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Aims Catheter ablation is considered the treatment of choice for many tachyarrhythmias, but convincing ‘real-world’
data on efficacy and safety are lacking. Using Swedish national registry data, the ablation spectrum, procedural char-
acteristics, as well as ablation efficacy and reported adverse events are reported.

Methods Consecutive patients (>18years of age) undergoing catheter ablation in Sweden between 01 January 2006 and 31

and Results December 2015 were included in the study. Follow-up (repeat ablation and vital status) was collected through 31
December 2016. A total of 26 642 patients (57 + 15 years, 62% men), undergoing a total of 34 428 ablation proce-
dures were included in the study. In total, 4034 accessory pathway/Wolff-Parkinson—White syndrome (12%), 7358
AV-nodal re-entrant tachycardia (21%), 1813 atrial tachycardia (5.2%), 5481 typical atrial flutter (16%), 11 916 atrial
fibrillation (AF, 35%), 2415 AV-nodal (7.0%), 581 premature ventricular contraction (PVC, 1.7%), and 964 ventricu-
lar tachycardia (VT) ablations (2.8%) were performed. Median follow-up time was 4.7 years (interquartile range
2.7-7.0). The spectrum of treated arrhythmias changed over time, with a gradual increase in AF, VT, and PVC abla-
tion (P <0.001). Decreasing procedural times and utilization of fluoroscopy with time, were seen for all arrhythmia
types. The rates of repeat ablation differed between ablation types, with the highest repeat ablation seen in AF
(41% within 3 years). The rate of reported adverse events was low (n=595, 1.7%). Death in the immediate period
following ablation was rare (n= 116, 0.34%).

Conclusion Catheter ablations have shifted towards more complex procedures over the past decade. Fluoroscopy time has
markedly decreased and the efficacy of catheter ablation seems to improve for AF.
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Introduction

Transvenous catheter ablation of cardiac arrhythmias was first
described in the 1980s."? In 1998, Haissaguerre et al® introduced
catheter ablation as a treatment option for atrial fibrillation (AF),
which today is the dominating procedure in the majority of institu-
tions. Over the past decades, the procedural techniques have grad-
ually evolved and catheter ablation is currently considered the
treatment of choice for many tachyarrhythmias. Technical develop-
ments, allowing precise visualization of the catheters and accurate
tracking of ablation lesions and catheter movement, have reduced
the need for fluoroscopy during the procedures.*® A wide range of
diagnostic and ablations catheters designed for specific purposes, as
well as different modalities of energy source, are available today.
The continuous effort to improve the efficacy and safety is key in this
development. Efficacy and safety of various catheter ablation treat-
ments have primarily been in the setting of controlled trials or
719 while

there is limited ‘real-world’” data about the safety and outcome of
11-15

single-centre experiences from high-volume centres,

such procedure.

Using national population-based register data with virtually com-
plete coverage, this study aims at describing the evolution of catheter
ablation over the past decade with respect to types of arrhythmias
treated, procedural characteristics, and the efficacy and safety of abla-
tion in Sweden.

Methods

Study population

Consecutive patients (>18years old at the time of the ablation) under-
going catheter ablation at one of the 11 ablation centres in Sweden
(seven university institutions, three community hospitals, and one private
institution) between 01 January 2006 and 31 December 2015 were
included in the study. Follow-up data (repeat ablation and vital status)
was collected through 31 December 2016.

Data collection

The Swedish Catheter Ablation Registry collects data on ablations per-
formed in Sweden prospectively since 2004." Since 2006, all centres per-
forming catheter ablation of cardiac arrhythmias in Sweden report to the
register. Baseline characteristics are reported together with procedural
characteristics, as well as data on in-hospital adverse events (see
Supplementary material online, Table S1 for definitions). Patient consent
was obtained by information and offer of an opt-out alternative. The
completeness of key variables [personal identification number, age, gen-
der, date of ablation, type of ablation, procedural time, fluoroscopy time,
radiation dose, utilization of radio frequency or cryo energy, acute suc-
cess (see Supplementary material online, Table S2 for definitions), repeat
ablation, and vital status by 31 December 2016] is high. Coverage and
register and data completeness are all exceeding 94% throughout the
study period (see Supplementary material online, Table S3 for details).
Acute success was not reported until 2008 for cavotricuspid isthmus ab-
lation (CTI) and not until 2009 for ablation of AF, ventricular tachycardia
(VT), and premature ventricular contraction (PVC) ablation. For ancillary
variables, only variables with at least 60% data completeness are reported
in this study. Patients having more than one type of ablation performed at
a single occasion contributed with data to all ablation types (with the ex-
ception of AF ablation with concomitant CTl, in which case only the AF

ablation was reported). Likewise, patients undergoing more than one ab-
lation during the course of the study, contributed with data to all relevant
ablation types (including multiple entries to the same ablation type in the
case of repeat ablations).

Vital status was collected from the Swedish cause of death register,
which is a high-quality, virtually complete register of all deaths in Sweden
since 1952." The study was approved by the ethics committee of Umed
University and complied with the Declaration of Helsinki.

Statistical analysis

Data are presented as mean * standard deviation (continuous variables)
or percentage (categorical variables). When normal distribution could
not be assumed, median and interquartile range (IQR) are used for con-
tinuous variables. For comparison between different years of ablation, in-
dependent sample Kruskal-Wallis test (continuous variables) or Mantel—
Haenzsel test for trend (categorical variables) was used. When analysing
the risk of subsequent repeat ablation, only patients undergoing a de novo
ablation (for that particular arrhythmia) with acutely successful ablation,
were included. Cumulative incidence function was used to analyse time
to endpoint events.® All tests were two-sided and a P< 0.05 was consid-
ered statistically significant. All analyses were performed using IBM SPSS
Statistics (IBM SPSS Statistics for Mac, Version 25.0. Armonk, NY, USA)
or MATLAB R2016b (MathWorks Inc., Natick, MA, USA) running on
Linux.

Results

A total of 26 642 patients (mean age 57 * 15 years, 62% men), under-
going 34 428 ablation procedures, during which 34 562 different ar-
rhythmic substrates were treated, were included in the study. In
total, 4034 accessory pathways/Wolff-Parkinson—White syndrome
(AP/WPW) (12%), 7358 AV-nodal re-entrant tachycardias (AVNRT)
(21%), 1813 atrial tachycardias (AT) (5.2%), 5481 CTI (16%), 11 916
AF (35%), 2415 AV node ablations (AVN, 7.0%), 581 PVC (1.7%),
and 964 VT ablations (2.8%) were performed. Median follow-up time
was 4.7 years (IQR 2.7-7.0 years).

The age and gender distribution by type of ablation is presented in
Table 1. In summary, a female predominance was seen among
patients undergoing AVNRT ablation (60%), AVN ablation (53%),
and ablation for PVC (56%), whereas the largest male predominance
was seen among patients undergoing AF ablation (73%), CTl ablation
(80%), or VT ablation (73%). Patients treated for AP/WPW were the
youngest (41 £ 16 years), while those undergoing AVN ablation were
substantially older (73 £ 9 years). The rate of reported concomitant
heart disease among patients undergoing ablation of supraventricular
tachycardia was low (Table 7).

The types of ablations performed in Sweden changed over the
studied decade, with the most marked difference seen in the propor-
tion of ablations of AF (Figure 1). In 2006, 352 of the 1953 ablations
performed were AF ablations (18%), while the corresponding num-
ber was 1869 of 4648 (40%) in 2015, translating to a 430% increase in
the number of ablations of AF performed in Sweden during the study
period. Similar increases, albeit with substantially lower absolute
numbers, were seen for VT and PVC ablation (240% and 350% in-
crease, respectively).

The procedural characteristics by ablation type are shown in
Table 1. The acute success rate, as ascertained by the operator, was
very high for all procedures with the exception of AT (80%), PVC
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Figure | Types of catheter ablations in Sweden between 2006 and 2015. P< 0.0001 (Pearson y?). AF, ablation of atrial fibrillation; AT, ablation of
atrial tachycardia; AVN, AV-nodal ablation; AVNRT, AV-nodal re-entry tachycardia ablation; AP/WPW, accessory pathway/Wolff-Parkinson—White
syndrome; CTl, cavotricuspid isthmus ablation; PVC, ablation of premature ventricular contraction; VT, ablation of ventricular tachycardia.

(83%), and VT (86%). The vast majority of the ablations were per-
formed using radiofrequency energy. The largest share of procedures
performed using cryo energy were seen in AVNRT (36%) and CTI
ablation (36%). Only 13% of the ablations of AF performed in
Sweden between 2006 and 2015 were done using cryo-balloon.
Considerable reduction in procedural time, fluoroscopy time, and ra-
diation dose were seen over time across all ablation types, with the
most pronounced differences in VT, PVC, and AF (Figure 2). Changes
were observed in the acute success rate for AP/WPW, VT, and PVC
ablation, with a higher success rate in more recently performed abla-
tions (P <0.05 for all trends). In contrast, a subtle decrease in success
rate was seen for AVN ablation (P < 0.05, Figure 2).

The likelihood of a repeat ablation for the same arrhythmia as the
index procedure, varied markedly depending on ablation type
(Table 2). The lowest rates of repeat ablation were seen in patients
undergoing AVN ablation (2.4% and 2.6% at 1 and 3 years, respect-
ively). In contrast, the corresponding numbers for AF ablation were
20% and 41% (at 1 and 3 years). Moreover, the timing of repeat abla-
tion differed depending on ablation type, while some types had most
repeat ablations done within the first year (e.g. AVN ablation and AP/
WPW), other had repeat ablations performed later to a larger extent
(e.g. AFand AT) (Figure 3).

Over time, the risk of a repeat ablation for the same arrhythmia
following a de novo procedure changed depending on arrhythmia
type (Figure 4). For AF, a gradual decrease in the rates of the repeat
ablations were seen over time (e.g. 25% repeat ablation within 1 year
in 2009, compared with 15% in 2016, P <0.0001, Mantel-Haenzsel
test for trend). The repeat ablation rates for the remaining types of
ablation were stable over time, without significant changes.

The reported adverse events are summarized in Table 3. Overall,
the event rate was low {595 events reported in 34 562 procedures
[1.7%; 95% confidence interval (Cl) 1.6-1.9%]}. The highest rates of
adverse events were seen for AF ablation [329 events in 11 916 pro-
cedures (2.8%; 95% Cl 2.5-3.1%)], for PVC [20 events in 581 proce-
dures (3.4%; 95% Cl 2.0-4.9%)], and for VT ablation [43 events in
964 procedures (4.5%; 95% Cl 3.2-5.8%)]. The most frequently
reported type of adverse event was pericardial effusion and/or tam-
ponade [228 events in 34 562 procedures (0.66%)]. Within the first 3
months following ablation, a total of 116 patients (0.34%) died, 51 of
whom died within the first month post-ablation. More than half of
these patients (n =72, 62%) had undergone VT (n = 24) or AV nodal
ablation (n=48). Eight patients who had undergone an ablation to
treat AF died within 3 months of the ablation, five of these within a
month of the procedure. The causes of death are listed in Table 4.
Overall, the most common causes of death were chronic ischaemic
heart disease (n= 31, 27%), malignant neoplasms (n= 14, 12%), and
heart failure (n =11, 9.5%).

Discussion

Using a complete, population-based registry in the setting of a univer-
sal, single-payer healthcare system, this study demonstrates a dou-
bling of the number of ablations over a 10-year period. Ablation of
AF is the main driver behind this increase and accounts for 40% of all
ablations performed in Sweden 2015. The rates of repeat ablation of
AF is lower in recent years, in spite of the overall increase in ablation
volumes. The use of fluoroscopy is steadily declining, with the largest
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Figure 2 (A) Median procedure time, by ablation type and treatment year. (B) Median fluoroscopy time, by ablation type and treatment year. (C)
Acute success, by ablation type and treatment year. (D) Median radiation dose, by ablation type and treatment year. *P < 0.001 (independent sample
Kruskal-Wallis test); TP =0.005 (independent sample Kruskal-Wallis test); *P=0.001 (independent sample Kruskal-Wallis test); *P = 0.023 (Mantel
Haenzsel test for trend). AF, ablation of atrial fibrillation; AT, ablation of atrial tachycardia; AVN, AV-nodal ablation; AVNRT, AV-nodal re-entry
tachycardia ablation; AP/WPW, accessory pathway/Wolff-Parkinson—White syndrome; CTI, cavotricuspid isthmus ablation; PVC, ablation of prema-

ture ventricular contraction; VT, ablation of ventricular tachycardia.

decline seen for the more complex procedures. Overall, catheter ab-
lation seems to be a safe procedure, with low reported adverse
events rates, including mortality rates.

All catheter ablations performed in Sweden are prospectively
reported to the Swedish Catheter Ablation Registry since 2006. In
addition, the completeness of data has consistently been very high,
when compared with the National Patient Register,'® with coverage
percentage in the high 90s. Thus, the presented estimates of the num-
ber of ablations and repeat ablations are likely to be highly accurate.
The mean ages and gender distributions observed in this study are

largely as expected and are well in keeping with previously published
reports using register data.'™'> Moreover, the presence of concomi-
tant heart disease among patients undergoing ablation of supraven-
tricular tachycardia is low, again in keeping with previously published
data."" Taken together, this implies that although the background
information is limited, the treated population is likely to be represen-
tative of a typical ablation population in the setting of a universal,
single-payer healthcare system.

Over the course of the study, the number of ablations for all abla-
tion types increased. However, while the rate of increase between
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Figure 3 Cumulative incidence function plot illustrating the prob-
ability of repeat ablation (same arrhythmia) after a de novo ablation.
Numbers at risk are illustrated in the accompanying table. AF, abla-
tion of atrial fibrillation; AVN, AV-nodal ablation; AVNRT, AV-nodal
re-entry tachycardia ablation; AP/WPW, accessory pathway/Wolff—
Parkinson—White syndrome; CTI, cavotricuspid isthmus ablation;
PVC, ablation of premature ventricular contraction; VT, ablation of
ventricular tachycardia.

2006 and 2015 was modest for some ablations, such as AP/WPW,
AVNRT, and CTI (about a 30% increase for each of them), the in-
crease was pronounced for ablation of AF (more than four times as
many), VT and PVC (at least 2.5 times as many). Given the high preva-
lence of AF, AF ablation is the main driver between the increase in
total ablation volumes. This trend is well in keeping with the strong
recommendation for catheter ablation in patients with symptomatic
AF on antiarrhythmic drug therapy in recent European Society of
Cardiology (ESC) guidelines for the management of AF.*° Granted
that the absolute numbers of VT and PVC ablations are still low, the
impact on the annual ablation volumes is modest. However, in
selected patient populations, VT ablation has a Class | recommenda-
tion in the current ESC Guidelines for the management of patients
with ventricular arrhythmias,”’ and the number of VT ablations is
therefore likely to keep increasing in years ahead. Similar trends can
be seen in other European countries, when looking at annually
reported ablation volumes.”> However, the accuracy of those num-
bers is likely to vary substantially between countries, due to different
abilities to accurately track the actual ablation numbers.

At some point after 2012 the relative proportion of AVN ablations
seem to increase. Given the sparsity of data, the exact mechanism for
this increase cannot be determined in this study, but one may specu-
late that it is an increase in the number of AVN ablations for rate con-
trol in cardiac resynchronization therapy driving this change.
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AV-nodal re-entry tachycardia ablation; AP/WPW, accessory pathway/Wolff-Parkinson—White syndrome; CTI, cavotricuspid isthmus ablation; PVC,
ablation of premature ventricular contraction; VT, ablation of ventricular tachycardia.

In spite of a shift towards more complex procedures, a dramatic Previously, smaller series have reported similar temporal trends.”®
decrease in fluoroscopy time, as well as in radiation dose, is seen in  : Importantly, although fluoroscopy has been widely used since the
this study. For AF ablation, the median fluoroscopy time and radiation  :  beginning of interventional electrophysiology, the procedure is de

dose was only a third in 2015 compared with that a decade earlier. : facto not dependent on fluoroscopic imaging. Consequently,
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non-fluoroscopic three-dimensional systems can be used to navigate
electrophysiology catheters with no or minimal use of fluoroscopy.
The introduction and refinement of three-dimensional mapping sys-
tems is likely to be a key component in the observed reduction in
fluoroscopy time and radiation dose.**** In addition, the decreasing
radiation doses may be attributed to more experienced operators,
leading to the use of lower frame rates, pulsed fluoroscopy, the
avoidance of magnification, and optimal adjustments of the fluoros-
copy exposure rates.

Data on definite arrhythmia recurrence in this study is lacking, reli-
able data on repeat procedures are available. With some obvious lim-
itations (e.g. patients may well have arrhythmia relapse without
undergoing a repeat ablation), analyses of repeat ablation offer a rea-
sonable surrogate for arrhythmia relapse. Furthermore, it is import-
ant to keep in mind that acute success is not a reliable marker of
long-term success. An apparent discordance between acute and
long-term success is illustrated in AF ablation, where the acute suc-
cess rate was 97%, and the repeat ablation rate within 3 years
exceeded 40%. Keeping all of the above in mind, a notable progres-
sive decrease in the rates of repeat AF ablation was observed. This is
well in keeping with the recent findings in the Danish ablation regis-
try.”® As expected, the cumulative rate of AF relapse was higher in

the study by Pallisgaard et al'®

(where relapse was studied rather
than repeat ablation), but the decreasing trends are similar. Given the
limited data on background information in this study, the exact
underlying mechanism for this observation cannot be determined.
However, the increased operator experience and the availability of
improved ablation catheters and techniques are possibly important
factors. This needs to be confirmed in subsequent studies.

Not surprisingly, the patterns of if and when the risk of a repeat ab-
lation plateaus differed substantially between the different types of
ablation. A high risk of early repeat ablation, sustained over time at a
lower level, was seen for VT, PVC, and AT, whereas following a risk
of early repeat ablation, the risk largely plateaued for AVN ablation,
AVNRT, AP/WPW, and CTI. The highest risk of repeat ablation, by
far, was seen for AF ablation. Although the likelihood of a repeat abla-
tion decreased over time, it remains substantial in the longer term.
This is in keeping with results reported from high-volume, single-
centres.®'°

In this study, we demonstrate a very low rate of adverse events,
with a reported adverse event rate of less than one in 50 cases. As
expected, the risk of an adverse event was highly dependent on the
type of ablation being performed, with a higher risk seen in ablation
of VT, PVC, and AF. However, the reported risk of an adverse event
in an AF ablation was 2.8%, which is substantially lower than that
reported in the most recent worldwide survey on catheter ablation
for AF."? The rate of death following AF ablation in this study is con-
siderably lower than in the worldwide survey. Of note, the most re-
cent worldwide survey only reports on procedures performed
between 2003 and 2006, and a recently published study indicate that
the rate of adverse events is declining in more contemporary
settings.23

Limitations of the study

Detailed background information apart from age and gender is largely
lacking. This makes it more challenging to interpret some the
reported data, in particular regarding VT ablation, where the patient

population is likely to be heterogeneous. In this study uniform data
on follow-up is lacking and repeat ablation was used as a surrogate
for relapse of arrhythmia. This measure has inherent limitations and
true effectiveness of the ablation procedures cannot be reliably
determined without structured rhythm follow-up. This is particularly
true for arrhythmias in which a relapse is not necessarily equivalent
to a repeat ablation (e.g. AF and VT). Thus, repeat ablation should be
viewed as the lower limit of the true relapse rate. Lastly, under-
reporting of adverse events in this study is highly likely and the clinical
routines for capturing adverse events differ between centres and a
routine for auditing centres was lacking. Thus, the reported events
rates should be considered as the lower limits of the true adverse
event rate, which is bound to be higher than the reported. By collect-
ing information on vital status from the Swedish cause of death regis-
ter, this limitation was circumvented for mortality. Information on
cause of death, beyond the cause stated in the Swedish cause of death
register, was not available for the current analyses.

Conclusions

In a nation-wide, population-based study, in the setting of a universal,
single-payer healthcare system, we demonstrate that the number of
ablations more than doubled during the last decade. Ablation of AF is
the main driver behind this increase and AF ablation accounted for
40% of all ablations in Sweden 2015. The rate of repeat AF ablation is
lower in recent years, in spite of the overall increase in ablation vol-
umes. The utilization of fluoroscopy is on a dramatically declining,
with a more than 50% reduction overall. Furthermore, in this study
catheter ablation procedures are associated with low rates of
reported adverse events and death.

Supplementary material

Supplementary material is available at European Heart Journal online.
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