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Abstract Catheter ablation of complex fractionated atrial
electrograms (CFAE), also known as defragmentation abla-
tion, may be considered for the treatment of persistent atrial
fibrillation (AF) beyond pulmonary vein isolation (PVI).
Concomitant antiarrhythmic drug (AAD) therapy is com-
mon, but the relevance of AAD administration and its opti-
mal timing during ablation remain unclear. Therefore, we
investigated the use and timing of AADs during defragmen-
tation ablation and their possible implications for AF ter-
mination and ablation success in a large cohort of patients.
Retrospectively, we included 200 consecutive patients (age:
61 + 12 years, LA diameter: 47 == 8 mm) with persistent
AF (episode duration 47 £ 72 weeks) who underwent de
novo ablation including CFAE ablation. In all patients, PVI
was performed prior to CFAE ablation. The use and tim-
ing of AADs were registered. The follow-ups consisted of
Holter ECGs and clinical visits. Termination of AF was
achieved in 132 patients (66 %). Intraprocedural AADs
were administered in 168/200 patients (84 %) 45 £ 27 min
after completion of PVI. Amiodarone was used in the
majority of the patients (160/168). The timing of AAD
administration was predicted by the atrial fibrillation cycle
length (AFCL). At follow-up, 88 patients (46 %) were
free from atrial arrhythmia. Multivariate logistic regres-
sion analysis revealed that administration of AAD early
after PVI, LA size, duration of AF history, sex and AFCL
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were predictors of AF termination. The administration of
AAD and its timing were not predictive of outcome, and
age was the sole independent predictor of AF recurrence.
The administration of AAD during ablation was common
in this large cohort of persistent AF patients. The choice to
administer AAD therapy and the timing of the administra-
tion during ablation were influenced by AFCL, and these
factors did not significantly influence the moderate single
procedure success rate in this retrospective analysis.
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Abbreviations

AADs Antiarrhythmic drugs

AF Atrial fibrillation

AFCL Atrial fibrillation cycle length

CA Catheter ablation

CFAE Complex fractionated atrial electrograms
PVI Pulmonary vein isolation

SR Sinus rhythm

Introduction

Catheter ablation (CA) has become an established therapy
for persistent atrial fibrillation (AF) [1-4]. The ablation
of complex fractionated atrial electrograms was recently
challenged by observations of modest long-term success
rates [5, 6], and a randomized trial questioned its benefit
[7]. However, solid evidence supporting the role of CFAE
ablation in conjunction with PVI exists [2, 8—11]. Ablation
approaches that have focused on PVI rather than CFAE
ablation have achieved lower success rates at long-term
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follow-up [12] compared to the stepwise ablation approach
[5, 8, 13]. The ideal protocol for ablation in patients with
persistent AF remains unclear.

Antiarrthythmic drug (AAD) administration prior to or
during CFAE ablation is controversial. While this treat-
ment may suppress possible bystander and passively acti-
vated areas of CFAEs [14, 15], the subsequent unmasking
of culprit regions that sustain atrial fibrillation for ablation
may thereby facilitate the achievement of the endpoint of
AF termination. It is also conceivable that the use of AADs
may mask important CFAE areas or trigger regions and
therefore diminish the procedural success rates, as has
been indicated recently [16]. The aims of this retrospective
analysis of a large cohort of patients undergoing ablation of
persistent AF were to examine the use of AADs in a clini-
cal setting and to investigate possible implications of AAD
administration and the timing of the administration during
the course of CFAE ablation.

Methods
Study population

This study is a retrospective analysis of 200 consecutive
patients (pts) who underwent de novo PVI and CFAE
ablation for symptomatic persistent AF at the University
Heart Center of Hamburg. AF was considered persistent if
the episodes lasted longer than 48 h without spontaneous
conversion and/or electrical cardioversion was necessary
to restore sinus rhythm (SR), and AF did not terminate
after the completion of PVI. Our analysis comprised all
pts who met these criteria and were treated at the Univer-
sity Heart Center in Hamburg, Germany between January
2010 and December 2011. Patients with clinically persis-
tent AF that terminated to SR after PVI were not included
in this study.

Electrophysiological study

Informed written consent was obtained at least 1 day prior
to the procedure. The electrophysiological studies were
performed under Propofol sedation via femoral access and
a single transseptal puncture with non-steerable sheaths.
Open-irrigation 3.5-mm tip ablation catheters with a 30 W
power setting were used (Thermocool D-curve, Biosense
Webster, Diamond Bar, CA, USA). Oral anticoagulation
was paused 2-3 days prior to the ablation to achieve an
INR of <2. Further details have been described previously
[11]. A three-dimensional mapping system (Ensite NavX,
St. Jude Medical, St.Paul, MN, USA) was utilized in all

pts.
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Pulmonary vein isolation and CFAE ablation

In all pts, pulmonary vein isolation (PVI) was defined as
the elimination of all PV signals or the documentation of
the dissociation of the PV signals in the circumferential
mapping catheter and was performed using irrigated-tip
RF energy. In pts who presented in sinus rhythm, AF was
induced using burst pacing from the coronary sinus (CS)
catheter prior to PVI. According to standard practice, in
all pts who remained in AF for a minimum of 10 min after
PVI was completed and who met the clinical definition
of persistent AF, CFAE ablation was undertaken with the
goal of AF termination according to established protocol
[9, 17]. CFAE ablation was first performed in the LA with
additional RF application in the CS and the right atrium
(RA) as necessary to achieve termination. In accordance
with the previously established modified stepwise ablation
approach [11, 18], linear ablation was limited to macro-
reentrant arrhythmias that occurred during the course of the
procedure.

Periprocedural AAD treatment

Prior AAD treatment was not discontinued before the abla-
tion procedure. The administration of antiarrhythmic drugs
during the procedure (i.e., the infusion of 300 mg of Ami-
odarone or 1 mg/kg of Flecainide over 15 min) and the
timing of the administration were documented on the pro-
cedural data sheet. No AAD administrations were allowed
prior to the completion of PVI. The patients were otherwise
excluded.

Follow-up

All pts were seen at 3, 6 and 9 months after the index pro-
cedure and at 12 months if they were available. Follow-up
ECGs were recorded, the recent clinical history since the
AF ablation was assessed, and all available Holter ECGs
were analysed. Holter monitoring was available for all
3-month visits either via our own outpatient clinic or from
an external referring physician.

Ablation success was defined as the absence of atrial
arrhythmia for >30 s in all available 12-lead ECG and
Holter recordings and the absence of symptoms. As previ-
ously established, a 12-week blanking period was applied
[4]. We advised the patients to discontinue AAD use after
the blanking period.

Statistical analysis

Continuous variables are expressed as mean =+ standard
deviation. Student’s 7 tests were utilized to compare the
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continuous variables. The categorical variables were com-
pared using the Chi-square test.

Logistic regressions were used to analyse the effects on
AF termination and the outcomes after ablation. The mul-
tiple regression model included the following parameters:
age, sex, duration of the longest AF episode, history of
AF in years, LA size, baseline AFCL, timing of the AAD
administration, amount of energy for CFAE ablation, prior
AAD medication and AF termination. Regression analyses
were utilized to examine factors that influenced the tim-
ing of the AAD administration. A p value <0.05 was con-
sidered statistically significant. The tests were performed
using Stata Statistical Software (StataCorp. 2015, Release
14. StataCorp LP, College Station, TX, USA).

Results

Procedural data and intraprocedural administration
of AADs

Termination of AF during ablation was achieved
in 132/200 pts (66 %) at a procedure duration of
219 £ 55 min. The study population primarily consisted
of long-standing persistent AF pts. The patient character-
istics are shown in Table 1. CFAE ablation was performed
in all of the patients as required by the inclusion criteria.
Additional applications of RF in the coronary sinus were
performed in 169/200 pts (84.5 %) and in the RA in
146/200 pts (73 %). AADs were administered to 168 pts
(84 %) 45 £ 27 min after completion of PVI. Amiodarone
(300 mg) was used in the majority of the pts (160/168).
Additional data are provided in Table 2. The baseline AFCL
was the sole independent predictor of AAD administration
(odds ratio 0.96 per ms, 95 % CI 0.93-1.00, p = 0.031) and
the early administration of an AAD (odds ratio 0.40 per ms,
95 % CI1 0.10-0.69, p = 0.01).

AF termination and the timing of AADs

The late administration of an AAD was associated with
higher rates of AF termination, and 43 min was chosen as
a cutoff value because this value divided the population
into as close to even groups and discriminated between the
“early” and “late” administration of an AAD. The resulting
groups exhibited significant differences in termination rates
without significant differences in any of the established pre-
dictors of AF termination (Table 3). While a shorter AFCL
was predictive of AAD administration in general, the mean
AFCL did not differ significantly between the early and
late administration groups.

Table 1 Baseline patient characteristics

n =200

Age (years) 61 + 12
Male (n) (%) 139 (70)
BMI (kg/m?) 27+4
AF since (months) 64.3 + 59
Episode duration (weeks) 46.9 + 72
LA diameter (mm) 47 + 8
AAD prior to ablation (n) (%)

None 70 (35)

Amiodarone 64 (32)

Flecainide 26 (13)

Dronedarone 38 (19)
Hypertension (%) 152 (76)
CHD (%) 36 (18)
Heart failure (%) 21 (11)
Table 2 Procedural data

n =200

Baseline AF cycle length (ms) 166 £+ 21
Duration (min) 219 £ 55
Administration of AAD (n) (%) 168 (84)
Timing (min after PVI) 45 + 27
Antiarrhythmic agent (%)

Amiodarone 300 mg 160 (80)

Flecainide 1 mg/kg 8(4)

CFAE ablation without AAD (min) 46 £+ 27
AF termination (n) (%) 132 (66)
To SR 43 (33)
To SR via AT 39 (29)
To AT 50 (38)

Follow-up

At follow-up (313 £ 176 days), 94 pts (46 %) were free
from atrial arrhythmia after a single procedure. Of those,
68 (77 %) were off AADs. There was no statistically sig-
nificant difference in the recurrence rate between the early
and late AAD administration groups.

Multivariate analysis

Logistic regression analysis identified larger LA size (odds
ratio 0.87, 95 % CI 0.76-0.99, p = 0.042), longer AF
history (per twofold increase. Odds ratio 0.54, 95 % CI
0.30-0.94, p = 0.03) and male sex (odds ratio 0.04, 95 %
CI 0.01-0.35, p = 0.003) as negative predictors of AF
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Table 3 Characteristics of

. <43 min (n = 81) >43 min (n = 87) P
the early (<43 min) and late
(>43 min) AAD administration Age (years) 62+ 12 60+ 12 0.561
groups Male (%) 58 (72) 58 (67) 0.509
BMI (kg/m?) 28+4 27+4 0.317
AF history (months) 63 +61 62 + 52 0.985
Episode duration (weeks) 59 +95 41 £ 51 0.167
LA diameter (mm) 46+ 6 47 + 8 0.73
AAD prior to ablation
None (%) 30 (37.5) 33 (38) 0.792
Amiodarone (%) 22 (27.5) 28 (33) 0.701
Hypertension (n) (%) 64 (79) 66 (76) 0.713
CHD (n) (%) 14 (17) 17 (20) 0.696
Heart failure (n) (%) 12 (15) 9 (10) 0.485
Procedure duration (min) 222 +53 238 +43 0.041
Energy for PVI (kJ) 63.2 +£28.5 58.8 £24.3 0.279
Energy for CFAE Ablation (kJ) 92.3 +44.1 1145 £37.2 0.001
Baseline AF cycle length (ms) 162 + 21 168 £+ 20 0.115
Timing of AAD (min after PVI) 22+ 13 67 £ 18 0.001
Energy for CFAE ablation prior to AAD (kJ) 23 +£21 67 £ 28 <0.001
AF termination (n) 41 (51 %) 60 (69 %) 0.018
Follow-up after (n) days 324 + 198 312 £ 156 0.665
Recurrence (n) (%) 42 (54) 49 (57) 0.754
Tablg 4 .Pre.dictors of o Odds ratio 95 % CI p
termination in the multivariate
logistic regression analysis AAD administration
Administration during procedure 11.12 0.33-373.6 0.179
Timing of AAD administration (min after PVI) 0.88 0.80-0.97 0.008
CFAE ablation energy until AAD administration (J) 1.00 1.00-1.00 0.007
Baseline parameters
LA diameter (mm) 0.87 0.76-0.99 0.042
AF history (per 2 fold increase) (months) 0.54 0.30-0.94 0.03
Episode duration (per twofold increase) (weeks) 1.05 0.71-1.56 0.811
Age (years) 1.02 0.95-1.10 0.509
Male sex 0.04 0.01-0.35 0.003
AFCL at baseline (ms) 1.05 1.01-1.10 0.026
AAD prior to ablation
Amiodarone 3.14 0.51-19.36 0.219
Flecainide 1.68 0.03-107.16 0.808
Dronedarone 2.08 0.35-12.35 0.421

termination during the ablation procedure. A longer AFCL
(odds ratio 1.05 per ms, 95 % CI 1.01-1.10, p 0.026) was a
positive predictor of AF termination (Table 4).

In the logistic regression models that included all known
influencing factors and possible confounders, early admin-
istration of AADs was found to be an independent predic-
tor of AF termination (odds ratio 0.88 per min, 95 % CI
0.80-0.97, p = 0.008). Antiarrhythmic medication prior

@ Springer

to ablation was not a significant predictor of termination
(Table 4).

The administration of AAD and its timing and the
amount of ablation without AAD were not found to
be independent predictors of recurrence after ablation
(Tables 4, 5). Age was the sole independent predictor of AF
recurrence (odds ratio 1.07 per year, 95 % CI 1.01-1.14,
p = 0.015).
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Table 5 Predictors of atrial

: . QOdds ratio 95 % CI P

arrhythmia at follow-up in the

multivariate logistic regression AAD administration

analysis
None 1.56 0.06-44.05 0.794
Timing of AAD administration (min after PVI) 1.03 0.99-1.06 0.182
CFAE ablation energy until AAD administration (J) 1.00 1.00-1.00 0.090

Baseline parameters

AF termination 0.63 0.17-2.33 0.490
LA diameter (mm) 0.99 0.91-1.07 0.759
AF history (per twofold increase) (months) 1.23 0.88-1.71 0.225
Episode duration (per twofold increase) (weeks) 1.00 0.76-1.31 0.975
Age (years) 1.07 1.01-1.14 0.015
Male sex 0.45 0.14-1.45 0.182
AFCL (ms) 1.00 0.97-1.03 0.916

Discussion to AF and therefore diminish the likelihood of successfully

The administration of an AAD during CFAE ablation was
common in this large cohort of patients who underwent
persistent AF ablation. Amiodarone was the most com-
monly used AAD during CFAE ablation. Early administra-
tion of AAD during the course of CFAE ablation was an
independent predictor of termination.

The administration and timing of the AADs did not
affect arrhythmia-free survival after ablation in this ret-
rospective analysis. A shorter AFCL, which is a known
predictor of adverse short-term outcomes, was the only
independent predictor of AAD administration. The single
procedure success rates were modest as could be expected
in a long-standing persistent AF population [1, 5, 11, 13,
19, 20].

Antiarrhythmic drug administration during catheter abla-
tion of persistent AF is a common practice used by many
ablation centres to facilitate persistent AF ablation. The
intravenous administration of Amiodarone or Flecainide
results in the prolongation of the effective refractory period
of atrial myocytes and, depending on the dose and AF dura-
tion, in the potential termination to sinus rhythm [21-24].
In addition, alteration of refractory periods has effects on
areas of CFAE [25]. Thus, concomitant antiarrhythmic
drugs may confound CFAE ablation.

The available data in the published literature regard-
ing the implications of AAD administration in the con-
text of AF ablation are limited. In theory, two effects of
AAD administration prior to and during CFAE ablation
can be discussed. The first is the unmasking of the sites
that perpetuate AF, which thereby facilitates CFAE abla-
tion and prevents RF application to atrial tissues that are
not involved in the AF maintenance process. The second
is that on-going treatment with AADs prior to an ablation
procedure or the early administration of AADs during the
procedure may mask important CFAE areas that contribute

terminating AF during ablation.

Evidence for the latter effect was recently published by
Mohanty and colleagues who investigated the effects of
Amiodarone treatment prior to CA in a prospective rand-
omized trial [16]. In 112 pts who underwent CA for long-
standing persistent AF, the discontinuation of Amiodarone
4 months prior to ablation was associated with a lower
termination rate during CA but also with a lower recur-
rence rate during the follow-up compared with the con-
trol group that was kept on Amiodarone for the ablation
procedure.

Regarding the acute effects of AADs during CA, a small
pilot study by Singh et al. is notable. This study analysed
the effects of Ibutilide during the ablation of persistent
AF in a small cohort of pts. Building on prior work in a
goat model, the study by Singh hypothesized that the cul-
prit regions of the CFAEs may be identified through AAD
administration prior to defragmentation [26, 27], which
thus reduces the extent of the ablation and the procedural
time necessary to accomplish AF termination by excluding
the passively activated CFAEs. The results at follow-up in
the small group of 11 pts (i.e., freedom from arrhythmia
in 7/11 (64 %) after 1.3 procedures) are comparable to
our success rate, but the termination rate was much higher
(10/11; 91 %); keeping the small number of pts. in mind,
this finding may indicate that AF termination is not a posi-
tive predictor of long-term success when it is not achieved
through defragmentation but is rather achieved through the
administration of AADs. This study observed the expected
significant reduction in the areas of the CFAEs, but because
it was feasibility pilot study, no comparison to patients
who did not receive AAD administration was possible,
and it remains unclear whether the reduction in the CFAEs
actually represented a focus on the culprit regions respon-
sible for AF. A randomized, multi-centre controlled trial
(MAGIC-AF, Clinicaltrials.gov ID: NCT01014741) based
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on this pilot study has been initiated and will hopefully pro-
vide further insight into this matter.

Data on the effect of the timing of AAD administration
during defragmentation ablation have not yet been pub-
lished. Based on the findings of Mohanty et al. [16], it is
conceivable that intraprocedural administration of AAD
in general and early administration in particular may con-
ceal areas of CFAE and short AFCL and thereby obstruct
the identification and subsequent ablation of these sites. If
this is the case, the early administration of an AAD might
hinder AF termination and could have negative effects on
acute and long-term outcomes following the ablation of
persistent AF.

In multivariate analysis of our data, earlier administra-
tion of AAD was revealed as a predictor of AF termina-
tion. This was independent of the amount of energy spent
on CFAE ablation and other known influencing factors
(Table 4). Shorter AFCL was a predictor of AAD admin-
istration, and of earlier timing. This was most likely the
result of the bias of the operator in the form of the assump-
tion of a low chance of termination without the use of
AAD. Hence, the AFCL was included in the multivariate
analysis to adjust for this confounding factor.

As neither termination nor timing of AAD administra-
tion, nor amount of energy spent on CFAE ablation were
predictive of a recurrence at follow-up, the significant
impact of early AAD administration on AF termination
may most likely be regarded as a result of pharmacologic
cardioversion rather than a more appropriately targeted
ablation.

Limitations

The procedures were analysed retrospectively. The timing
of AAD administration was not blinded or randomized,
which resulted in a possible bias towards the earlier admin-
istration of AAD for the group of patients for which the
operator suspected a lower likelihood of termination as
indicated by the regression analysis. The multivariate logis-
tic regression model included the AFCL to adjust for this
bias.

Conclusion

The administration of AADs, predominantly Amiodarone,
during CFAE ablation was common in this cohort that con-
sisted of mostly long-standing persistent AF patients. The
operators were more likely to administer AADs to patients
with shorter AFCLs. Early administration of AAD was
an independent predictor of AF termination during abla-
tion. Overall, we did not observe significant independent
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influences of AAD administration or the timing of that
administration on the outcome following catheter ablation
of persistent AF. The single procedure success rate follow-
ing CFAE ablation of persistent AF was moderate, and age
was the sole independent predictor of AF recurrence.
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