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ABSTRACT

Purpose: To investigate the recurrence rates after Atrial Fibrillation ablation therapy in smokers
compared to nonsmokers.

Method: Patients who underwent Pulmonary Vein Isolation (PVI) ablation for symptomatic AF
unresponsive to medical therapy between January 2016 and June 2018 were included in the study.
Demographic data and smoking were obtained from medical records registered in the hospital database.
For PVI, RF ablation with 3D mapping or Cryobalon ablation was performed according to operator
preference. A 12-lead surface electrocardiogram and 24-hour ambulatory Holter electrocardiogram were
performed at 1 and 3 months after the procedure and every 3 months thereafter. A 3-month blind period
was used when evaluating AF recurrences. Atrial tachycardia and atrial flutter, which were found to have
just started after ablation, were also considered as recurrence.

Results:139 patients who underwent AF ablation were included in our study. AF recurrence was
observed in 38 (27.3%) of the patients included in the study during a total follow-up period of 37 months.
Age, gender, hypertension and diabetes history were similar in both groups (all p values> 0.05). However,
smokers were more common in the relapsed group (39.5% vs. 21.8%, p=0.03). Except for 0.3 mg/dI,
p=0.04) values, no significant biochemical parameter affecting AF recurrence was detected. As a result
of multivariate regression analysis, independent predictors of recurrence after AF ablation were smoking
(OR=2.29, 95% CI 1-5.23, p=0.05) and Neutrophil/Lymphocyte Ratio (NLR) over 3 (OR=3.08, 95% CI
1.09). -8.69, p = 0.033).

Conclusion: It was determined that recurrence after AF ablation treatment was higher in smokers
compared to non-smokers. Smoking cessation therapy should be considered primarily in order to prevent
recurrence in patients receiving AF ablation therapy.

Keywords: Smoking, atrial fibrillation, ablation therapy, recurrens, inflammation

INTRODUCTION due to the loss of function of the atria as a result of
Atrial fibrillation (AF) is the most common irregular electrical activity. The incidence increases in
supraventricular tachyarrhythmia and is a cardio- men and as age progresses. While the incidence is
pathology that causes hemodynamic deterioration around 1% under the age of 60, this rate rises to 5-
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10% in people aged 70 and over (1). An
epidemiological study conducted in 2010 showed that
there are 33.5 million AF patients worldwide; showed
that the incidence rate between the sexes was 0.60%
in men and 0.37% in women (2). As an independent
risk factor, AF increases all-cause mortality rates 1.5
times in men and 2 times in women (3,4). In addition
to increased mortality, increased morbidity and
adverse effects on quality of life are common with AF
(5). Among the complications of AF; myocardial
infarction, heart failure and ischemic stroke are the
most important (2).

Cigarette smoking exposes you to more than 4000
substances, especially nicotine and carbon
monoxide. While carbon monoxide causes a
decrease in tissue oxygenation by competing with the
oxygen in hemoglobin, nicotine causes atrial fibrosis
with increased sympathetic activity (6). The
Copenhagen City Heart Study showed a significant
association between reduced lung function and the
risk of AF (7). The fact that smoking causes a
decrease in lung functions in addition to its negative
effects on heart health has made its role in the
development of AF clear (7,8). Recent studies have
contributed to this situation by estimating the risk of
smoking-related AF as 24% (9).

It is known that smoking is effective in chronic
diseases such as chronic obstructive pulmonary
disease (COPD) and cardiovascular diseases
through inflammation (7,10). Studies have proven
that smoking increases many inflammatory markers
such as C-reactive protein (CRP), Tumor Necrosis
Factor alpha (TNF-alpha), and Interleukin-6 (IL-6)
(11,12). As a result of exposure to cigarettes, there is
an increase in the release of cytokines, and this
increase contributes significantly to the increase in
the systemic inflammatory response (13,14).
Increased inflammation increases fibrosis, leading to
structural remodeling of the myocardium, thus
increasing the risk of AF (15).

When the literature is examined, it is seen that many
studies have been conducted on the relationship
between smoking and AF. However, studies on the
frequency of recurrence after ablation therapy in
patients who smoke and have a diagnosis of AF are
limited. In this study, we wanted to examine the
relationship between the recurrence rate after AF
ablation therapy and smoking.
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METHOD

Patient Population

Patients who underwent pulmonary vein isolation
ablation for symptomatic AF unresponsive to medical
therapy between January 2016 and June 2018 were
included in the study. Patients with a previous history
of AF ablation were not included in the study.
Demographic data and smoking status were obtained
from medical records registered in the hospital
database. Previous smokers and current smokers
were defined as smokers. Classification of AF was
made on the basis of the 2017 HRS
HRS/EHRA/ECAS/APHRS/SOLAECE expert report
as of the time of ablation of the patients included in
the study (16). Paroxysmal AF was defined as
persistent AF that ended spontaneously in 7 days or
less, and persisted over 7 days for less than 1 year.

Electrophysiological Study and Ablation

Written confirmation of the procedure was obtained
from the patients. Anticoagulation therapy of the
patients was not discontinued, and transesophageal
echocardiography showed no atrial thrombus before
ablation therapy. For Pulmonary Vein Isolation (PVI),
RF ablation with 3D mapping or Cryobalon ablation
was performed according to the operator's
preference. The patients underwent
electrophysiological study and ablation after 8 hours
of fasting. A 3D electroanatomical mapping system
(CARTO, Biosense Webster, Inc. DiamondBar, CA,
USA) was used for RF ablation. Left PVs and then
right PVs were isolated with RF energy. After the lines
were created, PVl was completed by showing the
pulmonary vein entry and exit blocks. Cryobalon
ablation was performed using the Arctic Front™
Cardiac Cryoablation Catheter System (Medtronic,
USA). A 28 mm second generation cryoballon
catheter (Arctic Front Advance, Medtronic Inc,
Minneapolis) was used for ablation. It was started
with the upper left PV, followed by isolation of the
lower left PV, the upper right PV, and the lower right
PV, respectively. The duration of each freezing cycle
was 240 seconds. Complete isolation was
demonstrated again with Achieve mapping catheter
after PVI.

Post Ablation Management And Follow-Up
Following ablation therapy, patients were told to
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continue with antiarrhythmic drugs and oral
anticoagulants prescribed 3 months ago. The patients
were followed up in the outpatient clinic at the 1st and
3rd months following the treatment and every 3
months thereafter. The symptoms of the patients
were questioned at the controls, and routine 12-lead
surface electrocardiogram and 24-hour ambulatory
Holter electrocardiogram were performed when
deemed necessary after ablation. A 3-month blind
period was used when evaluating AF recurrences.
Arrhythmic episodes lasting 30 seconds or longer
were considered AF recurrence. New onset atrial
tachycardia and atrial flutter were also considered as
relapses.

Statistical Analysis

SPSS (version 24, IBM corp.) program was used for
statistical analysis. Continuous variables were
expressed as mean and standard deviation.
Categorical  variables were expressed as
percentages. The fit for normal distribution was
evaluated using histogram, plot graphs and
kolomogrov smirnov test. The difference between the
groups was evaluated with the T-test for continuous
variables with normal distribution, and with Mann
Withney U test for continuous variables without. Chi-
square test was used to determine the differences
between groups for categorical variables. P value
below 0.05 was considered statistically significant.
Possible factors identified by univariate analysis were
used to identify predictors of AF recurrence in
multivariate analysis. Hosmer-Lemeshow goodness-
of-fit statistics were used to evaluate the model fit. A
5% type | error level was used for statistical
significance.

Ethical Permission

Ethical approval for the study was obtained from the
Non-Interventional Research Ethics Committee of
Dokuz Eylul University on 19.04.2021 with the
decision number 2021/13-27.

RESULTS

Our study included 139 patients who underwent AF
ablation. AF recurrence was observed in 38 (27.3%)
of the patients included in the study during a total
follow-up period of 37 months (20-48). Demographic
data of patients with and without recurrence were
similar. Demographic, procedural and
echocardiographic data of the groups are given in
Table 1. Age, gender, hypertension and diabetes
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history were similar in both groups (all p values >
0.05). However, smokers were more common in the
relapsed group (39.5% vs. 21.8%, p=0.03). Again, the
rates of drugs used by the patients ACEinh and beta
blockers were similar (p 0.48 and 0.22, respectively).
The use of antiarrhythmic drugs (class 1c and
amiodarone) that may affect AF recurrence was the
same in both groups (23.7% vs. 24.8%, p=0.87 and
28.9% vs. 18.8%, p=0.30). Although the rate of
persistent AF was higher in the relapsed group, it did
not reach statistical significance (23.8% vs. 40,
p=0.07). Three-fourths of the patients underwent
ablation with an RF catheter, while one-fourth of them
underwent AF ablation with a cryoballon. In our study
group, AF recurrence was not associated with the
ablation method used (p=0.44). No statistical
correlation was found between echocardiographic
parameters, LVEF and left atrial diameter, and AF
recurrence (p 0.51 and 0.9, respectively). In routine
laboratory parameters, no significant biochemical
parameter affecting AF recurrence was detected,
except Neutrophil Lymphocyte Ratio (NLR) values
above 3 (23% vs 8.9%, p=0.02) and albumin (3.9+0.4
vs 4.1£0.3 mg/dl, p=0.04). As a result of multivariate
regression analysis, independent predictors of
recurrence after AF ablation were smoking (OR=2.29,
95% CI11-5.23, p = 0.05) and 3 above NLR (OR=3.08,
95% CI 1.09-8.69, p = 0.033). ) is that.

DISCUSSION

Today, strategies for cardiac rhythm and rate control
are used in the treatment of AF, which causes an
increased risk of mortality and morbidity in patients.
The most effective treatment method that has proven
itself is Pulmonary Vein Isolation (PVI). Although it is
the most effective treatment, in the first year there is
a 10% recurrence rate after diagnosis and
approximately 5% in each subsequent year (17). The
development of recurrence in patients undergoing
PVI depends on many factors. They are divided into
two as changeable and non-changeable factors.
While genetic features, advancing age are
unchangeable factors, features such as obesity,
Obstructive Sleep Apnea Syndrome (OSAS), alcohol
consumption, excessive exercise, and smoking are
changeable factors. There are no adequate studies
on the benefit of medical therapy or re-ablation in
patients who develop relapse. Controlling modifiable
factors affecting recurrence in this patient group
affects the course of AF.
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Table 1. Baseline clinical characteristics and echocardiographic data of the study population

Variables Recurrent (n=38) Non-recurrent (n=101) p value
Age (year) 57.7£12.5 56.8+10.5 0.65
Female Gender, N (%) 22 (57.9) 46 (45.5) 0.19
HT, n (%) 17 (44.7) 48 (47.5) 0.81
DM, n (%) 7 (18.4) 13 (12.9) 0.38
Smoking, n (%) 15 (39.5) 22 (21.8) 0.03
ACE inh., n (%) 12 (31.6) 38 (37.6) 0.48
B blocker, n (%) 25 (65.8) 55 (54.4) 0.22
Class 1c antiarrhythmic, n (%) 9(23.7) 25 (24.8) 0.87
Amiodarone, n (%) 11 (28.9) 19 (18.8) 0.30
PAF, n (%) 26 (23.8) 83 (76.2) 0.07
Persistant AF, n (%) 12 (40) 18 (60) 0.07
Cryoablation, n (%) 12 (23.5) 39 (76.5) 0.44
RF ablation, n (%) 26 (26.2) 62 (73.8) 0.44
LVEF (%) 57.3+4.6 58.2+4.4 0.50
LA, cm 510.6 4.940.6 0.91

HT: Hipertension, DM: Diabetes mellitus, PAF: Paroxysmal Atrial Fibrillation, AF: Atrial Fibrillation, ACE: Angiotensin
Converting Enzyme, LVEF: Left Ventricular Ejection Fraction, LA: Left Atrium

Although the ablation procedure preferred for the
treatment of AF is successful, the possibility of
recurrence exists. Recurrence types seen after
ablation are examined in 3 groups according to the
time period they occurRelapses seen within the first 3
months after ablation therapy are called early
recurrence, those seen between 3 months and 1 year
are called late recurrence, and those seen after 1
year are called very late recurrence. Studies have
shown that early recurrence is seen in 50% and more
of the patients. Tissue inflammation response after
ablation and the emergence of transient stimulatory
areas were thought to be the cause of this recurrence.
About half of patients with early recurrence show
improvement after follow-up. Late relapse is seen in
25-40% of patients. Studies have shown that late
recurrence may be due to recovery of electrical
conduction. Very late recurrences were mostly
attributed to reasons such as the re-activation of
stimuli in and around the pulmonary vein (PV), and
the development of triggers other than PV. It has
been reported that it is mostly seen in elderly and
obese patients with underlying heart disease (16).

139 patients included in our study were followed for
48 months and AF recurrence was observed in 38
(27.3%) of them. When the demographic data of the
patients such as age and gender, rates of underlying
disease (Hypertension (HT), Diabetes Mellitus (DM)),
drug use (antiarrhythmics that may affect AF
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recurrence, ACE inh, beta blockers) were examined,
no significant difference was found between the
groups with and without recurrence. Although the rate
of persistent AF was higher in the relapsed group, it
was not statistically significant. When we look at the
treatment methods, three-quarters of the patients
were ablated with an RF catheter (n:88; Recurrence
n:26 Non-Recurrence n:62), and AF ablation
treatment with cryoballon (n:51; Recurrence n:12,
Non-Recurrence n: 39) seems to have been
implemented. In the statistical study, it was shown
that AF ablation treatment method was not
associated with AF recurrence (p=0.44). When
echocardiographic findings were examined, no
statistically significant difference was found between
AF recurrence and LVEF and left atrial diameter (p=
0.51 and 0.9, respectively) (Table 1) although both
group had enlarged left atrial diameter.

When we look at the causes that increase the risk of
AF, it is seen that there are physiological changes
such as advanced age, male gender, obesity and
alcohol consumption, as well as underlying diseases
such as chronic heart diseases, diabetes, and
hypertension, and habits that reduce the quality of life
(18). Smoking, one of these habits, has been shown
to be an independent risk factor for AF in studies.
Although there is a dose-response relationship
between smoking and AF this relationship is not
completely linear (19,20). The Rotterdam Study, one
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Table 2. Biochemical data of patient groups
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Variables Recurrent (n=38) Non-recurrent (n=101) p value
Glucose, mg/dl 94.3+12.7 102.1+35.7 0.25
Creatinin, mg/dl 0.8+0.2 0.92+0.09 0.45
Sodium, mmol/L 140.2+1.9 138.7+1.3 0.50
Potassium, mmol/L 4.2+0.4 4.3+0.4 0.67
AST, U/L 25.4+9.5 27.1+16.9 0.56
ALT, U/L 24.6+£12.5 26.5+13.9 0.69
WBC, 10*3/uL 7.4+2.2 7.3£1.9 0.69
Hb, g/dl 13.311.9 13.8+1.5 0.23
Htc, % 40+5.4 41.244.3 0.22
PIt, 10*3/uL 215.9466.6 227.9161.4 0.41
Neutrophil, 10*3/uL 4.6+1.8 4.2+1.5 0.18
Lymphocyte, 10*3/uL 2.2+0.7 2.2+0.7 0.99
NLR 2.341.2 2+1.1 0.24
NLR 23, n (%) 9(23.7) 9 (8.9) 0.02
CRP, mg/L 4.4+3.8 3.614.2 0.54
Albumin 3.910.4 4.1+0.3 0.04
CRP albumin ratio 1.310.9 0.9+11 0.23

of the most important prospective cohort studies on
this subject, showed that the risk of AF increased
equally when former smokers and active smokers
were compared (21). In the ARIC (Atherosclerosis
Risk in Communities Study), the incidence of AF was
found to increase 2 times in active smokers and 1.58
times in people who were smokers (active smokers +
former smokers) compared to those who had never
smoked. It has also been shown that the risk of AF is
reduced in former smokers and ex-smokers (22).

One of the reasons why smoking increases the
incidence of AF is the increase in sympathetic
activation and the resulting cardiac workload (7).
Vasoconstriction occurs with sympathetic activity and
increases heart rate. The carbon monoxide in the
cigarette competes with the oxygen molecule
attached to the hemoglobin, causing deterioration in
the oxygen carrying capacity of the hemoglobin.
Deterioration of oxygen transported to tissues and
increased cardiac workload cause both cardiac
muscle hypertrophy and myocardial ischemia (23).
Smoking causes a decrease in oxygen transport to
the tissues, causing oxidative stress in the tissues,
along with deterioration in the vessel wall and
vasomotor dysfunction. The effects of smoking on
lipid peroxidation metabolism and the association of
endothelial dysfunction also lead to atherosclerosis
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(24). COPD formation, one of the best known and
most studied effects of smoking, also causes right
heart failure and a decrease in atrial functions (7). As
a result, it has been shown that smoking increases
the cardiac workload, affects atrial ischemia by
causing atreosclerosis, increases atrial fibrosis,
causes right heart failure by impairing lung functions,
and all these effects increase the risk of AF (19,20).
Studies have shown that nicotine dose-dependently
induces collagen Il mMRNA expression causing atrial
fibrosis and this structural change prepares the
ground for AF by slowing down the electrical impulse
transmission in the heart tissue (7). Evidence has
been presented in animal experiments that increased
nicotine associated with smoking increases the risk of
AF by increasing interstitial fibrosis. (26). Atrial
fibrosis increases the incidence of atrial arrhythmias
by providing an arrhythmogenic environment (19).

In our study, the files of the patients who applied to
Dokuz Eylul University Cardiology Department
Arrhythmia Clinic due to cardiac arrhythmia were
analyzed retrospectively and it was recorded whether
they smoked or not. Studies have shown that people
who have smoked at some point in their lives (active
smokers + ex-smokers) have a greater increased risk
of AF compared to people who have never smoked
(21). Based on these studies, current or former
smokers were included in the group of smokers. In
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our study, recurrence rates were found to be
statistically significantly higher in the smokers group
than in the non-smokers (39.5% vs. 21.8%, p=0.03).
This result is quite significant and compatible with the
literature.

One of the causes of AF is inflammation, and studies
have shown that tissue samples taken from the atria
of patients with AF have more inflammatory cells
compared to the control group (27,28). In another
remarkable prospective study, it was shown that after
an 8-year follow-up, a higher rate of AF developed in
patients with high CRP levels (29). It has been shown
that not only CRP, but also other inflammatory
markers such as TNF (Tumor Necrosis Factor), IL
(interleukin)-1, IL-6, increase the risk of AF (30-32).
Inflammatory markers are used in the diagnosis of
diseases with inflammation in their etiology and in the
follow-up of their treatments. Among them, the
neutrophil/lymphocyte ratio (NLR) is frequently used
today as a cheap, easy to calculate, reliable and
sensitive marker of inflammation. It is accepted
between 1.00-2.30. As the inflammation worsens, the
NLR value also increases. While the NLR value is
2.4-2.99 in subclinical inflammation, the NLR value is
between 3.0-6.99 in low-grade inflammation. NLR
values increase as the intensity of inflammation
increases. In severe sepsis and post-chemotherapy
patients, low NLR values(< 0.7) are present and are
associated with the severity of inflammation (33). In
our study, in the group of patients with a Neutrophil
Lymphocyte Ratio (NLR) 23 who had recurrence after
AF ablation therapy found to be significantly higher.
(Table 2) (p=0.02). It is known that smoking causes
an increase in many inflammatory markers such as
CRP, TNF alpha, IL-6 in both men and women (7,34).
Therefore, the increase in inflammation with smoking
which is considered a predisposing factor for AF,
coincides with the high recurrence rate after ablation
in smokers and patients with NLR =3 in our study.
The decrease in serum albumin level occurs in
response to inflammation and adversely affects
cardiovascular health by causing increased platelet
functions and impaired endothelial function. The
reduction of albumin in the presence of inflammation
has led to its acceptance as a negative acute phase
reactant (35,36). A prospective cohort study showing
that low albumin in the first 48 hours of intensive care
patients is associated with newly detected AF and
recurrent episodes of AF revealed that low albumin
levels are important in AF (37). In addition, it has
been shown that hypoalbuminemia is effective in the
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occurrence of myocardial infarction and the increase
in related mortality (38). In our study, we found
significantly lower albumin levels in patients with
recurrence compared to patients without recurrence
(3.9+0.4 and 4.110.3, respectively, p:0.04). This
result shows that our study is compatible with the
literature.

CRP is frequently used as an inflammatory marker
and is released from the liver. Recently, studies have
been conducted showing that the CRP/Alb parameter
obtained by proportioning the positive acute phase
reactant CRP with the negative acute phase reactant
albumin is associated with mortality (39,40). It is
thought that the inflammation is more severe in
patients with a high CRP/albumin ratio and shows a
poor prognosis in patients in acute critical condition
and patients with malignancy (41-43). In addition,
CRP/AIb ratio has been shown to be superior in
determining inflammation with CRP and albumin
alone (44). In our study, CRP level and CRP/Alb ratio
were found to be high in patients with relapse, but the
difference was not significant when compared with
patients without recurrence. We think that the
difference can be revealed by a study with wider
participation.

In conclusion; In our study, it was shown that smoking
significantly increased the recurrence rates after AF
ablation therapy. In addition, the higher rate of NLR
used as an inflammatory marker in the relapsed
group and the lower levels of albumin, a negative
acute phase reactant, revealed the importance of
inflammation in relapse cases. Considering the
contribution of smoking to the increase of
inflammation, it is important to give priority to smoking
cessation treatment in the treatment of AF patients.

Study Limitations
The study was conducted among patients admitted to

a single arrhythmia center, which limits its
generalizability. More accurate results will be
obtained in multi-centre participations. Another

limitation of our study is that the parameters such as
obesity, alcohol use, physical exercise, obstructive
sleep apnea syndrome and structural heart disease
among the included patient groups were not
adequately examined. We think that multicenter and
wider participation studies will provide a valuable
contribution to the literature.
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