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Introduction

The widespread use of diagnostic func-
tions of implanted pacemakers has shown
an unexpectedly high recurrence rate of
paroxysmal atrial tachyarrhythmias in pa-
tients wearing a dual-chamber pacing sys-
tem for atrioventricular block. Atrial ar-
rhythmias have often been documented
even in patients who were asymptomatic
and who did not show any arrhythmia be-
fore implantation1-6. However, no data are
available regarding the possibility of the
presence of undiagnosed arrhythmias prior
to implantation or if they were actually due
to the presence of the atrial lead. In order to
evaluate the role played by the atrial lead,
we compared the occurrence of atrial fibril-
lation (AF) in patients receiving a DDD
pacing system for atrioventricular block
with that observed among patients implant-
ed with a VDD single-lead pacing system

in which physiologic pacing does not re-
quire that the lead be in contact with the
atrial wall.

Methods

Patient population. One hundred and
forty-five consecutive out-patients (86
males, 59 females, mean age 74 ± 11 years)
were enrolled into the study. All patients
had a diagnosis of second or third degree
atrioventricular block and had been im-
planted with a DDD or VDD single-lead
pacing system both equipped with the same
diagnostic features at least 3 months before.
Baseline variables, cardiac and concomi-
tant diseases are summarized in table I.

One hundred and twenty-four patients
(group 1) received a DDD pacing system
Medtronic Thera DR 7940-7944, 7960-
7964 (Medtronic Inc., Minneapolis, MN,
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Background. Paroxysmal atrial tachyarrhythmias have been frequently detected in patients paced
for atrioventricular block. However, it is not yet clear which is the actual incidence of such arrhyth-
mias and if they were preexisting but not recognized, or if they could be related to the device.

Methods. One hundred and forty-five patients with a diagnosis of second or third degree atrioven-
tricular block were enrolled into the study. One hundred and twenty-four received a pacemaker
Medtronic Thera DDD and 21 a Medtronic Thera VDD. High rate atrial episodes were evaluated for
3 months after enrollment. Atrial electrograms documenting paroxysmal atrial fibrillation (AF) were
stored and programming of atrial sensitivity and pacemaker diagnostics was very strict in order to
exclude short and false positive AF episodes.

Results. Thirty-six patients (35%) in the DDD group and 8 (42%) in the VDD group presented
with AF (p = NS). The mean number of AF runs was 29.8 ± 66.4 in the DDD group and 6.8 ± 5.9 in the
VDD group; the episode duration was 300 ± 1680 min in the DDD group and 1200 ± 3480 min in the
VDD group. Dividing the patients into subgroups according to the number or length of episodes, both
the DDD and VDD groups showed a very similar distribution (p = 0.5 and p = 0.8, respectively). Pa-
tient evaluation on the basis of an episode number ≤ 10 or of an episode duration ≤ 60 min revealed a
non-significant difference between the DDD and VDD groups (number 2.9 ± 2.4 vs 5.0 ± 3.0, p = 0.09;
length 3.2 ± 2.7 vs 3.0 ± 2.3, p = NS).

Conclusions. Patients paced for isolated atrioventricular block showed a high prevalence of AF.
The contact between the lead tip and the atrial wall does not seem to be related to arrhythmia occur-
rence.

(Ital Heart J 2001; 2 (10): 772-777)



USA). The atrial lead was bipolar in 19 (15%) and
unipolar in 105 (85%). The ventricular lead was unipo-
lar in all patients. Twenty-one patients (group 2) were
implanted with a VDD pulse generator Medtronic
Thera 8948 connected to a single-pass lead Medtronic
5032, which is a ventricular bipolar, tined and steroid
eluting lead equipped with a floating bipolar atrial ring
dipole 12.5 mm2 in surface area and with an interelec-
trode distance of 8.6 mm. 

Pacemaker features. Automatic mode switching from
the atrial tracking to the non-atrial tracking modality in
case of atrial tachyarrhythmias is available in Medtron-
ic Thera VDD and DDD devices. The algorithm con-
tinuously monitors the intrinsic atrial rate and calcu-
lates (in ms) a mean atrial cycle value. The current atri-
al interval is compared beat by beat with the stored
mean atrial cycle. When the current atrial interval is
longer than the stored mean atrial cycle, the latter is in-
creased by 8 ms, and when the current atrial interval is
shorter than the stored mean atrial cycle, the latter is de-
creased by 23 ms. When the stored mean atrial cycle is
shorter than the atrial tachycardia detection interval,
tachycardia is detected and the pacing mode switches
from VDD to VDIR or from DDD to DDIR according

to the device. The device switches back to VDD or
DDD when the stored mean atrial cycle becomes longer
than the atrial tachycardia detection interval or after
five consecutive paced atrial events. An automatic
mode switching episode counter may be used to obtain
raw data on atrial arrhythmia episodes.

To identify sustained episodes of atrial tachycardia
and to confirm appropriate arrhythmia detection, pace-
maker diagnostics may be programmed on high rate atri-
al episode detection. High rate atrial episode onset is de-
fined by a preselected number of sequential spontaneous
atrial beats (detection number) over a specified rate (de-
tection rate). The episode ends when a programmed
number of sequential atrial impulses below the detection
rate (termination number) is noticed. In its memory the
device can analyze and store information on the overall
number of tachycardia episodes and detailed informa-
tion on the last seven, including time and date, maximal
atrial rate, duration of each episode, analysis of the last
eight atrial events before tachycardia onset, analysis of
the first eight atrial events after tachycardia onset, and
analysis of the first eight atrial events after termination
of tachycardia. For each of the twenty-four atrial events,
the cycle length and the paced or sensed class are avail-
able. For one episode, a 2.3 s atrial electrogram is
recorded at the onset of arrhythmia (Fig. 1).

In our study the detection rate was programmed at
150 b/min, the detection number at 50 beats, the termi-
nation number at 20 beats, and the electrogram collec-
tion “on”. Detection at 50 beats (maximum available)
was selected in order to increase the algorithm speci-
ficity for long-lasting arrhythmias. Termination at 20
beats (maximum available) was selected in order to
prevent inappropriate episode termination due to inter-
mittent undersensing of AF (Fig. 2).

Pacemaker programming. At enrollment, the pacing
mode was programmed in DDD or VDD according to
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Figure 2. Diagnostic programming: high rate atrial episodes were de-
fined as a sequence of 50 atrial beats occurring at a rate > 150 b/min;
the occurrence of a sequence of 20 beats at a rate < 150 b/min defined
the end of the episode.

Table I. Patient characteristics.

No. patients 145
Sex (M/F) 86/59
Age (years) 74 ± 11
Heart disease (%)

Ischemic 17.9
Hypertensive 20
Valvular 2.8
Failure 9.0
No structural disease 50.3

Transient ischemic attack/stroke (%) 2.8

Figure 1. Atrial fibrillation episode stored in the device memory: the atri-
al events before and after the onset of arrhythmia are drawn. The atrial
electrogram documenting appropriate detection can be appreciated.



the implanted device and the automatic mode switching
algorithm was activated; the lower rate was set at a val-
ue inferior to the spontaneous sinus rate; the upper rate
was selected according to patient age and physical
training; the atrioventricular interval was individually
programmed according to the patient’s hemodynamic
picture. In order to program atrial sensitivity, the atrial
electrogram in sinus rhythm and the far-field R wave
oversensing were measured. The programmed value
was set at one third of the measured atrial electrogram
or less if far-field R wave oversensing could be pre-
vented by the selected value. If not, atrial sensitivity
could be set at one half of the measured atrial electro-
gram; in figure 3 the guidelines for programming of
atrial sensitivity are shown. In the VDD pacing system,
programmed atrial sensitivity had to allow a 1:1 atrio-
ventricular conduction during normal and forced
breathing in the supine and sitting positions. The mini-
mum atrial sensitivity setting allowed in VDD was 0.5
mV. Bipolar polarity for atrial sensing was pro-
grammed whenever possible. The pacing energy was
set at 3 times the threshold energy.

Follow-up visits and study protocol. At enrollment,
overall clinical evaluation was carried out and optimal
functioning of the implanted system was verified. Pa-
tients were discharged after pacemaker and diagnostic
function programming. A 3-month follow-up was
planned.

At the end of follow-up all patients were clinically
evaluated, particularly as far as symptomatic AF occur-
rence was concerned. Diagnostic data stored in the de-
vice memory were collected. These included the total
number of automatic mode switching episodes, the to-
tal number of high rate atrial episodes, including de-

tailed analysis of duration, atrial rate and circadian dis-
tribution. The registered atrial electrogram was
checked. A reliable atrial signal documenting atrial
tachyarrhythmias was mandatory to classify the detec-
tion of arrhythmia as appropriate. The atrial pacing/
sensing and the ventricular pacing/sensing percentages
were analyzed.

Statistical analysis. Data are expressed as mean val-
ues ± SD, unless stated otherwise. Patients with AF
which was not confirmed by the stored electrogram
were considered as false positive, but not excluded
from the general population. Each study group was
twice divided into subgroups: first, according to the
number of AF episodes (seven subgroups), second, ac-
cording to the duration of the AF episode (five sub-
groups). The homogeneity of patient distribution be-
tween the two groups, the incidence of AF runs and
other differences between groups were assessed by the
Mann-Whitney U test for continuous variables, where
data did not show a normal distribution. The correla-
tion between the number and length of AF episodes
was verified using the Pearson test. Multivariate analy-
sis was performed to isolate independent preoperative
predictors for AF. All analyses were performed using
the SPSS 6.0 version Software (SPSS Inc., Chicago,
IL, USA). A p value < 0.05 was considered statistical-
ly significant.

Results

The mean time interval between implant and en-
rollment into the study was 26 ± 18 months (range 3-
65 months). In group 1, 8 patients with coexisting doc-
umented sinus node disease at implant and 2 with
brady-tachy syndrome were excluded from further
analysis. Similarly, 10 patients from group 1 and 2 pa-
tients from group 2 with documented episodes of
paroxysmal AF before implant were also excluded.
Eight patients from group 1 (2 without AF prior to
pacemaker implantation) were in permanent AF at en-
rollment. So, 121 patients (102 in group 1 and 19 in
group 2) were enrolled into the prospective phase of
the study. In group 1 the atrial lead was bipolar in 16
patients (16%) and unipolar in 86 (84%). Fifteen of
121 patients (12%) were on antiarrhythmic drug treat-
ment and 9/121 (7%) on anticoagulant therapy for rea-
sons unrelated to AF.

Pacing measurements and actual programming. At
enrollment, in the DDD group, the atrial pacing thresh-
old was on average 0.10 ± 0.07 ms at 1.5 V, while the
atrial pacing impedance at 2.5 V/0.5 ms was 562 ± 81
Ohms. The measured atrial electrogram amplitude was
3.5 ± 1.6 mV and the far-field R wave amplitude 0.9 ±
0.5 mV. The ratio between the atrial electrogram and
the far-field R wave was on average 6.5 ± 12. A ratio
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Figure 3. Diagram to program atrial sensitivity (AS). When the inter-
section between the atrial electrogram (AEGM) and the far-field R wave
(FFRW) amplitudes fell within the inferior triangle and consequently the
FFRW was lower than one third of the AEGM, the AS threshold was set
at one third of the AEGM; when the intersection fell in the middle trian-
gle and the FFRW was between one third and one half of the AEGM, the
AS threshold was set at one third of the AEGM plus a � value, sufficient
to cut the far-field, but still between one third and one half of the AEGM;
finally, when the intersection fell in the superior triangle and the FFRW
was higher than one half of the AEGM, the AS threshold was still set at
one half of the AEGM.



< 2 (not allowing appropriate programming of atrial
sensitivity according to the protocol) was found in
19/102 (19%) DDD patients. The mean programmed
atrial sensitivity value in the DDD group was 0.9 ± 0.4
mV (range 0.5-2.0 mV). In the VDD group the mean
atrial electrogram amplitude was 1.1 ± 1.0 mV, while
the far-field R wave sensing was negligible. The mean
programmed atrial sensitivity value in the VDD group
was 0.3 ± 0.2 mV (range 0.18-0.5 mV). Other pacing
parameters were: the lower rate 61 ± 8 b/min, the upper
rate 116 ± 14 b/min, the paced atrioventricular interval
183 ± 42 ms (DDD only) and the sensed atrioventricu-
lar interval 151 ± 44 ms.

Pacemaker stored memory data. In the period be-
tween implant and enrollment, 11/102 patients (10.7%)
of group 1 and 2/19 (10.5%) of group 2 developed
symptomatic paroxysmal AF (p = NS).

After 3 months, memory stored data showed appro-
priate detection of AF as documented by the high rate
atrial episode collection plus atrial electrogram confir-
mation in 36 cases (35%) in the DDD group and in 8
cases (42%) of the VDD group (p = NS) (Fig. 4). AF de-
tection was excluded by the atrial electrogram in 18
cases (18%) in the DDD group and in 1 case (5%) in the
VDD group.

The mean number of AF episodes among DDD pa-
tients was 29.8 ± 66.4 while in the VDD group it was
6.8 ± 5.9; the episode duration was 300 ± 1680 min in
the DDD group and 1200 ± 3480 min in the VDD
group. The mean atrial rates were 309 ± 89 and 222 ±
84 b/min respectively (p < 0.01). The episodes did not
show circadian distribution. The atrial pacing percent-
age in the DDD group was 35 ± 33%. The atrioventric-
ular association level in the VDD group was 94 ± 10%. 

The automatic mode switching raw data counter re-
ported 153 ± 112 episodes in the DDD group and 46 ±
98 in the VDD group (p = NS). Thirty-two DDD and 4
VDD patients showed automatic mode switching
episodes in spite of no sustained atrial tachyarrhythmia
episode detection at high rate atrial episode analysis.

Dividing the patients into 7 subgroups according to
the AF episode number (expressed as percentage)
(Table II), and comparing the DDD and VDD groups, a
strong similarity in the distribution of the two popula-
tions could be observed (p = 0.5) (Fig. 5A). In fact, as
shown in figure 5A, the percentage of patients included
in each subgroup was very similar in both the DDD and
VDD populations. Similarly, dividing the patients into
5 subgroups according to the episode duration (Table
III), a similar behavior in patient distribution was noted
(p = 0.8) (Fig. 5B). No cross-correlation between the
number and duration of arrhythmia episodes was ob-
served in any group (p = NS).

In fact, in patients with a high number of episodes,
their duration was usually short and vice versa, but the
two variables were independent and randomly distrib-
uted. Subgroup analysis allowed us to compare patients
implanted with a DDD or VDD pacing system and with
a small number of AF episodes (≤ 10) to those with short
episodes (≤ 60 min) of AF. Considering patients with an
AF episode number ≤ 10, the VDD patients showed an
incidence of AF runs slightly higher than that of the
DDD group, but the difference was not statistically sig-
nificant (5.0 ± 3.0 vs 2.9 ± 2.4 respectively, p = 0.09).
According to run duration, no significant difference be-
tween the DDD and VDD groups was observed (3.2 ±
2.7 vs 3.0 ± 2.3, p = NS). Patients with an episode num-
ber > 10 and an episode duration > 60 min were exclud-
ed from the last analysis because of their scarcity in the
VDD group (> 10 runs: DDD 18 and VDD 1 patient;
> 60 min: DDD 11 and VDD 2 patients).

Multivariate analysis showed that there was no in-
dependent risk factor which was capable of exerting a
significant influence on the incidence and duration of
AF.
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Figure 4. High rate atrial fibrillation (AF) episode number in the DDD
and VDD groups.

Table III. Patient distribution into five subgroups according to
the duration of atrial fibrillation (AF) episodes.

AF duration (min) DDD patients VDD patients

0-2 12 (33.3%) 3 (37.5%)
2.1-4 6 (16.7%) 2 (25%)
4.1-8 6 (16.7%) 1 (12.5%)
8.1-60 2 (5.5%) 0
> 60 10 (27.8%) 2 (25%)

Table II. Patient distribution into seven subgroups according to
the number of atrial fibrillation (AF) episodes.

AF number DDD patients VDD patients

1 12 (33.3%) 2 (25%)
2-10 16 (44.4%) 5 (62.5%)
11-20 0 0
21-30 1 (2.8%) 0
31-40 4 (11.1%) 1 (12.5%)
41-50 2 (5.6%) 0
51-255 1 (2.8%) 0



Discussion

During the last years, the expanded memory of im-
planted pacemakers has allowed continuous monitoring
of cardiac rhythm in paced patients thus leading to ar-
rhythmia identification and to collection of data on their
recurrence and duration and on triggering factors. Spe-
cific software has been developed and endocavitary
electrograms have been stored thus facilitating arrhyth-
mia interpretation by physicians7,8. The sensitivity and
specificity of the diagnostic features have been tested
and confirmed as valuable parameters in clinical stud-
ies9-11 comparing stored data with those obtainable from
conventional Holter monitoring. The clinical applica-
tion of pacemaker diagnostics demonstrated a high rate
of AF in paced patients, regardless of the indication to
pacing2-4,6,12. The AF incidence was found to be as high
as 50% and in many patients neither symptoms nor a
pre-implant AF history could be documented.

While the proarrhythmic role of ventricular pacing
on AF has been documented in both retrospective13-16

and prospective12 studies, dual-chamber pacing was ex-
pected to exert a protective effect, on the basis of stud-
ies involving patients with sinus node disease17,18.

The identification of the causes of these unexpected
arrhythmias has not yet been established. The first hy-
pothesis is that undiagnosed AF runs were already pre-
sent before implant; the second possibility is that the
atrial lead itself could be responsible for the develop-
ment of arrhythmia. In patients with sinus node dys-
function, AF is related to the natural history of the dis-
ease1,19. An increase in the sympathetic or parasympa-
thetic tone and anatomic alterations of the atrium such as
areas of fibrosis can create a background for macro and
microreentry, hence facilitating AF. In patients with atrio-
ventricular block, the proarrhythmic role of ventricular
pacing may be explained on the basis of the dissociation
between atrial and ventricular contractions. In dual-
chamber pacing systems the hypothesis that the atrial
lead could play a role in the development of AF is relat-

ed to the chronic irritation resulting from the contact be-
tween the lead tip and the atrial wall. This irritating ac-
tion of both passive fixation and screw-in leads was
commonly observed during positioning of the device.

We compared the AF occurrence in two groups of pa-
tients implanted respectively with a DDD and VDD pac-
ing system for atrioventricular block. All patients re-
ceived the same device with the same diagnostic features;
the main difference was the contact of the lead with the
atrial wall in the first group and the presence of a floating
dipole in the second group. The results of our study con-
firmed the presence of symptomatic and asymptomatic
AF episodes. In patients without documented prior
episodes, no significant differences were found in the in-
cidence of arrhythmia between the DDD and VDD
groups. The AF rate during follow-up was 35% among
DDD and 42% among VDD patients (p = NS). In view of
the very strict programming of atrial sensitivity and of AF
detection parameters that was performed in order to ex-
clude very short and false positive AF episodes in patients
without prior arrhythmias, the results can be considered
as being quite significant. In particular, so as to reduce
false positives, atrial sensing was planned to cut the far-
field wherever possible; furthermore, the high rate atrial
episode detection algorithm was programmed in such a
way as to record only the episodes lasting > 50 beats; fi-
nally we classified all the patients in whom the electro-
gram did not confirm the diagnosis as not having AF, al-
though other episodes could possibly be true. The higher
incidence of inappropriate AF detection in the DDD
group was probably related to the presence of many
unipolar atrial leads, in spite of the individually tailored
programming. On the other hand, in the VDD group over-
sensing episodes were extremely rare.

The incidence of AF in the DDD and VDD subgroups
was also found to have a similar distribution in the two
populations as far as the number and duration of runs
were considered (Fig. 5). Independently of the pacing
mode, a small number of episodes was recorded in some
patients whereas in others such episodes were much more
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Figure 5. A: distribution of the DDD and VDD groups into seven subgroups according to the number of atrial fibrillation (AF) episodes. B: distribution
of the DDD and VDD groups into five subgroups according to the duration of AF episodes.

BA

subgroups according to AF number



frequent; analogously, in both groups, some patients had
long episodes and some others short ones. These data in-
dicate that the contact between the lead tip and the atrial
wall plays only a minor role in the development of ar-
rhythmia since even patients with the VDD system, in
which the floating single lead does not produce a contin-
uous irritating stimulus on the atrial wall, episodes of sim-
ilarly characterized AF still occurred. Such a final state-
ment should not be considered surprising, particularly in
view of the fact that the prevalence of atrial tachyarrhyth-
mias observed in our study was not significantly different
from that observed in other subgroups of patients not sub-
mitted to cardiac pacing, but with similar overall charac-
teristics. In fact, aging, hypertension, left ventricular hy-
pertrophy, and left ventricular dysfunction have been as-
sociated with a high prevalence of AF20,21.

A potential benefit of atrial pacing in the prevention
of AF would have been expected in the DDD group, but
it was not confirmed by our results. However, the actu-
al atrial pacing percentage obtained in patients wearing
a DDD system was only 35% which is very far from the
values (> 80-90%) which were associated with the pre-
vention of arrhythmia in sinus node disease patients18.
Furthermore, the different pacing mode after automatic
mode switching activation (VVI or DDIR) did not in-
fluence the occurrence of AF.

Study limitations. Atrial tachyarrhythmia detection
was based on atrial rhythm analysis performed by the
atrial lead fixed to the right atrial wall or floating in the
right atrium. Such an analysis, in contrast to electro-
physiological evaluation, does not always allow appro-
priate discrimination between AF, atrial flutter and atri-
al tachycardia. Thus, all forms of atrial tachyarrhyth-
mia have been included in our analysis. Anyway, only
sustained episodes were taken into account. Further-
more, the clinical significance of frequent and long-
lasting episodes of arrhythmia and the need of further
investigation in such cases have not been analyzed.

In conclusion, the prevalence of AF during follow-
up of patients paced for atrioventricular block but with-
out prior atrial tachyarrhythmias was rather high; the
rate of arrhythmias was not related to the presence of an
atrial lead in contact with the atrial wall; further studies
are required in order to better evaluate the clinical sig-
nificance of these arrhythmias and to establish the need
of antiarrhythmic drug treatment.
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