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Introduction

The demonstration of the efficacy and
tolerance of endocavitary low-energy car-
dioversion1 to interrupt paroxysmal or per-
sistent atrial fibrillation has been the main
reason for the clinical introduction of im-
plantable multifunction devices capable of
delivering atrial shock. The first aims of
atrial cardioversion are early interruption
of atrial fibrillation and prevention of atrial
remodeling which is judged to be the main
mechanism involved in arrhythmia persis-
tence and recurrence2. A stand-alone atrial
defibrillator, in spite of documented good
results as regards therapy efficacy3 and ar-
rhythmia recurrence reduction during the
follow-up4, is no longer available for clini-
cal implantation.

The dual-chamber defibrillator

The dual defibrillator combines the fea-
tures of conventional dual-chamber defib-
rillators with the capability of preventing,
detecting and treating supraventricular
tachyarrhythmias. Arrhythmia prevention
is based on physiological pacing, rate re-
sponsive pacing, pacing prevention algo-
rithms, and multisite atrial pacing, when
applicable. Arrhythmia therapies include
atrial antitachycardia pacing and cardiover-
sion. Atrial cardioversion is the key feature
of such a device. Shock for atrial tachy-

arrhythmias can be delivered either auto-
matically or in manual mode under medical
control or in patient activated mode using
an external remote-control device. In case
of automatic shock programming, several
limits may be planned in order to prevent
severe patient discomfort. First, a delay be-
tween arrhythmia onset and therapy deliv-
ery has to be programmed. Second, limita-
tions of the time during the day in which
therapy is allowed and of the maximal
number of shocks may be introduced. Last,
in case of no success, a time to stop new at-
tempts has to be planned. A two-lead con-
figuration (programmed shock pathway
can + superior vena cava toward the right
ventricle, with tilt 50%) or a three-lead
configuration (with the additional coil into
the coronary sinus) may be used. Atrial de-
fibrillation is always synchronized to a
non-refractory ventricular event and aborts
in the presence of a high ventricular rate
(minimum RR interval which allows shock
delivery may be programmed no shorter
than 400 ms).

Shock efficacy and tolerance were eval-
uated either in patients with5,6 or without
prior ventricular tachyarrhythmias (AF-On-
ly group)7. A two-lead configuration was
implanted in the large majority of patients
candidate for defibrillator because of ven-
tricular arrhythmias, while a three-lead sys-
tem was selected in 60% in the AF-Only
group. Atrial defibrillation threshold at im-
plant was 6.1 ± 4.4, 4.3 ± 2.3 and 7.3 ± 5.0
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J, in the three studies respectively. Unexpectedly in the
AF-Only group there were no differences between the
patients with the coronary sinus lead implanted (7.2 ±
5.0 J) and those without (7.5 ± 4.9 J). As a matter of fact,
the choice of the lead system was not controlled and bias
in patient selection may be responsible for this finding.

Efficacy of shock delivery was quite poor in patients
with prior ventricular arrhythmias. Overall success rate
was 74% (68% on atrial tachycardia and 76% on atrial
fibrillation) in the Worldwide series5, and 62.5% in the
Italian study6. That could be partly dependent on the
low number of treated episodes, actually 116 in 29 pa-
tients and 32 in 12 patients, respectively, but it may al-
so depend on inappropriate shock programming. In the
Italian study the delivered energy was on average 7.8 ±
4.1 J. Atrial shock effectiveness was directly related to
the ratio between the actually delivered shock energy
and the atrial defibrillation threshold at implant. In all
but one ineffective shocks this ratio was ≤ 2. Looking at
all treated episodes, for those in which this ratio was
≤ 2, shock efficacy was only 32%, while the success
rate increased to 92% for ratios > 2.

In the AF-Only group, shocks were delivered to
1036 episodes in 107 patients. The success rate was
quite good (86.7%). The adjusted estimate of therapy
efficacy was 81.2%, with a 95% lower confidence
bound of 76.8% and a 95% upper confidence bound of
84.9%.

As for the stand-alone atrial defibrillator experi-
ence, no ventricular arrhythmia induction was observed
after atrial shock delivery in any published study.

Taking into account all data, shock acceptance may
be considered quite good. Patient tolerance was better
when an effective single shock was delivered than when
multiple and/or ineffective shocks were released. Fur-
thermore, a poor correlation was observed between
shock tolerance and the amount of delivered energy.
These data have recently been confirmed by Steinhaus
et al.1 who demonstrated that patients wearing a defib-
rillator could not distinguish differences in discomfort
between shocks of 0.4 and 2 J, but perceived the second
shock as more painful than the first, regardless of the en-
ergy delivered. It is worth noting that also a low-energy
shock of 0.4 J may be supramaximal for the activation
of pain fibers and skeletal muscle contraction. As a con-
sequence, further attempts at reducing defibrillation
threshold may not be followed by increased patient tol-
erance. The authors stressed the point that, in spite of
discomfort involved, the majority of patients would tol-
erate low-energy internal shocks if delivered not more
frequently than once a month. As a matter of fact, in the
AF-Only group, the percentage of arrhythmia episodes
treated with patient activated shock was stable during
the follow-up, suggesting a good patient compliance. 

Early recurrence of atrial tachyarrhythmia within a
few minutes of the preceding episode may impair shock
success rate. Such a problem was first reported in pa-
tients receiving a stand-alone atrial cardioverter3 in

whom early recurrence of atrial fibrillation did happen
in 27% of the episodes. Similar percentages have been
reported for patients receiving a dual-chamber defibril-
lator for ventricular arrhythmias6,8.

Clinical outcome of patients with “atrial fibrillation 
only” indication receiving a dual-chamber
defibrillator

One hundred and forty-six patients with drug-re-
fractory atrial fibrillation without any prior ventricular
tachyarrhythmia were enrolled in the Worldwide Jewel
AF-Only trial7. Enrollment criteria included two symp-
tomatic episodes of atrial fibrillation or flutter in the 3
months before implantation with at least one antiar-
rhythmic drug which failed in rhythm control during
the last year. In the year before implant, patients re-
ceived an average of 1.6 antiarrhythmic drugs for
rhythm control and had an average of 2.3 cardiover-
sions. At implant 63% was on antiarrhythmic drug ther-
apy, with only minor changes during the follow-up.
Seventy percent was on anticoagulants and 17% on an-
tiplatelets. Structural heart disease had a high preva-
lence in the population. Twenty-three percent of the pa-
tients had a left ventricular ejection fraction < 35% and
46.5% was in NYHA functional class II or III. During
the follow-up, system-related complications were ob-
served in 16% of patients. The most common adverse
event was lead dislodgment which was observed in
6.8% of patients. Kaplan-Meier 12-month estimate of
survival was 97.6%. No death was classified as device-
related. No sudden cardiac death was observed. Stroke
occurred in 4 patients. Three of them were either not
anticoagulated or inadequately anticoagulated at the
time of the event. At 1-year follow-up, 94% of patients
were in sinus rhythm. Atrioventricular junctional abla-
tion because of poorly tolerated arrhythmia recurrence
was performed in 9 patients (6.2%). Kaplan-Meier 12-
month estimate of device survival (i.e. device implant-
ed and at least one atrial therapy activated) was 91.3%.
Twenty-nine percent of atrial arrhythmia episodes oc-
curred < 1 min after the end of a prior episode. In this
cluster early recurrence of atrial fibrillation and inap-
propriate classification of the end of the preceding
episode were included. Such a percentage is not far
from the incidence of early recurrence of atrial fibrilla-
tion in the patients who received a stand-alone atrial
cardioverter3 (27%). Reversal of tachycardiomyopathy
to normal left ventricular function has been reported af-
ter atrial defibrillator implantation9.

Interestingly, in AF-Only patients, during the fol-
low-up, 16 spontaneous episodes of ventricular fibrilla-
tion and 51 of monomorphic ventricular tachycardia in
11 patients (7.6%) were appropriately detected by the
device. An ongoing atrial tachyarrhythmia was present
in 75% of ventricular tachycardia episodes, but no rela-
tionship could be found between atrial therapies and
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ventricular arrhythmia induction. Ventricular arrhyth-
mias either were successfully treated by ventricular an-
titachy pacing or shock or stopped spontaneously. This
finding is different from what reported in the atrial car-
dioverter population in whom no ventricular events
could be demonstrated. Actually, enrollment criteria for
atrial cardioverter included normal left ventricular ejec-
tion fraction. Among the 11 patients who showed ven-
tricular arrhythmias in the dual-chamber defibrillator
group, only one had no structural heart disease and the
mean left ventricular ejection fraction in this subgroup
was 27 ± 13%. 

We evaluated the impact of dual defibrillator im-
plantation on the quality of life and resource utilization
in 40 patients with drug-refractory atrial fibrillation
without prior ventricular arrhythmias10, followed up for
15 ± 4 months (range 12-30 months). Within 1 year af-
ter implant, arrhythmia-related hospitalization number
decreased from 1.5 ± 2.0 to 0.4 ± 0.8 (p < 0.01) and
77% of patients were free from hospitalization. As re-
gards the quality of life, symptom checklist/frequency
and severity scale improved after implant for all items
and the SF-36 questionnaire showed a significant im-
provement in physical activities because of health prob-
lems and social activities. Twenty-two patients (group
A), who accepted atrial shocks, were assigned to early
delivering of atrial shock after atrial fibrillation onset,
either automatically (at night or at any time), or by us-
ing patient activator, or in hospital, manually delivered
within 12 hours of the onset. Eighteen patients (group
B), who did not accept shocks, because of shock-relat-
ed fear and anxiety, had antitachy pacing therapies ac-
tivated but atrial shock switched off. In the group B in-
hospital manual shock was allowed, instead of electri-
cal external cardioversion, when clinically recom-
mended. The groups did not differ in pre-implant char-
acteristics. The patients assigned to early delivery of
atrial shock after atrial fibrillation onset (group A),
when compared with the patients who did not accept
atrial shock (group B), showed a significant long-term
reduction of atrial fibrillation burden, a higher reduc-
tion of hospitalization number and a greater improve-
ment of the quality of life.

Patient selection

In our opinion, from the clinical point of view, the
best candidate for shock therapy should have these
characteristics:
• paroxysmal or persistent atrial fibrillation with very
uncomfortable and debilitating symptoms (> 24 hours
without returning in sinus rhythm);
• development of heart failure symptoms;
• drug refractoriness or intolerance (two or more drugs,
including amiodarone);
• need for frequent electrical cardioversions (> 1 in the
previous year);

• high probability after the procedure to remain in sinus
rhythm for a reasonable period of time.

The last point is the most difficult to be defined.
Heart failure, valvular heart disease, left atrial dysfunc-
tion as well as prior repetitive cardioversion with short-
term recurrence of the arrhythmia should identify the
patients with low probability of remaining in sinus
rhythm. As a matter of fact, no conclusive data are
available in this field.

From the psychological point of view, the “ideal pa-
tient” should be an active person, without any signifi-
cant past/present psychological distress (i.e. depression
or high anxiety), able to understand his disease and the
device with its risks and benefits. He should be ready to
accept a device that shocks him for a non-life-threaten-
ing condition.

Recommendations in the atrial defibrillator setting

As far as shock delivery mode is concerned, three
options are available:
• patient activator should be preferred for younger and
still active people who wish to keep control of their
symptoms and their lives; usually they also have a
strong family support. Some of them may ask for light
sedation during shock delivery. The risk is not to treat
asymptomatic atrial fibrillation episodes, if any;
• in hospital manually delivered shock should be con-
sidered for patients who prefer to be shocked by the
physician and supported by the care team. They are
usually older and uncomfortable in shocking them-
selves. The risk is not to treat asymptomatic atrial fib-
rillation episodes and to delay the treatment of very
symptomatic episodes;
• automatic shock (at night or at any time with or with-
out a programmable delay from arrhythmia onset)
should be preferred when atrial fibrillation leads to ma-
jor hemodynamic complications, such as acute heart
failure or myocardial ischemia. Nocturnal shock should
be preferred when arrhythmia tolerance is acceptable
and a delay in final therapy does not impair clinical sta-
tus. It has been reported that nocturnal shock may be
better tolerated because it does not interrupt any activi-
ty and pain feeling is reduced while the patient is sleep-
ing. Anyway, it should not be programmed in highly
anxious patients because it could induce sleep distur-
bances. The greatest benefit of nocturnal shock is the
capability of treating all the episodes (symptomatic and
asymptomatic) within 24 hours of the onset, so increas-
ing the time in sinus rhythm and preventing electro-
physiological remodeling. While programming an au-
tomatic shock, it should not be forgotten that unpre-
dictability of shock delivery may be the main cause of
fear and anxiety11. 

In any case, individual tailoring is to be considered
the best way for increased therapy acceptance. Good
understanding of the disease and awareness of the ben-
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efits expected from device implantation, such as symp-
tom control and reduction of drugs and hospitaliza-
tions, may increase patient compliance. 

Perspectives

In spite of documented benefits of physiological
pacing in atrial fibrillation prevention in patients with
sinus node disease12, atrial fibrillation is still a common
event during the follow-up of this patient population af-
ter implantation. In the Canadian Trial of Physiologic
Pacing13 the annual risk of developing atrial fibrillation
was 5.66% and prior atrial fibrillation was associated
with an annual risk of 9.64%. In the Mode Selection
Trial in Sinus-Node Dysfunction14, after a median fol-
low-up of 33 months, 21.4% of patients in the dual-
chamber pacing arm had atrial fibrillation and chronic
atrial fibrillation occurred in 15.2%.

The introduction of sophisticated pacing algorithms
aimed to prevent and early treat atrial fibrillation as
well as atrial cardioversion facilities in new multifunc-
tion devices may represent the new frontier for atrial
fibrillation treatment. Such a device may be capable of
offering a full-option treatment for patients with atrial
fibrillation and bradycardia indication for pacing. Ear-
ly cardioversion of atrial fibrillation may reduce hospi-
talizations and health care consumption and may im-
prove quality of life. Reduction of health care con-
sumption may overbalance the increased device costs.

Clinical studies in this field will be welcome in or-
der to define optimal patient selection and careful cost-
benefit analysis.

References

1. Steinhaus DM, Cardinal DS, Mongeon L, Musley SK, Fo-
ley L, Corrigan S. Internal defibrillation: pain perception of
low energy shocks. Pacing Clin Electrophysiol 2002; 25:
1090-3.

2. Wijffels M, Kirchhoff C, Dorland R, Allessie MA. Atrial
fibrillation begets atrial fibrillation. A study in awake chron-
ically instrumented goats. Circulation 1995; 92: 1954-68.

3. Wellens HJ, Lau CP, Luderitz B, et al. Atrioverter: an im-
plantable device for the treatment of atrial fibrillation. Cir-
culation 1998; 98: 1651-6.

4. Tse HF, Lau CP, Yu CM, et al. Effect of the implantable atri-
al defibrillator on the natural history of atrial fibrillation. J
Cardiovasc Electrophysiol 1999; 10: 1200-9.

5. Schoels W, Swerdlow CD, Jung W, Stein KM, Seidl KH,
Haffajee CJ, for the Worldwide Jewel AF Investigators.
Worldwide clinical experience with a new dual-chamber
implantable cardioverter defibrillator system. J Cardiovasc
Electrophysiol 2001; 12: 521-8.

6. Ricci R, Pignalberi C, Disertori M, et al. Efficacy of a dual
chamber defibrillator with atrial antitachycardia functions
in treating spontaneous atrial tachyarrhythmias in patients
with life-threatening ventricular tachyarrhythmias. Eur
Heart J 2002; 23: 1471-9.

7. Gold MR, Sulke N, Schwartzman DS, Mehra R, Euler DE,
for the Worldwide Jewel AF-Only Investigators. Clinical
experience with a dual-chamber implantable cardioverter
defibrillator to treat atrial tachyarrhythmias. J Cardiovasc
Electrophysiol 2001; 12: 1247-53.

8. Adler SW, Wolpert C, Warman EN, Musley SK, Koehler JL,
Euler DE, for the Worldwide Jewel AF Investigators. Effi-
cacy of pacing therapies for treating atrial tachyarrhythmias
in patients with ventricular arrhythmias receiving a dual-
chamber implantable cardioverter defibrillator. Circulation
2001; 104: 887-92.

9. Mitchell AR, Spurrell PA, Ahmet H, Higson M, Sulke N.
Reversal of tachycardiomyopathy by the atrial defibrillator.
A case report. Eur J Heart Fail 2002; 4: 485-8.

10. Ricci R, Quesada A, Pignalberi C, et al. Dual defibrillator
improves quality of life and decreases hospitalizations in
patients with drug refractory atrial fibrillation. J Interv Card
Electrophysiol 2004; 10: 85-92. 

11. Gallagher RD, McKinley S, Mangan B, Pelletier D, Squire
J, Mitten-Lewis S. The impact of the implantable car-
dioverter defibrillator on quality of life. Am J Crit Care
1997; 6: 16-24.

12. Andersen HR, Nielsen JC, Thomsen PE, et al. Long-term
follow-up of patients from a randomised trial of atrial ver-
sus ventricular pacing for sick-sinus syndrome. Lancet
1997; 350: 1210-6.

13. Skanes AC, Krahn AD, Yee R, et al, for the Canadian Trial
of Physiologic Pacing. Progression to chronic atrial fibrilla-
tion after pacing: the Canadian Trial of Physiologic Pacing
(CTOPP). J Am Coll Cardiol 2001; 38: 167-72.

14. Lamas GA, Lee KL, Sweeney MO, et al, for the Mode Se-
lection Trial in Sinus-Node Dysfunction. Ventricular pacing
or dual-chamber pacing for sinus-node dysfunction. N Engl
J Med 2002; 346: 1854-62.

M Santini - The atrial defibrillator

209


