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Effect of flecainide on the extension and localization of complex
fractionated electrogram during atrial fibrillation

ALESSANDRO DE BORTOLI, LI-BIN SHI, YU-CHUAN WANG, PER IVAR HOFF,
EIVIND SOLHEIM, OLE-JORGEN OHM & JIAN CHEN

Department of Heart Disease, Haukeland University Hospital and the Department of Clinical Science,
University of Bergen, Bergen, Norway

Abstract

Aims. Complex fractionated electrogram (CFE) ablation in addition to pulmonary vein isolation is an accepted strategy for
the treatment of non-paroxysmal atrial fibrillation (AF). We sought to determine the effect of flecainide on the distribution
and extension of CFE areas. Methods. Twenty-three non-paroxysmal AF patients were enrolled in this prospective study.
A first CFE map was obtained under baseline conditions by sampling 5 s of continuous recording from the distal electrodes
of the ablation catheter. Intravenous flecainide (1 mg/kg) was administered over 10 min and followed by 30-min observa-
tion time. A second CFE map was obtained with the same modalities. CFE-mean values, CFE areas, and atrial electrogram
amplitude were retrieved from the electro-anatomical mapping system (Ensite NavX). Results. After flecainide administra-
tion, CFE-mean values increased (111.5*=55.3 vs. 132.3+65.0 ms, p < 0.001) with a decrease of CFE area (32.9%) in
all patients. Atrial electrogram amplitude decreased significantly (0.30 = 0.31 vs. 0.25 = 0.20 mV, p < 0.001). We observed
80.9% preservation of CFE areas. A CFE mean of 78 ms was the best cutoff for predicting stable CFE areas.
Conclusions. Flecainide reduces the extension of CFE areas while preserving their spatial localization. A CFE-mean
value <80 ms may be crucial to define and locate stable CFE areas.
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Introduction .
normal voltage, which therefore makes them non-

Complex fractionated electrogram (CFE) ablation in
addition to pulmonary vein (PV) isolation is an
accepted strategy for the treatment of non-paroxysmal
atrial fibrillation (AF) (1-3). CFE refers to fraction-
ated electrograms that display a continuous pertur-
bation of the baseline and/or a short cycle length
(<120 ms) (1). Such characteristics are believed to
be linked to areas of diseased myocardium and
involved in the maintenance of AF (1,4-6). Although
the mechanisms of CFE are not fully understood, it
has been reported that a significant proportion of
CFE areas may be functional in nature, reflecting
passive atrial activation or the collision of different
wavefronts (4,7-9). Furthermore, recent studies have
demonstrated that CFE can be located in areas of

specific ablation targets (7,10).

In the human heart, particularly among non-
paroxysmal AF patients, CFEs are often widespread
and cover large portions of the left atrium (LA)
(7,11). This may lead to time-consuming ablation
procedures that potentially expose the patient to
large-scale destruction of the atrial myocardium and
to pro-arrhythmic hazards.

Flecainide, a class-IC anti-arrhythmic drug
(AAD) is routinely used to either terminate or regu-
larize AF. Previous human studies have reported a
decrease in the level of fractionation following intra-
venous AAD administration, but none of them have
specifically referred to flecainide (9,12-13). We
sought to evaluate the effects of flecainide on the
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localization and extension of CFE areas in the LA of
non-paroxysmal AF patients.

Methods

Twenty-three consecutive patients (21 males; mean
age: 59 £ 7 years) were enrolled in this prospective
single-group study. All patients were referred to cath-
eter ablation for symptomatic, drug-refractory, non-
paroxysmal AF (9 persistent and 14 long-standing
persistent). Four patients had undergone a previous
ablation procedure in which only PV isolation was
performed. Hypertension was present in 11 (47.8%)
patients. Structural heart disease was present in four
(17.4%) (one with a mechanical aortic valve and
three with coronary heart disease). The mean history
of uninterrupted AF was 19 +21 (range: 6-108)
months and the mean left atrial diameter was
4.5+ 0.5 cm. The left ventricular ejection fraction
was conserved in all the patients (mean: 55.7 = 6.9%)
and none presented absolute contraindications to the
use of flecainide. All patients had tried beta-blockers
unsuccessfully; additionally, four patients were on
dronedarone, two on flecainide, one on amiodarone,
and one on verapamil.

All patients presented with AF at the beginning
of the procedure. The procedure, as performed at our
institution, has been previously described (3). Of
particular relevance for this study was that all AADs
were continued until 1 day before the procedure.

Two CFE maps were created prior to ablation.
The first (mappre) was obtained under basal condi-
tions, sampling 5 s of bipolar recording from the
distal electrodes of the ablation catheter for each
point. Two types of ablation catheters, CoolPath™
(4-mm tip, electrode spacing: 1.5-5-2 mm, St. Jude
Medical, Minnetonka, MN, USA) or CoolFlex™
(4-mm tip, electrode spacing: 0.5-5-2 mm, St. Jude
Medical, Minnetonka, MN, USA) were used.
Catheter stability was ascertained by the operator’s
judgement, with fluoroscopy upon collection of each
point. Points were sampled exclusively in the LA,
with the aim of uniformly covering the whole LA
surface, including the left atrial appendage (LAA).
The PVs and the mitral valve ring were excluded
from CFE mapping, as were the coronary sinus (CS)
and the right atrium (RA).

After map_ . had been obtained, intravenous
flecainide was administered at a dose of 1 mg/kg
(maximum dose administered: 120 mg) over a period
of 10 min, followed by an observation time of 30 min.
A second CFE map (mappost) was then obtained
using the same modalities. A three-dimensional nav-
igation system (EnSite NavX™, St. Jude Medical,
Minnetonka, MN, USA) was employed in all the
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procedures for the acquisition of anatomical geom-
etry and creation of CFE maps. The CFE-mean
value, which is inversely correlated with the degree
of fractionation, was calculated by the system soft-
ware by measuring the interval between consecutive
deflections during the sampling period (Figure 1).
Detection was based on —dV/dt with a deflection
duration and refractory threshold of 20 and 40 ms,
respectively (to avoid double counting). This tech-
nique has been validated and employed in previous
studies (2,14).

Electrograms with a CFE-mean value <400 ms
were included in the final analysis but only those with
a CFE-mean value <120 ms were considered as
potentially fractionated. Average atrial electrogram
amplitude was also measured by the system and
retrieved for each mapping point.

The same system configuration was employed
consistently for all the patients. In order to locate scar
tissue, the threshold level (lowV-id) was set at 0.03 mV.
The “Field Scaling” tool was utilized and the LA,
CFE and scar regions were delineated manually based
on the CFE maps and areas measured automatically
by the system. For the purposes of analysis, the LA
was arbitrarily divided into five segments using con-
sistent anatomical landmarks: roof, lateral, posterior,
floor, and septum. The reduction in CFE area was
expressed as a percentage and was defined by the pro-
portion between the difference in CFE areas in the
two maps and the total CFE area in mappre.The pres-
ervation of CFE area was expressed as a percentage
and was defined by the proportion of CFE area in
map, that was preserved within the CFE area of
map .. Atrial fibrillation cycle length (AFCL) was
measured in ms by placing the ablation catheter in
the LAA and by averaging the number of cycles over
a 10-s recording period. LAA electrogram amplitude
was measured in mV by averaging the amplitude of
five consecutive electrograms from the distal electrode
of the ablation catheter being placed in the LAA.

Following completion of map PV isolation
was achieved by ablating circumferentially at the PV
antrum (cutoff of temperature 50°C and output
35 W) and confirmed with a circular multi-electrode
catheter. CFE ablation was performed in all the
patients exclusively targeting areas with a CFE
mean <80 ms as displayed in map (15). Selected
patients underwent additional CFE ablation in the
CS and RA at operators’ discretion. No linear abla-
tion was performed in the LA. Cavotricuspid isthmus
ablation was performed if typical atrial flutter
presented. Follow-up was performed on an ambula-
tory basis with clinical evaluation, electrocardiogram,
and 24-h Holter recordings performed at 3, 6, and
12 months after the procedure. The frequency of fur-
ther follow-up depended on the clinical situation.

oSt
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CFE mean 62.80 ms
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Figure 1. Posterolateral view of the left atrium showing CFE distribution before (A) and after (B) flecainide administration. At baseline,
CFE areas cover large portions of the lateral and floor segment (A); these are consistently reduced after flecainide administration (B) but
substantially preserved in their original localizations. The color scale for different CFE-mean values is displayed on the left (white: <80 ms
and violet: >120 ms). The tracings in the lower panel demonstrate electrograms from the coronary sinus (HALO-5-6) and lateral wall
(ROV Abl-D-2) that were collected in the same position (stars) before (A) and after (B) flecainide administration. A significant decrease
in deflections detected (yellow spikes) together with a reduction in electrogram amplitude was observed after flecainide administration.
CFE, complex fractionated electrogram; LLAA, left atrial appendage; LIPV, left inferior pulmonary vein; LSPV, left superior pulmonary
vein; MV, mitral valve; RIPV, right inferior pulmonary vein; RSPV, right superior pulmonary vein.

The study was performed in accordance with the
Declaration of Helsinki and was approved by the
Regional Ethics Committee of Western Norway.

Statistical analysis

Continuous variables were presented as means and
standard deviations; categorical variables were
presented in percentages. For comparison between
continuous variables, un-paired and paired t-tests
were used when appropriate. Chi-square test was
employed for comparison between categorical vari-
ables. A receiver operating characteristic (ROC)
curve was used for prediction analysis. SPSS statisti-
cal package version 19 was used for data analysis
(IBM 2010). All tests were two-tailed; a p-value <0.05
was considered to be statistically significant.

Results

No conversion to sinus rhythm (SR) attributable to
flecainide occurred before ablation and no flecainide-
related adverse event was observed. The duration of
the QRS complex was slightly but significantly

prolonged after flecainide administration (104 *+ 15
vs. 111 £18 ms, p<<0.001).

A total of 2835 and 2815 points were collected
in map_ . and map s respectively, similarly between
each patient and each segment (Table I). The propor-
tions of points with a CFE mean <80 ms decreased
and that with a CFE mean>120 ms increased sig-
nificantly after flecainide administration. No differ-
ence was found in the CFE-mean range: 80-100 ms

Table I. CFE-mean values in the LA before (mappre) and after

(mapp o) flecainide administration.
mappre mappost

CFE mean  Number CFE mean Number
Location (ms) of points (ms) of points
Total 111.5%£55.3 123+40 132.3+65.0* 122+36
Roof 104.3 £50.2 29+10 120.8+57.7* 29*+10
Lateral 116.2+51.8 19+7 138.3£65.6* 18+7
Floor 113.7+53.1 25+11 139.9+66.1% 25*+10
Posterior  132.1 £67.7 2111  154.2+74.4% 19+9
Septum 99.6 £49.9 3011 119.7 +59.0% 31*11

CFE, complex fractionated electrogram.
*P<0.001 compared with map

pre’



and 100-120 ms. These changes resulted in a right
shift of the distribution curve shown in Figure 2.
When a CFE-mean value cutoff <120 ms was
employed, CFE areas covered an average of
52.6 £26.6% of the total LA surface before flecain-
ide administration, although inter-patient variation
was large, ranging from 2.8% to 92.6%. A lower
CFE-mean cutoff resulted in a smaller proportion of
the CFE area (Table II). The only patients with a
CFE area that covered less than 5% of the total LA
surface were the two females enrolled in this study.
CFEs were found in all LA segments but were
particularly marked in the roof, septum, and floor
segments (Table II). After flecainide administration,
the CFE-mean value increased in all patients, from
an average of 111.5%55.3 ms to 132.3*+65.0 ms
(»p<0.001). An analogous increase was found by ana-
lyzing each segment separately (Table I). AFCL was
similarly affected (155.1 =20.8 vs. 195.0 £27.1 ms,
$»<<0.001). Overall, average atrial electrogram ampli-
tude decreased significantly after flecainide adminis-
tration (0.30*=0.31 vs. 0.25*+0.20 mV, p<0.001).
The electrogram amplitude measured in the LAA
also decreased in all patients but one (0.96 + 0.68 vs.
0.64+0.34 mV, p<0.01). After flecainide adminis-
tration, we observed a reduction of CFE area in all
regions (average: 32.9%) in map with the largest
reduction 0f40.1% in the posterior segment (Table III,
Figure 1). CFE areas after flecainide administration
were reduced in all patients, but in three of them the
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reduction was only modest (<10%). Detected scar
area increased (1.6*4.2 to 4.2+6.6 cm? in all
patients following flecainide administration (p <0.01).
We observed a large degree of preservation of CFE
areas in map with an average of 80.9%. The high-
est degree of preservation (88.8%) was observed in
the posterior segment (Table III). No differences were
found in terms of extension of CFE areas and reduc-
tion after flecainide administration between patients
with and without a previous PV isolation.
In order to identify the role of CFE-mean value
and atrial electrogram amplitude in predicting the
stability of CFE areas, we compared the portions of
CFE areas in map_  that were preserved in map .,
with those that had disappeared in map .. A shorter
CFE-mean value was found in the preserved portions
compared with those that disappeared (73.8+17.4
vs. 89.4+17.1 ms; p<0.001). ROC analysis showed
an area under the curve of 0.74 (95% confidence
interval: 0.72-0.76; p<<0.001; Figure 3). A CFE-
mean value of 78 ms was the best cutoff point for
predicting the disappearance of CFE areas from
map . to map .. (71% sensitivity and 66% specific-
ity). On the other hand, a higher atrial electrogram
amplitude was found in the preserved portions com-
pared with those that disappeared (0.37 =0.28 vs.
0.28 +0.20 mV; p<<0.0001).
After PV isolation and CFE ablation, AF was ter-
minated into atrial flutter in 4 patients. In 3 of them
SR was restored by cavotricuspid isthmus block.

CFE-mean | MAPpre | MAPpost | P-value
N(%) N(%)
120-400 ms | 924 (32.6) | 1300 (46.2) | <0.001
100-120 ms | 449 (15.8) | 433 (15.4) NS
80-100 ms | 535(18.9) | 519 (18.4) NS
<80 ms 927(32.7) | 563(20.0) | <0.001
--- MAPpre

— MAPpost

sssss
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Figure 2. Distribution curves of mapped points sorted by CFE-mean values in map, . (before flecainide, stippled line) and map,

flecainide, solid line). Amount of mapped points with relative percentages and statistical differences are presented in the embedded table.

CFE, complex fractionated electrogram.
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Table II. Distribution of CFE areas by different CFE-mean cutoffs (areas are presented as percentage of the

total left atrial surface).

CFE mean Roof Lateral Floor Posterior Septum Total

<120 ms 15.9+9.7%*%  7.626.0% 10.9+6.5%** 58%55% 124*+6.1%* 52.6+26.6%
<100 ms 11.3£82%*F  4.4+3.6% 7.1+63%* 3.8+4.7% 9.2+5.9%* 35.8*23.2%
<80 ms 6.6+7.3%*F 2.1+3.0% 3.9+54%* 25%+3.9% 5.6 +4.4%* 20.7+21.1%

*p<0.05 compared with lateral, p<0.05 compared with floor, ¥ < 0.05 compared with posterior.

In all the other patients SR was obtained by direct
current cardioversion. Total duration of procedure,
fluoroscopy and ablation were 356 =40, 47 = 12 and
98 £ 22 min, respectively. After a mean follow-up of
22.1£5.0 months from the index procedure,
15 patients (65.2%) maintained stable SR, 5 (21.7%)
suffered from recurrences of AF, and 3 (13.1%)
developed persistent atrial tachycardia. One patient
died of cancer 15 months after the procedure. Among
the patients in stable SR, 9 (60%) were still on beta-
blocker.

Discussion
Main findings

In non-paroxysmal AF patients, intravenous flecain-
ide administration results in an increase in global
CFE-mean values, a prolongation of AFCL in the
LAA and an abatement of atrial electrogram ampli-
tude. These changes translate into a significant reduc-
tion of more than 30% in CFE areas. CFE areas
localized after flecainide administration are preserved
within the same regions as before, demonstrating a
high degree of spatial and temporal stability. A CFE-
mean value of 78 ms appears to be the best cutoff to
identify stable CFE areas.

Interpretation of CFE

The pioneer observations by Konings et al., which
associated fragmented potentials with areas of
pivoting points or slow conduction in persistent AF,
have raised interest in the understanding of the AF

Table III. Size of CFE (CFE mean: <120 ms) area before (map_) and after (map

substrate (6). The nature of CFE has been long
debated without consensus being reached. Although
CFEs were initially associated with areas of diseased
myocardium, voltage mapping and imaging studies
have demonstrated that CFE can in fact also be
found in areas of otherwise normal tissue (7,10).

Theoretically, if all CFE areas were involved in
the maintenance of AF, we would expect to find a
similar effect in terms either of conversion to SR or
prolongation of AFCL from every CFE-targeted
ablation. On the contrary, the work of Hunter et al.
showed that only ablation of CFE areas with a high
degree of fractionation resulted in the prolongation
of AFCL (4). Ultimately, one of the main clinical
challenges of CFE is their wide distribution; in our
data, CFE areas (CFE mean: <80 ms) covered an
average of 20.7 £21.1% of the LA, consistent with
previous findings (7).

These characteristics have therefore cast doubt
on the specificity of CFE as potential contributor to
the AF substrate. Many factors may be involved in
the fractionation of electrograms: remote activation,
anisotropy, overlaying structures, alterations in tissue
conduction velocity (wavefront curvature, tissue dis-
continuities, and fibrillatory conduction), and the
autonomic tone (16). The transient effect of these
factors may reveal that a large degree of CFE is
functional in nature. Previous studies acknowledged
the possibility that functional characteristics may be
implicated in sustained AF. This might be true
especially in the early stages of AF when the presence
of SR can promptly revert electrical remodeling.
After longer time in persistent AF, structural remod-
eling may take place and provide directly for the

) flecainide

pre post:
administration.
Location map,. (cm?) map . (cm?) p-value™® Reduction (%) Preservation (%)
Roof 31.5+19.2 24.2+19.2 <0.01 23.2% 86.3%
Lateral 15.9+14.3 10.4*9.5 0.02 34.4% 71.3%
Floor 21.3*12.8 13.6 £10.6 <0.01 36.2% 74.5%
Posterior 12.0*+11.7 7.2%10.0 <0.001 40.1% 88.8%
Septum 24.6 £13.2 17.0x11.4 <0.001 30.8% 83.6%
Total 105.3 +57.2 72.4*49.8 <0.001 32.9% 80.9%
*Compared between map__ and map

pre post”
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Figure 3. ROC curve: CFE mean in map,.. ROC curve exploring
the predictive level of CFE-mean values before flecainide in
assessing disappearance of CFE areas after flecainide. AUC, area
under the curve; CFE, complex fractionated electrogram.

maintenance of AF (17). When CFEs are targeted
for ablation, measures to reduce the amount of func-
tional CFE should be implemented.

Shan et al. demonstrated in a goat model that
administration of cibenzoline (a class-IA AAD)
resulted in a decrease in electrogram fractionation
(18).The idea of using intravenous AAD in order to
guide CFE ablation was first presented by Singh
et al., who employed intravenous ibutilide to reduce
the size of CFE areas (9). In another study, nifekalant
administration similarly reduced CFE areas, thus
leading to a remarkable reduction in ablation and
procedural times (13). Finally, a reduction in frac-
tionation has been demonstrated following auto-
nomic blockade with intravenous atropine and
beta-blocker (12).

Rarionale for flecainide and its effects on CFE areas

Wavefront collision, functional conduction block,
wave break, and wave fusion may cause fractionated
electrograms in AF (16). Flecainide is a class-IC
AAD with a use-dependent effect in blocking sodium
channels. Its administration during sustained AF
results in effective prolongation of phase 0 of the
cardiac action potential, with no effect on repolariza-
tion. Flecainide is known to widen the excitable gap,
thus homogeneously slowing the conduction of fibril-
lation waves in the atria and progressively prolonging
AFCL which is itself strongly correlated with the

Flecainide and complex fractionated electrograms 173

degree of fractionation (18). Our results confirm that
this effect may be implicated in the reduction of CFE
areas. However, following flecainide administration
we could demonstrate that 20% of the electrograms
were still highly fractionated (CFE mean <80 ms).
This finding suggests that other mechanisms may be
implicated and their effect may not be uniform on
the LA surface. In regard to this issue it is important
to emphasize that the CFE-mean parameter mea-
sures intervals between consecutive deflections of
electrograms. Accordingly, an increase in CFE mean
(as induced by flecainide) indicates not only a pro-
longation of AFCL, but also a reduction in electro-
gram complexity.

In a computer model, Jacquemet et al. were able
to show that sodium channel blockade resulted in
smaller electrogram amplitude (5). Our measure-
ments of scar area and electrogram amplitude in the
LA could confirm this finding.

The stability of CFE areas is a crucial factor in
support of the involvement of these targets in the
maintenance of human AF. Since their discovery,
conflicting results have been published about the
temporal and spatial stability of CFE areas (14,19).
In our study, we were able to demonstrate that after
flecainide administration, at least 40 min from the
initial map, there was a large degree of preservation
of CFE.

Previous studies employed multi-electrode cath-
eters for CFE mapping in the attempt to acquire a
higher amount of data points. We chose to use the
ablation catheter itself as a mapping device, since
stability, tip—tissue contact, and signal detection are
easier to control. Moreover, the ablation catheter

may be able to access the complete anatomy of
the LA.

Clinical implications

We have shown that intravenous flecainide produces
a major reduction in CFE area and confirmed that
the use of a stricter criterion of CFE based on a
CFE-mean cutoff <80 ms may be crucial to define
and locate the most stable culprit CFE. After a single
ablation procedure, long-term outcomes are compa-
rable with previously published data, suggesting that
the disappeared CFE areas after flecainide may be
functional (3,20). The administration of flecainide
may therefore be beneficial in CFE ablation by
potentially reducing the duration of energy delivery,
procedural time, and fluoroscopic exposure. The
results of further investigations will help to assess the
clinical validity of an integrated pharmaco-ablative
strategy in the management of non-paroxysmal AF
patients (21).
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Limitations

This was a small-sample study: in particular, only
two females were included in the investigation. Two
types of ablation catheters were employed. Although
the difference in electrode spacing was only 1 mm,
this might have affected CFE mapping. However,
within each patient the same catheter was used for
both maps and the conditions of measurement were
identical. This study did not include a control group
thus limiting the interpretation of our findings con-
cerning CFE stability. Nevertheless, previous studies
have demonstrated temporal and spatial stability of
CFE areas (14). Finally, in selected patients addi-
tional ablation was performed in the CS and RA at
operators’ discretion, potentially influencing clinical
outcomes.

Conclusions

Flecainide reduces the extension of CFE areas in
non-paroxysmal AF patients by slowing atrial con-
duction velocity and diminishing complexity and
amplitude of atrial electrograms. CFE areas appear
to be spatially and temporally stable after flecainide
administration. A CFE-mean value <80 ms may be
crucial to define and locate stable CFE areas.
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