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Objective – To assess the incidence of problems requi-
ring reprogramming of atrioventricular pacemakers in a
long-term follow-up, and also the causes for this procedure.

Methods – During the period from May ’98 to De–
cember ’99, 657 patients were retrospectively studied,  An
actuarial curve for the event reprogramming of the stimu-
lation mode was drawn.

Results – The follow-up period ranged from 12 to 178
months (mean = 81 months). Eighty-two (12.4%) patients
underwent reprogramming of the stimulation mode as fol-
lows: 63 (9.5%) changed to VVI,(R/C); 10 (1.5%) chan-
ged to DVI,C; 6 (0.9%) changed to VDD,C; and 3 (0.5%)
changed to DOO. The causes for the reprogramming were
as follows: arrhythmia conducted by the pacemaker in 39
(37.6%) patients; loss of atrial sensitivity or capture, or
both, in 39 (38.6%) patients; and microfracture of atrial
electrode in 5 (4.9%) patients. The stimulation mode
reprogramming free probability after 15 years was 58%.

Conclusion – In a long-term follow-up, the atrioven-
tricular pacemaker provided a low incidence of compli-
cations, a high probability of permanence in the DDD,C
mode, and the most common cause of reprogramming was
arrhythmia conducted by the pacemaker.
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Atrioventricular stimulation, introduced by Nathan et
al 1 in 1963 with the ventricular pacing synchronous with
the P wave, has been greatly improved since the 80’s with
the appearance of specific algorithmic functions, lithium
batteries, and atrial electrodes of active fixation 2.

Controversies in regard to the cost-benefit ratio of the
ventricular (VVI,C) or the atrioventricular (DDD,C) pacema-
kers persist 3-6. The major advantages related to dual cham-
ber pacemakers are atrioventricular resynchronization in
patients with atrioventricular block, and the ability to use
the sinus node as a sensor, causing physiological variation
in heart rate. In addition, in cases of sick sinus syndrome,
atrioventricular stimulation prevents the consequences  of
the atrioventricular node disease progression, as well as the
pacemaker syndrome7. Among the disadvantages of dual
chamber pacing, we can cite its higher cost and technical
difficulties for implantation and follow-up 8.

The most commonly reported complications of the
atrioventricular system are loss of atrial sensitivity, atrial ar-
rhythmias, and alterations in the stimulation threshold 9,10.
However, the relation between these findings and the thera-
peutical procedures has not been established.

The objective of this study was to assess the inciden-
ce of complications requiring reprogramming of the atrio-
ventricular stimulation systems in a long-term follow-up,
and also the major causes for this procedure.

Methods

At the pacing clinic of the heart institute, 4,250 pacema-
ker patients are regularly followed up, 2,820 of whom have
atrioventricular stimulation systems. Among these, we se-
lected 657 patients, who, during the period from May ’98 to
December ’99, came to our institution searching for regular
(clinical and electronic) pacing assessment. All of them had
been followed up for at least one year and were retrospecti-
vely assessed (medical record and database), with special
attention to system reprogramming  recordings and the
causes for this procedure. These data underwent statistical
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analysis, and a curve of the accumulated probability of
permanence in the DDD,C mode was drawn  (Kaplan-
Meier).

In the study, 355 patients were males and 302 were
females. Their ages ranged from 7 to 92 years (mean = 58
years and 2 months). The most common indication for pace-
maker implantation was total atrioventricular block, obser-
ved in 359 patients. Other indications included the follo-
wing: type II or advanced second-degree atrioventricular
block in 138 patients, sick sinus syndrome in 115 patients,
hypersensitivity of the carotid sinus in 34 patients, long QT
syndrome in 8 patients, and others in 3 patients (Table I).
Chagas' was the most common underlying heart disease
present in 227 patients, followed by ischemic heart disease
in 196 patients, hypertension in 92 patients, valvar heart
disease in 71 patients, congenital heart disease in 28
patients, and other causes in 43 patients (Table II).

Results

The mean follow-up duration was 81 months, ranging
from 12 to 178 months. At the end of the study, 101 (15.3%)
patients had undergone system reprogramming, 82 (12.4%)
of them for changes in the stimulation mode, as follows: 63
(9.5%) changed to VVI,(R/C); 10 (1.5%) changed to DVI,C; 6
(0.9%) changed to VDD,C; and 3 (0.5%) changed to DOO.
The findings regarding the other types of reprogramming
are shown in table III.

The causes for changing the stimulation mode were as
follows: arrhythmia conducted by the pacemaker in 38
(37.6%) patients; loss of atrial sensitivity or capture or both
in 39 (38.6%) patients; microfracture of the atrial electrode in
5 (4.9%) patients; an increase in ventricular threshold in 8
(7.9%) patients; pectoral muscle stimulation in 6 (5.9) pati-
ents; and alteration in ventricular sensitivity in 5 (4.9%) pa-
tients (Table IV).

Forty-three patients underwent temporary reprogram-
ming of the stimulation mode, 5 patients due to microfractu-
re of the electrode (DOO mode) while awaiting surgical
treatment and 38 patients due to arrhythmias conducted by
the pacemaker. These latter underwent reprogramming for
the VVI,C mode to undergo chemical or electrical cardiover-
sion, and 15 of them did not return to the DDD,C mode
because definitive reversion of the atrial rhythm to sinus
rhythm was not possible.

The stimulation system  reprogramming  did not
allow definitive correction in 13 patients who underwent
surgical treatment. In regard to atrial leads, 3 changes
and 5 repositionings were performed, and in regard to
ventricular leads, 2 changes and 3 repositionings were
performed.

Analysis of the event-free curve showed probability
of reprogramming at 5, 10, and 15 years of 10%, 18%, and
42%, respectively. During follow-up, 12 deaths occurred
(fig. 1).

Table I – Indications for the implantation of a definitive pacemaker

Indication N %

Total atrioventricular block 359 54.6
Type II second degree atrioventricular block 138 21.0
Sick sinus syndrome 115 17.5
Hypersensitivity of the carotid sinus 34 5.2
Long QT syndrome 8 1.2
Others 3 0.5

Table II – Prevalence of heart diseases

Type N %

Chagas’ Heart Disease 227 34.6
Ischemic Heart Disease 196 29.8
Hypertension 92 14.0
Valvar Heart Disease 71 10.8
Congenital Heart Disease 28 4.3
Others 43 6.5

Table III – System reprogramming

Type n %

Stimulation mode 82 81.1
Energy, atrial sensitivity or polarity, or both 9 8.9
Ventricular stimulation energy 5 4.9
Ventricular sensitivity 5 4.9

Table IV – Causes of system reprogramming

Causes n %

Arrhythmia conducted by the pacemaker 38 37.6

Loss of atrial capture 21 20.8

Atrial undersensing 18 17.8

Microfracture of atrial electrode 5 4.9

Increase in the ventricular threshold 8 7.9

Pectoral muscle stimulation 6 5.9

Ventricular undersensing 5 4.9

Fig. 1 - Actuarial curve of events (Kaplan-Meier) depicting the reprogramming-free
probability of the stimulation mode throughout follow-up. Note that at 5 years, the
reprogramming-free probability was 90%, and at 15 years it was 58%.
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Discussion

The extraordinary technological advance involving
devices used for artificial cardiac stimulation throughout a
relatively short period of time, from its introduction to the
current days, has been marked by very well defined
developmental phases. Starting with primary systems
comprising one chamber with fixed frequency and no
sensitivity, pacemakers with a progressive functional
capacity have been manufactured until reaching the system
characterized as physiological: atrioventricular, multifunc-
tional, with frequency variation guided by the chronotropic
response of the normal sinus node 2,11-13.

Despite these favorable technological characteristics,
the clinical consequences of this therapy have not yet been
assessed enough to allow definitive conclusions. In addition,
the complication rates attributed to the most sophisticated
systems have been considered high and of difficult manage-
ment, particularly for the nonspecialized physician 3-6.

Several studies have shown the clinical and hemody-
namic advantages of the DDD,C mode stimulation as
compared with the VVI,C mode, both for total atrioventri-
cular block and sick sinus syndrome 4,6,10,14,15. The VVI,C
pacemaker has been associated with a lower physical ca-
pacity 4,15, a worse quality of life 6,10,15, an enlargement of
the cardiac silhouette 14, the pacemaker syndrome 16, and a
higher mortality rate 17.

Other studies have shown no significant difference in
regard to mortality 3 or functional capacity 5. Atrioventricu-
lar resynchronization, considered responsible for impro-
ving physical capacity by some authors 4,14, was challenged
by Chu-Pak Lau et al 18, who attributed this increment
basically to variations in heart rate.

Mueller et al 19 have recently challenged the highest
indices of complication attributed to DDD,C pacemakers by
showing results similar to those of the ventricular systems
(VVI,C).

In our study, rates related to reprogramming of the
stimulation mode were low (12.4%). Gross et al 10, studying
486 patients in DDD,C mode, observed definitive change
rates in 18% of the patients and established a relation
between these findings and the presence of atrial fibrilla-
tion. We attribute these differences with our findings to cri-
teria established by the authors in the therapeutical ap-
proach of atrial arrhythmia, more conservative in the indi-
cation of electrical cardioversion. Our protocol for this cli-
nical situation is based on reestablishing sinus rhythm in
regard to hemodynamic improvement, and also on the
prophylaxis of thromboembolism. Electrical cardioversion
is not contraindicated and should not be minimized in its
indication, because as long as it is performed in special
technical conditions and under the protection of the
pacemaker generator, it is perfectly feasible. On the other
hand, Markewitz et al 20, without considering the causes for
mode reprogramming in atrioventricular stimulation
systems, observed very low indices (5%). In this study, 345
patients enroled during 5 years were followed-up for 6

years, the main objective being the maintenance of atrioven-
tricular synchronism, independent of  the mode (DDD, DDI,
DVI, VDD).

In regard to the causes for reprogramming the system,
our study has shown that arrhythmia conducted by the pa–
cemaker was the most common finding. In this category, we
include all arrhythmias generated in the atrial chamber,
such as fibrillation, tachycardia, atrial flutters, and others
that trigger ventricular stimulation in an inadequate fre-
quency and rhythm. In these cases, our general approach
was temporary reprogramming to the VVI,C mode, immedia-
te chemical or electrical cardioversion under the careful te-
chnique of protection and, depending on the result, the re-
turn to the DDD,C or DVI,C modes. In our study, this pro-
tocol was applied to 38 patients, and in 23 patients we ob-
tained definitive success. Hummel et al 21 and Chamberlain-
Webber et al 9 in a smaller series of patients observed simi-
lar rates of complication, but they did not report the indices
of therapeutical success. In our study, 5 patients did not re-
turn to the condition of atrioventricular stimulation, remai-
ning in VVI,C mode, because of failure in the attempt of car-
dioversion to sinus rhythm. Several authors 9,21-23 have cor-
related this  with the evolution of the underlying heart disea-
se, which is usually associated with aggravation of the
congestive heart failure functional class. Detollenaere et al 22

have shown that the incidence of these arrhythmias (12%)
does not correlate with mortality. Ibrahim et al 23 have ob-
served that in the presence of sick sinus syndrome, the risk
of pacemaker patients for developing atrial fibrillation is 1.5
times higher than that of those with disorders in atrioventri-
cular conduction.

In our study, dysfunctions related to the presence of
the atrial pacemaker lead, such as loss of atrial sensitivity in
21 patients, and capture in 18 patients, had indices of com-
plication close to the mean reported by Chamberlain-Web-
ber et al 9 and Gross et al 10. These dysfunctions also seem to
be associated with the anatomic and functional conditions
of the atrial chamber. On the other hand, microfracture of the
electrode, which is an entity characterized by disruption in
the lead causing noises and inhibition of the stimulation, is
exclusively inherent in a technical defect in the system. No
reference to this complication exists in the literature, and our
study has shown that in these cases temporary program-
ming of the DOO is safe and adequately protects against
pacemaker inhibition caused by a defect while awaiting sur-
gery (change of the pacemaker lead). In fact, the 5 patients
with this dysfunction revealed no symptoms of low cerebral
blood flow, including the 2 patients who awaited surgery
for a long time.

The incidence of changes in ventricular stimulation
and sensitivity threshold, as well as pectoral muscle
stimulation, did not differ from the classical rates shown by
studies performed in ventricular systems.

Our percentage of surgery, including the cases refrac-
tory to reprogramming, was much lower than that reported
by Gross et al 10 and Ibrahim et al 23, whose values were 4 and
9.6%, respectively.
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The reprogramming-free probability throughout the
follow-up was assessed only in regard to the stimulation
mode, because this was the most common therapeutical
procedure performed (82/101). Through the actuarial cur-
ve of this event, we could document the rates of perma-
nence in DDD,C mode in regard to implantation time, the
major aim of indicating a dual chamber system. The values
found exceeded our expectation, as follows: by 5 years,
only 10% of the patients did not remain in the initially
programmed stimulation mode, and by 15 years, 58% of
those who started the study remained in the DDD,C

mode. These findings were not reported in the literature,
which usually reports curves of events in patients with
atrioventricular stimulation systems considering only
mortality.

In conclusion, our study has shown that atrioventri-
cular stimulation provides a low incidence of compli-
cations requiring reprogramming and a high probability of
permanence in the initial stimulation mode (DDD,C) in a
long-term follow-up. The causes of reprogramming were
varied, the most common being arrhythmia conducted by
the pacemaker.


