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Editorial Comment

Radiofrequency ablation in children

Christopher Wren

Freeman Hospital, High Heaton, Newcastle upon Tyne, UK

IT IS NOW ABOUT TEN YEARS SINCE RADIO-
frequency ablation was introduced for
treatment of paediatric arrhythmias. In that

time, it has gone from being an experimental
procedure to be the main definitive treatment for
many types of tachycardia, and it now offers a real
prospect of cure. This is an appropriate time for an
evaluation of the procedure, particularly its indica-
tions, efficacy and safety in paediatric practice. Any
new procedure is introduced with a mixture of
enthusiasm and caution. We now have sufficient
experience and evidence to be able to define the role
of radiofrequency ablation in treatment of children.

Paediatric cardiologists have a responsibility to
evaluate and monitor the efficacy and safety of this
treatment and, in order to do so, need to take
account of immediate rates of success, rates of
recurrence, and persisting success. It is only by
collecting and publishing the results of radiofre-
quency treatment that we will be able to identify
areas for future research or technical development.

Decision making in treatment

Options for long-term management of children
with tachycardia include no treatment, drug
therapy, and radiofrequency ablation. The appro-
priate choice can only be made with knowledge of
the natural history of the arrhythmia. Many
arrhythmias which present in infancy, such as atri-
oventricular re-entry tachycardia and atrial ectopic
tachycardia, have a significant chance of sponta-
neous resolution. Others, such as permanent junc-
tional reciprocating tachycardia, are likely to persist
in the long term. The majority of symptomatic
tachycardias presenting beyond early childhood are
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likely to need a long-term plan for treatment. Perry
and Garson1 showed a low spontaneous resolution
rate of Wolff-Parkinson-White syndrome
presenting beyond infancy, and similar findings
have now been reported by Vignati et al.2 in this
journal. Wu et al.3 also showed that most patients
with supraventricular tachycardia due to atrioven-
tricular re-entry causing symptoms beyond the age
of five years will have a persisting problem. Other
tachycardias, such as atrioventricular nodal re-
entry tachycardia, permanent junctional recipro-
cating tachycardia, atrial ectopic tachycardia, and
atriofascicular re-entry tachycardia are also likely to
persist when first encountered in childhood. Most
of these arrhythmias encountered in childhood and
producing problems over the long term are
amenable to treatment with radiofrequency abla-
tion. Indeed, Garson and Kanter,4 using a model of
cost effectiveness in the treatment of Wolff-
Parkinson-White syndrome, concluded that
radiofrequency ablation is a better long-term
option than drug treatment or surgery.

Definitions

It is important that workers in different institutions
should use the same definitions to facilitate
comparisons between centres. The definitions of the
anatomical substrates for tachycardias, and the
criterions for diagnosis of the most common
arrhythmias, are well established. The accepted
terminology of the position of the substrates within
the heart, however, has recently been challenged.5

The time is ripe for improvement. Reports of results
should ideally include patients of the same age,
using the same definition of immediate success, the
same duration of follow up, and the same definition
of late recurrence. The Pediatric Electrophysiology
Society reported results from 46 centres in North
America and included patients aged up to 20
years.6 Other reports of ablation in children have
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upper age limits ranging from 10 to 59 years.7'8

Periods of follow-up in published reports are short,5

usually less than 12 months, and have not even
been defined in some reports,9 but even so-called
"long-term" follow up in early reports is necessarily
short.10 The Pediatric Electrophysiology Society
noted a continuing decline in freedom from recur-
rence over the first three years, both after ablation
of accessory pathways and modification of atri-
oventricular nodal re-entry tachycardia.10

Rates of success

Acute success of the procedure means that the
arrhythmic substrate is no longer demonstrable. It
is usually possible, by noting the ease and means of
abolition of the arrhythmia or its substrate, to
predict the confidence that acute success will
produce permanent cure. Some patients have infre-
quent arrhythmias, so that the final proof of
freedom from recurrence depends on the previous
frequency of episodes of tachycardia.

The Pediatric Electrophysiology Society reported
acute success in radiofrequency ablation' of accessory
pathways of 91%-6 With 71% freedom from recur-
rence by three years, this means that two-thirds of
patients undergoing radiofrequency ablation remain
cured at three years. The acute success of radio-
frequency modification of the atrioventricular node
was 96%, so that 77% freedom from recurrence
implies long-termcure in three-quarters of the
patients. The very large number of patients in this
report (3110 with accessory pathways and 920 with
atrioventricular nodal re-entry tachycardia) gives
narrow confidence intervals around the results.

Also in the current issue of this journal, Iturralde
et al.9 report an experience with 252 patients with
accessory pathways seen in the same institution up
to the age of 18 years. Their acute rate of success
using radiofrequency ablation was 84% after one
procedure, rising to 89% after some patients had had
two procedures. With 11% recurrence after their
unspecified period of follow up, the persisting rate of
success was 84%, with 95% confidence intervals
between 79 and 89%- In the same report, they
described 26 patients who underwent radiofrequency
modification of the atrioventricular node for nodal
tachycardia, with 100% success, and 95% confidence
intervals between 87 and 100%. With 12% recur-
rence during follow up, this gives persisting success of
88%, with confidence intervals of 70 to 98%.

The learning curve

When a new technique is introduced, we expect
improving results with improving experience. With

radiofrequency ablation, this should lead to higher
rates of success, reduced recurrences, fewer compli-
cations, and shorter procedural and fluoroscopic
times. The Pediatric Electrophysiology Society
reported their first 1546 procedures in 25 partici-
pating institutions.11 Performance continued to
improve beyond the first 100 cases. Acute success
of ablation rose from 70% to around 90% with
increasing experience, and procedural and fluoro-
scopic times continued to fall beyond the first 100
cases. Bubolz et al.10 described the experience of
two operators working in a single institution. They
used success in the "long-term", defined as at least
six months, rather than acute success as the
outcome. Only one procedure was effective in the
first ten performed and success stabilised at about
85% after 100 cases. There is evidence that
learning curves are shortened by education and
training12 so that latecomers to the technique do
not have to repeat the experience of pioneers.

Reasons for failure

Morady et al.13 identified various reasons for the
failure of radiofrequency ablation of accessory path-
ways. These included difficulties in positioning the
catheter at the target site, instability of the
catheter, poor contact between the catheter and the
myocardial tissues, errors in localising the pathway,
pathways located in epicardial pathway, pathways
close to the normal conduction axis, and recurrent
atrial fibrillation. In the face of such difficulties,
they recommend changing either the operator or
the approach of the catheter, the use of stabilising
sheaths to support the catheter, and more detailed
mapping. Even with such adaptations, which are in
general use, we still have less than 100% success. So
long as parents and patients are aware of this, then
with current technology it will remain a factor of
the procedure.

Complications

Most reports of experience of radiofrequency abla-
tion conclude that the procedure is "safe and effec-
tive", yet there are identifiable risks. The main
significant problem is the production of complete
atrioventricular block, caused by inadvertent
damage to the normal conduction axis. Other
serious complications are rare.6-14 The risk of atri-
oventricular block is greatest with radiofrequency
ablation of accessory pathways close to the conduc-
tion axis, or radiofrequency modification of atri-
oventricular nodal re-entry tachycardia. The risk of
heart block in the experience of the Pediatric
Electrophysiology Society overall was 1.2% over
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the period from 1991 through 1994.15 Block was
complete in almost two-thirds, and second degree
in the remainder. Complete block almost always
developed immediately, but second degree block
became manifest up to two months after the proce-
dure. Block was transient in one third, but perma-
nent in two thirds. The risk was 2.7% with
so-called "anteroseptal" pathways, 10.4% with
"midseptal" pathways, and 1.6% when the proce-
dure involved modification of the atrioventricular
node. The study was of sufficient size to define the
risk fairly precisely. The absence of complications in
smaller studies, however, does not imply absence of
risk. No case of atrioventricular block was observed
in 25 children under the age of ten undergoing
nodal modification in a report from the Pediatric
Electrophysiology Society, but the 95% confidence
intervals range between 0 and 14% in a study of
this size7. Iturralde et al.,9 in their current report,
produced block in one of their 26 cases, with 95%
confidence intervals for this occurrence varying
between 1 and 20%. A larger study from the
Pediatric Electrophysiology Society also identified
the smaller size of patients as being associated with
an increased risk of block. Small size is also a
predictor of increased risk of other complications, so
the indications for radiofrequency ablation in
infants and small children are few.16'17

Remaining challenges for radiofrequency
ablation

Radiofrequency ablation has a high rate of success
in treatment of arrhythmias due to accessory path-
ways and atrioventricular nodal re-entry. It is also
very effective for some less common problems, such
as permanent junctional reciprocating tachycardia,
atriofascicular re-entry tachycardia and atrial
ectopic tachycardia.18-19 It also has a role to play in
treatment of some types of ventricular tachy-
cardia.18 Technical developments are likely to
increase still further the rates of success.

So far, ablation of postoperative atrial and
ventricular arrhythmias has proved more difficult.
"Incisional" atrial tachycardia occurs after atrial
repair of complete transposition and Fontan-type
operations in particular, but can affect any opera-
tive procedure. Ventricular arrhythmias occur late
after repair of tetralogy of Fallot, or after Rastelli
operations. These arrhythmias have proved more
difficult to map and to ablate. It is probable that the
recent introduction of non-fluoroscopic three-
dimensional and non-contact mapping will prove
to be significant advances in this area, allowing
more rapid and precise identification of re-entry
circuits.20 Ablation catheters with cooled tips will

permit wider and deeper lesions to be produced.
This is likely to be of particular benefit in ablation
of patients with atrial and/or ventricular hyper-
trophy. These, and other, developments are likely to
expand the role of radiofrequency ablation in chil-
dren, and will improve the results of ablation of
postoperative arrhythmias so that they match those
currently achieved in structurally normal hearts.
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