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AbstrACt
Objectives This study determined the recurrence and 
complication rates after radiofrequency catheter ablation 
(RFCA) for those with paroxysmal supraventricular 
tachycardia (PSVT), Wolff-Parkinson-White syndrome 
(WPW), atrial flutter (AFL), atrial fibrillation (AF) and 
ventricular tachycardia (VT).
study design and setting This retrospective study 
included RFCAs for 2001–2010 in the Taiwan National 
Health Insurance Research Database. Primary outcomes 
included perioperative complications (pericardial effusion 
and new-onset stroke), RFCA recurrence and long-term 
outcomes (high-grade atrioventricular block (AVB) and 
pacemaker implantation).
results Of 19,475 patients who underwent RFCA, 
prevalence rates were 56.7% for PSVT, 13.5% for WPW, 
9.5% for AFL, 5.1% for AF and 2.7% for VT. Prevalence 
rates increased in AF, AFL and VT over the study years. 
During an average follow-up period of 4.3 years (SD: 2.8 
years), recurrence rates for PSVT, WPW, VT, AFL and AF 
were 2.0%, 4.9%, 5.7%, 5.8% and 16.1%, respectively. 
Compared with the PSVT group, the WPW and AF groups 
had significantly higher risk of pericardial effusion during 
admission (adjusted OR (aOR) 2.98, 95% CI (CI) 1.24 to 
7.15; aOR 4.09, 95% CI 1.90 to 8.79, respectively); the 
AFL group had a higher risk of new-onset stroke during 
admission (aOR 4.07, 95% CI 1.39 to 11.91); the WPW 
group had a lower risk of high-grade AVB during follow-up 
(adjusted HR (aHR) 0.37, 95% CI 0.19 to 0.71) while the 
AFL group had a greater risk (aHR 1.74, 95% CI 1.17 to 
2.60); and the AFL group had a higher risk of permanent 
pacemaker (aHR 2.14, 95% CI 1.27 to 3.62).
Conclusions The RFCA rate increased rapidly during 
2001–2010 for AF, AFL and VT. Recurrence was associated 
with congenital heart disease in PSVT and WPW, and with 
age in AF and AFL. AFL had a higher risk of permanent 
pacemaker implantation and new stroke. AF had a higher 
risk of life-threatening pericardial effusion.

IntrOduCtIOn
Radiofrequency catheter ablation (RFCA) is 
used to treat patients with supraventricular 
tachycardia or ventricular tachycardia (VT), 

especially paroxysmal supraventricular tachy-
cardia (PSVT).1–3 Widely applied since the 
1990s,4 RFCA is an effective therapy with 
demonstrated high success, low complica-
tions and low recurrence rates compared 
with direct current ablation or surgical abla-
tion. RFCA is superior to conservative treat-
ments such as medication or observation 
for patients with PSVT and Wolff-Parkin-
son-White syndrome (WPW). RFCA was first 
used to treat atrial fibrillation (AF) in 1998.

Although arrhythmias after RFCA are 
usually not life-threatening, identification 
and minimisation of the risk of complications 
are extremely important. The RFCA proce-
dure may lead to atrioventricular (AV) block 
and bradycardia, even requiring permanent 
pacemaker implantation. Previous studies5 
were composed of relatively small cohorts 
or were single-centre studies and evaluated 
patients with a single arrhythmia.5 6 However, 
there are no studies comparing RFCA-related 

strengths and limitations of this study

 ► This 10-year longitudinal retrospective study is the 
first nation-wide, large-scale study of the trend, re-
currence and complications of radiofrequency cath-
eter ablation (RFCA).

 ► This article is the first study to compare recurrence 
and complications among five different types of ar-
rhythmias after RFCA.

 ► Our study provides risks of arrhythmia recurrence 
and complications after RFCA.

 ► This study did not have access to certain data such 
as laboratory parameters, procedural details and 
heart images. Also, some arrhythmias such as pre-
mature ventricular beats and atrial premature beats 
are not covered by Taiwan National Health Insurance.

 ► This study was not able to explore the interactions 
among the predictive variables because of the limit-
ed number of events.
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complications in patients with five different arrhyth-
mias.7 8 The targets for RFCA-related risk minimisation 
differ by type of arrhythmia. For example, when RFCA 
is used to treat PSVT, the goal is to modify or eliminate 
AV node or accessory pathways; when used to treat AF,6 
the goal is to isolate the pulmonary veins. High-grade AV 
block, life-threatening pericardial effusion and stroke 
are dangerous complications after an RFCA proce-
dure. However, the complication rates vary by type of 
arrhythmia: PSVT, WPW, atrial flutter (AFL), AF and VT. 
It is therefore important to identify the incidence and risk 
factors of RFCA-related complications in these patients.

This retrospective study investigated the population 
trend of patients who received RFCA for PSVT, WPW, 
AFL, AF and VT. We identified the major RFCA-related 
risk factors influencing (1) recurrence of arrhythmias 
and (2) complications such as AV block, permanent pace-
maker implantation, life-threatening pericardial effusion 
and acute ischaemic stroke.

MethOds
study design and population
We conducted a nation-wide population-based cohort 
study using data from the Taiwan National Health 
Insurance Research Database (NHIRD). In Taiwan, the 
National Health Insurance (NHI) programme has reim-
bursed patients who receive RFCA for PSVT, WPW, AFL, 
AF and VT since 2001. More than 99.91% of Taiwan’s 
population is covered by NHI benefits. The accuracy and 
validation of NHIRD data are based on regular auditing 
by the NHI Bureau.9–11 The Institutional Review Board of 
Chang Gung Memorial Hospital approved this study.

study cohort, outcome measurement and follow-up
This study accessed NHIRD data for all targeted patients 
with arrhythmia who received RFCA from 2001 to 2010. 
The targeted arrhythmias were PSVT (International 
Classification of Diseases, Ninth Revision, Clinical Modi-
fication (ICD-9 CM) Code 4270), WPW (426.7), AFL 
(427.32), AF (427.31) and VT (427.1; online supplemen-
tary table 1). Patients with arrhythmias other than those 
targeted (such as premature ventricular beats or atrial 
tachycardia) and patients with unidentified arrhythmias 
who received RFCA were excluded. We enrolled only 
the patient’s first RFCA. The follow-up period was calcu-
lated from the discharge date of the index hospitalisa-
tion until death, loss to follow-up (withdrawal from the 
NHI programme: emigration or prison incarceration for 
longer than 6 months) or until the study end date (31 
December 2010).

Outcomes measurement
The primary outcomes included recurrence of arrhythmia, 
in-hospital complications and long-term complications. 
Recurrence was defined as either (1) recurrence of orig-
inal arrhythmia or (2) receipt of a second RFCA during 
the follow-up period. In-hospital complications included 

life-threatening pericardial effusion and new-onset stroke 
during the admission. Life-threatening pericardial effu-
sion was defined as the patient requiring pericardio-
centesis during RFCA. New stroke was defined as stroke 
(ICD-9 CM codes 430–437) which occurred during the 
index admission. Other complications included high-
grade AV block and permanent pacemaker implantation.

Covariate assessment
Age was categorised into six groups (0–18, 19–44, 45–54, 
55–64, 65–74 and 75 years and above) because previous 
studies reported different indications for RFCA and 
different complications between age groups.1–3 Comor-
bidities were assessed according to ICD-9 CM codes 
before the index admission. Diabetes mellitus, hyperten-
sion (HTN) or chronic diseases were recorded as comor-
bidities if there was at least one in-admission diagnosis. 
All congenital heart disease (CHD) was reconfirmed by 
the Catastrophic Illness Certification (CIC), which is 
a sub-dataset of NHI. A CIC for CHD requires imaging 
proof confirmed by two cardiologists. Complicated CHD 
included Tetralogy of Fallot (TOF), transposition of the 
great vessels, double outlet right ventricle, total anom-
alous pulmonary venous connection, tricuspid atresia, 
common truncus arteriosus, common ventricle and 
hypoplastic left heart syndrome. Simple CHD included 
ventricular septal defect (VSD), atrial septal defect, 
Ebstein’s anomaly, patent ductus arteriosus, congenital 
pulmonary stenosis, coarctation of the aorta, endocar-
dial cushion defect and congenital aortic stenosis. Centre 
activity was a time-dependent variable and a high-activity 
centre was defined as more than 100 RFCA surgeries per 
year, regardless of arrhythmia type.

Patient and public involvement
This study had no direct relationship with any patient and 
no public involvement during the development, design 
and conduct.

statistical analysis
The proportion of categorical variables between groups 
was compared using the χ2 test and Fisher's exact 
test. Continuous variables were compared using Krus-
kal-Wallis test due to the lack of normality. Multivariable 
logistic regression analysis was used to identify clinical 
features associated with the risk of in-hospital complica-
tions, including life-threatening pericardial effusion and 
new-onset stroke during the admission. Multivariable 
Cox regression analysis was used to investigate the asso-
ciation of clinical variables with time-to-event outcomes, 
including recurrence, high-grade AV block and pace-
maker implantation during the follow-up. In the survival 
analysis, the time-scale was time-since-RFCA in days. The 
assumption of proportional hazard was tested by Schoen-
feld partial residuals, in which the indication was the only 
explanatory categorical variable. The 13 pre-specified 
potential predictive variables were those clinically rele-
vant to RFCA and its complications: two demographic 
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variables (sex and age), six comorbidities, four types of 
CHD and centre activity. All 13 candidate predictive vari-
ables were introduced into the multivariable regression 
models. Multicollinearity among predictors was checked 
by variance inflation factor (VIF), with a value less than 10 
indicating no serious collinearity among predictors. Sensi-
tivity analyses were done by excluding patients with recur-
rent RCFA during the follow-up (online supplementary 
table 2). A two-sided p value lower than 0.05 was consid-
ered statistically significant. No adjustment for multiple 
testing (multiplicity) was made in this study due to the 
limited size of event number. Results were presented 
as the OR for logistic regression, or HR for Cox regres-
sion with corresponding 95% CIs. All data analyses were 
performed using SPSS software V.15 (SPSS, Chicago, IL, 
USA).

results
There were 24 003 RFCA procedures registered in NHIRD 
between 1 January 2001 and 31 December 2010. Based 
on the inclusion and exclusion criteria, a total of 19 475 
enrolled patients underwent 20 707 RFCA procedures. 
Only the first occurrence for each individual was used 
for analysis. The proportion of change in rates of RFCA 
by individual arrhythmias from 2001 to 2010 is shown in 
figure 1. The proportion of RFCA for PSVT decreased 
from 60% to 51% between 2001 and 2010, whereas the 
proportion for AF increased from 2% to 10% (figure 1).

The most common arrhythmia treated with RFCA was 
PSVT (n=12 796; 56.7%), followed by WPW (n=3051; 
13.5%), AFL (n=1854; 9.5%), AF (n=1162; 5.1%) and VT 
(n=612; 2.7%). The mean age of study participants when 
they received RFCA was 47.6 years (SD 18.3). Demo-
graphic and baseline clinical characteristics according 
to arrhythmia type are summarised in table 1. The prev-
alence of PSVT (38.5%), WPW (58.1%) and VT (47.2%) 
was highest in the group aged 19–44 years. Patients were 
the oldest in the AFL group, followed by the AF group, 
the PSVT group, the VT group and the WPW group. 
Patients with AF and AFL had a higher prevalence of 
diabetes (16.2% and 11.5%, respectively) and HTN 
(28.9% and 28.1%, respectively) compared with patients 
with other arrhythmias. Chronic obstructive pulmonary 
disease, chronic kidney disease (CKD) and heart failure 
were most prevalent in the AFL group since these patients 
were the oldest (median age 62.9 years). RFCA due to 
AF was predominantly performed in high-activity centres 
(84%), followed by AFL (71%). Complicated CHD was 
more common in the AFL group than in other arrhyth-
mias. Simple CHD was most prevalent in the AFL group 
(3.6%), followed by the VT group (1.5%).

risk factors of recurrence
During an average follow-up period of 4.3 years (SD 
2.8 years), the recurrence rates after the index RFCA 
for those with PSVT, WPW, VT, AFL and AF were 2.0%, 
4.9%, 5.7%, 5.8% and 16.1%, respectively. All VIF 

values were less than 4 in the five multivariable models 
which indicated no apparent multicollinearity problem. 
Multivariable Cox analyses revealed that the major risk 
factors for recurrence of PSVT after RFCA included age 
(0–18 years), male gender, diabetes and TOF. Younger 
patients (0–18 vs 19–44 years) and those with Ebstein’s 
anomaly were considered at greater risk for recurrence 
of WPW after RFCA (table 2). For the AFL group, older 
individuals (45–54 vs 19–44 years) had a higher risk of 
recurrence. Male gender, TOF, VSD and high-activity 
centre were also risk factors. In contrast, the incidence 
of AFL recurrence was low in patients 75 years or older. 
The recurrence rate was 16.1% in patients with AF but 
2.0% for those with PSVT. The recurrence-free rate after 
RFCA declined with time, most sharply for those with AF 
(figure 2). Patients aged 19–44 years had a higher risk 
of AF recurrence compared with patients older than 65 
years; male gender and treatment at a high-activity centre 
were also identified as risk factors. In the VT popula-
tion, treatment at a high-activity centre was related to 

Figure 1 Proportion of radiofrequency catheter ablation 
patients diagnosed with PSVT, WPW, AFT, AF and VT in 
Taiwan during 2001 and 2010. AF, atrial fibrillation; AFT, 
atrial flutter; PSVT, paroxysmal supraventricular tachycardia; 
VT, ventricular tachycardia; WPW, Wolff-Parkinson-White 
syndrome.
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decreased risk of recurrence. The results were similar 
when excluding patients with recurrent RCFA during the 
follow-up (online supplementary table 3).

Complications
Rates of RFCA-related complications were evaluated for 
the five arrhythmia groups (table 3). The overall rates of 
complications and mortality were less than 1% and 0.1%, 
respectively. High-grade AV block was the most common 
complication following RFCA in all groups except the AF 
group. RFCA was more associated with life-threatening 
pericardial effusion in the AF group (1.3%) than in the 
other groups. In the AFL group, RFCA was more associ-
ated with high-grade AV block (2.5%), permanent pace-
maker implantation (1.4%) and new stroke (0.5%) than 
in other groups.

risk factors for complications
All VIF values were less than 4 in the four multivariable 
models which indicated no apparent multicollinearity 
problem. As to in-hospital complications, multivari-
able logistic regression revealed that age >44 years, 
high-activity centre and RFCA after WPW or AFL were 
associated with increased risk of life-threatening peri-
cardial effusion. Age>55 years and RFCA after AFL were 
associated with a higher risk of stroke following RFCA 
(table 4). As to long-term complications, multivariable 
Cox regression identified the risk factors for high-grade 
AV block as age >75 years, diabetes and heart failure. 
Patients with WPW were at a lower risk of developing 
AV block than patients with PSVT. Risk factors for pace-
maker implantation were age >75 years, diabetes, CKD 
and RFCA after AFL (when compared with PSVT). The 

Table 1 Baseline data for 19 475 study patients who underwent RFCA procedures stratified by indication

Variable PSVT WPW AFL AF VT P value

Number of patients 12 796 3051 1854 1162 612 –

Age (years), median 
(IQR)

47.0 (33.5, 58.6) 36.3 (22.8, 49.7) 62.9 (51.7, 73.1) 56.9 (48.4, 65.5) 43.1 (28.7, 55.2) <0.001

Age group (years) <0.001

  0–18 863 (6.7) 379 (12.4) 15 (0.8) 0 (0.0) 46 (7.5)

  19–44 4930 (38.5) 1619 (53.1) 260 (14.0) 216 (18.6) 289 (47.2)

  45–54 2938 (23.0) 579 (19.0) 329 (17.7) 285 (24.5) 123 (20.1)

  55–64 2083 (16.3) 308 (10.1) 407 (22.0) 354 (30.5) 75 (12.3)

  65–74 1344 (10.5) 130 (4.3) 472 (25.5) 222 (19.1) 51 (8.3)

  75+ 638 (5.0) 36 (1.2) 371 (20.0) 85 (7.3) 28 (4.6)

Gender, male 5402 (42.2) 1988 (65.2) 1332 (71.8) 838 (72.1) 327 (53.4) <0.001

Diabetes 910 (7.1) 113 (3.7) 301 (16.2) 134 (11.5) 32 (5.2) <0.001

Hypertension 1723 (13.5) 275 (9.0) 535 (28.9) 326 (28.1) 74 (12.1) <0.001

COPD 286 (2.2) 22 (0.7) 103 (5.6) 28 (2.4) 15 (2.5) <0.001

CKD 150 (1.2) 12 (0.4) 71 (3.8) 11 (0.9) 5 (0.8) <0.001

CAD 594 (4.6) 87 (2.9) 288 (15.5) 154 (13.3) 45 (7.4) <0.001

Heart failure 73 (0.6) 21 (0.7) 205 (11.1) 53 (4.6) 25 (4.1) <0.001

High-activity centre* 7267 (56.8) 1880 (61.6) 1317 (71.0) 976 (84.0) 317 (51.8) <0.001

Complicated CHD 10 (0.1) 3 (0.1) 16 (0.9) 2 (0.2) 1 (0.2) <0.001

TOF 3 (0.0) 0 (0.0) 11 (0.6) 1 (0.1) 1 (0.2) <0.001

Other complicated 
CHD

7 (0.1) 3 (0.1) 5 (0.3) 1 (0.1) 0 (0.0) 0.045

Simple CHD † 69 (0.5) 31 (1.0) 66 (3.6) 9 (0.8) 9 (1.5) <0.001

VSD 15 (0.1) 6 (0.2) 25 (1.3) 0 (0.0) 4 (0.7) <0.001

ASDII 50 (0.4) 10 (0.3) 34 (1.8) 9 (0.8) 4 (0.7) <0.001

Ebstein 4 (0.0) 18 (0.6) 6 (0.3) 0 (0.0) 0 (0.0) <0.001

Other simple CHD 4 (0.0) 2 (0.1) 6 (0.3) 0 (0.0) 1 (0.2) <0.001

*Defined as 100 operations per year.
†The discrepancy between the sums of subgroups and the total is due to the possibility that one patient might have two CHDs.
AF, atrial fibrillation; AFL, atrial flutter; ASD, atrial septal defect; CAD, coronary artery disease; CHD, congenital heart disease; CKD, 
chronic kidney disease; COPD, chronic obstructive pulmonary disease; Ebstein, Ebstein’s anomaly; PSVT, paroxysmal supraventricular 
tachycardia; RFCA, radiofrequency catheter ablation; TOF, Tetralogy of Fallot; VSD, ventricular septal defect; VT, ventricular tachycardia; WPW, 
Wolff-Parkinson-White syndrome.
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results were similar when excluding patients with recur-
rent RCFA during the follow-up (online supplementary 
table 4).

Testing of Schoenfeld partial residuals revealed insig-
nificant correlation for rank of survival time after AV 
block and permanent pacemaker implantation (AV 
block: number of events=184, r=0.08, p=0.27; permanent 
pacemaker implantation: number of events=100, r=0.15, 
p=0.11), which indicated that the assumption of propor-
tional hazard was not strongly violated (data not shown).

dIsCussIOn
To the best of our knowledge, this is the first observa-
tional study to record the impact of RFCA on the treat-
ment of arrhythmias by analysing the trends, risk factors, 
recurrence and complications of patients with five 
different arrhythmias. From 2001 to 2010, the number 
of RFCAs increased rapidly for the AF, AFL and VT 
groups, but decreased gradually for the PSVT and WPW 
groups. Age was a risk factor for recurrence in all groups, 
whereas male gender, diabetes and TOF were risk factors 
for recurrence in patients with PSVT. Patients with AF 
treated in a high-activity centre had a tendency to receive 

repeated RFCAs. Elderly patients with AF and AFL had 
more adverse events after RFCA compared with other 
subgroups.

trend in types of arrhythmias
In Taiwan, the number of AF increased the most over the 
10 years studied, followed by the VT, AFL, WPW and PSVT 
groups. Population ageing and advancements in ablation 
techniques have contributed to this phenomenon, espe-
cially for AF and AFL, which are age-related diseases.12 
From 2001 to 2010, the population of older adult patients 
(>65 years) increased from 1 973 357 to 2 487 893. This 
increase has resulted in a greater increase in the inci-
dence of AF and AFL compared with other arrhythmias. 
The mean growth rate for RFCA per year between 2001 
and 2010 was 9.7% for AF and 3.2% for AFL (figure 3). In 
contrast, the average growth rate of RFCA for PSVT was 
just 1.4%, which was gradually slowing, although the abso-
lute numbers increased from 1118 in 2001 to 1499 in 2010. 
This pattern is likely present for PSVT since (1) RFCA for 
PSVT is relatively mature compared with RFCA for AF, and 
(2) RFCA for PSVT was fully covered by Taiwan NHI but 
AF was not. Because patients with PSVT and WPW were 
relatively young, we searched the birth rate from 1980 
to 2000. The crude birth rate (births per 1000 mid-year 
population per year; mid-year population is defined as 
the population on 30th June.) in Taiwan decreased from 
4 13 177 births (23 births per 1000 population) in 1980 to 
3 07 200 births (13 births per 1000 population) in 2000, 
reducing the number of patients needing PSVT and 
WPW. The number of WPW cases peaked in 2005 (n=377) 
and has since been decreasing. The number of proce-
dures in the VT group increased from 57 in 2001 to 123 
in 2010, and the average RFCA growth rate over 10 years 
was 6.8%. This relatively high growth rate is possibly also 
due to population ageing and the maturation of three-di-
mensional mapping techniques.13 In summary, the growth 
models are different for the five arrhythmias. The AF and 
AFL groups have increased rapidly in RFCA procedures 
because of population ageing. The PSVT group had a 
relatively slow increase, whereas the WPW and VT groups 
showed stable or decreasing numbers of RFCAs.

Figure 2 Recurrence-free survival curves after 
radiofrequency catheter ablation for groups of patients with 
initial diagnosis of paroxysmal supraventricular tachycardia, 
Wolff-Parkinson-White syndrome, atrial flutter, atrial fibrillation 
and ventricular tachycardia.

Table 3 Numbers and rate of RFCA-related complications according to type of arrhythmias

Complication PSVT WPW AFL AF VT

Number of patients 12 796 3051 1854 1162 612

In-hospital complications (numbers and per cent)

Life-threatening pericardial effusion (15, 0.12%) (8, 0.26%) (6, 0.32%) (15, 1.30%) (1, 0.16%)

New-onset stroke (8, 0.06%) (2, 0.07%) (9, 0.49%) (4, 0.34%) (0, 0.00%)

After discharge

High-grade AVB (114, 0.89%) (10, 0.33%) (47, 2.53%) (8, 0.69%) (5, 0.82%)

Pacemaker implantation (64, 0.50%) (5, 0.16%) (26, 1.40%) (2, 0.17%) (3, 0.50%)

AF, atrial fibrillation; AFL, atrial flutter; AVB, atrioventricular block; PSVT, paroxysmal supraventricular tachycardia; RFCA, 
radiofrequency catheter ablation; VT, ventricular tachycardia; WPW, Wolff-Parkinson-White syndrome.

https://dx.doi.org/10.1136/bmjopen-2018-023487
https://dx.doi.org/10.1136/bmjopen-2018-023487
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risk of recurrence
Our results showed that the recurrence rate after RFCA 
increased in the following order: PSVT (2.0%)<WPW 
(4.9%)<VT (5.7%)<AFL (5.8%)<AF (16.1%) (figure 2). 
The recurrence-free rate was highest for the PSVT group 
(98.8% for the first year, gradually decreasing to 97.2% 
for the 10-year follow-up). However, patients<18 years 
in the PSVT and WPW groups had a significantly higher 
chance of recurrence, a result which agreed with those 
of Van Hare et al.14 This recurrence could be a result of 
the smaller cardiac anatomy in children, which makes the 
precise ablation difficult to perform. This result could 
also explain the association of CHD and TOF with recur-
rence of PSVT, possibly because of the abnormal cardiac 
structure of the CHD heart postcardiac surgery. Patients 
with TOF and AF also had a higher risk of receiving a 
second RFCA. In contrast, AF and AFL patients aged >75 
years had fewer second RFCAs than younger patients.15

Our data showed that patients>75 years receiving treat-
ment for AF and AFL had lower recurrence rates than those 
the same age in other groups. The reason for this phenom-
enon may be the conservative treatment preferred by cardi-
ologists for older patients rather than repeated RFCA, in 
order to avoid complications or mortality after the first 
procedure due to the presence of other comorbidities. Our 

data suggest that, for patients undergoing an elective RFCA, 
physicians should carefully evaluate the risk factors such 
as younger age and the presence of CHD (TOF in PSVT, 
VSD in AFL) which are associated with a high recurrence 
rate. Our study also described epidemiological changes in 
repeated ablation procedures for five arrhythmias in Taiwan 
in the RFCA era.

Complications
RFCA, which has an approximately 1% complication rate 
and 0.1% mortality rate,3 16 is considered a relatively safe 
procedure to treat or even cure arrhythmias (table 3). Our 
present study showed different patterns of complications 
in the five arrhythmia groups. Patients with PSVT and 
WPW had complication rates of 1.6% and 0.8%, respec-
tively, similar to previous studies. However, in patients with 
AF and AFL, the complication rates were 2.5% and 4.7%, 
respectively. AFL after RFCA induced more high-grade 
AV block (2.5%) compared with other arrhythmias, and 
patients with AF after RFCA had the highest incidence 
rate of life-threatening pericardial effusion (1.3%). High-
grade AV block is considered the main complication of 
ablation procedures for patients with AFL and PSVT 
because the ablation sites are close to the AV node.16 AFL 
has been seen combined with sick sinus syndrome. Brady-
arrhythmias appeared when the substance of AF and AFL 
is eliminated. Patient who underwent RFCA for AF had 
a higher risk of life-threatening pericardial effusion rela-
tive to patients with other arrhythmias, resulting in a rela-
tively higher complication rate of 1.3%. The major RFCA 
procedure for AF is to isolate the pulmonary vein and 
eliminate the substrate in the left atrium. This requires 
a longer procedure time and delivers more energy to 
convert AF into sinus rhythm. RFCA for AF could there-
fore cause more life-threatening pericardial effusion than 
that for other arrhythmias. RFCA for VT presents same 
pattern as that for PSVT and WPW. These data suggest 
that, although RFCA is a common procedure to treat 
different arrhythmias, the complications that should be 
monitored will differ by type of arrhythmia.

Our data also showed that patients with AFL and AF 
had higher stroke rates (0.49% and 0.34%, respectively) 
than patients in the other groups. Anticoagulation 
therapy is needed in these cases, and it is also necessary 
to confirm the absence of intracardiac thrombus before 
RFCA.17 However, anticoagulation procedures are some-
times ignored because anticoagulation is not routinely 
used in AFL.18 Previous studies have shown a high risk of 
thromboembolic events and a high incidence of throm-
bogenic milieu in AFL.19 20 Use of the inappropriate anti-
coagulation therapy is considered a significant risk factor 
for thromboembolism in patients with AFL.18

Age was an important risk factor associated with compli-
cations such as high-grade AV block, pacemaker implan-
tation, life-threatening pericardial effusion and stroke, 
especially in patients aged >75 years (table 4). These data 
were consistent with previous studies,21 22 and suggest that 
physicians should be cautious when performing RFCA in 

Figure 3 Numbers and growth rate of radiofrequency 
catheter ablations annually in groups of patients 
with initial diagnosis of PSVT, WPW, AFL, AF and 
VT. AF, atrial  fibrillation;  AFL, atrial  flutter; PSVT, 
paroxysmal  supraventricular   tachycardia;  RCFA, r 
adiofrequency  catheter   ablation; VT, ventricular  tachycardia;  
WPW,  Wolff-Parkinson-White   syndrome. 
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patients>75 years. We also found that diabetes was associ-
ated with increased complication rates for RFCA. A cohort 
study of 2 00 000 patients with type II diabetes reported 
that third-degree AV block was 3.1 times as prevalent in 
the group with diabetes (95% CI, 3.0 to 3.3; p<0.0001).23 
Diabetes has been suggested as a risk factor for autonomic 
neuropathy, cardiac conduction abnormalities and bradyar-
rhythmias.24 Physicians performing RFCA in patients with 
diabetes should monitor for bradycardia complications.

limitations
First, the major limitation of this study is our inability to 
explore the interactions among the predictive variables 
because of the limited number of events. For instance, 
the 184 high-grade AV blocks allow for a maximum of 
18–19 predictive variables, due to the ‘ten-one rule'.25–27 
However, the 13 predictors indicate that 78 two-way poten-
tial interaction effects may exist. Therefore, it seems not 
feasible to perform a regression analysis (logistic or Cox 
regressions) because that many explanatory variables 
in the equation would induce the statistical problem of 
overfitting. In addition, there is also an issue of multiple 
testing (five tests in table 2 and four tests in table 4) in 
this study. Many of the results would turn to be statically 
insignificant if a correction (ie, Bonferroni adjustment) 
was done. Therefore, further studies with a larger sample 
size and more events are needed to conduct interaction 
tests based on clinical knowledge or on exploratory data 
analysis along with multiple testing correction.

Second, in this cohort study, we did not have access to 
laboratory parameters, procedural details, heart images, 
smoking status, obesity or alcohol use. Procedure-related 
parameters, the location of the accessory pathway in 
WPW, PV isolation for AF, cardiac anomaly and ejection 
fraction have been reported as predictors for arrhythmia 
recurrence and RFCA complications.14 28–30 The lack of 
this information could induce residual confounding. 
On the other hand, the different arrhythmia groups 
had substantial differences in baseline characteristics, 
especially in terms of age, which may result in potential 
confounding even if we adjusted for these variables in the 
multivariable regression models. However, the present 
study focused on RFCA for five different arrhythmias 
and each arrhythmia had different surgical parameters. 
Rather than comparing the same parameter in different 
arrhythmia ablation procedures, we focused on the 
effect of comorbidities, gender and age on arrhythmia 
recurrence and RFCA-related complications. Our study 
provided valuable information to help cardiologists deal 
with RFCA recurrence and complications.

Third, some arrhythmias such as premature ventricular 
beats and atrial premature beats are not covered by Taiwan 
NHI. However, excluding these arrhythmias did not influ-
ence the study results since they are usually benign.

Lastly, recurrence may be misidentified in this present 
study as resulting from ablation of other arrhythmias. 
For example, this could happen if the patient had an 
initial PSVT ablation followed by an AF ablation. A single 

definition of recurrence could consider the second abla-
tion as the recurrence of PSVT. Use of double criteria, 
with repeated ablations combined with the same major 
principal diagnosis, reduced the coding error in this 
study.

COnClusIOns
There was a rapidly increasing trend of RFCA procedures 
for AF, AFL and VT during 2001–2010, but a slow increase 
for PSVT and WPW. The recurrence-free rate was higher 
for PSVT than for other arrhythmias. Older adult patients 
with AF and AFL had fewer repeat RFCAs and patients 
with AF in high-activity centre hospitals had more. CHD 
was a risk factor for PSVT recurrence. Patients with AF had 
more occurrences of life-threatening pericardial effusion, 
especially those aged more than 65 years, and patients 
receiving RFCA for AFL suffered more from bradycardia, 
requiring permanent pacemaker implantation.
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