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Abstract
Aim: To investigate the influence of changes in the parameters of
the biomechanics of the heart and the kinetics of the main arteries
in different variants of AF on the development and progression of
atherosclerosis.
Materials and Methods: In the study we included 108 patients
(66 men and 42 women). The mean age was 67,3 ± 5,6 years.In
anamnesis, special attention was paid to identifying such diseases as
myocardial infarction, stroke, diseases caused by the atherosclerosis
of the lower extremities arteries. All patients were performed ECG,
24-hours ECG monitoring, transthoracic and transesophageal
echocardiography, the lipids blood analysis. If prescribed, it were
performed stress echocardiography with physical exercise or
dobutamine. The severity of signs of atherosclerotic lesions of the
arteries in all patients was determined by the Doppler ultrasound
of the brachiocephalic arteries, branches of the aorta, lower
extremities arteries, and renal arteries. According to indications,
we performed coronary angiography, renal artery angiography.
The biomechanics of the heart and the kinetics of the main arteries
were measured by Apexcardiography (ACG) and Sphygmography
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(SG) of the main arteries of different types: common carotid and
posterior tibial arteries. This method is used more than 100 years
and is very informative, non-invasive method highly correlated with
intra-vascular pressure and other hemodynamical parameters.
According to the 24-hours ECG monitoring, all patients were divided
into 3 main groups. This distribution was based on the maximum
pause interval between ventricular contractions in AF. The first
group included 34 patients in whom the pause between ventricular
contractions did not exceed 1 second. The second group included
36 patients in whom the pause between ventricular contractions
was 1-2 seconds. The third group included 38 patients in whom the
pause between ventricular contractions was more than 2 seconds.
Patients of all groups were homogeneous in age, sex, comorbidity.
Results: The incidence of atherosclerotic vascular lesions was
higher in group 3 of patients in whom the pause between ventricular contractions in AF exceeded 2 seconds, and the proportion
of hemodynamically significant stenoses was also higher in this
group.We observed the increase in the main parameters of the
heart biomechanics and the kinetics of the main arteries in the first
contraction after a long pause between the ventricular contraction
in patients with different variants of AF with the following pattern:
the longer the pause between the ventricular contraction, the greater the increase in parameters was observed.
Conclusion: AF is an additional risk factor for the development and
progression of atherosclerosis.Places of greatest impact of the first
contraction hydraulic shock after a long pause in AF - bifurcation of
the common carotid artery, bifurcation of the aorta, large radius of
the aortic arch. That is why the atherosclerotic process is localized
in these areas. Prognostically more unfavorable in terms of the development and progression of atherosclerosis is the variant of atrial
fibrillation with a pause duration between ventricular contractions of
more than 2 seconds.
Keywords: Atherosclerosis, Atrial fibrillation; Shock

Introduction
Atrial Fibrillation (AF) is still one of the most common arrhythmia,
leading to the development of numerous complications and patient
disability. So, this rhythm disturbance occurs in more than 13% of the
population over 65 years old. The fact is that atrial fibrillation is a risk
factor for thromboembolic complications [1-11].
In addition, there is a problem is the prevention and treatment of
atherosclerotic lesions of the arterial vessels. Until now, the study
and clarification of the pathogenesis and etiological reasons for the
development of atherosclerosis continues, the principles of treatment
are being adjusted. To date, the monoclonal hypothesis, the lipid
hypothesis, and the chronic inflammation hypothesis and others are
the leading mechanisms in this process. Also there was evidence of
the effect of chronic intoxication with heavy metal vapors (mercury)
on endothelial damage and further development and progression of
atherosclerosis [12-16].
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Prevention measures and basic methods of treatment of
atherosclerosis have been developed. Nevertheless, the problem of
atherosclerosis treatment remains as far from being solved as it was
several decades ago. At present, doctors are becoming increasingly
frustrated with the insufficient effectiveness of drug therapy for this
disease. Despite the conducted multicenter randomized trials, the
massive use of statins and other drugs affecting the lipid spectrum, in
general, did not justify the hopes placed on them in the prevention and
treatment of atherosclerosis.
From his own daily practice, every doctor knows that there is a
considerable number of patients who have severe multifocal forms of
atherosclerosis with a slightly altered lipid spectrum. And, conversely,
there is a sufficient number of patients with pronounced changes in
lipid metabolism, but without significant atherosclerotic lesions of the
arteries.
Thus, the doctor is obliged to take into account other objective
factors that, undoubtedly, contribute to the progressive atherosclerotic
lesions of the arteries. First of all, this is a hereditary predisposition to
atherosclerosis, the presence of concomitant diseases, such as diabetes
mellitus, chronic inflammatory foci in the body, persistent arterial
hypertension, the presence of chronic exogenous and endogenous
intoxication.
It is impossible to deny the obvious fact that in the first place and
to the greatest extent atherosclerotic changes occur in the places of
bifurcation and trifurcation of the artery, their mouths and other parts,
which are most susceptible to hemodynamic stress. It is noteworthy
that these changes occur regardless of the state of lipid metabolism
indicators. Therefore, we can reasonably believe that the key moment
in the formation of atheroma is initially acute or chronic hydraulic
damage to the vascular arterial wall, subsequently triggering a chain
of pathogenetic mechanisms leading to atherosclerosis [12-16]. We
consider it necessary to investigate one of the factors, which, from our
point of view, can reasonably be called the main one.

Aim
To investigate the influence of changes in the parameters of
the biomechanics of the heart and the kinetics of the main arteries
in different variants of AF on the development and progression of
atherosclerosis.

Materials and Methods
In the study we included 108 patients (66 men and 42 women).
The mean age was 67,3 ± 5,6 years.
Inclusion criteria for the study:
1. Age over 40
2. Permanent AF
3. Signed informed agreement to participate in the study
Exclusion criteria:
1. Persistent arterial hypertension with blood pressure levels
exceeding 160 mm Hg. systolic and100 mm Hg diastolic
2. Diabetes mellitus
3. Family hypercholesterolemia
4. Chronic kidney disease with glomerular filtration rate less than
80 ml / min
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5.
6.
7.
8.

Chronic heart failure (CHF) more than NYHA III
The presence of chronic foci of infection
COPD more than moderate severity
Hematological diseases associated with hypercoagulation

In anamnesis, special attention was paid to identifying such
diseases as myocardial infarction, stroke, diseases caused by the
atherosclerosis of the the lower extremities arteries. All patients
were performed ECG, 24-hours ECG monitoring, transthoracic
and transesophageal echocardiography, the lipids blood analysis. If
prescribed, it were performed stress echocardiography with physical
exercise or dobutamine.
The severity of signs of atherosclerotic lesions of the arteries
in all patients was determined by the Doppler ultrasound of the
brachiocephalic arteries, branches of the aorta, lower extremities
arteries, and renal arteries. According to indications, we performed
coronary angiography, renal artery angiography.
The biomechanics of the heart and the kinetics of the main arteries
were measured by Apexcardiography (ACG) and Sphygmography
(SG) of the main arteries of different types: common carotid and
posterior tibialarteries. This method is used more than 100 years and
is very informative, non-invasive method highly correlated with intravascular pressure and other hemodynamical parameters.
To assess changes in the parameters of the biomechanics of the
heart and the kinetics of the main arteries, the minimum, average and
maximum pause intervals between ventricular contractions during
AFwere analyzed. We evaluated the speed, acceleration, power, work
of the vascular wall of the arteries.
According to the 24-hours ECG monitoring, all patients were
divided into 3 main groups. This distribution was based on the
maximum pause interval between ventricular contractions in AF.The
first group included 34 patients in whom the pause between ventricular
contractions did not exceed 1 second. The second group included 36
patients in whom the pause between ventricular contractions was 1-2
seconds. The third group included 38 patients in whom the pause
between ventricular contractions was more than 2 seconds. Patients
of all groups were homogeneous in age, sex, comorbidity.

Results
The examination revealed signs of atherosclerotic lesions of
arterial vessels in patients of all three groups. They included stenoses
of the brachiocephalic arteries - hemodynamically significant and
insignificant, stenoses of the coronary arteries, branches of the aorta,
arteries of the lower extremities, and renal arteries.
However, we drew attention to several interesting facts.
Fact 1: The incidence of atherosclerotic vascular lesions was higher in
group 3 of patients in whom the pause between ventricular contractions
in AF exceeded 2 seconds, and the proportion of hemodynamically
significant stenoses was also higher in this group (Table 1). At the
same time, at the stage of patient selection, generally recognized risk
factors for the development of atherosclerosis were excluded. Is it
possible in this situation of the influence of additional, unaccounted
risk factor in the development and progression of atherosclerosis?
Until now, AF is not among the list of risk factors for the development
of atherosclerosis; its gradation has not been made depending on the
duration of the pauses between ventricular contractions.
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Parameter

Group 1
(N = 34)

Group 2
(N = 36)

Group 3
(N = 38)

p

Stenosis of carotid bifurcation
(hemodynamically insignificant)

11

13

19

<0,05

Stenosis of carotid bifurcation
(hemodynamically significant)

1

2

9

<0,05

Stenoses of the arteries of the lower
extremities (hemodynamically insignificant)

13

14

22

<0,05

Stenoses of the arteries of the lower
extremities (hemodynamically significant)

1

2

7

<0,05

Renal artery stenosis (hemodynamically significant)

0

1

4

<0,05

Atherosclerosis of the coronary arteries

14

19

33

<0,05

Table 1: Patients in groups 1, 2 and 3.

Fact 2: We observed the increase in the main parameters of the
heart biomechanics and the kinetics of the main arteries in the first
contraction after a long pause between the ventricular contraction in
patients with different variants of AF with the following pattern: the
longer the pause between the ventricular contraction, the greater the
increase in parameters was observed (Figures 1-3).

Figure 3: The rise of the posterior tibial artery parameter (SG) - work (in %) - in each
group of the patients after the maximum pause between ventricular contraction in AF.

Thus, the pause between ventricular contractions during AF
determines the volume of cardiac output and the degree of participation
of the main arteries in the movement of the blood volumestroke.
Summary we can call the increase of all these main heart
biomechanical parameters and kinetics of main arteries “hydraulic
shock”.

Conclusion

Figure 1: The rise of left ventricle parameter (ACG) - work (in %) - in each group of
the patients after the maximum pause between ventricular contraction in AF.

1. AF is an additional risk factor for the development and progression
of atherosclerosis.
2. Hydraulic shockthat appearsduring the passage of a wave after
a long pause in AF is a powerful traumatic factor for the intima
of the arteries, which, ultimately, can lead to the formation of
an atherosclerotic process. The presence of a hydraulic shock
in AF determines the statement “atheroma builds itself”. This
mechanism is universal for various rhythm disturbances, in
particular, extrasystolic arrhythmias, which was the subject of our
separate study [17,18].
3. Places of greatest impact of the first contraction hydraulic shock
after a long pause in AF - bifurcation of the common carotid artery,
bifurcation of the aorta, large radius of the aortic arch. That is why
the atherosclerotic process is localized in these areas.
4. Prognostically more unfavorable in terms of the development and
progression of atherosclerosis is the variant of atrial fibrillation
with a pause duration between ventricular contractions of more
than 2 seconds.
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