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ABSTRACT
Objective: This study aimed to evaluate the acute effect of cryoballoon ablation (CB-A) on electrocardiographic parameters that have been 
suggested to reflect heterogeneity in atrial conduction and ventricular repolarization.
Methods: A total of 67 patients (52.6±13.2 years, 43 men) without any exclusion criteria who had undergone CB-A for atrial fibrillation (AF) 
between January 01, 2015, and December 31, 2018, constituted our study population. Electrographic recordings obtained before and after the 
ablation procedure on the same day were retrospectively evaluated for the P-wave dispersion, QTc dispersion, Tp-Te interval, and Tp-Te/QT 
ratio. The pre- and post-ablation values were tested for significant differences. The association of the possible CB-A-related changes in these 
parameters with AF recurrence during follow-up was evaluated.
Results: P dispersion (30.1±6.8 vs. 35.9±9.4 ms, p<0.001), QT dispersion (20.7±7.5 vs. 24.0±8.8 ms, p<0.001), Tp-Te duration (on V5 83.6±8.1 vs. 
110.2±9.5 ms, p<0.001), and Tp-Te/QT ratio (on V5 0.22±0.03 vs. 0.28±0.02, p<0.001) were observed to increase significantly after CB-A. There was 
no association between the magnitudes of change in any parameter and AF recurrence.
Conclusion: CB-A had significant effects on electrocardiographic parameters related to atrial conduction and ventricular repolarization in the 
acute phase after CB-A. Further prospective studies are required to examine the time-related course of these alterations and their impact on 
clinical outcomes. 
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Evaluation of acute alterations in electrocardiographic 
parameters after cryoballoon ablation of atrial fibrillation 

and possible association with recurrence

Introduction

Catheter ablation of symptomatic paroxysmal atrial fibrilla-
tion (AF) is recommended to improve symptoms in patients with 
recurrent symptoms on antiarrhythmic drug therapy (1). Catheter 
AF ablation may also be considered in patients with symptom-
atic persistent AF refractory to antiarrhythmic drug therapy; 
however, ablation has been reported to be less effective in this 
patient population (1). Catheter ablation of AF may also have a 
role in patients with symptomatic paroxysmal AF as a first-line 
therapy to prevent recurrent AF and to improve symptoms in 
selected patients (1, 2). Pulmonary vein isolation (PVI) is the 
standard and essential procedure for AF catheter ablation (1, 2). 

PVI using cryoballoon ablation (CB-A) is a safe and effective 
alternative to radiofrequency ablation in which point-by-point 
ablation may be a challenging procedure (3). 

AF is associated with electrical, structural, and autonomic 
remodeling (4). Shortening of atrial action potentials is a common 
finding in association with electrical remodeling, and progression of 
atrial fibrosis is the leading event during structural remodeling (4). 
Increased density of sympathetic and parasympathetic innervations 
with AF has been reported in animal studies (5-7). The presence of 
heterogeneous atrial sympathetic hyperinnervation has also been 
shown in patients with persistent AF (8). Irreversible structural 
remodeling may lead to perpetuation of AF, and early intervention 
may have an impact on the progression of the disease (4). 
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Electrocardiographic P-wave dispersion has been assumed 
to reflect inhomogeneous atrial conduction, and it has been sug-
gested to be a predictor of paroxysmal AF (9). QT dispersion and 
the Tp-Te interval have been assumed to be noninvasive mark-
ers of a state of heterogeneity and transmural dispersion of 
ventricular repolarization, respectively (10). The Tp-Te/QT ratio 
is a novel ventricular repolarization parameter that has been 
suggested to be a valuable predictor of cardiac arrhythmias (10). 
The Tp-Te/QT ratio includes both transmural dispersion (Tp-Te) 
and spatial dispersion (QT) of ventricular repolarization, and it 
has been suggested to be less vulnerable to the effects of heart 
rate (10). 

CB-A has been associated with intrinsic cardiac autonomic 
nervous system (ANS) modulation possibly through effect on left 
atrial (LA) ganglionated plexi (GP) (11). We hypothesized that the 
acute effect of AF cryoablation on the LA musculature and the 
cardiac ANS may alter electrocardiographic parameters. This 
study aimed to evaluate the acute effect of AF cryoablation on 
electrocardiographic parameters that have been suggested to 
reflect heterogeneity in atrial conduction and ventricular repo-
larization. We also aimed to investigate the possible association 
between alterations in these parameters and recurrence of AF 
during follow-up.

Methods

Patients and study design
A total of 73 patients (45 men, mean age 52.3±13.0 years) 

without any exclusion criteria who had undergone CB-A for AF 
between January 1, 2015, and December 31, 2018, constituted our 
study population. CB-A for AF was considered mainly for patients 
with symptomatic paroxysmal AF who were refractory to antiar-
rhythmic drug therapy. CB-A was also performed in some 
patients with symptomatic persistent AF owing to debilitating 
symptoms that were refractory to medical treatment. Data from 
a detailed medical history and electrocardiogram (ECG) acquired 
earlier and after the ablation procedure on the same day were 
retrospectively obtained from the patient files for each patient. 
The electrocardiographic parameters that are described in detail 
in the following section were recorded from the pre- and post-

procedure ECGs and compared with each other for all the 
patients. Post-procedural follow-up data were also obtained 
retrospectively from recordings of control visits in the arrhythmia 
polyclinic. Patients were scheduled for outpatient clinic visits in 
the 1st, 3rd, 6th, and 12th months and yearly thereafter. Patients 
were also examined if they experienced symptoms that could be 
related to AF recurrence. Any documentation of AF episodes 
lasting >30 s with Holter recordings or 12-lead ECG after the 
CB-A procedure was accepted as recurrence. Recurrence 
within the 3-month period was termed “early recurrence,” and 
recurrence after 12 months was termed “late recurrence”. Any 
association between the magnitude of change of electrocardio-
graphic parameters and recurrence was investigated. 

Patients with atrial fibrillation/flutter, a paced rhythm, and/or 
complete/incomplete bundle branch block at the time of proce-
dure were excluded from the study. Other exclusion criteria 
were a history of hypertrophic cardiomyopathy and/or severe 
valvular heart disease. Patients who had significant procedure-
related complications (tamponade, systemic embolization, and 
hemodynamic instability) that necessitated interruption of the 
procedure were also excluded. The Local Ethics Committee  
approved the study protocol. 

Cryoballoon ablation procedure
All the procedures were performed with uninterrupted oral 

anticoagulation with warfarin if the international normalized 
ratio (INR) was <2.5. A novel oral anticoagulant (NOAC) dose 
was skipped on the day of the procedure. Antiarrhythmic drugs 
were discontinued 5 days prior to the procedure. All patients 
underwent transesophageal echocardiography the day before 
the procedure to exclude the presence of a thrombus in the LA 
or left atrial appendage (LAA). 

 All the procedures were performed under conscious seda-
tion by the administration of midazolam and fentanyl boluses. LA 
access was obtained through a single transseptal puncture with 
a steerable 12-F sheath (FlexCath Advance, Medtronic, 
Minneapolis, USA). A 28-mm CB (Arctic Front Medtronic, 
Minneapolis, USA) was advanced into the LA with a mapping 
catheter (Achieve, Medtronic, Minneapolis, USA) inside its 
lumen through the FlexCath sheath. The Achieve catheter was 
placed into the pulmonary veins for monitoring of electrical 
activity. The CB was advanced towards the ostia of the pulmo-
nary veins and inflated. Freezing was initiated after demonstra-
tion of the cessation of flow into the pulmonary vein when selec-
tive contrast agent injection showed total contrast retention 
with no backflow to the atrium. Cryoablation was applied for 240 
ms for each vein if −40°C could be achieved within 60 s, and 
disappearance of pulmonary vein potentials could be achieved 
within 90 s. Otherwise, the balloon was deflated and reposi-
tioned with the intention of finding an alternative position with 
optimal occlusion. A second freeze cycle was then delivered for 
180 msec. To avoid phrenic nerve palsy (PNP), diaphragmatic 
stimulation was achieved by pacing the ipsilateral nerve with a 
1000-ms cycle and 20-mA output during ablation of right-sided 
veins. Phrenic capture was monitored by diaphragmatic con-

• The authors have evaluated the acute effect of cryobal-
loon ablation (CB-A) of atrial fibrillation (AF) on electro-
cardiographic parameters that have been suggested to 
reflect heterogeneity in atrial conduction and ventricular 
repolarization.

• CB-A had significant effects on P dispersion, QT disper-
sion, Tp-Te value, and Tp-Te/QT ratio in the acute phase.

• However, there was no association between the magni-
tudes of change in any parameter and AF recurrence.  
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tractions on the fluoroscopy screen. In patients with decreased 
movement of diaphragmatic contraction, freezing was stopped 
immediately. Successful PVI was achieved when all the PV 
potentials were abolished or dissociated from atrial activity. 
Electrical PV isolation was confirmed by entrance and exit block 
maneuvers by pacing from coronary sinus and Achieve cathe-
ters, respectively. Parenteral anticoagulation with heparin was 
applied with the aim of maintaining an activated clotting time of 
>300 s during the procedure. Following sheath removal, a figure-
of-eight suture was applied in all patients. 

Post-procedurally, the patients were monitored in the ward 
for 24 hours, and anticoagulation was initiated 4–6 hours after 
the procedure. Systemic anticoagulation with a vitamin K antag-
onist (VKA) or a novel oral anticoagulant (NOAC) was recom-
mended for at least 3 months after the procedure for all the 
patients. Decisions regarding the continuation of anticoagula-
tion after 3 months were made on the basis of the CHA2DS2-
VASc risk score. Preprocedural antiarrhythmic drugs were 
continued for 3 months after the procedure. 

Electrocardiographic measurements 
All standard 12-lead ECGs were obtained before and at the 

end of the CB-A for each patient using a recorder (Schiller AT-2 
plus, Switzerland) set with a paper speed of 50 mm/s and a stan-
dardization of 1 mV/cm. These were scanned for online analysis 
using the CardioCalipers program (Version 3.3 for Windows, 
Iconico, www.iconico.com). A total of 3 consecutive cycles 
were measured in each of the standard 12 leads; and the mean 
of each parameter was calculated from these values and 
included in the analysis. A total of 20 randomly selected ECGs 
were reexamined by the same cardiologist and another cardi-
ologist, both of whom were blinded to the classification of the 
patients during the examination for the calculations of intraob-
server and interobserver variability.

The beginning of the P wave was defined as the point where 
the initial deflection of the P wave crossed the isoelectric line, 
and the end of the P wave was defined as the point where the 
final deflection of the P wave crossed the isoelectric line. P 
maximum (Pmax) was defined as the P-wave duration in any 
lead with the longest interval, and P minimum (Pmin) was 
defined as the P-wave duration in any lead with the shortest 
interval. P-wave dispersion was calculated by subtracting Pmin 
from Pmax. Derivations were excluded if the beginning or the 
ending of the P-wave could not be clearly identified. Only 
recordings with more than 8 analyzable leads were included.

The QT interval was measured from the onset of the QRS 
complex to the end of the T wave. The end of the T wave was 
defined as the intersection of the tangent to the down slope of 
the T wave and the isoelectric line when not followed by a U 
wave or if distinct from the following U wave. If a U wave fol-
lowed the T wave, the T wave offset was measured as the nadir 
between the T and U waves. Only recordings with more than 8 
analyzable leads were included. QT maximum was determined 
as the QT interval in any lead with the longest interval, and QT 
minimum was determined as the QT interval in any lead with the 

shortest interval. Measured QT intervals were corrected for 
heart rate with Bazett’s formula (QTc=QT/√RR). The corrected 
QTd (QTcd) was defined as the difference between the cor-
rected maximum (QTcmax) and minimum QT (QTcmin) interval 
among the 12 ECG leads. The Tp-Te interval was measured from 
Tpeak to Tend on leads V4, V5, and V6. T waves with an ampli-
tude less than 1.5 mm or T waves with distorted morphology 
were excluded from analysis. The Tp-Te/QT ratio was calculated 
separately on leads V4, V5, and V6. 

Statistical analysis 
All statistical tests were performed with a commercially 

available statistical analysis program (SPSS 16.0 for windows, 
SPSS Inc., Chicago, Illinois, United States). The distribution of 
the data was tested using a one-sample Kolmogorov-Smirnov 
test. Values displaying a normal distribution were expressed as 
the mean±standard deviation, and values not displaying a nor-
mal distribution were expressed as medians with interquartile 
ranges. Categorical variables were expressed in ratios. 
Significant differences in the electrocardiographic parameters 
obtained before and after the CB-A procedure were tested with 
paired Student’s t-tests for parametric measures and with the 
Wilcoxon signed-rank test for nonparametric measures. 
Differences in continuous variables between 2 independent 
groups were tested by Student t-tests once normality was dem-
onstrated. Otherwise, a nonparametric test (Mann-Whitney U 
test) was used. Differences in categorical variables between 2 
independent groups were tested with the chi-squared test. 
Correlations between the variables were assessed with the 

Table 1. Demographic characteristics, cardiovascular risk profiles, 
and echocardiographic parameters of the patient population (n=67)

Age (years) 52.6±13.2

Sex (Female, %) 24 (35.8%) 

Hypertension (n, %) 24 (32.9%)

Diabetes mellitus (n, %) 9 (13.4%)

BMI (kg/m2) 26.6±2.6 

Obesity  (BMI ≥30 kg/m2) 12 (17.9%)

Anemia (n, %) 7 (10.4%)

Coronary artery disease (n, %)  5 (7.5%)

Chronic renal failure (n, %) 5 (7.5%) 

Ejection fraction (%) 60.4±6.7

Left ventricle end-diastolic diameter (mm) 46.6±2.7

Left atrial diameter (mm) 37.7±4.2

Left ventricular hypertrophy (n, %)  4 (6%)

Left ventricular systolic dysfunction (EF <50%) 
(n, %) 

 5 (7.5%)

Time elapsed since AF diagnosis (months), 
median (IQR)

28 (18) 

CHA2DS2-VASc score, median (IQR)  1 (2)
IQR - interquartile range, AF - atrial fibrillation, EF - ejection fraction; BMI - body mass index 
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Pearson or Spearman rank correlation test where appropriate. 
Binary logistic regression analysis was performed to investigate 
the parameters that might serve as independent predictors of 
recurrence of AF. Parameters that were observed to change 
significantly after CB-A were included in the model. Odds ratio 
and 95% confidence interval for odds ratio were computed for 
each variable that was included in the model. A significance 
level was set at p<0.05.

Results

The study population consisted of 73 patients (45 men, mean 
age 52.3±13.0 years); 3 patients were lost to follow-up, and com-
plete PVI could not be achieved in 3 patients. None of the 
patients had significant complications such as tamponade or 
systemic embolization that necessitated interruption of the pro-
cedure. After excluding these 6 patients, the data of the remain-
ing 67 patients (43 men, mean age 52.6±13.2 years) were used in 

the analysis. The demographic characteristics, cardiovascular 
risk profiles, and echocardiographic parameters of the patient 
population are displayed in Table 1. Of the patients, 60 (89.6%) 
were followed with a diagnosis of paroxysmal AF, and the 
remaining 7 (10.4%) were followed with a diagnosis of persistent 
AF at the time of CB-A. The chief complaint of the patient popu-
lation was palpitations in 63 patients (94.0%) followed by exer-
tional dyspnea in 2 patients (3.0%), 1 patient (1.5%) displayed 
presyncopal symptoms during AF episodes. A total of 22 patients 
(32.8%) were on beta-blockers, 4 (6.0%) were on calcium chan-
nel blockers, and 16 (23.9%) were on propafenone for the pre-
vention of AF episodes. The remaining 25 patients (37.3%) were 
not receiving any antiarrhythmic medication at the time of the 
CB-A. All the patients were anticoagulated. A total of 22 patients 
(32.8%) had been using warfarin, and the remaining 45 (67.2%) 
were using NOACs at the time of the procedure. 

The electrocardiographic parameters that were obtained 
from pre- and post-procedural ECGs are displayed in Table 2. 

Table 2. Pre-procedural and post-procedural electrocardiographic parameters of the study population

Pre-ablation Post-ablation
Magnitude of 

change

95% confidence interval  
of the difference

P valueLower Upper

Heart rate (beats/min) 74.6±17.1  
70.6 (21.3)

80.0±14.0  
80.0 (21.7)

–5.4–19.2 –10.1 –0.7 0.025

RR interval (msec) 842.5±175.7  
850.0 (257.0)

774.7±149.1  
750.0 (200.0)

67.9±205.5 17.7 118.0 0.009

Pmax (msec) 111.5±9.4  
111.0 (7.0)

120.7±11.1  
121.0 (16)

–9.2±10.2 –11.7 –6.7 <0.001

Pmin (msec) 81.4±7.6  
81.0 (6.0)

84.8±6.3  
85 (9.0)

–3.4±6.8 –5.1 –1.7 <0.001

Pdispersion (msec) 30.1±6.8  
30.0 (7.0)

35.9±9.4  
36.0 (12.0)

–5.8±7.6 –7.7 –4.0 <0.001

QTc max (msec) 381.4±23.6  
386.0 (24.0)

404.6±29.1  
400.0 (39.0)

–23.1±21.9 –28.4 –17.8 <0.001

QTc min (msec) 360.8±25.6  
364.0 (32.0)

380.6±27.7  
372.0 (35.0)

–19.9±20.8 –24.0 –14.8 <0.001

QTc disp (msec) 20.7±7.5  
21.1 (12.9)

24.0±8.8  
28.4 (12.3)

–3.3±7.8 –5.2 –1.4 0.001

V4 Tp-Te (msec) 84.5±10.1  
81.0 (9.0)

107.7±9.9  
108.0 (13.0)

–23.1±11.7 –26.0 –20.3 <0.001

V5 Tp-Te (msec) 83.6±8.1  
81.0 (5.0)

110.2±9.5  
111.0 (10.0)

–26.6±11.1 –29.3 –23.8 <0.001

V6 Tp-Te (msec) 82.9±6.8  
84.0 (10.0)

109.4±16.0  
112.0 (13.0)

–26.5±17.4 –30.8 –22.3 <0.001

V4 Tp-Te/QT ratio 0.23±0.03  
0.22 (0.03)

0.27±0.03  
0.28 (0.03)

–0.04±0.03 –0.05 –0.04 <0.001

V5 Tp-Te/QT ratio 0.22±0.03  
0.22 (0.04)

0.28±0.02  
0.28 (0.03)

–0.05±0.03 –0.06 –0.05 <0.001

V6 Tp-Te/QT ratio 0.22±0.02  
0.22 (0.03)

0.28±0.04  
0.28 (0.04)

–0.05±0.04 –0.06 –0.04 <0.001

Parameters are expressed as mean±standard deviation and median (IQR); QTc - corrected QT interval 
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The P-wave duration and dispersion, QT duration and disper-
sion, Tp-Te duration, and Tp-Te/QT ratio were observed to 
increase significantly after CB-A. There were no significant cor-
relations between basal P-wave dispersion and age (r=−0.005; 
p=0.97), BMI (r=−0.12; p=0.35), the time since the diagnosis of AF 
(r=0.23; p=0.07), or the LA diameter (r=0.05; p=0.71). 

AF recurrence was observed in 9 (13.4%) patients during 
follow-up. The mean follow-up duration was 29.1±15.5 months. 
Among patients with recurrence, 3 were observed to experi-
ence early recurrence, and 5 were observed to experience late 
recurrence. The demographic characteristics, cardiovascular 
risk profiles, and echocardiographic parameters of patients with 
and without AF recurrence are displayed in Table 3. Patients 
with AF recurrence had a significantly higher LA diameter and 
lower left ventricular (LV) ejection fraction values than patients 
who were free of recurrence. There were no significant differ-

ences between the groups in terms of age, sex, BMI, frequency 
of hypertension, frequency of diabetes mellitus, frequency of 
obesity, and frequency of LV hypertrophy (Table 3). The time from 
the first diagnosis of AF and the frequency of persistent AF were 
also similar in patients with AF recurrence compared with 
patients who were free of recurrence. 

The results of the binary logistic regression analysis con-
structed for the potential predictors of AF recurrence are dis-
played in Table 4. None of the parameters studied were indepen-
dent predictors of the AF recurrence after CB-A. 

The intraobserver intraclass correlation coefficients (ICCs) 
for P dispersion, QTc dispersion, and the Tp-Te duration were 
0.73, 0.65, and 0.74, respectively; and the interobserver ICCs 
were 0.68, 0.76, and 0.70, respectively.

Discussion

The principal finding of this study was that electrocardio-
graphic parameters that had been assumed to reflect inhomoge-
neous atrial conduction and ventricular repolarization heteroge-
neity increased significantly in the acute phase after CB-A. 
However, the magnitude of alteration in each ECG parameter 
failed to predict AF recurrence. 

Previous studies have evaluated the changes in electrocar-
diographic P-wave parameters after AF ablation and their asso-
ciation with recurrence (12-14). P-wave dispersion has been 
considered a noninvasive electrocardiographic marker for atrial 
remodeling and a predictor of AF (9, 13). The QTc interval has 
also been suggested to be associated with the development of 
AF, and a prolonged or a shortened QT interval has been report-
ed to constitute a risk for the development of AF (15, 16). 
However, there are limited data in the literature regarding the 
effect of AF ablation on the QT interval. QTc prolongation has 
been reported to be an independent risk factor for arrhythmia 
recurrence in patients with hypertrophic cardiomyopathy under-
going AF ablation (17). To the best of our knowledge, our study 
was the first to examine the effect of PVI on electrocardio-
graphic P dispersion, QT interval, and QT dispersion. 

Increased P-wave duration and dispersion have been known 
to reflect prolongation of intra-atrial and interatrial conduction 

Table 3. Demographic characteristics, cardiovascular risk profiles 
and echocardiographic parameters of patients with and without 
atrial fibrillation recurrence

Free of 
recurrence  

(n=58)
AF recurrence  

(n=9) P value 

Age (years) 52.4±12.6 53.9±17.4 0.806

Sex (Female, %) 21 (36.2%) 3 (33.3%) 0.591

Hypertension (n, %) 21 (36.2%) 1 (11.1%) 0.132

Diabetes mellitus (n, %) 7 (12.1%) 2 (22.2%) 0.347

BMI (kg/m2) 26.7±2.8 26.7±2.1 0.988

Obesity   
(BMI ≥30 kg/m2)

11 (19.0%) 1 (11.1%) 0.490

Anemia (n, %) 5 (8.6%) 2 (22.2%) 0.235

Coronary artery disease 
(n, %)

 4 (6.9%) 1 (11.1%)  0.526

Chronic renal failure 
(n, %)

3 (5.3%) 2 (22.2%) 0.134

Ejection fraction (%) 61.2±6.0 55.6±8.8  0.017

Left ventricle end-
diastolic diameter (mm) 

46.5±2.7 47.4±3.1 0.318

Left atrial diameter (mm) 37.2±4.1 40.4±3.8 0.031

Left ventricular 
hypertrophy (n, %)

4 (7.0%) 0 (0%) 0.554

Left ventricular systolic 
dysfunction (EF <50%) 
(n, %) 

3 (5.2%) 2 (22.2%) 0.130

CHA2DS2-VASc score, 
median (IQR)

1 (2) 1 (2) 0.569

Time elapsed since AF 
diagnosis (months), 
median (IQR)

28 (13) 36 (33)  0.463

Persistent AF (n, %) 5 (8.6%) 2 (22.2%) 0.235
IQR - interquartile range, AF - atrial fibrillation, EF - ejection fraction; BMI - body mass 
index 

Table 4. Results of binary logistic regression analysis for evaluating 
potential independent predictors of atrial fibrillation recurrence

Odds ratio

95% confidence 
interval 

P valueLower Upper

Left atrial diameter 6.83 0.78 59.61 0.082

Ejection fraction 0.93 0.84 1.03 0.152

Delta heart rate 0.99 0.98 1.01 0.486

Delta P disp 1.04 0.93 1.15 0.497

Delta QTc disp 1.07 0.95 1.19 0.267

Delta V5 Tp-Te 0.93 0.85 1.01 0.087
P disp - P wave dispersion, QTc disp - corrected QT dispersion 
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times and inhomogeneous atrial propagation of sinus impulses 
(18). These electrophysiological alterations create a suitable 
milieu for the development of atrial arrhythmias and AF (18). 
P-wave dispersion has been used as a marker of reverse atrial 
remodeling after AF ablation in previous studies (13). Fujimoto et 
al. (13) have reported decreased P dispersion values at 3 and 6 
months after AF ablation in patients who remained free of AF 
after an ablation procedure. However, P dispersion did not 
change 1 day or 1 month after the procedure. Furniss et al. (12) 
have reported reduced P-wave dispersion early after AF abla-
tion, and the reduction was most significant in patients who had 
undergone hybrid ablation via staged surgical and catheter abla-
tion with more extensive substrate modification. In the only 
study that evaluated the changes in P-wave parameters after 
CB-A, Kizilirmak et al. (14) have found significant decreases in 
P-wave amplitude, duration, and dispersion values 12 hours 
after the procedure. The authors reported that there were no 
significant differences between patients with and without 
recurrence in regard to ΔP wave duration and ΔP dispersion; 
however, a decreased P amplitude was shown to be a predictor 
of a good clinical outcome following CB-A. We found signifi-
cantly increased P-wave duration and dispersion after CB-A in 
our study. Our findings regarding the effect of AF ablation on 
P-wave parameters are in disagreement with those of the 
abovementioned studies. We measured ECG parameters imme-
diately after CB-A, and we think that tissue edema related to 
cryo-injury might be responsible for increased heterogeneity in 
atrial impulse propagation. The heart rate was observed to sig-
nificantly increase after CB-A in our study, which may be a sign 
of autonomic modulation. Hou et al. (19) have investigated the 
interactions between the extrinsic and intrinsic cardiac auto-
nomic nervous system in modulating electrophysiological prop-
erties and AF initiation in an animal model. The authors have 
showed that anterior right ganglionated plexi (GP) ablation 
attenuated effective refractory period (ERP) shortening and AF 
inducibility with right vagosympathetic trunk stimulation; how-
ever, superior left GP ablation did not affect AF inducibility with 
left vagosympathetic trunk stimulation, although it eliminated 
ERP shortening. Hou et al. (19) have suggested that the anterior 
right GP might serve as an integration center for both right and 
left vagosympathetic trunks for modulation of sinus rate. Previous 
studies have reported that GP modification led to higher mainte-
nance rates of sinus rhythm. The increased heart rates noted 
after CB-A in our study might be the result of an inadvertent 
effect of cryoablation on the right anterior GP. If this hypothesis 
is true, then it may be suggested that the increased heart rate 
post ablation might be associated with decreased AF inducibility 
and recurrence. Yorgun et al. (11) have showed that recurrence 
of AF during follow-up was decreased in patients who had 
undergone PVI via CB-A and showed vagal reactions during the 
procedure. The authors have suggested that cardiac autonomic 
nervous system modification via inadvertent ablation of the GP 
during antral PVI might have had an additional beneficial effect 
over PVI on sustaining sinus rhythm in the long term. Guckel et 
al. (20) have also reported intraprocedural vagal reaction as an 

independent predictor of AF-free survival after CB-A for persis-
tent AF. Maj et al. (21) have observed an increase in heart rate 
after CB-A of AF and reported that the increase in heart rate 
correlated with better outcomes after cryo-PVI possibly owing 
to cardiac neuromodulation. We also observed a significant 
increase in heart rate; however, the magnitude of change in the 
heart rate failed to predict recurrence. 

Nguyen et al. (22) have studied the effect of PVI on the QTc 
interval and observed a significant increase in QTc after AF abla-
tion. The increase in QTc was at a maximum in the immediate 
postoperative period, and the repolarization parameters returned 
to baseline after 1 month. The clinical significance of this obser-
vation and the impact on postoperative outcomes was discussed 
as a subject of a further study that has not yet been published 
(22). Our observation related to the QT duration was similar to 
that of Nguyen et al. (22). The cause of increases in the QTc 
interval, QTc dispersion, Tp-Te interval, and Tp-Te/QT ratio in our 
study is not clear; however, we believe that autonomic modula-
tion might also play a role in the increases in these parameters. 
Inadvertent GP modulation during CB-A might also have led to an 
imbalance between the sympathetic and parasympathetic inner-
vations of the ventricle. In an experimental animal study, He et al. 
(23) have reported that GP ablation prolonged the ventricular 
effective refractory period (ERP) and action potential duration 
but did not increase their spatial dispersion in normal hearts. GP 
ablation increased the risk of ventricular arrhythmias in hearts 
after acute myocardial ischemia in that study. However, vagal 
inhibition with atropine led to QT shortening in normal subjects. 
Aksu et al. (24) have evaluated the effects of cardioneuroablation 
with parasympathetic GP ablation on the QT interval and heart 
rate. They reported that QTc did not change significantly within 24 
hours; however, it was shortened significantly in the long-term 
follow-up. The cause of these discrepant observations is not 
clear. We think that autonomic modulation of the heart is a com-
plex process and that modulation of the GP via CB-A does not 
directly result in sympathetic dominance with parasympathetic 
withdrawal. Autonomic remodeling that might have occurred as 
a result of AF progression might also be involved in the genesis of 
CB-A-induced QTc prolongation and the increases in the QTc 
disp and Tp-Te values. 

Only the LA diameter and left ventricular ejection fraction 
were found to be significantly different in patients with AF recur-
rence than in patients without recurrence. Only 3 patients had 
recurrence within 3 months after CB-A. The low number of these 
patients with early recurrence precluded analysis of the effect 
of early recurrence on late recurrence. The time since first AF 
diagnosis and the ratio of persistent AF cases in the recurrent 
group were higher than in patients without recurrence; howev-
er, the difference failed to reach statistical significance. We 
believe that the failure to reach statistical significance might be 
related to the low number of patients in the recurrent AF group. 

We think that our study may have important clinical implica-
tions. We observed a significant and consistent increase in all 
electrocardiographic parameters studied in the acute phase 
after CB-A. This observation points to the significant inadvertent 
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effect of CB-A on the myocardium and cardiac ANS in addition 
to the intended PVI. The magnitudes of the changes in those ECG 
parameters may serve as noninvasive markers to evaluate inad-
vertent effects of CB-A. We had a very low number of patients 
with recurrence, which might have interfered with the statistical 
analysis. The results of our study might provide an impetus for 
future large-scale studies to evaluate the value of CB-A-induced 
alterations in electrocardiographic parameters for predicting 
recurrence of AF.

Study limitations 
The inherent limitations of a study with a retrospective 

design were also valid for our study. We could not obtain infor-
mation related to the procedural details and cooling character-
istics of CB-A for each patient. Our patient population was small 
with recurrence of AF only in a limited number of patients during 
the follow-up period. The number of late recurrences in the 
study population was too low to predict the effect of several 
variables on recurrence. The course of alterations regarding 
changes in electrocardiographic parameters in the subacute 
and chronic phases after CB-A is not clear.

Conclusion

Electrocardiographic parameters assumed to reflect inho-
mogeneous atrial conduction and ventricular repolarization 
heterogeneity increased significantly in the acute phase after 
CB-A. The results of further prospective studies are required to 
examine the time-related course of these alterations and their 
impact on clinical outcomes. 
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