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Abstract

The purpose of this study was to study the IL-4 plasma concentrations in
patients with paroxysmal atrial fibrillation (PAF) (< 48 hours). The marker
was investigated in 51 patients (26 males, 25 females; mean age 59.8411.60
years) at their hospital admission as well as twenty-four hours and twenty-
eight days after sinus rhythm restoration. Fifty-two controls (26 males, 26
females; 59.50+1.46 years) were selected. Sinus rhythm was restored by
means of propafenone. The IL-4 concentrations were measured using an
ELISA kit. The mean duration of AF episodes till the hospitalization was 8.14
hours. On admission, the IL-4 concentrations were elevated as compared to
those of the controls (54.26+1.89 vs 35.20+1.55 pg/mL, p<0.001). Twenty-four
hours after rhythm regularization, the changes persisted (48.6211.17 vs
35.20+1.55 pg/mL, p<0.001). On the twenty-eighth day, no significant
difference was observed (37.90+2.05 vs 35.20+1.55 pg/mL, p=0.2). The
logistic regression analysis indicated that IL-4 was a statistically significant
predictor for PAF. The specific dynamics of IL-4 levels is indicative of a
marked inflammatory and fibrosis activity still in the early hours of PAF,
whose consequences cumulate even after rhythm regulation. IL-4 has a
predictive value for PAF that may help in the management of the disease.
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PAF — Paroxysmal Atrial Fibrillation
AF — Atrial Fibrillation

Atrial fibrillation (AF) is the commonest rhythm disorder in
clinical practice affecting >1% of the total population
(Potpara et al.,, 2011). The medication and non-
medication methods of treatment established so far, have
proved to have unsatisfactory efficiency (Sovari et al.,
2010). It is considered that their major drawback is the
lack of a purposeful impact on of the mechanisms
associated with the initiation, persistence and
recurrences of AF (Mayyas et al., 2013). Therefore, for
the last years, namely the pathophysiological processes
determining the manifestation and clinical course of
the disease have been in the focus of a particular clinical

and research interest.

An increasing attention has been paid to the
inflammatory process and its role in AF. Studies have
shown elevated levels of a number of systemic
biomarkers such as IL-6, TNF-a, CRP etc., and the
values of some of them prove even to be predictive
about the development of the rhythm disorder (Aviles et
al., 2003; Psychari et al., 2005; Sata et al., 2004; Celebi
et al., 2011). The anti-arrhythmic effect of corticosteroids
and statins in some clinical and experimental
investigations have also indirectly proved the involvement
of inflammation in the AF manifestation (Reilly et al.,



2011; Dernellis et al., 2004; Halonen et al., 2007).

Meanwhile, the results of the histological
investigations confirm that the development of AF is
associated with structural changes in the atrial
myocardium, i.e. “structural remodeling of the atria”
whose main morphological substrate is the interstitial
fibrosis (Wakili et al., 2011; Nattel et al., 2008; Nattel,
2002). It alters the electrophysiological properties of the
myocardium and creates conditions for the emergence of
abnormal automaticity, triggered activity or re-entrant
wavelets in the atria. This electrical heterogeneity
predisposes to AF and subsequently facilitates the
recurrences and the maintenance of the rhythm disorder.

To the moment, the link between the established
fibrosis and inflammatory processes in AF has not been
sufficiently  clarified. Neither have the molecular
mechanisms responsible for the fibrosis of the atrial
myocardium been entirely clarified.

Interleukin 4 (IL-4) is the main anti-inflammatory
interleukin with prominent pro-fibrosis properties. In this
respect, it may be appropriate to investigate it and find
out about its importance for the clinical course of AF,
which motivated us to conduct our study.

Purpose

To study the changes of IL-4 in patients with paroxysmal
atrial fibrillation (PAF) (< 48 hours) by determining its
plasma concentrations three times, namely during the
rhythm disorder, twenty-four hours and twenty-eight days
after sinus rhythm restoration.

MATERIAL AND METHODS

Study population

Subject to the study were patients with PAF with a history
of the rhythm disorder < 48 hours, which allowed for an
acute medication attempt to restore sinus rhythm. The
duration of the PAF episode was established by means of
a detailed history taking. The patients determined the
onset of the arrhythmia as a sudden appearance of
“palpitations”, continuing still at the moment of
hospitalization. The diagnosis “atrial fibrillation” was
accepted after its confirmation by the
electrocardiographic investigation made immediately after
the patients’ hospitalization.

A total of 338 patients were screened from those
hospitalized at the Intensive Cardiology Unit at University
Hospital “St. Marina” — Varna, Bulgaria, for the period
10.2010 — 05.2012. Due to exclusion criteria (see below),
only 79 patients remained in the study. Propafenone was
applied to all of them for sinus rhythm restoration. An
unsuccessful regularization or a recurrence of AF gave
us reasons to exclude another 23 patients till the end

of the study.

In the remaining 56 participants (31 male, 25 female),
sinus rhythm was restored and was permanently retained
till the end of the study.

The patients were followed for 28 days after
arrhythmia discontinuation. Two control check-ups were
performed — on the seventh and twenty-eighth day
following the sinus rhythm restoration. The ECG
recordings together with the detailed history taking did
not indicate a recurrence of the sinus rhythm disorder.
Subsequently, to equalize the gender structure of the
patient group, 51 patients (26 male 25 female) were
consistently selected with mean age 59.84+1.60 years
(31-77 years).

For the formation of the control group, the exclusion
criteria valid for the patients’ group were applied (see
below). The selection of the participants in the study
(patients and controls) aimed at eliminating to a
maximum degree or equalizing the factors which could
exert influence on the plasma concentrations of IL-4
between the two groups. Out of a total of 169 screened,
52 were selected as controls for the study. Their mean
age was 59.50x1.46 years (30-76 years), male and
female being of equal number 26 (50%).To the moment
of the study the controls did not have history or
electrocardographic data for AF.

The study was undertaken after the approval of the
Scientific Research Ethics Commission
(Ne35/29.10.2010) at University hospital “St. Marina” —
Varna, Bulgaria and in accordance with the ethical
norms of the Helsinki Declaration for experimenta-
tions in human subjects (WMA Declaration of Helsinki,
2008).

All participants (patients and controls) were included in
the study following preliminary signing of informed
consent.

Exclusion criteria for the study

1. Cardiovascular diseases, namely: ischemic heart
disease, heart failure; uncontrollable hypertension;
inflammatory or congenital heart diseases, moderate or
severe acquired valvular diseases; cardiomyopathies.

2. Other diseases — renal, pulmonary or liver failure;
diseases of the central nervous system; inflammatory
and/or infectious diseases for the previous three months;
neoplasmic or autoimmune diseases; diseases of the
endocrine nervous system (except for diabetes mellitus
type 2, non-insulin dependent, well controlled).

3. Intake of hormone-replacement therapy or
contraceptives; pregnancy; systematic intake of
analgesics, incl. non-steroidal anti-inflammatory drugs.

Therapeutic scheme for propafenone

Propafenone was applied according to the established



Table 1. Characteristics of patients’ and control group.

Patients with PAF Control group P values
Number of participants in 51 52 p=0.89
the group
Mean age (years) 59.84+1.60 59.50+1.46 p=0.87
Men/Women 26/25 26/26 p=1/p=0.93

scheme, e.g. i.v. 2 mg/kg bolus, followed by infusion in a
dose of 0.0078 mg/kg/min for 120 min. and p.o. intake in
a dose of 300 mg three times at an interval of 8 hours
(Bellandi et al., 1995; Bianconi et al., 1998). In case of
sinus rhythm restoration, the scheme was discontinued
and till the end of the study the patients were given a
maintaining dose of propafenone p.o. 150 mg three times
daily. All the patients were constantly monitored until their
dehospitalisation, e.g. 24 hours after the sinus rhythm
restoration.

Collection and blood

Investigation of IL-4

storage of samples.

The patients’ venous blood was collected three times:
immediately after their hospitalization in the ward, twenty-
four hours and twenty-eight days after sinus rhythm
restoration. The controls were investigated once.

The blood samples were withdrawn in a heparin
vacutainer (VACUETTE/4.0 ml/Li Hep) and were
immediately centrifuged for 15 minutes at 1000xg at 4°C
within 30 minutes of collection. The obtained plasma was
separated from the erythrocytes and immediately frozen
and stored in accordance with the methodology.

All the samples were coded after their collection which
did not allow for their identification during the laboratory
investigations.

During the study, no repeated freezing of the samples
was permitted. Plasma concentrations of IL-4 were
measured using an enzyme-linked immunosorbentassay
(ELISA, Elabscience Biotechnology Co., Ltd, China)
according to the manufacturer’s protocol.

Statistical analysis

Descriptive analysis was used for the calculation of mean
values, relative shares and the central trend (Mo=mode).
The testing for hypotheses for equality of mean values
and indicators of relative shares was performed by
means of Student’s t-criterion. Values p<0.05 were
adopted for statistically significant. To identify IL-4
statistically significant (prognostic) factor for the
occurrence of PAF, the logistic regression model was
used.

The analysis of all data was performed by means of
special packet for statistical analyses GraphPad PRISM,

Version 5.00. All the results were presented as a mean
valuetstandard error of the mean arithmetic (SEM) or
n(%).

RESULTS
Clinical characteristics of patients’ and control group

According to the indicators: number, mean age and
gender structure, the patients’ group was comparable to
the control one (p>0.05) (Table 1). Concerning
accompanying diseases, dyslipidemia and administered
treatment (till the moment of hospitalisation) as well as
the incidence of deleterious habits and BMI, the groups
did not have statistically significant differences (p>0.05)
(Tables 2 and 3).

The data from the transthoracic echocardiographic
investigation confirmed the absence of structural heart
diseases in the patients and the controls and at the same
time they did not show statistically significant differences
in the investigated indicators (p>0.05) (Table 4).

The study considered that the formation of the control
group, which is identical to the patients’ group in terms of
the indicators mentioned above (Tables 1-4), makes the
comparison between the groups objective to a maximum
degree and eliminates their impact on the investigated
indicator.

The statistical analysis of the history of AF till the
moment of hospitalization indicated that all patients were
hospitalized between the second and the twenty-fourth
hour after the onset of the arrhythmia, and most
frequently on the fifth hour (Mo=5; 10 out of all 51
patients). The mean duration of AF till the moment of
hospitalization was 8.14+0.76 hours.

Plasma concentration of IL-4

Figure 1 shows that upon admission to the hospital ward,
the patients’ plasma levels of IL-4 (baseline values) were
elevated in comparison to those of the controls
(54.26x£1.89 vs 35.20+1.55 pg/mL, p<0.001). Twenty-four
hours following the sinus rhythm restoration, the
measured values of IL-4 remained significantly higher as
compared to the controls (48.62+1.17 vs 35.20+1.55
pg/mL, p<0.001). On the twenty-eighth day after
the rhythm regularization no significant difference was



Table 2. Accompanying diseases, dyslipidemia and their treatment.

Patients with PAF  Control group P values

number (%) number (%)
Accompanying diseases
Hypertension 37 (72.54%) 34 (65.38%) p=0.44
Diabetes mellitus type 2 3 (5.88%) 2 (3.84%) p=0.62
Chronic ulcer disease 2 (3.92%) 0 p=0.15
Status after hysterectomy 2 (3.92%) 1 (1.92%) p=0.54
Benign prostatic hyperthrophy 1 (1.96%) 0 p=0.32
Dyslipidemia 4 (7.84%) 3 (5.77%) p=0.69
Medicaments for Hypertension
and Dyslipidemia
Beta blockers 19 (37.25%) 17 (32.69%) p=0.62
ACE inhibitors 15 (29.41%) 14 (26.92%) p=0.78
Sartans 11 (21.57%) 9 (17.31%) p=0.58
Statins 4 (7.84%) 3 (5.77%) p=0.69

Table 3. Deleterious habits and BMI in patients and controls.

Patients with PAF Control Group P values
Number (%) Number (%)
Deleterious habits
Smoking 8(15.69%) 7(13.46%) p=0.75
Alcohol intake 7(13.72%) 6(11.53%) p=0.74
BMI (kg/mz) 23.85+0.46 24.950.45 p=0.09

Table 4. Results from transthoracic echocardiography.

Patients with PAF Control group P values

Echocardiographic

measurements

LVEDD(mm) 52.57+0.58 52.29+0.57 p=0.73
LVESD (mm) 34.43+0.56 34.73+0.48 p=0.69
EF (%) 62.98+0.70 61.54+0.58 p=0.12
IVS (mm) 10.37+0.23 9.92+0.26 p=0.20
PW (mm) 10.2420.21 9.73+0.28 p=0.16
LA (ml/m?) 22.81+0.45 23.82+0.48 p=0.13
RVEDD (mm) 30.54+1.58 29.17+1.52 p=0.18

LVEDD- left ventricle end-diastolic diameter; LVESD- left ventricle end-systolic diameter
EF- ejection fraction; IVS- interventricular septum
PW- posterior wall; LA - left atrium; RVEDD- right ventricle end-diastolic diameter
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Figure 1. Changes in plasma concentration of IL-4 (pg/mL) in patients with PAF.
(baseline values — IL4 values upon patients’ hospitalization; 24th hour — values 24
hours after sinus rhythm restoration; 28th day - values 28 days after sinus rhythm
restoration; *- p<0.001; ns — statistically insignificant difference).



Model: Logistic regression (logit)
y =exp(-5,31+(0,12)*x)/(1+exp(-5,31+(0,12)
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Figure 2. Probability distribution of IL-4 estimated using logistic model.

established between the values of the patients and the
controls (37.90£2.05 vs 35.20+1.55 pg/mL, p=0.2).

The logistic regression model with a single
explanatory variable showed that IL-4 was a statistically
significant predictor for PAF manifestation (p<0.001). The
fitted equation indicated that as the IL-4 concentrations
increased, the probability for presence of PAF also

increased (4, = 0,12 > 0) (Figure 2).

DISCUSSION

IL-4 is a 15-kd monomer (129 amino acids) produced
mainly by Th2-cells and to minor extent by basophils,
eosinophils and mast cells. It was discovered in 1982 and
was initially described as a B-cell growth factor | (BCGF-
I) (Howard et al., 1982). Nowadays, it is known that it
possesses pleiotropic properties. IL-4 regulates the
allergic reactions as well as the protective immune
response against helminthes and other extracellular
parasites, suppresses Th1-cell development and induces
IgE class switching. In addition, it is one of the main
modulators of inflammation. In its nature, it is an anti-
inflammatory cytokine fulfilling its functions mainly by
suppressing the pro-inflammatory environment. IL-4
inhibits the production of the major for the inflammatory
cascade pro-inflammatory cytokines IL-1, IL-6 and TNF-a
while stimulating production of the major anti-
inflammatory cytokines IL-1ra and IL-10 (Akdis et al.,
2011; Steinke et al., 2006).

The result of the study showed significant changes in
the plasma concentrations of IL-4 in patients with PAF.
The measured baseline values of the indicator were
increased as compared to the controls (p<0.001), which
may be accepted for an indirect sign of enhanced
production of the pro-inflammatory cytokines IL-1, IL-6

and TNF-a at this stage of the disease. It is a well-known
fact that the inflammatory response is determined by
complex interactions between the pro- and anti-
inflammatory mediators. The appropriate balance
between them is a prerequisite for the restoration of the
homeostasis. Its disturbance due to enhanced release of
pro-inflammatory  cytokines leads to excessive
inflammatory response (Marie et al., 1996). In view of the
facts above, our results give us grounds to admit that the
clinical manifestation of PAF is associated with enhanced
inflammatory processes caused by increased production
of IL-1, IL-6 and TNF-a. In the meantime, an adaptive
response by the anti-inflammatory cytokine IL-4 is also
present.

Changes in the interleukin cascade in AF have been
reported in other studies. Thus, for example, Conway et
al. (2004) and Marcus et al. (2010) independently
measure elevated levels of IL-6 in chronic AF, and
Psychary et al. (2005) even prove their direct correlation
to the history of the rhythm disorder and the left atrium
diameter. Wu et al. study postoperative AF patients
undergoing coronary artery bypass surgery who are
characterized by elevated levels of IL-8, and according to
Hak et al., in this group of patients IL-2 has a predictive
value for the manifestation of postoperative AF (Wu et al.,
2008; Hak et al., 2005). Data are extremely scarce about
the interleukin status of patients with PAF. Thus, for
example, Sata et al. (2004) measure increased levels of
IL-6 and TNF-a, which persist to be elevated for two
weeks after rhythm regularization. No studies are
available on the levels of IL-4.

It has to be emphasized that our study does not only
investigate for the first time the plasma concentrations of
IL-4 in PAF but also changes in the indicator are
measured in the early hours of the clinical manifestation
of the rhythm disorder, e.g. up to the 24th hour after
its onset (average 8.14 hours). It is exactly this fact that



gives serious grounds to assume that our results are not
just an occasional laboratory finding but are directly
related to the clinical manifestation of the disease. They
are likely to be a part of the complex and so far
insufficiently clarified intimate mechanisms of the
disease.

The logistic regression analysis showed that IL-4 is a
laboratory indicator of the inflammation whose values are
predictive about the development of PAF. The probability
for the patient to manifest AF grows with the increase of
the IL-4 values.

As mentioned above, IL-4 is a pleiotropic cytokine,
which apart from the immune inflammatory response,
takes part in the process of tissue fibrosis. It activates the
synthesis of collagen | and collagen Il and thus
contributes to the progress of fibrosis (Rosellé-Lleti et al.,
2007). IL-4 possesses a marked pro-fibrosis action which
in itself could have an utmost importance for the
development of AF. It is known that the structural
changes in the atria are of key importance for the
manifestation, recurrences and chronification of AF. It is
considered that, wunlike in electrophysiological
remodeling, structural remodeling begins to develop
several weeks after the AF onset (Korantzopoulos e al.,
2003). Our results, however, indicate the presence of
pro-fibrosis activity still in the early hours of the clinical
manifestations of the disease. This suggests the
accumulation of fibrosis changes in the atrial myocardium
still in the early episodes of the arrhythmia. The question
inevitably arises about the interrelation between the initial
episodes of AF, their anti-recurrence treatment and the
long-term prognosis of the disease.

For the first time, atrial remodeling is associated with
the inflammatory process by Frustaci et al. in 1995. In
histological samples from patients with isolated AF, they
detect pronounced inflammatory infiltrates together with
myocardial necrosis and fibrosis (Frustaci et al., 1997). In
experimental animal models of AF, Nakamura et al.
confirm the presence of atrial perimyocarditis with
inflammatory infiltrates, lipid degeneration and fibrosis
(Nakamura et al.,, 2003). The molecular mechanisms
associated with these changes remain not entirely clear
to date. IL-4 with its pleiotropicproperties is a possible
mediator  between  structural remodeling and
inflammation.

The results obtained 24 hours after the discontinuation
of the rhythm disorder presents no lesser clinical interest.
IL-4 retained its elevated values (p<0.001). It turns out
that an inflammatory process is present not only during
the clinical manifestations of the arrhythmia but also after
it.

Twenty-eight days after the discontinuation of the
rhythm disorder, the plasma concentrations of IL-4 are
markedly decreased and do not differ from the controls
(p=0.2). Although time-consuming, the recovery of the
sinus rhythm is associated with reduction of the
inflammatory processes.

CONCLUSION

The clinical manifestation of PAF is associated with
elevated concentrations of IL-4, persisting after the
arrhythmia episode and restoring gradually with time. The
specific dynamics of IL-4 levels is indicative of a marked
inflammatory and fibrosis activity still in the early hours of
PAF, whose consequences cumulate even after the
rhythm regulation. L-4 has a predictive value for PAF,
which may prove it a valuable laboratory marker when
determining the therapeutic approach to patients with
PAF.
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