In addition to severity and irreversible TV leaflet
impairment, risk for progressive tricuspid annular dilatation,
right ventricular enlargement or malfunction, and right
ventricular HF increased if CIED-related TR is not identified
and treated quickly. Most often, these cases require surgical
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valve replacement or repair. The current criteria for surgical
valve repair or replacement when CIED-induced TR occurs
consider the degree of regurgitation, presence of symptoms,
and right ventricular functionality [20].

The 2021 ESC Guidelines for the Management of Valvular
Heart Disease state that valve repair is preferred over valve
replacement when there is neither substantial TV degradation
nor annulus dilatation. No discernible difference in durability
was observed between CIED-induced and CIED-associated
TR, and TV repair was still feasible in 63% of the cases
with satisfactory long-term results. In 30% of the cases,
TV replacement was unavoidable. Several procedures have
been employed to repair the valve in patients with CIED-
induced TR. In some cases, a fibrotic reaction resulting in lead
encapsulation in the TV leaflet was observed and removed.
Typically, this process was adequate for the leaflet to move
freely [10, 211.

Therapy including transcatheter TV replacement (TTVR) or
percutaneous transcatheter edge-to-edge TV repair (T-TEER)
for severe TR has recently become available as a nonsurgical
option to reduce TR severity in high-risk patients. TTVR in
patients with CIED achieves procedural performance and TR
reduction similar to those in patients without CIED [22].

Limitation

The primary limitation to the generalization of these
results is the heterogeneity of the research methodologies
and populations observed in the studies. This article does
not restrict the standards used in each investigation, such
as study design, evaluation period, imaging technique, and
availability of baseline echocardiography. Nonetheless,
these findings must be interpreted with caution, and certain
limitations should be considered.

CONCLUSION

Patients with CIED have a higher risk of TV disorders,
particularly regurgitation. CIED-related TR is recognized
as a particular etiologic group because of multiple causes,
including implantation, pacing, and device-related. To facilitate
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