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Aims The effectiveness of atrial pacing in reducing the
incidence of atrial fibrillation in patients with sinus node
dysfunction is incomplete, and the correlation between
electrophysiological atrial properties and the effect of per-
manent atrial pacing has been poorly investigated. Accord-
ingly, the aim of the present study was to correlate
electrophysiological data, in terms of atrial refractoriness,
conduction parameters, and propensity to atrial fibrillation
induction, and the likelihood of atrial fibrillation after
DDD device implantation.

Methods and Results The authors reviewed electrophysi-
ological data of 41 patients with sinus node dysfunction
(mean age 70�8 years, who were investigated free of anti-
arrhythmic treatments before pacemaker implantation. At a
drive cycle length of 600 ms, effective and functional refrac-
tory periods, S1–A1 and S2–A2 latency, A1 and A2 width,
and latent vulnerability index (effective refractory period
[ERP] A2), were measured. Atrial fibrillation induction was
tested with up to three extrastimuli in 34 patients. Induction
of sustained atrial fibrillation (>1 min) was considered as the
end-point. P-wave duration on the surface ECG in lead
II/V1 was also measured. Minimal atrial rate was pro-
grammed between 60 and 75 bpm (mean: 64�4 bpm). After
implantation, the patients were followed-up for 28�17
months, and ECG-documented occurrence of atrial fibril-
lation was determined. Electrophysiological characteristics
of patients with (n=12) or without (n=29) paroxysmal atrial
fibrillation before implantation were similar. When compar-
ing patients with (n=11) or without (n=30) post-pacing
atrial fibrillation occurrence, no differences were found in
age, underlying heart disease, left atrial size, minimal pacing
rate, and follow-up duration. Additionally, between the two
former groups, there was no significant difference in terms of
effective refractory periods (233�47 ms vs 239�25 ms),
functional refractory periods (280�48 ms vs 272�21 ms),
S1–A1 (44�20 ms vs 37�13 ms) and S2–A2 latency
(77�28 ms vs 66�22 ms), and A1 duration (60�23 ms vs
53�16 ms). In contrast, in patients with post-pacing atrial
fibrillation occurrence, the P wave was more prolonged
(116�22 ms vs 98�13 ms; P<0·01), A2 was longer
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(116�41 ms vs 87�27 ms; P<0·01), effective refractory
periods/A2 was lower (2·1�0·4 cm vs 3·1�1·4 cm;
P<0·05), and rate of atrial fibrillation induction was higher
(8/11 patients vs 8/23 patients; P<0·05). Electrophysiological
characteristics of patients free of post-pacing atrial fibrilla-
tion with associated (n=6) or unassociated (n=24) paroxy-
smal atrial fibrillation history before implantation were quite
similar. In patients with post-pacing atrial fibrillation with
associated (n=6) or unassociated atrial fibrillation history
(n=5) before implantation, effective refractory periods was
statistically different (207�23 ms vs 264�46 ms; P<0·05).
Values of effective refractory periods <220 ms were signifi-
cantly more frequent in patients with post-pacing atrial
fibrillation than in patients without (4/11 patients vs 2/30
patients; P<0·05). When comparing patients with post-
pacing atrial fibrillation with effective refractory periods
�220 ms (n=7) and <220 ms (n=4), A2 duration was
remarkably prolonged (145�42 ms vs 90�11 ms; P<0·05)
in those with effective refractory periods �220 ms. By con-
trast, between the two groups, effective refractory periods/A2
were identical (2·08�0·6 cm vs 2·15�0·3 cm; P=n.s.).

Conclusion Prolonged atrial refractoriness, lesser degrees of
conduction disturbance and a lower rate of atrial fibrillation
induction seem to be predictive of stable sinus rhythm. In
contrast, patients with persistence of atrial fibrillation despite
pacing have a more abnormal and inhomogeneous atrial
substrate, as well as a higher rate of atrial fibrillation
induction.

Prolonged P wave, shortened refractoriness, or remark-
ably abnormal conduction disturbances in the presence of
prolonged refractoriness limit the effectiveness of standard
atrial pacing in atrial fibrillation prevention. Identification
of predictive criteria of failure of single-site atrial pacing
may be used to consider dual-site atrial pacing in such
patients with sinus node dysfunction.
(Europace 2000; 2: 304–311)
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Introduction

In patients with sinus node dysfunction, with or without
manifest atrial fibrillation, the beneficial effect of atrial
pacing in the prevention of atrial fibrillation has been
strongly suggested in retrospective and prospective
studies, especially in comparison with VVI pacing[1–6].
Nevertheless, the rate of atrial fibrillation occurrence
during long-term follow-up has been reported to be high
in some reports between 20 and 50%[1,3]. Additionally,
regardless of large populations of implanted patients for
sinus node dysfunction, few data are available on the
correlation between an altered atrial substate and the
effect of atrial pacing in preventing atrial fibrillation[6].
In other words, the role of electrophysiological predic-
tors of atrial fibrillation recurrence is still unclear.
Accordingly, the purpose of the present study was to
evaluate the risk of post-pacing atrial fibrillation, with
reference to atrial refractoriness, conduction parameters,
and atrial fibrillation induction propensity, deter-
mined by electrophysiological study performed before
pacemaker implantation.
Methods

The authors analysed electrophysiological data of 41
consecutive patients with sinus node dysfunction, 22
males and 19 females, aged 70�8 years, who were
investigated free of antiarrhythmic treatment before
DDD pacemaker implantation, from 1990 to 1998.
Thirty-nine patients had primary sinus node dysfunc-
tion, with severe unexpected diurnal sinus bradycardia
<40 bpm, or sino-atrial block with pauses >2500 ms in
combination with fatigue, dizziness or syncope. Two
other patients were included for drug-induced sinus
node dysfunction, with marked aggravation of brady-
cardia by antiarrhythmic drugs given for the treatment
of recurrent paroxysmal atrial fibrillation episodes.

Thirty patients had no detectable structural heart
disease according to clinical examination, standard chest
X-ray, echocardiography and exercise testing. Four
patients had coronary heart disease, two patients had
non-obstructive cardiomyopathy, one patient had mitral
valve prolapse, and four patients had arterial hyper-
tension. Left atrial size was measured echocardiographi-
cally in the parasternal view. Patients with abnormal
thyroid function, congestive heart failure, �III New
York Heart Association class, severe angina, and serum
electrolyte disturbances at the time of the study were not
included. Twelve patients had a previous history of sinus
node dysfunction and associated spontaneous parox-
ysmal atrial fibrillation, documented by standard ECG
in 11 patients and by 24 hour Holter monitoring in one
patient. The frequency of atrial fibrillation attacks
ranged from three episodes during the last year to one
episode a week, treated unsuccessfully with one or more
antiarrhythmic agents of class I–III (hydroquinidine,
disopyramide, flecainide and sotalol; mean: 2�0·9
treatments). The duration of each episode ranged from
some hours to 7 days, generally self-terminating. Atrial
fibrillation episodes were symptomatic for palpitations
in 10 patients and for chest discomfort in two patients.
P-wave duration was measured in spontaneous sinus
rhythm in lead II or V1, at a paper speed of 50 mm . s�1

on the surface ECG.
Informed and written consent was obtained from

all patients before electrophysiological study, and all
cardioactive drugs were discontinued at least five
pharmacological half-lives before the electrophysiologi-
cal study. Patients taking amiodarone were not included.

Two six Fr USCI (division CR Barb Inc., Billerica,
MA, U.S.A.) quadripolar electrode catheters, with
10 mm interpolar spacing, were inserted percutaneously
through the femoral vein and placed, under fluoroscopic
guidance, in the high right atrium at the parasinus
region and at the His-bundle area for the evaluation of
sinus node and atrioventricular parameters. Electrical
stimulation was delivered by a programmable stimulator
(Savita, Paris, France) with square impulses 2 ms in
duration, and at twice threshold. Right atrial electro-
grams were recorded using the proximal electrodes of
the quadripolar catheter, whereas the impulse was
delivered by the distal pair of electrodes. The recordings
were filtered at 50–700 Hz by a multichannel Siemens
Mingograph 82 (Siemens-Elema, Solna, Sweden), and
they were analysed at a paper speed of 100 mm.s�1.
Measurements were assessed by two independent
observers, and an inter-observer value greater than
10 ms was considered as an exclusion criterion.

Electrophysiological parameters were evaluated at a
drive cycle length of 600 ms by an incremental tech-
nique. Following eight paced cycles (S1), an extra-
stimulus (S2) was introduced, incrementing the coupling
interval (S1–S2) in 10-ms steps. The atrial effective
refractory period (ERP) was defined as the longest
S1–S2 interval that failed to result in an atrial activation
(A2). The functional refractory period (FRP) was
defined as the shortest obtainable A1–A2 atrial activa-
tion interval. The duration of atrial activation (A1 and
A2) was defined as the time from the beginning of the
earliest electrical activity that deviated from the stable
baseline value to the last point of the atrial electrogram
at which the baseline was crossed. Atrial latency (S1–A1
and S2–A2) was defined as the interval between the
stimulus artifact and the first intrinsic deflection of
the corresponding propagated response. To represent
the atrial vulnerability, we took into account the latent
vulnerability index proposed by Attuel et al.[7]. Based on
Allessie’s concept of wavelength, an easily measurable
electrophysiological parameter related directly to refrac-
toriness and atrial conduction velocity was proposed.
The limitations of mapping during electrophysiological
study do not permit the evaluation of velocity. Conse-
quently, it is not possible to evaluate precisely the
distance covered by the activation front between two
sites. Therefore, in order to estimate as accurately as
possible the probable velocity, the shortest distance
between two electrodes (1 cm) and the duration of
bipolar electrogram A2 were examined. Velocity could
Europace, Vol. 2, October 2000
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be represented by the ratio 1 cm/A2, from which it
was deduced that a vulnerability parameter, such as
Allessie’s wavelength, could be represented in terms
of the same formula, i. e. the product of refrac-
toriness and the ratio 1 cm/A2 [effective refractory
periods (ms)�1 (cm)/A2 (ms)=effective refractory
periods/A2 cm].

Assessment of atrial vulnerability was performed by
programmed atrial stimulation with up to three extra-
stimuli at a paced atrial cycle length of 600 and 400 ms
in 34 patients (10 with a previous history of atrial
fibrillation before pacing and 24 without). Induction of
sustained atrial fibrillation (>1 min) was considered as
the end-point. A first extrastimulus (S2) was introduced
late in diastole and the coupling interval was shortened
by steps of 10 ms until the effective refractory period of
the right atrium was reached, or sustained atrial fibril-
lation was induced. When sustained atrial fibrillation
could not be initiated by increasing the coupling interval
of the first extrastimulus by 20 ms more than effective
refractory period, a second extrastimulus (S3) was intro-
duced, shortening the coupling interval again until no
atrial depolarization was observed. When two extra-
stimuli failed to induce sustained atrial fibrillation, a
third (S4) extrastimulus was introduced following two
identical coupling intervals (S1–S2=S2–S3), with the
same method and end-point. The shortest coupling
interval used was 160 ms. Before hospital discharge, the
pacemaker was programmed in DDD mode with bipolar
atrial and ventricular sensing. Atrial and ventricular
pacing were programmed in unipolar mode. The lower
atrial rate was programmed between 60 and 70 bpm in
39 patients. It was programmed at 75 bpm in the
remaining two patients to suppress frequent premature
atrial beats by overdrive atrial pacing. After discharge,
seven patients with a pre-existing history of atrial fibril-
lation were treated by the same antiarrhythmic agents
ineffective before pacing, temporarily suspended for
electrophysiological study, and at the same dosage as
used previously before implantation. Digoxin, calcium
and beta-blocking agents were not prescribed.

The patients were followed-up and periodically evalu-
ated clinically, by standard electrocardiograms and
Holter monitoring, taking into account only ECG-
documented occurrence of atrial fibrillation episodes.
The minimal duration of follow-up was 6 months.
Europace, Vol. 2, October 2000
Statistical analysis

Continuous variables were expressed as mean�1
standard deviation. Comparisons between groups were
made by the unpaired two-tailed Student’s t-test for
continuous variables and the Chi2 test for discrete
variables. Continuous variables among groups were
analysed by one-way ANOVA, and the differences were
validated by unpaired two-tailed Student’s t-test. The
level of significance was set at a value of P<0·05.
Results

After a mean follow-up of 28�17 months, paroxysmal
atrial fibrillation was documented in 11 patients and did
not occur in 30 patients. Paroxysmal atrial fibrillation
recurred in six of 12 patients with a previous history of
atrial fibrillation before pacemaker implantation. In
patients with sinus node dysfunction alone, ‘new-onset’
atrial fibrillation occurred in five patients and not in the
remaining 24. Two of these 11 patients with atrial
fibrillation during follow-up developed permanent atrial
fibrillation following at least one episode of paroxysmal
atrial fibrillation (Fig. 1).
PAF before pacing + SND
12 patients

SND alone
29 patients

Post-pacing PAF
Six patients

No post-pacing PAF
24 patients

Permanent AF
One patient

Post-pacing PAF
Five patients

Permanent AF
One patient

No post-pacing PAF
Six patients

Figure 1. Sinus node dysfunction (SND) (n=41). PAF=paroxysmal atrial fibrillation; AF=atrial
fibrillation.
Patients with and without paroxysmal atrial
fibrillation before pacing: clinical and

electrophysiological variables

Comparison between patients with (n=12) and without
(n=29) previously documented paroxysmal atrial fibril-
lation did not show any significant statistical differences
in clinical parameters such as age, left atrial size, mini-
mal pacing rate, and follow-up duration. Only cardiac
disease was prevalent in patients with previous atrial
fibrillation (6/12 patients vs 5/29 patients; P<0·05).
Additionally, no significant differences were found in
any electrophysiological parameters such as P-wave
duration (109�19 ms vs 101�16 ms), effective refrac-
tory periods (225�35 ms vs 243�30 ms), functional
refractory periods (265�38 ms vs 277�27 ms), S1–A1
(39�8 ms vs 39�17 ms) and S2–A2 latency (73�
29 ms vs 68�24 ms), A1 (57�16 ms vs 58�21 ms) and
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A2 width (94�19 ms vs 96�37 ms), and effective
refractory periods/A2 (2·5�0·7 cm vs 2·9�1·4 cm).
Sustained atrial fibrillation was induced in seven of
10 patients with previous paroxysmal atrial fibrillation
and in nine of 24 patients without (P=n.s.) (Table 1).
Predictive parameters of atrial fibrillation
after atrial pacing

When comparing patients with (n=11) and without
(n=30) post-pacing atrial fibrillation occurrence, the two
groups were quite similar in terms of age, prevalence of
heart disease, left atrial size, minimal pacing rate, and
follow-up duration. Additionally, no statistically signifi-
cant differences were found in many electrophysiological
parameters as effective refractory periods (233�47 ms
vs 239�25 ms), functional refractory periods (280�
48 ms vs 272�21 ms), S1–A1 (44�20 ms vs 37�
13 ms) and S2–A2 latency (77�28 ms vs 66�22 ms),
and A1 width (60�23 ms vs 53�16 ms).

By contrast, in patients with post-pacing atrial
fibrillation occurrence, P-wave duration was longer
(114�21 ms vs 98�13 ms; P<0·01), A2 was longer
(116�41 ms vs 87�26 ms; P<0·01), and effective
refractory periods/A2 was lower (2·1�0·4 cm vs
3·1�1·4 cm; P<0·05).

Sustained atrial fibrillation was induced in eight of
11 patients with post-pacing atrial fibrillation and
in eight of 23 patients without post-pacing atrial
fibrillation (P<0·05) (Table 2).
Correlation between electrophysiological
parameters and atrial fibrillation inducibility

No statistically significant difference was observed
between patients with (n=16) or without (n=18) atrial
fibrillation induction during electrophysiological study
in clinical variables before pacing, and in electro-
physiological parameters such as P-wave duration,
effective refractory periods, functional refractory
periods, S1–A1, and effective refractory periods/A2.
Patients with inducible atrial fibrillation had a longer
S2–A2 latency (83�20 ms vs 61�21 ms; P<0·01), A1
(68�18 ms vs 47�13 ms; P<0·001) and A2 (110�
36 ms vs 86�27 ms; P<0·05) duration. Post-pacing
atrial fibrillation occurred in eight of 16 patients
with inducible atrial fibrillation and in three of 18
patients without inducible atrial fibrillation (P<0·05)
(Table 3).
Comparison between patients with or
without previous history of paroxysmal

atrial fibrillation and with or without atrial
fibrillation during DDD pacing

Analysis of variance of continuous variables among the
four groups showed significant differences in P-wave
duration (P<0·01), effective refractory periods
(P=0·01), A2 duration (P<0·05) and effective refractory
periods/A2 (P=0·01).
Table 1 Patients with and without AF before pacing:
clinical and electrophysiological variables

Variables Previous
AF

No previous
AF P

Patients (n) 12 29
Age (years) 68�9 72�7 n.s.
Heart disease (patients) 6/12 5/29 <0·05
Left atrial size (mm) 38�6 38�5 n.s.
P wave duration (ms) 109�19 101�1 n.s.
ERP (ms) 225�35 243�30 n.s.
FRP (ms) 265�38 277�27 n.s.
S1–A1 (ms) 39�8 39�17 n.s.
S2–A2 (ms) 73�29 68�24 n.s.
A1 (ms) 57�16 58�21 n.s.
A2 (ms) 94�19 96�37 n.s.
ERP/A2 (cm) 2·5�0·7 2·9�1·4 n.s.
AF Induction (patients) 7/10 9/24 n.s.
Minimal pacing rate (bpm) 65�4 64�5 n.s.
Follow-up (months) 27�14 28�19 n.s.

AF=atrial fibrillation; ERP=effective refractory periods;
FRP=functional refractory periods.
Table 2 Patients with and without post-pacing AF:
clinical and electrophysiological variables

Variables Post-pacing
AF

No post-pacing
AF P

Patients (n) 11 30
Age (years) 68�9 71�7 n.s.
Heart disease (patients) 4/11 4/30 n.s.
Left atrial size (mm) 38�6 38�5 n.s.
P wave duration (ms) 114�21 98�13 <0·01
ERP (ms) 233�47 239�25 n.s.
FRP (ms) 280�48 272�21 n.s.
S1–A1 (ms) 44�20 37�13 n.s.
S2–A2 (ms) 77�28 66�22 n.s.
A1 (ms) 60�23 53�16 n.s.
A2 (ms) 116�41 87�26 <0·01
ERP/A2 (cm) 2·1�0·4 3·1�1·4 <0·05
AF Induction (patients) 8/11 8/23 <0·05
Minimal pacing rate (bpm) 65�4 64�5 n.s.
Follow-up (months) 29�16 27�18 n.s.

AF=atrial fibrillation; ERP=effective refractory periods;
FRP=functional refractory periods.
Patients free of post-pacing atrial fibrillation with
associated (n=6) or unassociated (n=24) paroxysmal
atrial fibrillation history before implantation
Electrophysiological characteristics between the two
groups were quite similar. However, in patients with
previous paroxysmal atrial fibrillation before implan-
tation, underlying heart disease was more common (4/6
patients vs 3/24 patients; P<0·01).
Europace, Vol. 2, October 2000
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Patients without documented paroxysmal atrial
fibrillation before implantation with (n=5) or without
(n=24) post-pacing atrial fibrillation
In those with post-pacing atrial fibrillation occurrence,
A1 (79�25 ms vs 53�16 ms; P<0·01) and A2 width
(137�51 ms vs 86�27 ms; P<0·01) were more altered,
effective refractory periods/A2 was lower (2·05�0·5 cm
Europace, Vol. 2, October 2000
vs 3·1�1·4 cm; P<0·05), and atrial fibrillation induction
incidence was higher (4/5 patients vs 5/19 patients;
P<0·05).
Patients with previous paroxysmal atrial fibrillation with
(n=6) or without (n=6) atrial fibrillation recurrence
after DDD pacing
Only P-wave duration was significantly prolonged in the
group with atrial fibrillation recurrence (122�20 ms vs
98�7 ms; P<0·05). During follow-up, patients with
previous paroxysmal atrial fibrillation before pacing
were treated by the same antiarrhythmic drugs,
temporarily omitted from the electrophysiological study
(3/6 patients with atrial fibrillation recurrence and 4/6
patients without; P=n.s.).
Patients with post-pacing atrial fibrillation with
associated (n=6) or unassociated (n=5) paroxysmal
atrial fibrillation history before implantation
Only effective refractory periods was significantly lower
(207�23 ms vs 264�46 ms; P<0·05) in those with
previous atrial fibrillation.

These results are presented in Table 4.
Table 3 Patients with and without induction of sustained
AF: clinical and electrophysiological variables

Variables AF
induction

No AF
induction P

Patients (n) 16 18
Age (years) 71�8 71�15 n.s.
Heart disease (patients) 4/16 2/18 n.s.
Left atrial size (ms) 38�6 37�6 n.s.
AF before pacing (patients) 7/16 3/18 n.s.
P wave duration (ms) 107�18 100�17 n.s.
ERP (ms) 231�40 235�30 n.s.
FRP (ms) 280�46 271�17 n.s.
S1–A1 (ms) 41�19 39�14 n.s.
S2–A2 (ms) 83�20 61�21 <0·01
A1 (ms) 68�18 47�13 <0·001
A2 (ms) 110�36 86�27 <0·05
ERP/A2 (cm) 2·3�0·6 3·1�1·5 n.s.
Minimal pacing rate (bpm) 65�4 64�5 n.s.
AF in follow-up (patients) 8/16 3/18 <0·05

AF=atrial fibrillation; ERP=effective refractory periods;
FRP=functional refractory periods.
Table 4 Patients with and without post-pacing AF occurrence and with or without
clinical history of previous AF: electrophysiological profile

Variables AF+/H+ AF+/H� AF�/H+ AF�/H�
P

(by ANOVA)

Age (years) 66�9 71�8 1�8 72�7 n.s.
Heart disease (n) 2/6 1/5 4/6 3/24¶
Left atrial size (mm) 38�8 38�3 39�2 38�5 n.s.
P wave duration (ms) 122�20 110�21 98�7§ 98�14 <0·01
ERP (ms) 207�23* 264�46 243�36 239�22 =0·01
FRP (ms) 255�42 300�46 275�38 272�17 n.s.
S1–A1 (ms) 49�9 41�28 32�4 38�14 n.s.
S2–A2 (ms) 87�25 62�23 60�28 68�22 n.s.
A1 (ms) 59�15 79�25‡ 55�19 53�16 n.s.
A2 (ms) 96�16 137�51‡ 92�25 86�27 <0·05
ERP/A2 (cm) 2·1�0·4 2·05�0·5 2·8·1�1 3·1�1·4 =0·01
AF Induction (patients) 4/6 4/5† 3/4 5/19
Minimal rate (bpm) 65�5 64�4 64�4 64�6 n.s.
Follow-up (months) 29�13 30�20 25�16 27�19 n.s.

AF+/H+ =patients with both AF before and after pacing (n=6).
AF+/H� =patients with AF occurrence without previous history of AF (n=5).
AF�/H+ =patients without AF occurrence with previous history of AF (n=6).
AF�/H� =patients without both AF before and after pacing (n=24).
*P<0·05 AF+/H+ vs AF+/H�.
†P<0·05; ‡P<0·01 AF+/H� vs AF�/H�.
§P<0·05 AF+/H+ vs AF+/H�.
¶P<0·01 AF�/H+ vs AF�/H� (by unpaired t-test and chi2 test).
AF=atrial fibrillation; ERP=effective refractory periods; FRP=functional refractory periods.
Inhomogeneous electrophysiological pattern
in patients with atrial fibrillation despite

pacing

Analysis of variance of continuous variables showed
inhomogeneity in the distribution of duration of
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effective refractory periods among the four groups
(P=0·01). In addition, it was observed that values of
effective refractory periods <220 ms were significantly
more frequent in patients with post-pacing atrial fibril-
lation than in patients without (4/11 patients vs 2/30
patients; P<0·05).

Based on these observations, patients with post-
pacing atrial fibrillation with effective refractory periods
�220 ms (n=7) and <220 ms (n=4), were compared. In
patients with effective refractory periods �220 ms, A2
duration was remarkably prolonged (145�42 ms vs
90�11 ms; P<0·05). In contrast, between the two
groups, effective refractory periods/A2 was identical
(2·08�0·6 cm vs 2·15�03 cm; P=n.s.) (Table 5).
Patients with permanent atrial fibrillation in
follow-up: electrophysiological

characteristics

Two patients developed permanent atrial fibrillation
following at least one episode of paroxysmal atrial
fibrillation. In one patient (atrial fibrillation before and
after pacing; no haemodynamically significant mitral
valve prolapse), effective refractory period was 165 ms,
A2 width was 80 ms, latent vulnerability index was 2 cm,
and P-wave duration was 140 ms. In the other patient
(atrial fibrillation in follow-up, never previously docu-
mented; no heart disease), effective refractory period
was 250 ms, A2 width was 180 ms, effective refractory
period/A2 was 1·38 cm, and P-wave duration was 90 ms.
In these patients, digoxin and beta-blocking agents were
prescribed for heart rate control.
Table 5 Patients with post-pacing AF: comparison
betweeen patients with ERP <220 ms and �220 ms.
Clinical and electrophysiological variables

Variables <220 ms
ERP

�220 ms
ERP P

Patients (n) 4 7
Age (years) 65�12 70�8 n.s.
Heart disease (patients) 2/4 2/7 n.s.
Left atrial size (mm) 41�6 37�6 n.s.
P wave duration (ms) 110�20 120�40 n.s.
ERP (ms) 194�18 255�44 <0·05
FRP (ms) 252�41 305�45 n.s.
S1–A1 (ms) 45�10 44�27 n.s.
S2–A2 (ms) 92�19 65�31 n.s.
A1 (ms) 66�17 73�28 n.s.
A2 (ms) 90�11 145�42 <0·05
ERP/A2 (cm) 2·15�0·3 2·08�0·6 n.s.
AF Induction (patients) 3/4 5/7 n.s.
Minimal pacing rate (bpm) 65�4 64�5 n.s.
Follow-up (months) 38�16 25�17 n.s.
Permanent AF (patients) 1 1 n.s.

AF=atrial fibrillation; ERP=effective refractory periods;
FRP=functional refractory periods.
Discussion

Electrophysiological mechanisms and abnormal atrial
properties responsible for atrial fibrillation in sinus node
dysfunction have received little attention from investi-
gators in spite of atrial fibrillation being a part of its
natural history[1–4,8]. Experimental and clinical data
have emphasized the relationship between bradycardia
and an increased risk of atrial fibrillation[9–11], but atrial
fibrillation recurs in a significant subset of patients
despite atrial pacing. Thus, if atrial pacing excludes or
limits the brady-related mechanisms responsible for
atrial fibrillation development, the prevention of atrial
fibrillation appears incomplete, suggesting the import-
ance of other electrophysiological mechanisms. Some
authors have investigated the atrial electrophysiological
characteristics of patients with sinus node dysfunc-
tion, stressing the importance of localized conduction
disturbances, evaluated during sinus rhythm or after
premature extrastimuli[12–14]. In addition, long atrial
refractory periods have been described in some reports,
regardless of the fact that this finding has never been
taken into account[10,13,15]. More recently, it has
been shown that more prolonged basal and post-
extrastimulus right atrial electrograms, prolonged
P-wave duration, and a lower latent vulnerability index
are distinctive findings of sinus node dysfunction,
whereas atrial refractoriness is not significantly different
when comparing sinus node dysfunction patients with
control subjects. In contrast, atrial electrophysiological
characteristics of patients with or without associated
paroxysmal atrial fibrillation were quite similar[16], as
found in the present study. The present study found
that, in patients with sinus node dysfunction and induc-
ible sustained atrial fibrillation during electrophysio-
logical study, S2–A2 latency, and A1 and A2 duration
were more abnormal. On the other hand, the rate of
atrial fibrillation induction was not significantly differ-
ent, whatever the previous atrial fibrillation history.
Thus, induction of sustained atrial fibrillation, also in
patients without prior documented atrial fibrillation,
confirms the hypothesis of more diseased atria in
patients with sinus node dysfunction, and its tendency to
develop atrial fibrillation based mainly on atrial conduc-
tion disturbances. However, in patients with sinus node
dysfunction, the correlation between atrial fibrillation
induction and more abnormal right atrial electrograms,
has been well described by some authors[17].

Regardless of large populations of implanted patients
for sinus node dysfunction, with or without manifest
atrial fibrillation, the correlation between electrophysio-
logical atrial properties and the effect of permanent
atrial pacing is still undetermined. Thus, the purpose of
this study was to evaluate the risk of post-pacing atrial
fibrillation, with reference to atrial refractoriness,
conduction parameters and atrial fibrillation induction
propensity, determined before pacemaker implantation.

The present results show that prolonged atrial refrac-
toriness, lesser degrees of atrial conduction disturbance,
and a lower frequency of atrial fibrillation induction
Europace, Vol. 2, October 2000
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predict maintenance of sinus rhythm during DDD pac-
ing. In these patients, electrophysiological characteristics
appear homogeneous, whatever the previous atrial
fibrillation history. Thus, it could be conceived that this
electrophysiological profile might have a protective
effect on the maintenance of a stable sinus rhythm, if
atrial pacing prevents the brady-related mechanisms
responsible for atrial fibrillation. By contrast, a longer
P-wave and A2 duration, as well as a lower latent
vulnerability index and a higher rate of atrial fibrillation
induction, appear to be predictive findings of atrial
fibrillation occurrence despite DDD pacing, still signifi-
cantly altered in patients with ‘new-onset’ atrial fibrilla-
tion in follow-up, when compared with patients without
atrial fibrillation both before and after pacing. When
comparing patients with previous paroxysmal atrial
fibrillation, with or without atrial fibrillation recurrence
during DDD pacing, only P-wave duration was signifi-
cantly longer in those with atrial fibrillation despite
pacing. More recently, the present authors have con-
firmed this observation in a large series of patients
with sinus node dysfunction and previous atrial fibril-
lation[18]. Finally, in patients with post-pacing atrial
fibrillation, an inhomogeneous electrophysiological
pattern was shown. In a limited subset of patients, short
refractoriness seems to contribute to the development of
atrial fibrillation, while a remarkably prolonged A2
duration in the presence of prolonged refractoriness,
appears to characterize the remaining patients. In other
words, consistent with the Allessie theory of wave-
length[19], when refractoriness is not short, an important
degree of conduction disturbance is needed to develop
atrial fibrillation. Not surprisingly, the latent vulner-
ability index was very low and identical in the two
groups, explaining atrial fibrillation recurrence/
occurrence in terms of short wavelength.

According to the data reported by Attuel et al.[7],
evaluated in patients with paroxysmal atrial fibrillation
without sinus node dysfunction, a duration of A2
>100 ms and a latent vulnerability index <2·5 cm are
good predictors of atrial fibrillation, and the present
results are consistent with these values. In addition, the
role of prolonged of P-wave duration as a predictor of
atrial fibrillation has been well described in the
literature[20–21]. More recently, Stabile et al.[22] have
demonstrated decreased effectiveness of single-site atrial
pacing in preventing atrial fibrillation in patients with a
greater right atrial conduction delay and a wider disper-
sion of refractoriness; sinus node dysfunction with
associated atrial fibrillation was the primary indication
to implant in 60% of these patients.
Limitation of the study

Of course, the present study was limited by its retro-
spective nature. Evaluation of refractory periods at
more than one site, adaptation of refractoriness at
higher frequencies, and intra- and inter-atrial conduc-
tion times were parameters which were not constantly
Europace, Vol. 2, October 2000
evaluated and, therefore, not included in this study.
Also, atrial fibrillation induction by provocative
methods was not constantly evaluated in all patients. In
two patients with frequent long-lasting and drug refrac-
tory atrial fibrillation, induction of atrial fibrillation was
not tested to avoid the risk of electrical cardioversion.

Despite a large number of patients with sinus node
dysfunction referred to the authors’ centre, only a
limited group was evaluated. Many patients were not
included because of immediate pacemaker implantation
or lack of consent for electrophysiological study. In
addition, patients treated with amiodarone were not
included, because they did not meet the inclusion criteria
with reference to pharmacological wash-out. Despite the
limited number of patients, the analysis of variance
among groups showed highly significant differences in
terms of effective refractory periods. This observation
allowed the authors to differentiate two different electro-
physiological patterns in patients with atrial fibrillation
despite DDD pacing. In addition, a careful ECG survey
during follow-up enabled better individualization of
patients with atrial fibrillation which may not have been
previously documented.

The clinical evaluation of atrial fibrillation recurrence
presents some difficulties in common with all the other
studies. It has been well established that asymptomatic
episodes are common in patients with atrial fibril-
lation[23], and the clinical evaluation, based on the
presence or absence of documented atrial fibrillation,
may be of limited value. In any case, an ECG-
documented episode of atrial fibrillation is surely signifi-
cant because it represents a duration long enough to be
detected and, furthermore, Holter monitoring and
device-stored data are incomplete tools for identifying
paroxysmal atrial fibrillation episodes[24,25].
Clinical implications

In patients with prolonged atrial refractoriness, lesser
degrees of atrial conduction disturbance and a lower
frequency of atrial fibrillation induction, single-site atrial
pacing as usually performed, seems to be sufficient to
maintain stable sinus rhythm. In contrast, an abnormal
electrophysiological profile and a higher rate of atrial
fibrillation induction appear to be predictive of atrial
fibrillation despite single-site atrial pacing. Additionally,
two different electrophysiological patterns in patients
developing atrial fibrillation after pacing were defined,
focusing on inhomogeneity in electrophysiological abnor-
malities responsible for atrial fibrillation. More recently,
dual-site atrial pacing has been proposed in patients with
drug-resistant atrial fibrillation and bradycardia[5,6]. The
experimental effect of biatrial (right atrial lateral wall and
coronary sinus) or interatrial septal pacing have shown
improvement of conduction disturbances and lesser
degrees of arrhythmogenic effect in terms of atrial fibril-
lation induction, without changing effective refractory
periods[26–28]. At present, the mechanisms of favour-
able effects of dual-site atrial pacing are not completely
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established and, therefore, the effectiveness of these pro-
cedures in patients with short atrial refractoriness or
pronounced conduction disturbances or both is not
known. In other words, the choice of site and/or
pacing modalities, based on the predictive value of the
electrophysiological study, is still undetermined.

Unfortunately, a large overlap of values was observed
between groups, which limits the predictive value of
common basal electrophysiological parameters, and
points out the need for extensive and prospective
electrophysiological investigations.
Conclusion
Standard atrial pacing may be able to modify the natural
history of sinus node dysfunction in reducing the inci-
dence of atrial fibrillation. Prolonged atrial refractori-
ness, lesser degrees of atrial conduction disturbance and
a lower rate of atrial fibrillation induction seem to be
predictive of stable sinus rhythm after pacing. In con-
trast, patients with persistence of atrial fibrillation
despite pacing had a more abnormal and inhomog-
eneous atrial substrate, as well as a higher rate of atrial
fibrillation induction. Prolonged P-wave shortened
refractoriness, or remarkably abnormal conduction in
the case of prolonged refractoriness limit the effective-
ness of standard atrial pacing in atrial fibrillation pre-
vention. Identification of predictive criteria of failure of
single-site atrial pacing may be useful in consideration of
dual-site atrial pacing in such patients with sinus node
dysfunction.
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[3] Brandt J, Anderson H, Fåhraeus T, et al. Natural history of
sinus node disease treated with atrial pacing in 213 patients:
implications for selection of stimulation mode. J Am Coll
Cardiol 1992; 20: 633–9.

[4] Andersen HR, Thuesen L, Bagger JP, et al. Prospective
randomized trial of atrial vrsus ventricular pacing in sick sinus
syndrome. Lancet 1994; 344: 1523–8.

[5] Daubert JC, Leclercq C, Parin D, et al. Biatrial synchronous
pacing: a new approach to prevent arrhythmias in patients
with atrial conduction block. In: Daubert JC, Prystowsky EN,
Ripart A, eds. Prevention of Tachyarrhythmias with Cardiac
Pacing. Armonk, NY: Futura Publishing Co., Inc 1997:
99–119.

[6] Saksena S, Prakash A, Hill M, et al. Prevention of recurrent
atrial fibrillation with chronic dual-site right atrial pacing.
J Am Coll Cardiol 1996; 28: 687–94.

[7] Attuel P, Pellerin D, Gaston J, et al. Latent atrial vulner-
ability: new means of electrophysiologic investigations in
paroxysmal atrial arrhythmias. In: Attuel P, Coumel P, Janse
M, eds. The Atrium in Health and Disease. Mount Kisco,
NY: Futura Publishing Co., Inc 1989: 159–200.

[8] Sutton R, Kenny RA. The natural history of sick sinus
syndrome. Pacing Clin Electrophysiol 1986; 9: 1110–4.
[9] Coumel P, Friocourt P, Mugica J, et al. Long-term
prevention of vagal atrial arrhythmias by atrial pacing at
90/minute: experience with 6 cases. Pacing Clin Electrophysiol
1983; 6: 552–60.

[10] Attuel P, Pellerin D, Mugica J, et al. DDD pacing: an effective
treatment modality for recurrent atrial arrhythmias. Pacing
Clin Electrophysiol 1988; 11: 237–42.

[11] Han J, Milled D, Chizzonitti B, et al. Temporal dispersion of
recovery of exitability in atrium and ventricle as a function of
heart rate. Am Heart J 1996; 71: 481–7.

[12] Centurion OA, Isomoto S, Fukatani M, et al. Relationship
between atrial conduction defects and fractioned atrial
endocardial electrograms in patients with sick sinus syndrome.
Pacing Clin Electrophysiol 1993; 16: 2022–33.

[13] Ohe To, Matsuhisa M, Kamakura S, et al. Relation between
widening of fragmented atrial activity zone and atrial
fibrillation. Am J Cardiol 1983; 52: 1229–32.

[14] Tanigawa M, Fukatani M, Konoe A, et al. Prolonged and
fractionated atrial electrograms durin sinus rhythm in
papients with paroxysmal atrial fibrillation and sick sinus
node syndrome. J Am Coll Cardiol 1991; 17: 403–8.

[15] Luck JC, Engel TR. Dispersion of refractoriness in patients
with sinus node dysfunction. Circulation 1997; 2: 404–12.

[16] De Sisti A, Leclercq JF, Fiorello P, et al. Electrophysiological
characteristics of the atrium in sinus node dysfunction: atrial
refractoriness and conduction characteristics. J Cardiovasc
Electrophysiol 2000; 11: 30–3.

[17] Centurion OA, Fukatani M, Konoe A, et al. Different distri-
bution of abnormal endocardial electrograms within the rigth
atrium in patients with sick sinus syndrome. Br Heart J 1992;
68: 596–600.

[18] De Sisti A, Leclercq JF, Fiorello P, et al. Value of sinus
P-wave duraion in predicting the natural history of patients
with atrial fibrillation and DDD pacemaker (Abstr). Pacing
Clin Electrophysiol 2000; 23: 743.

[19] Allessie MA, Lammers WJEP, Bonke FIM, et al. Experimen-
tal evaluation of Moe’s multiple wavelets hypothesis of atrial
fibrillation. In: Zipes DP, Jalife J, eds. Cardiac Electro-
physiology and Arrhythmias. San Diego, CA: Grune &
Stratton 1985: 265–72.

[20] Bayes de Luna A, Cladellas M, Oter R, et al. Interatrial
conduction block and retrograde activation of the left atrium
and paroxysmal supraventricular tachyarrhytmia. Eur Heart J
1988; 9: 1112–8.

[21] Simpson RJ, Foster JR, Gettes LS. Atrial excitability and
conduction in patients with interatrial conduction defects. Am
J Cardiol 1982; 50: 1331–7.

[22] Stabile G, Senatore G, De Simone A, et al. Determinants
of efficacy of atrial pacing in preventing atrial fibrillation
recurrences. J Cardiovasc Electrophysiol 1999; 10: 2–9.

[23] Page RL, Wilkinson WE, Clair WK, et al. Asymptomatic
arrhythmias in patients with symptomatic paroxysmal atrial
fibrillation and paroxysmal supraventricular tachycardia.
Circulation 1994; 89: 224–7.

[24] Kanji I, Chisato I, Atsushi N, et al. Problems in pharmaco-
logical evaluation of patients with paroxysmal atrial fibrilla-
tion: clinical analysis of more than 100 consecutive patients.
Int Med 1998; 37: 1005–8.

[25] Swiryn S, Schoenwald AT, Sahakian AV. Detection of atrial
fibrillation by pacemakers and antiarrhythmic devices. In:
Murgatroyd FD, Camm AJ, eds. Non Pharmacological
Management of Atrial Fibrillation. Armonk, NY: Futura
Publishing Company, Inc 1991: 309–18.

[26] Papageorgiou P, Anselme F, Kirchhof CJHJ, et al. Coronary
sinus pacing prevents induction of atrial fibrillation.
Circulation 1997; 96: 1893–8.

[27] Yu WC, Chen SA, Tai CT, et al. Effects of different atrial
pacing modes on atrial electrophysiology. Circulation 1997;
96: 2992–6.

[28] Prakash A, Delfaut P, Krol RB, et al. Regional right and left
atrial activation patterns during single- and dual-site atrial
pacing in patients with atrial fibrillation. Am J Cardiol 1998;
82: 1197–204.
Europace, Vol. 2, October 2000


	Electrophysiological determinants of atrial fibrillation in sinus node dysfunction despite atrial pacing
	Introduction
	Methods
	Figure 1

	Statistical analysis
	Results
	Patients with and without paroxysmal atrial fibrillation before pacing: clinical and electrophysiological variables
	Table 1
	Predictive parameters of atrial fibrillation after atrial pacing
	Correlation between electrophysiological parameters and atrial fibrillation inducibility
	Table 2
	Comparison between patients with or without previous history of paroxysmal atrial fibrillation and with or without atrial fibrillation during DDD pacing
	Patients free of post-pacing atrial fibrillation with associated (n=6) or unassociated (n=24) paroxysmal atrial fibrillation history before implantation

	Table 3
	Patients without documented paroxysmal atrial fibrillation before implantation with (n=5) or without (n=24) post-pacing atrial fibrillation

	Table 4
	Patients with previous paroxysmal atrial fibrillation with (n=6) or without (n=6) atrial fibrillation recurrence after DDD pacing
	Patients with post-pacing atrial fibrillation with associated (n=6) or unassociated (n=5) paroxysmal atrial fibrillation history before implantation

	Inhomogeneous electrophysiological pattern in patients with atrial fibrillation despite pacing
	Table 5
	Patients with permanent atrial fibrillation in follow-up: electrophysiological characteristics

	Discussion
	Limitation of the study
	Clinical implications
	Conclusion
	References


