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ABSTRACT — BACKGROUND: Atrial fibrillation is one of

the most common and heavy disorders of heart rhythm,
which affects 0,4% of the general population and more than
5% among people aged 65 and older. The prevalence has
increased six times in the last 25 years. AF occurs more often
in men (10 times), less — in women (4 times). Therefore atrial
fibrillation has lately become an issue of intensive clinical
research. The challenges deal with a recurrent character

of episodes, their unpredictiveness as well as a question of
feasibility of attesting AF as a permanent disease. The answers
to these questions may determine a choice of conservative or
surgical treatment, which contributes to quality of life and life
expectancy in patients.

MATERIALS AND METHODS: The study included 85 patients
with atrial fibrillation and 30 somatically healthy individuals.
All subjects underwent a comprehensive study of the protein,
lipid oxidative stress and microcirculation indicators.
FINDINGS: It was established that the formation of the
clinical course of is-chemic heart disease is interconnected
with the intensification of the processes of peroxidation

of proteins, lipids and a change in superoxide dismutase
activity. It has been proven that in patients with AF (both
paroxysmal and permanent forms) in combination with

a previous infarction, there is a change in peripheral
microhemodynamics: a decrease in tissue perfusion and
inhibition of active modulating mechanisms of tissue
microcirculation.

CoNcCLUSION: According to the correlation and factor
analysis, two factors have been identified that have a
significant interrelation with the development of paroxysmal
AF in patients with previous myocardial infarction: the

level of advanced oxidation protein products and the
microcirculation index. Our mathematical model for the

risk of paroxysmal AF in patients with previous myocardial
infarction has a level of statistical significance of 0,020, which
indicates the reliability of the prediction results.

KEYWORDS — atrial fibrillation, previous myocardial
infarction, oxidative stress, microcirculation index,
advanced oxidation protein products.

INTRODUCTION

Atrial fibrillation (AF) is classified by the world
medical community as one of the three cardiovascular
«21* century epidemics» along with chronic heart
failure (CHF) and diabetes mellitus [4].

It was established that AF is an independent pre-
dictor of death. Most frequently, AF occurs at various
nosological units of ischemic heart discase (IHD).

Despite the large number of studies carried out
in this area, the pathogenesis of the occurrence and
progression of AF has not been fully explored [2].

It is now generally accepted, that there is a short-
age of studies on prediction of the risk of the develop-
ment of AF paroxysm in patients with IHD.

The available data are often inconsistent.

Early diagnosis of the factors of the development
and progression of AF will improve not only the clini-
cal status of patients, but also their prognosis [5].

The positions described above defined the pur-

pose of our scientific research.

The purpose of the study
To create a mathematical model of atrial fibrilla-
tion paroxysm development in patients with previous
myocardial infarction based on a comprehensive study
of protein, lipid oxidative stress and microcirculation
indicators.

MATERIALS AND METHODS

The Regional Ethics Committee (an extract of
the record N¢ 6 from 2 November 2015) approved this
study.

In total 240 patients were examined, however,
when criteria for exclusion were identified, patients
dropped out of the study.

The main group consisted of 85 patients with
AE Of these, 39 patients had paroxysmal AF, 46
patients — a permanent form of AE Of 39 patients
with paroxysmal AF, 27 had angina pectoris, 13 had a
previous myocardial infarction (MI), 12 had no angina
pectoris, and 26 had no previous MI. Of 46 patients
with permanent AF, 32 were diagnosed with angina
pectoris, and 20 — with previous MI, 14 patients had
no angina pectoris, 26 patients had no previous ML
The control group consisted of 30 somatically healthy
individuals of the Astrakhan region. The average age
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of the examined patients was 51.4 [40; 60] years. The
average duration of the disease was 11.2 [3; 17] years.
Groups of patients included in the study were compa-
rable in age and gender parameters.

Determination of Cu/Zn — superoxide dis-
mutase (SOD) concentrations in serum was carried
out by the enzyme-linked immunosorbent assay
(ELISA) using commercial test systems. Catalogue
number — BMS 222. Company manufacturer —
Bender Medsystems, Austria.

Determination of the advanced oxidation protein

products (AOPP) in serum was carried out by the
ELISA using commercial test systems. Catalogue
number — K 7811w. Company manufacturer — Im-
mundiagnostik, Germany.

Determination of the total enzymatic activity
of all three types of SOD (Cu/Zn-SOD + Mn-SOD
+ Fe-SOD) in serum was carried out by the ELISA
using commercial test systems. Catalogue number —
706002. Company manufacturer — BCM Diagnos-
tics, USA.

To study the functional status of the vascular
endothelium by means of laser Doppler lowmetry
(LDF) there was used the laser analyzer of blood mi-
crocirculation «LAKK-025.

Statistical analyses were performed using STA-

TISTICA 12.0 Stat Soft, Inc.
RESULTS

We attempted to conduct a comprehensive study
of the processes of free radical oxidation as an example

of AOPP and MDA, antioxidant protection, (SOD
Cu/Zn with non-enzymatic activity and total SOD)

and microvascular reactivity in order to identify mean-
ingful indicators to predict such a terrible condition as

a paroxysm of AF in patients with previous MI.
Correlation and factor analysis methods were
used to identify factors that are related to paroxysmal
AF in patients with previous MI: AOPP, microcir-
culation index (MI), flux, variation coefhcient (Kv),

alpha rhythm amplitude, vasomotion amplitude (LF),
microcirculation efficiency index (index EfM), neuro-

genic tone (NT).

It was found that the formation of the clinical
course of IHD is interrelated with the intensification
of protein and lipid peroxidation and changes in the
activity of SOD activity, activation of peroxidation
in patients with paroxysmal and permanent AF with
postinfarction cardiosclerosis.

However, in patients with a permanent form of
AF, an increased activation of peroxidation processes
led to the accumulation of peroxidation products in

the blood serum of both protein and lipid mole-
cules.
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In patients with paroxysmal AF with the presence
of previous MI an increased activation of peroxida-
tion processes led to an increase in the total level of
products of AOPP.

At the same time, the level of MDA in patients
with paroxysmal AF in the group of patients with
previous MI was comparable to the group of patients
without previous MI, despite the fact that in com-
parison with the control group there was a significant
difference.

Having studied the basal microcirculation (MI,
flux and Kv) in patients with AF depending on the
presence of previous MI, we found that in patients
with both paroxysmal and permanent form of AE, in
combination with a previous MI, there is a change in
peripheral microhemodynamics: a decrease in tissue
perfusion and inhibition of active modulating mecha-
nisms of tissue microcirculation.

In the group of patients with paroxysmal AF and
previous MI median MI was 3.54 perfun., that was
significantly lower both in comparison with the group
of somatically healthy individuals (p<0.0001) and in
comparison with the group of patients with paroxys-
mal AF without previous MI (p=0.0369).

In the group of patients with permanent AF with
previous MI, the median flux was 0.11, that was signifi-
cantly lower compared with the group of somatically
healthy individuals (p=0.0072), compared with the
group of patients with paroxysmal AF with previous
MI (p=0.0101) and with the group of patients with
permanent AF without previous MI (p=0.0043).

In the group of patients with paroxysmal AF with
previous MI median Kv was 3.87%, that was signifi-
cantly lower compared with the group of somatically
healthy individuals (p<0.001) and with the group of
patients with paroxysmal AF without previous MI
(p=0.0391).

As a result of spectral decomposition of the dop-
plerogram into harmonic components of tissue blood
flow oscillations (using mathematical Butterworth
filters), we estimated the amplitudes of thythmic com-
ponents of the following frequency ranges: endothelial
rhythms (Amax/M-a frequency 2-3 oscillations per
minute), vasomotion (LE, frequency 4-12 oscillations
per minute), respiratory rhythms of two ranges (HF1,
frequency 13-30 oscillations per minute and HF2, fre-
quency 31-49 oscillations per minute), cardiorhythms
of two ranges (CF1, frequency 50-99 oscillations per
minute and CF2, frequency 100-180 oscillations per
minute).

As a result, we found that in patients with AF
(both paroxysmal and permanent forms) there is an
increase in the amplitude of cardiorhythms in patients
with previous ML
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These micro hemodynamic disorders can exac-
erbate hypoperfusion of tissues and organs against the
background of developing CHE, as well as be a risk
factor for further vascular damage with the develop-
ment of unstable conditions and complications.

Also, using the application program, we calcu-
lated a number of indices that allow to determine more
objectify microcirculatory disorders in patients with
AF: the index of microcirculation efficiency (index
EfM), the neurogenic tonus of precapillary resistive
microvessels (NT), the myogenic tonus of metarteri-
oles and precapillary sphincters (MT), the shunting
index (SI).

As a result, we came to the conclusion that both
in the permanent form and in the paroxysmal form of
AF, the presence of a previous MI was associated with a
de-crease in peripheral capillary blood flow against the
background of a decrease of NT, while in patients with
a constant form of AF and with previous MI, microcir-
culatory disorders were deeper.

As a result of our scientific research on the data of
correlation and factor analysis, we identified 2 factors
that have a significant relationship with the develop-
ment of paroxysmal AF in patients with previous MI:
AOPP and ML

Further, using binary logistic regression, we tried
to create 2 mathematical model to predict the devel-
opment of AF in patients with previous MI with the
calcula-tion of the probability coefhicient of AE

p=1/1+e-z, where z=0,101"AOPP - 1,345"MI —
8,996

In this, AOPP means the total level of the ad-
vanced oxidation protein products; MI — microcircu-
lation index in laser Doppler lowmetry.

Wald statistic was used for testing the significance
of the coefficients.

The level of statistical significance of the model
coefficients was 0.020, that was less than 0.05 and
indicates the statistical significance of the prediction
results of this model.

DISCUSSION

According to a number of researchers, AF is a
common cardiac arrhythmia, leading to serious com-
plications: heart failure, thrombosis, including stroke
(1].

It is now generally accepted that over the time
AF tends to progress from short and rare episodes of
arrhythmia to the appearance of a stable permanent
form of AF [3].

According to several researchers, the frequency of
transition from a persistent form to a permanent form
of AF is from 20% to 30% within 1-3 years [2].

Early diagnosis of AF progression factors, assign-
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ment of additional therapy for secondary prevention
of arrhythmia and the choice of the correct treatment
strategy can slow down the arrhythmia progression,
which allows not only to improve the clinical status of
the patient, but also his prognosis [6].

Thus, the purpose of our study is certainly rel-
evant, and the results can open up new opportunities
for specialists to predict paroxysm of AE.

In our scientific research, we decided to conduct
a comprehensive study of antioxidant defence (AOD),
protein and lipid peroxidation products and analysis of
microcirculatory disorders in patients with AE

We have established a significant decline of the
AOD in patients with perma-nent form of AF, in this
group of patients the decrease of AOD may be one of
the factors modifying the clinical course of IHD with
the development of painful forms.

A number of reseachers had long proved the
direct relationship between AOD and peroxide oxida-
tion.

Proteins are the most sensitive to oxidative stress,
and therefore, along with MDA, we decided to investi-
gate AOPP in the listed above groups of patients.

Intracellular accumulation of AOPP can induce
apoptosis of podocytes, resulting oinproteinuria, and
activation of the renin-angiotensin system in tubular
cells [1].

Activation of protein and lipid peroxidation
processes was revealed in patients with paroxysmal and
permanent AF forms, with previous ML

However, in patients with a permanent form of
AF increased activation of peroxidation processes led
to the accumulation of peroxidation products in the
blood serum of both protein and lipid molecules.

In patients with paroxysmal AF, the presence of
previous Ml led to the accumulation of mainly prod-
ucts of protein peroxidation.

We revealed a statistically significant decrease of
MI and flux in groups of patients with previous MI
in both paroxysmal and permanent AF, reflecting the
development of peripheral hypoperfusion.

A statistically significant decrease of Kv in the
groups of patients with previous MI was proved in
both paroxysmal and permanent AFE reflecting a de-
crease in active propulsive movements of microvessels.

In patients with previous MI, correlation and fac-
tor analysis revealed a statistically significant relation-
ship between the development of AF and ML

Thus, the improvement of long-term prognosis
of IHD depends of the level of diagnosis in the early
stages of the disease, and the result of our study pro-
vides such an opportunity.
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