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Aims Atrial fibrillation (AF) ablation has made huge progress with respect to innovation, efficacy, and safety, however,
complications are still present. Recent studies examined various predictors of complications. However, limited data
exist regarding the role of a repeat procedure. Our aim was the prospective evaluation of the incidence and pre-
dictors of complications related to AF ablation procedures in consecutive patients, including repeat procedures.

...................................................................................................................................................................................................
Methods
and results

All ablation procedures for AF between January 2013 and December 2015 were analysed in our electrophysiology
laboratory. During the study period 1243 procedures were analysed [394 female, median age 62 (55–69)]. Overall
complication rate was 6.84%, major complication rate was 2.82%. Major complications were the following: 18 peri-
cardial tamponades; 5 pseudoaneurysms; 1 arteriovenous fistula; 6 thromboembolic cerebrovascular events; 3 pul-
monary vein stenosis; and 2 atrioventricular blocks. No atrio-oesophageal fistula or procedure related death oc-
curred. Univariate analysis for overall complications showed that age >_ 65 years (P = 0.0231), female gender
(P = 0.0438), hypertension (P = 0.0488), CHA2DS2-VASc score >_ 2 (P = 0.0156), and previous AF ablation procedure
(P < 0.0001) is associated with higher risk for adverse events. Multivariate analysis showed that the only indepen-
dent predictor of overall complications was previous AF ablation procedure (P < 0.0001). Similarly, the only predic-
tor of major complications was previous AF ablation procedure (P < 0.0001).

...................................................................................................................................................................................................
Conclusion Incidence of complications associated with AF ablation in our high volume electrophysiology laboratory is similar to

other cohorts. The only independent predictor of complications was previous AF ablation procedure in our series.
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Introduction

Catheter ablation is an effective method for treating atrial fibrillation
(AF). Nature of these procedures expose patients to a considerable
number of potential complications, which can range between 1% and
8%. Most common adverse events are pericardial effusion and vascu-
lar access site complications. However, less frequent complications
also need attention as they can be life threatening or may cause se-
vere disability such as stroke or transient ischaemic attack (TIA),
atrio-oesophageal fistula, phrenic nerve palsy, or pulmonary vein

stenosis. The relatively high number of complications drives a contin-
uous quest for a more effective and safer ablation approach. With
newer techniques and better understanding of the underlying ar-
rhythmia mechanisms, ablation has made impressive progress with
respect to efficacy and safety. Recent studies evaluated various pre-
dictors of complications arising from AF ablation procedures.
However, most of these publications are limited to initial AF ablation
procedures and limited data exist regarding the role of a repeated ab-
lation procedure.1–8 The objective of this prospective study was to
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evaluate the frequency and predictors of complications in consecu-
tive patients undergoing initial or repeat AF ablation in our high vol-
ume electrophysiology centre.

Methods

This prospective registry aimed to describe the incidence and characteris-
tics of complications for AF ablation at our electrophysiology laboratory.
All potential complications were analysed, including cardiac tamponade,
pericardial effusion, stroke or TIA, pulmonary vein stenosis, vascular ac-
cess complication, phrenic nerve palsy, atrioventricular (AV) block, atrio-
oesophageal fistula, and procedure-related death. Major adverse event
was defined in our analysis as a complication that required interventional
treatment. Therefore, pericardial effusion and groin haematoma without
the need of invasive treatment were considered as minor complication.
Data on the complications from all AF ablation procedures performed at
our electrophysiology laboratory from January 2013 to December 2015
were prospectively collected. All patients who were enrolled to the regis-
try gave written informed consent. The protocol was reviewed and ap-
proved by our institutional review board and was in accordance with the
declarations of Helsinki.

Procedural characteristics
The indications for AF ablation procedures and periprocedural anticoagu-
lation were in accordance with the current guidelines. In patients who
were anticoagulated with vitamin K antagonist, the ablation procedure
was performed if the INR value was between 1.8 and 3.5. Conscious se-
dation was carried out in all cases with intravenous fentanyl, midazolam,
and propofol. Basic vital parameters of the patients were monitored in all
cases with non-invasive blood pressure measurements every 10 min and
continuous pulse oximetry. Pre-procedural left atrial computed tomogra-
phy (CT) or magnetic resonance (MR) angiography was obtained to eval-
uate the anatomy of the pulmonary veins. Immediately before the
ablation procedure the presence of a left atrial appendage thrombus was
excluded with transoesophageal echocardiography or intracardiac echo-
cardiography (ICE). Femoral venous access was used for all procedures.
Transseptal puncture was performed under fluoroscopy guidance and
pressure monitoring. Whenever there was difficulty to perform a safe
transseptal puncture ICE was used for direct visualization of the interatrial
septum. All ablations were performed with the help of an electroanatom-
ical mapping system (either CARTO, Biosense Webster, Inc., Diamond
Bar, CA, USA; or ENSITE, St. Jude Medical, Inc., MN, USA), and left atrial
fast anatomical map was merged/fused with the CT/MR images to guide
ablation (temperature controlled mode, 43�C, 25–35 W, irrigated 4 mm
tip catheter) in the overwhelming majority of cases. In a limited number
of cases we used nMARQ catheter (Biosense Webster, Irwindale, CA,
USA) or cryoballoon (Artic Front Advance, Medtronic, Minneapolis, MN,
USA). Pulmonary vein isolation was the goal of each initial procedure. In
cases of repeat ablation for persistent AF or ablation for long-standing
persistent AF additional lines might have been drawn on the discretion of

the operating physician. After the procedure a pressure bandage was ap-
plied for 3–6 h to prevent bleeding of the femoral puncture site.
Transthoracic echocardiography was performed right after the proce-
dure and on the morning of the next day to detect pericardial effusion.
Patients were visited by medical staff and vital parameters were checked
few hours after the procedure, in the evening hours and the morning af-
ter the procedure. All patients who developed neurological symptoms
were immediately transferred to the hospital’s radiology unit to perform
brain CT or MR scan. Whenever there was any sign of vascular access
complication an ultrasound was performed to rule out major complica-
tions. All patients without complications were discharged the day after
the procedure. Outpatient clinical follow-up visits were scheduled at 3, 6,
12 months after the procedure and once yearly thereafter. The follow-up
visits included clinical assessment of the patient, 24 h Holter ECG moni-
toring and we explored whether patients have had any adverse events
since the last visit and those events were also included in the analysis. In
case of shortness of breath a chest X-ray was performed to rule out
phrenic nerve palsy and if it was negative a cardiac CT angiography was
performed to detect potential pulmonary vein stenosis.

Statistical analysis
Our registry included all patients undergoing AF ablation during the study
period. In our cohort study continuous variables showed non-parametric
distribution according to the Shapiro–Wilk normality test. Continuous
variables are reported as median with interquartile ranges, categorical
variables as event numbers (percentages). Fisher’s exact test and Mann–
Whitney U test was performed for examining contingency between se-
lected groups. To determine predictors, multivariate analysis, logistic re-
gression was conducted. A two-tailed P-value <0.05 was considered as
significant. Statistical analysis was performed with GraphPad Prism, ver-
sion 6.01 (GraphPad Software, Inc., La Jolla, CA, USA) and IBM SPSS
Statistics, version 25 (IBM Corp., Armonk, NY, USA) softwares.

Results

Study population
During the 3-year period, overall 1243 AF ablation procedures were
performed, the median age was 62 years (55–69 years) and 32%
were females. Ablation for persistent or long-standing persistent AF
was performed in 397 cases (32%). Baseline characteristics for the
study population are shown in Table 1.

Incidence and outcome of complications
Most complications occurred during the same hospitalization
when the ablation was performed. Certainly, PV stenoses were di-
agnosed only during the follow-up of the patients; and there was
one case of a late pericardial effusion, diagnosed on the 15th post-
procedural day. No phrenic nerve paresis, atrio-oesophageal fis-
tula, or procedure-related death was recorded after AF ablation
in this cohort. The incidence of overall and major complications
are shown in Table 2 and Figure 1.

The overall number of complications was 85 (6.84%). Many of
these were minor complications which did not require specific treat-
ment (28 non-significant pericardial effusions and 22 groin haemato-
mas). The rate of major complications which necessitated
interventional treatment was 2.82% (35 cases).

Eighteen pericardial tamponades occurred, of which 15 could be
managed solely with percutaneous pericardiocentesis. There were

What’s new?
• We provided the first high number prospective observational

dataset that analyses the overall and major complication rate
for both initial and repeat atrial fibrillation (AF) ablation
procedures.

• The only independent predictor of complications was previous
AF ablation procedure in our cohort.
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only three cases where surgical haematoma evacuation was neces-
sary. Exact cause of the bleeding was not found in these cases, the
suspected mechanism of the tamponade was ‘per diapedesis’ bleed-
ing. The duration of hospitalization prolonged in cases complicated
by pericardial tamponade to 8.5 (6.0–14.5) days. Thirteen tampo-
nades were obvious at the end of the procedure, in other four cases
it developed 2–4 h after the end of the procedure and a late tampo-
nade occurred at the 15th postoperative day in one case. Four
patients required blood transfusion. The incidence of pericardial effu-
sion which did not require any kind of intervention was 28/1243
(2.25%), all of these patients resolved spontaneously without sequelae.

The most common major vascular complication was pseudoa-
neurysm in our patient population. It occurred in five cases after AF
ablation. Surgical intervention or percutaneous closure with throm-
bin injection was necessary in all cases (5/1243, 0.4%). One arteriove-
nous (A-V) fistula was found and treated surgically (1/1243, 0.08%).
Twenty-two groin haematomas occurred in our study population
which did not require active treatment (22/1243, 1.77%). All vascular
complications were diagnosed by ultrasound and in the case of A-V
fistula the diagnosis was confirmed by CT angiography, as well. All
complications resolved without sequelae.

There were six thromboembolic events: four strokes and two
TIA-s (0.48%). One stroke was clinically evident before the patient
left the operating room. Three other strokes became manifest the
morning after the procedure. Immediate brain magnetic resonance
imaging and neurological consultation was organized after recognizing
the symptoms. All patients were treated with parenteral anticoagulants
only. Neurological symptoms resolved without sequelae in all cases.

Significant pulmonary vein stenoses occurred in three cases out of
1243 AF ablations. Number of ablation procedures for the individual
patients were 2, 2, and 3, respectively. First patient developed steno-
sis of the left inferior, right inferior, and right superior pulmonary
veins. Second patient was diagnosed with left superior pulmonary

vein stenosis. Third patient had stenosis of the left superior, right su-
perior, and right inferior pulmonary veins. Successful percutaneous
transluminal angioplasty of the stenotic pulmonary veins was per-
formed in all patients.

Two patients developed III degree AV block during repeated abla-
tion of long-standing persistent AF with additional left atrial lines. The
AV block occurred during the ablation of the anterior part of the sep-
tal line. Both patient underwent successful dual-chamber pacemaker
implantation.

Majority of the patients were anticoagulated with vitamin K antag-
onists (n = 865) and less patients received direct oral anticoagulants
(n = 378). We did not find any difference in the complication rates
for different anticoagulation strategies (46/865 vs. 14/378; P = 0.2517).

We analysed the complication rates for the three different ablation
techniques that were used in our institute in the study period. For
nMARQ catheter based pulmonary vein isolations one groin haema-
toma occurred out of 25 cases (4.0%). For cryoballoon ablations one
pericardial effusion and one groin haematoma occurred out of 32
procedures (6.25%). The overall complication rate for point-by-point
ablation was 82/1186 (6.91%). There was no difference between the
complication rates for the abovementioned ablation techniques
(P = 0.8419), which might result from the dominance of point-by-
point ablation method and the low number of cases with single-shot
device.

Procedures were performed by five different operators. The num-
ber of procedures with and without complication in case of the

.................................................................................................

Table 1 Baseline characteristics

Total study

population (n 5 1243)

Female 32% (n = 394)

Age (years) 62 (55–69)

Hypertension 70% (n = 876)

Diabetes mellitus 16% (n = 197)

Coronary artery disease 11% (n = 140)

Kidney disease 2% (n = 30)

Heart failure 4% (n = 48)

Dilated cardiomyopathy 4% (n = 49)

Hypertrophic cardiomyopathy 0.4% (n = 5)

Peripheral vascular disease 3% (n = 41)

Previous stroke/TIA 6% (n = 75)

Left ventricular ejection fraction (%) 57 (55–60)

CHA2DS2-VASc score 2 (1–3)

Previous AF ablation 18% (n = 221)

Persistent AF 32% (397)

AF, atrial fibrillation; TIA, transient ischaemic attack.

.................................................................................................

Table 2 Distribution of complications

Type of

complication

De novo

ablation

(n 5 1022)

Repeat

procedure

(n 5 221)

Summary

(n 5 1243)

Major complications 20 15 35 (2.82%)

Pericardial tamponade 8 10 18 (1.45%)

Stroke/transient

ischemic attack

5 1 6 (0.48%)

Pseudoaneurysm 4 1 5 (0.40%)

Pulmonary vein

stenosis

0 3 3 (0.24%)

III degree atrioventric-

ular block

0 2 2 (0.16%)

Arteriovenous fistula 1 0 1 (0.08%)

Phrenic nerve palsy 0 0 0

Atrio-oesophageal

fistula

0 0 0

Procedure related

death

0 0 0

Minor complications 33 17 50 (4.02%)

Pericardial effusion 17 11 28 (2.25%)

Groin haematoma 17 5 22 (1.77%)

Overall complications 53 32 85 (6.84%)

Left column describes complications of initial (de novo) ablations. Adverse events
of the repeat procedures appear in the middle column, while a summary of all
complications is shown on the right side (with percentages).
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individual operators were 38/539, 20/382, 27/225, 0/3 and 0/9, re-
spectively. Statistical analysis did not show significant difference be-
tween the complication rate of the operators (P = 0.0593).

Predictors of complications
We analysed patients’ baseline characteristics and procedural charac-
teristics to evaluate the predictors of complications (Tables 3 and 4).
Univariate analysis for overall complications showed that age
>_ 65 years (P = 0.0231), female gender (P = 0.0438), hypertension
(P = 0.0488), CHA2DS2-VASc score >_ 2 (P = 0.0156), and previous
AF ablation procedure (P < 0.0001) is associated with higher risk for
adverse events. Multivariate analysis showed that the only indepen-
dent predictor of overall complications was previous AF ablation
procedure [odds ratio (OR) 3.13; 95% CI 1.95–5.03; P < 0.0001].
Similar analysis was performed to determine the predictors of major
complications. According to our results, the only predictor of major
complications was previous AF ablation procedure (OR 3.69; 95% CI
1.85–7.35; P < 0.0001).

Discussion

Main findings
Our main finding is that the only independent predictor of complica-
tions is previous AF ablation procedure. In agreement with the litera-
ture, older age, female gender and higher CHA2DS2-VASc score

were significant predictors at the univariate level, but they were not
independent predictors according to the multivariate analysis in our
cohort. Recent studies reported various predictors of complications,
however, most of them were derived from cohorts where only first
ablation procedures were included.2,4–14 Therefore limited data exist
regarding the role and predictive value of a repeat procedure on pro-
cedural outcomes.2,11,14

Incidence and outcome of complications
Our prospective observational study provides an update on the inci-
dence and predictors of complications for AF catheter ablation pro-
cedures at a high-volume centre in consecutive patients, including
repeat procedures. We showed, that catheter ablation for AF in gen-
eral is associated with an acceptable low risk and complications can
be treated properly, as neither procedure-related death occurred,
nor major complication resulted in a significant permanent sequelae
in our study cohort.

Complications from AF ablations were reported in a 1995–
2002 worldwide survey showing a major complication rate of
6.0%, and update from 2003 to 2006, reporting a rate of 4.5%.4,5

Deshmukh et al.6,7 reported 6.9% overall complication rate for AF
in the United States, whereas 4.5% was found in the Japanese
registry. Recent data from ESC-EHRA AF long-term registry
reported an overall in-hospital complication rate of 7.8%.2 In our
cohort of 1243 consecutive cases, the overall complication rate
for AF ablation was 6.84% and the rate of major complications

.............................................. .............................................

....................................................................................................................................................................................................................

Table 3 Univariate analysis for predictors of adverse events

Examined parameters Parameter present

(n 5 1243)

Overall complications Major complications

P-value OR (95% CI) P-value OR (95% CI)

Female 394 (32%) 0.0438 1.60 (1.03–2.48) 0.4671

Age >_65 years 525 (42%) 0.0231 1.67 (1.07–2.60) 0.4892

Hypertension 876 (70%) 0.0488 1.73 (1.00–2.99) 0.2609

Diabetes mellitus 197 (16%) 0.8777 0.2426

Coronary artery disease 140 (11%) 0.7223 0.4184

Kidney disease 30 (2%) 0.7167 0.5799

Heart failure 48 (4%) 0.7677 1.0000

Dilated cardiomyopathy 49 (4%) 0.2493 1.0000

Hypertrophic cardiomyopathy 5 (0.4%) 0.2987 0.1333

Peripheral vascular disease 41 (3%) 0.5209 0.6265

Previous stroke/TIA 75 (6%) 0.0922 0.0548

LVEF 57 (55–60) 0.9640 0.3078

LA-LD 39 (35–44) 0.7500 0.8971

LA-TD 49 (41–55) 0.7570 0.4419

CHA2DS2-VASc >_2 752 (60%) 0.0156 1.83 (1.12–2.99) 0.1139

Previous AF ablation 221 (18%) <0.0001 3.10 (1.94–4.93) 0.0004 3.65 (1.84-7.25)

Ablation for persistent AF 397 (32%) 0.9041 0.0656

Spontaneous echocontrast on TOE 138 (11%) 1.0000 0.5764

Atypical pulmonary vein anatomy 236 (19%) 0.8858 0.8285

Use of a contact force sensing catheter 462 (37%) 0.1030 0.5952

Anticoagulation with VKA (vs. DOAC) 865 (70%) 0.2517 0.2754

AF, atrial fibrillation; CI, confidence interval; DOAC, direct oral anticoagulant; LA-LD, left atrium longitudinal diameter; LA-TD, left atrium transversal diameter; LVEF, left ven-
tricular ejection fraction; OR, odds ratio; TOE, transoesophageal echocardiography; TIA, transient ischaemic attack; VKA, vitamin K antagonist.

New independent predictor of complications of AF ablation 735

Deleted Text: p&thinsp;
Deleted Text: analyzed 
Deleted Text: p&thinsp;
Deleted Text: p&thinsp;
Deleted Text: p&thinsp;
Deleted Text: p&thinsp;
Deleted Text: p&thinsp;
Deleted Text: (
Deleted Text: -
Deleted Text: p&thinsp;
Deleted Text: ). 
Deleted Text: p&thinsp;
Deleted Text: atrial fibrillation
Deleted Text: -
Deleted Text: -
Deleted Text:  
Deleted Text: .
Deleted Text:  
Deleted Text: .
Deleted Text: atrial fibrillation
Deleted Text: that 
Deleted Text: &ndash;
Deleted Text:  
Deleted Text: .
Deleted Text: atrial fibrillation
Deleted Text:  <sup>6, 7</sup>.
Deleted Text: atrial fibrillation
Deleted Text:  
Deleted Text: .


was 2.82% which supports that incidence of adverse events in our
centre is within a similarly low range as reported by other
authors.

The AF survey reported a 1.2% incidence, the updated survey a
1.3% incidence of cardiac tamponade, another report from the
United States showed 1.5%.4–6 In our patient population the overall
incidence of pericardial tamponade was 1.45%. Previous AF surveys
reported an incidence of ischaemic cerebrovascular events between
0.94% and 1.4%.4–6 In our series, the rate of transient thromboem-
bolic cerebrovascular events and manifest stroke was 0.48% for AF
ablations and all events resolved without sequelae. Complications re-
lated to the site of vascular access are very common major complica-
tions, but generally do not lead to long-term disability or mortality.
The literature reports vascular access complications ranging between
1% and 3.3% regarding AF ablations.2,4,5,7,9,15,16 In our registry major
vascular complications that required interventional treatment oc-
curred in 0.48% which might be explained partly with the pressure
bandage applied in the early postoperative period in all patients.

Mortality rate of AF ablation procedures was reported to vary be-
tween 0% and 0.46%.2,4,5,7,9,15,16 There was no procedure related
death in our patient population. Neither phrenic nerve palsy, nor
atrio-oesophageal fistula occurred in our series.

Predictors of complications
Recent studies identified important factors that may be independent
predictors of complications after AF ablation.17 Female gender is an
independent predictor of cardiac tamponade, according to a recent
meta-analysis.13 De Greef et al.10 found that female gender and higher
CHA2DS2-VASc score predict a higher incidence of adverse events.
Besides higher CHA2DS2-VASc score, ‘early institutional experience’
also increases the occurrence of complications.12 These studies in-
vestigated only initial AF ablation procedures but repeated ablations
were not considered. Similarly to these findings, univariate analysis in
our study cohort showed that older age, female gender, hyperten-
sion, and higher CHA2DS2-VASc score is associated with higher
probability of complications. However, it could not be proven that
these factors are independent predictors of complications in this
group of patients. Nevertheless, we have to be aware of the poten-
tially higher risk of adverse events in these patients.

Scarce data are available regarding the role and predictive value of
a repeat procedure on the incidence of adverse events. Guhl et al.
reported 450 patients who underwent pulmonary vein isolation with
cryoballoon and they did not find any factor that predicts the occur-
rence of complications. Although they considered repeat procedures
as well, their results may arise from the low number of cases with a
low absolute number of complications.11 The EORP registry also con-
sidered repeated ablations but the aim of this paper was the descrip-
tion of AF ablation procedures in Europe, and therefore, no statistical
analysis was performed to evaluate the predictors of success or
complications.2 Murakawa et al. reported the incidence and predic-
tors of pericardial effusion in a large multicentre registry including
8319 AF ablation procedures. They showed that use of three-

.................................................................................................

Table 4 Multivariate analysis for predictors of adverse
events

Examined parameters P-value OR (95% CI)

Overall complications

Female 0.3550

Hypertension 0.1060

Age >_65 years 0.0900

Previous AF ablation <0.0001 3.18 (1.99–5.08)

Major complications

Previous AF ablation <0.0001 3.65 (1.84–7.24)

AF, atrial fibrillation; CI, confidence interval; OR, odds ratio.
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Figure 1 Distribution of complications of de novo ablations and repeat procedures. Major and minor complications are divided by the dashed black
line.
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dimensional mapping system and use of novel oral anticoagulants are
independent predictors of lower incidence of pericardial effusion.
Repeat ablation procedures were included in the analysis but they did
not find significant difference regarding the incidence of pericardial ef-
fusion between initial and repeated ablation procedures.14 Their sta-
tistical analysis investigated pericardial effusions only, which might be
an explanation why these results does not converge with our findings.

In our cohort, previous ablation for AF was the only independent
predictor of complications. Possible explanation of our finding is that
in a patient with history of previous AF ablation procedure, adhesions
may be present at the vascular access site that can cause difficulties
when introducing the sheaths, moreover, the interatrial septum may
also be thicker resulting in a more difficult transseptal puncture.18,19

Sometimes a more extensive ablation is needed in case of repeat pro-
cedures which can expose patient to a higher risk, especially when
ablating in an area with thin wall that was affected by a previous abla-
tion session (e.g. posterior wall). Moreover, the risk of pulmonary
vein stenosis is also higher in case of repeat procedures.20 However,
we also pointed out that ablation of additional lines by itself (including
patients having their first procedure) is not associated with higher
procedural risk.

Based on our findings heart failure, diabetes mellitus, kidney dis-
ease, peripheral vascular disease, previous stroke, type of AF, ana-
tomical variations of the pulmonary veins did not affect the rate of
adverse event. This supports that initial AF ablation procedure can be
performed relatively safely in a high-volume centre even in patients
with more comorbidities. However, repeated ablation for AF should
be carried out with more caution. Routine monitoring of vital param-
eters during the procedure, non-invasive monitoring of the vital signs
at wards in the early postoperative period, and control echocardiog-
raphy after left atrial ablation procedures are important in terms of
early recognition of complications. Certainly, avoiding complications
is of high importance and with novel technological improvements the
safety profile of these procedures is getting better.

Limitations
The major limitation of our registry is that it represents a single-cen-
tre experience. Our electrophysiology laboratory is a tertiary centre
with a huge referral territory, which may have an important conse-
quence: there is a possibility of missed complications from patients
referred from longer distances. However, as the majority of the com-
plications occurred in a short time period after the procedure, it is
unlikely that a significant number of complications was missed.

Conclusions

The rate of minor and major complications for AF ablation in our elec-
trophysiology laboratory is within the previously reported range. No
procedure related death occurred in our cohort, due to the appropri-
ate management of these patients. The only independent predictor of
complications was previous AF ablation procedure in our series.

Conflict of interest: none declared.

References
1. Akca F, Janse P, Theuns DA, Szili-Torok T. A prospective study on safety of cath-

eter ablation procedures: contact force guided ablation could reduce the risk of
cardiac perforation. Int J Cardiol 2015;179:441–8.

2. Arbelo E, Brugada J, Lundqvist CB, Laroche C, Kautzner J, Pokushalov E et al.
Contemporary management of patients undergoing atrial fibrillation ablation: in-
hospital and 1-year follow-up findings from the ESC-EHRA atrial fibrillation abla-
tion long-term registry. Eur Heart J 2017;38:1303–16.

3. Bunch TJ, Asirvatham SJ, Friedman PA, Monahan KH, Munger TM, Rea RF et al.
Outcomes after cardiac perforation during radiofrequency ablation of the atrium.
J Cardiovasc Electrophysiol 2005;16:1172–9.

4. Cappato R, Calkins H, Chen SA, Davies W, Iesaka Y, Kalman J et al. Updated
worldwide survey on the methods, efficacy, and safety of catheter ablation for
human atrial fibrillation. Circ Arrhythm Electrophysiol 2010;3:32–8.

5. Cappato R, Calkins H, Chen SA, Davies W, Iesaka Y, Kalman J et al. Worldwide
survey on the methods, efficacy, and safety of catheter ablation for human atrial
fibrillation. Circulation 2005;111:1100–5.

6. Deshmukh A, Patel NJ, Pant S, Shah N, Chothani A, Mehta K et al. In-hospital
complications associated with catheter ablation of atrial fibrillation in the United
States between 2000 and 2010: analysis of 93 801 procedures. Circulation 2013;
128:2104–12.

7. Murakawa Y, Nogami A, Shoda M, Inoue K, Naito S, Kumagai K et al. Nationwide
survey of catheter ablation for atrial fibrillation: the Japanese catheter ablation
registry of atrial fibrillation (J-CARAF)-A report on periprocedural oral anticoa-
gulants. J Arrhythm 2015;31:29–32.

8. Spragg DD, Dalal D, Cheema A, Scherr D, Chilukuri K, Cheng A et al.
Complications of catheter ablation for atrial fibrillation: incidence and predictors.
J Cardiovasc Electrophysiol 2008;19:627–31.

9. Chen J, Dagres N, Hocini M, Fauchier L, Bongiorni MG, Defaye P et al. Catheter
ablation for atrial fibrillation: results from the first European Snapshot Survey on
Procedural Routines for Atrial Fibrillation Ablation (ESS-PRAFA) Part II. Europace
2015;17:1727–32.

10. De Greef Y, Stroker E, Schwagten B, Kupics K, De Cocker J, Chierchia GB et al.
Complications of pulmonary vein isolation in atrial fibrillation: predictors and
comparison between four different ablation techniques: results from the
MIddelheim PVI-registry. Europace 2017;doi:10.1093/europace/eux233.

11. Guhl EN, Siddoway D, Adelstein E, Bazaz R, Mendenhall GS, Nemec J et al.
Incidence and predictors of complications during cryoballoon pulmonary vein
isolation for atrial fibrillation. J Am Heart Assoc 2016;5. pii:e003724.

12. Yang E, Ipek EG, Balouch M, Mints Y, Chrispin J, Marine JE et al. Factors impact-
ing complication rates for catheter ablation of atrial fibrillation from 2003 to
2015. Europace 2017;19:241–9.

13. Michowitz Y, Rahkovich M, Oral H, Zado ES, Tilz R, John S et al. Effects of sex
on the incidence of cardiac tamponade after catheter ablation of atrial fibrillation:
results from a worldwide survey in 34 943 atrial fibrillation ablation procedures.
Circ Arrhythm Electrophysiol 2014;7:274–80.

14. Murakawa Y, Yamane T, Goya M, Inoue K, Naito S, Kumagai K et al. Incidence
and predictors of pericardial effusion as an early complication of catheter abla-
tion for atrial fibrillation: the Japanese Catheter Ablation Registry of Atrial
Fibrillation (J-CARAF). J Arrhythm 2017;33:430–3.

15. Anne W, Tavernier R, Duytschaever M. Four types of complications in paroxys-
mal atrial fibrillation ablation. Europace 2010;12:303–4.

16. Dagres N, Hindricks G, Kottkamp H, Sommer P, Gaspar T, Bode K et al.
Complications of atrial fibrillation ablation in a high-volume center in
1, 000 procedures: still cause for concern? J Cardiovasc Electrophysiol 2009;20:
1014–9.

17. Steinbeck G, Sinner MF, Lutz M, Muller-Nurasyid M, Kaab S, Reinecke H.
Incidence of complications related to catheter ablation of atrial fibrillation and
atrial flutter: a nationwide in-hospital analysis of administrative data for Germany
in 2014. Eur Heart J 2018;39:4020–9.

18. Tomlinson DR, Sabharwal N, Bashir Y, Betts TR. Interatrial septum thickness and
difficulty with transseptal puncture during redo catheter ablation of atrial fibrilla-
tion. Pacing Clin Electrophysiol 2008;31:1606–11.

19. Hu YF, Tai CT, Lin YJ, Chang SL, Lo LW, Wongcharoen W et al. The change in
the fluoroscopy-guided transseptal puncture site and difficult punctures in cathe-
ter ablation of recurrent atrial fibrillation. Europace 2008;10:276–9.

20. Tsao HM, Wu MH, Huang BH, Lee SH, Lee KT, Tai CT et al. Morphologic
remodeling of pulmonary veins and left atrium after catheter ablation of atrial fi-
brillation: insight from long-term follow-up of three-dimensional magnetic reso-
nance imaging. J Cardiovasc Electrophysiol 2005;16:7–12.

New independent predictor of complications of AF ablation 737

Deleted Text:  
Deleted Text: .
Deleted Text: atrial fibrillation
Deleted Text:  
Deleted Text: .
Deleted Text:  
Deleted Text: .
Deleted Text: atrial fibrillation
Deleted Text: atrial fibrillation
Deleted Text: single 
Deleted Text: atrial fibrillation
Deleted Text: atrial fibrillation

	euy326-TF1
	euy326-TF2
	euy326-TF3
	euy326-TF4

