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Pulse: from very young to very old'

Jean-Pierre Pfammatter

University Children’s Hospital, Inselspital, Berne

Summary

Types of arrhythmias are the same throughout all age
groups. There are however differences with regard to
the epidemiology of arrhythmias, clinical tolerance,
therapeutic strategies and comorbidities. One typical
difference is the predominance of accessory pathways
as the causative mechanism for supraventricular ta-
chycardias in infancy and early childhood compared to
the clear preponderance of AV-nodal re-entrant tachy-
cardias in adult patients. Another important difference
is the rarity of ventricular arrhythmias in children
whereas in adults, ventricular tachycardias largely
predominate, mainly due to an increase in the inci-
dence of coronary artery disease. The overall prognosis
of arrhythmias is better in children first due to the rel-
ative rarity of ventricular arrhythmias and second due
to an improved clinical tolerance to arrhythmias in
children because of the lack of the multiple
comorbid conditions typically found in adult patients.
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Introduction

This review will not deal with philosophical or physi-
ological aspects of the human heartbeat in the differ-
ent age groups but will focus on irregularities of the
pulse and highlight the divergent or common features
of arrhythmias through the process of human aging.

The physiological basis

As an organ, the cardiac conduction system is estab-
lished anatomically as well as functionally at birth.
Thus there are almost no developmental variations in
the different forms of disturbances of cardiac conduc-
tion, this means that the types of arrhythmias that are
clinically observed, basically are the same throughout
all age groups. The differences that are observed be-
tween age groups first are due to differences in the pre-
dominance of specific types of arrhythmias at various
stages of human growth and aging. Then there are dif-
ferences in the underlying anatomic substrate result-

1 This article summarises a lecture at the
annual meeting of the Swiss Society of Car-
diology in Berne, May 2008.

ing in differences in the risk profile of arrhythmias and
a different clinical tolerance of arrhythmias and this is
widely influenced by co-morbidities acquired during life
and their impact on cardiac function.

Distribution of types of arrhythmias trough
all ages

Arrhythmias are caused by different intrinsic anom-

alies or extrinsic factors influencing the conduction sys-

tem, these are:

1. congenital malformations of the conduction system

2. acquired disturbances of the conduction system

3. predisposing genetic disease (channelopathies, car-
diomyopathies)

4. alterations in cardiac haemodynamics

5. aging of the heart itself

6. co-morbidities

These factors at different ages have a specific impact
on the cardiac conduction system and contribute to the
different spectrum of arrhythmias encountered at the
various stages of human life. First there are congenital
malformations of the conduction system such as acces-
sory atrioventricular (AV) pathways or ectopic foci act-
ing as a concurrent pacemaker. The conduction axis
may be damaged throughout life mechanically (perfu-
sion deficit, cardiac surgery), and all the comorbidities
acquired during a lifetime (e.g., hypertension, diabetes,
coronary artery disease ) may further either be the
cause of arrhythmias or by impairing heart function
lead to a worse clinical tolerance of any given
arrhythmia at a later age. The process of aging of the
heart itself, by a variety of mechanisms such as
decreased protein expression (connexins and calcium
channels) [1, 2] or myocardial fibrosis [3] leads to im-
pairment of electrophysiological parameters [4] and
thus aging of the heart itself literally is a proarrhytmic
process of “aging to arrhythmias” as shown in figures 1
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Figure 1
Schematic drawing showing the overall increase in the arrhythmia
burden through human growing and aging.
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Figure 2

Schematic drawing showing the increase in the burden of arrhythmias
separated for different aetiologies throughout human aging.
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and 2. It has been found that by the age of 100 years,
otherwise healthy individuals rarely (women) or never
(men) had a normal resting ECG [5].

Based on these various influences which act pro-
gressively during a lifetime the frequency of specific ar-
rhythmias varies considerably between age groups.
This is best shown by the increase of either supraven-
tricular and even more ventricular arrhythmias at in-
creasing age.

Supraventricular arrhythmias in the different
age groups

A unique feature is the observation of arrhythmias al-
ready in intrauterine life, where supraventricular
tachycardia (SVT) due to atrial flutter or due to acces-
sory av-pathways are observed in approximately one
out of 2000 pregnancies [6]. Except for neonatal atrial
flutter, whose aetiology still remains to be elucidated,
atrial flutter or fibrillation is exceedingly rare in child-
hood. SVT mediated by av-reentry on the other hand
is by far the most frequently encountered arrhythmia
in infancy and childhood. SVT in infancy has a charac-
teristic epidemiology due to specific features of matu-
ration of the conduction system. As it was shown in ex-
perimental models [7, 8]. The electrical isolation of the

CONTINUOUS MEDICAL EDUCATION

atrioventricular junction is an ongoing process from in-
trauterine life to the perinatal period and early infancy
with gradual loss of electrical properties of accessory
av-connections. This explains the large predominance
of SVT due to accessory av-pathways in this age group
[9] with only a small minority of children having av-
nodal reentry as the mechanism underlying the clinical
SVT. This also explains the excellent prognosis that is
shared by most of the neonates and infants with SVT
early in life [10]. The clinical observation of “outgrow-
ing” of the SVT-episodes as it is very frequently ob-
served after neonatal SVT is thus based on the delayed
maturation of av-accessory pathways that increasingly
loose their electrical properties after birth leaving the
affected baby without an anatomic substrate for recur-
rencies of the SVT. The proportion of SVT patients hav-
ing AV-nodal reentry increases with age and already in
the teenage group is substantial, even more so in adult-
hood. This predominance of av-nodal reentry is even
more pronounced due to the fact, that nowadays we
witness an “unnatural” history of accessory pathways
as most of the patients with preexitation undergo cur-
ative ablation already during childhood.

A notable difference between childhood and adult
SVT lies in the fact, that clinical tolerance of tachycar-
dia is better in children as compared to adults due to
often coexisting organic heart disease in the latter. In
older age groups symptoms due to SVT occur earlier
and often are more severe with for instance a high rate
of syncopes which has been observed in about 40% of
elderly patients due to SVT [11].

The antiarrhythmic substances used are the same
whether you treat a newborn or an adult patient. The
therapeutic strategy differs, especially in the infant age
group. As SVT often remains undetected until an in-
fant becomes symptomatic, it is the rule to give an oral
antiarrhythmic prophylaxis to any newborn or infant
that has experienced SVT usually until the end of the
first year of life. Due to the benign spontaneous course
of the disease, curative ablation in the age group up to
about 5 years usually is only an option in the rare case
where SVT cannot be controlled medically, but when
indicated can be performed safely and with high effi-
cacy even in premature neonates [12, 13]. Ablation in
paediatric patients has the same success rates and the
same low complication rate as in adult patients except
for small patients where a slightly higher complication
rate is observed [14]. At the other end of the spectrum,
also in the elderly patients, ablation offers a safe and
efficient curative therapy [15].

Ventricular arrhythmias in the different age
groups

Ventricular tachycardia (VT) is a very rare observation
in a paediatric population. A recent study has found
that in an unselected paediatric population spontane-
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Table 1

Overview of relative frequency of different types / aetiologies of arrhythmias in the
different age groups.

Type of arrhythmia

Child Adolescent Young adult Elderly

Supraventricular tachycardia

accessory av pathway ++H+ o+ + +
av-nodal reentry + ++ + +
atrial flutter / fibrillation + (+) + o+

Ventricular tachycardia

all cause e T+
idiopathic i +
ischaemic heart disease (+) (+) ++ +4++
Syncope

all cause ++ e o+
cardiac causes + + ++ +++
Sudden cardiac death + + ++ At

av = atrioventricular

ously occuring VT was seen on only 1/100 000 children
per year [16]. The factor of most prognostic importance
in the presence of VT is, whether VT is occurring in a
patient with a normal heart or in the context of under-
lying heart disease. So called idiopathic VT in patients
with structurally normal hearts is encountered in all
paediatric and adult age groups, but in childhood, id-
iopathic VT accounts for a high proportion of about half
of all cases of spontaneous VT [16, 17]. Prognosis of
childhood idiopathic VT generally was reported to be
very good [18]. Prognosis was much worse for VT in pa-
tients with any kind if underlying heart disease with
mortality already in childhood of up to 36% [16, 17].
The main difference between children and adults is
that the proportion of patients with VT due to organic
heart disease is clearly increasing in with increasing
age, mainly due to ischaemic heart disease [19]. To-
gether with the worse clinical tolerance of VT in a poly-
morbid adult patient, overall prognosis of VT in an
adult population is worse than it is for children, espe-
cially due to the significantly increased proportion of
patients with organic heart disease underlying VT. Be-
sides the treatment of the underlying organic heart
disease, the antiarrhythmic treatment strategies do
not differ much between paediatric and adult patients,
be it for medical treatment or for curative ablation and
device therapy.

Rhythmologic emergencies in the different age
groups

Real emergencies due to arrhythmias are relatively
rare in paediatrics. Urgent situations may arise with
intrauterine arrhythmias especially bradycardia due
to total av-block or tachycardia — induced cardiac fail-
ure (hydrops) in SVT. Intrauterine treatment of ar-
rhythmias is complicated by the surrounding mother
and there is a considerable mortality associated with
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hydropic presentation of intrauterine arrhythmias [20].
Neonatal / infant SVT may present as an emergency in
case the tachycardia was detected late and only by the
occurrence of symptoms, in which context a baby may
present with advanced cardiac failure. Ventricular ar-
rhythmias presenting as emergencies are quite rare in
childhood and generally limited to patients with car-
dio-myopathy or channelopathies or else children with
operated congenital heart disease.

In adult patients ventricular arrhythmias present-
ing as emergencies represent a substantial number of
all arrhythmia patients, with ischaemic heart disease
as the leading cause [19] but with the whole spectrum
of organic heart disease being represented. Worse clin-
ical tolerance of arrhythmias translates into significant
number of adult patients presenting with syncopal
episodes as the leading symptom of SVT [11]. Again a
significant number of patients present with syncopes
due to bradycardia in sinoatrial nodal dysfunction or
high grade av-block, entities only exceptionally en-
countered in a paediatric population.

Syncope in childhood and old age

The incidence of syncope significantly increases with
advancing age with relevant differences in the under-
lying causes leading to syncopal events.

In young children (below 10 years of age) neuro-
cardiogenic syncopes are the exception and other cau-
ses definitely have to be ruled out (epileptic seizures,
breath-holding spells, cardiac syncope). In the teenage
age group in contrast, neurocardiogenic syncopes large-
ly predominate with a significant female preponde-
rance [21] and represent 75% of all syncopal events. In
clear contrast to what is true for adult and elderly pa-
tients, a cardiac cause of a syncope in childhood is
found in only 2-5% of instances [22]. This proportion
of underlying cardiac cause for a syncope rises to 12%
in young adults and to over 30% in elderly people [23,
24]. In children the underlying causes mainly are car-
diomyopathies and channelopathies or more rarely con-
genital coronary artery anomalies, whereas in adults
coronary artery disease, sinoatrial nodal dysfunction,
SVT, av-block and valvar heart disease add to this list.

Sudden cardiac death throughout all ages

The only difference between syncope of cardiac origin
and sudden cardiac death is that in the latter you don’t
wake up again. Thus most of the above discussion on
syncope applies also in this section and needs not to be
repeated. Again sudden cardiac death is a very rare
event in young people and coronary artery disease
which by numbers is only an irrelevant cause of death
in children, becomes largely predominant in the adult
and elderly population [24]. Prevention strategies ba-
sically do not differ in the various age groups. In case
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of a high-risk profile in a paediatric patient the im-
plantation of an internal defibrillator in already small
children is feasible and effective [25] just as in any
adult patient. Whereas the main indication in adults
is ischaemic heart disease, in children the indication
usually is in a child with a high risk for sudden death
due to cardiomyopathy, channelopathy or operated con-
genital heart disease.

An interesting study recently found that in a place
where the different generations usually meet in daily
life, in schools, only 10% of sudden deaths observed, oc-
curred in children but 90% affecting teachers and other
adults, reflecting nicely the different risk profile in dif-
ferent age groups for the occurrence of sudden cardiac
death [26].
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