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Research article

Prognostic value of N-terminal Brain Natriuretic
Peptide (NT-proBNP) in Risk Assessment of Adverse
Cardiovascular Events in Patients with Atrial
Fibrillation and Heart Failure with Reduced Left
Ventricular Systolic Function

Marina Ch. Matsiukevich, Darya A. Bubeshka, Viktor A. Snezhitskiy

Grodno State Medical University, Grodno, Belarus

According to Russian epidemiological studies, the incidence of chronic heart failure (HF) in the general population is ap-
proximately 7%, increasing from 0.3% in the group aged 20-29 years to 70% in patients aged > 90 years [1]. In the general
population, the incidence of atrial fibrillation (AF) ranges from 1% to 2%, which increases with age, that is, from 0.5% at the
age of 40-50 years to 5%—15% at the age of 80 years [2]. HF and AF aggravate significantly each other’s course and mutually
increase the risk of adverse outcomes [3, 4]. Moreover, the incidence of AF in patients with HF increases with increasing New
York Heart Association (NYHA) grade; that is, among patients with HF of NYHA grade I, the incidence of AF is < 5%, whereas
among patients with HF NYHA grade IV, the AF incidence in > 50% [5].

Chronic HF is a syndrome with complex pathophysiology, which is characterized by the activation of neurohumoral systems,
namely, the renin—angiotensin—aldosterone system (RAAS), sympathetic nervous system (SNS), and insufficient activity of the
natriuretic peptide (NUP) system. In the early stage of HF, i.e. asymptomatic dysfunction of the left ventricle, the activation of
the SNS and RAAS plays a compensatory role aimed at maintaining cardiac output and circulatory homeostasis [6]. Moreover,
the NUP system has a counter-regulatory function in relation to the RAAS and SNS, and with prolonged and excessive activation
of the SNS and RAAS or with insufficient NUP system activity, imbalance occurs and HF progresses [7].

The brain natriuretic peptide (BNP) and biologically inactive N-terminal fragment of BNP (NT-proBNP) are the most studied
and significant in clinical practice representatives of the NUP system. BNP and NT-proBNP are secreted by cardiomyocytes
of the left ventricular (LV) myocardium in response to an increase in the mechanical load and stress of the LV myocardium.
NT-proBNP is widely used as a test to rule out HF in patients with dyspnea. The NUP level also correlates with the severity and
prognosis in patients with an established diagnosis of HF, and studies have reported that the NUP level acts as a criterion for
treatment efficiency in patients with HF [8]. NT-proBNP is a biomarker not only for HF but also for several other conditions,
such as acute coronary syndrome and myocardial infarction (MI), because it is associated with an increased risk of death from
all causes, regardless of age, stable effort angina grade, myocardial infarction history, and LV ejection fraction (LVEF) [9].

NT-proBNP levels can be influenced by several additional factors such as age, obesity, or glomerular filtration rate. The
prognostic value of NT-proBNP is relevant in comorbid patients with AF associated HF because AF can increase NT-proBNP
levels independently [10]. Given that NUP secretion depends on intracardiac hemodynamics, the NT-proBNP levels may also
depend on the approach to managing AF. Tachycardia is associated with high NT-proBNP levels [11].

The rhythm control approach has advantages over the heart rate control approach in patients with HF and LVEF < 50% to
reduce mortality and the number of unplanned hospitalizations due to HF progression [12].

To date, the prognostic significance of NT-proBNP levels in relation to the risk of adverse events in patients with HF and
reduced LV systolic function associated with AF, depending on the approach of AF management, remains unresolved.

This study aimed to assess the predictive value of NT-proBNP in relation to the development of adverse cardiovascular
events in patients with permanent or persistent AF associated with HF and LVEF < 50%.

Keywords: atrial fibrillation; heart failure; NT-proBNP; prognostic value.
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HayuHas craTbs

lMporHocTuyeckas s3HauMMocTb N-TepMUHanbHoOro
¢parMeHTa MO3roBoro HaTpUMypeTU4YecKoro
nentuga (NT-proBNP) B oueHke pucka passutus
Heb6naronpuATHLIX COObLITMI Y NaLUEHTOB

¢ pubpunnsaumen npeacepaunA B COMETaHUM

C CepAeyHoOM He0CTaTOYHOCTbIO CO CHUXKEHHOM
CUCTONMYECKOW (YHKLMEN NIeBOro XeayAouKa

M.Y. Martiokesuy, [1.A. bybewko, B.A. CHexuuKkumn

[POLHEHCKMIA rOCYAAPCTBEHHBIN MeAULMHCKUI yHUBepcuTeT, [poaHo, benapychb

AxkmyansHocme. Hanbonee 3HauMMbIM B KJIMHUYECKOW MpaKTUKe BUOMapKepoM cepaeyHoii HepoctatouHoctu (CH) sB-
nsietcst N-TepMUHanbHbIA parMeHT Mo3roBoro Hatpuiypetuyeckoro nentuga (NT-proBNP). NT-proBNP Takke sBnsetcs
MPOTrHOCTUYECKMM MapKepoM Pa3BUTUS TSIKENbIX KIIMHUYECKMX UCXOZ0B Y maumeHToB ¢ dmbpunnsaumein npegcepamin (ON)
be3 amarHocTupoBaHHoi CH. MporHoctyeckas 3HauMMocTb NT-proBNP B oTHOLIEHWM pucka pa3BUTMA HebnaronpusiTHbIX
cobbiTnin y naumentos ¢ ®MN u CH ¢ dparumen Boibpoca nesoro enypodka (OB JIXK) < 50 %, B 3aBUCMMOCTY OT TaKTUKM
BefeHusa DI, He [OCTaTOYHO U3yYeHa.

Llente. OuenuTb nporHocTuyeckyo LieHHoCTb NT-proBNP B oTHOwWeHUM pa3suTus HebnaronpusTHbIX CepAeYHO-COCYau-
CTbIX CODBITMIA Y NALMEHTOB C NOCTOSIHHOM UnKM nepcucTupylowen gopmoii O B couetanumn ¢ CH ¢ OB JIK < 50 %.

Mamepuaner u Memodsl. 06cnepoBaHo 152 naumenta ¢ Of1 B couetanum ¢ CH ¢ OB JIXK < 50 %. Bcem naumenTam bbinn
BbinosiHeHbl: 3X0 KI, 24-yacoBoe MonutopupoBaHue K, onpepenenue ypoBHs NT-proBNP. KoHeuHas Touka ans oueHKu
nporHo3a Teyennss CH — pexkomnencaumsa CH 1 cBA3aHHas ¢ 3TUM rocnuTanu3aLms, KOHeYHas TOUKa 1 OLEHKW NporHosa
Teyenns O — peunaus O nocne ycnewwHoi anekTpuyeckoii Kapanosepeun (IKB). Onpefenenne npeanKTOpoB Hebnaro-
NPUATHOrO UCX0[a NPOBEAEHO METOA0M MHOro(haKTOPHOr0 PerpeccMoHHOr0 aHanumsa.

Pesynemamel. TNepuop Habnoaenns coctasun B cpegHem 12,4 [oT 11 po 14,5] Mecsua. MaumeHTbl ¢ nepeucTMpyloLLei
topmoit O n CH ¢ OB JTXK < 50 %, umetowme yposeHb NT-proBNP = 1096 nr/mn nepea 3KB, uMenu bonee BbICOKWI pUcK
peumaousa O, OLL = 2,12 [95 % AW ot 1,48 no 4,1]. YpoBeHb NT-proBNP = 1184 nr/Mn accoummpoBaH € NOBbILLIEHHBIM pu-
CKOM fieKoMneHcaumm CH 1 cBA3aHHOM € 3TUM FOCMIUTaNM3aLmMM Y NaLMeHTOB € NOCTOsHHOM dopMoii O n guarHocTMpoBaH-
Hoi CH ¢ ®B JIX < 50 %, Ol = 2,61 [95 % OW ot 1,15 po 5,85].

Beieode!. MosbileHHbIN ypoBeHb NT-proBNP coxpaHsieT cBoto NPOrHOCTMYECKYH 3HaUMMOCTb B OTHOLLEHWUW pUCKa pa3Bu-
TSt HebnaronpuaTHbIX cobbITkiA Y NaumeHToB ¢ O n CH ¢ OB JIXK < 50 %. 31 pesynbTaThl AEMOHCTPUPYIOT YHUBEPCANBHOCTL
1 BbICOKYI0 UH(OpMaTMBHOCTL onpefeneHus ypoBHs NT-proBNP 1 no3BonsioT afeKBaTHO OLIEHWBATb KaK TAXECTb M MPOrHO3
TeueHus CH y naumeHToB Ha doHe O, Tak u puck peunamsa @Iy naumentos ¢ CH ¢ ®B JIXK < 50 %.

KnioueBble cnoBa: pubpunnsums npeacepamin; cepaeyHas HeocTaTouHOCTb; NT-proBNP; nporHocTUyeckas 3HauMMOoCTb.
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MATERIALS AND METHODS

The study included 152 patients with AF associated
with ischemic heart disease (IHD) that was associated with
HF and LVEF < 50% (LVEF 42.0% [39; 45.5]). The inclusion
criteria were as follows: persistent or permanent AF, age
35-70 years, and documented manifestation of HF with
LVEF < 50% for at least 3 months before inclusion in
the study. The exclusion criteria were as follows: paroxysmal
AF, AF associated with organic valvular heart disease, acute
myocardial infarction (MI) or Ml < 6 months old, progressive
exertional angina, acute myocarditis, operated valvular
disease of any localization, hemodynamically significant
stenosis of the coronary arteries, complete block of one of His
bundle branches, severe renal failure (glomerular filtration
rate [GFR] < 30 mL/min/m?), changes in the levels of thyroid
hormones, and electrolyte disorders. At the time of study
inclusion, all patients underwent standard general clinical
laboratory tests, transthoracic echocardiography (LVEF was
assessed using the Simpson method in the B-mode), and
24-h ECG monitoring.

The NYHA grade was determined using a 6-min walk
test. The HF phenotype was determined based on the LVEF
according to the classification [13], where LVEF < 40%
indicates heart failure with reduced left ventricular ejection
fraction (HFrEF) and LVEF of 41%-49% indicates heart failure
with a moderately reduced left ventricular ejection fraction
(HFmrEF).

The NT-proBNP level was determined by enzyme
immunoassay in the venous blood serum. The technique was
performed according to the manufacturer’s instructions, and
the expected normal levels for NT-proBNP range from 0 to
125 pg/mL.

The primary endpoints of the study were AF recurrence
(in patients with persistent AF) after successful electrical
cardioversion (ECV) and hospitalization due to AF progression
in patients with persistent AF. The criteria for recurrent AF
include a documented episode of AF lasting >30 s. The criteria
for HF progression are an increase in clinical signs/symptoms
of HF, a decline in the NYHA grade, and an increase in
NT-proBNP levels.

Statistical data processing was performed using
the STATISTICA 10 software package (StatSoft Inc.) and
StatTech v. 2.6.6 (Stattech, Russia). Quantitative indicators
were assessed for compliance with the normal distribution
using the Shapiro-Wilk test (< 50 subjects). Levels of
indicators between the two groups were compared using
the non-parametric Mann-Whitney U-test. Descriptive
statistics of numerical indicators were presented as Me [Lg;
Uqgl, where Me is the median, Lq is the 25" percentile, and
Uq is the 75th percentile. Qualitative indicators in the groups
were described using absolute and relative frequencies of
occurrence (percentage). Percentages in the analysis of four-
field contingency tables were compared using Pearson’s
X’-squared test. To assess the diagnostic significance of
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the combinations of quantitative and qualitative attributes
in predicting a certain outcome, direct enumeration and
filtering of binary logistic regression models were employed.
The threshold value of the level of statistical significance was
taken as equal to 0.05.

All participants were informed about their inclusion in
the study and signed an informed consent to participate.
The study complies with the Declaration of Helsinki and was
approved by the local ethics committee (Protocol No. 1 dated
January 26, 2020).

RESULTS

Depending on the AF form, all patients were initially
distributed into two groups. Group 1 included 60 patients with
persistent AF and HF with LVEF < 50% (mean age, 57 [54;
61] years, 85% men), and group 2 included 92 patients with
persistent AF and HF with LVEF <50% (mean age 56 [52;
65.5] years, 85.7% men).

The average follow-up duration was 12.4 [11-14.5] months.
By the end of the follow-up period, 26 (43.3%) patients in
group 1 maintained sinus rhythm (subgroup 1a), and 34 (56.7%)
patients had an AF recurrence (subgroup 1b). The median
sinus rhythm maintenance in the group with recurrent AF
was 2.4 [1.3; 5.3] months. The compared subgroups did not
differ in the regimens and doses of antiarrhythmic therapy at
the time of inclusion in the study. Patients in both subgroups
were comparable in terms of sex, age, major risk factors, and
structure of cardiovascular diseases (CVDs). Individuals having
their first episode of arrhythmia and those having a lower
NYHA grade were more common in the group without AF
recurrence. The characteristics of the studied subgroups are
presented in Table 1.

Both subgroups initially did not differ in general laboratory
parameters. However, at the time of study enrollment,
patients with recurrent AF had significantly higher NT-proBNP
levels. The NT-proBNP levels measured before the ECV
were 676 [354; 958] pg/mL in subgroup 1a and 1481 [652;
2339] pg/mL in subgroup 1b (p = 0.0001).

The evaluation of EchoCG parameters measured before
ECV revealed no statistically significant differences between
the studied subgroups in terms of the left atrial volume
(LAV; 130.2 [109.7; 143.4] mL versus 138.9 [108.8; 148] mL),
LAV index (LAVI; 48.2 [39.7; 62.4] mL/m? versus 53.2 [40.4;
65.8] mL/m?), left ventricular end-systolic dimension
(LV ESD; 44 [41; 51.5] mm versus 47 [43.5; 51] mm),
left ventricular end-diastolic dimension (LV EDD; 59 [56;
62.5] mm versus 61 [56.5; 64] mm), end-diastolic volume
index of the left ventricle (LV EDVI; 98.7 [87.2; 111.8] mL/m?
versus 106.4 [84.4; 118.5] mL/m?), end-systolic volume
index of the left ventricle (LV ESVI; 54.2 [43.2; 66.4] mL/m?
versus 60.7 [44.1; 70.3] mL/m?), LVEF (45% [39%; 47.5%]
versus 42% [38%; 46%]), dimension of the right ventricle
(25 [22; 26] mm versus 25 [24; 26] mm), LV myocardial
mass (315 [278; 352] g versus 320 [289; 374.5] g), and LV
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Table 1. General characteristics of the patients.
Subgroup 1a Subgroup 1b
Characteristics of patients No AF recurrence AF recurrence P
(n=26) (n = 34)
Age, years 58 [53; 62] 59 [56; 64] is
Male, n (%) 22 (84,6) 29 (85,3) is
BMI, kg/m? 31127,5; 34] 32 [29; 36] is
GFR, mL/min/1.73 m? 64 [51: 74] 59 [51; 691 is
Duration of AF episode before ECV, months 31[2; 5] 51[2; 6] is
New episode of AF, n (%) 19.(73.1) 14 (41.2) 0,01
Comparative characteristics of patients according to the cardiovascular disease structure
[HD, n (%) 26 (100) 34.(100) is
SEA, n (%) total 21(80.8) 27 (79.4) is
Grade 1 6 (28.5) 5(18.5) is
Grade 2 11 (53.4) 13 (48.1) is
Grade 3 4(19.1) 9 (33.4) is
History of MI, n (%) 5(19.2) 7 (20.6) is
CH (NYHA), n (%)
Grade | 4 (15.4) 1(2.9) 0,02
Grade Il 20 (76.9) 19 (55.9) is
Grade IlI 2(1.7) 14 (41.2) 0,01
20 (76.9) 24 (70.6) .
HFmrEF/HFrEF, n (%) 623.1) 10 (29.4) is
AH, n (%) total 23 (88.4) 29 (85.3) is
Degree 1 3(13.1) 2(6.9) is
Degree 2 19 (82.6) 23 (79.3) is
Degree 3 1(4.3) 4(13.8) is

Note: AH — arterial hypertension; BMI — body mass index; CVD — cardiovascular disease; GFR — glomerular filtration rate (CKD-EPI); HFmrEF — heart
failure with moderately reduced left ventricular ejection fraction; HFrEF — heart failure with reduced left ventricular ejection fraction; IHD — ischemic
heart disease; is — insignificant differences; Ml — myocardial infarction; NYHA — New York Heart Association grade; SEA — stable effort angina.

myocardial mass index (152 [135; 177] g/m? versus 154 [134;
183] g/m?). Patients with arrhythmia recurrence had a higher
level of pressure in the pulmonary artery (41 [35; 47] mm
Hg versus 35 [33.5; 44.5] mm Hg in subgroups 1b and 1a,
respectively, p < 0.01).

To identify predictors of AF recurrence in patients with
HF and LVEF < 50%, clinical, anamnestic, laboratory, and
instrumental parameters were included in the univariate
regression analysis (Table 2).

In the multivariate regression analysis, only the NT-
proBNP level retained its predictive value for AF recurrence
(OR = 1.35 [95% ClI 1.14-3.04]). According to the ROC
analysis results, the level of NT-proBNP of > 1096 pg/mL
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with a sensitivity of 86.0% and a specificity of 84.3% is
associated with recurrent AF (area under the ROC curve,
0.89; 95% CI 0.81-0.95). Patients with persistent AF and
HF with an LVEF < 50%, who have an NT-proBNP level of
> 1096 pg/mL before ECV have an increased risk of recurrent
AF (OR = 2.12 [95% CI 1.48-4.1]).

Patients with permanent AF and HF with LVEF < 50%,
who were hospitalized during the follow-up period due
to HF progression, were included in subgroup 2a, and
67 (72.8%) patients with permanent AF and HF with LVEF
< 50%, who were not hospitalized during the follow-up
period, were included in subgroup 2b. During the follow-
up, both subgroups were taking the main groups of drugs
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Table 2. Data included in univariate regression analysis
Characteristics of patients p-value RR Cl -95% Cl +95%
Age 0.54 0.98 0.92 1.05
Sex 0.07 2.62 0.92 7.48
Cardiovascular disease heredity 0.69 0.83 0.33 2.09
AF heredity 0.83 1.13 0.37 3.44
Smoking 0.05 1.02 0.92 1.48
New AF episode 0.03 1.03 1.002 1.14
Age of AF, months 0.77 0.99 0.85 1.13
Body mass index, g/m? 0.55 1.03 0.93 1.14
Type |l diabetes mellitus 0.89 0.95 0.72 1.24
GFR, mL/min 0.4 0.99 0.97 1.01
NT-proBNP, pg/mL 0.0003 1.53 1.19 4.64
Average daily HR (before ECV), beats/min 0.02 1.02 1.003 1.24
LA volume, mL 0.87 1.12 0.91 1.49
LAVI, mL/m? 0.23 1.08 0.96 1.18
LV EDD, mm 0.93 1.004 0.92 1.1
LV ESD, mm 0.33 1.04 0.96 1.12
LV EDVI, mL/m? 0.71 1.012 0.91 1.1
LV ESVI, mL/m? 0.44 1.03 0.89 1.05
LV SV, mL 0.26 0.98 0.96 1.01
LVEF, % 0.17 0.97 0.93 1.01
LVMM, g 0.87 0.98 0.75 1.27
LVMI, g/m? 0.75 0.99 0.98 1.02
Systolic PAP, mm Hg 0.001 1.15 1.09 1.65

Note: AF — atrial fibrillation; EDD — end-diastolic dimension; EDVI — end-diastolic volume index; ESD — end-systolic dimension; ESVI — end-systolic
volume index; GFR — glomerular filtration rate (CKD—EPI); LA — left atrium; LAVI — left atrial volume index; LV — left ventricle; LVMI — left ventricular
mass index; HR — heart rate; MM — mass of the left ventricular myocardium; NT-proBNP — N-terminal fragment of brain natriuretic peptide; PAP —

pulmonary artery pressure; SV — stroke volume.

indicated for HF, such as angiotensin-converting enzyme
inhibitors/angiotensin Il receptor blockers/angiotensin
receptor and neprilysin inhibitors, beta-adrenergic blocking
agents, mineralocorticoid antagonist receptors, and diuretics.
Groups 2a and 2b received comparable therapy in groups and
doses of drugs taken.

In a retrospective analysis, both subgroups were
comparable in terms of sex, age, major risk factors, and
CVD structure. However, subgroup 2a included a significantly
smaller number of patients with HFmrEF than subgroup 2b
(10 patients [40%] versus 47 patients [70%]; p = 0.02), and
subgroup 2a also had significantly more patients who had
one or more episodes of hospitalization associated with HF
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progression (14 patients [56%] versus 19 [28%]; p = 0.03)
(Table 3).

In a retrospective analysis, both subgroups did not differ
in general laboratory parameters. However, in a retrospective
analysis, subgroup 2a had significantly higher NT-proBNP
levels at the time of study enrollment. The NT-proBNP level in
the subgroup with repeated hospitalizations was 2293 [1300;
4675] pg/mL, and in the subgroup without hospitalizations, it
was 989 [758; 1600] pg/mL (p < 0.0005).

At the time of study inclusion, groups 2a and 2b were
comparable in terms of the level of systolic pressure in
the pulmonary artery; however, compared with group 2b,
group 2a was characterized by significantly higher values
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Table 3. General characteristics of the patients.
Subgroup 2a Subgroup 2b
AF + HF AF + HF
Characteristics of patients Hospitalized due to HF Not hospitalized due to HF p
progression progression
(n = 25) (n=67)
Age, years 56 [50; 65] 61[53; 66] is
Male, n (%) 21 (84) 58 (86) is
2 . .
BMI, kg/m 31 [26.4: 35] 30 [27; 34,7] is
GFR, mL/min/1.73 m? 59 [49: 73] 68 [53;74] is
Dyslipidemia, n (%) 15 (60) 39 (58) is
AF duration, months 17 112 62] 23 [12; 44] is
1.or more episodes of hospitalization due to HF progression in 14 (56) 19 (28) 003
history, n (%)
Comparative characteristics of patients according to the structure of cardiovascular disease
[HD, n (%) 24 (96) 67 (100) is
SEA, n (%) total 11 (44) 19 (28) is
Grade 1 2 (8) 3(4) is
Grade 2 5(20) 6(9) is
Grade 3 4(16) 10 (15) is
History of MI, n (%) 4 (16) 20 (30) is
HF (NYHA), n (%)
Grade | 1(4) 3(5) is
Grade Il 15 (60) 43 (64) is
Grade Ill 9 (36) 21(31) is
HFmrEF/HFrEF, n (%) 10 (40)/15 (60) 47 (70)/20 (30) 0,02
AH, n (%) total 23(92) 61(91) is
Degree 1 3(12) 4 (6) is
Degree 2 19 (76) 49 (73) is
Degree 3 1(4) 5(7) is
Type Il DM, n (%) 5(20) 16 (24) is

Note: AH — arterial hypertension; BMI — body mass index; CVD — cardiovascular disease; DM — diabetes mellitus; GFR — glomerular filtration
rate (CKD-EPI); HFmrEF — heart failure with moderately reduced left ventricular ejection fraction; HFrEF — heart failure with reduced left ventricular
ejection fraction; IHD — ischemic heart disease; is — insignificant differences; Ml — myocardial infarction; NYHA grade — New York Heart Association

grade; SEA — stable effort angina.

of the LAV (138.8 [119.7; 151.4] mL versus 119.3 [99.5;
135.1] mL/m?, p = 0.02), LAVI (74.2 [51.9; 87.5] mL/m?
versus 59.9 [43; 75.5] mL/m?, p = 0.015), higher LV EDD
(64 [60; 65] mm versus 59.5 [55; 63] mm, p = 0.002),
LV ESD (49 [47; 53] mm versus 44 [41; 52] mm, p=0.01), LV
EDVI (106.9 [100; 122.7] mL/m? versus 94.4 [79.6; 104.4]
mL/m?, p=0.01), and LV ESVI (68 [51.7; 75.8] mL/m? versus
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51.9 [43.2; 66.2] mL/m?, p = 0.01). In group 2a, a tendency
toward a lower LVEF was found; however, the level of
statistical significance was not reached (39 [34; 45]%
versus 42 [38; 46]%, p = 0.09).

To identify predictors of readmissions due to HF
progression among patients with AF and HF with reduced
LV systolic function, a univariate regression analysis was
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Table 4. Data included in the univariate regression analysis.
Characteristics of patients p-value RR Cl - 95% Cl + 95%
Age 0.57 0.98 0.90 1.08
Sex 0.05 2.12 0.92 6.88
Heredity for cardiovascular diseases 0.75 0.88 0.42 1.09
Smoking 0.05 0.99 0.87 1.18
Age of AF, months 0.80 2.08 0.85 443
Body mass index, g/m? 0.72 1.89 0.97 2.24
Type 2 diabetes mellitus 0.03 2.07 0.82 1.14
GFR, mL/min 0.4 0.93 0.99 1.88
NT-proBNP, pg/mL 0.0001 2.83 1.29 3.24
Average daily HR, beats/min 0.62 1.02 0.93 1.14
LA volume, mL 0.055 1.13 0.99 1.38
LAVI, mL/m? 0.04 1.21 1.02 1.27
LV EDD, mm 0.03 1.34 1.02 1.17
LV ESD, mm 0.06 1.04 0.98 1.72
LV EDVI, mL/m? 0.04 1.21 1.04 3.92
LV ESVI, mL/m? 0.06 1.13 0.98 1.21
LVEF, % 0.81 1.36 0.85 1.47
LV MM, g 0.02 1.06 1.009 1.14
LVMI, g/m? 0.75 0.99 0.98 1.02
Systolic pressure in PA, mm Hg 0.65 1.15 0.96 1.05

Note: GFR — glomerular filtration rate; LA — left atrium; LAVI — left atrial volume index; LV EDD — left ventricular end-diastolic dimension; LV EDVI —
left ventricular end-diastolic volume index; LV ESD — left ventricular end-systolic dimension; LV ESVI — left ventricular end-systolic volume index;
LV MM — mass of the left ventricular myocardium; LVEF — left ventricular ejection fraction; LVMI — left ventricular mass index; PA — pulmonary artery.

performed, including clinical anamnestic, laboratory, and
instrumental parameters (Table 4).

In the multivariate regression analysis, NT-proBNP levels
retained their predictive value for the progression of HF
symptoms, with an OR of 1.28 [95% CI 1.12-4.16]. According
to the results of the ROC analysis, the level of NT-proBNP
of > 1184 pg/mL with a sensitivity of 79.7% and a specificity
of 65.3% is associated with HF progression in patients with
permanent AF and diagnosed HF with LVEF < 50% (area
under the ROC curve, 0.714 [95% Cl 0.573-0.854]). Patients
with persistent AF and HF with an LVEF < 50%, who had
NT-proBNP levels of >1184 pg/ml, had a 2.61-fold increased
risk of progression of HF symptoms [95% CI 1.15-5.85].

DISCUSSION

As the prevalence of AF increases, the prevention of its
complications has important public health and economic
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benefits. Despite significant progress in the prevention of
thromboembolic complications, particularly ischemic stroke,
less attention has been paid to methods for preventing
the adverse course of HF. The chronology of HF and AF
development is of practical interest because it can affect
the prognosis. It is assumed that AF development in
the presence of HF is associated with an unfavorable outcome.
Conversely, AF may contribute to HF development [14].
HF decompensation develops, and 20%-30% of all patients
with AF need hospitalization [15]. Generally, AF development
increases significantly the risk of lethal outcomes from CVD and
common causes in patients with HF, both with reduced LVEF and
in patients with preserved LVEF. The presence of AF presages
a greater risk of mortality, especially among individuals with
HFrEF (OR 2.72; 95% CI 2.12-3.48) compared with HF with
preserved LVEF (OR 1.83; 95% CI 1.41-2.37) [16, 17].

When assessing the risk of HF progression and
hospitalization in patients with AF and HF with an

1
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LVEF < 50%, depending on the chosen approach for AF
management, patients with HF and persistent AF had
a lower risk of hospitalization because of HF progression,
who could maintain sinus rhythm throughout the follow-up
period compared with patients with persistent AF who had AF
recurrence and compared with patients with permanent AF.

AF and atrial flutter are associated with higher blood
levels of BNP/NT-proBNP, with NT-proBNP levels in patients
with AF typically above diagnostic thresholds for HF. To
assess the prognosis of the HF course, due to the uncertainty
of the threshold value of the NT-proBNP level in the presence
of AF, randomized controlled trials in patients with HF
traditionally focus on higher threshold values of NT-proBNP
[18]. Despite attempts at developing models for predicting
the risk of HF in patients with AF, none of these models
included the BNP/NT-proBNP levels [19].

Regardless of the chosen approach of AF management,
in patients with AF associated with HF with LVEF < 50%,
the NT-proBNP level retains prognostic significance. This
can be due to the pathophysiological relationship between
HF and AF, which consists of the development and
progression of pathological myocardial remodeling. Despite
the reversibility of LV dysfunction, after the restoration of
sinus rhythm, factors for the development of arrhythmia
and adverse outcomes of HF persist [20]. Neurohumoral
activation, structural and functional remodeling of the atrial
and ventricular myocardium, endothelial dysfunction,
inflammation, and activation of the prothrombotic system do
not ensure a reduction in the risk of acute cardiovascular
events even after the restoration of sinus rhythm and
reversible LV dysfunction [21, 22]. Based on our results, an
elevated NT-proBNP level is associated with an increased
risk of adverse outcomes in patients with HF-associated
AF, both in patients with permanent AF and patients with
successfully restored sinus rhythm. In both patients with
recurrent AF and with developed HF decompensation,
comparative analysis revealed a tendency to larger LA
sizes, indicators of LV volumes and sizes, and tendency to
a lower LVEF value. However, these widely used markers of
the adverse clinical course of both AF and HF have not been
revealed to be predictive in the multivariate analysis.

The results of our study are consistent with those of
Brady et al. [23], who stated that in patients with HF and
LVEF < 35%, higher NT-proBNP levels are associated with
hospitalization due to HF or death from CVD, both in patients
with AF and patients without a history of AF episodes.

In this study, we also assessed the predictive value of
NT-proBNP levels in relation to the risk of AF recurrence
after successful ECV, associated with HF with an LVEF < 50%,
while a high NT-proBNP level, determined immediately
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on the day before ECV, was considered a predictor of AF
recurrence. Clinical manifestations of AF, in particular heart
rate, correlate significantly with NT-proBNP levels. This
was confirmed by Kuroda et al. [24], who reported that
the BNP levels decreased significantly immediately after
the restoration of sinus rhythm in comparison with the level
measured immediately before cardioversion. A decrease in
the BNP level may be associated with both a decrease in AF
severity and a slowdown in the processes of LV myocardial
remodeling, which is associated with the sinus rhythm.
However, the development of reverse myocardial remodeling
is a long-term process, and a rapid decrease in BNP levels
after cardioversion indicates a decrease in hemodynamic load
and a positive effect on sinus rhythm. Patients with more
hemodynamically significant AF showed a more pronounced
decrease in BNP levels after cardioversion.

The most beneficial approach to managing patients with
HF-associated AF is rhythm control. Routine determination
of the NT-proBNP levels before the restoration of sinus
rhythm will enable assessment of the level of LV myocardial
stress and optimization of the methods of management and
monitoring in the short and long-term follow-up period to
increase the probability of maintaining sinus rhythm.

In their recent study, Hamatani et al. [25] established
that BNP/NT-proBNP is a significant prognostic marker
for severe clinical outcomes, including stroke, all-cause
death, and hospitalization associated with HF progression
in patients with AF without HF. In this study, in patients
with HF-associated AF with LVEF < 50%, both of these
diseases can distort the possibility of interpreting the
NT-proBNP level. According to our results, an elevated
NT-proBNP level retains its prognostic value in relation to
the risk of adverse events in patients with HF-associated
AF with LVEF < 50%. These results demonstrate
the universality and high informative value of NT-proBNP
levels, which enables adequate assessment of both HF
severity and prognosis in patients with AF and the risk of
AF recurrence in patients with HF and reduced LV systolic
function.

CONCLUSIONS

1. NT-proBNP level of 1184 pg/mL is associated with
an increased risk of HF decompensation and associated
hospitalization in patients with permanent AF and HF with
LVEF < 50% by 2.5 [95% CI 1.15-5.85] times.

2. NT-proBNP level of =1096 pg/ml is associated with
an increased risk of arrhythmia recurrence in patients with
HF-associated AF with LVEF <50% after successful ECV by
2.12 [95% CI 1.48-4.1] times.
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Significance of the N-terminal Fragment of Brain
Natriuretic Peptides in Predicting Ventricular
Arrhythmias in Young and Middle-Aged Patients
with Diabetes and Myocardial Infarction

Zhemin Wang, Tatyana |. Makeeva, Elizaveta V. Zbyshevskaya, Tamerlan D. Butaev, Sergey A. Saiganov

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

ABSTRACT. Fatal ventricular arrhythmias in patients with diabetes mellitus (DM) in the acute stage of myocardial infarction
(MI) and postinfarction period often cause adverse outcomes. Therefore, the search for new reliable biomarkers in predicting
ventricular arrhythmias in the long term is necessary.

AIM: This study aimed to evaluate the value of N-terminal-pro hormone BNP (NT-proBNP) in predicting ventricular arrhyth-
mias in young and middle-aged patients with Ml and DM-associated ST-segment elevation.

MATERIALS AND METHODS: Seventy-six patients (59 men and 17 women) with DM and MI with ST-segment elevation
(aged 36-59 years; mean 53 + 5 years) were examined. Anterior Ml was diagnosed in 35 patients, and non-anterior Ml was
detected in 41 patients. The DM duration was up to 1 year in 16 patients, 1-5 years in 24, and 5-12 years in 36. Patients were
examined on day 1 after percutaneous coronary intervention (PCI) with implantation of 1-3 stents in the coronary arteries (CA)
and again after 12 months. Holter monitoring, echocardiography, and blood tests for NT-proBNP were performed.

RESULTS: After PCI, ventricular extrasystole (VES) of grades IlI-V according to Lown and Wolf was detected in 21 of
37 (56.7%) patients with DM. The left ventricular ejection fraction (LVEF) was 42% (27%-45%), and the NT-proBNP level was
1127 (790-2530) at a rate of up to 125 pg/mL. After 12 months, VES was noted in 9 of 37 (24.3%) patients. The LVEF was
33% (28%-35%), and the NT-proBNP level was 938 (497-1294) pg/mL. A positive correlation was found between the blood
serum level of NT-proBNP on day 1 after PCl and the number of grade IlI-V VES 12 months later. At an NT-proBNP level of
> 898 pg/mL on day 1 after PCI, the sensitivity of this biomarker in predicting high-grade VES 12 months after Ml in patients
with DM was 100%.

CONCLUSIONS: The NT-proBNP level after PCl in patients with DM and Ml is a reliable predictor of ventricular arrhythmias
over the next 12 months.

Keywords: myocardial infarction; diabetes mellitus; percutaneous coronary intervention; N-terminal fragment of brain
natriuretic peptide; ventricular extrasystole.
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HayuHas cratbs

3HayeHue N-TepMuHanbHOro ¢parMeHTa Mo3roBoro
HaTpUUYpeTUYECKOro NenTupaa B NPOrHo3MpoBaHUU
YKey04KOBbIX HapyLeHUH pUTMa y 60JIbHbIX
caxapHbIM AuMabeToM MONOA0ro U CpeaHero Bospacra
¢ UHdapKTaMu MUOKapaa

Y. Ban, T.W. Makeesa, E.B. 3bbiwesckas, T.[. bytaes, C.A. CanraHos

CeBepo-3anafHblil rocyaapcTBeHHbI MeAMUMHCKUIA YHuBepcuTeT UM. W.W. MeynuKoBa, CaHkT-letepbypr, Poccus

AxkmyansHocme. QaTtanbHble XeNyL04KOBbIE HApYLLUEHUA pUTMa Y BOMbHBIX caxapHbiM auabetom (CL) B ocTpoi cTaguu
WHoapkTa Muokapaa (MIM) n B noCTUH(ApKTHOM Nepuoje YacTo ABNSIOTCA NPUYMHON HEBNaronpuATHBIX UCX0A0B. 3TMM 06-
YCTNOB/EH MOUCK HOBbIX HAZleXHbIX 61IOMapKepoB B NPOrHO3MPOBAHNSA XEeNYL04KOBbIX apUTMUIA B A0NITOCPOYHOI NEPCMEKTMBE.

Llere — oueHnTb 3Ha4YeHne NT-proBNP B NporHo3vpoBaHuu enya04KOBLIX apUTMUIA Y 60JIbHBIX MOJIOAOTO M CpefHero
Bo3pacTa ¢ MIM ¢ nogbeMoM cermenTa ST Ha doHe C[I.

Mamepuaner u memodel. 06cnenoBaHo 76 bonbHbIX CIL (59 MyxumH 1 17 xeHwwuH) ¢ UM ¢ noabeMoM cerMeHTa ST
B Bo3pacte 36—59 net (cpemHuit 53 + 5 ropa). Y 35 GosbHbIX AnarHocTMpoBaHbl nepeatue UM, y 41 — HenepegHue UM.
OnvtenbHocts CLL go 1-ro ropa — y 16; ot 1-ro no 5 net — y 24; o1 5 po 12 netr — vy 36. bonbHele 0bcnepoBanmch
B 1-e CyTKM nocnie YpeCKOKHOro KopoHapHoro BMeluatenbcTBa (HKB) ¢ umnnaHTaumeli 1-3 cTeHTOB B KOpOHapHble apTe-
pumn (KA) n noeTopHO Yepes 12 mecaues. BoinonHsnmcb xontepoBckoe MoHuTopupoBaHue (XM), IxoKI, aHanmsbl KpoBK Ha
NT-proBNP.

Pesynesmamei. TMocne YKB xenynoukosas akctpacuctonma ((K3C) 1lI-V rpagaumit no Jlayhy — Bonbdy BbisBnsnack
y 21 u3 37 (56,7 %) 6onbHbix CL. ®pakuma Bbibpoca nesoro xenyaouka (OB JIXK) coctaBuna 42 % (27-45 %); ypoBeHb
NT-proBNP — 1127 (790-2530) npu HopMe ao 125 nr/mn. Yepes 12 mecsues X3C otmeuanacs y 9 u3 37 (24,3 %) naumeH-
T0B. ®B JI} coctaBuna 33 % (28-35 %); ypoBeHb NT-proBNP — 938 nr/mn (497-1294). Bbina BbisiBneHa NonoxuTeNbHas
KOppesiALMOHHaA 3aBMCMMOCTb MeXay cofiepKaHueM B cbiBopoTKe Kpou NT-proBNP B 1-e cytku nocne YKB 1 kKonuyectBoM
3C -V rpapgaumin yepes 12 mecaues. [lpu yposHe NT-proBNP > 898 nr/Mn B 1-e cytku nocne YKB uyBCTBMTENBHOCTL
AaHHoro buoMapkepa B nporHo3vpoBaHum X3C Beicokmx rpagaumin vepes 12 mMecaues nocie UMy 6onbHbix CLl coctasnset
100 %.

3arxsmoyerue. YposeHb NT-proBNP nocne YKB y 6onbHbix Cll ¢ UM sBnseTca HafexKHbIM NPeauKTOPOM JKenyLo4HKOBbIX
apuTMUIA B TeYeHWe bankaiwmx 12 MecsLes.

KnioueBble cyioBa: MHdapKT MUOKapAa; caxapHbl AMabeT; YpecKoXKHOe KOPOHapHOI BMeLLaTeNlbCTBO; N-TepMUHaIbHbI
dparMeHT MO3roBOro HaTpUNYPETUYECKOr0 NENTUA; KeNyA04YKOBas IKCTPACUCTONA.
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LIST OF ABBREVIATIONS

ESC — European Society of Cardiology
ACS — acute coronary syndrome

CA — coronary artery

CCF — chronic cardiac failure

DM — diabetes mellitus

EchoCG — echocardiography

EF — left ventricle ejection fraction

HF — heart failure

HM — Holter monitoring

LV — left ventricle

MI — myocardial infarction

NT-proBNP — N-terminal fragment of brain natriuretic
peptide

PCl — percutaneous coronary intervention
ROC — receiver operating characteristic
VES — ventricular extrasystole

VT — ventricular tachycardia

INTRODUCTION

As knowledge is obtained, the level of understanding
of factors that can predict the risk of fatal ventricular
arrhythmias, sudden death, and progression of heart failure
(HF) changes. This concept refers to young and middle-aged
patients with diabetes mellitus (DM) because atherosclerotic
lesions of large- and medium-sized CAs occur in this
group 8-10 years earlier than that in the DM group [1],
and the incidence of myocardial infarction (M) is 3-5 times
higher [2, 3]. Moreover, the 30-day mortality rate reaches
11.3% and 5.9% and the 1-year mortality rate is 14.5% and
8.9% in the non-DM group with MI [4].

Natriuretic peptides were discovered in the 1950s-1970s,
among which type B natriuretic peptide (BNP) and its
N-terminal fragment (NT-proBNP) proved to be the most
discussed in cardiology [5]. They are secreted in the heart
ventricles in response to increased myocardial tension
and increased blood volume or pressure and are the most
sensitive markers in diagnosing chronic cardiac failure
(CCF) [6]. The BNP level measured on day 1 after acute
coronary syndrome can be used as a marker of long-term
mortality prognosis [7]. Moreover, only single reports have
revealed that NT-proBNP concentrations are significantly
higher in patients with ventricular arrhythmias than in those
without ventricular arrhythmias [8]. In young and middle-
aged patients with DM and MI, these issues are not covered
enough.

AIM

This study aimed to estimate the NT-proBNP level that
can predict ventricular arrhythmias in young and middle-
aged patients with Ml and DM-associated ST-segment
elevation.
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MATERIALS AND METHODS

A prospective, controlled, non-randomized cohort
study was performed. We examined 76 patients with DM
(59 men and 17 women) aged 36-59 (mean 53 + 5) years
(Table 1).

DM duration of up to 1 year was determined in
16 patients, 1-5 years in 24, and 5-12 years in 36.
Moreover, 31.6% of the patients had a history of MI, and
all patients had grade 1-3 AH. Anterior Ml was diagnosed
in 35 patients with DM admitted with a diagnosis of
acute coronary syndrome (ACS) with ST elevation on
echocardiography (ECG), and non-anterior Ml in 41 patients.
Patients were examined on day 1 after percutaneous
coronary intervention (PCI) with implantation of 1-3 stents
in the CA and again after 12 months. As the control group,
115 young, and middle-aged patients with Ml and ST
elevation without DM were examined. The DM and non-DM
groups were completely comparable in terms of age, sex,
and comorbid diseases.

Echocardiography was performed using Philips EnVisor
(Philips Electronics N.V.), Toshiba Artida (Toshiba Medical
Systems), and Vivid 7 Pro series (General Electric Company)
devices on day 1 after PCl and 12 months later. The study
was conducted according to the standard method using (B)
and (M) scanning modes, pulsed wave and continuous wave
modes, and color Doppler mapping. The left ventricular
ejection fraction (LVEF) was calculated according to
the Simpson method. To quantify local contractility disorders,
the wall motion score index (WMSI) of the left ventricle was
calculated [9, 10].

In the dynamics of the examination, LVEF was assessed
according to the recommendations of the European Society
of Cardiology for the diagnostics and treatment of chronic HF
(2021), namely, (1) CCF with preserved EF (= 50%) (HFpEF),
(2) CCF with moderately reduced EF (40%-49%) (HFmrEF),
and (3) CCF with low EF (< 40%) (HFLEF) [11].

For Holter monitoring (HM), we used a portable
HM “Kardiotekhnika 4000" (Inkart, St. Petersburg) with
a multi-channel recorder, digital recording of information,
and subsequent automatic data processing according to
the attached software package KT-4000. HM analysis
was performed using the Incardio Result v2.0 program
(St. Guidelines for HM in clinical practice [12]. The daily
dynamics of the heart rate was assessed, and ventricular
ectopic activity was evaluated using the VES classification
according to Lown and Wolf (1971) [13] and changes in
repolarization according to the ECG with the calculated
ischemia index and ischemia duration during the day.
The eligibility of patients for HM was determined by
the severity of their condition (classes II-Ill according to Killip
and Kimballe) [14].

The blood serum NT-proBNP level was measured
on the Cobas device using the Elecsys platform (Roche
Diagnostics, USA). The normal value is < 125 pg/mL.
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Table 1. Characteristics of the patients with myocardial infarction
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Parameters Dh,:l 3r706u P Non’; EM1 %OUP |4

Age, years M (SD) 53+5 52+5 0.2822
Sex, m/f, n 59 /17 101/ 14 no data
BMI kg/m?, M (SD) 291+ 4.6 217 £47 0.0855
DM duration, n (%)

up to 12 months 16 (21.1%) no data

1-5 years 24.(31.6%)

> ) years 36 (47.6%)
History of MI, n (%) 24 (31.6%) 20 (17.4%) 0.3829
Anterior M, n (%) 35 (46%) 56 (48.7%) no data
Non-anterior MI, n. (%) 41 (54%) 59 (51.3%) no data
Arterial hypertension, n (%)

Grade 1 32 (62.0%) 72 (62.6%) no data

Grade 2 10 (13.3%) 25 (21.7%)

Grade 3 34 (44.7%) 18 (15.7%)
Acute cardiac failure by Killip classification, n (%)

Class | 48 (63.2 %) 85 (73.9 %) o data

Class Il 27 (35.5 %) 28 (24.3 %)

Class lII 1(1.3%) 2 (1.8 %)
Troponin |, pg/mL, Me (IQR) 4.0 335%000) (3.0 E75[(]JUUU) 0.0015
Total cholesterol, mmol/l, (M + m) 5.58 + 1.53 5.03+1.45 0.0141
Triglycerides, mmol/l, (M + m) 2.18 + 1.31 1.71 £ 1.01 0.0012
High-density lipoprotein cholesterol mmol/L, (M + m) 1.30 + 0.42 1.15+0.32 0.0046
Low-density lipoprotein cholesterol mmol/L, (M + m) Lb + 145 3.66+1.26 0.0334
Glycated hemoglobin, % (M + m) 7.9+178 5.26 + 0.56 0.0001
Creatinine, pmol/L, (M + m) 90.7 + 14.5 89.5+16.7 0.5158
GFR by MDRD mL/min/1.73 m?, (M + m) 66.0 +15.0 78.0 £ 18.0 0.0001

Differences between groups were assessed by
the Mann-Whitney U-test, and a p value lower than 0.05 was
considered significant. Spearman’s coefficient was used to
assess the correlation between NT-proBNP values and HM
parameters.

Receiver operating characteristic (ROC) analysis
indicating the area under the ROC curve (AUC) was
performed to obtain the operational characteristics of event
predictors. Based on the median of the initial NT-proBNP
levels obtained on day 1 after PCI, the maximum sensitivity,
and specificity of the biomarker were determined after
12 months.

RESULTS

HM parameters were analyzed in 37 patients with LVEF of
42% (27%—45%) in the DM group and 42 patients with LVEF
of 46% (37%—49%) in the non-DM group (Table 2).
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Furthermore, 3 of 37 patients in the DM group and 17
of 42 patients in the non-DM group did not have ventricular
ectopic activity on day 1 after PCl. Ten patients in the DM
group and five in the non-DM group had grade | ventricular
extrasystole (VES) (< 30/h). In three patients in the DM group,
VES grade Il (> 30/h) was detected.

Most often, in patients with Ml in the DM group on
day 1 after PCI, VES grades IlI-V were detected in 21 of
37 (56.7%) patients. In 12 of 37 patients in the DM group
and 17 of 42 patients in the non-DM group, single polytopic
VESs of = 3 morphological types were recorded. In five
patients in the DM group and three patients in the non-
DM group, paired monomorphic (grade IVa) and paired
polymorphic (grade IVb) VES with a shortening coupling
interval were detected. Moreover, four DM patients in
the DM group had unstable paroxysms of monomorphic
ventricular tachycardia (VT) (< 30 s). In the non-DM group,
no paroxysms, and runs of VT were recorded. In general,
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Table 2. Dynamics of Holter monitoring indicators in patients with myocardial infarction on day 1 after PCl and after 12 months.

Day 1 after PCI

After 12 months

Me indicator (IQR)
DM group Non-DM group DM group Non-DM group
n=37 n=42 P n=37 n=42 p
E:r’g""e heartrate, 75 (48-76) 69 (62-76)  p,=00705 64 (58-71) 69 (62-74)  p,=0.2286
HR at night, bpm 66 (62-73) 62 (56-67) p, = 0.0235 55 (50-65) 64 (59-66) p, = 0.2281
n= 12 n= 17 n= 6 n= 4
VES grade |l 38 (11-730) 12 (5-19) 1770 (4-10890) 38 (20-77)
n=5 n=3 n=2 n=3
VES grade IV 19 (13-57) 1(.1) 539 (5-1073) 1(-1)
n=4 n=1
VES grade V 4 (1=41) 59 (59-59)
Ischemia index, 33775 17 317 32078 3041 migggg
WV - min (20210-94475)  (10185-55712) (8144-40782)  (1358-30075) P37
p, = 0.0329
Ischemia duration P, = 0011
; ' 417(228-942) 305 (203-705) 355 (271-503) 57 (9-189) p,=0.0050
min
p, = 0.0033

Note: p, — is the significance of differences between groups on day 1 after PCI; p, — is the significance of differences between groups after 12 months;
p;— is the significance of differences between the indicator on day 1 and after 12 months in the DM group, and p, — is the significance of differences

between the indicator on day 1 and after 12 months in the non-DM group.

Tabnuua 3. [lnHamuKa axokapavorpaguyeckux nokasatenei u copepxanus B KpoBu NT-proBNP y 6osbHbIX ¢ MHapKTaMn M1oKapaa
W XKeny[o4KoBoi aKkcTpacuctonveii -V rpagaumn

Day 1 after PCI

After 12 months

Parameters DM group Non-DM group DM group Non-DM group P
n=237 n=42 n=37 n=42
p,=0,0010
NT/'prL"BNP 127 614 938 517 p, =0,0054
';Ige r(';Q'R) (790-2530) (4621-1397) (497-1294) (118-989) p; = 0,0004
p, = 0,0001
p,=0,0014
LVEF, % 42 46 33 49 p, =0,0001
Me (IQR) (27-45) (37-49) (28-35) (44-58) p; =0,0227
p,=00184
p, = 0,0008
WMSI 1,65 1,34 1,75 1,31 p,=0,0003
Me (IQR) (1,56-2,0) (1,25-1,80) (1,63-1,93) (1,13-1,81) p,=0,1687
p, =0,0072

20 of 42 (47.6%) patients in the non-DM group had high-
grade VESs.

The ischemia index, that is, an indicator of the depth of
the ST segment depression in patients with DM ranged from
20 210 to 94 475 pV-min (on average, 33 775 pV - min), which
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was almost twice as high as in patients with Ml in the non-
DM group (17 317, 10 185-55 712 pV - min).

On day 1 after stenting of the infarct-associated CA in
the DM group, myocardial ischemia persisted, whereas
the ischemia duration ranged from 228 to 942 (average, 417)
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min. In the non-DM group, the ischemia duration after PCI
was shorter and averaged 305 (203-705) min.

The NT-proBNP level in the blood serum of the DM
group was two times higher than that in the non-DM group
(p, = 0.0010). WMSI in the DM group was high, that is,
1.65 (1.56-2.0) in patients with grade 34 lesions, whereas
in the non-DM group, the WMSI was 1.34 (1.25-1.80) in
those with grades 2-3 lesions (p, = 0.0008). In patients
of the DM group with VES grades lll-V, the LVEF was
significantly lower than that in patients without diabetes
(p, = 0.0014) (Table 3).

In the DM group, in young, and middle-aged patients with
MI, large lesion area, and persistent myocardial ischemia
after PCI, high NT-proBNP levels, and VES grades lll-V were
recorded. In the non-DM group, in the presence of WMSI
grades 2-3, persistent myocardial ischemia, but of a shorter
duration, VES grades IlI-V were registered less frequently
and NT-proBNP levels were significantly lower.

After 12 months, the number of high-grade VESs
in the DM group decreased and was recorded in 9 of
37 (24.3%) patients. Thus, in 6 of 37 patients, single polytopic
polymorphic VES were recorded, with 4-10 890 (average,
1770) per day. Two patients had a paired polymorphic VES
with a shortening coupling interval, with 5-1073 (average,
529) per day. Unsustainable (< 30 s) and sustained
(= 30 s) VT paroxysms of 59 per day were recorded in one
patient, whereas the ventricular contraction rate reached
160-196 beats/min (grade V).

The duration of ischemic displacement of the ST
segment decreased from 417 to 355 min (p;, = 0.0050)
and the ischemia index from 33775 to 32 078 pV - min
(p; = 0.0050).

Tom 2, N2 4, 2022
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After 12 months, 7 of 42 patients in the non-DM group
(16.7%) also showed an improvement. Of 42 patients, 4 had
grade Il VESs with a frequency of 38 (20-77) per day.
Three patients had VES grade IV. Unlike the DM group, no
VT paroxysms were recorded in this group. The ischemia
duration was 57 (9-189) min (p, = 0.0033), and the ischemia
index decreased by more than five times (3041, 1358-
30075, pV - min) (p, = 0.0329).

In general, after 12 months, the ischemia index in the DM
group was 10.5 times higher than that in the non-DM group
(p, = 0.0196), and the duration of myocardial ischemia was
six times longer than that in the non-DM group (p, = 0.0111).
Probably, prolonged postinfarction myocardial ischemia in
patients with low LVEF in the DM group was the cause of
life-threatening ventricular arrhythmias.

After 12 months in the DM group, LVEF decreased to
33% (28%-35%) (p, = 0.0227), whereas in the non-DM
group, the EF increased to 49% (44%-58%) (p, = 0.0184).
The blood serum levels of NT-proBNP in the DM group
decreased to 938 (497-1294) pg/mL (p, = 0.0004), which
exceeded significantly the normal value (< 125 pg/mL) and
was higher than that in the non-DM group (p, = 0.0054).
Moreover, in the non-DM group, the NT-proBNP level
decreased to 517 (118-989) pg/mL (p, = 0.0001) and was
almost normalized in some patients.

To assess the NT-proBNP level in predicting ventricular
arrhythmias in patients with Ml and ST-segment elevation,
Spearman’s rank correlation was employed. Table 4 presents
the results of the correlation analysis.

In the DM group, patients with Ml were found to have a high-
level positive correlation between the NT-proBNP level on day 1
after PCI and the number of VESs (r = 0.5796; p = 0.0117),

Table 4. Correlation dependence of NT-proBNP levels on day 1 of myocardial infarction after PCI with Holter monitoring indicators after

12 months
DM group Non-DM group
Parameters
r p r p
Number of VES grades IlI-V 0.5796 0.0117 0.6010 0.0051
Ischemia index (uV - min) 0.5814 0.0003 0.5235 0.0004
Ischemia duration (min) 0.6101 0.0001 0.6458 0.0001

Table 5. Correlation dependence of NT-proBNP levels taken 12 months after myocardial infarction with Holter monitoring indicators after

12 months
DM group Non-DM group
Parameters
r p r p
Number of VES grades IlI-V 0.7685 0.0001 0.5149 0.0084
Ischemia index (uV - min) 0.8108 0.0001 0.3946 0.0097
Ischemia duration (min) 0.8681 0.0001 0.6901 0.0001
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Non-DM group

30.4% 55.7%
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Fig. 1. Incidence of atherosclerotic coronary arteries in young and middle-aged patients with myocardial infarction with and without DM

DM group Non-DM group

34.3%

25.0%
66.1%

42.9%

1CA 2CA 3CA

Fig. 2. Incidence of atherosclerotic lesions of the coronary arteries
in patients with anterior myocardial infarction

ischemia index (r = 0.5814; p = 0.0003), and myocardial
ischemia duration (r=0.6101; p = 0.0001) after 12 months.

By analogy in the DM group, in patients with Ml in
the non-DM group, a positive correlation dependence of
a high significance was also noted between the NT-proBNP
level and the number of VESs (r = 0.6010; p = 0.0051),
ischemia index (r = 0.5235; p = 0.0004), and myocardial
ischemia duration (r = 0.6458; p = 0.0001) after 12 months.

Correlations between NT-proBNP levels taken after
12 months and HM parameters after 12 months in the DM
group become comparable (Table 5). Thus, a high significantly
positive dependence increased between the NT-proBNP level
and VES grades llI-V (r=0.7685; p = 0.0001), ischemia index
(r=0.8108; p = 0.0001), and myocardial ischemia duration
(r =0.8681; p=10.0001).

After 12 months in the non-DM group, the correlation
between serum NT-proBNP levels and HM parameter values
after 12 months, compared with an acute Ml period, decreases
while maintaining significance. This is most noticeable in
the ratio with VES grades llI-V (r = 0.5149; p = 0.0084) and
ischemia index (r = 0.3946; p = 0.0097).

Probably, this recorded difference is due to numerous
arrhythmias in the postinfarction period in the DM group and
to deeper and more prolonged myocardial ischemia associated
with the peculiarities of CA lesions in diabetes (Fig. 1).
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DM group Non-DM group
14.6%
45.8%
61.0% 35.6%
1CA 2CA 3CA

Fig. 3. Incidence of atherosclerotic lesions of the coronary arteries
in patients with non-anterior myocardial infarction

According to the coronary angiography (CAG) results,
the incidence rates of lesions of CAs 2 and 3 were 52.6%
and 23.7% (73.6%) in the DM group and 30.4% and 13.9%
(44.3%), respectively, in the non-DM group.

In anterior and non-anterior Ml in patients with DM,
the incidence rates of multivessel CA lesions were 65.7%
and 85.4%, respectively (Fig. 2, 3).

In the non-DM group of patients with anterior and non-
anterior MI, the incidence rates of multivessel CA lesions
were 34.9% and 54.2%, respectively, which was less than
that in the DM group.

Apparently, after PCI with CA stenting, young, and
middle-aged patients in the DM group, low LVEF,
and high-grade ventricular arrhythmias require
the most complete myocardial revascularization in
the postinfarction period.

To confirm the NT-proBNP levels in the DM group, taken
on day 1 after PCl, the ROC analysis was used to predict
ventricular arrhythmias 12 months later (Fig. 4).

In the plotted graph, the AUC value was 0.8429, which
indicates that the model is effective and has high predictive
power. Serum NT-proBNP levels higher than 898 pg/mL on
day 1 of MI after PCl in the DM group were a predictor of
high-grade VES after 12 months with a sensitivity of 100%
and a specificity of 80%.
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0.50 0.75 1.00

0.25

0.00

0.00 025
Area under ROC curve = 0,8429

Tom 2, N2 4, 2022

Cardiac Arrhythmias
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Fig. 4. ROC curve. Model of sensitivity and specificity of NT-proBNP, taken on day 1 after PCl in patients with diabetes mellitus, as

a predictor of VES grades IlI-V in 12 months

In the non-DM group, the AUC value was 0.5000, indicating
that this model is non-functional, and the predictive value of
NT-proBNP is low.

DISCUSSION OF RESULTS

According to Katritsis et al. (2013), after myocardial
reperfusion, and treatment with beta-blockers, runs,
and unstable paroxysms of VT were detected in 56.4% of
the patients with HM, which greatly increased the risk of
sudden death [15]. This is consistent with the results of our
study that the incidence rates of grade Ill-V VESs after PCI
were 56.7% in the DM group and 47.6% in the non-DM group.
After 12 months, the frequency of VESs decreased to 24.3%
in the DM group and up to 16.7% in the non-DM group.

A study supervised by Lekston et al. (2014) proved
that reperfusion is not always successful in patients with
DM and ACS, compared with patients without DM. This
occurred because at least two CAs are affected more
often in DM; thus, repeated PCl or coronary artery bypass
grafting was performed [16]. According to our data, on
day 1 after reperfusion, myocardial ischemia persisted in
the DM group, which duration was significantly longer than
that in the non-DM group. After 12 months, both groups
showed improvement as a decrease in the ischemia index
and myocardial ischemia duration; however, in the DM
group, the ischemia index was 10.5 times greater, and
the myocardial ischemia duration was six times longer than
that in the non-DM group.

The mortality analysis performed by Denisova et al.
(2016) revealed that fatal arrhythmias were more common in
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patients with type 2 DM, who died from ACS, than in patients
with normal carbohydrate metabolism [17].

Maggioni et al. (1993) followed up 8676 patients after M|
for 6 months. In 64.1% of the patients, ventricular arrhythmias
were recorded, and 19.7% of them had high-grade VES and
6.8% of them had VT paroxysms. Moreover, 2% of deceased
patients had rhythm disorders in the postinfarction period
[18]. With follow-up periods of up to 4 years, the prognosis
is relatively favorable. With long follow-up periods, including
the registration of VT paroxysms, LV dysfunction decreased
with EF [19]. In the present study, with a follow-up period of
up to 12 months, the dynamics of LVEF was multidirectional
in the DM group and non-DM group with VES grades Ill-V.
Thus, in the DM group, by the end of year 1 after MI, the LVEF
decreased; in the non-DM group, normal, and moderately
reduced EF values were recorded.

Ephrem et al. (2013) followed up 222 patients during
the rehabilitation period after ACS for 2.3 years. According
to the results of HM, 48% of the patients had VESs, which
were complicated by the aggravation of HF, palpitations, and
syncope in 17.6% of cases. They concluded that polymorphic
VESs occurring at a frequency of < 4/h are prognostically
unfavorable [20].

Structural changes in the heart in the DM group and
those who died from MI were studied by Mayorova et al.
(2011). In the presence of severe atherosclerosis of the CAs,
postinfarction and diffuse small-focal cardiosclerosis,
17.9% of the patients have metabolic myocardial damage
with the formation of diabetic cardiomyopathy, namely,
an increase in heart mass, sharp dilatation of the cavities,
signs of microangiopathy, cardiomyocyte damage, and
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myocardial stroma [21]. According to Akhmedov et al.
(2015) and Elsukov et al. (2015), diabetic autonomic
cardioneuropathy is characterized by the early degeneration
of nerve fibers of both the sympathetic and parasympathetic
systems and may be complicated by the development of
fatal ventricular arrhythmias, sudden cardiac arrest, and
painless MI [22, 23].

Skranes et al. (2016), based on the analysis of 24-h HM
records in 498 patients, revealed that NT-proBNP levels
are significantly higher in patients with VES and complex
ventricular arrhythmias than in those without ventricular
arrhythmias [8]. Using multivariate regression analysis,
Omland (2008) concluded that an increase in the NT-
proBNP level after ACS is associated with a high risk of
fatal ventricular arrhythmias (OR 1.50 [95% OR 1.07-2.12],
p = 0.020) [24].

According to our data, on day 1 after PCl in young and
middle-aged patients with DM and Ml associated with a large
lesion area and persistent myocardial ischemia, high levels
of NT-proBNP, and grades lll-V VES were recorded. In
the non-DM group, after reperfusion, myocardial ischemia
also persisted; however, the frequency of grades IlI-V
VES was lower. The blood serum level of NT-proBNP was
significantly lower in them.
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and require additional studies in the context of groups of
revascularized and non-operated patients.
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Research Article

Remodeling of the Left Atrium and the Possibility
of Predicting Recurrences of Atrial Fibrillation
in Various Variants of Sinus Rhythm Restoration

Tatyana Yu. Gromyko, Sergey A. Saiganov

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

OBJECTIVE: to compare the dynamics of left atrial remodeling in patients with AF with various CP recovery options and to
identify the most reliable predictors of AF recurrence.

MATERIALS AND METHODS: 153 patients with non-valvular AF lasting from 24 hours to 6 months were examined. All
patients were divided into 3 groups depending on the type of cardioversion: the 1 group included 49 patients whose CP was
restored against the background of drug therapy; the 2" group included 57 patients after electro-pulse therapy (EIT); the 3™
group included 47 patients who underwent radiofrequency isolation of the pulmonary veins (RFI LV). All patients underwent
ECHO-cardiographic examination (ECHO KG) at the time of AF, as wellas on 1, 3, 5, 15 days and 6 months after CP recovery with
an assessment of indexed indicators of linear left atrium size (LP), LP volume, LP function recovery time by the rate of peak
A transmittal flow (TMF) and LP filling pressure in relation to E/E" with the help of a fabric Doppler imaging.

RESULTS: it was revealed that the absence of AF paroxysms in any variant of cardioversion for 2 weeks is a reliable predic-
tor of maintaining CP after 6 months (p < 0.001) and reducing the number of AF paroxysms for 6 months (p < 0.001). Accord-
ingly, relapses of AF during the first 2 weeks indicate an increase in their probability within 6 months [OR (risk ratio) = 15.37].
A significant relationship was found between the timing of recovery of LP function (peak A > 0.5 m/sec) and recurrence of AF
during 2 weeks and 6 months of follow-up (p < 0.05). In patients after LV RF, the linear size and volume of LP significantly
decreased in dynamics while maintaining CP in comparison with those who had AF relapses for 6 months (p < 0.05). In patients
after conservative cardioversion and RF ILV, LP filling pressure (E/E’) significantly decreased after 14 days (p < 0.05) in the ab-
sence of AF relapses and did not change significantly by 6 months of follow-up (p < 0.05).While in the presence of repeated
paroxysms of AF, this indicator did not change significantly by 6 months of follow-up. In the EIT group, no reliable dynamics of
the estimated parameters of LP remodeling was found.

CONCLUSIONS: The peak A > 0.5 m/s measured by TMF on 1 day after the rhythm restoration is a reliable predictor of CP
retention for 6 months in any variant of cardioversion (p < 0.001). The absence of AF paroxysms within 2 weeks after CP re-
covery reduces the likelihood of their occurrence also within 6 months with any choice of cardioversion (p < 0.001). In patients
with CP recovery on the background of drug therapy and after RF ILV, the absence of recurrence of arrhythmia for 6 months
is associated with a significant decrease in the size of LP (ILP and IOLP), (p < 0.05). A decrease in LP filling pressure (E/E’)
2 weeks after conservative cardioversion and LV RFI can be considered a reliable predictor of maintaining sinus rhythm by
6 months (p < 0.05).

Keywords: atrial fibrillation; thromboembolic complications; cardioversion; restoration of sinus rhythm.
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HayuHas craTbs

PeMoaenuposaHue neBoro npepcepaus

¥ BO3MOXXHOCTH NPOrHO3MPOBAHUA peLuanBOB
¢ubpunnauum npeacepauin Npu pasauyHbIX BapMaHTax
BOCCTAHOBJIEHUA CUHYCOBOr0 pUTMa

T.10. T'pomsbiko, C.A. CaitraHoB

CeBepo-3anafHblil rocyaapCTBEHHbIA MeANLMHCKUIA YHuBepcuTeT MMeHn .U, MeunukoBa, CaHkT-leTtepbypr, Poccus

Llesnb — cpaBHUTL AMHAMUKY PEMOAENMPOBaHUSA NIEBOr0 NPeACepans Y nauueHToB ¢ Gubpunnsuvein npeacepaui (ONN)
MpM pasfMyHbIX BapuaHTax BOCCTaHOBNEHUs cuHycoBoro putMa (CP) u BbisBUTb Hanbosee AOCTOBEpHLIE NPeaUKTOpbI peLy-
aveupoBanusa Ofl.

Mamepuanel u Memodel. 06cnepoBaHo 153 naumeHTa ¢ HeknanaHHok gopmon @1 NpoAoMKMTENBLHOCTLIO OT 24 Ya-
coB A0 6 Mecsues. Bce nauueHTbl fenunucb Ha 3 rpynnbl B 3aBUCUMOCTU OT BMAA KapAMOBEPCHW: B 1-10 rpynny BOLLAM
49 nauuenTos, y KoTopbix CP BoccTaHaBnmMBancs Ha (oHe MeAMKaMEHTO3HOW Tepanuu; BO 2-00 — 57 nauueHTOB mocne
anekTpouMnynbcHoii Tepanum (AUT); B 3-t0 — 47 NaumeHTOB, KOTOPbIM NMPOBOAMNACL PAAMOYACTOTHAA U3ONALMS NIETOYHbIX
BeH (P4Y J1B). Bcem naumenTam nposoaunock IX0-kapavorpadudeckoe mcciefnoBaHme Ha MoMeHT O, a Takke Ha 1, 3, 5,
15-e cyTku 1 yepe3 6 MecsileB nocne BoccTaHoBneHus CP ¢ oLeHKOM MHOEKCMPOBaHHbIX MOKa3aTesie IMHeHOro pasMepa
nesoro npeacepamnsa (1), oobema JIM, BpeMeHn BoccTaHOBNEHUSE GyHKLMM JITT No cKopocTh MUKa A TpaHCMUTPanbHOMo No-
ToKa (TMIT) n paBnexus HanonHeHus JIM no oTHoweHuto E/E’ ¢ noMoLLbio TKaHEBOI AONNNEPOBCKOA BU3Yanu3aLmw.

Pesynbmamel. BrisieneHo, uto otcyTcTBUE napokcusmoB @1 npu NtoboM BapuaHTe KapaMOBEPCUN B TEYEHWE 2 Hedenb
ABNAETCA AOCTOBEPHLIM NPeAMKTOPOM coxpaHeHus CP yepes 6 MecsieB (p < 0,001) 1 yMeHbLUEHWS KONMYECTBa NapOKCM3MOB
O B TeueHne 6 Mecsues (< 0,001). CooTeTcTBEHHO, peumamnsbl Ol B TedeHWe nepBbiX 2 HeAeNb CBUAETENLCTBYIOT O MO-
BbILLEHWM UX BEpOATHOCTU B TeuyeHue 6 MecsaueB [OR (oTHowweHue pucka) = 15,37]. 06HapyKeHa [,0CTOBEpHas B3aUMOCBA3b
MeX [y cpokamm BoccTaHoBnenus dyHKumm JIM (nuk A > 0,5 M/c) n peumnpmsupoBatvem Of1 B TeueHue 2 Hepenb U 6 MecsiLeB
Habnopexus (< 0,05).

Y naumentos nocne PYW JIB B aMHaMuKe [,OCTOBEPHO YMEHBLIANWCH JIMHEHBIN pa3Mep 1 06beM J1TT npu coxpaHenun CP
B CPaBHEHWUM C TEMM, Y KOTO peructpupoBanuck peumansbl Ol B Teyenne 6 Mecsues (p < 0,05).

Y naumeHToB nocse KoHcepBaTMBHOI Kapamosepcun u PYU JIB naenenue HanonHewus JIM (E/E’) pocToBepHo CHMManoch
yepe3 14 gHent (p < 0,05) npu otcyTcTBumM peumaneoB Ol 1 cylLecTBEHHO He MEHANOCH K 6 MecsAlaM HabnoaeHus (p < 0,05),
B TO BPEMS KaK NpW HanM4mu noBTOPHbIX NapokcuamoB OF1 AaHHbIN NoKasaTenb CYLLECTBEHHO HE MEHSICS K 6 MecALaM Ha-
bntopenma. B rpynne INT He obHapyeHO LOCTOBEPHOW AMHAMUKM OLLEHMBAEMbIX NoKa3saTesei peMogenvpoBanus Jll.

Boieodel. VamepenHbli no TMI nuk A > 0,5 M/c B 1 cyTKM nocne BOCCTaHOBEHMS pUTMa SIBNISIETCA [LOCTOBEPHBLIM Mpe-
LVKTOpOM coxpaHeHus CP B TeyeHue 6 MecaueB npu nobom BapuaHTe Kapauosepcum (p < 0,001). OtcyTcTBME NapoKcM3MoB
O B TeyeHune 2 Heflenb nocne BoccTaHoBNeHUS CP CHUXaeT BepOSATHOCTb MX BO3HUKHOBEHMSA TaK e B TeUeHue 6 MecsLeB
npu nobom Buibope kapanosepcum (p < 0,001).

Y naumenToB npu BoccTaHoBneHun CP Ha dhoHe MeankameHTo3HOW Tepanum 1 nocne PHU JIB oTcyTcTBre peunansupoBa-
HWS apUTMUK B TeUeHUe b MeCALIEB COMPAXKEHO C A0CTOBEPHLIM YMeHbLLeHWeM pa3mepos JIM (UM u MOJIN), (p < 0,05). CHu-
eHve paeneHus HanonHenus JIN (E/E') yepes 2 Hepenu nocne KoHcepBaTUBHOM Kapavosepcuu U PHU JIB MoxHO cumTath
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LIST OF ABBREVIATIONS

LA — left atrium

AF — atrial fibrillation

SR — sinus rhythm

LV — left ventricle

NYHA — HF I-Il FC

LV SF — systolic function of the left ventricle
AH — arterial hypertension

LAl — left atrial index

LAVl — left atrial volume index

ET — electropulse therapy

RPVI — radiofrequency pulmonary vein isolation
RFA PV — radiofrequency ablation of pulmonary veins
FR MV — fibrous ring of the mitral valve

ApD of LA — anterior-posterior dimension of the left atrium
TF — transmission flow

TEC — thromboembolic complications

AAT — antiarrhythmic therapy

LVEF — left ventricular ejection fraction

HD — hypertonic disease

DM — diabetes mellitus

DF — diastolic function

MI — myocardial infarction

EMD — electromechanical dissociation

As is known, atrial fibrillation (AF) is the most common of
all arrhythmias and the most dangerous due to the high risk
of hemodynamic and thromboembolic complications (TEC)
(1, 21.

Recently, numerous studies have been devoted to
both the probability of predicting and recurring AF, and to
the assessment of the morphology of the left atrium (LA)
and its dysfunction, which may determine the predisposition
to TEC in certain groups of patients [3-5, 28].

Back in 1989, W. Manning et al. found that when sinus
rhythm is restored, the normalization of the mechanical
function of the atria does not occur immediately: in 38-80%
of patients with atrial fibrillation (AF) duration of more
than 7 days, the phenomenon of "stunning” of the atrial
myocardium is observed [6].

This phenomenon has become the basis of the concept of
electromechanical dissociation of LA and may be the reason
for TEC development.

“Stunning” of LA is often observed after spontaneous,
pharmacological or electrical cardioversion, as well as after
radiofrequency pulmonary vein isolation of the (RPVI) [7].

As a rule, atrial mechanical function gets to be restored
in the period from several hours to 4 weeks in certain groups
of patients, depending on the duration of the current AF
paroxysm, on the method of rhythm restoration, as well as
on the initial characteristics of the LA [8, 9].

The choice of sinus repair method is not a predictor
of the presence or absence of subsequent arrhythmia
recurrences [10]. According to various sources, in 50-60%
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of patients with AF, recurrent paroxysms can occur within
4 weeks after cardioversion, and the risk of their recurrence
within a year varies from 20 to 80% [11, 12].

Over the past decades, many studies have demonstrated
the complex pathophysiology of AF. The main trigger for
the onset of AF is the presence of ectopic foci in the pulmonary
veins, whereas LA structural remodeling is identified as
the main factor in the progression of arrhythmia [13, 29].
Recent studies have also demonstrated that left atrial volume
correlates with the degree of atrial fibrosis [14,15].

Since the advent of the method of Doppler tissue imaging,
the algorithm for assessing LV diastolic function (DF) has
included such a mandatory parameter as the calculated
ratio of the maximum rate of transmitral blood flow (E) and
the peak rate of early myocardial relaxation in the early
LV filling phase (E/E'), which proved to correlate with
the magnitude of pressure in the LA. The E/E' index > 15
is highly likely to indicate the presence of LV diastolic
dysfunction and increased pressure in the left atrium [16].

According to Kusunose et al., this indicator can also
be assessed in patients with AF and does not change
significantly when measured over several cardiac cycles.
It has also been proven that the E/E' ratio correlates well
with the level of natriuretic peptide, which is a reliable
predictor of heart failure. However, researchers have not
confirmed the correlation of this indicator with the presence
of LV diastolic dysfunction in patients with AF [17]. The work
of M. Caputo et al. associates an increase in this parameter
with a more frequent recurrence of AF in patients after
successful electrical cardioversion [18].

However, despite a large number of studies, to date there
are no reliable predictors of maintaining sinus rhythm after
cardioversion, regardless of the method of restoration of SR
and the choice of antiarrhythmic therapy (AAT).

The search for new opportunities to identify the risk
of recurrence of AF and prevent associated AF remains
extremely relevant.

The purpose of this study was to study the features of
left atrial remodeling and to find the predictors of atrial
fibrillation recurrence in various types of SR restoration.

SCIENTIFIC NOVELTY
OF THE RESEARCH

This research demonstrates new data in the prediction of
atrial fibrillation recurrence with various methods of rhythm
restoration. It has been shown that the absence of atrial
contractility on the first day after any type of cardioversion
is associated with AF recurrence within 2 weeks and
6 months after rhythm restoration. It was also found that
the absence of AF paroxysms after SR restoration for 14 days
is a significant predictor of maintaining sinus rhythm up to
6 months and reducing the number of AF relapses with any
type of cardioversion. It was demonstrated that a decrease
in dynamics 2 weeks after reversion to sinus rhythm in such
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parameters of LA remodeling as the volume index and filling
pressure (E/E') turned out to be prognostically favorable in
terms of maintaining of sinus rhythm for 6 months after
drug cardioversion and radiofrequency ablation of pulmonary
veins. In turn, the absence of dynamics of these indicators or
their increase, on the contrary, may be associated with a high
risk of atrial fibrillation recurrence.

The data obtained can be used in cardiology and
arrhythmology for the selection of antiarrhythmic therapy,
determining the duration of anticoagulant therapy in patients
without a high risk of TEC and/or at high risk of bleeding in
controversial clinical situations.

MATERIALS AND METHODS

The study included 153 patients, namely 83 men
(54.2%) and 70 women (45.7%), mean age was
62.7 (36—81) with non-valvular AF lasting from 24 hours
to 6 months with systolic function of the left ventricle
(LV SF) > 40%. Distribution into 3 groups was made:
the first included 49 patients in whom SR was restored in
a sign of drug therapy; the second one included 57 patients
who underwent electrical cardioversion; the third one
encompassed 47 patients who underwent radiofrequency
pulmonary vein isolation (RPVI). The exclusion criteria
were LV EF < 40%, HF I-Il FC (NYHA), valvular heart
disease. Initially, the comparison groups did not have
significant differences in age and the presence of such
diseases as stable forms of coronary artery disease
I-1l FC, hypertension (AH), type 2 diabetes mellitus (DM)
in the compensation stage, HF I-Il FC (NYHA)) (Table 1).

All  patients underwent a transesophageal
echocardiographic study (TEECHO CG) right before
rhythm restoration to rule out thrombi in the LA auricle.
Patients received anticoagulants in accordance with
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the recommended scale CHA2DS2VASc. All patients
received antiarrhythmic therapy (AAT) with Propafenone
(in the absence of contraindications to class 1C) or
Amiodarone before cardioversion and as maintenance
therapy after effective SR restoration. The choice of AAT
did not significantly affect the predictions for the presence
or absence of AF relapses in the study groups (Table 2). ET
was carried out according to the standard method in ICU.
RPVI was performed in patients with current AF paroxysm
using the CARTO electroanatomical mapping system.
During the procedure, an anatomical map of the LA was
constructed, followed by circular antral isolation of the left
and right PVs using magnetic navigation with verification of
the conduction block using a Lasso catheter.

All patients underwent an ECHO-cardiographic study
(Echo-CG) on ultrasonic Vivid g, (GE) against the background
of AF, on the 1t 3, 5% 15" days and 6 months after
the restoration of SR. During the study, LV systolic and
diastolic function, myocardial wall thickness, indexed LA
dimensions, as well as LA function according to TF were
evaluated. The function of the atrial myocardium was
considered effective in the presence of peak A > 0.5 m/sec.
LVEF was assessed in a two-dimensional mode according
to the Simpson method, the analysis of LV diastolic
function (DF) was performed by the traditional method of
measuring the transmitral flow (TF) in pulsed wave Doppler
mode (E), as well as using Doppler tissue imaging with an
assessment of early peak diastolic velocity (E') and the E/E'
ratio, reflecting the pressure in the LA cavity and the LV
filling pressure, the LA volume index was determined
by the biplane method. The frequency of AF recurrence
was assessed according to the history data, using ECG
at the time of control, as well as according to the data
of 24-hour Holter ECG monitoring in the period from 3 to
6 months after cardioversion. Arrhythmia recurrence was

Table 1. Clinical and demographic indicators and features of anamnesis in patients in the study groups

Parameters Cons. (n = 49) ET (n =57) R (n=47) p
Men 21 (42.9%) 40 (70.2%) 22 (46.8%) >0.05
Women 28 (57.1%) 17 (29.8%) 25 (53.2%) <0.05
AH 29 (59.2%) 41 (72%) 27 (57.5%) >0.05
[HD 4 (13.8%) 7 (17.1%) 3(11.1%) >0.05
DM 3(10.3%) 2 (12.5%) 3(11.1%) >0.05
CHF I-I1 FC 5 (17.2%) 2 (12.5%) 8 (29.6%) >0.05

Notes: Cons. — group of conservative therapy; ET — group of electropulse therapy; R — RPVI group; AH — arterial hypertension; IHD — ischemic
heart disease; DM — Type Il diabetes mellitus; CHF I-Il FC — chronic heart failure I-1l FC (NYHA).

Table 2. Antiarrhythmic therapy (AAT)

Medication Cons. (n = 49) ET (n=57) R (n = 47) p
Propafenone 16 (32.7%) 11 (19.3%) 14(29.8%) >0.05
Cordarone 33 (67.3%) 46 (80.7%) 33 (70.2%) > 0.05
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defined as the presence of symptomatic or asymptomatic
episodes of AF lasting more than 30 seconds.

The clinical results obtained during the study were
processed using the STATISTICA for Windows software system
(version 10 License BXXR310F964808FA-V). Comparison of
the frequency characteristics of qualitative indicators was
carried out using non-parametric methods 2, 2 with the Yates
correction (for small groups) and the Fisher criterion. When
comparing quantitative parameters, the Mann-Whitney test,
median chi-square, and ANOVA were used. The evaluation of
the studied parameters in dynamics after the treatment and
in follow-up was carried out using the Signs criterion and
the Wilcoxon criterion. Statistical significance was considered
atp <0.05.

RESULTS

The studied groups initially did not differ in age and
comorbidities (Table 1). However, the number of women
whose rhythm was restored with the help of ET turned out
to be almost 2 times less than in the groups of conservative
therapy and RPVI (Table 1).

When assessing echocardiographic data in patients with
restored SR on conservative therapy, LVEF was significantly
higher than in the groups of ET and RPVI (Table 3).
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In addition, there were differences in the measurement
of LA volume in the study groups. The LA volume index
initially turned out to be higher in the group of patients who
underwent radiofrequency PV isolation. Differences were
also found in the analysis of the parameters of LV diastolic
function. Thus, the initial value of the peak E TF was lower
in the group of patients with RFA PV, and the peak A TF,
measured on the first day after the restoration of SR, was
significantly higher among patients in the group of drug
cardioversion; the E' index was higher in patients in the ET
group, and the E/E' ratio in the group of radiofrequency PV
isolation exceeded this parameter in other groups (Table 3).
The assessment of these parameters reflects a more
significant impairment of LV diastolic function in patients in
the RFA PV group.

A TMP peak, measured 1 day after SR restoration, was
the highest in the drug cardioversion group. This makes it
possible to conclude a higher LA contractility in this group
and, as a result, a decrease in the frequency of AF recurrence
in the long term in these patients (Table 3).

It should also be noted that the study groups did not
differ in the duration of the current arrhythmia paroxysm at
the time of cardioversion (Table 4).

It was found that the absence of AF paroxysms after
the restoration of sinus rhythm for 2 weeks was associated

Table 3. Baseline echocardiographic parameters in the examined patients

Parameters Cons. (n = 49) ET (n = 57) R (n = 47) p
Age 64.12 (48; 81) 61.33 (45; 77) 63.11 (36; 80) >0.05
BSA 1.86 (1.48; 2.17) 2.07 (1.69; 2.72) 1.91 (1.56; 2.36) > 0.05
LV EF (Biplan)% 66.14 (56; 75) 62.05 (43; 76) 62.78 (46; 77) <0.05
EDS 48.66 (38; 64) 50.18 (41; 64) 51.89 (42; 80) > 0.05
ESS 32.21 (23; 45) 32.56 (25; 56) 35.00 (24; 64) > 0.05
VS 11.93 (8; 16) 12.95 (9; 18) 1181 ©: 15) > 0.05
WS 11.38 (8; 16) 12.69 (9: 18) 11.33 @ 15) > 0.05
LS 24,85 (17.9; 30.4) 23.13 (15.6; 29.3) 25.03 (18.9; 33.3) >0.05
LAVI 38.23 (26.3; 62.5) 38.05 (25.7; 60.9) 45.71(27.2; 81.7) <0.05
Peak E 94.06 (70; 132) 96.72 (89; 180) 79.43 (55; 120) <0.05
Peak A 1d 52.02 (0; 79) 34.88 (0; 104) 27.76 (0; 100) <0.05
DT 161.55 (99; 230) 162.85 (77; 240) 167.42 (125; 286) >0.05
E 11.78 (6; 16) 12,61 (7: 19) 7.88 (s 20) <0.05
E/E 8.28 (5; 13.3) 8.10 (4; 18) 12.04 (; 20) <0.05

Note: Cons. — group of conservative therapy; ET — group of electropulse therapy; R — RPVI group; BSA — body surface area; LV EF (Biplan)% — left
ventricular ejection fraction; measured according to Simpson; EDS — LV end diastolic size; ESS — LV end systolic size; IVS — interventricular septum;
WS — posterior wall; ILS — index of the linear size of the left atrium; LAVI — index of the volume of the left atrium; Peak E — the maximum rate of
early filling of the left ventricle; Peak A 1d — the maximum rate of late filling of the left ventricle; measured on day 1; after the restoration of sinus rhythm;
DT — deceleration time of early diastolic filling; E' — the maximum speed of the early diastolic wave of movement of the fibrous ring of the mitral valve
(FR MV); E/E' — the ratio of the maximum speed of early filling of the LV to the maximum speed of the early diastolic wave of movement of the FR MV.
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with a decrease in the likelihood of arrhythmia recurrence
within 6 months in all observation groups (p < 0.001).

Accordingly, the occurrence of early AF paroxysms during
the first 2 weeks after the restoration of SR also indicates
their higher probability of their appearance within 6 months
[RR (risk ratio) = 15.37].

A significant relationship was also found between
the restoration time of LA contractility (peak A > 0.5 m/sec)
and the frequency of AF recurrence during 6 months of
follow-up. So, in the group of medical cardioversion in
39 (80%) patients, effective LA systole (peak A > 0.5 m/sec)
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was recorded on the first day after the restoration of sinus
rhythm, and by the 15™ day of observation, sinus rhythm was
maintained in all patients of this group (Fig. 1). In addition,
arrhythmia did not recur within 6 months of observation
in most of these patients (26 (66.7%) people), and only in
13 (33.3%) patients in the long-term period 1 or more AF
paroxysms were observed (Fig. 2).

Out of 10 patients in the group of drug-induced rhythm
restoration with no atrial contractility on the first day after
cardioversion (peak A < 0.5 m/sec), AF relapses were recorded
in 2 patients by day 15. Within 6 months, arrhythmia recurred

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

iCons. A1

Cons. A2 ET A1

ET A2 RA1 R A2

‘ & Sinus rhythm

B Arterial fibrillation ‘

Fig. 1. The frequency of AF relapses in the observation groups for

15 days, depending on the restoration of atrial systole on the first day

after cardioversion. AT — A < 0.5 m/s; A2 — A > 0.5 m/s; Cons. — group of conservative therapy; ET — electrical cardioversion group;

R — RPVI group
100%
80%
60%
40%
20%
0% - T
Cons. Cons. ET ET R R
A<05 A>05 A<05 A>05 A<05 A>05
mSR O 1PAF EAF>1

Fig. 2. The frequency of AF recurrence in groups within 6 months depending on atrial contractility on the first day after SR restoration
(A >or < 0.5 m/s). SR — sinus rhythm; 1 P AF — 1 paroxysm of atrial fibrillation; AF > 1 — more than 1 paroxysm of AF; Cons. — group
of conservative therapy; ET — electrical cardioversion group; R — RPVI group

Table 4. Duration of the current AF paroxysm in the study groups

Duration of AF paroxysm Cons. (n = 49) ET (n = 57) R (n = 47) P
24 h-7 days 17 15 14 > 0,05
7-30 days 20 24 18 > 0,05
30 days—-6 months 12 18 15 > 0,05
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in 6 patients of this subgroup (60%; significance of differences
in the appearance of the sign compared with patients who
restored atrial systole on the first day after cardioversion is
p < 0.005; Fig. 2). However, after 6 months in all patients
after medical restoration of SR, regardless of the timing of
normalization of atrial contractility, SR was recorded.

In the ET group, peak A >0.5 m/sec on the first day
after cardioversion was recorded in 19 (34.5%) patients, of
which 17 (89.5%) by the 15th day of observation maintained
stable SR; relapses of AF were registered only in 2 (10.5%)
people; p < 0.05. After 6 months, in 14 (73.7%) patients of
this subgroup SR was stable, and relapses were noted only
in 5 (26.3%) people.

On the first day after ET in 36 (65.5%) patients peak A was
not recorded or was less than 0.5 m/sec. Of these, 14 (39%)
people had AF paroxysms within 15 days after cardioversion,
which was more common than in patients with good LA
contractility on the first day after rhythm restoration; p < 0.05
(see Fig. 2).

In the group of radiofrequency PV isolation, only 12 (26%)
patients had peak A > 0.5 m/sec on the first day after SR
restoration. As well as in groups 1 and 2, in most of these
patients (10 (83.3%)) by the 15th day of observation, SR
continued, and AF relapses were observed in only 2 (16.7%)
patients (see Fig. 1). Within 6 months, half of this subgroup
(6 (50%)) had persistent SR, and the remaining é people had
repeated paroxysms of AF within 6 months.

After RFA PV in most patients (34 (74%)) on the first
day after the restoration of SR, peak A was not recorded or
was < 0.5 m/sec, which was much more frequent than in
groups 1and 2; p < 0.01. At the same time, by day 15 after RFA,
arrhythmia recurred in 23 (67.6%) patients, while SR continued
in the remaining 11 (32.4%) patients; significance of differences
in comparison with patients who had effective atrial systole
on the first day after restoration of HR p < 0.001 (see Fig. 1).
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After 6 months, this subgroup also showed a greater number
of patients with AF: arrhythmia recurrences were recorded in
25 (73.5%) of them; significance of differences in comparison
with patients who had an effective LA systole on the first day
after SR restoration was p < 0.005 (see Fig. 2).

DYNAMICS OF THE LINEAR SIZE OF LA

When measuring the indexed linear size of the LA, there
was no significant dynamics of this indicator in the groups
of medical and electrical cardioversion during the control
after 6 months of observation, regardless of the presence
or absence of AF relapses during this period. In the group
of conservative therapy in patients without recurrence of
arrhythmia for 6 months (30 people), the initial LAl was
25.1+ 2.8 ml/m?, and after 6 months there was only a slight
tendency to decrease (23.8 + 2.8 ml/m?, p > 0.05). In patients
with recurrent AF (19 people), LAI did not change: the initial
indicator was 24.4 + 2.8 ml/m?, after 6 months it was
24.1 + 2.1 ml/m?, p > 0 .05 respectively.

In the group of patients with ET with persistent SR for
6 months (32 people), the mean values of LAl initially
amounted to 23.3 + 2.1 ml/m? and 23.3 + 2.6 ml/m? by
6 months of observation (p>0, 05). In patients with
recurrent AF after ET (25 people), the initial LAl was
22.9 + 3.4 ml/m?, after 6 months it did not change significantly
either (23.5 + 2.7 ml/mZ; p > 0.05).

However, in the RPVI group, there was a significant
decrease in LAl by 6 months of follow-up in patients without
arrhythmia recurrence. With persistent SR after RFA PV
(n = 14), the baseline LAl was 25 + 3.2 ml/m? and significantly
decreased to 20.4 + 1.8 ml/m? after 6 months (p < 0.001),
while in patients with recurrence of AF within 6 months (n = 33)
the LAl was initially equal to 26 + 2.8 ml/m? and on average did
not change after 6 months — 25.3 + 4.4 ml/m? (Fig. 3).

Mean; Box: Mean-SE, Mean+SE; Whisker: Mean-SD, Mean+SD
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Fig. 3. Dynamics of the LA linear size index (LAI) in the RFA PV group depending on the presence or absence of AF relapses within 6

months
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LP VOLUME DYNAMICS

In the group of SR drug restoration, there were initial
differences in indexed LA volumes in patients depending
on the presence or absence of AF paroxysms within
6 months. In the absence of recurrences of arrhythmia for
6 months in 30 patients of this group, the initial LAVI index
was 35.6 + 6.6 ml/m?, while in 19 people with subsequent
recurrences of AF after SR restoration, this parameter
initially turned out to be significantly higher (42.3 + 8 ml/m?,
p < 0.05).

After 2 weeks of observation, patients after drug
cardioversion showed a slight trend towards a decrease in
the LAVI to 32.5 + 2.6 ml/m? in the absence of arrhythmia
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recurrences during this period, without significant further
dynamics (32.8 + 4.4 ml/m? after 6 months; p > 0.05).
In patients with AF recurrence within 6 months, this indicator
did not change significantly in dynamics: by the 2" week of
observation, the LAVI was 43 + 8 ml/m?, by 6 months it was
42.2 + 8.1 ml/m?; p > 0.05 (Fig. 4).

In the group of patients after ET, this parameter also
did not change significantly during 6 months of observation,
regardless of the presence or absence of recurrence
of arrhythmia: LAVI in patients with persistent SR was
38.8 + 9.2 ml/m? and 40.2 + 11.9 ml/m? at 2 weeks and
6 months, respectively (p>0.05), and in patients with
recurrent AF it was 37.1 + 8.9 ml/m? and 34.8 + 12 ml after
2 weeks and 6 months, respectively (p > 0.05).

Mean; Box: Mean-SE, Mean+SE; Whisker: Mean-SD, Mean+SD
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Fig. 4. Index of LA volume in the group of medical cardioversion depending on the presence or absence of AF relapses within 6 months

after SR restoration
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Fig. 5. Changes in the LA volume index in the RFA PV group depending on the presence or absence of recurrent AF within 6 months
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However, in the group of patients after RFA PV in
the absence of arrhythmia recurrence (14 people), by
6 months the LAVI decreased on average from the initial
42.9 + 7 ml/m? to 30.1+15.4 ml/m? p < 0.001. While in
patients with recurrent AF, this indicator did not change
significantly: the initial LAVI was 46.8 + 14.7 ml/m?, and after
2 weeks and 6 months it was 41.3 + 12 and 46 + 15.4 ml/m?,
respectively; p > 0.05. (Fig. 5).

DYNAMICS OF E/E'

The value of the E/E' ratio in the group of patients
with medical SR restoration significantly decreased after
2 weeks in the absence of arrhythmia paroxysms after
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cardioversion from 9.2 + 3 to 7.3 + 3 (p < 0.05) without
further significant dynamics within 6 months (7.0 + 1.2).
In patients with recurrent AF in this group, this parameter
did not change significantly after 2 weeks (11.1 + 3.9 and
9.8 + 2.5, respectively; p > 0.05), however, it significantly
decreased after 6 months (from 11.1+3.9 to 9.2+2.5;
p < 0.05) (Fig. 6).

In the group of patients after ET, the E/E' indicator did
not change significantly during 6 months of observation,
regardless of the presence or absence of AF relapses during
observation up to 6 months: in 32 patients without repeated
paroxysms of arrhythmia, the indicator was 8.1 + 2.5 in
the first days after cardioversion; 8.1 + 3.7 — after 2 weeks
and 7.7 + 4.1 — after 6 months; p > 0.05. In patients with

Mean; Box: Mean-SE, Mean+SE; Whisker: Mean-SD, Mean+SD
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Fig. 6. E/E' indicator in the drug cardioversion group depending on the presence or absence of AF recurrence within 6 months
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Fig. 7. Dynamics of the E/E' indicator in the group of patients after RFA PV depending on the preservation of SR or the presence of AF

recurrence within 6 months
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arrhythmia recurrence, no dynamics of this parameter
was also found: E/E" initially amounted to 8.0 + 1.9, after
2 weeks — 8.6 + 2.2 and after 6 months — 9.5 + 2 8.
However, in patients after RFA PV, a statistically
significant decrease in E/E' was observed in the absence
of arrhythmia recurrence, both, after 2 weeks (initially,
E/E' was — 20.1 + 7.6, and after 2 weeks it decreased to
14.3 + 2.8 (p < 0.09)), and after 6 months of observation —
with a decrease in the indicator to 8.3 + 3.1; p <0.05.
And in patients with AF paroxysms, the E/E' ratio did not
change significantly during 6 months: on the first day after
RFA, the IPV and restoration of the rhythm E/E' averaged
12.5 +7.1; after 2 weeks — 13 + 7.4; with a slight downward
trend after up to 6 months of observation — 10.5 + 5 (Fig. 7).

DISCUSSION

It is known that “stunning” of the left atrium is associated
with the processes of thrombosis in the LA appendage, and
the longer the electromechanical dissociation of the LA
persists, the higher the risk of delayed thromboembolism [13].
This must also be taken into account when deciding on
the timing of anticoagulant therapy,

Some authors consider atrial systole ineffective in
the complete absence of wave A of the transmural blood
flow (Mahbubul A. et al., 1992), while others consider this
concept with any decrease in the speed of peak A less than
0.5 m/s (Hariai K. et al., 1998). Mahbubul A. et al. (1992)
also describe the dependence of the timing of restoration
of atrial contractility on the linear size of the LA in patients
with AF. In their opinion, an LA size of 50 mm or more
is associated with the absence of an LA systole lasting
more than 4 hours, and in the presence of an LA size of
less than 50 mm, atrial contractility is usually restored
within the first 4 hours after effective cardioversion [14].
Other studies have demonstrated that atrial systole in
patients with AF can restore within seconds to weeks after
cardioversion [15].

Other authors also describe the relationship between
the timing of the restoration of wave A TF and the duration
of arrhythmia: if the duration of paroxysm AF is less than
2 weeks, the peak A TF is restored, as a rule, within
24 hours; with paroxysm from 2 to 6 weeks, EMD persisted
for about 7 days, and if the arrhythmia lasts more than
6 weeks atrial contractility could be absent for up to 1 month
[16]. But at the same time, there are studies that do not
confirm the relationship between the duration of EMD and
the duration of AF paroxysm and the size of the LA [17].

In this issue, the work, which includes 112 patients with
AF and medical restoration of SR, who were observed for
6 months in order to search for predictors of arrhythmia
recurrence, deserves special attention. Atrial systole
restoration was assessed based on wave A TF on days 1,
7, and 21 after cardioversion. And conclusions were drawn
that the absence of a TF A peak in the first 24 hours after
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rhythm restoration was the most significant predictor of AF
recurrence [18].

As a result of our analysis, we also concluded that
the absence of wave A of the TF (or at its value less than
0.5 m/s) on the first day after cardioversion significantly
correlates with the occurrence of AF paroxysms within
2 weeks and 6 months. with various methods of restoration
of SR. The absence of AF paroxysms in the first 2 weeks
after cardioversion in all groups in relation to reducing
the likelihood of their occurrence in the period up to 6 months
also turned out to be significant.

Also, in recent years, a large number of studies has been
conducted aimed at finding the relationship between the size
of the LA and the likelihood of recurrence of AF.

The work of F.M. Costa et al. reflects the results of a study of
809 patients with AF of various durations. The paper proved that
the most significant predictors of recurrent AF paroxysms are
LA volume, female sex and the duration of the current episode
of arrhythmia. Moreover, the LA volume most significantly
correlated with the likelihood of arrhythmia recurrence than
the duration of the current episode of arrhythmia [19].

In a study by Marchese et al. data were obtained on
411 patients with AF after electrical cardioversion: after
12 months, 250 of them had repeated episodes of arrhythmia
and they also had a significantly larger initial indexed volume
of the left atrium compared to those who did not have
arrhythmia during the year [20].

It has been proven that fibrosis is a hallmark of LA
structural remodeling and is associated with an increased
risk of stroke, worsening of the results of catheter ablation,
and an increase in the frequency of arrhythmia recurrences
[25-27].

In turn, Shin S.H. et al. studied patients with atrial
fibrillation before RFA: LV dimensions, LV systolic function,
and both atrial dimensions were assessed. They concluded
that only the volume of the left atrium was an independent
predictor of the occurrence of recurrent arrhythmia episodes
during follow-up up to 6 months (p < 0.01) [21].

In our study, the indexed linear size and volume of the left
atrium in patients after RFA PV were also independent
predictors of AF recurrence for 6 months, and reverse LA
remodeling after six months was associated with a decrease
in the likelihood of recurrent episodes of arrhythmia during
this period.

Also, relatively recently, such a parameter of LA
remodeling and a criterion of LV diastolic function as E/E’
began to be evaluated, including in patients with AF to assess
the dynamics of LA filling pressure.

The value of this indicator is also being studied by
researchers in relation to assessing the probability of
predicting arrhythmia recurrence. M. Caputo et al. analyzed
the echocardiographic parameters of the left atrium in
patients with AF, and the ratio E/E' was an independent
predictor of the occurrence of recurrent AF paroxysms during
the year [22].
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Other authors also proved the significance of this
criterion in patients with AF after RPVI [23]. Li et al. analyzed
the E/E' ratio in 103 patients with AF before radiofrequency
LV isolation, and it turned out that the value of 11.2 was
an independent predictor of arrhythmia recurrence within
3 months after surgery [24].

According to our data, the value of E/E' also proved to be
prognostically significant in relation to arrhythmia recurrence
in the groups of medical cardioversion and RFA of the LV
when observed up to 6 months. Moreover, the greatest
prognostic value was not the initial values of E/E', but
their dynamics after 14 days. Thus, a significant decrease
in this parameter by 2 weeks after the restoration of SR in
the groups was a significant predictor of the preservation of
SR for 6 months.

While in the group of patients with electro-pulse therapy
(EPT), there were no significant differences in the dynamics
of LA sizes and the E/E’ ratio for 6 months, regardless of
the presence or absence of recurrent arrhythmias.
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Antitachycardic Therapy of ICD in Patients with
Multiple Morphologies of Monomorphous Ventricular
Tachycardia Refractory to Therapy

Dmitry B. Goncharik, Veronika Ch. Barsukevich, Larisa I. Plaschinskaya, Michail A. Zakhareuski

Republican Scientific and Practical Centre "Cardiology", Minsk, Belarus

The article presents a description of a clinical case of a patient with structural myocardial pathology (postinfarction car-
diosclerosis) with recurrent paroxysmal sustained monomorphic ventricular tachycardia (VT) refractory to the nominal recom-
mended ICD (implantable cardioverter defibrillator) settings; as well as discusses the shortcomings of existing standard algo-
rithms for antitachycardia pacing (ATP) of implantable cardioverter defibrillators and potential ways to increase its efficiency.
The refractoriness of recurrent paroxysms of ventricular tachycardia to ATP therapy increases the risk of repeated ICD shocks.

Despite the existence of universal recommendations for ICD programming and ATP therapy, there is a need in clinical
practice for individualized ATP programming in patients refractory to nominal settings. Increasing the number of ATP series
and changing algorithms enables to increase the efficiency of ATP up to 80-89%. Refractoriness to standard ATP settings may
be also overcome by using alternative ATP pacing algorithms (Ramp, Burst-plus, or Ramp-plus instead of Burst), changing the
pacing interval, ATP sequence duration, pacing type, and even adding 1-2 extra stimuli, as well as using data from the previous
intracardiac electrophysiological heart test.

The presented clinical case of a patient with postinfarction cardiosclerosis and paroxysmal stable monomorphic VT (SM-VT)
of several morphologies demonstrates that the arrhythmogenic substrate after myocardial infarction changes for a long time
without new stenoses in large coronary arteries and without new episodes of acute coronary syndrome, as well as generates
several different morphologies of VT from one scar (with different heart rates) and the effect on hemodynamics. The efficiency
of early ATP pacing may differ for VT of various morphologies, which makes it reasonable to use alternative pacing algorithms
(in addition to the standard Burst sequences recommended by the 2019 Consensus on ICD programming) and testing possible
ATP algorithms during ablation of monomorphic VT, including during preventive VT ablation before ICD implantation.

Keywords: antitachycardia pacing; implantable cardioverter-defibrillator; monomorphic ventricular tachycardia; clinical case
of VT refractoriness.
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HayuHas craTbs

Aututaxukapautuyeckasa tepanus UK y naumeHtoB
C HeCKoNbKUMM Mop¢osiorusiMuM MoHOMOpdHOM
YKeNYA0YKOBOM TaxXMKapAUM, pedppakTepHOU K Tepanuu

[.b. T'oHuapuk, B.4. bapcykesny, J1.U. MNnawmHckas, M.A. 3axapeBckun

PecnybnukaHckuit HayuHo-npakTuyeckuin LeHTp «Kapavonorusy», Munck, benapycb

B cTatbe npuBoaMTCA ONMCaHWe KIMHUYECKOrO Ciyyas MauMeHTa Co CTPYKTYPHOI maTtoniorvein MuokapAaa (nocTuHdapKT-
HblIli KapMOCKIepo3) C peLManBUpYIOLLEN NapOKCU3MabHOW YCTOMYMBOI MOHOMOPQHOI ey A04KOBOM Taxukapanen (KT),
pedpaKTepHON K HOMUHa/bHLIM PEKOMEHYEMbIM HAaCTPOMKaM MMNNAHTUPYEMbIX KapauoBepTepoB-aedpubpunnsTopos (MKLD);
0bCyKIaloTCA He1OCTABKM CYLLECTBYIOLLMX CTaHAAPTHbIX anrOpUTMOB aHTUTaXMKapauTMyeckoi ctumynaumum (ATC) UKL v no-
TeHUWanbHble MyTU yBenndeHns ee 3ddEKTUBHOCTU. PedpaKTepHOCTb peLManBMpYIOLLIMX MAPOKCU3MOB JKenyL04K0BOW Taxu-
Kapamm (KT) k ATC-Tepanum yBenMuMBaeT pUCK NOBTOPHbIX paspagos UKL,

HecMoTps Ha Hanuume «yHUBepcanbHbIX» peKoMeHaauui no nporpammmpoBanunio UK u ATC-Tepanuu, B KITMHWUYECKOM
NpaKTUKe CyLecTByeT NoTpebHOCTb B MHAMBMAYaNM3UpOBaHHONM nporpammaumn ATC y nauueHToB, pedpaKTepHbIX K HO-
MUWHaNbHLIM HaCTpOiKaM. YBenuuenne uncna cepun ATC u cMeHa anroputMoB No3BonisieT yBennuuTb 3pdextuHocTb ATC
10 80-89 %. PecdpaktepHocTb K CTaHAAPTHBIM HacTpoikaM ATC MoeT BbiTb TaKKe NpeoAosieHa NyTeM UCMONb30BaHNSA aNb-
TepHaTMBHbIX anroputmMoB ATC-ctumynsaumm (Ramp, Burst-plus unm Ramp-plus BMecto Burst), uameHeHus uHTepBana ctu-
Mynsumy, gautensHoctu ATC-nocnefoBaTenibHOCTH, TUNA CTUMYNALMM U Aaxe fobaBneHus 1-2 aKCTpacTUMYNOB, a TaKkKe
C UCMO/b30BaHMEM AaHHbIX NMpefLIecTBYoLLero BHyTpucepaeyHoro ION.

MpencTaBneHHbIA KIIMHUYECKUA CllyYal NaumMeHTa ¢ NOCTMH(APKTHBIM KapAMOCKIEPO30M U MapOKCM3MabHOM YCToWuU-
Boi MoHoMopHoi KT (YM—KT) HeckonbKux Mop®hoorui eMOHCTPUPYET, YTO apUTMOTeHHbI cybcTpaT nocne nepeHeceH-
HOro MHdapKTa MMOKapLa U3MEHSETCA Ha NPOTSXKEHWUN ANIMTENBHOTO BPEMEHM Be3 HOBbLIX CTEHO30B B KPYMHbIX KOPOHAPHbIX
aptepusx 1 6e3 Hoebix 3nu3040B OKC, a Takxke reHepupoBaTb HECKONbKO pasninyHbix Mopdonoruin KT u3 ogHoro pybua
(c pasHoii YCC) n BmsHMEM Ha reMoauHaMUKY. IPdeKTUBHOCTL paHHel ATC-cTuMynaumm MoxeT oTiudatbes ansa T pas-
JM4HOK Mopdonoruy, YTo fenaeT LenecoobpasHbiM UCMONb30BaHUE anbTEPHATMBHBIX anropuTMOB CTUMYNAUMKM (MOMUMO
CTaHAapTHbIX Burst nocnenoBatenbHocTel, pekoMeHaoBaHHbIX KoHceHcycom 2019 r. no nporpaMmupoBaHuio MKI) v Tectu-
poBaHue Bo3MoXHbIX ATC-anropuTMoB B npoLecce BbinoaHeHMs abnaunn MoHoMopdHoii YT, B ToM Ynucne npuw npoBegeHum
npeBeHTUBHOM abnauuv YT nepen uMnnaHtaumen UKL,

KntoueBble cfioBa: aHTUTaxXWMKapLUTUYECKas CTUMYNALMA; UMNNaHTUPYEMbIA KapauosepTep-aedubpunnarop; MoHo-
MopdHas XenyaoyKoBas TaXMKapAus; KNIMHUYeCKUI ciyyaii pedpakTepHocTu XKT.

Kak uutupoBarts:

lonuapuk [.b., bapcykesuy BM., MnawmHckas J1.W., 3axapesckuit M.A. Aututaxukapautuyeckas Tepanust WKL y nauMeHTOB C HECKOMbKUMM
MOpQONOrMAMM  MOHOMOPMHON KeNyA04KOBOM Taxwkapauu, pedpakTepHoi K Tepanuu // Cardiac Arrhythmias. 2022. T. 2, N® 4. C. 43-54.
DOI: https://doi.org/10.17816/cardar112248

Pykonucb nonyyena: 31.10.2022 Pykonucb ogo6pena: 20.01.2023 Ony6nukoBaHa: 20.02.2023
V-2
IKOeBEKTOR Jnuenzma CC BY-NC-ND 4.0

© 3xo-BexTap, 2022



CLINICAL CASE

INTRODUCTION

Antitachycardia pacing (ATP) provides painless and most
often safe relief of paroxysmal ventricular tachycardia (VT) in
patients with implantable cardioverter-defibrillators (ICDs).
The introduction of ATP therapy technology in ICDs in 1987
[2] was a significant step in the treatment of patients with VT.
Currently, ATP is included in all international recommendations
for ICD programming. However, with the accumulation of
experience, shortcomings of ATP therapy have been revealed,
and the efficiency of ATP algorithms in arresting rapid VT
with a cycle length (CL) < 300 ms, proposed by the 2019
Consensus [3], is only 50%, and acceleration of VT can occur
in 10% of cases receiving ATP therapy [4, 5]. The efficiency
of ATP may decrease to an even greater extent in patients
with multiple VT morphologies, which is more often observed
in patients with structural pathology (after myocardial
infarction) with a complex arrhythmogenic substrate. When
ATP therapy is ineffective, the ICD uses maximum power
discharge to arrest the persistent paroxysm of VT. Frequent
discharges of ICD result in reduced quality of life [6] and
increased mortality [7] in patients with ICDs. To eliminate
the refractoriness of VT, in addition to the ICD algorithms
recommended in the 2019 Consensus, antiarrhythmic therapy
can increase (increase in drug doses and combination of
antiarrhythmic drugs), the use of VT source ablation and
individualized ATP programming, including that based on
data obtained in performing intracardiac electrophysiological
study (EPS) during endocardial catheter ablation (CA) of VT.

An ideal ATP algorithm should include automatic and
customizable ATP for each VT in real time, taking into
account the heart rate (HR), VT QRS complex morphology,
and response to the previous series of ineffective ATP pacing.
Such an algorithm can be created using artificial intelligence
and implemented in the ATP ICD therapy program, which can
be a further step in the improvement of ICD technology.

Case description

+ Anamnesis: Patient (62 years old), diagnosed with
postinfarction coronary heart disease (2015, non-Q-MiI),
cardiosclerosis. Condition after stenting of the circumflex
branch of left coronary artery (2015). AV blockade
3 degree (since 2017). Implantation of pacemaker (2017)
H1. (NYHAT1). Arterial hypertension 2 degree, risk 4.
Dyslipidemia.

+ At the time of non-Q-AMI in 2015, the patient underwent
stenting of the circumflex branch of the left coronary
artery in 2015, with the achievement of complete
revascularization. During 2015-2017, the patient did not
have complaints during the intake of the recommended
adequate therapy.

» In 2017, the patient developed a transient grade 3 AV block;
as a result, a two-chamber electric cardiac pacemaker
(ECP) was implanted, and the necessary pharmacotherapy
was continued for 2 years with high adherence.
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+ Therapy (2017-June 2021): aspirin 75 mg/day, metoprolol
50 mg/day, ramipril 10 mg/day, and rosuvastatin 20 mg/
day. During the unscheduled programming of the ECP
(June 2021), sustained monomorphic VT was detected
(HR, 188 beats per minute [bpm]; duration 8 min, stopped
spontaneously). The patient requested unscheduled
programming for this episode of palpitations, which
was accompanied by a presyncope state. Coronary
angiography (June 2021) revealed that the stent was
passable. Hemodynamically insignificant stenoses of
the coronary arteries were noted (up to 20%). ECHO-CG
(2021) showed an end-diastolic dimension of 51 mm, end-
systolic dimension of 34 mm, and left ventricular ejection
fraction (V) of 59%. There was regurgitation on the mitral
and tricuspid valves of 1 degree. Because of a device-
detected (ECP) paroxysm of sustained VT, the patient
underwent ECP replacement with an ICD (07.2021; Evera
DR). When programming the ICD, the standard ICD settings
recommended by the 2019 Consensus were used.

Therapy after icd implantation

Treatment. After ICD implantation, the dose of
metoprolol was increased to 100 mg/day (amiodarone
was not prescribed because this paroxysm was the only
detected paroxysm of VT). The rest of the therapy was
unchanged (aspirin 75 mg/day, ramipril 10 mg/day, and
rosuvastatin 20 mg/day).

During the period from July 2021 to June 2022,
the patient did not notice any cardiac arrhythmias, and
no paroxysms of sustained VT were registered during
the control programming in the course of pharmacotherapy
(every 3 months). However, from June 2022, the patient
began to notice sustained episodes of palpitations (up to
several tens of minutes) without presyncopal and syncopal
conditions, which were not detected on repeated ECG and
24-h ECG monitoring at the primary healthcare facility, until
the patient was admitted to the district hospital with a stable
paroxysm of monomorphic VT with HR of 155 bpm (total
duration > 30 h). Intravenous administration of amiodarone
did not lead to the relief of VT. As a result, procainamide was
administered intravenously, which caused VT relief.

ATP therapy for this episode of VT was not initiated by
the ICD because the established lower VT detection interval
(in accordance with the 2019 Consensus guidelines) was set
to 20 bpm less than the previously verified (2021) episode
of sustained monomorphic VT (SM-VT), i.e. 167 bpm (which
turned out to be higher than HR during sustained VT paroxysm,
i.e., up to 155 bpm). According to the patient, until admission
to the district hospital, he experienced weekly episodes
of palpitations with an HR of 145-160 bpm. Coronary
angiography performed at the primary healthcare facility
(August 2022) did not differ from that previously performed
in 2021 (the stent was passable, and hemodynamically
insignificant stenoses of the coronary arteries were noted
up to 20%).
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For further treatment, the patient was transferred to
a level 4 center of medical care (State Republican Research
and Practical Center “Cardiology”).

Control programming of ICD Control (September 2022):
from July to August 2022, ICDs were detected:

- One episode of sustained monomorphic VT
(SM-VT) = 166 bpm (duration, 1 h 3 min; VT monitor mode
without ATP therapy/no ICD discharge).

- One episode of SM-VT = 166 bpm (31 h 5.5 min; VT monitor
mode without ATP therapy/no ICD discharge).

- One episode of sustained SM-VT with HR of
182-188 bpm; ATP therapy SM-VT with three attempts
of ATP therapy without effect. After that, VT paroxysm
was stopped by an ICD discharge (in accordance with
the programmed algorithm).

The number of episodes of VT with an HR < 150 bpm in
the last 3 months was not known because the lower detection
threshold for VT in the monitor mode was set to > 150 bpm.
Such recurrent episodes of slow VT occurred because
the patient (according to him) noted periodic episodes of
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palpitations with a frequency of 140—145 bpm with preserved
hemodynamics. Moreover, the presence of reciprocal or
supra-VT was ruled out because of the presence of degree
3 AV blockade (since 2017). Paroxysms of atrial fibrillation
and atrial flutter were also absent in the device memory.

Analysis of atp fragments for treatment
of the episode of sustainable vt with hr
of 182-188 BPM

The results of the analysis of fragments of ATP therapy
demonstrated effective imposition of ATP pacing from
the distal pole of the defibrillating electrode, with post-
pacing interval at the time of ATP termination > VT cycle
(but < 2 VT intervals), which indicated the entry of the ATP
pacing sequence into the VT cycle (VT entrainment), but
the inability of ATP therapy to arrest the paroxysm because
of the inability to cause a bidirectional block in both directions
in the vulnerable isthmus of VT. Thus, the ATP pacing cycle
used was too long to achieve a critically short and effective
refractory period (ERP) in the VT reentry cycle.

c

Fig. 1. ICD detects VT with a cycle of 330 ms (a), delivers a series of ATP pacing (b), whereas the analysis of the ICD endogram indicates
effective pacing, with post-pacing interval of 420 ms. ATP has entered a VT cycle which is at a distance of (420-330)/2 = 45 ms from
the ICD stimulation electrode. However, VT persists at the same rate

Fig. 2. Owing to the lack of effect of ATP pacing, the ICD delivers a discharge and stops VT
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Fig. 3. Summary of the detected and arrested VT episodes. The total duration from the onset of the paroxysm to its arrest was 1 min
27 s. The episode of SM-VT with HR of 182—188 bpm was detected by ICD. To stop the ICD-detected VT, three attempts were made
to arrest VT using ATP, starting from a cycle of 88% of the detected VT cycle. Thus, for the VT cycle of 330 ms, the first sequence of
ATP Burst-1 is plotted with a cycle of 330 x 0.88 = 290 ms. The imposition was effective, and there were no signs of loss of capture.
ATP “entered a VT cycle” but did not stop VT and was not effective. As VT persists, the ICD delivers the next series of cycles 10 ms
shorter, i.e. 280 ms and then 270 ms. The duration of the post-stimulation interval (return cycle 1 of VT) ranged from 410 to 420 ms,
which indicated the effective imposition of ATP pacing and the absence of loss of capture. However, this cycle of ATP pacing was too
long to induce VT arrest (by creating a blockade in both directions of the VT reentry chain). Owing to the lack of VT arrest, the ICD

delivered a discharge and stopped VT

Revealing the cause: analysis of ATP therapy
fragments in device memory

A fragment of the programming protocol with VT
detection, ATP therapy, and subsequent cardioversion is
presented.

Owing to the inefficiency of ATP therapy and antiarrhythmic
therapy (metoprolol + amiodarone), the patient underwent
EEPS, arrhythmia substrate mapping, and ablation of
the sources of detected VT.

EEPS results

+ The patient underwent EEPS, using the EPS of the AXIOM
Sensis XP system. From two different points of the right
ventricle, using a quadripolar electrode installed in
the right ventricle (RV), and a multi-programable
Micropace stimulator, frequent and programable (with
two extra pacings) stimulation was performed (including
against the adrenaline infusion). However, inducing VT by
pacing from the RV was not possible.

+ Given the repeated episodes of sustained monomorphic
VT with a suspected source in the left ventricle (LV),
left ventricular substrate mapping was performed. In
the region of the high sections of the anterior—lateral
and lateral walls of the LV, a zone of low amplitude and
fractionated signals (a zone of non-transmural scar)
was revealed, along the edge of which early- and mid-
diastolic potentials were also detected in sinus rhythm (at
a distance of 1.0-1.5 cm from the annulus of the mitral
valve (MV). When pacing mapping from this zone of

DOl https://doiorg/10.17816/cardar112248

the LV, the stimulated QRS complex matched 90%-95%
with the morphology of the previously detected VT (during
paroxysm at the outpatient stage). With programmed
pacing from this zone against the intravenous infusion
of adrenaline, paroxysmal stable VT of two different
morphologies was reproducibly induced in the patient with
a high percentage coincidence of induced VT with QRS of
clinical VT (coincidence percentage of VT No.1 close to
100%). The HR of the two induced sustained monomorphic
VT (SM-VT) was 155165 bpm, which was accompanied by
intact hemodynamics (blood pressure = 110/60 mm Hg).

In addition, with programmed stimulation from the LV
against adrenaline infusion, two slower non-sustained VTs
(145 and 155 bpm; lasting 8-15 s) were induced, which
differed in morphology from VT No. 1 and VT No. 2 and
stopped spontaneously.

Given the preserved hemodynamics, in addition to
substrate mapping in sinus rhythm, activation mapping
of both SM-VT was performed using the Carto 3 system.
The sources of “exit” of the two indicated VTs (zones of
the earliest activation) were at a distance of 1.5 cm from
each other and coincided with the extended zone of low
amplitude and fractionated potentials in sinus rhythm. In this
area, extended ablation was performed (scar homogenization
with a power of 30 W and ablation time of 25 min) until
the elimination of diastolic potentials. The affected area
was connected to the MV ring by an additional ablation line.
According to the ablation results, non-inducibility of both
SM-VT was achieved (with frequent and programmed [up to
two extra pacings] stimulation from the RV and LV, including
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against adrenaline infusion. Thus, a positive clinical effect
was achieved.

The presence of SM-VT of multiple morphologies
increases the potential risk of recurrent VT after successful
ablation compared with VT of a single morphology.
Therefore, immediately before performing ablation during
intracardiac EEPS, the efficiency of future antitachycardiac
ATP protocols was tested in the X-ray operating room with

VT No. 1 (basic, clinical); heart rate = 164 bpm; CL = 360-365 ms.

Tom 2, N2 4, 2022
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stimulation from a quadripolar catheter placed in the area
of the defibrillating ICD electrode. This aimed to establish
the cause of the inefficiency of the previously used ATP
therapy of ICD (before ablation) and test alternative
ATP protocols (for customized ICD programming after
ablation).

As a result of ATP simulation of ICD protocols in an X-ray
operating room, typical ATP therapy using a series of burst

VT No. 2 (sustained monomorphic, induced on EEPS); heart rate = 160 bpm;
CL = 370-375 ms

Fig. 4. SM-VT induced during EEPS of two main morphologies

c

d

Fig. 5. a — Typical burst pacing from the right ventricular (RV) lead (88% of the SM-VT cycle). After ATP termination, VT continues with
the same cycle of 365 ms. b — Typical burst pacing from the RV lead (83% of the SM-VT cycle). VT changed slightly the morphology and
continues with the same cycle of 365 ms. ¢ — “Aggressive” antitachycardic burst pacing from the RV lead (approximately 55% of the
SM-VT cycle of 200 ms) with no effect. VT was maintained with the same cycle. d — “Aggressive” antitachycardiac burst pacing from the RV
lead with a very short interval on the verge of an effective ventricular refractory period (approximately 52% of the SM-VT cycle of 190 ms).
At the end of ATP stimulation, VT accelerates to 280-290 bpm and transforms into polymorphic VT (short fragment), with spontaneous

arrest
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stimulations, according to the recommendations of the 2019
Consensus, was deemed ineffective (Fig. 5).

The analysis of the results of intraoperative ATP with
ultra-frequent stimulation demonstrated the following:

1. The ERP of the ventricles in sinus rhythm was 210 ms.

2. The ERP of the ventricles against long-term VT was
<190 ms.

3. The ERP of the ventricles with long-term VT was
much shorter than the cycle of previously established
antitachycardic ICD pacing in episodes of ineffective ATP at
the outpatient stage (shortest pacing interval of 270 ms).

This fact was probably the reason for the inefficiency of
ATP in this patient at the outpatient stage, which required
changing the ATP settings for ICD therapy, which differ from
those recommended by the 2019 Consensus.

Efficiency of ATP therapy during 3 months
after ablation

During the follow-up period of 3 months, the patient had
2 episodes of VT with a heart rate of 168 bpm, which required
the use of ATP stimulation. In both cases, Burst-pacing with
a cycle length of 88% of the VT cycle (recommended by
the 2019 Consensus) was ineffective. Both paroxysms of
VT were effectively stopped by ATP pacing with a shorter
coupling interval, namely paroxysm 1 from the series
1 with a coupling interval of 81% of the VT cycle, and
the paroxysm 2 from the sequence 2 (30 ms shorter than
81% of the VT cycle), which confirmed the greater efficacy of
a short pacing interval for slow VT in this patient, revealed
during endocardial electrophysiological study. There were no
ICD shocks during the follow-up period.

DISCUSSION

The setting protocols for ATP therapy for ICD have not
changed significantly over the past 20 years, except for one
important addition, that is, the lengthening of the VT detection
time. Studies have shown that lengthening the time of VT
detection from 18 to 30 of 40 VT intervals before applying
ATP pacing or an ICD discharge can reduce reliably and
significantly the number of ICD discharges [9]. This effect
is achieved mainly by preventing unreasonable therapy of
non-sustained VT. After obtaining similar results in several
studies, a long VT detection interval has now become
the standard for programming ATP therapy for ICD [10],
although this prolongs the overall duration of VT paroxysm
from its onset to arrest.

The experience of the arrhythmology department in
the treatment of patients with paroxysmal VT with structural
pathologies of the heart indicates that the main etiological
cause of SM-VT directed for ablation in the Republican
Scientific and Practical Center “Cardiology” was coronary
heart disease (77.1%; 54 of 70 patients), and 62.9% of them
had a history of myocardial infarction. In 60.0% of the cases,
the posterobasal and posterolateral left ventricular wall
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was the VT substrate; and in 9 (12.9%) cases, multiple
localizations of VT substrates were noted. Such an uneven
distribution of localizations can be due to both the “survivor
error” (high probability of being stopped for SM-VT from
the posterolateral wall of the LV) and the anatomical or
electrophysiological aspects of the myocardium of this
zone, predisposing to maintaining SM-VT with preserved
hemodynamics.

According to the ICD programming data, 104 VT episodes
not stopped by ATP were detected in the monitored patients,
which was accompanied by a total of 144 ICD discharges.
Multiple localizations of VT substrates were registered in
30% of these cases. Patients were programmed according
to the standard recommendations in the 2019 Consensus.
Changes in programming parameters were made during
the follow-up based on previous ineffective ATP therapy
and the endocardial EPS (EEPS) protocol during the CA VT
procedure.

The 2019 Consensus guidelines for optimal programming
of ICDs recommend the use of ATP for the treatment of
VT up to a high HR. The number of pulses in series and
the number of series were not clearly defined. Ramp ATP
and low-power cardioversion are not recommended.
The nominal recommendation of the 2019 Consensus for all
ICD manufacturers is “conservative” initial burst ATP therapy
for monomorphic VT paroxysm after a long interval of VT
detection (typically 30 of 40 ICD-detected VT complexes).
The conservative start of ATP therapy implies a stimulation
cycle length of 85-88% in the first series of burst stimulation
(of the 8 stimulating complexes). If the first ATP sequence is
ineffective for rapid VT (range, > 200-220 bpm), automatic
cardioversion (up to five high-power discharges) is usually
recommended.

For slow and medium HR VTs (up to 188 bpm), several
sequences of burst ATP therapy can be performed (usually
with 10-ms increments, i.e. each subsequent series of
pacing shortens the pacing cycle by 10 ms). The number
of pacing series is not specified in the 2019 Consensus
guidelines; however, in practice, the number of sequences
rarely exceeds 3-4 pacing series, after which the ICD is
usually programmed to deliver cardioversion (usually with
a maximum power discharge). An analysis of the CareLink
ICD database (> 100,000 patients) demonstrated that
only approximately 50% of patients with ICD had =3 ATP
sequences programmed [11].

Frequent discharges of ICDs result in reduced quality of
life [6] and increased mortality [7] in patients with ICDs. In
routine clinical practice, many physicians use 1-2 series of
ATP stimulation, after which cardioversion is programmed,
despite convincing data confirming that increasing the number
of stimulation series with a gradual shortening of the ATP
stimulation cycle increases the efficiency of ATP therapy and
reduces the number ICD discharges.

For example, the hypothesis that an increase in
the number of series of ATP pacing leads to an increase in
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the efficiency of ATP was, in particular, tested in the Shock-
Less study (4112 patients). This study compared the total
number of ICD discharges between two groups of patients, (1)
nominal ICD programming parameters such as programming
on < 3 ATP series (VT zone) and <1 ATP sequence (in rapid
VT zone) (nominal group), and (2) patients programmed
to receive additional ATP sequences in VT (> 3) or rapid
VT (> 1) zones [12]. In this study, 4359 VT episodes occurred
in 591 patients over a mean follow-up of 19.6 + 10.7 months.

Compared with the nominal group in the Shock-Less
study, patients with additional ATP programming had a 39%
reduction in the number of ICD discharges caused by detected
VT episodes (0.46 episodes per patient-year vs. 0.28 episodes
per patient-year; occurrence rate ratio [RR] 0.61, p < 0.001).
Moreover, the number of ICD discharges for fast VT reduced
by 44% (0.83 episodes per patient-year vs. 0.47 episodes per
patient-year; RR 0.56; p < 0.001). A decrease in the number
of ICD discharges was noted both in the groups with primary
prevention of sudden cardiac death (SCD) (IRR 0.68; 95%
confidence interval (Cl) 0.51-0.90; p = 0.007) and secondary
prevention of SCD (IRR 0.51; 95 % Cl 0.35-0.72, p < 0.001).
Thus, programming more than the nominal number of ATP
sequences in VT zones (and even rapid VT) is associated with
a lower rate of ICD discharges.

The key efficacy parameter is pacing with an ATP cycle
duration short enough to achieve block in both directions of
the VT reentry wave (or delivering a single extra pacing during
the vulnerable period of VT reentry), but not the number of
ATP series per se.

Thus, if ATP stimulation with a sufficiently short cycle
is immediately chosen, it will stop the VT paroxysm from
the first exposure. An increase in the number of ineffective
ATP series leads to the prolongation of the VT paroxysm, and
this, paradoxically, reduces ATP efficiency.

Several clinical studies have shown that even prolonging
the detection time from 18 to 30/40 VT complexes leads to
a decrease in the efficiency of ATP therapy, especially for
rapid VT. Specifically, in the ADVANCE 3 study, a reduction in
the efficiency of ATP therapy by up to 50% for rapid VT was
noted [4].

Probably, prolonged paroxysm leads to the development
of electrical myocardial remodeling, which is expressed in
a shortening of the ERP of the myocardium and vulnerable
VT isthmus, which in turn reduces the efficiency of slow,
conservative series of ATP stimulation. The longer the time
to effective therapy (a short ATP cycle is sufficient), the lower
the efficiency of ATP and the higher the frequency of ICD
discharges.

Thus, it is necessary to maintain a balance with
a sufficiently long initial detection of VT (to prevent
unreasonable treatment of non-sustained VT that can stop
independently) and the application of effective ATP with
a sufficiently short pacing cycle (stopping VT by achieving
blockade in vulnerable VT isthmus). However, the ATP pacing
cycle should not be excessively short to avoid warming up of
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VT, its acceleration, and/or transformation into polymorphic
VT or ventricular fibrillation.

The presented clinical case reflects the shortcomings of
the standardized approach to ICD programming recommended
by the 2019 ICD programming consensus. A long detection
interval in combination with a “conservative” start of ATP
stimulation (88% of the length of the VT cycle), a slow
sequential shortening of the ATP stimulation cycle (minus
10 ms) with a limited number of ATP stimulation sequences
(4 stimulation series) does not allow stopping slow VTs that
have a short ERP in the vulnerable isthmus of the reentry of
VT, which does not allow for bidirectional blockade in both
directions of the VT cycle (Fig. 6).

In the demonstrated clinical case, the cycle of clinical
and EPS-induced VT was 365 ms. When applying the 2019
Consensus recommendations after a long VT detection interval
(30 of 40 complexes, which corresponds to a detection duration
of = 11 sec), after the inefficiency of series 1 of ATP (88% of
the SM-VT cycle, i.e. 321 ms), the device will gradually shorten
the stimulation cycle (by 10 ms).

Thus, if additional three bursts of burst pacing are
programmed, then the ICD will sequentially reach the length
of the ATP pacing cycle of 321-311-301-291 ms, after which,
with continued VT, it will deliver an ICD discharge. The total
time to the restoration of sinus rhythm is approximately
46.7 s (= 11 s for detection, 27.7 s for delivering a series of
four ineffective burst ATP pacing, and 8 s for charging the ICD
before delivering a discharge). In this case, as follows from
the above case, the length of the cycle of the ineffective ATP
pacing 4 of ICD of 290 ms was much longer than the pacing
cycle during EEPS that arrested VT during EEPS (190 ms).
The paroxysm duration before an effective impact (ICD
discharge after 46.7 s) was sufficient to cause electrical
remodeling and reduce the efficiency of ATP pacing in
a patient.

Possible methods to overcome refractoriness to ATP
stimulation:

1. Use antiarrhythmic therapy that increases the length of
the action potential and ERP of the myocardium in vulnerable
VT isthmus (antiarrhythmic drugs of classes 1A, 1C, and Ill).

2. Use a more “aggressive” starting percentage of burst
pacing (e.g., with 81% of the VT cycle length).

3. Use a larger number of sequences with a slow
decrement (step of 10 ms), which may lead to a several-fold
increase in the risk of VT acceleration and its transformation
into ventricular fibrillation with an increase in the number of
ATP series of > 6 [13].

4. Use a faster decrement between successive series
of burst pacing (decrement step of 30 ms instead of that
nominal of minus 10 ms recommended by the Consensus),
at least for patients with slow and medium-fast VT with
a history of episodes of ineffective ATP pacing, accompanied
by potentially preventable ICD discharges.

5. Use ATP sequences such as burst plus or ramp plus,
where, in addition to a series of 6-8 pacing of the same
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Pic. 6. o — ATP pacing with an insufficiently short pacing cycle produces blockade in one direction but does not achieve blockade in
the antegrade propagating reentry wave. S1 stimulation “enters the VT cycle” (VT entrainment), but does not stop VT. b — S1 pacing “enters
the VT cycle” and given the short interval, achieves blockade of impulse propagation in bath directions (stops VT)

length, 1-2 extra pacings with a shorter coupling interval is
added. Unfortunately, these algorithms are not available from
all manufacturers.

6. Use “intelligent” ATP stimulation algorithms that
automatically adjust to the parameters of the previous
ineffective series of ATP stimulation (shortening
the stimulation cycle, adding or decreasing the number
of pacing in the series, adding 1 or 2 extra pacings with
automatic adjustment of the changing auto number and
length of the extra pacing cycle, etc.).

To prevent repeated ICD discharges in the patient described
above after effective VT ablation of two morphologies, we
made the following corrections to the standard settings of
ATP ICD therapy (in case of VT recurrence):

1. As the initial therapy for VT, a “conservative” start of
ATP therapy was retained (88% of the length of the VT cycle
to reduce the risk of accelerated VT/transformation into
ventricular fibrillation):

- Initial series of ATP pacing with a starting cycle of 88%
(only two sequences with 10-ms steps were retained),
which may be sufficient in the case of recurrent VT
after the modification of the arrhythmogenic substrate
because of ablation.

The number of pulses in the series was reduced to six
pacings because the post-pacing interval of 410-420 ms
indicates that four ATP cycles of a given length are sufficient
to reach the pacing wave to the VT reentry circle; and + 2
pacings are left for other VT morphologies.

2. If the step 1 of the ATP pacing algorithm is
ineffective, the step 2 of the ATP therapy algorithm includes
the following:

- Aseries of stimulations with a starting cycle of 81% of
the length of the VT cycle (6 pacing in each sequence).

- Decrement step—minus 30 ms, retained + 3 sequences
in 30-ms steps (which for VT with an initial frequency
of 164 bpm enables achieving quickly the length of
the stimulation cycle of 206 ms (56% of the length
of the VT cycle) after step 3 of the decrement and to
shorten to the maximum the time to achieve the ERP
(i.e., moment of potential efficiency of ATP pacing,
approaching the ERP of the ventricles of 200-210 ms
even against adrenaline infusion).

- The total duration from the onset of VT paroxysm to
its relief by series 4 of ATP with a decrement of 30 ms
will be 30.7 s (instead of 46.7 s), which is 34.3%
shorter than the initial duration of the ineffective
series of ATP, which ended with an ICD discharge.

- Afaster shortening of the pacing cycle to an effective
one will prevent rapid electrical remodeling (“warming
up”) of VT.

3. If step 2 is ineffective, the algorithm proceeds to step
3, that is, the programmed “conservative” Ramp plus:

- A series of stimulations with a starting cycle of 88%
(instead of the nominal 75%) of the length of the VT
cycle (six pacing in each sequence), plus

- Two nominal extra pacings with a length of 69% and
66% of the length of the VT cycle.

4. If steps 1-3 are ineffective, cardioversion with

maximum energy of discharge is performed (steps 4-6).
The general opinion of the authors of the recommendations

on ICD programming and analysis of the literature suggests

that the risk of VT transformation is higher with the use of

Ideal S2 pacing arresting the VT paroxysm

Fig. 7. After entering the reentry cycle, the application of the S2 pacing with a sufficiently short coupling interval “closes” the impulse
propagation in both directions (due to the entry of vulnerable VT isthmus into the tissue refractoriness period)
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more aggressive ramp and ramp plus sequences of ATP
therapy (with a short initial coupling interval of 75%)[14]
and [15]. Therefore, in the 2019 Consensus, ATP therapy
should be started with a “conservative” burst (88%).

The concept of extra pacing (S2 and S3 [if necessary]
assumes that the initial series of impulses with
a fixed duration of the stimulation cycle [S1 pacing of
48 impulses] enter the VT cycle [VT entrainment; therefore,
there is no need for an excessively short coupling interval
for S1 (which, if excessively shortened, will more possibly
accelerate VT).

VT relief was achieved by a single (or double) extra
pacing S2, applied with a short enough coupling interval
to “close” the electrically excitable vulnerable VT isthmus
on the verge of ERP “gateway” or VT isthmus. Preliminary
analysis performed on a simulator based on the database of
remote ICD monitoring indicates an increase in the efficiency
of this approach by 15%-20% compared with the standard
burst ATP stimulation [16].

CONCLUSIONS

1. The clinical case presented clearly demonstrates
that the arrhythmogenic substrate after myocardial
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