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Abstract

conditions of LV dysfunction.

Aim: Atrial Fibrillation (AF) is the most common cardiac arrhythmia. The numerous researches about the causes,
the mechanism of its development and its links with other diseases have not given definite answers to these many
questions. | propose a hypothesis which can explain the reason for the development of AF, its correlation with various
diseases and the interpretations of the well- known facts and phenomena associated with this arrhythmia.

Methods and results: The hypothesis results from the comparison of the hydrodynamics of the sinus rhythm
and atrial fibrillation. According to this hypothesis AF is not a disease, but the protective physiological mechanism.
In the conditions of left ventricle dysfunction/heart failure, the termination of the atrial mechanical systole reduces
hydrostatic pressure in the pulmonary veins and alveolar capillaries which then reduces danger of pulmonary
congestion. The hypothesis allows to build the algorithms of the relations between AF and various diseases.

Conclusion: The hypothesis suggested that AF is a physiological protective mechanism that is activated in the

Keywords: Atrial fibrillation; Sinus rhythm; Hyperthyroidism, Mitral
stenosis; Hypertension

Introduction

Atrial fibrillation (AF) is the most common form of arrhythmia.
Every year, the number of patients with this rhythm disturbance
increases. It is called the epidemic of the century [1]. Despite a number
of investigations of the causes and mechanisms of the development of
the AF, many questions remain unanswered.

Common knowledge about AF includes

1. AF is the fibrillation of the atrial myocardium with a frequency
of 450-550 impulses per minute with the termination of the mechanical
atrial systole [2].

2. Therate of heart contractions (i.e. a ventricle response) depend on the
function of the atrial-ventricular node and may be more often tachyform
(greater than 100 beats per minute), but may be also the normoform and
bradyform. The AF is a supraventricular arrhythmia [3].

3. AF is directly related to left ventricle (LV) dysfunction/heart
failure (HF). The prevalence of AF in patients with HF increases with
the severity of the disease. In patients with mild HF approx. 5% have
AF. From 10% to 25% among patients with moderate HF have AF up to
50% in patients with severe heart failure have AF [4-6].

4. Accordingly, AF is linked to several diseases in which LV
dysfunction the most often develops, including hypertension (more
than 50% of AF cases), mitral stenosis (40% and more), hyperthyroidism
(15%) and so on [7-11].

5. AF is in direct correlation with age, when congestive heart failure
is the most common state in hospital patients 65 years and older.
Considering that the proportion of elderly individuals is growing, the
prevalence of AF will increase 2-5 fold by the year 2050 by projected
ATRIA study [12].

Unanswered questions associated with AF

1. There are a number of theories about the mechanism of AF
(multifocal, re-entry and etc.), but localization of an anatomical or
histological substrate as a source of AF has still not been found [13,14].
Satisfactory results on cessation of AF by ablation of the orifices of the

pulmonary veins suggest that the source of AF may be situated in the
region of the pulmonary veins and the ablation only “cuts” the spread
of arrhythmia. Genetic research is in favor of this theory. The genes
identified include a number of transcription factors, which have been
implicated in pulmonary vein development, and the new series of atrial
fibrillation-related genes were found [15,16]. Aberrant triggering at the
genetic level, perhaps due to mutation, may explain the cause of AF
without organic pathology of the heart-Lone AF.

2. A lot of studies have been performed to compare the rate-
control versus rhythm-control strategy in patients with AF (AFFIRM,
RACE, STAE, AF-CHF etc.). It would seem that a return to normal
sinus rhythm in conditions of LV dysfunction/HF should significantly
improve the patients’ states, and accordingly, the rhythm-control should
be preferred. However, it turned out that the rhythm-control does not
have an advantage over the rate-control, and even actually showed a
trend towards harm in the general population. Current research is still
unable to answer why this is [17-19].

3. There is also no answer to the question why in some cases,
when the AF is returned to the sinus rhythm instead of the expected
improvement, pulmonary edema develops. The same complication
occurs in some cases, when the pacemaker is implanted in AF
(pacemaker syndrome) [20,21].

4. There is no adequate answer, why after successful treatment
of AF with rhythm-control (by medicine, cardioversion or ablation)
arrhythmia spontaneously returns in many cases [22,23].
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Methods

Analyzing all this information, it is necessary to conclude that AF is
somehow associated with the functional state of the heart, and a direct
correlation between AF and LV dysfunction/HF is not accidental. It
seems strange and illogical that against the background of such a serious
complication as LV dysfunction/HF is added one more complication-
AF The question arises as to whether the AF gives any benefit for the in
the condition of the LV dysfunction/HE.

I have proposed a hypothesis that AF is not an additional
complication to the already existing LV dysfunction, but a genetically
programmed physiological protective mechanism that is activated at
a certain level within the development of heart failure. The essence of
the defensive mechanism of AF is as follows. The end diastolic pressure
(EDP) is the algebraic sum of the left ventricle diastolic pressure (LVdp)
and the left atrial (LA) systolic pressure (atrial kick pressure, AKp).
EDP=LVdp+AKp. Normal range of the left ventricle EDP is 8 mm
Hg-12 mm Hg, AKp is 2 mm Hg-6 mm Hg. At the end of the diastole
when the mitral valve (MV) is still open, EDP immediately transmitted
and equalized (according to hydrodynamic law) throughout the
communicating system of the left ventricle, left atrium, pulmonary
veins (PV), and alveolar capillaries (AC), as there are no obstacles to
the spread of the EDP wave. It is known that in the conditions of the LV
dysfunction (HF varying degrees), EDP increases due to failure of the
left ventricle (i.e. LV diastolic pressure component increases).

EDP (incr)=LVdp (incr)+AKp. This increased EDP at the end of
diastole with opened MV transmits to the entire communicating system
of the LA-PV-AC with the threat of exit of fluid through the alveolar-
capillary membrane with the danger of the development of pulmonary
congestion or edema.

According to the hypothesis, in the conditions of LV dysfunction/
HF when EDP increases to a certain critical value, the source of AF
which is supposedly in the pulmonary veins, reacts to a dangerous
increase in the pressure in the LA-PV-AC system and activates its
mechanism. AF stops mechanical left atrial systole thus negating the
component of systolic LA pressure (AKp) from the total pressure in
the LA-PV-AC system. EDP=LVdp (without AKp). This leads to a
reduction of pressure in the alveolar capillaries and reduces the threat
of pulmonary congestion. The right atrium (RA) is also involved in AE.
A termination of the mechanical systole of the RA leads to a reduction
in EDP of the right ventricle (RV) with decreasing pressure of systemic
venous inflow, resulting in a reduction of the preload. It means that
AF is synergistic in the hydrodynamic effect, due to the termination of
a mechanical systole in both the LA and RA. Thus, it can be assumed
that in the conditions of the development of LV dysfunction/HF the AF
plays the role in primary prevention of pulmonary congestion.

The “unanswered questions” above, through this interpretation, are
therefore enlightened. The hypothesis explains:

1. Why the source of AF is preferably in the pulmonary veins (as it
is a strategically important area).

2. Why rate-control is more preferable in the cases of the LV
dysfunction/HF.

3. Why complications arise when the sinus rhythm is restored in the
cases with increased pressure in the system of LA-PV-AC.

4. The reason for the tendency of the AF to return. According to this
hypothesis the heart in the state of the LV dysfunction/HF “needs” AF,
because it receives a more favorable hydrodynamic effect. Therefore,

most of the symptoms attributed to AF are actually symptoms of a
developing LV dysfunction.

As with any other compensatory mechanism, AF has its drawbacks.
Firstly, the termination of the mechanical systole of the left atrium
transforms the turbulent movement of the blood to laminar movement,
as there is no alternation of pressure changes. Secondly, in the absence
of the contraction of the myocardium of the atrium, blood can stagnate
in the appendage potentially leading to thrombosis and possible
thromboembolism to the brain [24,25]. Also, a very rapid ventricular
response (although it is a function of AV node) can exacerbate HE.

Results and Discussion

Thus, the proposed hypothesis suggests that AF is a physiological
protective mechanism, most likely genetically programmed, that
decreases the pressure in the LA-PV-AC system by terminating the
atrial mechanical systole. The hypothesis makes it possible to build an
algorithm for the appearance of AF for various diseases.

Hypertension

Increased peripheral vascular resistance - increased systemic
blood pressure — hypertrophy of LV with gradual development of
LV dysfunction - increased EDP - increased pressure in the LA-PV-
AC system - danger of pulmonary congestion — activation of AF -
termination of atrial mechanical systole — reduction of the pressure in
the LA-PV-AC system in the left side and reduction of the preload in
the right side of the heart.

Mitral stenosis

Obstruction to LV inflow at a level of the mitral valve - increasing
the resting diastolic mitral valve gradient - increasing pressure in the
LA-PV-AC system - danger of pulmonary congestion - activation
of AF - termination of atrial mechanical systole — reduction of the
pressure in the LA-PV-AC system.

Hyperthyroidism

The hypermetabolic condition of thyrotoxicosis - prolonged
tachycardia - tachycardia mediated cardiomyopathy - LV dysfunction
with elevated EDP - increasing pressure in the LA-PV-AC system -
danger of pulmonary congestion - activation of AF - termination of
atrial mechanical systole — reduction of pressure in the LA-PV-AC
system. In the same way we can build an algorithm for the relationship
between AF and other diseases, which lead to LV dysfunction

Conclusion

The above proposed hypothesis can suggest a scenario for the
development of AE Each individual has a protective physiological
mechanism in the pulmonary veins, most likely genetically
programmed. When the pressure in the LA-PV-AC system increases to
a certain critical value in the conditions of LV dysfunction/HE, the AF
mechanism is activated. AF terminates mechanical systole of the LA
excluding the component of systolic left atrial pressure from the total
pressure in the LA-PV-AC system, and of the RA with effect of reducing
preload, and thus decrease the threat of the development of pulmonary
congestion or edema. This hypothesis may explain a lot of the known
facts associated with AF and gives answers to many questions linked
with this arrhythmia.
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