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Abstract
Atrial fibrillation (AF) is one of the most common arrhythmias encountered in clinical practice. It has been found that the 

presence of chronic heart failure increases the risk of AF by 5 times. Furthermore, with an increase in the severity of symptoms of 
heart failure, the incidence and severity of AF increases. To date, markers of AF progression are not clearly defined. In this regard, 
it is relevant and reasonable to identify such markers in patients with heart failure. 

The aim of this research was to study the prognostic value of the 6-minute walk test (6MWT), NT-proBNP level, and left 
ventricular diastolic dysfunction for AF progression in patients with chronic heart failure (CHF). 

The study involved 96 participants with stable Class II and III CHF (the NYHA Functional Classification), who were included 
in the regional registry of CHF patients in September-November 2014. The data obtained showed that in patients with CHF, an 
increase in the level of Nt-proBNP, impaired myocardial relaxation, and a decrease in 6MWT distance may serve as predictors 
of AF progression with the transition of arrhythmias to stable forms. (International Journal of Biomedicine. 2020;10(1):20-23.) 
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Abbreviations 
6MWT, the six-minute walk test; AF, atrial fibrillation; CHF, chronic heart failure; IVST, interventricular septal thickness; LA, 
left atrium; LVEF, left ventricular ejection fraction; LVDD, left ventricular diastolic dysfunction; LVESD, left ventricular end-
systolic dimension; LVEDD, left ventricular end-diastolic dimension; LVPWT, left ventricular posterior wall thickness. 

Introduction
Atrial fibrillation (AF) is one of the most common 

arrhythmias encountered in clinical practice.(1) In developed 
countries, there has been a steady increase in the number of 
patients with AF. This increase is associated with an increase 
in life expectancy, an increase in the occurrence of pathology 

of the cardiovascular system, and an improvement in the 
detection of latent forms of arrhythmia. At the same time, 
despite significant progress in diagnosis and treatment, this 
pathology remains one of the main causes of stroke, heart 
failure (HF), sudden cardiac death, and premature dementia. 

There are three main mechanisms for the appearance 
and progression of AF: genetic predisposition, arrhythmogenic 
cardiomyopathy and structural myocardial remission in various 
heart pathologies.(2,3) The course of AF and its form depend 
on the prevalence of one of these mechanisms over others. 
In most patients with a paroxysmal or persistent form of AF, 
the role of genetic factors in the development of arrhythmia is 
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small. The progression of arrhythmias is associated with age 
and the presence of cardiovascular disease. In patients with 
persistent AF, the transformation of arrhythmias into more 
stable forms is determined by the presence of cardiovascular 
predictors of progression.(2)

It has been found that the presence of chronic heart failure 
increases the risk of AF by 5 times.(4) The occurrence of AF 
in patients with heart failure is associated with atrial fibrosis, 
which is a hallmark of arrhythmogenic remodeling. Atrial 
fibrosis triggers are the activation of the renin-angiotensin-
aldosterone system, inflammation, and oxidative stress.(5-8) 
Furthermore, with an increase in the severity of symptoms of 
heart failure, the incidence and severity of AF increases.

To date, markers of AF progression are not clearly 
defined. In this regard, it is relevant and reasonable to identify 
such markers in patients with HF.

The aim of this research was to study the prognostic 
value of the 6-minute walk test (6MWT), NT-proBNP level, 
and left ventricular diastolic dysfunction (LVDD) for AF 
progression in patients with CHF.

Materials and Methods
The study was open-label, prospective and observational. 

It involved 96 participants with stable Class II and III CHF 
(the NYHA Functional Classification), who were included in 
the regional registry of CHF patients in September-November 
2014. The diagnosis of CHF was made on the basis of the “ESC 
Recommendation for the Diagnosis and Treatment of Acute 
and Chronic Heart Failure,” developed by the Working Group 
of European Society of Cardiology (ESC) for the Diagnosis 
and Treatment of Acute and Chronic HF with the participation 
of the Heart Failure Association as part of the ESC. 

The 6MWT was used to measure the functional status 
of patients. The average follow-up was 35±2 months and 
included a routine examination by the researcher every 3 
months, telephone contacts with patients in case of a heartbeat/
interruption with ECG recording, and annual general clinical 
and laboratory instrumental examination: ECG, 24-hour ECG 
monitoring, echocardiography. AF progression was assessed 
by the results of 24-hour ECG monitoring and patient diary 
data. The appearance of a long-term, persistent (up to 1 year) 
or persistent form of AF was considered as a progression of 
arrhythmia.

All patients underwent a standard examination, which 
included clinical, laboratory and instrumental methods. 
Exercise tolerance (ET) was determined by the 6MWT. In order 
to assess ET, a complex of cardiorespiratory analysis was used 
to carry out functional medical tests, recording the distance 
in 6MWT, pulse oximetry, and heart rate.(9-11) Laboratory 
methods included a general blood test, general urine analysis, 
and biochemical and enzyme-linked immunosorbent assay for 
determining the level of NT-pro-BNP using the “sandwich” 
version of the solid-phase ELISA and reagent kits “NT-
proBNP-IFA-Best” (Vector Best, Russia) on the IMMULITE 
2000 automatic analyzer (Siemens Diagnostics, USA).     
Measurements were performed at the time of inclusion in the 
study and annually during the observation time.

LVDD was evaluated using Doppler flow studies. 
Measurements of transmitral inflow included the peak early 
filling (E-wave) and late diastolic filling (A-wave) velocities 
(cm/s), the E/A ratio, deceleration time of the E-wave (ms), 
and isovolumetric relaxation time (IVRT) (ms).

The study was carried out in compliance with Ethical 
Principles for Medical Research Involving Human Subjects, 
Adopted by the 18th WMA General Assembly, Helsinki, 
Finland, June 1964, and amended by the 52nd WMA General 
Assembly, Edinburgh, Scotland, October 2000. The study was 
approved by the Ethics Committee of Voronezh State Medical 
University. Written informed consent was obtained from each 
patient.

All data was evaluated with STATGRAPHICS Plus 5.1 
For descriptive analysis, results are presented as mean±standard 
deviation (SD), median (Me), and 95% confidence interval 
(95%CI). For data with normal distribution, inter-group 
comparisons were performed using Student’s t-test. Mann-
Whitney U test and Wilcoxon criterion were used to compare 
means of variables not normally distributed. Group comparisons 
with respect to categorical variables were performed using chi-
square tests or, alternatively, Fisher’s exact test when expected 
cell counts were less than 5. A probability value of P<0.05 was 
considered statistically significant.

Results
During the entire observation period, none of the patients 

were dropped out due to death. Cardiovascular complications 
were detected in 5(5.2%) patients: myocardial infarction was 
diagnosed and confirmed by laboratory and instrumental 
methods in 4(4.1%) patients, and acute cerebrovascular 
accident in 1(1%) of the patients. Arrhythmia progression 
was observed in 31(32.3%) patients. Two groups of patients 
were formed depending on the clinical course of AF. Group 
1 included AF patients who did not show any progression 
of arrhythmia during the observation period (n=65); Group 
2 included patients with AF progression (n=31). Groups 1 
and 2 were comparable in gender and age composition, the 
presence of arterial hypertension, coronary heart disease, 
diabetes mellitus, and chronic obstructive pulmonary disease. 
The proportions of patients who previously had myocardial 
infarction were also comparable in both groups.

The initial 6MWT distance reflects a statistically 
significantly lower ET in patients of Group 2 compared with 
patients of Group 1 (by 33 m, P=0.0159) (Fig.1). At the time, 
in Groups 1 and 2 there was no significant difference in LVEF 
(43.03±1.23% and 44.18±0.65%, P=0.08), LVESD (4.11±0.07 
cm and 4.06±0.06 cm, P=0.46), LVEDD (5.63±0.09 cm and 
5.25±0.05 cm, P=0,77), the size of LA(4.51±0.2 cm and 
4.46±0.14 cm, P=0.32), LVPWT (1.24±0.05 cm and 1.27±0.02 
cm, P=0.71), and IVST (1.19±0.03 cm and 1.24±0.02 cm, 
P=0.09).

The analysis of the initial parameters of LVDD in 
Groups 1 and 2 showed that LVDD type I was found in 80.6% 
and 23%, respectively (P=0.013), LVDD type II in 19.4% and 
70.7%, respectively (P=0.008), and LVDD type III in 0 and 
6%, respectively (P=0.024).
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The initial Nt-proBNP level in Group 1 was 1.7 times 
lower than in Group 2 (P<0.001) (Fig. 2).

Discussion
Thus, the data obtained showed a higher Nt-proBNP 

level in the group of patients with progressive AF compared 
with the group of patients with a stable course of arrhythmia. 
The higher initial Nt-proBNP level in these patients can be 
explained by the following structural and functional changes 
in the myocardium: a higher level of myocardial fibrosis 
and impaired relaxation of cardiomyocytes, which caused 
arrhythmogenic remodeling of the myocardium of the LA and 
AF progression (i.e. the transition of paroxysmal AF into more 
stable forms of arrhythmia—persistent and permanent).

In CHF patients, a statistically significant effect on 
the progression of arrhythmias, in addition to an increase in 
the Nt-proBNP level, was exerted by the following factors: 
impaired myocardial relaxation and decreased 6MWT 
distance (reduced ET). Impairment of the diastolic function 
of the left ventricular myocardium in patients with arrhythmia 
progression, revealed upon inclusion of patients in the study, 
could be the result of hypertrophy and/or decreased elasticity 
of the cardiomyocytes/myocardium. Since the frequency of 
arterial hypertension was comparable in the study groups, and 
the initial echocardiography data did not show a statistically 
significant difference in the values   of LVPWT and IVST, 
it can be assumed that it was the decrease in myocardial 
elasticity (fibrosis) that made the most important contribution 
to the progression of AF into more stable forms. Impairment 
of LV myocardial relaxation leads to a redistribution of the 
transmitral blood flow: Most of the blood enters the LV during 
the LA systole. This causes an increase in the load on LA 

cardiomyocytes, which is accompanied by a compensatory 
increase in the filling pressure and subsequent structural 
reorganization of the LA, which, in our opinion, also 
contributed to the progression of AF and lower initial results 
of 6MWT.

The results of our study are consistent with data from 
other authors, in particular, a retrospective analysis of patients 
who were included in the BOREAS-CAG registry. In that 
study, it was found that an increased Nt-proBNP level in 
patients with coronary artery disease was the main factor 
predisposing to the development of new cases of AF and the 
development of heart failure.(12)

Thus, in patients with CHF, an increase in the level of 
Nt-proBNP, impaired myocardial relaxation, and a decrease 
in 6MWT distance may serve as predictors of AF progression 
with the transition of arrhythmias to stable forms.
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