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Cardiovascular Topics

Association of plasma BNP levels at different times

with cardioversion success, maintenance of sinus

rhythm and severity of diastolic dysfunction

in patients with atrial fibrillation

Ali Ozturk, Taha Okan

Abstract

Objective: Atrial fibrillation (AF) is the most prevalent

sustained cardiac arrhythmia in adults worldwide, exerting

a substantial impact on health, society and healthcare

economics. Despite the current management strategies

involving direct-current cardioversion (DCCV) and anti-

arrhythmic drug therapy, recurrence of AF remains a

significant challenge. Brain natriuretic peptide (BNP),

a crucial neurohormone, has been associated with

AF recurrence; however, existing studies have yielded

inconclusive results. Diastolic dysfunction, assessed using

echocardiography, has also been implicated in AF recurrence.

This study aimed to clarify the relationship between BNP

levels, echocardiographic parameters and cardioversion

success in patients with persistent AF.

Methods: This prospective, observational study enrolled

31 patients with persistent AF. Transthoracic (TTE)

and transoesophageal echocardiography, alongside BNP

measurements, were performed at various intervals: before

cardioversion, 30 minutes post cardioversion and during a

one-month follow up. Electrocardiography and TTE were

conducted at the one-month mark, categorising patients

based on diastolic dysfunction.

Results: Of the 31 patients, 28 successfully converted to sinus

rhythm after DCCV. Baseline BNP levels correlated with heart

rate and peak E/Em ratio. Patients with early AF recurrence

had higher 30-minute BNP levels. Basal BNP levels were

not found to be useful in predicting early AF recurrence,

whereas BNP levels at the 30thminute after cardioversionwere

significantly higher in the group with AF recurrence (318 ±

39.7 vs 153 ± 11.9 pg/ml; p = 0.05). Patients with or without

mild diastolic dysfunction showed significantly lower BNP

levels than those with moderate-to-severe dysfunction.
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Conclusion: The study concluded that BNP levels, measured

30 minutes after DCCV, were more indicative of maintaining

sinus rhythm than baseline levels. The correlation between

baseline BNP and diastolic dysfunction parameters suggests

a potential combined assessment for guiding rhythm-control

strategies in patients with AF.
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Atrial fibrillation (AF) is the most prevalent sustained cardiac

arrhythmia in adults worldwide. AF is closely linked to

considerable morbidity and mortality rates, therefore exerting a

substantial impact on patients, societal health and the healthcare

economy. The current estimated prevalence of AF in adults is

between 2% and 4%, with a projected 2.3-fold increase due to

increased life expectancy in the general population, and increased

efforts to identify previously undiagnosed cases.1

The management of AF includes rhythm restoration or rate

control, co-morbidity management, and prevention of stroke

and systemic thromboembolism.1,2 Direct-current cardioversion

(DCCV) is a safe procedure that can effectively terminate AF. It

has a low major complication rate of only 0.3%, including post-

cardioversion stroke (0.1%), hypoxia (0.1%) and hypotension

(0.1%).3 Furthermore, it is highly successful in restoring sinus

rhythm (SR) in nearly 90% of the cases.

Despite the high success rates of cardioversion, recurrence of

AF remains a significant challenge. Currently, anti-arrhythmic

drug therapy plays a crucial role in maintaining SR after

cardioversion. Amiodarone is commonly prescribed and is

considered one of the most effective anti-arrhythmia drugs.1,4

Additionally, it is important to note that recurrence of AF is

common after successful DCCV, with recurrence rates reaching

as high as 40% within the first month.5

AF exhibits heterogeneity as a disease. The use of simple and

objective parameters to identify patients at risk of relapse can

greatly assist personalised treatment. Themain factors associated

with an increased risk of recurrence of AF are age, history

of prior AF, left ventricular (LV) dysfunction, enlargement
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of the left atrium, function of the left atrial appendage and

hyperthyroidism.1,6

Brain natriuretic peptide (BNP) is a vital neurohormone

produced by the ventricles in response to myocardial stretching.

It serves as a key diagnostic marker for heart failure and systemic

fluid overload, helping assess and manage these conditions.7

Elevated plasma BNP levels have been observed in patients with

AF compared with those in SR, even in individuals without heart

failure.8

Several studies have shown an association between BNP level

and recurrence of AF before electrical cardioversion; however,

other studies have failed to show this association.9–13 Another

meta-analysis suggested that low BNP levels are associated with

the maintenance of SR, and that baseline BNP levels may

serve as a predictor of AF recurrence after successful electrical

cardioversion.14

LV diastolic dysfunction may be a common factor underlying

a permissive profibrillatory environment that promotes the

initiation and recurrence of AF.15,16 The assessment of diastolic

function by echocardiography is critical in assessing the risk of

AF recurrence after electrical cardioversion.17 Due to previous

inconclusive studies on the relationship between BNP levels

in AF before cardioversion, the success of cardioversion and

the maintenance of SR after cardioversion, we aimed to

investigate the relationship between BNP measurements and

echocardiographic parameters of diastolic dysfunction before

cardioversion, and 30 minutes and 30 days after cardioversion,

in association with the success of cardioversion and the

maintenance of SR.

Methods

This prospective, observational study was carried out at the

Department of Cardiology, Faculty of Medicine, Dokuz Eylul

University, and involved a cohort of 31 patients diagnosed

with persistent AF. All participants provided permission and

informed consent for their involvement in the study. The study

protocol was approved by the Ethics Committee of Dokuz Eylül

University Faculty of Medicine.

Inclusion criteria for the study were as follows: age 18 years

or older and having electrocardiography (ECG) supporting

persistent AF at least seven days earlier. Exclusion criteria were:

(1) paroxysmal or permanent AF, (2) patients with ejection

fraction<50%, (3) those with severe valvular disease, (4) patients

showing signs and puzzles of heart failure, (5) those with

structural heart disease, such as hypertrophic cardiomyopathy

and ventricular septal defect, (6) patients with hypo- and

hyperthyroidism, (7) chronic renal failure, or (8) pregnancy.

Patients were divided into three groups based on their rhythm

status after cardioversion: group 1 consisted of those who

achieved successful cardioversion and SR, group 2 included

patients with early recurrence of AF after cardioversion and

group 3 comprised patients who failed to achieve SR with

cardioversion.

All patients in this study underwent transthoracic (TTE)

and transoesophageal echocardiography (TEE) using an

HP Sonos 4500 device. Cardiac diameters were assessed

according to the guidelines of the American Society of

Echocardiography.18 The ejection fraction was determined

using M-mode echocardiography.

In the apical four-chamber view, obtained from the tip of

the mitral leaflets using pulsed-wave Doppler with an angular

deviation of less than 20°, the transmitral early diastolic peak

flow velocity (peak E) was measured. The mitral annular motion

velocity, obtained from the lateral area of the mitral annulus, was

assessed using tissue Doppler imaging to derive the peak Em.

Peak E/Em values were calculated to assess ventricular diastolic

function.DuringTEE, thrombus or spontaneous echo contrast is

present within the cardiac structures, particularly in the left atrial

appendage. The peak flow velocity of the left atrial appendage

was recorded in all patients.

DCCV was performed in all patients who had no thrombus in

their cardiac structures after TEE. The procedure was performed

under sedation and analgesia. A Hewlett Packard Code Master

XL delivering a monophasic shock wave was used for DCCV.

Prior to cardioversion, five-minute mean heart rates and initial

12-lead ECG recordings were recorded while the patients were

monitored in the coronary intensive care unit. After DCCV,

12-lead ECG recordings were obtained for all the patients. All

the patients were treated with unfractionated heparin before

cardioversion and warfarin after cardioversion. Amiodarone

was the preferred anti-arrhythmia treatment in all cases where

patients were in SR.

For BNP measurement procedure, a blood sample of

approximately 5–10 mm3 was obtained from all patients via the

peripheral venous route, before DCCV, 30 minutes following

the DCCV procedure, and during the one-month follow up.

Blood samples were collected in ethylenediaminetetraacetic

acid (EDTA) haemogram tubes. BNP levels were immediately

assessed using the Bio-Site Triagemeter device and recorded in

picograms per millilitre (pg/ml).

In this study, all patients underwent ECG and TTE at the one-

month mark. Based on the acquired TTE values, the patients

were categorised as having no diastolic dysfunction, impaired

relaxation, pseudonormal filling pattern or restrictive features.

The patients were then divided into two groups, based primarily

on elevated LV filling pressures. The first group included patients

without diastolic dysfunction and impaired relaxation, whereas

the second group included patients with pseudonormal and

restrictive features. BNP levels were reassessed during the first

month of the follow up. The study methodology is shown in

Fig. 1.

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 20

(IBM Corp, Ar-monk, NY, USA). The Shapiro–Wilk normality

test was used to determine which tests were appropriate for

the dataset. For data with a normal distribution, parametric

tests were performed, and non-parametric tests were performed

for the data with no normal distribution. The Mann–Whitney

U-test was used to compare independent variables between

the groups. Wilcoxon analysis was used to compare baseline

BNP (during AF), 30-minute BNP and one-month BNP

levels. Pearson’s correlation analysis was used to determine

the correlations between the baseline values. Frequency tables,

baseline characteristics and mean values were analysed. Means

are expressed as mean ± standard deviation (SD), and

p-values were considered statistically significant if calculated

below 0.05.
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Fig. 1 Methodology of the study.

Results

The study included a cohort of 31 patients, 19 females and 12

males. Table 1 shows the patients’ demographic characteristics.

The baseline BNP levels ranged from 51 to 874 pg/ml. The mean

BNP level was 241 pg/ml. Only six patients (19.35%) had BNP

levels below 100 pg/ml. The patients’ heart rates varied from 68

to 142 beats/min, with a mean heart rate of 104 beats/min in

31 patients. Approximately 50% of the patients had heart rates

between 101 and 120 beats/min. The results of the TTE and TEE

performed prior to cardioversion are shown in Table 2.

Correlation analysis revealed a positive relationship between

baseline BNP levels before DCCV, baseline heart rate, and the

peak E/Em ratio before cardioversion. Conversely, no correlation

was found between the patients’ age and baseline BNP levels,

baseline heart rate, and peak E, peak Em and peak E/Em.

Table 1. The demographic characteristics of the patients

Demographics Number (%)

Gender

Male 12 (39)

Female 19 (61)

Age (year)

< 65 6 (19)

65–74 16 (52)

>75 9 (29)

Diabetes mellitus

Yes 8 (26)

No 23 (74)

Hypertension

Yes 24 (77)

No 7 (23)

Table 2. TTE and TEE results before cardioversion

Variables Number Minimum Maximum Mean

LVEF (%) 31 51 73 61.13 ± 12.5

LVEDD (cm) 31 4.0 5.4 4.5 ± 0.9

LVESD (cm) 31 2.4 3.9 3.0 ± 0.3

LA (cm) 31 3.8 4.8 4.4 ± 0.6

IVS (cm) 31 1 2 1.2 ± 0.2

LVPWD (cm) 31 0.9 1.3 1.1 ± 0.1

Peak E (cm/s) 31 65 142 100.07 ± 34.21

Peak Em (cm/s) 31 8 32 14.73 ± 9.67

Peak E/Em 31 3.60 18.40 7.54 ± 7.85

LAA flow rate (cm/s) 31 16.5 70.0 38.023 ± 14.56

LVEF: left ventricular ejection fraction, LVEDD: left ventricular end-diastolic

diameter, LVESD: left ventricular end-systolic diameter, LA: left atrium, IVS:

interventricular septum, LVPWD: left ventricular posterior wall thickness,

LAA: left atrial appendage.

Table 3. Correlation analysis

Variable 1 Variable 2 R p-value

Basal BNP Basal heart rate 0.429 0.016

Basal BNP Peak E/Em 0.378 0.036

Basal BNP Peak E 0.33 0.07

Basal BNP Peak Em −0.202 0.276

Basal BNP Age 0.248 0.179

Basal heart rate LVDD −0.298 0.1

Basal heart rate Peak E 0.180 0.33

Basal heart rate Peak Em −0.126 0.501

Basal heart rate Peak E/Em 0.345 0.057

Basal heart rate Age −0.200 0.281

Peak E Peak Em −0.102 0.58

Peak E Peak E/Em 0.689 < 0.001

Peak Em Peak E/Em −0.564 0.001

BNP: brain natriuretic peptide, LVEDD: left ventricular end-diastolic

diameter.
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Table 4. Comparing baseline variables of patients with early

recurrence of AF with patients who remained in SR

Early recurrence (mean ± SD)

Variables Yes (n = 4) No (n = 24) p-value*

Age 67.75 ± 12.5 69.29 ± 14.6 0.322

Basal heart rate 107.5 ± 28.7 103.5 ± 25.6 0.635

LVEF (%) 63.25 ± 10.7 61.12 ± 9.5 0.465

LVEDD 4.27 ± 0.9 4.5 ± 1.1 0.144

LA 4.25 ± 0.8 4.42 ± 1.2 0.186

Peak E/peak E׳ 6.95 ± 1.9 7.71 ± 2.1 0.825

LAA flow rate 23.58 ± 4.5 38.41 ± 5.1 0.186

BNP basal (pg/ml) 448.5 ± 48.6 224.28 ± 22.3 0.09

BNP 30-min (pg/ml) 318.5 ± 39.7 153.42 ± 11.9 0.05

LVEF: left ventricular ejection fraction, LVEDD: left ventricular end-diastolic

diameter, LVESD: left ventricular end-systolic diameter, LA: left atrium,

LAA: left atrial appendage.

*p < 0.05 means statistically significant differences.

Further details of the correlation analysis are presented in

Table 3.

DCCV was performed for all 31 patients enrolled in the study.

Of these, 28 patients successfully converted to SR, while three

patients did not. Comparison of the 28 patients who successfully

underwent cardioversion with the three patients who did not,

no statistically significant difference was observed in variables

such as baseline demographics and echocardiographic findings.

Although baseline BNP levels were lower in patients who failed

to achieve SR, this difference was not statistically significant.

Notably, a statistically significant decrease in heart rate was

observed in patients who achieved SR after DCCV (p< 0.0001).

Conversely, there was no statistically significant change in heart

rate in patients who did not achieve SR (p = 0.102).

In a cohort of 28 patients who achieved SR by DCCV, four

patients experienced a recurrence of AF within the first month

(referred to as early recurrence), while 24 patientsmaintained SR.

When comparing patients who experienced early AF recurrence

with those who remained in SR, there were no statistically

significant differences in age, heart rate, ejection fraction and

baseline BNP levels. However, the baseline BNP values tended to

be higher in the early recurrence group. In particular, the mean

BNP level at 30 minutes after DCCV was significantly higher in

the early recurrence group. These findings are detailed in Table 4.

In this study, patients were divided into three groups based on

their rhythm status, and BNP levels were assessed at baseline,

30 minutes after DCCV, and during a one-month follow up

(Table 5). A more detailed description of the results for each

group is provided below.

Group 1 (successful cardioversion and SR): this group

included cases in which cardioversion successfully restored SR.

Statistical analysis showed a significant difference in BNP levels

at the three time points (baseline, 30 minutes post DCCV and

one-month follow up) with p < 0.0001.

Table 6. BNP levels during follow up in patients according to

diastolic dysfunction

Diastolic function (mean ± SD)

BNP values (pg/ml) Group 1 (n = 10) Group 2 (n = 14) p-value*

Basal BNP 146.4 ± 13.7 279.92 ± 32.9 0.022

BNP at 30 min 96.6 ± 7.9 194.021 ± 26.7 0.022

BNP at 1 month 47.86 ± 8.7 137.91 ± 16.8 0.002

*p < 0.05 means statistically significant differences.

Group 2 (early recurrence after cardioversion): patients in this

group initially achieved SR after DCCV but experienced early

recurrence. Upon achieving SR after cardioversion, a significant

decrease in BNP level was observed. However, at the one-month

follow up, BNP levels showed a subsequent increase when AF

reccurred.

Group 3 (failure to achieve SR with cardioversion) consisted

of patients in whom DCCV failed to restore SR. No significant

differences were observed in BNP levels between the three time

points in these patients.

These results suggest that variable changes in BNP levels

depend on the success of cardioversion and the maintenance of

SR. Group 1 showed a significant overall change in BNP levels,

while group 2 showed a decrease immediately after cardioversion

but a subsequent increase at the one-month follow up. Group

3, with unsuccessful cardioversion, did not show a significant

change in BNP levels. The observed changes in BNP levelsmay be

associated with successful cardioversion, and BNP fluctuations

with patients with arrhythmias.

In the first month of follow up, the 24 patients who

maintained SR were divided into two groups based on the

one-month echocardiographic findings. The first group included

patients without diastolic dysfunction and impaired relaxation,

whereas the second group included patients with pseudonormal

characteristics and restrictive features.

In particular, the second group had significantly higher initial

BNP, 30-minute BNP and one-month BNP levels than the first

group. These results are detailed in Table 6.

Demographic data, baseline heart rate and echocardiographic

findings were compared between patients with and without

diastolic dysfunction. Patients with diastolic dysfunction were

significantly older (p< 0.001). However, there were no significant

differences between the two groups with regard to the other

variables studied.

Discussion

Our study reveals that BNP levels measured 30 minutes

after DCCV were better predictors for maintaining SR post

cardioversion, compared to baseline BNP levels. Additionally,

echocardiographic diastolic dysfunction in AF correlated

with BNP levels before cardioversion. Patients with SR

Table 5. BNP monitoring in patient groups

Basal BNP BNP at 30 min BNP at 1 month

Variables (mean ± SD) pg/ml (mean ± SD) pg/ml (mean ± SD) pg/ml

SR after DCCV and remains in SR 224.28 ± 22.3 153.42 ± 11.9 100.39 ± 9.8

SR after DCCV and early recurrence at 1 month 448.5 ± 48.6 318.5 ± 39.7 484.25 ± 51.6

No SR 107.3 ± 20.1 98.26 ± 12.7 116.33 ± 14.7

SR: sinus rhythm, BNP: brain natriuretic peptide, DCCV: direct-current cardioversion.
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after cardioversion exhibited BNP levels before DCCV, 30

minutes after DCCV and at one month of follow up that

correlated with the severity of diastolic dysfunction assessed by

echocardiography.

In the normal heart, endocrine function is mainly located

in the atria. Atrial myocytes actively express and release

natriuretic hormones, which play a crucial role in regulating fluid

balance and blood pressure. These hormones, particularly atrial

natriuretic peptide (ANP) and BNP, are released in response

to atrial distension. However, in ventricular disease, the gene

expression of ANP and BNP is also activated in ventricular

myocytes.19 BNP, a neurohormone, is initially synthesised as a

prohormone in the heart’s response to increased myocardial wall

stress, caused by increased volume or pressure overload, among

other factors. BNP is secreted from the atria in patients in normal

SR and in patients with AF.

Tuinenburg et al.20 investigated atrial BNP gene expression in

patients with paroxysmal and persistent AF and identified the

atrium as the primary site of BNP gene expression. Furthermore,

Silvet et al.21 observed a significant increase in BNP levels

following atrial stretch and volume overload, demonstrating a

close association with chronic AF. In addition, pathological

changes such as atrial enlargement and fibrosis may contribute

to increased BNP production.22 Elevated BNP levels can also

suggest an increased degree of systemic inflammation, which is

associated with AF.

Notably, only inflammatory cytokine-induced BNP gene

expression showed a distinct difference in the regulation

of cardiac BNP gene expression, unlike ANP.23 While the

elimination half-life of BNP is typically around 20 minutes

in a healthy population, it can decrease to approximately

10–12 minutes in patients experiencing conditions such as

volume overload, congestion, haemodynamic instability,

increased renin–angiotensin system activity and increased

neutral endopeptidase activity.24,25

Stretching of the atrial wall caused by elevated atrial pressure

represents another significant mechanism during AF. The

absence of atrial contraction resulting from this tension causes

an unfavourable alteration in the LV filling pattern.26

Our study found that BNP levels were not effective in

determining the success of cardioversion. It was also found that

BNP levels tended to be lower in the group of patients in whom

cardioversion failed. This finding is related to the limited number

of patients in whom cardioversion failed, making it difficult to

accurately assess the success of cardioversion based on BNP

levels. In addition, basal BNP levels correlated with basal heart

rate and peak E/Em ratio. It is possible that in AF, the variability

of the AF rate reduces the reliability of BNP in assessing cardiac

structure and function.

In our study, early recurrence of AF was observed in four

of 28 patients, whereas 24 patients had SR in the first month.

The mean difference in basal BNP levels between the two groups

did not reach statistical significance (p = 0.09). In contrast to

our study, two meta-analyses showed a significant association

between basal BNP levels before DCCV and the maintenance of

SR.14,27

A statistically significant difference in the 30-minute BNP

levels was observed between the group with early recurrence of

AF and the group with maintained SR. Furthermore, 30-minute

BNP levels had predictive value for the maintenance of SR at the

one-month follow up. The rapid decrease in plasma BNP levels

after DCCV may be attributed to the shift from AF to SR, a

decrease in heart rate and changes in cardiac status.

In addition, BNP has a short half-life of less than 20 minutes.

The BNP value at 30 minutes after DCCV may provide a more

reliable assessment of cardiac structure and function, unaffected

by heart rate variations. Our results are consistent with those of

the study by Ari et al., which showed that the BNP levels at the

30-minute mark were associated with the the maintenance of SR

over the six-month follow-up period.28

LV diastolic dysfunction creates a profibrillatory environment

that promotes the onset and recurrence of AF.15,16 Therefore,

our study aimed to assess diastolic function by using TTE in all

patients at baseline. In addition, the follow-up patients remained

in SR for the first month. Our study showed a significant

correlation between baseline BNP levels and the pre-DCCV peak

E/Em ratio. This supports the findings of Lee et al., who showed

significant correlations between BNP levels and the LA volume

index, as well as E/Em, in patients with AF.29

In addition, after one month of follow-up echocardiography

in patients with SR, the low LV filling pressure group, consisting

of normal and impaired relaxation patterns, had significantly

lower basal, 30-minute and first-month BNP levels than the

high LV filling pressure group, consisting of pseudonormal and

restrictive patterns. Patients with no ormild diastolic dysfunction

had significantly lower BNP levels than those with moderate and

severe diastolic dysfunction.

In a population-based study of 840 elderly patients with no

history of atrial arrhythmias, there was a strong and independent

association between the presence and severity of diastolic

dysfunction and a higher risk of developing non-valvular AF

(NVAF). The five-year age-adjusted Kaplan–Meier curves of

NVAF were one, 12, 14 and 21% for patients with normal,

abnormal relaxation, pseudonormal and restrictive LV diastolic

filling, respectively.30

The primary limitation of this study is the restricted number

of participants. Another limitation is that we did not investigate

echocardiographic parameters, such as left atrial volume index,

which is well known to be associated with diastolic dysfunction,

success in achieving SR after cardioversion, and prediction of

AF recurrence after successful cardioversion.

Conclusion

When deciding on a strategy for AF, BNP values measured 30

minutes after DCCV were a better predictor of maintained

SR post cardioversion than baseline BNP values, which

could have been affected by heart rate. Echocardiographic

diastolic dysfunction in AF correlated with BNP values before

cardioversion. The combined assessment of pre-cardioversion

BNP values and echocardiographic diastolic dysfunction

parameters, as well as the amount of decrease in BNP values

at 30 minutes after cardioversion, may be useful in selecting a

control strategy for patients with AF.
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4. Istratoaie S, Sabin O, Vesa ŞC, Cismaru G, Donca VI, Buzoianu AD.

Efficacy of amiodarone for the prevention of atrial fibrillation recurrence

after cardioversion. Cardiovasc J Afr 2021; 32: 327–338.

5. Gall NP, Murgatroyd FD. Electrical cardioversion for AF the state of

the art. Pacing Clin Electrophysiol 2007; 30: 554–567.

6. Cai L, Yin Y, Ling Z, Su L, Liu Z, Wu J, et al. Predictors of late

recurrence of atrial fibrillation after catheter ablation. Int J Cardiol 2013;

164: 82–87.

7. Levin ER, Gardner DG, Samson WK. Natriuretic peptides. N Engl J

Med 1998; 339: 321–328.

8. Silvet H, Young-Xu Y, Walleigh D, Ravid S. Brain natriuretic peptide

is elevated in outpatients with atrial fibrillation. Am J Cardiol 2003; 92:

1124–1127.

9. Tang Y, Yang H, Qiu J. Relationship between brain natriuretic

peptide and recurrence of atrial fibrillation after successful electrical

cardioversion: a meta-analysis. J Int Med Res 2011; 39: 1618–

1624.

10. Beck-da-Silva L, de Bold A, Fraser M, Williams K, Haddad H. Brain

natriuretic peptide predicts successful cardioversion in patients with

atrial fibrillation and maintenance of sinus rhythm. Can J Cardiol 2004;

20: 1245–1248.

11. Möllmann H, Weber M, Elsässer A, Nef H, Dill T, Rixe J, et al.

NT-proBNP predicts rhythm stability after cardioversion of lone atrial

fibrillation. Circ J 2008; 72: 921–925.

12. Tveit A, Seljeflot I, Grundvold I, Abdelnoor M, Arnesen H, Smith

P. Candesartan, NT-proBNP and recurrence of atrial fibrillation after

electrical cardioversion. Int J Cardiol 2009; 131: 234–239.

13. Lombardi F, Tundo F, Belletti S, Mantero A, Melzi D’eril GV. C-

reactive protein but not atrial dysfunction predicts recurrences of atrial

fibrillation after cardioversion in patients with preserved left ventricular

function. J Cardiovasc Med 2008; 9: 581–588.

14. Xu X, Tang Y. Relationship between brain natriuretic peptide and

recurrence of atrial fibrillation after successful electrical cardioversion:

an updated meta-analysis. Braz J Cardiovasc Surg 2017; 32: 530–535.

15. Caputo M, Urselli R, Capati E, Navarri R, Sinesi L, Furiozzi F,

et al. Usefulness of left ventricular diastolic dysfunction assessed by

pulsed tissue Doppler imaging as a predictor of atrial fibrillation

recurrence after successful electrical cardioversion. Am J Cardiol 2011;

108: 698–704.

16. Bakowski D, Wozakowska-Kaplon B, Opolski G. The influence of left

ventricle diastolic function on natriuretic peptides levels in patients with

atrial fibrillation. PACE 2009; 32: 745–752.

17. Rosenberg MA, Gottdiener JS, Heckbert SR, Mukamal KJ.

Echocardiographic diastolic parameters and risk of atrial fibrillation:

the Cardiovascular Health Study. Eur Heart J 2012; 33: 904–912.

18. Mitchell C, Rahko PS, Blauwet LA, Canaday B, Finstuen JA, Foster

MC, et al. Guidelines for performing a comprehensive transthoracic

echocardiographic examination in adults: recommendations from the

American Society of Echocardiography. J Am Soc Echocardiogr 2019;

32: 1–64.

19. Mukoyama M, Nakao K, Hosoda K, Suga S, Saito Y, Ogawa

Y, et al. Brain natriuretic peptide as a novel cardiac hormone in

humans. Evidence for an exquisite dual natriuretic peptide system, atrial

natriuretic peptide and brain natriuretic peptide. J Clin Invest 1991; 87:

1402–1412.

20. Tuinenburg AE, Brundel BJ, Van Gelder IC, Henning RH, Van Den

Berg MP, Driessen C, et al. Gene expression of the natriuretic

peptide system in atrial tissue of patients with paroxysmal and

persistent atrial fibrillation. J Cardiovasc Electrophysiol 1999; 10: 827–

835.

21. Silvet H, Young-Xu Y, Walleigh D, Ravid S. Brain natriuretic peptide

is elevated in outpatients with atrial fibrillation. Am J Cardiol 2003; 92:

1124–1127.

22. Watanabe M, Murakami M, Furukawa H, Nakahara H, Tanaka

H, Sunamori M. Decreased plasma brain natriuretic peptide levels

after a successful maze procedure. J Heart Valve Dis 2003; 12: 287–

291.

23. Goetze JP, Friis-Hansen L, Rehfeld JF, Nilsson B, Svendsen JH. Atrial

secretion of B-type natriuretic peptide. Eur Heart J 2006; 27: 1648–

1650.

24. Gachpazan M, Mohammadinejad A, Saeidinia A, Rahimi HR,

Ghayour-MobarhanM, Vakilian F, et al. A review of biosensors for the

detection of B-type natriuretic peptide as an important cardiovascular

biomarker. Anal Bioanal Chem 2021; 413: 5949–5967.

25. Pemberton CJ, Johnson ML, Yandle TG, Espiner EA. Deconvolution

analysis of cardiac natriuretic peptides during acute volume overload.

Hypertension 2000; 36: 355–359.

26. Bai M, Yang J, Li Y. Serum N-terminal-pro-brain natriuretic peptide

level and its clinical implications in patients with atrial fibrillation. Clin.

Cardiol 2009; 32: E1–E5.

27. Zografos T, Maniotis C, Katsivas A, Katritsis D. Relationship between

brain natriuretic peptides and recurrence of atrial fibrillation after

successful direct current cardioversion: a meta-analysis. Pacing Clin

Electrophysiol 2014; 37: 1530–1537.

28. Ari H, Binici S, Ari S, AkkayaM, Koca V, Bozat T, et al. The predictive

value of plasma brain natriuretic peptide for the recurrence of atrial

fibrillation six months after external cardioversion. Turk Kardiyol Dern

Ars. 2008; 36: 456–460.

29. Lee SH, Jung JH, Choi SH, Lee N, Park WJ, Oh DJ, Rhim CY, Lee

KH. Determinants of brain natriuretic peptide levels in patients with

lone atrial fibrillation. Circ J 2006; 70: 100–104.

30. Tsang TS, Gersh BJ, Appleton CP, Tajik AJ, Barnes ME, Bailey KR,

et al. Left ventricular diastolic dysfunction as a predictor of the first

diagnosed nonvalvular atrial fibrillation in 840 elderly men and women.

J Am Coll Cardiol 2002; 40: 1636–1644.


