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Introduction

Pacemaker therapy of bradyarrhythmias has a history
of more than forty years. The first devices were only
able to stimulate the ventricle. Rapid advances in tech-
nology led to the development of dual-chamber and
rate-responsive pacemakers. 
Atrio-ventricular sequential pacing has many advan-
tages over the non-physiologic ventricular pacing, like
enabling proper ventricular filling, higher cardiac out-
put and higher exercise capacity. It also prevents pace-
maker syndromes, thus improving the patient's quality
of life. Recent studies indicate that physiologic pacing
reduces the incidence of atrial fibrillation, stroke and
cardiac failure, as well as mortality in certain cases.

Cost effectiveness and physiologic pacing

Despite the fact that physiologic pacing is indicated in
every case but chronic atrial fibrillation [1,2], dual-
chamber pacing is used much less frequently than
expected. There are two reasons for this: first, dual
chamber pacing is more expensive, and second, results
of large, randomized studies on this subject are not yet
available [3].
Costs of dual-chamber pacing are 75-94% higher than
costs of ventricular pacing [4,5]. Additional costs are
more frequent follow-up visits, shorter duration of bat-
tery life and a two- to threefold higher incidence of

complications requiring intervention [6]. Pacemaker-
electrode dislodgment occurs in 2% of single-chamber
pacemakers and in 5% of dual-chamber devices [6].
Lead fracture, vein thrombosis and retained leads are
also more frequent in patients with dual-chamber pace-
makers [7].
Cost-benefit was assessed using a computer model
meta-analysis by Sutton and Bourgeois, evaluating a
ten-year period and taking into account costs of treat-
ing atrial fibrillation, stroke and cardiac failure as well
as mortality [8]. Comparing DDD and VVI pacing
mode, mortality at ten year follow-up was 57% vs.
71% in patients with sick sinus syndrome, 51% vs.
61% in patients with AV block, disability due to stroke
was 8% vs. 36% in patients with sick sinus syndrome,
3% vs. 22% in patients with AV block, whereas cardiac
failure developed in 60% of the patients in both pacing
modes. Cumulative costs of DDD pacing were higher
in the first three years following implantation. Later
the VVI pacing mode became more expensive and
after ten years, its costs were 13-fold higher than the
costs of DDD pacing in patients with sick sinus syn-
drome and 7-fold higher in patients with AV block.
Although there are only few data regarding the costs of
atrial pacing, it appears to be the most cost-effective
pacing mode even with the DDD upgrading in cases
where a complete AV block develops [9].
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Summary

Recently published studies indicate that physiologic pacing (atrial or atrioventricular sequential pacing) is an effi-
cient, and in the long term, a cost-effective mode of pacing in patients with the sick-sinus-node disease. Data sup-
port the effectiveness of physiologic pacing not only in improving quality of life, but also in reducing mortality and
as an antiarrhythmic therapy (prevention of atrial fibrillation). Current prospective, randomized studies should
have a major impact on our knowledge and on our practice of pacing mode selection.
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maker syndrome [18]. Without that cross-over, inci-
dence of atrial fibrillation and stroke would have been
higher in the VVIR group. Furthermore, the follow-up
period of 30 month was to short to detect a possible
significant difference in cardiovascular events.

Effects of pacing mode on atrial fibrillation, stroke
and mortality

Atrial fibrillation frequently develops in patients with
sick sinus syndrome. Many studies indicate that ven-
tricular pacing promotes the development of atrial fib-
rillation, whereas atrial or sequential pacing may pre-
vent atrial fibrillation. In patients with atrial fibrilla-
tion, the annual incidence of stroke is 5%. With the use
of chronic anticoagulant treatment, this can be reduced
to 1.5% [19].
Based on many observational studies, atrial or atrio-ven-
tricular sequential pacing reduces the development of
atrial fibrillation by 2/3 and mortality due to atrial fibril-
lation by 1/3. In a study by Rosenquist in 1988 [20], atri-
al fibrillation and mortality was significantly lower dur-
ing a four-year follow-up in patients with atrial pacing
than in patients with ventricular pacing (1.8% vs. 12.1%
per year, and 2.2% vs. 5.5% per year, respectively).
In a study by Hesselson, 665 patients received a DDD
and 285 patients received a VVI pacemaker and were
followed for 7 years [21]. There was a significant dif-
ference between the two groups in terms of both atrial
fibrillation (8.9% vs. 13.6% per year) and mortality
(1.6% vs. 5.3% per year). The results of some retro-
spective studies are shown in Table 2. Those non-ran-
domized studies indicate that the risk of the develop-
ment of atrial fibrillation can be reduced by 39-100%
and the risk of mortality by 35-65% using atrial pacing
in patients with sick sinus syndrome.

Effects of pacing mode on exercise capacity and
quality of life

DDD and VVI pacing were compared in many small
crossover studies (Table 1). Physiologic pacing result-
ed in 18-44% higher exercise capacity when compared
with VVI pacing [10-13]. No significant difference
could be shown in exercise capacity between rate-
responsive ventricular pacing and DDD pacing [14-
16]. Most retrospective studies indicate a better quali-
ty of life in patients with a DDD pacemaker than either
VVI or VVIR pacemaker. Yet, these results require
careful interpretation [10-16].
The first prospective, randomized study to assess the
quality of life was the PASE study (Pacemaker
Selection in the Elderly) [17]. Four hundred and seven
patients older than 65 years underwent a DDDR pace-
maker implantation and were randomized to either
DDDR or VVIR pacing mode. The pacemaker implan-
tation itself produced a marked improvement in quali-
ty of life. There was no difference between the two
pacing modes in patients with AV block, while the
dual-chamber pacing mode was somewhat more favor-
able in patients with a sick sinus syndrome. Mortality
and cardiovascular events in the two pacing-mode
groups were similar in patients with AV block and
tended to be favorable in the DDDR group in patients
with sick sinus syndrome, but the difference did not
reach statistical significance (p = 0.09 and 0.07,
respectively to mortality and cardiovascular events).
These results can be explained by the randomization,
since there was no randomization in the previous stud-
ies and therefore, the older, more severe patients
received ventricular pacemakers. However, the PASE
study should be criticized for crossing over 26% of
patients with sick sinus syndrome from ventricular
pacing mode to dual chamber pacing to eliminate pace-

Table 1. Effect of VVI/VVIR vs DDD pacing mode on exercise capacity and quality of life.
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The only prospective, randomized study so far on that
subject was published in 1994 [25]. Patients (225)
were randomized to atrial or ventricular pacing and
were followed for a mean period of 3.3 years. Atrial
fibrillation was more frequent among patients with
VVI pacing mode, but the difference did not reach the
level of significance (23% vs. 14%; p = 0.12).
Thromboembolic complications occurred significantly
less frequently among patients with AAI pacing (5%
vs. 14%; p = 0.0083). No significant difference was
observed in mortality and cardiac failure between the
two groups. However, after a extended follow-up peri-
od, mortality was significantly lower in the AAI group
(39% vs. 57%; p = 0.045). The higher mortality in the
VVI group was due to an increase in cardiovascular
mortality. The decrease in incidence of atrial fibrilla-
tion as well as the decrease of cardiac failure  reached
the level of significance after the extended follow-up
period [26,27]. Thus, the results of that study are
promising, but confirmation by a study with a larger
population is necessary.

Current prospective randomized studies

The results of current randomized, prospective studies
will have a major impact on the selection of the pacing
mode. The PASE study [17] has already been present-
ed in this paper. The Canadian Trial of Physiological
Pacing (CTOPP) compares VVI(R) pacing mode vs
DDD(R)/AAI(R) pacing mode in 2550 patients with
sick sinus syndrome or AV block. Primary end-points
are cardiovascular mortality and stroke. Preliminary
data show no difference in terms of total and cardio-
vascular mortality [28]. Final data are expected in the
near future. The UK-PACE multicenter study evaluates
2000 patients older than 70 years with AV block in
Great-Britain. The patients receive ventricular or dual-

chamber pacemakers and are followed for 3 years.
Primary end-point is total mortality. The Mode
Selection Trial (MOST) studies the total mortality and
stroke in 2000 patients with sick sinus syndrome ran-
domized to ventricular or dual-chamber pacing [29].
Calculations indicates, that meta-analysis of these
three large randomized studies will allow to demon-
strate 20% decrease in mortality, 30% decrease in
stroke and 25% decrease in cardiac failure in the group
of physiologic pacing mode [30].
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