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Introduction and objectives. Although atrial pacing is
a more physiological mode of stimulation in sinus node
dysfunction, the pacing modes most often  are used DDD
and VVI. The aim of our study was to demonstrate that
AAI/AAIR pacing is effective and safe by analyzing the
complications and mortality of this pacing mode in a long-
term follow-up study.

Patients and method. Between 1982 and 2000 defini-
tive AAI-mode pacemakers were implanted for sinus node
dysfunction in mode AAI in 160 patients. We analyzed the
clinical characteristics, evolution, and complications of the
AAI pacing mode during a follow-up of 5.4 ± 4.5 years.

Results. The sample was made up of 104 women and
56 men with an average age of 72 ± 12 years. During fo-
llow-up, it was necessary to change the pacing mode for
symptomatic bradycardia in 11 patients (annual incidence
1.2%), which was caused by second or third-degree atrio-
ventricular block in 7 patients (annual incidence 0.8%),
and chronic atrial fibrillation with bradycardia in 4 patients
(annual incidence 0.4%). During follow-up, atrial arrhyth-
mias occurred in 32 patients (annual incidence 3.7%),
stroke in 4 patients (annual incidence 0.4%), and 27 pa-
tients (annual incidence 3.1%) died.

Conclusions. The AAI/AAIR pacing mode was safe
and effective in sinus node dysfunction, with a low per-
centage of pacing changes required for progression to
atrioventricular block, low incidence of atrial arrhythmias,
stroke and low mortality during long term follow-up.
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INTRODUCTION

In patients with sinus node dysfunction (SND),
the superiority of using AAI/AAIR pacing vs
VVI/VVIR pacing has been shown in various retros-
pective and prospective studies, with a lower inci-
dence of thromboembolism, acute cerebrovascular
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Seguridad y eficacia clínica de la estimulación con
el modo AAI en la disfunción del nodo sinusal:
seguimiento a largo plazo

Introducción y objetivos. Aunque el modo de esti-
mulación auricular es el más fisiológico en la disfunción
del nodo sinusal, la estimulación en modo DDD y VVI son
las empleadas mayoritariamente. El objetivo de nuestro
estudio es demostrar que una estimulación en modo
AAI/AAIR es eficaz y segura; para ello hemos analizado
las complicaciones y la mortalidad de este modo de esti-
mulación en una evolución a largo plazo.

Pacientes y método. Entre 1982 y 2000 se implantó
un marcapasos definitivo por DNS sintomática en modo
AAI a 160 pacientes. Se ha realizado un análisis de las
características clínicas, de la evolución y complicaciones
del modo de estimulación AAI durante un seguimiento
medio de 5,4 ± 4,5 años.

Resultados. La muestra estudiada está compuesta de
104 mujeres y 56 varones, con una edad media de 72 ±
12 años. En el seguimiento fue preciso cambiar el modo
de estimulación por bradicardia sintomática en 11 pacien-
tes (1,2% anual), bloqueo auriculoventricular de segundo
a tercer grado en 7 pacientes (0,8% anual) y fibrilación
auricular crónica con frecuencias lentas en 4 enfermos
(0,4% anual). Se presentaron arritmias auriculares en 32
pacientes (3,7% anual), accidentes cerebrovasculares
(ACV) en 4 pacientes (0,4% anual) y 27 enfermos (3,1%
anual) fallecieron durante el seguimiento.

Conclusiones. El modo de estimulación AAI en la dis-
función del nodo sinusal es seguro y eficaz, con un bajo
porcentaje de cambios de estimulación por progresión a
bloqueo auriculoventricular, baja incidencia de arritmias
auriculares, ACV y una baja mortalidad durante el segui-
miento a largo plazo.

Palabras clave: Marcapasos. Nodo sinoauricular.
Pronóstico.
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accidents (ACVA), atrial fibrillation (AF), cardiac
insufficiency, and death.1-4 In spite of this, in recent
years the number of patients who are candidates for
AAI pacing who receive this type of stimulation is
low (5% to 10% of patients vs 30% to 40% of pa-
tients who received DDD pacing and 50% of pa-
tients who received VVI pacing),5,6 as the tendency
is to implant a 2-chamber stimulation pacemaker.
Those who defend the two-chamber stimulation
mode argue against AAI-AAR pacing because of the
problems resulting from a possible progression to an
atrioventricular block (AVB) that would require a
change in stimulation mode,7,8 hemodynamic chan-
ges in the consequent pacemaker syndrome due to
the development of first degree AVB, or a second
degree block of the Wenckebach type with high fre-
quency in AAIR mode9 and the development of AF
with symptomatic bradycardia or rapid frequencies
that require ablation of the atrioventricular node.10

The advantages of two-chamber pacemakers are not
in question; however, until the present, the superiority
of the DDD/DDDR mode over the AAI/AAIR mode in
symptomatic SND has not been shown; even the re-
commendations of the Trabajo de Marcapasos
(Pacemaker Work) group of the Sociedad Española de
Cardiología (Spanish Society of Cardiology) and the
guidelines of American College of
Cardiology/American Heart Association (ACC/AHA)
indicate that the treatment of choice is atrial stimula-
tion in patients with normal AV conduction without
the risk of the future appearance of AVB.6,11

Given all this, we believe that the single-chamber
atrial stimulation mode is the best choice for patients
with SND who do not have atrioventricular or intra-
ventricular disturbances, and who have no
Wenckebach-type block with frequencies lower than
120.

The aim of our study is to perform a retrospective
analysis of the patients who have had a definitive
AAI/AAIR pacemaker implanted who have sympto-
matic SND, and to evaluate the rate of mortality and
complications (progression to second and third degree
AVB, the need for a change in stimulation, chronic AF
or rapid AF that requires ablation of the AV node,
ACVA) at long-term follow-up to show the efficacy

and security of this stimulation mode.

PATIENTS AND METHOD

Between 1980 and 2000, periodic follow-up was
performed on patients who are wearing a definitive pa-
cemaker that was implanted to treat symptomatic sick
chest syndrome (362 patients); of these, 160 (44.1%)
had an AAI/AAIR stimulation mode; 169 (46.6%) a
VVI/VVIR mode, and 33 (9.1%), a DDD/DDDR
mode.

With the exception of the early years of treatment,
in which exclusively VVI mode pacemakers were im-
planted, after the development of atrial stimulation in
1982, AAI mode pacemakers began to be implanted in
all patients with symptomatic SND who did not have
associated first, second, or third degree AVB; who did
not present with a left branch block or a biphasic
block; and who had a Wenckebach point higher than
120 at the time of implantation. The right branch block
started to be considered a contraindicated after the stu-
dies published by Andersen et al.2,3

We performed a retrospective analysis of all the pa-
tients in the sample and we evaluated the clinical cha-
racteristics (age, sex, cardiopathy, type of SND) and
the parameters during the implantation (threshold of
atrial detection and capture). During follow-up, we
evaluated the complications resulting from the electro-
des (problems with detection and displacement), the
development of paroxysmal or chronic AF, the appea-
rance of ACVA, development of second or third de-
gree AVB, the need for a change in stimulation mode,
and death.

RESULTS

Of all patients with AAI mode stimulation, 56
(35%) were men (35%) and 104 (65%) were women,
with a mean age at the time of implantation of 72 ye-
ars±12 years. With regard to the electrocardiographic
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ABBREVIATIONS

SND: sinus node dysfunction. 
AF: atrial fibrillation. 
AV: atrioventricular.
ACVA: acute cerebrovascular accident.
AVB: atrioventricular block. 
AAI: atrial pacing.

TABLE 1. Clinical characteristics of patients wearing

AAI/AAIR pacemakers

Clinical characteristics

Mean age 72±12 years

Men 35%

Women 65%

Implant approach

Cephalic 77%

Subclavian 23%

Type of sinus node dysfunction

Sinus failure or sinoatrial block 53%

Bradycardia-tachycardia syndrome 47%

Etiology

Degenerative 83%

Others 17%



presentation of the SND, the most frequent was sinus
failure or sinoatrial block in 84 patients (53%) and
bradycardia-tachycardia in 76 patients (47%). The
most common etiology was degenerative in nature,
with a total of 138 patients (86%). Implantation was
performed primarily by the cephalic approach (78%)
and the remainder (22%) by the subclavian approach
(Table 1). Bipolar electrodes were used in 77% of the
cases. In nearly all cases, a straight fixed passive elec-
trode was used, along with a guide curve for implanta-
tion in the opening of the right atrium. At the moment
of implantation, the mean amplitude of the atrial elec-
trogram was 2.3±2 mV, with a mean atrial capture th-
reshold of 0.48±0.38 V. 

Mean follow-up of all patients was 5.4±4.5 years
(range, 1-20 years), performed systematically 1 week,
45 days, and 6 months after implantation and then an-
nually. The incidence of detection-related problems
was low; excluding the patients who developed chro-
nic AF, dysfunction due to infra-detection appeared in
5 patients (0.5% annually); symptomatic over-detec-
tion (inhibition and syncope) occurred in only 2 pa-
tients and in all cases was corrected by reprogramming
the sensitivity. The dislocation or displacement of
atrial electrodes occurred in 7 patients (0.7% an-
nually). Complications related to the implant approach
were unusual, and occurred in only one case of throm-
bosis of the humeral vein (a case of subclavian approach).
    A change  in the  stimulation mode  to DDD/DDDR
or VVI/VVIR was required in 11 patients (1.2% an-
nually), 7 of them (0.8% annually) as a result of pro-
gression from second to third degree AVB, in 3 pa-
tients because of the development of chronic AF with
slow frequencies, and in 1 patient due to elective abla-
tion of the AV node in a patient who presented with
paroxysmal symptomatic AF that could not be contro-
lled with pharmacological treatment.

We observed, during the follow-up period, AF in 32
patients (3.7% annually), with episodes of paroxysmal
AF in 18 patients (2% annually) two of whom pro-
gressed to chronic AF and 16 to chronic AF (1.8% an-
nually). ACV was observed in 4 patients (0.4% an-
nually).

If we add the patients who required a change in sti-
mulation to those who developed chronic AF, 83% of
patients who had an AAI/AAIR pacemaker implanted
continued with that stimulation mode at 5 years follo-
wing initial implantation.

During the follow-up period 27  patients died (3.1%
annually), although we could not identify the cause of
death in the majority of these patients because information
concerning the death was obtained by telephone (Table 2).

DISCUSSION

Various studies have shown that physiological sti-

mulation (atrial and 2-chamber stimulation) improves
hemodynamic patterns in comparison with ventricular
stimulation (VVI/VVIR) alone.12,13 In addition, it has
been shown that VVI mode produces a greater number
of complications in the short and long term than other
forms of cardiac stimulation: atrial arrhythmias,
ACVA, cardiac insufficiency, pacemaker syndrome,
and death.1,2,14-16 Nevertheless, there is still controversy
about whether the most effective stimulation mode in
SND is the 2-chamber or the isolated atrial mode.17,18

In our country, Goicolea et al19 have already confirmed
the safety and stability of atrial stimulation of SND in
a series of 45 patients.

If we analyze all the objections presented against
atrial stimulation alone, we find that these have been
refuted by various studies.

Problems with atrial electrodes

One of the problems with the single chamber atrial
mode is the detection and dislocation faults caused by
atrial electrodes.20 Nevertheless, technological impro-
vement of the electrodes and the advent of active fixed
electrodes have significantly decreased these pro-
blems. In our study group, we did not observe detec-
tion problems in any patients that required a change in
stimulation, and the displacements that required relo-
cation were few (0.7% annually).

Atrial fibrillation and acute cerebrovascular
accident

The presence of paroxysmal atrial fibrillation or
flutter should not be a contraindication for the im-
plantation of an AAI/AAIR mode pacemaker. Some
of these arrhythmias are related to the presence of
bradycardia or vagal hypertonia, and they later disap-
pear with atrial stimulation. Comparative studies of
AAIR vs DDDR in SND have determined that atrial
stimulation alone reduces the incidence of atrial
arrythmias.1

Atrial arrhythmias that present in SND may be rela-
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TABLE 2. Complications during follow-up and annual

incidence of same

Complications during follow-up Mean annual incidence rate, %

Dislocation 0.7

Change in stimulation mode 

to VVI/VVIR or DDD/DDDR 1.2

Atrial fibrillation 3.7

Second to third degree AVB 0.7

ACVA 0.4

Death from any cause 3.1

ACVA indicates acute cerebrovascular accident; AVB, atrioventricular block.



ted to various factors such as the nosological entity it-
self (bradycardia-tachycardia syndrome), the advanced
age of the patients (who generally present more fre-
quently with chronic AF), and associated illnesses. It
has been shown that atrial stimulation prevents recu-
rrences,21 although in some patients the rapid atrial
arrhythmias continued to recur and ended by establis-
hing permanent AF.22 In our study, the incidence of ch-
ronic or paroxysmal AF was 3.7% annually, similar to
that found in other published series.2

The fact that AF occurs does not mean that anti-
bradycardia stimulation is required nor that ablation of
the atrioventricular node must necessarily be perfor-
med if the mean ventricular frequency can be contro-
lled with medication. In a very few cases, it is neces-
sary to change the stimulation mode because of the
presentation of chronic AF with slow frequencies,3,23

including in those patients who present with a brady-
cardia-tachycardia syndrome and who require an-
tiarrhythmia drugs to prevent recurrences or to stop
atrioventricular conduction.24 Nevertheless, in a recent
study the researchers concluded that the subgroup of
patients with bradycardia-tachycardia syndrome would
be the patients that might benefit from the DDDR
mode because of the incidence of second and third de-
gree AVB that presented during stimulation following
exercise.25 In exceptional cases, there is the need to
perform nodal ablation because of rapid frequen-
cies.3,23-25 In follow-up of our patients, only 1 required
AV node ablation.

The incidence of ACVA in the patients analyzed was
0.4% (probably a result of younger mean age of our
sample population), less than the incidence of ACVA
in the series of Anderson et al,2 which was around 2%
annually.

First degree or Wenckebach-type AV block

Another of the arguments used in favor using DDD
is the probability of developing a pacemaker syndro-
me secondary to a Wenckebach-type AVBV with high
frequencies, primarily if there is a Wenckebach point
of less than 120 during the implantation.26-29 Although
we did not analyze this data, it has already been shown
that the PQ interval following atrial stimulation at fre-
quencies greater than 100 beats/minute did not result
in significant changes during follow-up, and the inci-
dence of a pacemaker syndrome resulting from a first
degree or a Wenckebach-type AVB with elevated fre-
quencies requiring a change in stimulation during fo-
llow-up was rare.3,24

Second and third degree AV block

The occurrence of an advanced AVB requiring the
placement of a new electrode for ventricular stimula-
tion has been an argument for using two-chamber sti-

mulation,7,8,10,30 although various studies have shown a
low incidence of AVB during follow-up, less than
1%;3,7,31-35 even in these cases, the only predictors of
second and third degree AVB are disturbances of intra-
ventricular conduction (branch block and biphasic
block),3,31 and atrial stimulation should only be avoi-
ded in those patients with the aforementioned intra-
ventricular conduction disturbances.7

The incidence of AVB was 0.6% annually in the
AAI mode stimulation group in the prospective study
by Andersen et al,3 which shows that atrial stimulation
is safe for the treatment of SND. In our sample popu-
lation, it was necessary to change the stimulation
mode to DDD because of the occurrence of second or
third degree AVB or AF with symptomatic bradycardia
in 1.2% of patients annually, data that is more in line
with recent observational study that reviewed 339 con-
secutive patients who had an AAI mode pacemaker
implanted for symptomatic SND and in whom they
observed a 1.7% annual incidence of stimulation chan-
ge resulting from AVB or AF with symptomatic brady-
cardia.24

Mortality

With respect to mortality, Lemke et al36 studied the
survival rate of 100 people with SND and atrial stimu-
lation; the survival rate at 5 years was 85%, which was
no different from that observed in a comparable popu-
lation. Brand et al31 studied 213 patients with atrial sti-
mulation for 5 years, and the mortality rate was 89%,
without differences from the control group. In our pa-
tients, the mortality rate at 5 years was 16% (3.1% an-
nually), similar to that observed in the previously-no-
ted studies and with an incidence rate somewhat lower
than that found in the study by Andersen et al2 and the
PASE study.37 This discrepancy may be explained by
the fact that, in both studies, the mean age was 76 ye-
ars, which was higher than that in our study (72 years).

Disadvantages of DDD

DDD-mode pacemakers have some disadvantages:
the implantation technique presents the risk of more
complications; a longer implantation time; follow-up
is more laborious; and the time elapsed before elective
replacement is shorter due to battery depletion, which
increases the number of replacements and the probabi-
lity of infection, the deleterious effects of ventricular
stimulation, and the higher cost of the devices.

Recently, 2 published prospective studies (PASE,
CTOPP) have not been able to demonstrate the supe-
riority of DDDR mode over VVIR mode in terms of
mortality, AF, and ACVA in the subgroup of patients
with SND,16,36 which points to the possibility that the
physiological effect is lost with DDD stimulation and
that ventricular stimulation is detrimental, changing
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systolic and diastolic function, as well as myocardial
perfusion, when the atrium and apex of the right ven-
tricle are stimulated sequentially;38-42 AAI stimulation
has been shown to have beneficial effects by preser-
ving AV synchronicity.23 As a result, we deduce that
the DDD/DDDR mode has still not shown to be bene-
ficial in SND, and the AAI/AAIR has been shown to
be beneficial in prospective studies.2,43

Disadvantages of atrial stimulation alone

It must be noted that single-chamber atrial stimula-
tion can present the disadvantages noted, such as the
possibility of developing a pacemaker syndrome with
stimulation at frequencies elevated by first degree or
Wenckebach-type AVB, the risk of presenting high
grade AVB, and the need for antiarrhythmia drugs for
the control of cardiac frequency during the episodes of
rapid atrial arrhythmias that can be caused by AVB. As
a result, it can be deduced that the selection of patients
who are candidates for AAI/AAIR-mode pacemakers
must be made carefully, but also it is certain that the
implantation of a new ventricular electrode to convert
the atrial mode to a 2-chamber mode is a simple, faster
technique.

A prospective study is in progress that compares
AAI with DDD in SND that will clarify the ideal sti-
mulation mode for this disorder.44

CONCLUSIONS

The low incidence of progression to AVB, the rare
requirement of a change in the stimulation mode, the
exceptional need for ventricular stimulation, the pre-
servation of synchronicity and the lesser incidence of
atrial arrhythmias and embolism make AAI/AAIR the
optimal stimulation mode for the treatment of sympto-
matic sinusoidal dysfunction. Therefore, in the absen-
ce of AVB of various degrees, both spontaneous and
drug-induced, and branch blocks or biphasic blocks,
the AAI/AAIR stimulation mode should be considered
as the safest and most efficacious form of treatment
for these patients.

REFERENCES

1. Santini M, Alexidou G, Ansalone G, Cacciatore G, Cini R,

Turitto G. Relation of prognosis in sick sinus syndrome to age,

conduction defects and modes of permanent cardiac pacing. Am J

Cardiol 1990;65:729-35.

2. Andersen HR, Cosedis JN, Thomsen PL, Thuesen L, Mortensen

PT, Vesterlund T, et al. Long-term follow up of patients from a

randomised trial of atrial versus ventricular pacing for sick-sinus

syndrome. Lancet 1997;350:1210-6.

3. Andersen HR, Nielsen JC, Thomsen PE, Thuesen L, Vesterlund

T, Pedersen AK, et al. Atriovenricular conduction during long

term follow up of patients with sick sinus syndrome. Circulation

1998;98:1315-21.

4. Sgarbossa EB, Pinski SL, Maloney JD, Simmons TW, Wilkoff

BL, Castle LW, et al. Chronic atrial fibrillation and stroke in pa-

ced patients with sick sinus syndrome. Relevance of clinical cha-

racteristics and pacing modalities. Circulation 1993;88:1045-53.

5. Coma R. Estado actual de la estimulación cardíaca definitiva en

España. Informe del Banco Nacional de datos de marcapasos.

Rev Esp Cardiol 1997;50:760-5.

6. Oter R, de Juan J, Roldán T, Bardají A, Molinero E. Guías de

práctica clínica de la Sociedad Española de Cardiología en mar-

capasos. Rev Esp Cardiol 2000;53:947-66.

7. Rosenqvist M, Obel IWP. Atrial pacing and the risk for AV blocks:

is there a time for change in attitude? PACE 1989;12:97-101.

8. Sutton R, Kenny RA. The natural history of sick sinus syndrome.

PACE 1986;9:1110-4.

9. Mabo P, Pouillot C, Kermarrec A, Lelong B, Lebreton H,

Daubert C, et al. Lack of physiological adaptation of the atrioven-

tricular interval to heart rate in patients chronically paced in the

AAIR mode. PACE 1991;14:2133-42.

10. Markewitz A, Schad N, Hemmer W, Bernheim C, Ciaylella M,

Weinhold C. What is the most appropiate stimulation mode in pa-

tients with sinus node dysfunction? PACE 1986;9:1115-20.

11. Gregoratos G, Cheitlin M, Conill A, Epstein A, Fellows C,

Ferguson B, et al. ACC/AHA Guidelines for implantation of

cardiac pacemakers and antiarrhytmic devices. J Am Coll

Cardiol 1998;31: 1175-209.

12. Rediker DE, Eagle KA, Homma S, Gillam LD, Harthorne JW.

Clinical and hemodynamic comparison of VVI versus DDD pa-

cing in patients with DDD pacemakers. J Am Coll Cardiol

1986;61: 323-9.

13. Morell S, Sanjuán R, García Civera R, Miralles LL, González E,

Muñoz Y, et al. Estimulación ventricular y estimulación secuen-

cial. Determinantes de la mejoría hemodinámica aguda. Rev Esp

Cardiol 1986;39:104-11.

14. Simon AB, Zloto AE. Symptomatic sinus node disease: Natural

history after permanent ventricular pacing. PACE 1979;2:305-14.

15. Hesselson AB, Parsonnet V, Bernstein AD, Bonavita GJ.

Deletereous effects of long-term single-chamber ventricular pa-

cing in patients with sick sinus syndrome: the hidden benefits of

dual-chamber pacing. J Am Coll Cardiol 1992;19:1542-49.

16. Conolly SJ, Kerr CR, Gent M, Robers T, Tech M, Yusuf S.

Effects of physiologic pacing versus ventricular pacing on the

risk of stroke and death due to cardiovascular causes. N Engl J

Med 2000:342:1385-91.

17. Barold S. Permanent single chamber atrial pacing is obsolete.

PACE 2001;24:271-5.

18. Santini M, Ricci R. Is AAI or AAIR still a viable mode of pacing.

PACE 2001;24:276-81.

19. Goicolea de Oro A, López L, Pastor A, Esteban E, Kallmeyer C,

Chicote R. Resultados a largo plazo de la estimulación auricular

permanente en la enfermedad del nodo sinusal. Rev Esp Cardiol

1997;50:474-9.

20. Markewitz A, Hemmer W, Weinhold C. Complications in dual

chamber pacing: a six year experience. PACE 1986;9:1014-8.

21. Gillis AM. Atrial pacing for prevention of atrial fibrillation.

Cardiol Clin 2000;18:25-36.

22. Arribas Jiménez A, Martín Luengo C, Nieto Ballesteros F,

Rodríguez Collado J, Sáez Jimenez A, Santos Rodríguez I. ¿Es la

fibrilación auricular crónica la evolución natural del SSE? Rev

Esp Cardiol 1995;48(Supl 6):428.

23. Rosenqvist M, Isaaz K, Botvinick E, Dae MW, Cockrell J, Abbot JA,

et al. Relative importance of activation sequence compared to AV

synchrony in left ventricular function. Am J Cardiol 1991;67: 148-56.

24. Kristensen L, Nielsen JC, Pedersen AK, Mortensen PT, Andersen

HR. AV Block and changes in pacing mode during long term fo-

llow up of 399 consecutive patients with sick sinus syndrome tre-

ated with an AAI/AAIR pacemaker. PACE 2001;24:358-65.

Moríñigo JL, et al. Long-Term Safety of Single-Chamber Atrial Pacing in Sick Sinus Syndrome

71 Rev Esp Cardiol 2002;55(12):1267-72 1271



25. Schwaab B, Kindermann M, Schatzer-Klotz D, Berg M, Franow

H, Frohlig G, et al. AAIR versus DDDR pacing in the bradycar-

dia tachycardia syndrome: a prospective, randomized, double

blind, crossover trial. PACE 2001:24:1585-95.

26. Rosenqvist M, Brandet J, Schuller H. Long term pacing in sinus

node disease: effects of stimulation mode on cardiovascular mor-

tality and morbidity. Am Heart J 1988;116:16-22.

27. Bernstein SB, Van Natta BE, Ellestad MH. Experiences with

atrial pacing. Am J Cardiol 1988;61:113-6.

28. Rosenqvist M, Vallin H, Edhag O. Clinical and electrophysiolo-

gic course of sinus node disease: five year follow up study. Am

Heart J 1985;109:513-22.

29. Koletis TM, Miller HC, Boon NA. Atrial pacing: Who do we

pace and what do we expect? Experiences with 100 atrial pace-

makers. PACE 1990:13:625-30.

30. Sgarbossa EB, Pinski SL, Castle LW, Trohman RG, Maloney JD.

Incidence and predictors of loss of pacing in the atrium in pa-

tients with sick sinus syndrome. PACE 1992;15-2050-4.

31. Brandt J, Anderson H, Fahreaus T, Schüller H. Natural History of

sinus node disease treated with atrial pacing in 213 patients: im-

plications for selection of stimulation mode. J Am Coll Cardiol

1992;20:663-39.

32. Elshot SRE, El Gamal MIH, Tielen KHJ, van Gelder BM.

Incidence of atrioventricular block and chronic atrial flutter/fibri-

llation after implantation of atrial pacemakers: follow-up of more

than ten years. Int J Cardiol 1993:38:303-8.

33. Berstein SB, van Natta BE, Ellestad MH. Experiences with atrial

pacing. Am J Cardiol 1988;61:113-6.

34. Haywood GA, Ward J, Ward DE, Camm AJ. Atrioventricular

Wenckebach point and progression to atrioventricular block in si-

noatrial disease PACE 1990;13:2054-8.

35. Shaw DB, Kekwick CA, Whistance T, Linker NJ. Natural history

and survival of sinus node disease. En: Pérez Gómez F, editor.

Cardiac pacing, electrophysiology and tachyarrhytmias. Madrid:

Editorial Grouz 1985; p. 153-4.

36. Lemke B, Höltmann BJ, Selbach H, Barmeyer J. The atrial pace-

maker: retrospective analysis of complications and life expec-

tancy in patients with sinus node dysfunction. Int J Cardiol

1989;21:185-93.

37. Lamas GA, Orav EJ, Stambler BS, Ellenbogen KA, Sgarbossa

EB, Huyang SK, et al, for the Pacemaker Selection in the elderly

Investigators. Quality of life and clinical outcomes in elderly pa-

tients treated with ventricular pacing as compared with dual

chamber pacing. N Engl J Med 1998;338:1097-104.

38. Lee MA, Dae MW, Langberg JJ, Griffin JC, Chin MC,

Finkbeiner WE, et al. Effects of long-term right ventricular apical

pacing on left ventricular perfusion, inervation, function and his-

tology. J Am Coll Cardiol 1994;24:225-32.

39. Rosenqvist M, Bergfeldt L, Haga Y. The effect of ventricular ac-

tivation sequence on cardiac performance during pacing. PACE

1996;19:1279-86.

40. Bedotto J, Grayburn P, Black WH, Raya TE, McBride W, Hsia

HH, et al. Alterations in left ventricular relaxation during atrio-

ventricular pacing in humans. J Am Coll Cardiol 1990;15:658-64.

41. Tse H, Lau C. Long term effect of right ventricular pacing on

myocardial perfusion and function. J Am Coll Cardiol 1997;29:

744-9.

42. Nielsen JC, Bottcher M, Nielsen TT, Pedersen AK, Andersen

HR. Regional myocardial blood flow in patients with sick sinys

syndrome randomised to long-term single chamber atrial or dual

chamber pacing. Effect of pacing mode and rate. J Am Coll

Cardiol 2000;35:1453-61.

43. Nielsen JC, Andersen HR, Thomsen PE, Thuesen L, Mortensen

PT, Vesterlund T, et al. Heart failure and echocardiographic

changes during long-term follow up of patients with sick sinus

syndrome randomised to single chamber atrial or ventricular pa-

cing. Circulation 1998;97:987-95.

44. Andersen HR, Nielsen JC. Pacing in sick sinus syndrome: need

for a prospective, randomised trial comparing atrial with dual

chamber pacing. PACE 1998;21:1175-9.

1272 Rev Esp Cardiol 2002;55(12):1267-72 72

Moríñigo JL, et al. Long-Term Safety of Single-Chamber Atrial Pacing in Sick Sinus Syndrome


