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ABSTRACT 
BACKGROUND: Previous studies showed an association between apelin and atrial fi brillation (AF). The aim 
of this study was to analyse the effect of pulmonary vein isolation (PVI) in patients with paroxysmal AF on 
plasmatic apelin concentrations. 
METHODS: Nine consecutive patients (aged from 43 to 69 years, 3 females and 6 males) with documented 
paroxysmal atrial fi brillation and implanted loop recorders (ILR) for continuous ECG monitoring were included 
in this study. All the patients underwent a radiofrequency catheter ablation with PVI. 
RESULTS: The plasmatic concentration of apelin increased after PVI. The average plasmatic concentration of 
apelin before PVI was 0.299 ng/ml (±0.16), 3 months after PVI 0.462 ng/ml (±0.10) and 9 months after PVI 
0.565 ng/ml (±0.146). There was an increase in the concentration of apelin 3 months and 9 months after the 
PVI by 0.163 ng/ml (p=0.07) and by 0.266 ng/ml (p=0.01), respectively. The concentration of apelin inversely 
correlated with the AF burden (r=–0.44, p=0.03).
CONCLUSIONS: Our study showed a signifi cant increase in apelin levels after the reduction of AF burden via 
PVI and an inverse correlation with AF burden. Apelin might be a promising marker of AF (Tab. 2, Fig. 2, Ref. 28). 
Text in PDF www.elis.sk
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Introduction

Atrial fi brillation (AF) is the most common sustained arrhyth-
mia. The estimated number of people with AF worldwide was more 
than 33 million in 2010 (1, 2). There is an expectation of an increase 
in AF prevalence due to a better detection of silent AF, alongside 
with an increasing age and conditions predisposing to AF. AF is 
associated with a signifi cant morbidity and mortality and remains 
the major cause of strokes worldwide (3, 4). The only screening 
method is the standard 12-lead ECG, which bears several limita-
tions especially in the case of subclinical AF. In these situations, 
a prolonged ECG monitoring is required. However, its high cost 
and inconvenience make this diagnostic method impractical (5, 

6). Therefore, there is an urgent need for a plasmatic biomarker 
with a signifi cant predictive ability for AF. 

Apelin is a peptide hormone produced especially in atrial 
cardiomyocytes that affects cardiovascular system by counterbal-
ancing the renin-angiotensin-aldosterone axis, stimulating cardiac 
contractility and vasodilatation (7). There is also an evidence that 
apelin shortens the duration of action potential in atrial myocytes 
via its effect on multiple ionic channels (8). Several studies showed 
that apelin concentrations were signifi cantly lower in patients with 
lone AF compared to the patients without AF (9). Current standard 
approach to assess the effi cacy of PVI by means of 24–72 hour 
ECG monitoring lacks a suffi cient reliability to exclude asymp-
tomatic AF recurrence (10).

Our aim was to analyse apelin concentrations in plasma before 
and after the catheter ablation and to analyse the relation between 
the plasmatic levels of apelin and the AF burden quantifi ed by the 
implantable loop recorders (ILR) in the patients with paroxysmal 
AF. We hypothesized that the concentration of apelin increases 
after the PVI.

Material and methods

Patients and study protocol
The study was designed as a prospective cohort study. Nine 

consecutive patients with symptomatic, paroxysmal AF and im-
planted ILR undergoing a radiofrequency catheter pulmonary veins 
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isolation (PVI) in the Slovak National Institute of Cardiovascular 
Diseases were included.

The inclusion criteria were: age 18 or higher, planned PVI, 
implanted ILR at least 2 months before the PVI, symptomatic 
and drug refractory, paroxysmal AF characterized by a spontane-
ous termination or medical cardioversion within 7 days of onset 
documented prior to the ILR implantation, continuous, effective 
oral anticoagulation with warfarin (INR 2–3) at least one month 
prior to the PVI, ability and willingness of the patients to provide 
a written informed consent with the study, antiarrhythmic therapy 
with beta blocker and amiodarone started at least 3 months before 
ILR implantation and continued at least 3 months after the PVI.

Exclusion criteria included: supraventricular arrhythmia other 
than paroxysmal AF, previous catheter ablation, implanted pace-
maker or ICD, anticipating major cardiac surgery within the course 
of this study, stable coronary artery disease functional class or his-
tory of acute coronary syndrome, heart failure, history of acute or 
chronic infl ammatory disease, chronic kidney disease, left atrial 
thrombus detected by transoesophageal echocardiography prior 
to the PVI and uncontrolled hyperthyroidism.

Baseline clinical data were collected one day before the PVI. 
Information about the AF burden defi ned as the percentage of 
time spent in atrial fi brillation was downloaded from the ILR im-
mediately after the procedure, 3 months and 9 months after the 
PVI. Peripheral blood samples were taken at the day of the PVI, 
3 months and 9 months after the PVI

The study was approved by the ethical committee of the Slo-
vak National Institute of Cardiovascular Diseases and a written 
informed consent was obtained from all the patients before the 
study inclusion.

Radiofrequency catheter ablation with pulmonary veins isolation 
(PVI) and implantable loop recorder (ILR)

These methods were described in our previous study (11).

Biochemical analysis 
Peripheral fasting blood was taken in the morning into K3ED-

TA tubes. The blood was centrifuged at 2700 g for 5 minutes and 
the obtained plasma samples were stored at –20 °C. The apelin-12 
concentration was measured using a commercially available ELI-
SA kit (Phoenix Pharmaceutical, Karlsruhe, Germany) in serum 
samples. Fifty microliters of samples were used for measurement 
according to the protocol of the manufacturer. 

Statistical analysis
Continuous variables are presented as the means and standard 

deviations, categorical variables are presented as percentages. The 
association between the variables was tested 
using the Spearman rank correlation coef-
fi cient ρ. Nonparametric Theil-Sen method 
was used to calculate a regression line dis-
played on the scatterplots. Mann–Whitney 
test was used to test differences in the study 
group before and after PVI. Data were ana-
lysed using StatsDirect statistical software 

version 10.0.17 (http://www.statsdirect.com). p < 0.05 was con-
sidered statistically signifi cant.

Results

Our study population included 3 females and 6 males with the 
age ranged from 43 to 69 years. The most common comorbidity 
was arterial hypertension that occurred in 67 % of the patients. 
All received an equal therapy with a cardio selective long acting 
beta-blocker (metoprolol or bisoprolol), amiodarone and warfa-
rin, at least 3 months prior to the ILR implantation until the fi rst 
follow-up (3 months after the PVI). If the AF burden at the fi rst 
follow-up was less than 1%, therapy with beta-blocker and amio-
darone was terminated (Tab. 1).

The mean follow-up before the PVI was 63 days (ranging 
from 44 to 88 days), the mean follow-up 3 months after the PVI 
was 92 days (ranging from 84 to 112 days) and the mean follow-
up 9 months after the PVI was 280 days (ranging from 201 to 307 
days). In average, the relative AF burden decreased by 82 % three 
months and by 78 % nine months after the procedure (Tab. 2).

Association between apelin before and after PVI
The average plasmatic concentration of apelin before PVI was 

0.299 ng/ml (±0.166), 3 months after PVI was 0.462 ng/ml (±0.10) 
and 9 months after PVI was 0.565 ng/ml (±0.146). The average 
difference between plasmatic concentration of apelin before PVI 
and plasmatic concentration after 3 months was 0.163 ng/ml; 95% 
confi dence interval (CI): –0.34 to 0.02; p = 0.07. The average dif-
ference between plasmatic concentration of apelin before PVI and 
plasmatic concentration after 9 months was 0.266 (CI: –0.44 to 
–0.07; p = 0.01) (Fig. 1).

Correlation between apelin and AF burden 
There was a statistically signifi cant inverse correlation between 

apelin levels with corresponding AF burden before and after PVI 
(Figure 1; r = –0.44, p = 0.03) (Fig. 2).

Baseline characteristics Total (n=9)
Age (years) 56.9 (43–69)
Female gender, no. (%) 3 (33.3 %)
BMI (kg/m2) 29.1±5
AF history before PVI (years) 7.1±4.5
LA size at PVI (mm) 44±4
Arterial hypertension, no. (%) 6 (66.6 %)

Tab. 1. Descriptive statistic s of the study population. Continuous data 
are presented as the mean ± standard deviation.

Variable Before PVI 
(Baseline)

3 months after 
PVI

9 months after 
PVI

Follow-up period (days) 63 (44–88) 92.1 (84–112) 280 (201–307)
AF burden, mean (%) 34.3 (35) 6.4 (8.3) 5.2 (7.8)
AF burden, relative reduction (%) N/A 82±15 78±39

Tab. 2. Loop recorder characteristics. Data presented as the mean and (minimum, maximum 
range), or ± standard deviation where appropriate.
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Discussion

In this pilot study, we have demonstrated a signifi cant inverse 
correlation between the plasma levels of apelin and decreased AF 
burden post PVI. Thus, our preliminary results suggest that low 
post-ablation apelin plasma levels are a possible marker for AF 
recurrences and these patients should be more extensively followed 
by extended ECG monitoring. 

Apelin, an endogenous peptide ligand of the previously or-
phaned G-protein-coupled receptor APJ, is synthesized as a pre-
proprotein, which is cleaved through N-terminal proteolysis to 
generate several mature biologically active forms including ape-
lin-36, apelin-17, apelin-16, apelin-13 and apelin-12 (12–14). 
Apelin is highly expressed in cardiomyocytes, endothelial cells, 
and vascular smooth muscle cells (VSMC), suggesting that apelin 
may play an important role in physiology and pathophysiology of 
cardiovascular system (15, 16). Recent studies showed an impli-
cation of apelin in AF. For example, decreased circulating levels 
of apelin were observed in lone AF patients and in patients with 
persistent AF (7, 8). 

Recent work has confi rmed that apelin-12 is a powerful vaso-
dilator and positive inotrope, and appears to be counter-regulated, 
at least to some extent, with the angiotensinogen pathway (17, 
18). Apelin also may act centrally to counteract the vasopressin 
pathway in the regulation of extracellular fl uid volume (19). The 

renin–angiotensin–aldosterone system (RAAS) signalling plays 
an important role in AF. Angiotensin II (ANG II) and AT1 are as-
sociated with the process of atrial electrical remodelling (20) and 
fi brosis (21). RAAS inhibition was considered as a cornerstone 
for the primary and secondary prevention of AF. Apelin has also 
an infl uence on electrophysiological function of atrial myocytes, 
shortening the action potential, which was demonstrated in vitro 
on animal model (22). Several studies showed that apelin has anti-
infl ammation and antioxidative stress effects (23, 24). Apelin is 
a second catalytic substrate for angiotensin converting enzyme 
(ACE) 2 and functions as an inotropic and cardiovascular protec-
tive peptide (25). The increased level of ACE perhaps reduces the 
level of apelin. In addition, blockade of the renin–angiotensin sys-
tem has been shown to reduce the incidence of AF, strengthening 
the case for a pivotal role for this humoral axis in this arrhythmia.

Reduced apelin levels in patients with “lone” AF, when com-
pared to healthy population were reported previously (8). More 
recently, Wang YZ et al (2018) reported a higher apelin serum lev-
els as a predictor of a recurrence-free successful outcome of PVI 
in AF patients (26). By demonstrating the increase in plasmatic 
level of apelin after reducing the AF burden via PVI, our fi ndings 
suggest that the relationship could be causal. We designed a pilot 
study, where for the fi rst time, apelin was examined in patients 
with implanted loop recorders undergoing catheter ablation of AF. 
Furthermore, an inverse correlation between apelin levels and AF 
burden adds a new evidence that apelin is not only associated with 
the presence or absence of AF, but also with the amount of AF. 
These two fi ndings from our pilot study suggest that apelin might 
be a promising biomarker of AF, which deserves further research. 

The current standard approach to assess the effi cacy of PVI by 
means of 24–72 hour ECG monitoring lacks a suffi cient reliability 
to exclude asymptomatic AF recurrences. Long-term ECG moni-
toring techniques e.g. implantable loop recorders or ECG patches 
are available, however, at both higher costs and inconvenience for 
the patient (27, 28). Plasmatic biomarkers like apelin might iden-
tify patients with a high risk of AF recurrence that would benefi t 
from prolonged ECG monitoring. This would be especially useful 
in screening the patients after PVI, where recurrent, asymptomatic 
paroxysms of AF are common.

Our pilot study confi rmed that apelin had a potential of be-
coming a plasmatic biomarker for AF, but further research focused 
on apelin sensitivity and specifi city is needed to validate its use 
in clinical practice.

Limitations

The major limitation of our study was the sample size. How-
ever, this was a pilot study to test the hypothesis that the concen-
tration of apelin increases after the PVI, to evaluate the potential 
role of apelin as a biomarker of AF and to support further research 
in this area.

Our study showed a relationship between AF and apelin level. 
However, as only patients without heart failure were included, it 
is not known whether apelin level refl ects AF per se or increased 
strain in the LA. 

Fig. 1. Box and whisker plots.

Fig. 2. Scatter plot of correlation between apelin levels with corre-
sponding AF burden one day before, 3 months after and 9 months 
after pulmonary veins isolation, respectively.
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Conclusion

Our pilot study showed a signifi cant increase in apelin lev-
els after a reduction of AF burden after PVI and also an inverse 
correlation between apelin levels and AF burden in patients with 
paroxysmal AF. Therefore, apelin appears to be a promising bio-
marker of atrial fi brillation especially in patients undergoing PVI, 
but more extensive studies are needed to focus on the potential for 
future use in the clinical practice.
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