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Opportunities of metabolic treatment in paroxysmal
atrial fibrillation patients with obesity, arterial
hypertension and/or ischemic heart disease

Tatsiana |. Balabanovich', Valentina S. Golyshko', Irina A. Sinkevich?, Elen S. Shkuta?,
Elizaveta A. Veniadziktava?, Pavel V. Baliuk?, Alexei V. Knysh?

! Grodno State Medical University, Grodno, Belarus;

2 City Clinical Hospital No. 3 of Grodno, Grodno, Belarus

ABSTRACT

This article provides the experience of examination and treatment of paroxysmal atrial fibrillation patients with concomitant
obesity, arterial hypertension and/or ischemic heart disease, who were prescribed levocarnitine in addition to traditional the-
rapy. The addition of levocarnitine in management of atrial fibrillation was found to be capable of reducing the atrial fibrillation
burden after cardioversion and improve the functional state of the patients.

Keywords: atrial fibrillation; levocarnitine; recurrence; prevention.
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Bo3Mo)xHOCTM MeTabonuyeckon Tepanuu y NaumeHToB
C napoKcusmanbHou dopmon hnbpunnaumum
npeacepAanin B COMETaHUU C OXKMPEHUEM, apTepUanbHOM
runepTeHsnen u/unu UeMmU4ecKomn bonesHblo cepaua

T.1. banabatosuy', B.C. Tonbiwko', N.A. Cunkesmny?, 3.C. LkyTa?, E.A. BeHeaukTosa?,
M.B. bantok?, A.B. KHbiw?

' TPO/IHEHCKMIA rocynapCTBEHHbIM MeaMLIMHCKWIA yHuBepcuTeT, MpoaHo, benapych;

2 [opoacKas KMHMyecKas GonbHuua N 3, TpogaHo, benapych

AHHoTauus

MpuBoaunTCA ONbIT 06CNeA0BaHUS U JIEYEHNS NALMEHTOB C NapOKCM3ManbHOW GopMoii pubpuanaumMy npeacepani, ctpasa-
IOLLMX OXKMPEHMEM, apTepuanbHO rMnepTeH3uei M/unm uiemuyeckoi 6onesHbio cepaua, KOTopbiM B AOMOHEHWE K Tpa-
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INTRODUCTION

In recent decades, compelling evidence shows that
atrial fibrillation (AF) is one of the most prevalent forms
of cardiac rhythm disorders [1, 2]. To illustrate this point,
R.G. Trohman et al. cited the following data: according to
forecasts, by 2050, 6—12 million individuals in the United
States will suffer from AF. In Asia, the number of patients
with AF will reach 70 million. In Europe, the number of
individuals affected by AF is projected to exceed 17.9 million
by 2060 [1, 2]. The presence of AF increases the mortality
risk by 1.5-3.5 times, initiates up to 20%-30% of stroke
cases, exacerbates heart failure, vascular dementia, and
depression, and reduces the quality of life [1]. This results in
the pressing need for effective treatment and prevention of
AF, which remains an unresolved problem. Despite medical,
interventional, and surgical therapies for AF, a recurrent
arrhythmia occurs in 40%-50% of cases [3]. This situation
prompts the use of both general treatment concepts
based on the most essential aspects and regularities of
arrhythmia pathogenesis and specific but very important
distinguishing features of different clinical and pathogenetic
AF phenotypes.

Recently, reports on the efficacy of levocarnitine in
the treatment of patients with cardiac problems have
been published. In a meta-analysis of 13 studies involving
3.629 patients, J.J. DiNicolantonio et al. demonstrated that
levocarnitine therapy for patients with myocardial infarction
reduced the risk of total mortality by 27% and the risk of
ventricular arrhythmias by 65% [4]. Several publications
have noted that the inclusion of levocarnitine in traditional
therapy enhances the antianginal effect, improves
the clinical course of chronic heart failure (CHF), and has
an anti-inflammatory effect [5-7]. However, in clinical
practice, the use of levocarnitine for the AF treatment
is less investigated. Existing literature data indicate that
levocarnitine reduces the risk of postoperative AF after
aortic valve reconstruction threefold [8]. A randomized
trial involving patients who had undergone coronary artery
bypass grafting demonstrated the efficacy of levocarnitine
in relation to AF prevention [7].

The imbalance in fatty acid uptake and oxidation in cardiac
cells in obesity-associated AF induces the development of
lipotoxic atrial cardiopathy, which subsequently initiates
lipid peroxidation processes and damage to membrane
structures [9]. In these conditions, the activity of enzymes
such as 5' adenosine monophosphate-activated protein
kinase (AMPK) and carnitine palmitoyltransferase IB and
other enzymes necessary for adequate B-oxidation of fatty
acids, decrease [10]. In a series of experiments on rats with
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paroxysmal AF and obesity, Y. Zhang et al. observed that
levocarnitine treatment resulted in increased AMPK activity,
normalization of the B-oxidation process, and elimination
of the proarrhythmic effects on the myocardium. This
ultimately prevented AF progression and reversed cardiac
remodeling [10]. Thus, the efficacy of levocarnitine in AF
is convincing and pathogenetically justified and opens new
perspectives in the treatment of this type of arrhythmia.
This study aimed to assess the efficacy of a complex
treatment regimen that included levocarnitine in patients with
paroxysmal AF and comorbidities such as obesity, arterial
hypertension (AH), and/or coronary heart disease (CHD).

MATERIALS AND METHODS

This study analyzed the medical records of 60 inpatients
hospitalized in the Cardiology Department of the City Clinical
Hospital No. 3 of Grodno (Belarus) for paroxysmal AF with
concomitant obesity, AH, and/or CHD. The patients were
48-83 years old (mean age, 65.0 + 8.4 years). Of the total
number of patients, 37 (61.7%) were male, and 23 (38.3%)
were female.

The duration of AF history was determined for each
patient. Of the 50 patients, 29 (58%) had a history of AF for
up to 1 year, and 31 (62%) had a history of AF for > 1 year.
Furthermore, all patients exhibited obesity, with an average
body mass index (BMI) of 34.5 + 3.2 kg/m?. Grade | obesity
was observed in 31 (51.7%) patients, grade Il in 25 (41.7%),
and grade Ill in 4 (6.6%). AH was diagnosed in 5 (90%)
patients, with 11 exhibiting grade | and 44 exhibiting grade I1.
CHD was diagnosed in 49 (82%) patients, with 18 exhibiting
postinfarction cardiosclerosis and 31 exhibiting functional
class Il stable angina. Moreover, 8 (13.3%) patients had
a history of cerebral infarction, and 20 (33.33%) and
40 (66.67%) patients exhibited signs of CHF with New York
Heart Association classes | and II, respectively. Furthermore,
all patients exhibited a preserved left ventricular ejection
fraction (LVEF) and were compensated.

The mean duration of the current AF episode was 48 h
(the minimum and maximum AF durations were 14 h and
4 days, respectively). All patients underwent effective
pharmacologic cardioversion using amiodarone, a class
Il antiarrhythmic drug. According to clinical protocols, all
patients received conventional comprehensive treatment
with individualized efficacy (amiodarone 400 [400-600] mg),
B-adrenoblockers (metoprolol 50 [50-100] mg; bisoprolol
5 [2.5-5] mg), nitrates on demand (molsidomine 2 mg),
hypolipidemic (atorvastatin 20 [20-40] mg), rosuvastatin
10 [10-20] mg), hypotensive agents (lisinopril 10 [10-20] mg,
perindopril 4 [2-8] mg, ramipril 5 [5-10] mg), valsartan
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160 [80-160] mg), amlodipine 10 [5-10] mg), diuretics
(spironolactone 25 [25-50] mg, torasemide 2.5 [2.5-5] mg,
indapamide 2.5 mg), and anticoagulants (rivaroxaban 20 mg).
A medical committee decided on the use of the metabolic
cytoprotector levocarnitine (Carnimet, REB-PHARMA, Republic
of Belarus) in a combined therapeutic regimen because
of the lack of optimal efficacy of the previous therapeutic
approach and the patient provided written consent. The study
was approved by the local ethics committee of the clinic
(December 30, 2022, No. 1484/01-M).

A total of 30 patients (main group) aged 48-83 years
(18 (60%) men and 12 (40%) women; average age,
65.5 + 8.92 years) received Carnimet (REB-PHARMA) for
10 days in hospital. In addition to the standard therapeutic
regimen, the patients were administered the drug at a dose
of 1.0 g/5 mL once daily via slow intravenous infusion.
At the time of hospital discharge, the optimal combined
therapy for the underlying disease was recommended,
including levocarnitine at a dose of 2.0 g orally for up to 3
months. Lifestyle modification recommendations were also
provided, including adherence to a Mediterranean diet and
optimal physical activity. The control group consisted of
30 patients aged 54-83 years (19 (63.3%) men, 11 (36.7%)
women; mean age, 64.5 + 8.01 years) who received only
standard individualized medication with the above groups
of drugs without levocarnitine. Patients were excluded from
the study if they had a history of cardiac surgery or non-
coronary myocardial disease, epilepsy, diabetes mellitus,
malignant neoplasms, or thyroid dysfunction. In addition,
patients who had a chronic decompensated disease of
an internal organ, an active inflammatory process of any
localization, and anemia or were taking antioxidants or other
drugs used for cardiotropic metabolic therapy were also
excluded.

Before prescribing Carnimet, patients undergo an inpatient
clinical and instrumental examination, which includes
12-lead electrocardiography, BMI calculation according to
the Quetelet formula (BMI = body weight (kg) / height (m?),
conventional laboratory tests, a 6-minute walk test (6MWT),
and echocardiography (Echo-CG) on Mindray DC-60 device
(Shenzhen Mindray Bio-Medical Electronics Co, Ltd, China)
using the P4-2 transducer with a frequency band of 2-4 MHz
to determine standard protocol parameters.

A complex treatment regimen incorporating levocarnitine
was evaluated 12 (10; 12) weeks after its initiation.
The frequency of AF recurrence, 6MWT changes, and
dynamics of Echo-CG parameters were considered.
The statistical analysis was conducted using Statistica 10.0
and RStudio 1.1.183. Data were tested for conformity to
a normal distribution using the Shapiro — Wilk W-criterion.
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As the majority of the quantitative characteristics were
not normally distributed, nonparametric statistical analysis
methods were employed in the comparison. Nonnormally
distributed continuous parameters are provided as
median (Me) and interquartile range (25%; 75™ percentile).
Conversely, normally distributed quantitative signs are
presented as the arithmetic mean M and standard deviation o
(M £ 0). The Mann — Whitney U-test was employed to assess
the disparities between two independent groups in terms
of quantitative characteristics. The Kruskal — Wallis test
was used to test the hypothesis of equality of the medians
of the studied indicators across multiple groups. Fisher's
exact test and Pearson’s x> were employed to compare
independent groups in terms of qualitative characteristics.
Spearman nonparametric correlation analysis was performed.
The frequency of AF recurrence was analyzed using
the Kaplan — Meier method. A multivariate logistic regression
analysis was employed to assess the relationship between
the studied parameters and the achievement of the endpoint.
A logistic regression equation with a binary response and
a logit function of the relationship was constructed. Cox
regression analysis was also conducted. An odds ratio (OR)
was calculated for parameters with the highest diagnostic
efficacy of reaching the endpoint. The reliability of differences
in groups was accepted at the level of statistical significance
p < 0.05.

RESULTS AND DISCUSSION

Groups L, and L, were comparable by sex and age.
No significant intergroup differences in the occurrence
of comorbidities were noted. All patients reported good
tolerability of Carnimet and had not experienced adverse
reactions during its administration. Table 1 presents the initial
characteristics of the patients.

During hospitalization, no significant differences in drug
therapy (except for levocarnitine prescription) were found in
the studied groups (Table 2).

In the dynamic study, the L, group showed
a statistically significant increase in exercise tolerance
from 421.5 (390-430) m at baseline to 440 (430; 480) m at
12 (10-12) weeks (p = 0.0002). In the L, group, 6MWT results
did not change significantly during the follow-up period
(p = 0.75). At week 12 of levocarnitine therapy, exercise
tolerance significantly increased in the L, group compared
with that in the L, group (Table 3).

BMI decreased significantly over 12 (10; 12) weeks in
the L, group, i.e., from 35.3 + 3.6 kg/m? to 32.84 = 3.5 kg/m?
(p = 0.02). In contrast, the L, group did not demonstrate
a similar reduction in BMI, with 33.6 + 2.5 kg/m? initially
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and 34.5 + 3.1 kg/m? after 12 (10; 12) weeks (p = 0.16).
No significant change in weight (even a trend toward weight
gain was noted) was found, and the initial and final weights
at 12 (10; 12) weeks of 33.6 + 2.5 and 34.5 + 3.1 kg/m?
(p = 0.16). When comparing changes in BMI, the L, group
showed a significant decrease in BMI compared with
the L, group (p = 0.04).

During hospitalization, with Echo-CG at sinus rhythm
performed on day 1 after cardioversion, the L, and L, groups
did not show significant differences in the studied parameters
(Table 1). At the subsequent control examination, conducted

Table 1. Clinical characteristics of the patients
Tabnumua 1. VcxoaHast XxapaKTepucTHKa NaLMeHToB
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12 (10-12) weeks later, the anteroposterior dimension of
the LA slightly decreased in both groups. In the L, group,
the LA dimension decreased from 42 (40-46) mm to
41 (37-46) mm, whereas in the L group, it decreased from
41 (40-43) mm to 40 (37-45) mm. However, these changes
were not statistically significant. In addition, no significant
changes were found in the pulmonary artery systolic
pressure (PASP) and left ventricular myocardial mass index
(LVMMI) (Table 3). The initial Echo-CG data and subsequent
dynamic assessments revealed a notable improvement
in the LVEF from 57% (55%—-62%) to 59% (54%—66%) in

Indices Group L, (n = 30) | Group L, (n = 30) | p

Sex: male/female, n (%) 18 (60) / 12 (40) 19 (63.3)/ 11 (36.7) 0.79
Age, years 65.5£8.92 64.5 £ 8.01 0.53
BMI, kg/m? 35.3£3.6 337+25 0.16
Smoking status, n (%) 14 (46.7) 12 (40) 0.39
CHA2DS2-VASc, % 3(2; 4) 32 4) 0.94
Obesity:

— Grade |, n (%) 13 (43.3) 18 (60)

0.34

— Grade II, n (%) 14 (46.7) 11(36.7)

— Grade Ill, n (%) 3(10) 1(3.3)
Arterial hypertension:

— Grade |, n (%) 3(10) 7(23.3)

— Grade Il, n (%) 23 (76.7) 21 (70) 0.31

— No arterial hypertension, n (%) 4(13.3) 2(6.7)
Coronary heart disease:

— Postinfarction cardiosclerosis, n (%) 10(33.3) 8(26.7) 0.58

— stable angina, class II, n (%) 16 (53.4) 15 (50)

— No coronary heart disease, n (%) 4(13.3) 7(23.3)
Chronic heart failure:

—Class |, n (%) 10 (33.3) 10 (33.3) 1.0

—Class I, n (%) 20 (66.7) 20 (66.7)
Stroke history, n (%) 4(13.3) 4(13.3) 1.0
Glucose (vein), mmol/L 5.6 (4.8; 6.1) 5 (4.71; 5.5) 0.09
eGFR, mL/min/1.73 m? 74.5 (67; 86) 79 (70; 89) 0.15
Anteroposterior dimension of the LA, mm 42 (40; 46) 41 (40; 43) 0.27
LVEF (B-mode), % 57 (55; 62) 56.5 (52; 60) 0.53
PASP, mmHg 27 (25; 32) 25 (24; 29) 0.19
LVMMI, g/m? 128.5 (115; 150) 127 (116; 139) 0.97
E/A ratio 0.76 (0.67; 0.83) 0.73 (0.65; 0.8) 0.39

Note: UMT — body mass index; pCK® — estimated glomerular filtration rate; JIT — left atrium; ®B JI — left ventricular ejection fraction;
UMMITK — left ventricular myocardial mass index; c[lJJA — pulmonary artery systolic pressure

Mpumeyarue: UMT — uHpaekc Maccsl Tena; UMMITK — uHaekc Macchl MUoKkapaa neBoro xenynouka; JIN — nesoe npepcepave; pCK® — pacueTHan
CKopocTb KnyboukoBoit GunbTpauuy; c[U/TA — cucTonnueckoe AaBneHue B neroyHoii aptepum; OB JI — dpakums Bbibpoca neBoro xenynouKa.
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the L, group (p = 0.01). Dynamic assessment of LV diastolic
dysfunction demonstrated a significant enhancement in
the initially impaired E/A ratio in both groups (Table 3).
Moreover, after 12 (10-12) weeks, the E/A ratio significantly
increased in the L1 group compared with that in the L,
group (0.88 [0.8-0.9] and 0.81 [0.73-0.84], respectively;
p = 0.003).

The median period of freedom from AF after cardioversion
in the sample patients was 12 (9; 12) weeks. AF recurred
in 4 (13%) patients of the L, group and 13 (43%) of the L,
group (p = 0.01). All cases were controlled by amiodarone
drug cardioversion. A greater frequency of paroxysms with

Table 2. Comparative assessment of inpatient treatment
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disrupted rhythm was observed in the L, group in comparison
with the L, group (p = 0.03). In the L, group, 13% of patients
had recurrent AF up to once in 3 months. In the L, group, 27%
of the patients had AF recurrence up to once in 2 months,
whereas the L, group maintained sinus rhythm. Monthly AF
recurrence was observed only in 7% of patients in the L group.
The Kaplan — Meier analysis of freedom from recurrence in
the L, and L, groups is presented in Figure 1. Cox regression
analysis identified levocarnitine intake as the only statistically
significant protective factor against AF recurrence (p = 0.008).
In addition to the aforementioned predictors and protectors
of freedom from AF, other variables were also included in

Taﬁnuu,a 2. CpaBHMTeJ’IbHaﬂ OLeHKa CTallnoHapHOro ie4yeHna nauneHToB

Drugs Group L, (n = 30) Group L, (n = 30) p
Amiodarone, n (%) 30 (100) 30 (100) 1.0
Beta-adrenoblockers, n (%) 25 (83.3) 27 (90) 0.45
Rivaroxaban, n (%) 30 (100) 30 (100) 1.0
ACEI or ARB, n (%) 30 (100) 30 (100) 1.0
Amlodipine, n (%) 26 (86.7) 27 (90) 0.69
Statins, n (%) 30 (100) 30 (100) 1.0
Diuretics, n (%) 24 (80) 23 (76.7) 0.75
Molsidomine (on demand), n (%) 26 (86.7) 23 (76.7) 0.32
Table 3. Dynamics of the indicators in patients receiving levocarinitine therapy
Tabnuua 3. [JuHaMMKa 0CHOBHbIX NOKa3aTeseli NauMeHToB Ha GoHe Tepanuu NeBOKapHUTUHOM
_ Time L
Indices Group ] after
Baseline After 3 months 3 months
L, 35.3+3.6 32.84+35 0.02
M, kg/m! L, 336425 35+31 0.16 004
SMWT. m L, 421.5 (390; 430) 440 (430; 480) 0.00002 001
' L, 422 (610; 460) 425.5 (400; 430) 0.75
Anteroposterior dimension of the LA, mm L, 42 (40; 46) 41 (37; 46) 0.17 056
L, 41 (40; 43) 40 (37; 45) 0.16
LVEF (B-mode), % L, 57 (55; 62) 59 (54; 66) 0.01 0.00001
L, 956.5 (52; 60) 56 (33; 58) 0.68
PASP, mmHg L, 27 (25; 32) 26 (22; 30) 0.09 034
L, 25 (24; 29) 25.5 (24; 32) 0.59
LVMMI, g/m? L, 128.5 (115; 150) 127 (114; 149) 0.88 053
L, 127 (116; 139) 126 (113; 142) 0.49 '
E/A ratio L, 0.76 (0.67; 0.83) 0.88 (0.8; 0.9) 0.00003 0,003
L, 0.73 (0.65; 0.8) 0.81(0.73; 0.84) 0.02

Note: 6-MX — 6-minute walk test; UMT — body mass index; pCK® — estimated glomerular filtration rate; JIN — left atrium; ®B JIX — left ventricular
ejection fraction; UMTJT — left ventricular myocardial mass index; c[lJJA — pulmonary artery systolic pressure.

lpumeyanue: 6-MX — 6-muHyTHas xoabba; UMT — uHaekc Maccol Tena; UMMITH — unaeke Macchl MUoKapaa neBoro enyaouka; JIM — nesoe
npeacepave; pCK® — pacuetHas ckopocTb KiyboukoBomn ¢unbtpaum; c[JIA — cuctonuyeckoe aaeneque B neroyHoit aptepum; OB JIXK — dpakuma

Bb|6p0ca NeBoro Xenyaouykxa.
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Long-rank test p = 0.01
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Fig. 1. Kaplan — Meier curves of end-point “atrial fibrillation recurrence”
Puc. 1. Kpusble KannaHa — Maiiepa A1 KOHEYHOW TOUKM «peLmans GrbpunasLmm npeacepaninn

the range of analyzed predictors. However, these variables
were found to be statistically insignificant. These included
the sex (p = 0.05) and age (p = 0.54) of the patients, presence
of AH (p = 0.66), CHD (p = 0.21), CHF (p = 0.16), diabetes
mellitus (p = 0.45), history of stroke (p =0.98), BMI (p = 0.35),
LVEF (p = 0.85), and LA size (p = 0.31).

The effect of the studied clinical variables on the risk
of AF recurrence was evaluated. Multivariate regression
analysis demonstrated that levocarnitine therapy exhibited
an independent, positive effect on the maintenance of sinus
rhythm (OR 0.13; p < 0.01). Conversely, male sex (OR 7.42;
p = 0.001) and E/A ratio (OR 4.2; p = 0.02) were identified
as independent factors negatively affecting sinus rhythm
maintenance.

AH, CHD, and CHF are quite common comorbidities
in patients with AF. The underlying mechanisms of
AF are complex and involve ischemia, changes in
the electrophysiological state of cardiomyocytes, and
myocardial structural remodeling. These processes play
a significant role in the AF initiation and maintenance
of these pathologies. A potential cause of electrical
remodeling is mitochondrial dysfunction [11, 12].
The mitochondria synthesize adenosine-5-triphosphate
(ATP) to ensure active transmembrane ion transport in
myocardiocytes, support energy homeostasis, and maintain
adequate ionotropic, chronotropic, and dromotropic states
of the myocardium. In the paroxysmal AF, the energy
requirements of cardiomyocytes increase. |Initially,
this causes a compensatory increase in ATP synthesis.
However, mitochondrial dysfunction ensues, accompanied
by decreased ATP release. This contributes to the activation
of anaerobic glycolysis, lactate accumulation, decline in

DOl https://doiorg/10.17816/cardar629168

intracellular pH, and impaired cardiomyocyte function.
Mitochondrial damage also results in the release of free
radicals (particularly superoxide anion radicals) into
the cytosol, which blocks the cardiac ryanodine receptor
(RyR2) located in the sarcoplasmic reticulum membrane,
leading to calcium ion overload. Proinflammatory cytokines
(tumor necrosis factor-a, interleukin (IL)-1B, IL-6, etc.) and
reactive oxygen species can activate myocardial fibrosis,
which serves as a substrate for the re-entry mechanism in
AF. Dastan F. et al. reported their noteworthy experience
of using levocarnitine in patients with AF who underwent
coronary bypass surgery. Levocarnitine exerted an anti-
inflammatory effect due to low levels of C-reactive
protein [7]. In experiments using animal models with
simulated CHF, levocarnitine increased the level of fatty-
acid-binding proteins (FABPs), which is decreased in
patients with AF and CHF. This contributes to adequate
B-oxidation. Secondary levocarnitine deficiency occurred in
50% of CHF cases [13]. In some studies of patients with
CHF, levocarnitine positively affected the reduction of brain
natriuretic peptide levels, inflammatory markers, and
improvement of intracardiac hemodynamics [6, 14].
Individuals with obesity have a high risk for AF, and
these conditions share common pathogenetic mechanisms.
In both AF and obesity, secondary levocarnitine deficiency,
decreased activities of CPT IB, AMRK, and PGC1a proteins,
and activation of glycolysis enzymes in the atria are
typically observed [10, 11]. Levocarnitine therapy can exert
a favorable therapeutic effect on AF and obesity concurrence.
In experimental conditions, levocarnitine therapy exerted
a cardioprotective effect and reduced the risk of AF in
experimental rats with obesity and arrhythmia. This effect
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was attributed to the activation of the AMPK-dependent
pathway and relief of mitochondrial dysfunction [10].

A 10% reduction in body weight (BMI < 27 kg/m?)
is considered an effective method of preventing AF [2].
Furthermore, levocarnitine was found to be an effective drug
for reducing body weight [15], correcting physical activity
levels, achieving antianginal effects, and improving myocardial
contractile function and tolerance to chronic oxygen deficiency.
The combination of metabolic and standard therapy, as
evidenced by our data, improves the functional status of
patients, contributes to BMI correction, and demonstrates
regression of diastolic dysfunction, which correlates with
the aforementioned publications [5-8, 10-14]. Furthermore,
our multivariate regression analysis demonstrated that
levocarnitine therapy exerted an independent favorable
prognostic effect on the prevention of AF recurrence. These
data are consistent with the findings of Y. Shingu et al. [8].

The findings of this study confirm the positive role
of levocarnitine as an adjunct to standard therapy in
the prevention of paroxysmal AF in patients with obesity,
AH, and/or CHD. The mechanisms of AF suppression in
obesity, AH, and/or CHD and heart failure are related
to the complex interactions between levocarnitine and
carnitine transport system proteins and FABP proteins
and the ability of levocarnitine to intensify B-oxidation
processes, release cardiomyocytes from toxic products
of oxidative processes, protect mitochondrial function,
reduce myocardial inflammation and interstitial fibrosis,
and maintain cellular energy homeostasis. The study’s
key features include the use of levocarnitine after
pharmacologic cardioversion in patients with AF, obesity,
AH, and/or CHD. In addition, a novel prescribing regimen
for levocarnitine is proposed, which has not previously
been used in clinical trials.

This study has some limitations. The results can only be
considered to an identical group of patients with a follow-
up period of 12 weeks or less. To confirm the results of
the study, a larger sample of patients with a longer follow-
up period is necessary to evaluate the long-term results.
More studies of the effects of levocarnitine on patients with
AF are warranted, taking into account the shortcomings and
limitations of previous studies.

CONCLUSIONS

The incorporation of levocarnitine into the standard
treatment regimen for patients with paroxysmal AF in
the context of obesity, AH, and/or CHD represents a safe
and efficacious approach to the secondary prevention of AF
recurrences.
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A0NOSHATESIbHAS UHOOPMALIUA

3aknioyeHne 3tmdeckoro Komureta. lccrnepoBanue
0706peH0 3TUYECKUM KOMWUTETOM [0POACKOM KIMHUYECKOM
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First experience of treating patients

with atrial fibrillation using thoracoscopic isolation

with left atrial appendage excision in the North-Western
State Medical University named after I.I. Mechnikov

Dmitrii A. Yakovlev, Andrey I. Lenkin, Vera V. Stepanova, Valeriy A. Marinin,
Nikolai V. Petrov, Vladislav K. Verendeev

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

ABSTRACT

The given article describes the first experience of a thoracoscopic isolation of pulmonary veins and left atrial appendage exci-
sion in the North-Western State Medical University named after |.I. Mechnikov. The clinical case features a woman with a long
history of paroxysmal atrial fibrillation, severe left atrium dilation, failure in a pace control drug therapy and no effect of radio-
frequency catheter isolation of pulmonary veins.

Additionally, there outlined the advantages and the significance of employing the method of thoracoscopic ablation in patients
with symptomatic paroxysmal and long-term persistent atrial fibrillation, — in case if antiarrythmic drugs and radiofrequency
catheter ablation proved ineffective, as well as in patients with a long-term persistent atrial fibrillation along with a severe left
atrium dilation.

Keywords: paroxysmal form of atrial fibrillation; thoracoscopic ablation; radiofrequency isolation of the pulmonary veins;
excision of the left atrial appendage.
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[epBbiK ONbIT IeYeHMs NaLMeHToB ¢ pubpunnaumen
npeacepavin MeToA0M TOPAKOCKOMMYECKON AeCTPYKLUU
apUTMOreHHbIX 30H CepALa C pe3eKLUen YLLKa NeBoro
npeacepaus 8 ®rb0Yy BO C3rMY U.U. MeyHukoBa

[.A. Akosnes, A.W. JleHbkuH, B.B. CtenanoBa, B.A. MapunuH, H.B. leTtpos, B.K. Bepenaees

CeBepo-3anapHblii rocyAapcTBeHHbI MeAULMHCKWIA yHuBepcuTeT UM. U.U. MeunmnkoBa, CaHkT-leTepbypr, Poccus

AHHOTALIXA

Onucan nepeblit onbIT npuMeHenust B C3IMY uM. WM. MeyHnKoBa TOpaKOCKOMMYECKON U30M1AUMM KOJJIEKTOPOB NEroYHbIX
BEH C pe3eKuMen yLIKa NIeBoro npeacepams, Ha KIMHUYECKOM NpUMepe NaLMeHTKN C LIUTENbHbIM aHaMHE30M MapoKCu3-
ManbHoi GuUbpMnNNALMM Npeacepanid, BoIpaXKeHHOW aunataumm neBoro npeacepamns, Hea@(heKUBHOCTBI0 MeAMKAMEHTO3HOM
Tepanuu 1A KOHTPONA pUTMa U OTCYTCTBMUEM 3 deKTa OT paanMoyacTOTHON KaTeTepPHOW M30NALMN YCTHEB JIEMOYHBIX BEH.
06cyxpaeTcs NpemMMyLLECTBA M BaXKHOCTb MCMOJb30BaHUA METOAMKM TOPAKOCKOMMYECKOI abnaummn y NauMeHToB ¢ CUMMTOM-
HOM NapoKcM3ManbHOM GUbpunNsALMenn Npencepauii Npu HeaGeKTUBHOCTU KOHCEPBATUBHOI CTpaTerMn U pagmoyacToTHOM
KaTeTepHoM abnauuu, a TaKxkKe y MaUMeHTOB C ASUTENbHOMNEPCUCTUPYIOLLER Gubpunnaumnen npeacepani, B TOM Yucie co
3HauMMOI aunatauuen eBoro Npeacepaus.

KnioueBble cnoBa: NapoKCU3MaJsibHaA ¢M6PVIJ'IJ']FILI,VIFI npe,ucep,u,MVl; TOpaKocKonu4yeCKaa AecTpykuua apuTtMOreHHbIX 30H
cepaua; pagmMo4acToTHaA U3onAauna yCtbeB iero4HbIX BEH; pe3eKUuna yLlKa nesoro npeacepaua.

Kak uutuposatb

fikoenes [1.A., JleHbkuH AW, CrenaHosa B.B., MapuHuH B.A., MeTpos H.B., Bepenpees B.K. NepBbilt onbIT neyeHmns naLmeHTos ¢ bubpunnsumeit npeacepanit
METO/IOM TOPAKOCKONMYECKOW [ECTPYKLMM apuUTMOreHHbIX 30H CepaLa C pe3eLveit yiuka nesoro npeacepaus B OrBOY BO C3rMY W.W. Meynukosa //
Cardiac Arrhythmias. 2024. T. 4, N° 1. C. 15-22. DOI: https://doi.org/10.17816/cardar625555
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CLINICAL CASE

BACKGROUND

Atrial fibrillation (AF) is currently one of the most frequently
diagnosed forms of cardiac rhythm disorders, and the number
of newly diagnosed AF cases is continuously increasing
worldwide [1, 2]. The most significant complications of this
arrhythmia include ischemic stroke, often incapacitating
patients, and/or left ventricular dysfunction, which causes
severe heart failure.

Basic approaches to AF treatment, aimed at attempting
to restore sinus rhythm (SR), include drug therapy, which
involves the control of heart rhythm or rate, or an endovascular
strategy, which consists mainly of transvenous catheter
isolation of the pulmonary vein ostia (IPV0), as the main AF
triggers using exposure to high-frequency current, that is,
radiofrequency isolation (RFA) of the IPVO. The latter method
is a proven and very effective treatment of paroxysmal AF
(PAF), making it the first-line treatment for PAF. The absence
of PAF within 1 year after the procedure is reported in 80%
of patients with PAF [3].

Unfortunately, catheter isolation of the PVs is not always
able to eliminate arrhythmia, and if it returns, catheter
procedures required repeatedly. In addition, the probability
of SR restoration and the effectiveness of its maintenance are
also reduced in patients with chronic PAF. One of the modern
methods of treating these patients is minimally invasive
surgical intervention, involving thoracoscopic epicardial
destruction of the arrhythmogenic zones of the heart with
resection (deactivation) of the left atrial appendage (LAA)
or thoracoscopic radiofrequency ablation (TRFA) [4, 5]. This
surgical method involves endoscopic bilateral antral isolation
of the left and right PVs (RPVs) and drawing ablation lines
along the roof and posterior wall of the left atrium to form
a closed contour, a box lesion set. LAA amputation is
performed to prevent potential cardioembolic complications,
which is caused by the extremely high risk of blood clots (up
to 90%) in this cardiac structure in AF and their subsequent
migration into the vessels of the systemic circulation [6].
The LAA is resected using a special suturing device or
removed from the bloodstream by clipping. According to
the European Clinical Guidelines for the Diagnostics and
Treatment of AF of 2020, thoracoscopic epicardial ablation
has a class lla indication in patients with failed previous
catheter ablations and in symptomatic cases with chronic
PAF refractory to drug therapy [7].

DESCRIPTION OF A CLINICAL CASE

Patient D (female, aged 63 years) presented for
the surgical treatment of complex cardiac arrhythmias and
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electrical stimulation to the Department of Cardiac Surgery,
Peter the Great Clinic of the Mechnikov North Western
State Medical University, because of frequent episodes of
“heart failure”, shortness of breath, and associated general
weakness, which significantly reduced her quality of life.
The medical history revealed PAF for approximately 10 years,
for which she received protective antiarrhythmic therapy with
one or another antiarrhythmic drug for 7 years, including
metoprolol, bisoprolol, and sotahexal. However, because of
the ineffectiveness and an increase in the number of attacks
up to 4—6 times a week, in 2018, she was referred to the Peter
the Great Clinic for catheter RFA of the PV0. In 2018, RFA of
the PVO was performed using the CARTO 3 non-fluoroscopic
navigation system (Biosense Webster, Inc., USA). Anatomical
mapping of the left atrium was performed, according to which
the LA volume significantly exceeded the echocardiography
values (250 vs 178 mL). Using a THERMOCOOL SMARTTOUCH
SF ablation catheter (Biosense Webster) with contact force
measurement, ablation effects were applied to isolate
the right and left PV collectors. PV isolation was monitored
using a LASSO catheter (Biosense Webster). An acute effect
was obtained in the form of PV isolation. The patient was
discharged with B-blocker therapy, angiotensin-converting-
enzyme inhibitors, and new oral anticoagulants. However,
a year after the surgery, AF began to recur initially no more
than once every few months and by the time of re-application
up to several attacks weekly. During the examination,
according to 24-h Holter ECG monitoring (Fig. 1), PAFs were
recorded with a total duration of approximately 5 h, with
a heart rate of 48-169 beats per minute. After discussion
with arrhythmologists, due to the presence of clinical
symptoms, taking into account the disease duration (10 years
of PAF), and significant dilatation of the LA, hospitalization
was recommended for thoracoscopic destruction of
the arrhythmogenic zones of the heart and LAA resection.

The principal diagnosis was made preoperatively
(hypertension |l, risk of cardiovascular complications 3,
PAF, EHRA IIb, condition post-catheter RF IPVO (2018)).
Complications were NYHA grade Il heart failure with preserved
ejection fraction, CHA2DS2-VASc of 3, and HAS-BLED of 2.
Concomitant diseases were type Il diabetes mellitus, which
was managed by oral antihyperglycemic therapy and grade
| obesity.

In addition to the routine preoperative examination,
which included laboratory and clinical instrumental methods,
to rule out anomalies in the entry of the PVs into the LA,
assess the size and volume of the left atrium and LAA,
and exclude the presence of a thrombus in the LAA, in
the preoperative period (48 h before intervention), the patient
underwent multislice contrast computed tomography (MSCT)
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Fig. 1. 24-hour ECG monitor (50 mm/s) of patient D in the presence
of paroxysmal atrial fibrillation

Puc. 1. CytouHoe aneKTpoKapauorpadmyeckoe MOHUTOPMPOBaHUE
(50 MM/c) naumeHTku [l. Ha hoHe NapoKcu3Ma Gpubpunnaumm npes-
cepauii

Fig. 2. Stage of the thoracoscopic isolation of the pulmonary veins
with a bipolar clamp electrode. Ao — aorta; JIN — left atrium;
MM — right atrium; NNIB — right pulmonary veins; BMNB —
superior vena cava

Puc. 2. Itan TopaKOCKONMYECKON M30M1LMM NIEFOYHBIX BEH buno-
NAPHBIM 3aXMMOM — 3nekTpogoM. MM — npaBoe npencepaue;
Ao — aoprta; BINB — BepxHsas nonas BeHa; JIT — neBoe npea-
cepame; NJ1B — npasble ieroyHble BEHbI

Fig. 3. Stage of ablation with a unidirectional bipolar electrode of
the ganglion plexuses in the right pulmonary veins ostium

Puc. 3. 3tan abnaumm ogHoHanpaBeHHbIM BUNONSPHBIM 311EKTPO-
[,0M TaHrIMOHAPHbIX CrIETEHNUA B 06N1aCTH YCTbEB NpaBbIX IEroy-
HbIX BEH
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of the heart. According to MSCT data, the LA volume was
189 mL, measuring 70 x 45 x 60 mm, the RPVs enter into
the atrium as a single collector, whereas the left PVs have
a common arrangement. The LAA measured 37 x 17 mm,
and no blood clots were detected in the cavity. Transthoracic
echocardiography and coronary angiography (performed to
rule out significant stenoses of the coronary arteries) did not
reveal any additional pathology. Two days before surgery,
the patient discontinued taking indirect anticoagulants and
started taking low-molecular-weight heparins in an adequate
dosage.

The surgery was performed in May 2021. Under
endotracheal anesthesia with selective one-lung ventilation,
thoracoscopic approach to the right hemisphere was made
through three separate punctures in the chest.

After opening the oblique and transverse sinuses
of the pericardium, antral isolation of the RPVs was
subsequently performed using a special bipolar Isolator
Synerg Clamp (AtriCure Inc., USA) at 10 radiofrequency
impacts, with transmural control (Fig. 2).

Moreover, using a bipolar unidirectional electrode,
an Isolator RF pen (AtriCure Inc.) from the same access,
continuous epicardial ablation lines were applied along
the LA roof and base. The upper line was drawn to the LAA
from the right superior PV, through the transverse sinus,
and the lower line was drawn from the right inferior PV to
the left inferior PV, along the LA inferior wall. The autonomic
ganglion plexuses, as part of the cardiac autonomic nervous
system, can be triggers of pathological excitation outside
the PVs, triggering AF episodes [8]. They were also subjected
to ablation effects, being located in the subepicardial fatty
tissue, particularly in the area of the RPV confluence and
Waterston's groove (Fig. 3).

Then, the surgery proceeded from the left-sided approach,
with the same sequence of actions, namely, tenfold isolation
of the antral segments of the left PVs with a bipolar clamp,
with transmural control, and further revision, under visual
control, of the lines of the epicardial ablation of the left
atrium (posterior wall and roof), with the creation of a closed
circuit along box lesion type (Fig. 4).

The ligament of Marshall, located in the epicardial
fat fold between the left PVs and the LAA, is also easily
accessible from this approach, which is also a potential
arrhythmogenic substrate. In our case, it was also subjected
to ablation.

The final stage of surgical treatment was LAA resection,
which was performed using a special endoscopic cutting
and suturing device, the ENDO GIA stapler (Tyco Healthcare
Group, North Haven, USA). After installing drains in both
pleural cavities and completing the surgery, the patient was
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transported to the resuscitation and intensive care unit for
further case follow-up.

The patient was discharged on day 7 after surgery in
satisfactory condition. For the first 3 months, antiarrhythmic
therapy for such patients involves the intake of amiodarone
(100 mg/day), followed by 24-h monitoring and discontinuing
the drug if SR persists.

For 2.5 years after the surgery, the patient subjectively
feels well, no PAFs were noted either clinically or according
to 24-h ECG monitoring while taking bisoprolol 5 mg/day,
fosinopril 20 mg/day, and xarelto 20 mg/day.

DISCUSSION

TRFA, supplemented by LAA resection, has been known
since 2005, after R.K. Wolf et al. [9] published their results
of bilateral epicardial PV ablation for AF with LAA removal
through a minimally invasive approach with video-assisted
support. The undoubted advantage of thoracoscopic RFA
in comparison with the maze surgery introduced into
clinical practice by J.L. Cox is significantly associated with
less surgical aggression and absence of the need to use
cardiopulmonary bypass with cardiac arrest, which can have
a decisive influence on the results of treatment in patients
with severe comorbid pathology [10, 11]. Compared with open
surgery, thoracoscopic ablation is less traumatic and has
fewer perioperative complications and shorter hospitalization
periods. Compared with endovascular PV isolation, according
to recent studies, TRFA is more traumatic but demonstrates
more optimistic results in maintaining SR in patients with
PAF and those referred for repeated catheter intervention
who are resistant to drug therapy [12, 13].

The presented clinical case of the treatment of a patient
with chronic PAF and a previous history of catheter-based
IPVO is one of the first cases of surgical treatment of such
patients at the Mechnikov North Western State Medical
University by thoracoscopic destruction of arrhythmogenic
zones. To date, with surgical treatment of complex cardiac
arrhythmias and electrical stimulation in the Department
of Cardiac Surgery, a total of 23 such surgeries have been
performed over 2.5 years. The main results are still subject
to serious analysis; howeve, the first findings can already
be shared.

All cases referred for TRFA were previously discussed
by a team of doctors, including an arrhythmologist, an
anesthesiologist, and a cardiac surgeon. The indications
considered the absolute lack of prospects for drug
antiarrhythmic therapy and catheter intervention. Only 3 out
of 23 patients had not previously undergone endovascular
ablation. These were symptomatic patients with chronic PAF

Vol. 4 (1) 2024

00l https://doiorg/10.17816/cardar625555

Cardiac Arrhythmias

Fig. 4. Formation of ablation lines during thoracoscopic RFA:
MNB — right pulmonary veins (single collector); JIBIB — left
superior pulmonary vein; JIHJIB — left inferior pulmonary vein;
JIN — left atrium; JIA — pulmonary artery Ablation lines are
indicated in red

Puc. 4. ®opMupoBaHue NMHMIA abNALMM NPU BbINOSHEHUM TOPAKO-
CKOMMYECKOM paanoyacToTHon abnaumu: NJ1B — npaeble neroyHsle
BeHbI (eauHbIM KonnekTopoM); JIBJIB — neBas BepxHss nerovHas
BeHa; JIHJIB — neBas HWxHAS NeroyHas Bewa; JIN — nesoe npeg-
cepaye; JIA — neroyHas aptepus. KpacHbiM LBeTOM 0603Ha4eHbI
JIMHUKM abnaumm

and increased LA sizes, whose treatment with catheter RFA
was considered inappropriate. The maximum duration of AF
noted in patients who underwent surgery was 15 years, with
a maximum of 4 catheter ablations in the history.

Basically, surgery is performed on patients who had
undergone one or more transvenous catheter RFA, and
the pericardium tissues damaged by inflammation were
intraoperatively revealed, which somewhat complicates
the main stage and lengthens the surgery, particularly
in the initial stages. This may have occurred because two
patients required conversion to sternotomy (in one case
with the use of cardiopulmonary bypass) due to bleeding. In
case 1, it could be caused by damage to the right superior
PV, and in case 2 (in an older man) it could be caused by
LA damage. In both cases, bleeding was stopped, and
the rhythm was restored intraoperatively.

In two patients, TRFA was abandoned during the surgical
intervention because at the initial stage dense adhesions
were noted in the pericardial cavity. Their presence is
a contraindication for thoracoscopic surgery because of
the critical risk of fatal bleeding. Unfortunately, neither MSCT
of the heart with contrast nor preoperative transthoracic
echocardiography could predict the presence of adhesive
process in the pericardium. Among other contraindications
to TRFA, the following should be noted: (a) a history of
open heart surgery (for the same reason, the formation of
adhesions in the pericardium), (b) a thrombus in the LAA (due
to the high risk of its dislocation during the intervention),
and (c) the patient’s inability to tolerate one-lung ventilation
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(concomitant pulmonary pathology causing severe respiratory
failure).

According to the primary analysis, the majority of
the patients who underwent surgery maintained SR
during the first 6 months after TRFA, which corresponds
to the main data published in the literature [14]. Despite
the first optimistic results, patient follow-up will allow for
a more objective study. Recently, an increasing number
of studies have indicated the need for a combined hybrid
approach (catheter and thoracoscopic) in the treatment
of complex groups of patients with chronic PAF resistant
to drug and endovascular treatment [15, 16]. Some of
the patients from our group who underwent surgery will
also require this method.

CONCLUSIONS

This study presents a clinical case of the successful
thoracoscopic destruction of the arrhythmogenic zones of
the heart with LAA resection and ablation of the ligament
of Marshall in a patient with chronic AF (paroxysmal AF for
10 years) and severe LA dilatation that was unresponsive
to drug therapy and catheter IPVO first performed at
the Mechnikov North Western State Medical University. This
case demonstrates the consistency of the method and good
prospects for its practical application in the treatment of this
category of patients.
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A0NOSIHATESIbHAS! UHOOPMALIUA

3aknioyeHue 3TMyeckoro Komuteta. [lony4eHo MuChb-
MEHHOEe COrfacue 3aKOHHbIX NpeacTaBUTENel NaLMeHTa
Ha MyBAMKALMI0 MEAMUMHCKMX AaHHbIX 1 hoTorpadui.

Bknap aBTopoB. Bce aBTOpbI BHEC/M CYLLECTBEHHBIN
BK/a/l B Pa3paboTKy KOHLENLMK, U NOAroTOBKY CTaTby, NpU-
HUManM HenocpefCcTBEHHOE Yy4yacTMe B MPeACTaBNEHHOM
B KauecTBe KIMHMYECKOr0 Cryyas M 0bCyaaemMoM MeTofe
IeYeHms, MPOYIN M 000pUM BrHANBHYIO BEpCUIo Nepef ny-
BnvKaupmen.

Bknap kaxporo astopa. [1.A. flkoBneB — Henocpeg-
CTBEHHOE MCMOJSIHEHNE XMPYPrUYECKMX BMELLATeNbCTB, chop
W aHanmM3 MoJyYeHHbIX AaHHbIX, pPa3paboTKa KOHLEeNLMM
CTaTb ¥ HanucaHue TekcTta; AM. JleHbKMH — aHecTe3u-
onornyeckoe obecrneyeHne BMeLLATENbCTB, aHanM3 Nosy-
YeHHbIX AaHHbIX, Hanucanue Tekcta; B.B. CtenaHoBa —
HEeMnocpeACTBEHHOE BbLIMOSIHEHWE OMNepaLun KaTeTepHoM
pa[M04acTOTHOM abnsaumM, NpeacTaBneHHOM B KayecTse
K/IMHUYECKOr0 NpuMepa, pa3paboTKa KOoHUenuuM CTaTby,
HanucaHWe TeKcTa, cbop CTATUCTMYECKOro Marepuana;
B.A. MapuHMH — yyacTve B neyebHOM npouecce, pas-
paboTKa KOHLEMUMM, BHECEHME OKOH4YaTeslbHOM MpaBKK;
H.B. MeTpoB — npaKTMyeckoe yyacTue B fe4ebHOM Mpo-
Lecce, obpaboTka MaTepuanoB M AM3aiiH MCCNeaoBaHUs;
B.K. BepeHaeeB — [am3aiiH 1ccnegoBaHus, 0b3op utepa-
Typbl, cbop v obpaboTka MaTepuanos.

KoHnuKT MHTepecoB. ABTOpLI AEKNAPUPYIOT OTCYTCTBME
ABHBIX 1 MOTEHLMaNbHbIX KOH(IMKTOB MHTEPECOB, CBA3aHHbIX
C NybnmMKaLpen HaCTOALLIEN CTaTby.

WcTounuk dmHaHcupoBaHus. ABTopbl 3asBNsoT 06 OT-
CYTCTBMM BHELLUHEro hu1HaHCMPOBaHMA MPW NPOBEAEHUM UC-
CNefoBaHus.
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Obstructive sleep apnea as a potentially reversible cause
of nighttime bradyarrhythmias. Clinical case

Natalia G. Kucherenko, Anton N. Bebekh, Irina A. Umarova, Aigul R. Abukova

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

ABSTRACT

Obstructive sleep apnea syndrome is a common condition, especially among obese patients. Patients with obstructive sleep
apnea syndrome have an increased risk of developing arterial hypertension and cardiovascular events, as well as cardiac ar-
rhythmias, which include reflexively occurring bradyarrhythmias and episodes of asystole at night. Treatment of obstructive
sleep apnea syndrome leads to an improvement in the patient’s quality of life and also reduces cardiovascular risk and elimi-
nates associated bradyarrhythmias during night sleep.

Keywords: obstructive sleep apnea syndrome; respiratory therapy; non-invasive ventilation; bradyarrhythmias.
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CuHApoM 06CTPYKTMBHOIO anHO3 CHa KaK NOTeHUUAJbHO
obpatumas npuMunHa 6pagMapuMTMUI B HOYHbIE Yachl.
Knuunueckun cnyyau

H.I'. Kyuepenko, A H. bebex, U.A. YMapoBa, A.P. AbykoBa

CeBepo-3anafHbliil rocyaapcTBeHHbI MeAMUMHCKUIA YHuBepcuTeT UM. W.W. MeunukoBa, CaHkT-[etepbypr, Poccus

AHHOTALMA

CvHApOM 0BCTPYKTUBHOIO arnHo3 CHa SIBNSIETCA PacnpocTPaHeHHbIM 3aboneBaHneM, 0cobeHHO cpeau 60MbHbIX 0XKUPEHNEM.
Y naumeHToB € CUHAPOM 0BCTPYKTUBHOTO anHO3 CHA MOBLILLAIOTCA PUCKU Pa3BUTUS apTepuanbHON TUNEPTEH3UW U CepaeYHo-
COCYAMCTBIX COBBITUIA, Yallle BO3HUKAIOT HapYLLEHUs pUTMa CEpALa, K KOTOPbIM OTHOCATCS B TOM uucne pedieKTopHO BO3-
HUKaloLLMe 6paanapuTMUK M 3NU30LbI ACUCTONUM B HOYHbIE Yackl. JledeHne CUHAPOMa 0OCTPYKTUBHOTO anHO3 CHA He TONbKO
MPUBOAMT K YNYYLLEHMIO KAYeCTBa XU3HWU MaLMEHTa, HO U NO3BONSET CHU3UTL CepLeYHO-COCYAMUCTbIE PUCKM, a TaKXkKe yCTpa-
HUTb aCCOLMMPOBaHHbIE C HUM BpafMapuTMUM BO BPEMS HOYHOTO CHa.

KnioueBble cnoBa: cMHAPOM 0OCTPYKTUBHOMO anHO3 CHa; pecnupaTopHas Tepanusi; HEMHBA3WBHAA BEHTUNALMS JIETKUX;
bpanmaput™Mum.
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CLINICAL CASE

INTRODUCTION

Obstructive sleep apnea syndrome (0SAS) is
characterized by recurrent episodes of airway obstruction
at the pharyngeal level, cessation of pulmonary ventilation
with persistent respiratory effort, decreased blood oxygen
saturation, gross sleep fragmentation, and excessive
daytime sleepiness [1].

The estimated prevalence of OSAS in individuals aged
>30 years is between 5% and 7%. This condition affects
approximately one billion people worldwide, with 0SAS
risk being correlated with body mass index (BMI) [2, 3].
0SAS is more prevalent in middle-aged and older men and
postmenopausal women, and central obesity is the most
significant and potentially modifiable risk factor for its
development. Many patients with BMI > 30 kg/m? suffer from
0SAS [4]. The dynamic airway lumen obstruction in OSAS
can be caused by anatomical and/or functional factors. The
most prevalent cause is the narrowing of the upper airway
lumen associated with adipose tissue accumulation, which
establishes the conditions for their collapse and obstruction
during sleep [5, 6, 7].

The severity of OSAS is typically quantified by the
apnea-hypopnea index (AHI). Diagnostic procedures
(nocturnal cardiorespiratory/respiratory monitoring and
polysomnography) during sleep involve assessing the
frequency of obstructive events. Apnea is defined as the
cessation of airflow for at least 10 s. Hypopnea is defined
as a decrease in airflow of at least 30% for at least 10 s,
accompanied by a reduction in oxygen saturation of at least
4%. According to the American Academy of Sleep Medicine,
0SAS can be classified according to the AHI, which defines
5-15/h mild OSAS, 15-30/h as moderate, and >30/h as
severe [8].

Pathological daytime sleepiness, which may not always
be perceived by the patient and is often described as fatigue,
lassitude, or decreased energy, is a significant and prevalent
consequence of sleep disturbance. Sleepiness leads to
decreased social engagement and cognitive abilities and
mediates the risk of accidents and motor vehicle accidents.
Up to 20% of traffic accidents are thought to be related to
falling asleep at the wheel. In clinical settings, 0SAS may
present with various additional symptoms, although none are
diagnostic [4].

An increase in cardiovascular risks is another unfavorable
consequence of sleep apnea. Consequently, a pathogenic link
between 0SAS and several cardiovascular diseases, including
arterial hypertension (AH), heart rhythm disorders, heart
failure, ischemic heart disease, and acute cerebrovascular
disorders, has been established. 0SAS can be a cause of
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pulmonary hypertension and plays a role in the development
of metabolic syndrome and insulin resistance [9].

AH is a common comorbidity of OSAS. In approximately
half of patients with 0SAS, AH is accompanied by peculiarities
in the blood pressure profile, including non-reduction or an
increase in blood pressure at night. In >80% of cases, AH
that is resistant to therapy with >3 drugs is accompanied by
0SAS.

Hypoxemia, autonomic dysregulation, and changes in
intrathoracic pressure can lead to structural and functional
remodeling of the atria and fibrosis development. This
process increases the risk of cardiac rhythm disturbances,
which are more frequent in individuals with more severe
0SAS and hypoxemia. The mechanisms underlying
arrhythmogenesis are based on changes in myocardial
automatism, trigger activity, and re-entry mechanisms [10].
Abnormal automaticity can be associated with multiple
factors, such as changes in sympathetic and parasympathetic
tone, acid—base balance, and electrolyte disturbances at
the membrane and submembrane levels [11]. 0SAS causes
repetitive, cyclic changes in sympathetic tone. During apnea
attacks, an increase in the tone of the vagus nerve results
in bradycardia, which is then followed by a sympathetic
discharge caused by hypoxemia and hypercapnia. This, in
turn, contributes to the formation of arrhythmias due to
beta-adrenergic stimulation [12, 13].

0SAS increases the risk of atrial fibrillation by four
times [14]. Arrhythmogenic effects of 0SAS are also realized
in the increased risk of atrial fibrillation recurrence after
cardioversion, a twofold increased risk of recurrence after
radiofrequency ablation, and decreased effectiveness of
antiarrhythmic therapy [15-17].

0SAS is detected in 68% of patients with sleep-
related bradyarrhythmias [20]. The most frequently
recorded features at night are sinoatrial block, grade I
atrioventricular block, ventricular extrasystole, and
unstable ventricular tachycardia. At night, the incidence of
arrhythmias can reach 50% [18-20]. The cyclic nature of
heart block in 0SAS is attributed to the occurrence of apnea
episodes [21-25]. Nevertheless, bradyarrhythmias related
to 0SAS frequently do not indicate heart diseases and are
reflexive. This occurs during ineffective respiratory efforts
when hypoxemia in the absence of pulmonary ventilation
causes bradycardia. In such cases, bradyarrhythmias
manifest solely during sleep and dissipate following 0SAS
therapy [26]. According to C. Zwillich et al., the duration
and severity of bradycardia correlate with the degree of
hypoxemia during apnea [26].

H.F. Becker et al. demonstrated a resolution or reduction
in the frequency of grade II-lll atrioventricular blockade
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and/or sinus node arrest with the effective treatment of
0SAS [27].

Non-invasive ventilation (NIV), an effective method
of respiratory support, involves creating positive airway
pressure using nasal, oronasal, or face masks [28, 29].
The choice of the NIV regimen depends on the nature of
respiratory disorders. Continuous positive airway pressure
(CPAP) therapy is an NIV with continuous positive airway
pressure throughout the respiratory cycle (inhalation and
exhalation). CPAP therapy primarily maintains upper airway
patency during sleep and prevents airway collapse. This
treatment is considered the “gold standard” for treating OSAS.
CPAP therapy is extremely effective in eliminating apnea and
hypopnea. Although various treatment options are available
for this condition, positive airway pressure therapy remains
the mainstay of OSAS treatment since its introduction into
practice in 1981 [30, 31]. CPAP therapy is initiated only
after instrumental confirmation of the disease (mainly in
moderate and severe OSAS). An individualized interface
should be selected for comfort, and different masks may be
better suited for people with different facial structures. To
be effective, CPAP therapy should be used for at least 4 h
per day for at least five nights per week. Currently, both the
CPAP mode (which employs individually selected constant
pressure) and the automatic positive airway pressure (APAP,
auto-CPAP, an automated mode that employs algorithms
to increase the pressure when episodes of sleep apnea are
registered and to decrease it when they are absent) [28, 32].

CPAP therapy for 0SAS results in clinically significant
improvements in daytime sleepiness, ability to maintain
wakefulness, and sleep-related quality of life indicators.
CPAP therapy improves the AH course, including a
reduction in blood pressure in resistant AH. A reduction
in the risk of cardiovascular events was also established
[28]. Continuous positive pressure NIV eliminates nocturnal
bradyarrhythmias, which points to 0SAS as the cause of
these disorders [26, 27, 33].

CLINICAL CASE

Patient N., a 54-year-old man, presented with complaints
of dyspnea during moderate physical activity and an
associated decrease in tolerance to physical activity, daytime
sleepiness, difficulty in nasal breathing, and snoring, which
was corroborated by others. The patient also reported
episodes of pressing sensations in the chest lasting up to
2 min during exercise and subsiding at rest. He attributed
the appearance and progression of these symptoms to an
increase in body weight over several years.

The medical history included hypertension, atherosclerosis
of the brachiocephalic arteries with hemodynamically
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insignificant (35%—40%) stenosis of the common carotid arteries
on both sides, grade 3 obesity, liver steatosis, and dyslipidemia.
The patient was consistently taking antihypertensive drugs
(sartans, diuretics, and calcium blockers).

The outpatient daily electrocardiogram (ECG) Holter
monitoring revealed 33 pauses of >2000 ms, with a maximum
duration of 3646 s, in sinus rhythm, which occurred during
nocturnal sleep. No atrioventricular conduction disorder
was identified. In addition, episodes of accelerated
supraventricular rhythm with a heart rate of 75 beats/min
were observed following a pause of 2114 ms during sleep.
The calculated circadian index was 1.4. A total of 584 single
supraventricular extrasystoles were observed, in addition
to 9 paired and 12 group extrasystoles. The examination
also revealed single polymorphic polytopic ventricular
extrasystoles (48 in total), including insertion and bigeminy
type. One paired monomorphic ventricular extrasystole was
observed. No clinically significant repolarization disorders
were observed at rest or during exercise.

The patient was referred to the L.G. Sokolov North-West
District Research and Clinical Center of the Federal Medical
and Biological Agency for further examination, including the
exclusion of nocturnal respiratory disorders.

Upon examination, the patient was found to be in
a satisfactory condition. The patient was conscious and
alert. The skin had a normal color and moderate moisture.
The patient exhibited excessive subcutaneous adipose
tissue development, with a height of 1.72 m, body weight of
134 kg, and body mass index of 45.3 kg/m?. The abdominal
region exhibited characteristics of obesity. His pulse was
rhythmic and satisfactory in terms of filling and tension, with
a rate of 72 beats per minute, and his blood pressure was
150/100 mm Hg. The heart tones were muffled. Both chest
sides were involved in breathing. The percussion sound was
clear pulmonary. Auscultation revealed vesicular breathing,
with no rales. The frequency of respiratory movements
was 18/min. The abdominal volume increased because of
subcutaneous adipose tissue accumulation and was soft and
painless. There was no edema.

In the therapeutic department, the patient underwent
respiratory monitoring at night. The results indicated severe
0SAS. The AHI, desaturations index, average blood oxygen
saturation, and minimum were 64.6/h, 62.3/h, 89%, and 69%,
respectively.

Based on the findings of the respiratory study conducted
at night, a course of respiratory therapy for 0SAS was
initiated. The patient underwent CPAP therapy at night using
a Prisma 20A device (Loewenstein Medical (Weinmann),
Germany) in the APAP mode through the oronasal mask.
The patient reported a notable improvement in sleep quality,
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reduction in daytime sleepiness, and enhancement in general
well-being. The AHI during CPAP therapy was 5/h.

Daily Holter ECG monitoring of the ECG confirmed the
absence of signs of conduction disturbances and pauses in
respiratory therapy for 0SAS. Sinus rhythm with a normal
circadian profile and normal total variability was recorded
during the study. A single, paired, and group ventricular
extrasystole were recorded, along with a few supraventricular
extrasystoles, including 35 single and 1 paired. No ischemic
repolarization changes were found at rest or on exertion.

In light of the clinical presentation and diagnostic testing
results, a comprehensive search for coronary heart disease
was initiated. Coronary angiography revealed significant
stenosis of the anterior interventricular artery, prompting
subsequent angioplasty with stenting.

In this patient on CPAP therapy, severe 0SAS and
the elimination of heart rhythm pauses permitted the
consideration of these changes in Holter ECG monitoring as
secondary (reflex) to apnea and hypopnea episodes and the
exclusion of contraindications to beta-adrenoblockers such
as sinus node dysfunction. This included prescribing optimal
drug therapy for ischemic heart disease.

CONCLUSIONS

1. In clinical practice, 0SAS must be urgently verified,
given its high prevalence and the increased risk of
cardiovascular disease.

2. The provision of respiratory therapy at night eliminates
0SAS as a potentially reversible cause of heart rhythm
abnormalities and a risk factor for cardiovascular disease.
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Multifaces of hypertrophic cardiomyopathy:
a case of transformation of hypertrophic phenotype
into dilated
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Kristina A. Gladysheva, Polina V. Petrova, Polina A. Stalnova, Nadezhda A. Tokareva

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

ABSTRACT

The article presents a clinical case of a rather rare course of hypertrophic cardiomyopathy with the transformation of a hyper-
trophic phenotype into a dilated phenotype against the background of the “burned-out phase” phenomenon, ventricular and
supraventricular rhythm disturbances, and multiple genetic mutations. Timely started disease-modifying therapy (quadruple
therapy) for chronic heart failure led to reverse positive remodeling of the left chambers of the heart.

Keywords: hypertrophic burnout cardiomyopathy; non-sustained ventricular tachycardia; atrial fibrillation; global longitudinal
strain; left atrial strain; quadruple therapy.
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MHoronukas runeptpoduyeckas KapauoMmonaTus:
cnyyau TpaHcgopmauum runeptpoduyeckoro peHotuna
B AMNaTaLMOHHbIN

T.H. HoBukoBa, A.E. AHppeeBa, ®.W. butakosa, B.W. Hosukos, K.A. Mmagbiwesa, I1.B. MNeTposa,
MN.A. CraneHoBa, H.A. TokapeBa

CeBepo-3anafHbii rocyaapcTBeHHbI MeAMUMHCKUIA YHuBepcuTeT UM. W.W. MeunukoBa, CankT-[letepbypr, Poccus

AHHOTALMA

MpencTaBneH KIMHUYECKWUA CRyyaid [OBOMbHO PefKOro TeYeHus runepTpoduUyeckon Kapavmomuonatum ¢ TpaHchopMaumen
runepTpoduyeckoro GeHotMna B AunaTauMoHHbIi eHoTUn Ha doHe deHoMeHa «BbiropaHus» (burned-out phase), xeny-
L04KOBbIX W CYNPaBeHTPUKYNAPHBIX HAPYLUEHUA PUTMA, MHOMKECTBEHHbIX FeHeTU4eckux MyTauuit. CBoeBpeMeHHO HayaTas
bonesHb-MoamduuMpyloLas Tepanus (KBaapoTepanus) XpOHUYECKOH CepaeyHoN HeoCTaToYHOCTV npuBena K obpaTHoMy
NO3UTUBHOMY PEMOZE/IMPOBAHMIO IEBbIX KaMep CepALa Y NauueHTa.

KnioueBble cnoBa: runepTpoduyeckas KapOMOMMONATUS BbIrOPaHWUS; HEYCTOMYMBAs JKeNY[AO0YKOBAs TaxWKapAus;
¢ubpunnsuma npeacepami; mobanbHas npogonbHas AedopMauvs; nNpoaosbHas AedopMauus NIEBOT0 NpeAcepaus;
KBagpoTepanus.
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CLINICAL CASE

INTRODUCTION

The 2023 ESC Guidelines for the Management of
Cardiomyopathies have largely changed the approaches
to the classification of cardiomyopathies (CMPs) [1].
Currently, the following types of CMPs are distinguished:
hypertrophic, dilated, Non-dilated left ventricular
cardiomyopathy (NDLVC), arrhythmogenic, and restrictive
cardiomyopathy.

The recommendations are based on a phenotypic approach
to CMP classification and diagnosis. Importantly, family
members may have different phenotypic manifestations,
and in the same patient, as the disease develops and
progresses, a phenotypic variant of CMP may transform into
another. The predominant cardiac phenotype at the time of
initial diagnosis should guide the diagnosis and follow-up of
the patient. The case of using this approach in real clinical
practice is presented herein.

CLINICAL CASE

Patient R., aged 62 years, has been under the care
of the clinic since 2002. Regarding his medical history,
he actively participated in various sports in his youth,
including alpine skiing and wrestling. The suspicion of heart
pathology first arose in 1995 (at the age of 34), when, for
the first time in his life, an electrocardiogram (ECG) was
taken before a competition (the results were not provided).
ECG changes detected led to the diagnosis of an acute
myocardial infarction, despite the absence of any complaints
at the time. The patient was hospitalized for 3 weeks,
followed by rehabilitation. After 2 months, the polyclinic
at the patient’s place of residence again detected signs of
acute myocardial infarction on the control ECG and suggested
rehospitalization. However, the patient categorically refused
this suggestion due to the absence of complaints and good
health. Complaints of palpitations and chest discomfort
during moderate physical activity were first documented in
2002, at the age of 41. The patient was subsequently referred
to the city antiarrhythmic center for further evaluation. Upon
examination, he was diagnosed with hypertrophic CMP
(HCMP) without left ventricular (LV) outflow tract obstruction.
Daily ECG monitoring revealed a high premature ventricular
complexes(PVCs) count, with approximately 10.000 events
per day. Coronarography was performed for the pain
syndrome. The subepicardial coronary arteries were free of
hemodynamically significant stenoses. In addition, coronary
systolic reverse flow, previously described in the literature
in patients with HCMP and identified as a potential cause of
subendocardial myocardial ischemia, was observed [2, 3].
A slow-release metoprolol succinate (Betaloc 30K®) at
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a dose of 100 mg per day was prescribed. The number of
PVCs decreased during the therapy, although they did not
entirely disappear. An attempt to increase the dose of beta-
blocker was accompanied by a decrease in systolic blood
pressure to 85 mmHg. In 2007 (at the age of 46), sustained
hemodynamically significant ventricular tachycardia (VT)
accompanied by a drop in blood pressure was recorded for
the first time; in addition, paroxysmal and persistent forms
of atrial fibrillation (AF) occurred. For several months, in
addition to slow-release metoprolol succinate, the patient
received amiodarone, which demonstrated a positive clinical
effect. However, amiodarone was discontinued because
of the occurrence of cordarone-induced thyrotoxicosis.
In the same year, the patient received a dual-chamber
implantable cardioverter-defibrillator (ICD) that can control
ventricular rhythm disturbances and had function of
cardioversion of AF. Owing to the frequent painful triggering
of the ICD in response to AF and the deterioration of the
patient’s quality of life, the patient and his attending physician
decided to disable the function of cardioversion of AF. In
2008, pulmonary vein cryoisolation was performed because
of the frequent symptomatic episodes of AF. During several
years after of pulmonary vein cryoisolation AF did not recur.
Considering the high risk of AF recurrence and structural
changes in the left chambers of the heart, the patient took
propafenone 150 mg 2 times a day and warfarin in addition to
metoprolol succinate sustained release. A gradual increase in
the dosage of metoprolol succinate (increases of 12.5 mg at
intervals of no more than 2 weeks) allowed us to reach the
maximum dose (200 mg per day). The therapy was effective
in preventing AF recurrence, although recurrent sustained VT
led to ICD activation several times a year. Because the ICD
battery depleted, the ICD was replaced in 2012. The newly
installed ICD did not has the function of cardiovercion of AF
but had a function of antitachycardia pacing (ATP) as a way
to terminate VT. Recurrent sustained VT persisted and led
to ICD activation several times a year. Since 2018, rare AF
recurrence have been documented. In 2018 the patient was
diagnosed with type 2 diabetes mellitus and dyslipidemia. In
addition to rhythm disturbances, the patient reported chest
discomfort and dyspnea during moderate exercise, with
progressive worsening of exercise tolerance. Since 2018
patient took slow-release metoprolol succinate (200 mg
daily), apiksaban (5 mg twice daily), dapagliflozin (10 mg
daily), and rosuvastatin (20 mg daily).

In 2020, the ICD was replaced once more due to battery
exhaustion. Repeated coronary angiography was performed
before ICD replacement. Coronary angiography did not
register coronary systolic reversed flow phenomenon.
A 60% stenosis of diagonal branch of the left coronary artery
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was detected. Fractional flow reserve (FFR) was assessed
(>0.8). So the stenosis did not require revascularization.
No significant changes were observed in the other coronary
arteries.

The patient’s condition markedly decline in February
2021. He presented to the clinic with complaints of dyspnea
and chest discomfort, not only by exercise, but also at night.
Echocardiography revealed a markedly different picture
than that observed during the initial treatment in 2002.
LV exhibited slight dilatation, with an end-diastolic volume
index (EDVI) of 75 mL/mZ The left atrium (LA) demonstrated
pronounced dilatation, with a left atrial volume index (LAVI)
of 68 ml/m?. Diffuse hypokinesia of all LV walls, a reduction
in myocardial thickness of the interventricular septum (IVS)
from 19 to 12 mm, and an decrease in LV ejection fraction
(EF) up to 40% were observed. An elevation in pulmonary
artery systolic pressure (PASP) up to 52 mm Hg was also
noted. In addition to severe systolic dysfunction, the patient
had severe diastolic dysfunction (grade 3):

VE/VA=21:VE/ Em (mean)=16.3,

where VE is the velocity of the transmittral blood flow in
the rapid filling phase, VA is the velocity of the transmittral
blood flow at LA systole, and Em is the mean value of
the sum of the velocities of the septal and lateral segments
of the mitral valve annulus.

Contrasted chest computed tomography (CT), which was
performed to exclude pulmonary embolism as the cause
of the rapid deterioration in the condition, confirmed
dilatation of the left heart chambers, fluid in the posterior
parts of the pleural cavities on both sides (not more than
150 mL on each side), and signs of interstitial pulmonary
edema. No data supporting pulmonary embolism were
obtained. Brain natriuretic peptide level were elevated
up to 1,683 pkg/mL. The patient did not undergo cardiac
magnetic resonance imaging (MRI) because he had an ICD.
Torasemide (10 mg daily), eplerenone (25 mg daily with
subsequent increase in dose to 50 mg daily after 1 month),
and valsartan + sacubitril (Uperio®) dose titration from
50 mg twice daily were added to the current therapy with
metoprolol succinate (200 mg daily), apixaban (5 mg twice
daily), dapagliflozin (10 mg daily), rosuvastatin (20 mg daily).
Propafenone was discontinued because the EF decreased.

Table 1. Dynamics of ejection fraction for 2008-2021
Tabnuua 1. [uHamuka dpakumm Boidpoca 3a 2008-2021 roabl
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After stabilization of the condition, stress echocardiography
(stress EchoCG test) was performed. The patient's
condition was considered transformation of a hypertrophic
phenotype into a dilated phenotype with a burned-
out phase and ventricular and supraventricular rhythm
disturbances [3, 4]. EF dynamics for 2008-2021 are shown
in Table 1.

Genetic testing was performed owing to the atypical disease
course. Massive parallel sequencing of a panel of 17 genes
associated with HCMP revealed two mutations: Glu163del
mutation in TNNTZ (heterozygous carrier), which codes for
the synthesis of the troponin T protein. This mutation is clearly
associated with HCMP and has a high penetrance. In addition,
the identified mutation was associated with a high risk of
sudden cardiac death (SCD). The second mutation, a truncating
variant located in the M-band, was found in TTN (heterozygous
carrier), which codes for the synthesis of titin protein. It is likely
to be pathogenic. TTN mutations are associated with several
types of cardiac and skeletal myopathies (hypertrophic, dilated,
and restrictive CMPs, LV hypertrabecularity, distal Myoshi
muscular dystrophy, Salih myopathy, etc.).

The patient has two children: the older daughter has
confirmed HCMP but has not been genotyped, and the younger
son has no genetic or phenotypic manifestations of HCMP.

During therapy, the patient’s condition improved
significantly, and the dyspnea stopped. Rhythm disturbances
persisted as rare non-sustained atrial tachycardia and
VT. The maximum well-tolerated daily dose of valsartan
and sacubitril did not exceed 200 mg when titrated, and
persistent hypotension occurred when further increases were
attempted. The patient was then seen in May 2022, and an
ECG was performed (Fig. 1).

The control EchoCG demonstrated positive dynamics, with
an increase in EF to 49%, decrease in EDVI to 45 mL/m?, LAVI
remained the same (68 ml/m?), PASP decreased to 29 mmHg.
Diastolic function parameters exhibited improvement,
with VE/VA = 1.1 and VE/Em ratio (mean) = 10.3 (grade 1
diastolic dysfunction). Longitudinal deformation of the LV
myocardium was determined (in the 2D-strain mode).
It was significantly impaired, with a value of -15% (which
is below the normal range of -18%). Maximum myocardial
deformation disturbances were observed in the hypertrophied
IVS (the zone is colored pale pink in Fig. 2).

Year 2008 2009 2010

2014

2015 2018 2020 2021

EF, % 68 64 61 60

59 59 91 40

Note: ®B — ejection fraction.
pumeyaHue: OB — dpakumsa Bbibpoca.

DOl https://doiorg/10.17816/cardar630134




CLINICAL CASE

Vol. 4 (1) 2024

Cardiac Arrhythmias

Fig. 1. Patient’s ECG in May 2022 (recording speed is 50 mm/s)
Puc. 1. 3nektpokapamorpamma naumeHTa B Mae 2022 roaa (ckopocTb 3anucy 50 Mm/c)

In consideration of the notable LA dilatation, LA function
was evaluated in the longitudinal strain mode (2D strain)
(Fig. 3). As in the case of longitudinal LV myocardial
strain, LA myocardial strain parameters were abnormal.
The deformation index during the reservoir phase was equal
to 13% (with a mean normal value of 39%, 95% confidence
interval [CI] 38%-41%). During the conduit phase, it was
5% (with a mean normal value of 23%, 95% Cl 21%-25%),
whereas during the contractile phase, it was 8% (with
a mean normal value of 17%, 95% Cl 16%—19%) [6]. Notably,
the strain indices during the conduit and contractile phases
were negative, as the LA myocardium shortens during these
phases. For the convenient comparison of indices, it is
customary to discard the minus sign. In our patient, the LA
function during all three phases was significantly impaired.

Fig. 2. Bull's eye format of peak global longitudinal strain of the
left ventricular myocardium. Explanation in the text

Puc. 2. MNukoas rnobanbHas aedopmaums Mrokapaa JIX B dop-
Mate «Oblumi rnas». ObbsCHeHWe B TEKCTe

Fig. 3. Assessment of left atrial function in 2022 in 2D-Strain mode. Explanation in the text
Puc. 3. OueHka dyHkumm nesoro npeacepaus B 2022 ropy B pexuMe gedopMauum. 06bacHeHWe B TeKcTe

DOl https://doiorg/10.17816/cardar630134




36

KIVHVHECKIAN CITY4A

Because the assessment of LA myocardial strain was
performed for the first time, it was not possible to ascertain
the extent to which LA function had been disturbed previously.

During Holter ECG monitoring, 1,337 (1.5%) PVGCs,
22 runs of non-sustaned VT, and 215 (0.2%) atrial premature
complexes were recorded.

Continued therapy was necessary. In September 2023,
the patient presented to our facility for the recurrence of chest
discomfort during physical exertion exceeding household
loads. Stress EchoCG testing was performed repeatedly,
with negative results. In accordance with the ESC Guidelines
for the Management of Cardiomyopathies, ranolazine 500
mg twice a day [1, 3] was prescribed to control the pain
syndrome. The chest discomfort was successfully managed
during the medication therapy.

A control EchoCG was performed in February 2024.
For other parameters the following results were obtained:
EDVI (48 mL/m?), LAVI (63 mL/m?), PASP (25 mmHg),
VE/VA = 1.1, and VE/Em (mean) = 10.0 were noted.

Tom 4, N2 1, 2024
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The dynamics of key EchoCG indices are presented in Table 2.
Unfortunately, the global longitudinal LV myocardial strain did
not improve, remaining at the level observed in 2022.

In addition to LV diastolic function improvement, the LA
volume tended to decrease (Fig. 4). Indices of LA function
have improved. Consequently, the proportion of LA myocardial
strain increased from 13% to 17% during the reservoir phase,
from 5% to 8% during the conduit phase, and from 8% to 9%
during the contractile phase. The dynamics of the indices are
presented in Table 3.

During Holter ECG monitoring, 73 (0.1%) PVCs, 1 run
of non-sustained VT (Fig. 5), 792 (1.0%) atrial premature
complexes, and 1 run of non-sustained atrial tachycardia
were recorded. The dynamics of the number of ventricular
and atrial rhythm disturbances are presented in Table 4.

In this case, the therapy should be continued in
accordance with national and international recommendations
for the treatment of chronic heart failure, i.e., the therapy,
which demonstrated a positive outcome, should be continued

Table 2. Dynamics of key echocardiography parameters during quadruple therapy
Tabnuua 2. [InHaMuKa KNloYeBbIX 3X0KapaMorpaduyeckux noKasatenien Ha GpoHe KBaapoTepanuy

Before quadruple therapy

During quadruple therapy

Indices
February 2021 ropa May 2022 ropa February 2024 ropa
EF, % 40 49 95
EDVI, mL/m? 75 45 48
LAVI, mL/m? 68 68 63
PASP, mmHg 52 29 25
VE/VA 2.1 1.1 1.1
VE/Em 16.3 10.3 10.0

Note: ®B — ejection fraction; UK[10 — end-diastolic volume index; MOJIN — left atrium volume index; CIUTA — pulmonary artery systolic pressure;
VE — transmitral blood flow velocity during the rapid filling phase; VA — transmitral blood flow velocity at the moment of left atrium systole;
Em — the average value of the sum of the speeds of movement of the septal and lateral segments of the mitral valve anulus.

pumeqaHue: ®B — ¢pakuwms Bbibpoca; MKI0 — nHaeKc KoHewHo-auacTonmyeckoro 06beMa; NOJIM — unaekc obbema nesoro npeacepaus; COJIA —
CUCTO/IMYECKOE [aBNeHNe B Nero4Hon apTepui; VE — cKopocTb TPaHCMUTPabHOTO KpOBOTOKA B a3y BbicTporo HanonHeHus; VA — cKopocTb TpaHc-
MMUTPasIbHOT0 KPOBOTOKA B MOMEHT CUCTOJTbI JIEBOTO MPeACepams; Em — cpefHee 3HayeHWe CyMMbI CKOPOCTE ABUMXEHMUS NePEropoo4HOro U GOKOBOTo
CErMeHTOB KOJIbLid MUTPaNbHOrO KnanaHa.

Table 3. Dynamics of indicators of left atrium function during quadruple therapy
Tabnuua 3. [MHaMuKa nokasateneit GyHKLMM NeBoro npeacepans Ha GpoHe KBaapoTepanuu

Indices May 2022 February 2024 Normal, mean value, (95% Cl) [6]
13 17 39 %
LASr, % (95% CI 38%—41%)
5 8 23 %
LAScd, % (95% CI 21%-25%)
LASct, % 8 ? o

(95% CI 16%—-19%)

Note: I — confidence interval; JIN — left atrium; LASr — left atrium reservoir strain; LAScd — left atrium conduit strain; LASct — left atrium contractile strain.

[pumeyanue: OV — poseputenbHbIiit uHTepsan; JIN — nesoe npeacepave; LASr — pedopMaums nesoro npeacepams Bo BpeMs pesepByapHoii hasbl;
LAScd — pedopMaums neBoro npeacepans Bo BpeMs KOHAYUTHOI dasbl;, LASct — nedopMauus neBoro npeacepamns Bo BpeMs COKpaTUTENbHOM hasbl
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Fig. 4. Assessment of left atrial function over time in February 2024 in 2D-Strain mode. Explanation in the text
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Puc. 4. OueHKa dyHKUMKM NeBoro npeacepaus B AnHamuke B ¢espane 2024 roaa B pexiume aepopMaumn. 06bsacHeHMe B TeKCTe

Fig. 5. Fragment of ECG monitoring. Episode of non-sustained ventricular tachycardia
Puc. 5. OparmeHT cytouHoro MoHuTopupoBaHus 3KI. 3nn3opn HeyCTONUMBOI 3KeNyA0YKOBOW TaXMKapaAuM

Table 4. Dynamics of indicators of ECG monitoring for 2021-2024
Tabnuua 4. [IuHamMuKa nokasateneit cyToyHoro MoHuTopupoBanua 3KI 3a 2021-2024 roapl

Indices February 2021 May 2022 October 2022 June 2023 February 2024
Number premature
ventricular complexes, 5698 (4.4) 1337 (1.5) 520 (0.6) 119 (0.1) 73 (0.1)
n (%)
Number premature atrial
complexes, n (%) 9341 (7.3) 215(0.2) 1380 (1.6) 1833 (2.1) 792 (1.0)
Number of Ha non-
sustained ventricular 7 2 1 0 1
tachycardia
Number of non-sustained 9 0 0 1 1

atrial tachycardia

to prevent any deterioration in the case of the withdrawal of

any [/, 8].

DISCUSSION

Most HCMP cases have genetic causes. The identification
of typical genetic mutations facilitates the diagnosis of HCMP.

DOl https://doiorg/10.17816/cardar630134

The disease is most often the result of mutations in genes
encoding sarcomeric proteins, with mutations in f-myosin
heavy chain (MYH7), myosin regulatory light chain (MYL2),
essential myosin light chain (MYL3), myosin-binding cardiac
protein C (MYBPC3), troponins (TNNI3 and TNNT2), and
other proteins accounting for 40%—60% of cases [1, 3, 91.
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In the present case, one of the two identified mutations (TNNT2)
is typical and relatively common in HCM, whereas the second
mutation is more characteristic of dilated CMP (TTN).

The HCMP is diagnosed based on the presence of LV wall
thickening, which is extremely rare on the right ventricle. This
thickening cannot be explained by increased hemodynamic
load, which includes arterial hypertension and valvular
heart diseases. In the proband, the quantitative criterion of
myocardial thickness of =15 mm is considered diagnostic
[1, 3, 91. Since 2002 until 2021 the patient exhibited the classic
phenotype of nonobstructive HCMP, which is characterized
by pain syndrome and various rhythm disturbances. HCMP-
related heart failure is more often associated with diastolic
dysfunction, primarily in the early disease stages. In some
patients (5%—8% of those suffering from HCMP), a systolic
component may be added due to the burnout phenomenon,
which is characterized by a decrease in LV EF <50%, LV wall
thinning, and LV cavity dilation [3, 4]. The term “burnout
HCMP” has been proposed to distinguish this phenotype,
which is novel for the patient and emerged during disease
progression, from the phenotype at the time of diagnosis [4].
Currently, no clear criteria can be used to predict the transition
from the hypertrophic stage to the burnout phase. However,
several potential factors have been identified, including certain
mutations of genes encoding the synthesis of sarcomere
proteins, family history of a terminal dilated stage of HCMP,
AF, and degree of late signal enhancement by gadolinium,
which reflects the severity of fibrosis on cardiac MRI [3, 4]. EF
is not an optimal method for the early detection of the burnout
phenomenon. Changes of myocardial longitudinal strain
over time allows an unfavorable prognosis assumed. In
recent years, echocardiographic assessment of myocardial
longitudinal strain has become a widely used diagnostic
tool. D.M. Adamczak et al. revealed an association between
myocardial longitudinal strain and burnout [10]. Longitudinal
LV myocardial strain was assesed in the patient at the stage
of EF restoration in 2022 and 2024. It appeared to be reduced
and did not improve significantly in 2024 compared with 2022,
whereas EF increased from 49% to 55%. Unfortunately, this
parameter was not determined before 2022.

Our patient experienced a transformation of
hypertrophic phenotype into dilated phenotype due to
several reasons. These include multiple mutations (one
of which may lead to both hypertrophic and dilatational
phenotypes), cardiac rhythm disorders, including AF, and,
possibly, longitudinal deformation disorders of the LV
myocardium.

Before the introduction of quadruple therapy in clinical
practice, the burnout phase was assumed to represent
a terminal stage of HCMP, and patients entering this phase

Tom 4, N2 1, 2024
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are deemed potential candidates for heart transplantation.
Our example illustrates the reversibility of changes with
the timely initiation of quadruple therapy involving angiotensin
Il receptor type 1 and neprilysin ingibitor with sodium-glucose
cotransporter type 2 inhibitor, mineralocorticoid receptor
antagonist, and B-adrenoblocker. Currently, mavacamten,
a selective allosteric inhibitor of cardiac myosin adenosine
triphosphatase, for HCMP treatment is registered in some
countries [1, 3]. However, no information is available about
the effect of mavacamten on the burnout phenomenon.

In patients undergoing quadruple therapy, both systolic
and diastolic indices significantly improved. This was
accompanied by a tendency for LA myocardial deformation
parameters to increase, reflecting an improvement in
the state of the LA function.

A separate discussion is warranted regarding cardiac
rhythm disorders. The most prevalent rhythm disturbance in
HCMP is AF, which occurs following excessive hemodynamic
load, leading to LA dilatation.

The treatment and prophylaxis of AF in HCMP are initiated
according to the general principles of the recommendations
for AF diagnosis and treatment, which may include certain
adjustments because of the specifics of the underlying
disease. Considering the high incidence of stroke in
the setting of AF in HCMP, anticoagulants are recommended
regardless of the presence or absence of risk scores for
ischemic stroke and systemic embolism [1]. Both warfarin
and direct oral anticoagulants (apixaban, dabigatran, and
rivaroxaban) are used. Sinus rhythm is preferred to AF in
patients with HCMP; therefore, all options should be used to
maintain sinus rhythm, including pulmonary vein isolation,
which was attempted in this patient with a positive effect.
Amiodarone is the optimal drug for sinus rhythm control.
However, in the described case, owing to the rapid
development of cordarone-induced thyrotoxicosis further
therapy with this drug is impossible.

Non-sustained and sustained VT is a common finding in
patients with HCMP. Owing to the high risk of SCD in this
pathology, risk stratification and determination of indications
for ICD placement are essential [1, 3, 11, 12]. In this patient,
the sustained VT accompanied by hemodynamic abnormalities
necessitated ICD insertion in 2007 and replacements in
2012 and 2020 because of battery depletion. Before each
replacement, the risk of SCD must be reevaluated because it
may decrease over time.

CONCLUSIONS

The HCMP course in each patient is highly variable,
ranging from asymptomatic to severe progressive symptoms,
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including Burned-out phase of HCMP, and premature death.
In the context of regular follow-up, the physician should
promptly identify markers and signs of an unfavorable
prognosis and initiate therapy to improve the prognosis.
In the presence of risk factors for SCD, ICD implantation
is indicated. In patients with signs of burned-out phase
and a decreased LV EF, therapies for chronic heart failure,
including quadruple therapy, may be beneficial.
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