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Inducibility of Atrial Fibrillation Before and After
Radiofrequency Catheter Ablation of Accessory

Atrioventricular Connections
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f
Inducibility of Atrial Fibrillation. Introduction: The purpose of this study was to evalu-
ate the inducihility of atrial fihrillation in patients with an accessory atrioventricular connec-
tion (AAVC) and to determine if the inducihility of atrial fihrillation is altered after successful
radiofrequency catheter ahlation of the AAVC.

Methods and Results: Thirty-seven patients with an AAVC and 36 control patients were
prospectively evaluated using a standardized atrial pacing protocol. The high right atrium was
paced using a 25-heat drive train, 1.5-second intertrain pause, 10-mA pulse amplitude, and 2-
msec pulse duration at cycle lengths of 250 to 100 msec, in 10-msec decrements. Pachig was
performed twice at each cycle length. Thirty patients with an AAVC underwent repeat atrial
overdrive pacing after successful radiofrequency ahlation of the AAVC. Atrial fihrillation was
induced in 26 (70%) patients with an AAVC and 22 (61%) controls (P = NS). Atrial flutter was
induced In 11 (30%) patients with an AAVC and 13 (36%) controls (P = NS). The cumulative
percentage of patients with atrial lihrillation/flutter induced at each pacing cycle length wa.s the
same in each group. There was no difference in the duration of atrial fihrillatiDn/flutler
hetween control patients and patients with an AAVC. Among the 30 patients who underwent
repeat atrial overdrive pacing after radiofrequency ahlation of an AAVC, there was no differ-
ence in the inducihility or duration of atrial fibril la tion/at rial flutter after ablation compared to
baseline.

Conclusion: These findings indicate that the vulnerability of the atrium to Hhrillate in
response to atrial pacing is independent of the presence of an AAVC./J Catdiovasc Electrophys-
iol, Vol. 4, pp. 499-503, October 1993) "^

atrial fibrillation, Wolff-Parkinson-White syndrome, radiofrequency catheter ablation

Introduction

Long-term follow-up studies after successful
surgical or catbeter ablation of accessory atrio-
ventricular connections (AAVC) bave shown tbat
tbe incidence of spontaneously occurring atriai
fibrillation is significantly reduced.'-^ The expla-

Address for correspondence: Fred Morady. M.D., Division of Car-
diology. Department of Internal Medicine, University of Michigan
Medica! Center, 1500 East Medical Center Drive, Ann Arbor. MI
48109. Fax:313-936-7641.

Manuscript received 22 January 1993; Accepted for publication
24 March 1993.

nation for this reduction in the incidence of atrial
fibrillation after ablation of AAVCs has been
unclear. While some studies have suggested that
this may t>e due to elimination of atrioventricular
reciprocating tachycardia that can degenerate
into atrial fibrillation,'-^ another study suggested
that the vulnerability of the atrium to atrial fibril-
lation may be reduced.^ The purpose of this
prospective study was to evaluate the inducibility
of atrial fibrillation in patients with AAVCs and
to determine if tbe inducibility of atrial fibrillation
is altered after successful radiofrequency catheter
ablation of the AAVC.
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Methods

Thirty-seven patients with AAVCs and 36 con-
trol patients who did not have an AAVC were
prospectively evaluated using a standardized atrial
pacing protocol. The characteristics of the patients
are described in Table 1. Among the patients with
ati AAVC, the AAVC was overt in 30 and con-
cealed in 7; the location was left sided in 25 and
right sided or posteroseptal in 12. The control group
was composed of 19 patients with ventricuiar
arrhythmias,. 9 patients with syncope of unknown
origin, and 8 patients with palpitations of utiknown
etiology. Thirty-six patients with an AAVC did not
have structtind heart disease and one had congenital
pulmonic stenosis. Twenty patients in the control
group did not have hejut disease, 11 had coronary
artery disease, 3 had an idiopathic dilated car-
diomyopathy, and 2 had valvular heart disease.

Electrophysiologic Study/Pacing Protocol

AH patients provided informed consent and
underwent an electrophysiologic test after discon-
tinuation of all antiarrhythmic medications for at
least 48 hours. The sinus cycle length, AH inter-
val, HV interval, atrial effective reft-actory period,
P wave duration. PA interval at the His jxjsition,
atrioventricular block cycle length, and ventricu-
loatrial block cycle length were determined in each
patient. The presence of an AAVC was determined
using standard electrophysiologic techniques.''

Atrial overdrive pacing was performed in each
patient using a standardized protocol. The high
right atrium was paced using a 25-beat drive train.
1.5-second intertrain pause, lO-mA pulse ampli-
tude, and 2-msec pulse duration. Pacing was per-
formed at cycle lengths of 250 to 100 msec in 10-
msec decrements. Pacing was performed twice at
each pacing cycle length. Pacing was discontin-
ued after the induction of either sustained (> 30

TABLE 1
Palient Characteristics

Piitients with Control P
an AAVC Putients Value

Number of patients 37
Age (years,

mean±SD) 35 ± 14
Males/Females 26/11
Heart disease present I
History of atrial

fibrilhiiiiin 7

36

53 ±15 < 0.001
23/13 NS

16 < 0.001

AAVC = accessory atrioventricular connection.

sec) atrial fibrillation or flutter or after three
episodes of nonsustained (< 30 sec) atrial fibrilla-
tion or flutter. The single longest episode was
nscorded in each patient and patients were classified
as having either atrial fibrillation or atrial flutter.
Atrial fibrillation and flutter were defined using
the criteria of Wells et al.*̂ ^ Atrial flutter was
defined as a regular atrial tachycardia with an atrial
cycle length of 170 to 240 msec, uniform intra-
cardiac atrial electrogram morphology, and an iso-
electric interval between atrial complexes. Irreg-
ular atrial tachycardias with variable intracardiae
electrogram morphology and without isoelectric
segments were considered to be atrial fibrillation.
A subgroup of 30 patients with an AAVC under-
went repeat atrial overdrive pacing after success-
ful radiofrequency ablation of the AAVC. None
of these 30 patients had received antiarrhythmic
therapy during the course of their procedure. The
techniques utilized for radiofrequency ablation of
AAVCs have been previously described.^

Results

Atrial fibrillation was induced in 26 (70%)
patients who had an AAVC, compared to 22 (61%)
control patients (P = NS). Atrial flutter was induced
in 11 (30%) patients with an AAVC compared to
13 (36%) controls (P = NS). The induced arrhyth-
mia was sustained in 23 (65%) patients with an
AAVC, and 24 (67%) control patients and non-
sustained in 14 (38%) patients with an AAVC and
II (31%) control patients (P = NS between the
groups). In patients with a sustained arrhythmia,
the induced arrhythmia was atrial fibrillation in 16
(70%) and atrial flutter in 7 (30%) patients with
an AAVC, and atrial fibrillation in 13 (54%) and
atrial flutter in 11 (46%) control patients (P = NS
between the groups). The mean duration of non-
sustained atrial flutter was 19 ± 5 seconds and of
nonsustained atrial fibrillation was 16 ± 7 seconds.
There was no difference between patients with
an AAVC and control patients with respect to the
baseline sinus cycle length, AH interval, atrial
effective refractory period, P wave duration, or PA
interval at the His p>osition (Table 2). As expected,
the patients with an AAVC had shorter baseline
HV intervals, and atrioventricular and ventrieu-
loatrial block cycle lengths (Table 2). There were
no differences in the mean pacing cycle lengths
that induced atrial fibrillation or flutter in the
patients with an AAVC (198 ± .30 msec) compared
to controls (193 ± 25 msec), and there was no dif-
ference in the mean pacing cycle length needed to
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TABLE 2
Baseline Electrophysiologic Data

Sinus cycle length
{msec)

AH interval (msec)
HV interval (msec)
Atrial ERP (msec)
P wave duration

(msec)
PA interval al His

(msec)
AVBCL(msec)
VABCL(msec)

Patients with
an AAVC

799 ± 165
88 ±18
15 ±25

223 ± 28

90± 11

22 ± 10
296 ±51
282 ± 57

Control
Patients

792 ± 175
96 ±32
45 ± 10

227 ± 28

89 ± 13

26 ± 10
365 ± 72
433 ± 105

P
Value

NS
NS

0,0001
NS

NS

NS
0.0001
0.0001

ERP = effective refractory [>eriod: AVBCL = atrioventricu-
lar block cycle length: VABCL = ventriculoatria! block
cycle length; AAVC = accessory atrioventricular con-
nection.

induce atrial fibrillation (194 ± 28 msec) compared
to atrial flutter (198 ± 25 msec) when both patient
groups were considered together. Both control
patients and patients with an AAVC had the same
response to atrial pacing at each stage of the pac-
ing protocol (Fig. 1). At each step of the pacing
protocol, the cumulative yield of atrial fibrilla-
tion/flutter was similar in both groups of patients.

Effects of Radiofrequency Ablation

Among the 30 patients who underwent radiofre-
quency ablation of an AAVC, there was no dif-

ference in the inducibility or duration of atrial fibril-
lation or flutter after radiofrequency ahlation of the
AAVC compared to baseline (Table 3). The mean
pacing cycle length required to induce atrial libtil-
lation/flutter after ablation (195 ± 25 msec) was
not difterent than before abiation (199 ± 30 msec).
Before and after radiofrequency ablation there was
no difference in the response to the atrial pacing
protocol (Fig. 2). At each step of the pacing pro-
tocol, the cumulative yield of atrial tibrilkitioii/lliitter
was similar before and after radiofrequency abla-
tion of the AAVC.

Discussion

This study demonstrates that a standardized,
aggressive atrial pacing protocol results in the
induction of atrial fibriiiation or flutter in nearly
100% of patients and that the incidence of alriaJ
fibrillation or flutter induction in patients with
AAVCs is no different than in other patients
referred for electrophysiologic evaluation. The cjther
major finding of this study is that the incidence of
atrial fibrillation induction, its duration, and the
pacing cycle length required for induction are
not altered after radiofrequency ablation of the
AAVC. These findings indicate that the vulnera-
bility of the atria to fibrillate in response to atrial
burst pacing is independent of the presence of an
AAVC.

Previous studies evaluating atrial fibrillation
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Figure 1. The cumulative yield of atrial fibrillation and fiutter at each pacing cycle length of the atrial overdrive pacing pro-
tocol for patients with accessory atrioventricular connections (AA VC) and control patients. There was no difference between
the two groups with respect to the cumulative yield of atrial fibrillation and fiutter at each step in the pacing protocol.
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TABLE 3
Results of Atrial Pacing Before and After Ablation in 30
Patients with an Accessory Atrioventricular Connection

Before
Ablalion

After
Ahlation

Arrhythrnia Induced
Atrial fibrillation
Atrial flutter

Duration of Arrhythmia
Sustained
Nonsustained

21
9

21
9

20
10

22

P = NS. There was lu) difference before and after abla-
tion in the arrhythmias induced or the duration of the ar-
rhythmias.

inducibility before and after surgical or catheter
ablation of AAVCs have found a lower incidence
of inducibility after successful ablation.'-^ Shar-
ma et al.' studied 38 patients before and after sur-
gical ablation of an AAVC. During the presurgi-
ca! electrophysiologic study, atrial pacing at
cycle lengths as short as 120 to 150 msec were
used and atrial tibrillation was induced in 32 of
the 38 patients; during the follow-up electrophys-
iologjc study, no patient had inducible atrial fibril-
lation, but atrial pacing was limited to cycle lengths
greater than or equal to the atrioventricular block
cycle lengths. Haissaguerre et al.- found a lower
incidence of atrial fibrillation induction in patients

with a history of atriaJ fibrillation after successful
direct current ablation of AAVCs. In their study,
only single or double atrial extrastimuli were used
to induce atrial fibrillation and rapid atrial over-
drive pacing was not performed.

The major difference between our study and
these previous studies is the atrial pacing proto-
cols that were utilized. Our study used an aggres-
sive atrial pacing protocol that was operator
independent and standardized to be performed the
same way in each case. The study of Sharma et
al.' used different pacing protocols during the pre-
and postablation electrophysiologic tests. In the
study by Haissaguerre et al.,̂  the pacing protocol
used to induce atrial fibrillation was less aggres-
sive than in our study and it is not clear that the
same extrastimulus pacing techniques were used
pre- and postablation, since tbe authors did not
compare the coupling intervals or the number of
extrastimuli used.

Although the pacing protocol utilized in this
study was aggres.sive and induced atrial fiuttcr or
fibrillation in nearly 100% of patients, this does
not limit its ability to evaluate the vulnerability of
the atria to fibrillate. As Figuies 1 and 2 show, less
aggressive protocols that would have limited the
pacing cycle lengths to > 150 msec would have
simply reduced the total percentage of patients
with atrial fibrillation or fiutter induced but would
not have produced any difference in inducibility

ioo%n
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Figure 2. The cumulative yield of atrial fibrillation and fiutter at each pacing cycle length of the atrial overdrive pacing pro-
tocol in patients before and after successful radiofrequency catheter ablation of accessory atrioventricular connections.
There was no difference in the cutnulative yield of atriat fibrillation or flutter at each step in the pacing protocol before and
after successful ablation.
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between the different patient groups. There was a
small but insignificant difference in the incidence
of atrial fibrillation and atrial flutter induction
between patients with an AAVC and control
patients at pacing cycle lengths > 180 msec. How-
ever, as Figure 1 shows, this apparent difference
was due to only a 10-msec shift to the right in the
curve for the control patients.

A limitation of this study is that only one method
for assessing the vulnerability of the atrium to
fibrillate was used. It is possible that other meth-
ods that utilized atrial extrastimulus techniques,
different durations of burst pacing, or different pac-
ing-pulse amplitudes may have had different results.

The results of this study suggest that it is not a
change in the vulnerability of the atrium to tibril-
late that accounts for the reduction in the incidence
of spontaneous atrial fihrillation after ablation of
AAVCs, but instead it is some other factor such
as elimination of atrioventricular reciprocating
tachycardia or attenuation of ventriculoatrial con-
duction.
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