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Periprocedural decrease in tumor necrosis
factor alpha is a risk factor for atrial
fibrillation recurrence after ablation
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Abstract

Background: Concentration of tumor necrosis factor alpha (TNF-alpha) might be useful in selecting patients
with paroxysmal atrial fibrillation (PAF) who will benefit the most from pulmonary vein isolation. Material and
methods: This is a prospective cohort study among patients with PAF who had sinus rhythm prior to undergo-
ing either radiofrequency ablation or cryoablation procedure. Blood samples were collected at the start of the
procedure and 16-24 h after. TNF-alpha concentrations were measured. Follow-up data was obtained during
a structured telephone interview and 24-hour ECG Holter monitoring 12 months after the ablation procedure.
Results: Thirty seven patients were enrolled. After 12-month follow-up 27 patients maintained sinus rhythm,
8 had recurrence of AF and 2 were lost to follow-up. There was no significant correlation between TNF-alpha
concentrations in any of the samples and the recurrence of arrhythmia (for pre-procedural samples: 1.75 pg/
ml vs. 1.74 pg/ml; p = 0.72; for post-procedural samples: 1.49 pg/ml vs. 1.79 pg/ml; p = 0.16). In patients who
had a recurrence of AF, we observed a decrease in the periprocedural TNF-alpha concentration (-0.12 pg/ml vs
0.05 pg/ml; p = 0.05). Conclusions: Neither pre- nor post-procedural TNF-alpha concentrations are predictive of
ablation outcome in patients with PAF. We observed a decrease in the periprocedural TNF-alpha concentration
in patients who had AF recurrence.
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Background

It is estimated that up to 2% of the population suffers
from atrial fibrillation (AF) [1]. Mechanisms contributing to
the development of AF remain to be fully discovered. Cur-
rently, it is believed that electrical and structural remodel-
ing, changes in atrial cardiomyocytes and inflammatory pro-
cesses play a pivotal role in initiation and perpetuation of AF
[1-2]. The role of inflammatory cytokines deserves special
attention, among which TNF-alpha needs further investiga-
tion. This molecule is synthesized mainly by monocytes and
macrophages which infiltrate tissues during inflammatory
processes, e.g. as a response to injury [3]. Immunological-
ly active monocytes/macrophages infiltrate the atrial mid-
myocardium more extensively in patients with AF compared
to those with sinus rhythm [4]. Animal models of TNF-alpha
overexpression in the heart reveal a predisposition to atrial
arrhythmias such as premature atrial beats, atrial flutter and
AF, as well as increased collagen deposition [5]. Injection of
TNF-alpha into Swiss albino mice leads to atrial fibrosis and
altered connexin-40 expression [6]. In vitro studies have
shown that TNF-alpha can increase the arrythmogenicity of
pulmonary vein cardiomyocytes and influence cellular calci-
um homeostasis [7].

We hypothesized that the inflammatory reaction to
atrial tissue damage measured by the change in TNF-alpha
concentration could predict pulmonary vein isolation (PVI)
outcome. The aim of our study was to compare TNF-alpha
concentrations pre- and post-procedurally in patients who
underwent pulmonary vein isolation due to paroxysmal AF
(PAF) with and without recurrence of arrhythmia.

Material and Methods

We performed a prospective cohort study among pa-
tients with PAF undergoing radiofrequency (RF) ablation or
cryoablation. PAF was defined according to the current ESC
guidelines [1]. Patients who underwent the ablation proce-
dure in the past were disqualified from the study. The proto-
col of the study was approved by the local ethics committee
(ID: KB 46/2011). Informed written consent was obtained
from each patient.

Exclusion criteria included any disease that is known to
influence the TNF-alpha concentration, including heart fail-
ure (Table 1). Patients were also excluded from the analysis
if AF was the initial rhythm observed at the beginning of the
ablation procedure. Blood samples from a peripheral vein
were obtained from each participant twice: before insertion
of the ablation catheter into the vessel at the beginning of
the ablation procedure and 16-24 h after. The blood was
then centrifuged, serum was stored in -70°C. TNF-alpha
levels were measured by high-sensitivity ELISA kit (R&D,
Human TNF-alpha Quantikine HS ELISA Kit). Concentration
> 30 pg/ml was recognized as an extreme value and ex-
cluded from the analysis according to the Tukey principles.
Analyzed values included pre-procedural, post-procedural
TNF-alpha concentration and the assessment of its peripro-
cedural dynamics. Periprocedural TNF-alpha serum variations

Table 1. Exclusion criteria

Heart failure

Symptoms of inflammation during the clinical
examination (e.g. signs or symptoms of
pneumonia, urinary tract infection, dysuria,
productive cough, skin ulceration)

History of myocardial infarction, stroke,
burn wound, frostbite, major trauma or surgery
within the past 30 days

History of autoimmune disease or vasculitis

Cirrhosis with ascites

Primary hyperaldosteronism, pheochromocytoma

Chronic kidney disease

Subarachnoid hemorrhage

Sarcoidosis, amyloidosis, hemochromatosis

Cardiac neoplasms

History of purulent dermatitis
within the past 14 days
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were calculated as a subtraction between post-procedural
and pre-procedural TNF-alpha concentrations. The inflam-
matory response is dynamic only in the early post-ablation
period, therefore we did not analyze TNF-alpha concentra-
tion during hospitalization.

Table 2. Baseline characteristics

of the study population Study group

(n = 37)

Age (years) 55.7 (SD 7.85)

Sex (male) 59.5%

Body Mass Index (kg/m?2) 28.42 (SD 4.18)

Median time from
diagnosis (months)

36 (IQR 19-108)

Median atrial fibrillation
episodes frequency
(per month)

1 (IQR 0.33-5)

Median duration

of arrhythmia episode 8 (IQR 3-24)
(hours)
Symptoms 97.3% (n = 36)
¢ heart palpitations 86.5%
e exercise intolerance 56.8%
o fatigue 51.3%
¢ hyperhidrosis 43.3%
e dyspnea 18.9%

Hypertension 54.1% (n = 20)

Diabetes 5.4% (n = 2)

Dyslipidemia 64.7% (n = 24)

Left atrium appendage
diameter (cm)

4.26 (SD % 0.54)

Left atrium systole
surface (cm?)

17.16 (SD * 4.04)

Left atrium diastole
surface (cm?)

23.65 (SD + 5.23)

All the patients had 24-hour Holter electrocardiograph
(ECG) monitoring performed at least 4 times per year and
were instructed to perform an ECG in case of palpitations.
AF recurrence was defined as AF episode lasting > 30 sec-
onds registered by the 3-lead 24-hour Holter ECG. The
guidelines recognize 24-hour Holter ECG monitoring as
a follow-up method. We are aware that the longer the
tachycardia is monitored, the more often silent (asymp-
tomatic) AF is detected. However, at present the goal of
ablation is to improve the quality of life, not to eliminate
atrial arrhythmia. In this approach, the main focus was
on symptomatic AF. Follow-up data was obtained during
a structured telephone interview 12 months after the ablation
procedure, focused on identifying episodes of AF recurrence.

Statystical analysis

SAS 9.3 (SAS Institute, Cary, USA) was used for statistical
analysis. All variables were tested for a normal distribution
with the Shapiro-Wilk test. Normally distributed continuous
variables are represented as mean + standard deviation (SD)
and nonnormally distributed continuous variables are repre-
sented as median [25th-75th percentile (IQR)]. Categorical
variables are presented as number (percentage). Statistical
comparisons for normally distributed continuous variables
were performed with the Student t-test. TNF-alpha concen-
trations were not normally distributed, therefore Wilcoxon
test was performed to compare the concentrations between
patients with recurrence of AF and successful ablation as
well as between the pre- and post-procedural samples.
Statistical comparisons for categorical variables were per-
formed with the x2 test. Spearman’s rank correlation coeffi-
cient was used to calculate the correlations.

Study population

Out of 82 patients with PAF qualified for their first-time
ablation procedure, 37 patients met the inclusion criteria
and were enrolled in the study [22 male (59.5%),15 female;
mean age 55.7 + 7.85 years]. The median time since diagno-
sis of AF was 36 months (IQR 19-108 months), the median
duration of AF episodes was 8 hours (IQR 3-24 hours) with
the median AF episode frequency of 1 per month (IQR 0.33-5
per month). Baseline characteristics of the study population
are shown in the Table 2. The most common concomitant
diseases were hypertension (54%) and dyslipidemia (65%).

Twenty one patients underwent RF ablation whereas
16 patients underwent balloon cryoablation with the me-
dian duration of the ablation procedure of 2.5 hours. De-
tailed periprocedural data are shown in Table 3. A suc-
cessful PVI was achieved in all patients. At the time of
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Table 3. Periprocedural characteristics of study cohort

Type of procedure

Study group

RF ablation Cryoablation
Number of patients 37 21 (57%) 16 (43%)
Duration of procedure (hours) 2.5 (IQR 2.1-3.2) 2.42 2.58
Number of applications 22 (IQR 11.5-34) 30 11.5
Duration of applications (minutes) 45.7 (IQR 31-67) 33.1 63.8
Heart rate at discharge (beats per minute) 73 (SD £ 11) 75 71

RF — radiofrequency

discharge from the hospital, 34 patients had sinus rhythm (SR).
During 12-month follow-up period 27 patients maintained
stable SR, whereas 8 had recurrence of AF. Two patients
were lost to follow-up.

Serum samples analysis

The median TNF-alpha serum concentration was 1.75
pg/ml (IQR 1.39-2.19 pg/ml) in the pre-procedural sample
and 1.69 pg/ml (IQR 1.41-2.29 pg/ml) in the post-procedural.
No significant difference in the TNF-alpha concentrations
between the samples in the whole studied group was ob-
served (p = 0.91).

. recurrence group . non-recurrence group

2,5

pre-procedural
sample (p =0.99)

post-procedural
sample (p =0.07)

TNF alpha
variation (p = 0.25)

’

Figure 1. TNF alpha concentrations (pg/ml) and recurrence

of arrhythmia in RF ablation group

TNF-alpha levels and recurrence
of arrhythmia

There was no significant difference between TNF-alpha
serum concentrations in any of the samples when com-
paring the recurrence and the non-recurrence groups (for
pre-procedural samples: 1.75 pg/mlvs. 1.74 pg/ml; p = 0.72;
for post-procedural samples: 1.49 pg/ml vs. 1.79 pg/ml;
p = 0.16). No correlation was observed between TNF-alpha
serum concentration and the recurrence of AF after both
types of ablation procedure (Figures 1 and 2). However, the
analysis revealed a significant decrease in the periprocedural

. recurrence group . non-recurrence group

post-procedural
sample (p = 0.64)

TNF alpha
variation (p = 0.35)

pre-procedural
sample (p = 0.54)

Figure 2. TNF alpha concentrations (pg/ml) and

recurrence of arrhythmia in cryoablation group
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TNF-alpha serum levels in the recurrence group when the
entire study group was analyzed (TNF-alpha variation -0.12
pg/mlvs. 0.05 pg/ml; p = 0.05).

Subanalysis of TNF-alpha
concentrations in RF ablation
and cryoablation groups

There was no significant difference in the TNF-alpha
serum concentrations of the patients from the RF ablation
group and cryoablation group in any of the samples (for
pre-procedural samples: 1.75 pg/ml vs. 1.78 pg/ml p =
0.86; for post-procedural samples 1.61 pg/ml vs. 1.88 pg/
mlp =0.22).

TNF-alpha levels and other variables

A positive correlation between TNF-alpha levels in the
pre-procedural and post-procedural sample was observed
(r=0.59; p<0.001). Baseline TNF-alpha serum concentration
were not influenced by any of the following variables: age,
sex, BMI, median time from diagnosis of arrhythmia, median
duration of arrhythmia episode and median atrial fibrillation
episodes frequency, renal function, left atrial diameter, time
of procedure and summarized time of applications.

Although neither pre-procedural nor post-procedural
TNF-alpha concentration were associated with ablation out-
come, the periprocedural decrease of this parameter was
more common in the AF recurrence group. To the best of
our knowledge this is the first study that evaluated peripro-
cedural dynamics of TNF-alpha concentrations as a predic-
tive factor for ablation outcome in this selected group of
patients. Inclusion of patients with PAF with sinus rhythm
and without heart failure prior to the procedure is one of the
advantages of presented results.

Our results are opposite to those in the literature, which
demonstrate the involvement of TNF-alpha in the pathogen-
esis of AF and suggest that AF recurrence would be associat-
ed with an increased concentration of TNF-alpha or its rise
in the periprocedural period [4-7]. However, all our patients
had a history of AF. TNF-alpha is one of the basic cytokines
which are present in the early stage of the inflammation. This
185-aminoacid glycoprotein peptide hormone is produced
mainly by macrophages and monocytes. TNF-alpha stimu-
lates secretion of other proinflammatory factors such as IL-6
and IL-8 initiating the inflammatory reaction [8]. In an animal
model of AF it was shown that TNF-alpha induces sustained
atrial fibrosis [6] which plays a central role in the pathophysi-
ology of AF [9]. In post-operative AF, TNF-alpha was identified
as one of the mediators involved in the alternative pathway
of local inflammation caused by surgical incision [10].

Wau et al. showed that an increase in circulating inflamma-
tory factors such as CRP and IL-6 is associated with a higher
risk of AF in the general population and patients undergoing
CABG and with recurrence of AF after EC or ablation [18].

Frustaci et al. demonstrated that endomyocardial biopsy
of the septal region of the right atrium in patients with lone AF
showed histological abnormalities (e.g. lymphomononuclear
infiltrates, necrosis of the adjacent myocytes, severe hyper-
trophy, vacuolar degeneration of the atrial myocytes, patchy
fibrosis) in contrast to the normal histology results in the con-
trol group. Over 60% of patients fulfilled the histological diag-
nosis of atrial myocarditis, 16.5% of non-inflammatory cardio-
myopathy and remaining 16.5% of patchy fibrosis [11]. These
discoveries support hypothesis that inflammatory processes
that occur in the atria may be a reaction to atrial tissue injury.
AF could be therefore one of the manifestations of atrial myo-
carditis secondary to injury.

On the other hand, it is possible that a decrease in
TNF-alpha concentration within the first 24 hours after ab-
lation is an indicator of impaired immunological reaction
to myocardial injury resulting in prolongation of the inflam-
matory process. Moreover, 24 hours might be too short to
observe changes in the TNF-alpha concentration in the post-

-ablation period. Sata et al. showed that TNF-alpha, interleu-

kin 6 and C-reactive protein levels were higher in patients
who underwent pharmacological cardioversion because of
first AF episode compared with healthy controls. However,
no difference was found between TNF-alpha sample taken
before cardioversion, 24 hours later and 2 weeks later after
conversion to sinus rhythm based on a group of 15 male pa-
tients, aged between 41 and 69 years (mean, 58 years) and
had no history of organic heart diseases (e.g. valvular or cor-
onary artery diseases and cardiomyopathy). In the control
group there were 11 male patients with normal SR (mean
age, 57 years; age range, 47 to 67 years) [12].

This may suggest that inflammatory processes related to
AF are more profound and systemic. Some epidemiological
data show that inflammation is one of the underlying pro-
cess in AF. In a long-term observation of 2863 participants
of the Framingham Offspring cohort, an increase in the in-
flammatory biomarkers was associated with more frequent
incidents of AF [13]. Similar conclusions were drawn by the
researchers from the Cardiovascular Health Study [14] and
from the paper by Sata et al. [12]. In patients with AF, the
TNF-alpha concentration, similarly to other inflammato-
ry biomarkers, was elevated in comparison to the control
group. The biomarker profile was different depending on the
specific type of AF. TNF-alpha was lower in patients with par-
oxysmal AF and higher in patients with permanent AF [15].

Rafagat et al. described the role of metabolic syndrome
biomarkers in the pathogenesis of AF. TNF-alpha has been
shown to contribute to the pathogenesis of chronic AF. Pa-
tients with valvular AF also showed high levels of TNF-a, more
severe leukocyte infiltration and greater fibrosis. The level of
IL-6 associated with increased left atrial size is a well-known
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risk factor for AF. Interleukin-10 and TNF-a levels influenced
AF recurrence after ablation [17].

One of the reasons for the lack of differences between
pre- and post-procedural concentrations of TNF-alpha might
be connected to the fact that ablation using different sourc-
es of energy cause specific damage to cardiomyocytes. Al-
though statistically insignificant, we observed that TNF-alpha
levels fall after RF ablation, contrary to the concentration in
the cryoablation group. In an animal model, Aupperle et al.
demonstrated that endocardial cryoablation induces differ-
ent type of endocardial, transmural and epicardial injury in
comparison to RF ablation [16].

Kimura et al. showed that high levels of MMP-2 (Matrix
metalloproteinase-2) accompanied by high levels of TNF-a
were an independent predictor of AF recurrence [19]. MMP-2
and TNF-alpha levels may be useful in predicting the initial
response to the ablation of AF.

Neuromodulation is a new treatment for AF. A study by
Stavrakis et al. is the first to investigate the anti-arrhythmic
and anti-inflammatory effects of LLTS (low-level tragus stim-
ulation) in humans. 40 patients with paroxysmal AF qualified
for ablation were randomly assigned to the 1 h LLTS. Patients
were divided into 2 groups of 20 in the LLTS group and the
sham control group. There were no statistically significant
differences between the groups in the baseline clinical and
echocardiographic characteristics. The study consisted of
placing a flat metal clip on the tragus causing LLTS (20 Hz)
in the right ear (50% lower than the voltage that slows the
sinus rhythm). Under general anesthesia, atrial fibrillation
was induced by pulsatile atrial stimulation at the beginning
and 1 hour of LLTS or sham treatment. Subsequently, blood
samples were taken from the patients from the coronary
sinus and the femoral vein at the above-mentioned time
points. Blood was analyzed for inflammatory cytokines such
as TNF alpha and CRP. The study demonstrated for the first
time in humans that the duration and inducibility of atrial
fibrillation and the levels of inflammatory cytokines were
non-invasively suppressed by the low-level transcutaneous
electrical stimulation of the tragus [20].

Cetin et al. showed that rosuvastatin reduces the lev-
els of inflammatory cytokines, including TNF-alpha [21]. It
can be concluded that rosuvastatin has a protective effect
against inflammation. In our study, 13 patients were treat-
ed with statins and received their doses of those drugs be-
fore and after ablation. The dosing of the drugs was not
changed during the periprocedural period. It can be con-
cluded that in our cohort the statins did not have an effect
on the dynamic of TNF-alpha levels. This is confirmed by
the fact that in 7 patients treated with statins we achieved
reductions in TNF-alpha.

Limitations

We did not analyze whether the level of myocardial inju-
ry assessed by concentration of myocardial necrosis protein

during ablation correlate with TNF-alpha. We did not control
other indicators of inflammatory reaction such as C-reac-
tive protein. No correlation between left atrium parameters
(LAVi) and AF recurrence was analyzed. We didn’t perform
comparison analysis or subanalysis in subgroups with hyper-
tension or dyslipidemia. The group of patients included in
the study was not large although sufficient to perform reli-
able statistical analysis. After ablation, antiarrhythmic drugs
were discontinued. In the event of AF recurrence, the anti-
arrhythmic drugs were ordered by the family physician. In
our opinion ordering antiarrhythmic drugs did not affect the
number of recurrences. Our group was too small for multi-
variate analysis. This is a preliminary study to a larger study
which will take these factors into account.

Clinical implications and future research

Our results show that the periprocedural dynamics of
TNF-alpha are involved in the recurrence of AF. Future studies
should concentrate on whether influencing the post-ablation
healing processes in the atria might result in better scar for-
mation and as a result more effective ablation results. An-
other question is if the fibrotic processes might be altered
in patients with a decrease in TNF-alpha. Obtained data also
suggest that injury to atrial tissue caused by RF ablation and
cryoablation results in different secretion profile of TNF-

-alpha. This observation deserves further research.

Neither the pre-procedural nor post-procedural TNF-al-
pha concentrations are predictive of ablation outcome in
patients with PAF. However its periprocedural decrease is
associated with AF recurrence. TNF-alpha is a stable bio-
marker during the periprocedural period in patients with PAF
patients undergoing their first ablation procedure.
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