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Abstract: Objective — The study objective was to perform a transthoracic echocardiographic study of the remodeling of the left atrium and 
the maximum and minimum diameters of pulmonary veins, as well as remodeling regression in the process of heart failure treatment, in 
patients with chronic heart failure (CHF) and different forms of atrial fibrillation (AF). 
Material and Methods — The prospective study included patients having CHF with paroxysmal AF (n=38) and permanent AF (n=36) and 
without arrhythmia (n=225); the patients had their maximum and minimum diameters of the pulmonary vein measured, additionally to the 
standard echocardiographic protocol, before and after six months of standard therapy including a loop diuretic.  
Results — Structural changes in the left atrium and pulmonary veins of patients with CHF having permanent atrial fibrillation were 
significantly more distinct than those in patients with paroxysmal AF, in patients without arrhythmia, and in the control group. A decrease 
in the maximum and minimum diameters of the pulmonary vein followed by termination of AF attacks within a year of observation was 
detected after CHF treatment with a loop diuretic in patients with paroxysmal AF and permanent AF.  
Conclusion — Prescribing loop diuretics to patients with pulmonary vein dilatation detected during transthoracic echocardiography in 
subjects with paroxysmal AF and permanent AF results in a decrease in PV diameters and termination of AF attacks in paroxysmal AF. 
 
Keywords: left atrium, pulmonary vein, dilatation, atrial fibrillation, paroxysmal form, permanent form, chronic heart failure, 
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Introduction  

Atrial fibrillation (AF) and chronic heart failure (CHF) often go 
together, thus aggravating the course of each other. The 
development of AF doubles the mortality of CHF patients, while 
the development of CHF triples mortality in patients with AF [1]. 

Transition from paroxysmal atrial fibrillation to a permanent 
form is often characterized by the structural remodeling 
progression in atria [2, 3]. Underlying diseases may cause chronic 
stretch and atrial dilatation, which appear important stimuli for 
chronic atrial structural remodeling (cellular hypertrophy, 
fibroblast proliferation, and tissue fibrosis), thereby enabling the 
maintenance of AF [4]. An increased left atrial (LA) size is a well-
established, independent predictor of AF [5, 6].  

The pulmonary veins (PV) constitute 90% source of ectopic 
beats initiating PAF and respond well to PV-directed ablation 
procedures [7]. Some studies, viz., those using magnetic resonance 
imaging [8], multidetector computed tomography, intracardiac 
echocardiography [9], and cineangiography, have shown PV 
dilatation in AF and the predicative role of pulmonary veins [10-
12]. In theory, the pulmonary vein can enlarge as a result of the 
left atrium remodeling with increasing pressure in it; the LA and 
the left ventricle (LV) being separated only by PV muscle sleeves. 

The LA remodeling with increasing pressure in it occurs as a result 
of diastolic dysfunction of the left ventricle [13]. However, the 
literature presents cases of PV dilatation detected by means of 3 
dimensional computed tomography before the increase of left 
atrial indexed volume (LAVI) measured via transthoracic 
echocardiography, thereby declaring the priority of PV remodeling 
before a change in the left atrium (LA) [10]. 

Patients with AF having chronic heart failure are presented to 
show an increased content of total fluid and extracellular fluid in 
the body measured with the use of bioimpedance vector analysis; 
the increased content is most pronounced in permanent AF [14, 
15]. 

We have previously detected the presence of venous 
pulmonary hypertension due to the enlargement of the maximum 
and minimum diameters of pulmonary veins in CHF patients. We 
propose to discuss the function of fluid retention as one of the 
components of LA and PV enlargement in ventricular diastolic 
dysfunction. Published sources described a large number of 
patients with AF without diagnosed CHF despite the presence of 
cardiovascular disease in their anamneses [16, 11]; no congestion 
phenomena in the circulations were diagnosed in the patients; 
therefore, diuretic therapy was not prescribed for them. As noted 
above, a small number of CHF patients with paroxysmal AF 
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exhibited termination of AF attacks within a year of observation 
when a loop diuretic, specifically, torasemide, was prescribed in a 
dose of 10 to 30 mg [17].  

The objective of our study was to perform a transthoracic 
echocardiographic study of the left atrium remodeling and the 

maximum and minimum diameters of pulmonary veins, as well as 
remodeling regression during heart failure treatment, in patients 
with CHF and different forms of atrial fibrillation. 

 

 

 

Table 1. Characteristic of CHF patients with permanent atrial fibrillation, with paroxysmal one, and without atrial fibrillation 

Parameter 
Control 
values 

(n=132) 

 CHF patients 
without AF  

(n=225) 
Р 

Patients with 
paroxysmal AF 

(n=38) 
Р Р' 

Patients with 
permanent AF  

(n=36) 
Р Р' Р'' 

Gender (male). % 30.3 27.5 0.788 18.4 0.225 0.349 50 0.076 0.046 0.002 
Age. years 35.08±9.86 65.01±10.37 0.001 70.31±8.92 0.001 0.002 69.28±10.07 0.001 0.030 0.750 
Arterial hypertension. % 0 100  100   100    
Coronary artery disease. % 0 12.9 ≤0.001 10.5 0.042 0.662 11.1 0.041 0.754 0.934 
Type 2 diabetes mellitus. % 0 4.9 ≤0.001 10.5 0.042 0.287 8.3 0.080 0.485 0.747 
Acute stroke. % 0 4 ≤0.001 2.6 0.321 0.631 5.6 0.153 0.695 0.521 
AH duration. years 0 14.95±10.91  25.86±12.22  <0.001 26.50±12.32  <0.001 0.823 
AF duration from the first attack. years 0 0  2.88±1.69   9.69±4.50   <0.001 
Inferolateral wall of the left ventricle. mm 7.73±0.89 11.20±2.08 ≤0.001 10.95±1.91 ≤0.001 0.461 11.50±1.86 ≤0.001 0.377 0.210 
Interventricular septum thickness. mm 8.11±1.21 12.18±2.57 ≤0.001 12.11±2.36 ≤0.001 0.901 12.27±1.76 ≤0.001 0.803 0.820 
Inferior wall of the right ventricle. mm 4.22±3.94 7.95±5.41 ≤0.001 7.34±1.23 ≤0.001 0.461 8.88±3.73 ≤0.001 0.194 0.035 
Myocardial mass index. g/m2 82.35±15.85 107.93±27.25 ≤0.001 108.63±22.37 ≤0.001 0.900 105.19±25.82 ≤0.001 0.556 0.509 
Right atrium volume. ml 33.69±5.84 53.74±16.30 ≤0.001 54.14±15.36 ≤0.001 0.883 101.21±35.76 ≤0.001 ≤0.001 ≤0.001 
Left atrium in the left lateral position. mm 29.57±3.70 38.60±6.43 ≤0.001 41.26±4.36 ≤0.001 0.003 46.35±5.60 ≤0.001 ≤0.001 ≤0.001 
Left atrium volume. ml 42.94±7.89 85.51±22.83 ≤0.001 103.41±31.19 ≤0.001 0.002 124.65±17.78 ≤0.001 ≤0.001 0.006 
LAVI 23.64±2.56 44.28±9.58 ≤0.001 58.81±17.37 ≤0.001 ≤0.001 67.16±17.78 ≤0.001 ≤0.001 0.049 
Left ventricular end-diastolic volume. ml 93.31±22.60 107.56±43.58 ≤0.001 109.38±33.85 0.006 0.771 110.62±40.22 0.013 0.675 0.930 
Left ventricular end-systolic volume. ml  29.94±9.07 35.35±21.95 ≤0.001 33.52±12.63 0.106 0.470 48.21±28.88 ≤0.001 0.014 0.009 
Stroke volume. ml  62.88±15.36 72.54±25.84 ≤0.001 74.41±19.22 0.001 0.603 62.41±16.97 0.879 0.004 0.009 
Simpson’s ejection fraction. %  66.67±5.19 67.28±6.79 0.343 68.71±4.24 0.014 0.091 58.38±11.58 ≤0.001 ≤0.001 ≤0.001 
Systolic pressure in the pulmonary artery. mm Hg  14.74±5.26 23.43±8.86 ≤0.001 26.05±9.55 ≤0.001 0.124 34.82±9.68 ≤0.001 ≤0.001 ≤0.001 
IVC. mm 18.83±2.85 17.13±3.14 ≤0.001 16.79±2.92 ≤0.001 0.514 19.75±2.90 0.071 ≤0.001 ≤0.001 
TAPSE. mm 22.43±2.29 22.19±3.82 0.453 21.40±3.04 0.060 0.166 16.50±4.10 ≤0.001 ≤0.001 ≤0.001 
Average Е/e’ 6.26±1.52 10.03±3.34 ≤0.001 11.34±5.32 ≤0.001 0.149 14.78±4.19 ≤0.001 ≤0.001 0.003 
Maximum pulmonary vein diameter. mm 13.51±0.91 20.64±2.90 ≤0.001 22.21±2.03 ≤0.001 ≤0.001 23.91±3.08 ≤0.001 ≤0.001 0.002 
Minimum pulmonary vein diameter. mm 5.7±0.49 10.51±2.96 ≤0.001 13.15±3.13 ≤0.001 ≤0.001 15.10±3.07 ≤0.001 ≤0.001 0.010 

CHF, the chronic heart failure; AF, the atrial fibrillation; AH, the arterial hypertension; LAVI, the left atrial indexed volume; IVC, the inferior vena cava; TAPSE, 
the tricuspid annular plane systolic excursion. Average Е/е' is the ratio of the early-diastolic blood flow velocity to the velocity of the lateral part and the 
medial part of the fibrous annulus of the mitral valve. P indicates the significance of the differences between each group of patients and the control group. Р′ 
indicates the significance of the differences between the group of CHF patients without AF and the group of patients with paroxysmal AF or the group of 
patients with permanent AF. P'' indicates the significance of the differences between the group of patients with paroxysmal AF and the group of patients 
with permanent AF. 

 

 

Table 2. Echocardiography of the LA and the PV in patients with paroxysmal AF and permanent AF before and 6 months after therapy correction  

Parameter 

Patients with paroxysmal AF (n=38)  Patients with permanent AF (n=36)  

Before therapy 
correction 

After therapy 
correction 

Р 
 Before therapy 

correction  
After therapy 

correction  
Р 

LAVI 58.81±17.37 43.00±3.70 <0.001 67.16±17.78 58.53±22.37 0.085 
Maximum diameter of the pulmonary vein. mm 22.21±2.03 19.70±1.00 <0.001 23.91±3.08 21.77±3.21 0.008 
Minimum diameter of the pulmonary vein. mm 13.15±3.13 10.22±0.63 <0.001 15.10±3.07 12.34±2.13 <0.001 
Therapy       
Beta blockers. % 40 100 <0.001 70.6 100 <0.001 
ACEIs/ARBs. % 20/60 13.3/86.7 0.436/0.009 23.5/58.8 29.4/70.6 0.573/0.300 
Indapamide/HCTZ or chlorthalidone/torasemide. % 20/6.7/0 0/0/100 0.004/0.107/0 59/5.9/0 0/0/100 <0.001/0.142/0 
Spironolactone or eplerenone/furosemide. % 26.7/0 26.7/0 1/0 23.5/5.9 52.9/0/0 0.011/0.142 
Calcium-channel blockers. % 40 0 <0.001 11.8 11.8 1 
Antyarrhythmics 13.3 0 0.021 0 0 1 

AF, the atrial fibrillation; LAVI, the left atrial indexed volume; ACEIs/ARBs, the angiotensin converting enzyme inhibitors/ angiotensin receptor blockers; 
HCTZ, the hydrochlorothiazide. P indicates the significance of the differences in the parameters before and after therapy correction. 
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Figure 1. Pulmonary vein in a patient having CHF without AF. A. The maximum diameter of the pulmonary vein (20.0 mm). B. The minimum diameter of the 
pulmonary vein (10.1 mm). 

 

 
Figure 2. Pulmonary vein in a patient with CHF and paroxysmal AF. A. The maximum diameter of the pulmonary vein (21.3 mm). B. The minimum diameter 
of the pulmonary vein (14.7 mm). 

 

 
Figure 3. Pulmonary vein in a patient with CHF and permanent AF. A. The maximum diameter of the pulmonary vein (22.9 mm). B. The minimum diameter 
of the pulmonary vein (18.7 mm). 
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Figure 4. Pulmonary vein in a healthy person without cardiovascular pathology. A. The maximum diameter of the pulmonary vein (13.7 mm). B. The 
minimum diameter of the pulmonary vein (5.2 mm). 

 

Material and methods.  

Patients  

The study prospectively recruited 299 patients with chronic 
heart failure and 132 virtually healthy people aged 35.08±1.80 
(control group), examined in Uralskaya Clinic, LLC (Ekaterinburg, 
Russia). Patients with CHF were divided into three groups: group 1 
(n=225) included patients with chronic heart failure without atrial 
fibrillation; group 2 (n=38) consisted of patients having chronic 
heart failure with symptomatic paroxysmal atrial fibrillation; 
group 3 (n=36) was represented by patients with chronic heart 
failure and symptomatic permanent AF. Chronic heart failure was 
diagnosed sensu the latest recommendations on CHF 
diagnostics [18]. The inclusion criteria were at least two episodes 
of symptomatic atrial fibrillation within the preceding 6 months 
but no AF episode longer than 7 days (without spontaneous 
termination or cardioversion). The exclusion criteria were patients 
with secondary atrial fibrillation (due to cardiac surgery, infection, 
or hyperthyroidism) and patients who underwent 
radiofrequency ablation.  

The informed consent for research was obtained from all the 
patients. All the patients gave a written consent for participation 
in the study, which was approved by the local ethic committee of 
the Institute of Medical Cell Technologies (Ekaterinburg, Russia). 

 

Echocardiographic examination 

Transthoracic echocardiography was recorded using a Philips 
HD-15 device (USA) according to the standard protocol with the 
additional determination of the maximum and minimum 
diameters of the visualized pulmonary vein in order to diagnose 
pulmonary venous hypertension [19] at the beginning of the study 
and after six months of treatment including background CHF 
therapy and a loop diuretic, namely torasemide.  

 

Statistical analyses  

The use of the chi-square test showed that the available 
sample met the criteria for a normal distribution. Statistical 
analysis of the research results was conducted via Student’s t-test. 
Statistically significant differences were considered at p <0.05. The 

data were presented in the form M±SD, where M is the average 
value of the measured values, SD is standard deviation.  

 

Results  

The CHF patients with paroxysmal AF and permanent AF were 
elder than those without AF (Table 1). The patients with different 
forms of AF did not differ in age. The groups were comparable in 
terms of associated pathologies. In the group of patients with 
permanent AF, male gender prevailed, compared to other groups, 
probably, due to their late medical consultation. Table 1 presents a 
general characteristic of the patients.  

The patients with chronic heart failure, regardless of the 
absence or presence of paroxysmal or permanent atrial fibrillation, 
had structural changes in the heart, compared with the control 
group, which were detected via echocardiography (Table 1). 

The patients with chronic heart failure having paroxysmal or 
permanent atrial fibrillation, compared to patients without AF, had 
significantly more distinct structural changes in their heart. The 
latter were as follows: more obvious LA dilatation (left atrium 
volume of 103.41±31.19, 124.65±17.78, 85.51±22.83 ml; LAVI of 
58.81±17.37, 67.16±17.78, and 44.28±9.58), dilatation of the left 
lower pulmonary vein of the maximum (22.21±2.03, 23.91±3.08, 
and 20.64±2.90 mm) and minimum (13.15±3.13, 15.10±3.07, and 
10.51±2.96 mm) diameters (Table 1). Figures 1А, 2А, 3А, and 4А 
demonstrate maximum PV diameter in the patients with chronic 
heart failure without AF, in the patients having paroxysmal and 
permanent AF, and in the control subjects; Figures 1В, 2В, 3В, and 
4В show their minimum PV diameter. 

We detected differences in myocardial remodeling in the 
patients with different forms of atrial fibrillation. The patients with 
permanent AF, compared to the patients with paroxysmal AF, had 
larger LA dilatation and larger dilatation of the left lower 
pulmonary vein of the maximum and minimum diameters with 
higher average E/e′ (Table 1). Besides, the dilatation of right 
atrium, more evident LV myocardial hypertrophy, in combination 
with increased systolic pressure in the pulmonary artery at a lower 
LV preserved ejection fraction and a decreased systolic function of 
the right ventricle (Table 1), were detected in the CHF patients 
with permanent atrial fibrillation.  
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After 6 months of standard CHF therapy with individual 
selection of a loop diuretic, the following significant improvements 
in echocardiographic indices were detected both in the group of 
patients with paroxysmal and permanent AF (Table 2): the left 
atrial volume index decreased from 58.81±17.37 to 43.00±3.70 
(р≤0.001) and from 67.16±17.78 to 58.53±22.37 (р=0.085), 
respectively; the maximum diameter of the pulmonary vein 
decreased from 22.21±2.03 mm to 19.70±1.00 mm (р≤0.001) and 
from 23.91±3.08 mm to 21.77±3.21 mm (р=0.008), respectively; 
the minimum diameter of the pulmonary vein declined from 
13.15±3.13 mm to 10.22±0.63 mm (р≤0.001) and from 15.10±3.07 
mm to 12.34±2.13 mm (р≤0.001), respectively, this being an 
indication of reduced pressure in the pulmonary veins. 

Paroxysms stopped as a result of therapy in patients with 
paroxysmal AF; no paroxysms appeared within 1 year of 
observation.  

 

Discussion 

The transthoracic echocardiographic study demonstrated that 
the patients with chronic heart failure having atrial fibrillation had 
more evident structural impairments of the heart walls and 
chambers, compared to those in the patients without arrhythmia; 
this manifested itself in a more pronounced dilatation of the left 
atrium, with a pulmonary vein flowing into it. It was also shown 
that the patients with chronic heart failure and permanent atrial 
fibrillation had more obvious structural impairments of the heart 
chambers and hemodynamics, compared to those in the patients 
with paroxysmal atrial fibrillation; this manifested itself in a more 
pronounced dilatation of the left atrium, with a pulmonary vein 
flowing into it, and a higher value of the average E/e′ ratio. The 
CHF patients with permanent AF had a dilatation of the right 
atrium with greater hypertrophy of the RV inferolateral wall, along 
with increased systolic pressure in the pulmonary artery and the 
RV systolic dysfunction estimated according to TAPSE. Other 
researchers also noted that both left atrium and the right atrium 
possess structural features contributing to the pathogenesis of AF 
[20]. 

The prescription of diuretic therapy, viz., torasemide at a 
dosage of 10 to 30 mg per day, for the patients with paroxysmal 
AF and the permanent AF resulted in a significant decrease in LAVI 
in the patients with paroxysmal AF and a reduction of the 
maximum and minimum diameters of PV in the patients with 
paroxysmal AF and permanent AF, the measurements made via 
dynamic transthoracic echocardiography in six months. Besides, AF 
attacks stopped within a year of observation. Before the therapy 
was corrected, 40% of the patients had been treated by basic 
medications for CHF, viz., by beta-blockers and angiotensin 
converting enzyme inhibitors or angiotensin receptor blockers. 
However, when visiting a physician, the patients complained of 
having AF attacks; this implied the role of the diuretics facilitating 
the reduction of LA and PV in terminating the paroxysms. 

It is known from the literature sources that the use of renin–
angiotensin blockers and diuretics is associated with a reduced AF 
development after atrial flutter ablation [21]. 

Although the study followed more than one group of patients 
with arterial hypertension, who developed paroxysmal AF, later on 
transforming into permanent AF, it indirectly indicated that CHF 
development with fluid congestion in the pulmonary circulation, 
followed by the enlargement of the LA and the PV, was a basis for 
AF formation and the transformation of paroxysmal AF into 

permanent AF in patients with prolonged AH in their medical 
histories.  

 

Limitations 

The sample size of participants was small. The patients under 
study were not the same in the groups, and this limited our 
understanding of the actual remodeling of left atrial myocardium 
and pulmonary vein myocardium in the course of AF formation 
and paroxysmal AF transformation into permanent AF. 

Some of the patients had an atypical position of the pulmonary 
veins [20], and this could limit the visualization of pulmonary veins 
and the measurement of their diameters. The limitations of heart 
visualization by echocardiography were also among the limitations 
of the proposed method.  

The study including a loop diuretic prescribed for the patients 
with paroxysmal AF who exhibited the termination of paroxysms 
was not randomized; consequently, additional research of the kind 
is needed.  

 

Conclusion 

Echocardiography proved its applicability to measuring the 
maximum and minimum PV diameters in patients with CHF.  

The LA and the maximum and minimum PV diameters enlarge 
in proportion to the development of paroxysmal AF in patients 
with CHF and the transformation of paroxysmal AF into permanent 
AF. Thus, more significant dilatation of the left atrium with 
pulmonary veins flowing into it, with their increasing dilatation in 
association with paroxysmal AF, and its transformation into 
permanent AF, has been detected in patients with chronic heart 
failure and atrial fibrillation. In permanent AF, besides changes in 
the left chambers, there were changes in the right chambers. 

The normalization of the PV diameter in patients with CHF and 
paroxysmal AF resulted in the termination of arrhythmia attacks.  
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