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C

ardiac rhythm disturbances are seen
frequently in elderly people, even
those without a history of cardiac
or other diseases, as a result of the degenerative changes to which the ageing heart is
subjected.1 However, most cardiac arrhythmias in the elderly are the consequence of
hypertension or coronary artery disease.
Problems of the cardiovascular system that
are related to ageing, such as vascular stiffness, a reduced ‚-adrenergic cardiovascular
response, an increased dependency on the
atrial contribution to left ventricular diastolic filling, and a greater likelihood of coronary artery disease, are all factors that exacerbate the symptoms and worsen the prognosis when arrhythmias appear. In the elderly, arrhythmias are a significant cause of
falls, physical disability, and frequent hospital admissions.2 Recent developments in
the treatment of both supraventricular and
ventricular arrhythmias can also find important application in elderly patients.
Bradyarrhythmias
Pacing in the elderly
Sinus node dysfunction and disturbances of
the atrioventricular conduction system are
common causes of bradycardia in the elderly. Permanent pacing is the treatment of
choice when the bradycardia is accompanied by symptoms. The mean age for pacemaker implantation is 74 years, while 70%
of patients who need pacemaker replacement are over 70 years old.3 Also, the per-
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centage of aged patients (≥80 years) who
receive a permanent pacemaker, according
to a recent retrospective study,4 has shown a
notable increase in recent years, from 18%
in the nineteen seventies to 32% in the nineteen nineties.
Sick sinus syndrome
This syndrome is manifested through a variety of symptoms (dizziness, fatigue, syncopal or pre-syncopal episodes) and arrhythmias, such as sinus bradycardia (<40 beats/
min), sinus pauses (>3 seconds), and episodes of tachycardia-bradycardia. The mean
age at which it occurs is 65 years.5 Ageing
leads to a progressive loss of P cells, which
are the main pacemaker cells of the sinus
node.6 Histological preparations from patients with sick sinus syndrome show a varying degree of fibrosis and deposition of fatty tissue in the sinus node, although the degree of fibrosis is not related to the severity
of sinus node dysfunction.6,7 Among the
causes of secondary sick sinus syndrome are
conditions that appear frequently in elderly
individuals, such as hypothyroidism, infiltrative diseases (amyloidosis, etc.), inflammatory disorders (pericarditis, collagen diseases), coronary artery disease, malignancies, and kidney and liver dysfunction. The
elderly also show a significant predisposition to sinus node dysfunction after taking
either purely cardiological medication (‚blockers, calcium inhibitors, cardiac glucosides, antiarrhythmics) or drugs of other cat-
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Table 1. Indications for pacing in sick sinus syndrome.

Disturbances of atrioventricular conduction

Class I

1. Proven symptomatic bradycardia, including frequent sinus pauses. In certain patients the bradycardia may be iatrogenic because of the taking of
drugs that are considered irreplaceable.
2. Symptomatic chronotropic insufficiency.

Class IIa

1. Bradycardia (<40 beats/min) and presence of
symptoms without a proven correlation between
them.
2. Unexplained syncope in patients where severe
sinus node dysfunction is revealed later, either
spontaneously or during electrophysiological
study.

Class IIb

Minimally symptomatic patients with slow rate
(<40 beats/min) in an alert state.

Class III

Asymptomatic patients, or when symptoms are
not the result of bradycardia.

The atrioventricular node is the first part of the atrioventricular conduction system to be affected by the
ageing process. A prolonged PR interval and first degree atrioventricular block are common findings in the
elderly (~8%), while second and third degree block are
seen more rarely (~1%).16,17 Histological studies of patients who developed complete atrioventricular block
have shown increased deposition of collagen fibres within and around the atrioventricular node and the HisPurkinje system.18 Also, the process of programmed cell
death (apoptosis) is likely to play a role in the appearance of atrioventricular block during ageing.19
Idiopathic fibrosis of the His bundle branches occurs in Lev’s and Lenègre’s diseases.20,21 In the former
case, there is a progressive loss of myocytes in the proximal section of the branches, which may ultimately lead
to an interruption of stimulus conduction at a level between the His bundle and the branches. This process
usually starts during the fourth decade of life, commencing with the appearance of left bundle branch
block and being completed after 20-30 years. Lenègre’s
disease is characterised by a stronger, diffuse degenerative process that affects the peripheral parts of the
branches.
Table 3 shows the indications for pacing in various
types of atrioventricular block.22 First degree block is
generally considered to be a Class III indication for
pacing. In certain patients, however, who have a particularly prolonged PR interval (>300 ms) and exhibit
symptoms similar to those of pacemaker syndrome, it is
an indication for a permanent atrioventricular pacemaker (Class IIa). Appearance of the Wenckebach
phenomenon in elderly patients is likely to mask disease of the conduction system, rather than being due to
increased parasympathetic tone as in young people, and
should thus be monitored carefully.
Large, prospective, randomised trials have not
shown any superiority of atrioventricular pacing over
simple atrial pacing in patients with atrioventricular
block (Table 4).12,23 The recently published UK-PACE
trial, which compared VVI(R) and DDD pacing in 2021
patients aged >70 years, found no difference in overall
mortality or cardiovascular events over three to five
years’ follow up.

egories (simetidine, amitriptiline, phenodiazines, lithium).
Symptomatic sinus node dysfunction is an absolute indication for pacing (Class I). Table 1 shows
the indications for pacing in sick sinus syndrome, according to the guidelines of the American College of
Cardiology.8
The choice of the most appropriate pacing mode
(AAIR, DDDR, VVIR) rests on an analysis of the findings of large prospective, randomised studies.9-13 That
these included elderly people can be seen from the
mean age of their patient populations (Table 2). Overall, those studies did not show any superiority of atrioventricular over ventricular pacing, as regards survival
and stroke prevention. In contrast, physiological pacing
was associated with a significant reduction in the incidence of atrial fibrillation and with an improvement in
the quality of life. The only study to show an improvement in survival was carried out in Denmark,9 and this
was probably due to the use of exclusively atrial pacing
(AAI), thus avoiding the harmful effects of ventricular
pacing. The choice of AAI(R) mode in patients with sinus node disease is indicated in cases of symptomatic
bradycardia, provided that there are no conduction disturbances at the level of the atrioventricular node.
When an atrioventricular pacemaker is chosen, it should
be programmed in such a way as to avoid ventricular
pacing as far as possible (long atrioventricular delay).
According to recent studies, this allows the best preservation of left ventricular fractional shortening and reduces left atrial dilatation.14,15

New indications for pacemaker implantation
Many of the new indications for pacemaker implantation concern elderly and aged patients. Pacemaker
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Table 2. Effect of pacing mode on various clinical parameters according to the results of large, randomised studies.
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Table 3. Indications for pacing in atrioventricular block
Asymptomatic

Indication

1st degree

Pacing not indicated

2nd degree

Pacing not indicated in type I with narrow QRS
Electrophysiological study in type I with wide QRS
Pacing in type II

3rd degree

Pacing

Symptomatic

Pacing regardless of type

(Modified from reference 22.)

implantation is particularly useful in patients with carotid sinus hypersensitivity. In this syndrome, coronary
sinus massage induces symptomatic bradycardia with
pauses longer than three seconds and/or a drop in
blood pressure >50 mmHg. From 25% to 40% of elderly patients with syncope or unexplained falls exhibit carotid sinus hypersensitivity.24 The SAFE-PACE
randomised trial, which included patients with a history of falls and a pathological response to carotid sinus
massage, showed that the control group were four times
more likely to experience a recurrence of symptoms
than were those in the group who were treated with
atrioventricular pacing.25
Atrial pacing from two different sites (bifocal, biatrial), or from different sites in the interatrial septum,
has been suggested recently as an alternative method
for preventing relapse in patients with paroxysmal or
persistent atrial fibrillation.26,27 Inhomogeneous and
delayed intra-atrial and inter-atrial conduction predispose to the development of atrial fibrillation. Simultaneous atrial pacing from two different sites or from the
interatrial septum might restore the homogeneity of
atrial depolarisation and thus modify the substrate on

which atrial fibrillation develops. However, the initially
encouraging results from the application of this technique for the prevention of atrial fibrillation were not
confirmed by later randomised trials.28
Various pacing algorithms for the prevention of
atrial fibrillation have been incorporated in modern
atrioventricular pacing devices, aiming at the prevention of conditions that usually introduce episodes of
paroxysmal atrial fibrillation, such as atrial extrasystoles, bradycardia, etc. Four basic types of algorithm
have been developed: Dynamic sinus overdrive (pace
conditioning, rate smoothing); reaction to atrial premature complexes (PAC) (post-PAC response, PAC
suppression); reaction to restoration of sinus rhythm
(post atrial fibrillation response); and prevention of
inappropriate rate decrease after exercise (post-exercise response). Studies that evaluated the efficacy of
the prevention algorithms showed a reduction of symptoms and total atrial fibrillation burden only in selected patients, without solving the problem of determining in advance which groups of patients would be
likely to benefit from the algorithms.29,30
To conclude, pacing for the prevention of atrial

Table 4. Recommendations of the American College of Chest Physicians for stroke prevention in atrial fibrillation.35
Risk factors

Recommended treatment

Any high risk factor or >1 medium risk factor

Warfarin

1 medium risk factor

Aspirin or warfarin

No high or medium risk factor

Aspirin

High risk factors: Previous stroke, hypertension, reduced left ventricular function, age >75 years, mitral valve stenosis, prosthetic valve.
Medium risk factors: Age 65-75 years, diabetes, coronary artery disease.
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fibrillation nowadays only has a place in cases where
there are already other indications for pacing.
Tachyarrythmias
Supraventricular tachycardias
The most common supraventricular tachyarrhythmia in
the elderly is atrial fibrillation (~10% in those aged
>75 years). With the exception of atrial fibrillation and
flutter, the remaining supraventricular tachycardias do
not adversely affect the patient’s prognosis.
Atrial fibrillation
This common arrhythmia is an independent risk factor
for cardiac and overall mortality.31 In addition, it increases the risk of heart failure and embolic events,
while having a negative effect on the quality of life and
the mental function of elderly individuals. The Rotterdam study showed that both Alzheimer’s disease and
senility were more common in patients with atrial fibrillation.32,33
The strategies of atrial fibrillation management include the prevention of thromboembolic episodes
through administration of antiplatelet or anticoagulant agents, and control of the arrhythmia, either by
restoring and maintaining sinus rhythm (rhythm control strategy) or simply by controlling the heart rate (rate
control strategy).
A meta-analysis of five randomised trials that
compared aspirin with warfarin in the primary prevention of stroke showed that warfarin reduced the risk by
36% compared to aspirin.34 The current recommendations of the American College of Chest Physicians are
summarised in table 4.35 The data concerning anticoagulant treatment in patients aged >80 years are equivocal, so in these patients anticoagulant treatment should
only be given when there are no contraindications and
following careful risk stratification. In the very elderly
the tendency is to aim at an international normalised
ratio close to 2.0 and not exceeding 2.5, although this
guideline is not based on randomised studies. In spite
of its efficacy, coumarin therapy has many inherent
problems, especially in elderly patients, and attempts
are being made to find alternative medications. Ximelagatran is a new direct thrombin inhibitor that is taken
orally and is rapidly converted into melagatran, its active form, after absorption. Data from clinical trials
(SPORTIF III, V) have confirmed that ximelagatran is
not inferior to warfarin in the prevention of embolic
episodes, while it is associated with fewer total episodes
88 ñ HJC (Hellenic Journal of Cardiology)

of major or minor haemorrhage. However, optimism
must be tempered by the need for monitoring of liver
function, at least during the first six months of treatment, given that administration of the drug has been related with triple the normal increase in transaminase in
6% of patients. Findings are awaited from studies with
longer follow up so that more certain conclusions may
be drawn.36
The AFFIRM trial37 was designed to compare the
two strategies (rhythm control versus rate control) in
more than 4000 patients with atrial fibrillation, mean
age 70 ± 9 years, and an elevated risk of stroke or death.
The study showed that the rate control strategy in combination with anticoagulation medication was at least as
good as rhythm control, over a mean follow up period
of 3.5 years. Analysis of subgroups showed that the
rhythm control strategy was associated with a greater
risk of death in elderly patients (>65 years), probably
because of the greater risk of proarrhythmia.
The rate control strategy is therefore a clearly acceptable approach in elderly patients. The drugs of
choice are ‚-blockers, calcium channel blockers (diltiazem, verapamil) and digitalis, or a combination thereof. The role of digitalis in the elderly depends on the
characteristics of the patient. In those who are not active, or who have heart failure, monotherapy with digitalis is an acceptable choice. In contrast, in elderly
patients who are very active the addition of ‚-blockers or calcium inhibitors is usually necessary. The reduced glomerular perfusion in elderly people, even
those with normal creatinine levels, is a factor that
must be taken into account when digitalis is administered.38
When patients continue to experience severe symptoms in spite of taking rate control medication, and
those symptoms are attributable to atrial fibrillation,
then the clinical physician must re-evaluate the option
of cardioversion and maintenance of sinus rhythm via
antiarrhythmic drugs and/or invasive method (pacing,
ablation). Class Ia (quinidine, disopyramide) and Ic
(propafenone, flecainide) antiarrhythmics should be
used with great caution in the elderly, because of the
frequent presence of coronary artery disease. Amiodarone, on the other hand, appears to be the safest and
most effective antiarrhythmic drug for the restoration
and in particular the maintenance of sinus rhythm.38
Apart from pacing, ablation is an alternative therapeutic method for the treatment of atrial fibrillation.
Ablation for atrial fibrillation aims at either the control of heart rate, via ablation or modification of the
atrioventricular node, or ablation of the foci that trig-
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ger the arrhythmia (pulmonary vein ablation) in combination with modification of the atrial substrate.

Modification of the atrioventricular node has been proposed as a way of avoiding the need for permanent pacing. This involves ablation of the slow bundle, while
leaving the fibres of the anterior bundle intact.42 However, the method suffers from serious drawbacks, namely a high incidence of unwanted complete atrioventricular block (up to 36%) and a relatively frequent recurrence of symptoms, because of an increase in ventricular rate, a few months after ablation.

beats that can trigger paroxysmal atrial fibrillation.43
Rapidly depolarising ectopic foci within and around the
pulmonary veins produce short salvoes of focal depolarisations, triggering episodes of atrial fibrillation that
then become self-sustaining. In contrast, persistent
atrial fibrillation is usually sustained by an atrial substrate that is capable of maintaining multiple re-entry
circuits. The main aim of ablation in atrial fibrillation
is the isolation of the pulmonary veins from the atria,
thus blocking the conduction of the ectopic beats from
the pulmonary veins to the left atrium and preventing
the onset of the arrhythmia. Various approaches have
been developed aimed at the electrical isolation of the
pulmonary veins. The anatomical approach is based on
the creation of a continuous line that surrounds and
completely encloses the veins, at a distance of >5 mm
from their ostia.44 The use of non-fluoroscopic systems
for the three-dimensional imaging of the left atrium
(Carto, Ensite NavX, Ensite Array) allows more accurate catheter guidance during the creation of these circumferential lesions at the appropriate location. Pulmonary vein isolation in combination with ablation of
the atrial substrate seems to be an important goal of ablation strategy in cases with persistent or chronic atrial
fibrillation. Linear ablation lesions in the mitral isthmus and the roof of the left atrium, joining the two
superior pulmonary veins, increase the success rate,
mainly in forms of persistent atrial fibrillation.45 Complications of the method (~5%) include atrial tachycardia, thromboembolic episodes, pulmonary vein
stenosis, tamponade, phrenic nerve paralysis, atrial-oesophageal fistula, and more rarely, death, while the relapse rate is significant (~30%). According to some reports, patients who suffered stroke after ablation for
atrial fibrillation were older than 60 years and had a
history of transient ischaemic episodes;46 thus, special
attention should be paid to the administration of anticoagulant medication during the procedure in this
group of patients. The method has a generally satisfactory success rate when applied mainly in young patients
with idiopathic atrial fibrillation. In contrast, experience from elderly patients, whose atrial fibrillation depends more on the substrate and less on the triggering
mechanism, is limited and is insufficient to justify the
widespread application of the method in these patients.

Pulmonary vein ablation

Atrial flutter

Recent years have seen a recognition of the importance of the pulmonary veins as a main source of ectopic

This is a rather common arrhythmia in the elderly.
Typical atrial flutter is due to a re-entrant macrocircuit

Atrioventricular nodal ablation and implantation of a
permanent pacemaker
This is the therapeutic choice in the case of symptomatic patients with atrial fibrillation whose ventricular
response cannot be controlled satisfactorily by medication, or where the use of drugs causes unacceptable
side effects. The technique involves the application of
radiofrequency current in the region of the compact
atrioventricular node, resulting in the induction of complete atrioventricular block. The method is considered
to be simple, safe, and almost one hundred percent
successful. Control of the heart rate is achieved by implanting a permanent pacemaker, of a type that depends on the form of atrial fibrillation. Various studies
have shown that atrioventricular nodal ablation is particularly effective in controlling symptoms and improving exercise tolerance, while it also appears to improve
ejection fraction, especially in patients with heart failure.39,40 Biventricular pacing has recently been proposed for the latter category of patients, as a means of
avoiding the deleterious consequences to the myocardium arising from pacing at the right ventricular apex.41
The PAVE study showed that implantation of a biventricular pacemaker in patients undergoing atrioventricular nodal ablation for atrial fibrillation results in a significant improvement in both ejection fraction and exercise tolerance, in comparison with right ventricular
apical pacing. This improvement applies mainly to patients with compromised left ventricular systolic function (ejection fraction ≤45%) who are in NYHA functional classes II-III.41
Modification of the atrioventricular node
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and can be treated by ablation of the slow conduction
zone represented by the inferior vena cava-tricuspid
annulus isthmus.47 The success rate of ablation for
typical atrial flutter reaches 85%, with a relapse rate of
10%.
Paroxysmal supraventricular tachycardias
These include atrioventricular nodal re-entrant tachycardia, which is the most common paroxysmal supraventricular tachycardia, atrioventricular reciprocating
tachycardia, and certain atrial tachycardias. According
to an epidemiological study, the incidence of paroxysmal supraventricular tachycardia is greater in patients
aged >65 years than in younger individuals.48 WolffParkinson-White syndrome, which usually appears in
younger age groups and tends to diminish later, also
shows a small increase in the elderly. This is attributed
to the fact that calcification of the atrioventricular conduction system impedes conduction of the stimulus,
thus facilitating orthodromic conduction via the bypass
tract.49
The choice of ablation for the treatment of paroxysmal supraventricular tachycardia in the elderly has increased dramatically in recent years. Even though the
data come from small series, it appears that the success
rate of the method does not differ from that in younger
individuals. The small increase in the complication rate
is attributed to other coexistent diseases. However, it
should also be kept in mind that the taking of medication often entails an increased risk of proarrhythmia in
the elderly, and so ablation is likely to be the best solution.50,51
Ventricular tachycardias
These are tachyarrhythmias with a very high risk of
sudden cardiac death, especially when they occur in
the presence of underlying heart disease, such as coronary artery disease or heart failure. The antiarrhythmic drugs that have traditionally been used for the
treatment of ventricular tachycardias have narrow therapeutic limits and an increased risk of proarrhythmia
in elderly patients. The advent of implantable automatic defibrillators added a new dimension to the treatment of these urgent arrhythmic conditions. Secondary
studies of prevention (in patients with a history of ventricular arrhythmias or cardiac arrest) showed that implantable defibrillators reduce overall mortality by 2530% in comparison with antiarrhythmic drugs (chiefly
amiodarone).52-54 A similar decrease was seen in pri90 ñ HJC (Hellenic Journal of Cardiology)

mary studies involving patients with left ventricular
dysfunction, with or without a history of myocardial
infarction (MADIT I & II, MUSTT, SCD-HeFT).55,56
With developments in technology that allow these devices to be deployed intravenously, their small size and
multiple programming options, implantable defibrillators have become an attractive therapeutic alternative
in elderly patients.
Despite these encouraging data, reservations have
been expressed because patients of this age group have
been inadequately represented in large trials. Patients
aged >80 years are usually excluded from studies, but
in general the mean age does not exceed 65 years. Furthermore, in patients of advanced age the survival benefit from an implantable defibrillator is likely to be limited by other, non-cardiac causes of death. A retrospective study comparing 74 patients with ages ≥75 years
with 695 younger patients showed that, although there
was no difference between the groups in the number of
appropriate shocks, the overall mortality in the aged
patients was triple that in the younger group.57 The
MADIT II trial, however, showed that defibrillator implantation in a group of patients aged ≥75 years was
associated with a greater reduction in overall mortality
(>45%) than was seen in younger patients (34%).58
Additionally, a recent prospective study found that the
efficacy and safety of defibrillator implantation did not
differ between patients aged 70-79 years and those
aged over 80.59
Conclusions
As the ageing population grows in size, the number of
elderly patients with arrhythmiological problems will
increase too. The problems associated with the use of
antiarrhythmic drugs in patients of advanced age have
led to a steady increase in the proportion of patients
who are treated using invasive methods. Already, elderly patients make up the vast majority of those who
undergo pacemaker implantation. New indications
for the implantation of pacing devices for the treatment of atrial fibrillation, an arrhythmia that is particularly common in the aged, have been tested in recent
years, so far with equivocal results. Pulmonary vein
ablation could be the solution in certain categories of
patients with atrial fibrillation, although so far large
series are lacking, especially in the case of elderly patients. Ablation for other types of paroxysmal supraventricular tachycardia has an equally high success
rate as in younger patients, with no extra risk of complications. Finally, implantable defibrillator devices,
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despite the lack of prospective studies that include a
large number of elderly patients, appear to be the indicated method of treatment for malignant ventricular tachycardias, especially in the presence of coronary
artery disease.
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