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Follow-Up of Radiofrequency Catheter Ablation in Chldren :
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Objectives. The purpose of this study was to determine the
outcome of a group of closely fettowed-up pediatric patients who
had undergone radiofrequency ablation for cardiac arrhytbmias .

Background. Although radiofrequency ablation in children has
been shown to be effective and safe in the short term, results of
longer term follow-up of these children must he considered when
determining the place of radiofrequency ablation in the manage,
meat of pediatric arrhythmias .

Methods. One hundred children aged 2 months to 17 years
underwent a total of 119 radiofrequency ablation procedures for
cure of tachyardia. Follow-up clinical data, electrocardiograms
and 24-h Holler monitors were obtained and analyzed .

Resahs. All patients were alive, anti nine were last to follow-up
after a mean follow-up of 21.5 months (range 6 In 50), Fncress at
tact follow-up included necessary pathways in 66 (89%) of 74
patimh, atrioveateleular (AV) node reentry in IS ( %) of 17,
lapaatdd reentry In 2 (67%) of3, ahial Hotter in 3 (100%) of 3,
atrlal ectople lachycardla & 2 (67%) of 3, junctional edopic
tachyardla In 1 (100%) of I and ventricular tachyardia in 2
(100%) of 2 (overall success, 90 [50%] d 100). All recurrences
were observed with& 6 months of ablation . Major and minor

Radiofrequency catheter ablation is a nonsurgical technique
for the cure of cardiac arrhythmias . Since its introduction
into adult and pediatric cardiology practice 4 years age, the
use of the technique has spread widely . It has now replaced
open heart surgery in the care of many patients with drug-
refractory arrhythmias . In addition, children and adults who
would not otherwise be candidates for surgical intervention
are now undergoing radiofrequency ablation at many cen-
ters. The initial results of ablation in children have been
excellent, with a low rate of complications (1-8). The
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complications (7%) included chest burn (one patient), feet microem-
Wus (two patients), he raider a Without pulse loss (four patients),
femoral arteriovenous fu;ula requiring repair (one patient) and
transient )tobite I AV block (one patient). Immediate c,
recwre oce and cernplk-atioa rules were stndias-in the ?12-year old
versus the < 12-year old group .

	

as, available in 109
192%) of tt9 patients, showed pasuikkpsceedure-related a
iris in 2 (mural regurgitation in 1, tricuspid

	

'tint in 1, troth
mild), with ten aortic insufficiency , after 30 kftsided ablutions per-
formed by the u approach . Fellow up Halter moniturs,
available in 77 (77%) of 110 patients, showed luvwibie procedure
related abnormalities in 5 (frequent atria) eetopie tadsycardia in 2,
otrial Rorer in 1, accelerated ventricular rhythm In 2) . There were
no early or bate deaths .

Conclusions. In children, the risks of radrofregneney ablation
are low at follow-up evaluation . Longer-term follow-up of chil .
dren undergoing radlofregoency ablation will be necessary to
determine whether coronary abnormalities or serious new ar-
rhythmias -will develop.

(J Am Calf C.vatial 1994;23:1651-9)

long-tern safely of the technique has not been established,
however . Still unresolved are questions of whether radiofre-
quency lesions might eventually lead to new arrhythmias due
to the myocardial scar, to coronary abnormalities due to the
proximity of these vessels to the site of lesion or to an
increased incidence of radiation-induced malignancy . Chil-
dren may have a different or higher risk for these theoretic
2roblems because of continued growth and cardiac develop-
ment, as well as potentially longer life span and therefore
time available for the occurrence of problems. Reports of the
use of radiofrequency ablation to date have focused on
immediate results, with only limited inclusion of follow-up
information . Despite the fact that these issues remain unre-
solved, radiofrequency ablation has become the treatment of
choice at many centers . Before the technique becomes the
standard of care, it is critically important that the outcomes
of these patients are examined carefully .

It is nearly 4 years since the first radiofrequency ablation
in a pediatric patient was performed at ourcenter in 1989 (1).
The purpose of this report is to present the safety and
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efficacy of the technique in a consecutive series of pediatric
patients who have been carefully followed up clinically for
up to 4 years .

Methods
Patients . All pediatric patients undergoing radiofre-

quency catheter ablation at ourcenter forany diagnosis were
included it.. the follow-up study . Because the aim of the study
was to assess the effect of the procedure in patients who are
still growing and developing, only patients aged 517 years at
the time of the initial procedure were included .

Radiofrequency ablation techniques . The protocol was
approved by the Committee on Human Research, and writ-
ten informed patient consent was obtained for the proce-
dure . Several patients in the series have been previously
reported as part of inclusive series of all patients undergoing
catheter ablation at our institution (1,2,9-II), the methods
have been previously described . These methods are briefly
described here .

For the last 2 years of the series, patients began receiving
oral aspirin 3 days before the procedure . Premeditation was
administered using oral pentobarbital (5 mg/kg body weight)
and either morphine (0 .05 mg/kg) or methadone (0.1 mg/kg).
Additional intravenous sedation was administered when
necessary with either pentobarbital (2 mg/kg) or morphine
(0 .05 mg/kg). An initial electrophysiologic study was per-
formed for definition of arrhythmia mechanism and intracar-
diac mapping. Anticoagulation (in all left-sided cases) was
achieved using 100 ltg/kg of intravenous heparin, and acti-
vated clotting times were measured, with additional doses of
heparin given to maintain the activated clotting time at
>240 s, Radiofrequency lesions were created, as previously
reported (2,9), using a 7F or 6F steerable quadripolar elec-
trode catheter with a large (4 mm) distal electrode (Mansfield
Scientific, Inc . or EP Technologies) . Radiofrequency current
was supplied using a radiofrequency lesion generator (model
RFG3B, Radionics Corp.), and up to 32 W of continuous,
unmodulated current at 500 kHz was delivered between the
distal pole of the ablation catheter and a large surface area
skin electrode. If a sudden increase in telemetered voltage
and decrease in current occurred, indicating an increase in
impedance, application of energy was immediately discon-
tinued, the catheter was removed, and the distal electrode
was cleaned before reintroduction . Otherwise, energy was
delivered for up to 100 s at each site. Often, short "test"
applications were given, observing for changes such as loss
of pre-excitation or tachycardia termination, before a longer
application . One additional application was directed to suc-
cessful sites . Heparinization was not reversed with pro-
tamine at the conclusion of the procedure, aced no postpro-
cedure anticoagulation was administered.

Total fluoroscopic time for both the diagnostic and ther-
apeutic portions of the procedure was logged. Total proce-
dure time was recorded, from the start of the electrophysi-
ologic study (after insertion of catheters) until catheters were
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removed . The occurrence of both major and minor early and
late complications of the procedure was noted .

Accessory pathways. Energy was delivered to either the
atria] or ventricular side of the atrioventricular (AV) ring . In
four patients, mapping of the right AV ring was facilitated
using an intracoronary mapping wire (Spectramed), as pre-
viously described (2,12) . Left freewall pathways were ap-
proached either anterograde, through a patent foramen ovate
or after a transseptal puncture, or retrograde, under the
mitral leaflet or after flexing the catheter back into the left
atrium .

Attiovealrkalar node modification . In patients with AV
node reentrant tachycardia, modification was performed by
the anterior ("fast pathway") approach in the in , 5patients,
as previously described (13). or the posterior ("slow path-
way`) approach in the next 13 patients (12) .

Jundfoaol ectopic tachycaedle. In one patient with con-
genital junctional ectopic tachycardia, ablation of the junc-
tional focus and the AV node were performed, as previously
described (I) .

AtrW ectopk tachyardin and idiopathic ventricular taehy-
ardia. Automatic foci were located using a combination of
mapping to identify the site of earliest ventricular activation
and pacing from candidate sites to reproduce both surface
electrocardiographic (ECG) configuration and intracardiac
electrogram activation sequence . These sites were used as
the targets for application or radiofrequency energy.

AtrW loiter and IntraatrW reentrant tachyeae . As
previously described (II), sites of early atrial activation
during tachycardia were sought that exhi bited electrogram
fractionation. Sites that duplicated the tachycardia P wave
configuration and axis during pacing from these sites were
sought for energy application . In the most recent patients,
sites from which overdrive pacing resulted in entainment
without surface fusion and long stimulus to P wave latency
(i .e., concealed entrainment) were also sdught . In patients
with atrial flutter, these sites were in the low right atrium
between the inferior versa cava and tricuspid valve, In
patients with intaatrial reentrant tachyardia after congen-
ial heart disease surgery, these sties were always closely
related to a surgically created obstacle, such as an atriotomy
site.

Sateedfaguro. The procedural success rate was deter-
mined for each arrhythmia substrate for which radiofrc-
quency ablation was attempted . A procedure was defined as
successful if, at the end of the procedure, there was no
evidence of the particular substrate or accessory pathway by
electrophysiologie testing . The long-term success rate was
determined for each patient at last follow-up contact . Long-
term success ("cure") was recorded if, at the last follow-up
contact, there was no evidence of recurrence of the arrhyth-
mia diagnosis for which ablation was attempted . This in-
cluded a lack of both ECG evidence (e.g ., return of pre-
excitation) and clinical evidence (return of symptoms) . In
patients with multiple diagnoses (e.g ., AV node reentry and
Wolff-Parkinson-White syndrome), long-term success was
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determined if possible for each diagnosis . For patients with
mulHnle pathways, long-term success was recorded only if
then was no evidence of any recurrent accessory pathway
conduction or supraventricular tachycardia at last follow-up .

Follow-up procedures. The postablation follow-up proto-
col consisted of the following: ECG, 24 h am`ulatory ECG
(Holler monitor) and echocardiogram on the day after the
procedure; history and physical examination, ECG and
Halter monitor 2 months later and at yearly intervals there-
after; and any other tests indicat.d by findings on these
studies . In many cases, these follow-up visits and studies
were performed locally by referring physicians. Follow-up
electrophysiologic studies were not routinely recommended
in asymptomatic patients .

Attempts at direct contact of all patients and their parents
were made as part of this study . The status of the patient was
ascertained with respect to symptoms referable to the car-
diovascular system and, in particular, symptoms that might
indicate recurrence of the original arrhythmia substrate,
occurrence of a new arrhythmia or occurrence of a late
complication . In those patients with symptoms suggesting
new or recurrent arrhythmias, documentation was sought at
follow-up visits by ECG. 24-h ambulatory ECG monitoring
or transtelephonic event monitoring.

All referring physicians or primary care physicians, or
both, were also contacted for information on all local follow-
up visits . Copies of ECGs, Holler monitors, echocardio-
grams and any other studies were obtained from referring
physicians for analysis at our center .

Statlstksl methods. The group of patients aged < 12 years
was compared with the group aged > 12 years with respect to
presenting diagnosis, initial success rate or ablation and
complication rate, and the mutts were analyzed by the
chi-square test . The time intervals from ablation to recur-
rence for the entire group and for the group with accessory
pathways were analyzed using life table methods, as de-
scribed by Cotton (14), and standard errors at each interval
were calculated by the method of Greenwood (14), using the
recommended follow:up intervals for the life table intervals
and excluding from analysis those patients with procedure
failure . The cumulative probability of remaining free of
recurrence for the patients with initially successful ablation
was graphed along with the standard errors at each interval .
The recurrence risks at each interval were compared for the
group <12 years of age versus the group 0012 years old by
the method of Greenwood (14) .

Results

Patients . One hundred patients (median age 12 .97 years,
range 2 months to 17.8, median weight 46 .4 kg, range 5.8 to
108) underwent 119 radiofrequency catheter ablation proce-

dures between August 28, 1989 and March 9. 1993 (Fig. I) .
Eighty-two patients underwent a single procedure, 17 under-
went two procedures, and I underwent three procedures .
Multiple procedures were performed either for multiple
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Figure 1 . Patient ages at time of initial radiofrequency catheter
ablation procedure.

substrates or for repeat ablation of recurrent substrates . In
98 patients, a single substrate was approached by ablation ; in
one patient, two substrates were approached (accessory
pathway and AV node reentry), and in one patient, three
substrates were approached (accessory pathway, AV node
reentry and atrial flutter). The primary indication for the
procedure was a life-threatening arrhythmia in 17 patients,
failure of antiarrhythmic medication in 42, adverse effects of
antiarrhythmic medication in 7, planned cardiac surgery in 2
and patient choice in 32 . Patients with failed therapy with
antiarrhythmic medications had taken a mean of 2.52 medi-
cations (range 2 to 5). Thirteen patients also had congenital
heart disease .

Radiofreyaency ablation procedures. Overall, an initially
successful ablation was achieved for 93% of arrhythmia
substrates (Table 1). Most initial failures occurred in at-
tempts at ablation of right-sided accessory pathways located
on the free wall. Mean fluoroscopic duration was 54 .2 min
(range 13 .3 to 240), and mean total procedure time was
203 .2 min (range 54 to 422).

The subset of patients aged < 12 years was similar to that

aged 0 12 years, both with respect to the diagnoses for which
ablation was performed and the initial success rates of the
procedure (Table 2) .

Forty-six procedures included ablation in the left atrium
or ventricle, all with. systemic heparinization. Two of these
were ablation of left atria) ectopic tachycardia (via a patent
foramen ovale), 3 were ablation of left ventricular sites of
ventricular tachycardia (retrograde), and 41 were ablation of
left free wall accessory pathways . The latter were via a
patent foramen ovate in 8, via transseptal puncture in 10 and
retrograde in 27 . All ablations performed after transseptal
puncture or via a patent foramen ovate were performed on
the atrial side of the mitral annulus . t o 5 of the 27 procedures
performed by a retrograde approach to the mitral annulus,
ablation lesions were directed to the atria( side of the
annulus, and in 22 they were directed to the ventricular side .
Four of the 46 procedures included two approaches because
of failure of the first approach .
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Table 1 . Procedural Success Rates for Specific
Arrhythmia Substrates*

She hundred twenty-three substrates were approached during 119abla-
len sessions in 100 patients. ITwcnly-five acnessoey pathways were con-
cealed ; 63 were manifest. lute posteroseplal and intermediate sepal groups
include fear and three pathways. respectively, that were slowly conducting
and decrelnentai in patients with (he permanent form d'junclimul recipro-
outing tachycardia .

Complications. Complications occurred as a result of
nine procedures (7 .6%) (Table 3) . One major complication
occurred : A patient developed a bruit over the femoral entry
rite where two venous sheaths and one arterial cannula had
been inserted . He had an angiographically proved arterio-
venous fistula that was repaired surgically without difficulty
or pulse loss . Minor complications occurred in eight proce-
dures: There were four significant hematomas without so-
quelac, three at femoral sites and one at a jugular venous

Table 2 . Compelson of Procedural Success Rates for Spacific
Arrhythmia Substrates by Age

Initial success
(no, of successfu0otal procedures)

Table 3. Immediate Complications Observed After 119
Ablation Procedures
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Complications Observed

	

Noo of Patients
Hemaloma (femoral) 3
Heeratolna (imemaljugular) 1
ArtaiOYeanus fistula (femun0 I
Foes pain consistent with microembolieatioe 2
Mild chest bum at she of ground patch I
Transient Mobitz 12nd-degree auioventricular block

	

1

site. Two patients developed a painful right foot, consistent
with the diagnosis of microembolization, that resolved
within several days. In both, left lateral accessory pathways
had been approached via the femoral artery on that side, and
procedure times were quite prolonged in both (5 h 10 min and
6 h, respectively) after introduction of catheters. A patient
with the permanent form ofjurtetional reciprocating tachy-
cardia underwent successful ablation of an intermediate
septal accessory pathway with Wenekebach conduction in
sinus rhythm immediately after the ablation. It was com-
pletely reversible with atropine and with isoproterenol infu-
sion and resolved several days later without return of
tachycardia. Finally, one patient developed chest redness at
the site where the grounding patch had been placed, and this
was considered a mild chest bum .

The incidence of complications in the group aged <12
years (4 17,3%] of 55) was similar to the incidence in the
group aged X12 years (5 [7.g%] 01`64).

Eehoardlography. A two-dimensional echocardiogram
was obtained within 24 h of the ablation procedure after
109 (92%) of 119 procedures, and in all patients who had
undergone left-sided ablation procedures. Findings were
unchanged in the 13 patients with coexisting congenital
heart defects . Fchocardiogaphic abnormalities that were
possibly due to damage to valve leaflets as a result of the
ablation procedure were sun in two patients. The first was a
7-year old child who had a left posterior paraseptal pathway
ablated by the retrograde route with the ablation catheter
positioned under the mitral leaflet . The echocardiogram
showed trivial mitral regurgitation that was quite eccentric
and apparently arising from the site ofthe ablation . A repeat
echocardiogram I month later showed persistence of the
regnrgitant jet, but the degree of regurgitation was still
trivial. Routine dental procedure antibiotic prophylaxis
against bacterial cndoearditis was recommended in the fu-
ture, however. The second patient was an 8-year old child
who had a transiently successful ablation of a right anterior
pathway, with introduction of the catheter into the ventricle
and positioning of the tip under the tricuspid valve leaflet .
The echorardiogam showed trivial tricuspid regurgitation
with a somewhat eccentric jet anteriorly . This had disap-
peared on a repeat study 1 month later . No aortic insuffi-
ciency was observed echocardiogaphically after any of the
30 procedures is which the aortic valve was crossed with an
ablation catheter .

DiagnosisPathway
Location

Initial Success
(no. of successful)
total procedures)

Sylr .Aomatie Recuseence
(so . of incurred)

low initial successes)
Accessnrypathwayst 79/88(90%) 9779(11%)

Right free wall 22/29(76%) 6/22 (27%)
Posteroseptalk 919(100%) u'9(0%)
Anteroseptalk 516(83%) 2/5(40%)
Intermediate septalt 313 (100%) 013M)
Left free wall 40141 (98%) 1/400%)

Ateovenlricularrode
eertry

18/18(100%) 3118(17%)

Atdalecopicmchyeardia 414(100%I 1/4(25%)
Atrial flutter 3/3 (100%) 01300%)
Inlreatrial reentry 5/5 (l00%.) 2/5 (40%)
Junctional eclopic

tachycardia
212(100%) 172 (50%)

Ventriculartachyeardia 3)3(100%) 113(33%)
All procedures 114/123 (93%) 171114 (15%)

DiagnosislPalhway' -:nfion Age <(2yr Age 012 yr
Aaessary pathways 37141 (90%) 42/47(89%)

Right free wall 1816 10113
Posternneptal 414 515
Anteroaeptal 2/2 314
Intermediate septa) 373 010
left free wall IN16 24/25

Atdovenaicular node reentry 6/6 12112
Atria) ecl .pic tachyemdie 2(2 2/2
Atria) flutter I/I 72
Intraatnal reentry
Junctionalectopic tachycordia

414
2/2

Ill
010

Ventriculartachycardia 0/0 3(3
All procedures 52156(93%) 62/67(93%)
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Electrocardiography . A 12-or IS-lead ECG was obtained
after 119 (100%) of 119 procedures, and these studies
showed no serious abnormalities . No signs of coronary
ischemia, such as abnormal Q waves or ST segment change,
were noted . Three patients had developed right bundle
branch block after ablation of anterosepta! accessory path-
ways . One patient had Mobitz I conduction. Five patients
had first-degree AV block after AV node modification by the
anterior approach, as expected . Patients with manifest pre-
excitation with either failed ablation or immediate recur-
rence showed pre-excitation . Two patients had prolonged
QT intervals after ablation of manifest accessory pathways .
Subsequently . ECGs were obtained in 100 of 100 of patients
at follow-up visits with referring physicians. In some cases .
recurrences were diagnosed on the basis of these tracings
(Table 1). Both patients with QT interval prolongation noted
immediately postablation had persistent QT prolongation on
follow-up ECGs . Both patients had had symptoms consis-
tent with the long QT syndrome (e.g ., syncope or aborted
sudden death) and are being treated with beta-adrenergic
blocking medications . No signs of coronary ischemia, such
as abnormal Q waves or ST segment change, were noted in
any patient.

Twenty-four hour ambulatory eleetrncardiography . A
24-h Holier monitor was obtained within 48 h after 110 (92%)
of 119 procedures. One of these had an episode of supraven-
tricular tachycardia captured on the recording. Otherwise,
no significant supsaventricular or ventricular ectopy was
recorded, and there was no abnormal bradycardia .

Subsequently, 24-h Holler monitors were obtained in 77
patients (77%) at follow-up visits with referring physi-
cians . Patients who had not had Holler monitoring were
contacted, and none had developed new symptoms, such as
chest pain, syncope. palpitations or tachycardia. The mean
interval from last ablation procedure to last Holler monitor
was 7.2 months (range 0 .5 to 34.6) . In two patients, there
were frequent premature atrial contractions that had not
been seen on the preablation or immediate postablation
Holier monitor. Both patients had undergone AV node
modification by the posterior approach . In two patients,
significant ventricular ectopy was recorded . The first patient
had undergone two ablation sessions for AV node modifica-
tion by the posterior approach at age 14 years, with appli-
cation of energy in the mouth of the coronary sinus on the
second attempt. The recording showed several short epi-
sodes of nonsustained ventricular rhythm at a rate of
150 beats/min in the early morning hours . There were no
other abnormal lies, and he continues to be asymptomatic .

The second patient was 2 months of age at the time of
ablation for the permanent form of junctional reciprocating
lachycardia. He presented at 5 weeks of age with severe left
ventricular dysfunction and an echocardiogmphically deter-
mined percent fractional shortening of 5%. The administra-
tion of fiecainide and of sotolol in this patient had been
associated with the development of ventricular tachyeardia .
Itadiofrequency ablation involved delivery of four lesions to

VAN HARE ET AL .
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the posterior septa] region at 5 to 16 W . After successful
ablation, clectrophysiologic study showed frequent prema-
ture ventricular contractions during isoproterenol infusion .
Both telemetry and a Holier monitor I week after the
ablation showed frequent uniform premature ventricular
contractions as well as several episodes of nonsustained
ventricular accelerated rhythm at a rate of 180 beats/min .
The sinus rate at these times was slightly slower . He was
treated with amiodarone for 3 months, and a follow-up
recording 3 months later showed no significant ventricular
ectopy and no tachyeardia. Amiodarone was successfully
withdrawn .

One patient developed frequent paroxysmal atrial flutter
seen on a follow-up Holier monitor, as well as clinically,
after two successful ablation sessions for two right-sided
accessory pathways associated with Ebstein s anomaly . It
was unclear whether atria) flutter had occurred spontane-
ously prior to ablation . Immediately after the second abla-
tion, he underwent uncomplicated surgical closure of an
atria) septa) defect.

Clinical folluw.up and risk of reenerence. Themeaninter-
val from the initial ablation procedure to this study was 21 .5
months (range 6 to 50 months). All patients were seen at
least once in follow-up by their referring physician after the
procedure . Subsequently, four patients were lost to follow-
up . All had been asymptomatic, without signs of recurrence
at that last follow-up evaluation . At the time of the last
clinical contact, 90 of all patients (90%) were completely

asymptomatic, with no signs of recurrence of tachyeardia
(Table 4) . Five patients underwent transtelephonic event
monitoring to evaluate symptoms of "palpitations ." In four,
only sinus rhythm or sinus tachycardia was diagnosed . In
one, recurrent tachycardia was diagnosed, prompting repeat
ablation . [here were no deaths and no reports of syncope or

chest pain in the group. No malignancies were reported
during the follow-up interval .

Life table analysis for patients who had initially success-
ful ablation showed that the chance of remaining free of
arrhythmia was 86 .3% at 6 months. with no further increase
in risk after 6 months (Fig. 2). This analysis excluded
patients who had unsuccessful procedures, and procedures
in patients who had two accessory pathways approached at
a single session were entered only once . Most recurrences
were observed in the 1st 2 days after ablation, and nearly all
were evident by 2 months (Fig . 2) . When patients with
ablation of accessory pathways were analyzed separately,
the chance of remaining free of recurrence was slightly
higher (89.5%) (p = NS), but the time course of recurrence
was similar in that all recurrences were evident by 6 months
(Fig . 3) . Among patients with accessory pathways, the
highest risk of recurrence was observed in the group with
right free wall pathways (27%) (Table 1) . When patients < 12
years of age were compared with patients w12 years of age,
the chance of remaining free of recurrence was nearly
identical (86 .4% vs . 86 .2%) (Fig . 4).
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Table 4. Clinical Status of Patients at Last Follow-Up

Discussion
Follow-up data from adult series. To date, reports of the

use of radiofrequency catheter ablation have emphasized
initial results and complications and have included limited
follow-up data. Jackman et al . (15,16) reported mean follow-
up intervals of 8 .0 and 15.3 months in adult patients under-
going ablation of accessory pathways and AV node reentrant
tachycardia, respectively, and Calkins et al . (17) reported a
mean follow-up interval of 10 months in patients after
accessory pathway ablation . Recently, Greene et al . (18)
reported follow-up of I to 59 months in 310 patients after
radiofrequency ablation for supraventiicular tachyarrhyth .
mias . No late development of arrhythmia was noted, except
in one patient who developed polymorphous ventricular
tachycardia after AV junction ablation (18) .

The long-term outcome of patients who have undergone
direct current ablation is somewhat better studied . The

Figure 2 . Life. ale analysis of entire group after initially successful
ablation. Probability of remaining free of recurrence is plotted on the
Y axis (*-SE) . Numbers superimposed ea graph indicate number of
patients available at start of the interval. d = days ; m = months.
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'One patient was symptomatic after two arrhylbmia mechanisms (accessory pathway and atrioventricular [AV]
node reentry), and one was symptomatic after three mechanisms (accessory pathway. AV node teeny and a trial
flatter).
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Percutaneous Cardiac Mapping and Ablation Registry re-
ported a 1 .8% incidence of sudden death after direct current
ablation of the AV junction up to 13 months after the
procedure (19) and a 13% incidence of sudden death after
ablaiion of vehtricular tachycardia (20) . In the latter group,
most deaths were probably due to recurrence of the original
arrhythmia . However, two patients had a new morphology
of ventricular tachycardia documented after ablation, and
the investigators could not exclude proarrhythmia due to the
ablation . Perry et al. (21) reported one child who died after a
documented ventricular fibrillation arrest 6 years after suc-
cessful AV junction ablation using direct current . This child
had ventricular tachycardia after the ablation, and examina-
tion of the heart at utopsy showed clear ventricular scars in
two locations.

Flgme 3. Life table analysis of the group with accessory pathways
after initially successful ablation. Probability of remaining free of
recurrence is plotted an the Y nab (OSE). Notation; superimposed
on graph indicate number of patients available at start of the
interval. d = days; m = months.
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Diagnosis • "Cured"Rotal "Cured" or ImprovedlFatal Not Improvedfrotal
Accessory pathway-mediated tachycardie 6674 (89`%) 67174 (90%) 7174(107)
Right free wall 14118(78%) 15118(83%) 5118 (28%1
Pasteroscplet 99(100%) 9NIIOD%) 0(0%)
Antemseplel 3)5(60%) 315 (60%) 215 (40%)
Intermediate reptal 391100%) 39 (1001%) 013 (0%)
Left free wall 39/39 (100%) 39991100%1 0/391100%1

Alnoventncularnode reentry 15117(88%) 15117(98%) 2/17(12%)
MOM emopc techycardia 2/3 (67%) 31,1100%) 010%)
Alrial flutter 313(100%) 3/3(100%) 0(0%)
lmraatdal reentry 2/3 (67%) 39(100%) 0(0%)
Junctional e,topic tachycaedia 111(100%) I/n(IO%) 0(017 )

Ventricular tachycardia 212 110) 2/21100%) 0(W)
All palieets' 90/10019D%) 911100191%) 9/100(9/%)
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Flgare 4. Life table analysis of patients a 22 versus <12 years oldafter initially successful ablation . Probability of remaining free ofrecurrence is plotted on the Y axis l±SE) . d = days: m = months .

Followmp data from pediatric series . Follow-up data in
children undergoing radiofrequency ablation procedures
have been less extensively reported than in adults . It may
not be reasonable to assume that the long-term conse-
quences of the procedure will be similar to those beingreported in adults for several reasons : Pediatric patients
referred for catheter ablation procedures have a higher
incidence of congenital heart disease than adult patients
(13% of our series) . After the ablation, children grow and
develop, including the coronary circulation and the sympa-
thetic nervous system. Finally. the immature myocardium
may be more vulnerable to thermal injury than mature
(adult) myocardium, as several recent animal experimentshave suggested (22,23) . These considerations raise the spec-
ulation that ablation in young patients may put the coronary
arteries at risk or may be potentially more proarrhythmic
than in older patients, and this concern suggests that that
pediatric patients undergoing radiofrequency ablation de-serve long-term clinical follow-up .

Our group (2) previously reported follow-up intervals of Ito 16 months, and Dick et al. (3) reported intervals of `4 to 12
months. More recently, Saul et al . (6) reported results of
accessory pathway ablation in 56 patients aged < 18 years,
with a median follow-up interval of 7 months (range 1 to 23) .
One patient, a I-month old infant, died suddenly 2 weeksaflera successild ablation . Because of the lack of an alternative
explanation, the presumed cause was pruarrhythmia related to
the ablation procedure (6) . Other late-appearing complications
were not noted in this group . However, that study did not
include postablation echocardiograms in most patients, and
24-h ECG monitoring was only performed when appropriate .

Implications of recurrence and long-term cure data . It
should be noted that Tables I and 2 deal with procedures in
the denominator, whereas Table 4 deals with patients in the
denominator. One might ask, for patients with accessory
pathways, if90% were successful and 10% recurred, why the

VAN HARE ET AL .

	

1657FOLLOW-UP OF ABLATION IN CHILDREN
long-term cure rate is 89% and not 80% . The reason is that a
significant number of patients had multiple procedures,
either for recurrence or for initial failure with a subsequentattempt that was successful . Some of the 10% who had
initially unsuccessful procedures subsequently were suc-
cessfully ablated and are counted in the 89% with long-termcure. and some of the patients who had a recurrence had
successful repeat ablation and also are counted in the 89%
long-term cure group . The patients in the "not improved"
group are those who had a recurrence and did not haverepeat ablation, those with failed repeat ablation and thosewith failed initial ablation . The clinician, when counseling a
patient with an accessory pathway who is a potential candi-date for ablation, on the basis of Tables I and 4, can say thatthe chance of initial success is -90%o, that the chance of
recurrence is -10% and that the chance that they will
experience long-term relief of symptoms is -90%, provided
that they are willing to participate in the complete program,
which includes close clinical follow-up and repeat ablation ifappropriate . Furthermore, if they are followed up to >6months and have no clinical evidence of recurrence, their
likelihood of remaining asymptomatie is excellent . How-
ever, if there is evidence of a right free wall accessory
pathway by ECG, one would quote a somewhat lowerlikelihood of success and a somewhat higher risk of recur-
rence on the basis of these data . Finally, these data suggest
that procedural success rates, procedural risks and the risk
of recurrence in patients aged < 12 years are as favorable as
in the older age group . Therefore, these data do not suggestthat delaying elective ablation procedure solely on the basis
of age is justified .

Electrocardiogram and Holter findings . In our series, we
identified no serious new arrhythmias after ablation . The
minor arrhythmias that were observed unlikely to be related
to the ablation procedure . For example, the patient who
developed atria) flutter had tricuspid regurgitation because of
Ebstein's anomaly of the tricuspid valve, a dilated right
atrium and an atrial septal defect for which he underwent
surgical closure. In the two patients with frequent prematureatrial contractions, the axis of the P waves of the premature
atria] beats was superior, raising the possibility that they
were slow AV node echo beats related to the original
substrate for AV node reentry . Finally, the 2-month old
infant with the permanent form of junctional reciprocating
tachycardia clearly had ventricular ectopy before the abla-
tion, and the extremely poor ventricular function certainlywas a risk factor for ventricular arrhythmia . 'the decision to
treat with amiodarone for a limited period, however, was
influenced by the experience of Saul, et al . (6), who reported
a sudden death in an infant after radiofrequency catheter
ablation (6) .

Findings on echocardiography . The results of echocardi-
ography after radiofrequency catheter ablation suggest thatit is possible to injure the cardiac valves in children by
catheter manipulation or delivery of energy . Minich et al .
(24) have reported a significant incidence of aortic insulfl-
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cieacy after ablation of left-sided accessory pathways by the
retrograde route and have recommended that such pathways
be approached by the anterograde route, utilizing transseptal
puncture if necessary (24). However, Lesh et al . (25) re-
ported one episode of transient coronary air embolism in an
adult patient undergoing ablation of a left-sided pathway
using transseptal puncture . The episode was associated with
the exchanging of catheters through the Mullins sheath
positioned in the left atrium and was clearly due to the
introduction of air into the long sheath during the exchange .
A recent study by Lesh et al (26) suggests, however, that the
overall success rate of the transseptal approach is similar to
the retrograde approach, but the procedure is done more
rapidly when performed by the transseptal approach . Al-
though we have observed no aortic insufficiency in any of
our pediatric patients who underwent radiofrequency abla-
tion by the retrograde route, we remain quite concerned
about the possible complications of both the retrograde and
the transseptal routes. The lowest risk approach may well be
to introduce the catheter via a patent foramen ovate because
this avoids the use of long venous sheaths as well as crossing
the aortic valve . A patent foramen ovale is much more likely
to be present in younger patients (27) and, if present,
provides one rationale for recommending radiofrequency
ablation at earlier ages .

Risks of radiation exposure. Calkins et al. (28) estimated
the increased risk of fatal malignancy due to an average of
I h of fluoroscopy exposure in their laboratory at 0.1%,
assuming an average patient age of 35 years . The average
duration of fluoroscopic exposure in our series was similar
to that of Calkins et al (28) . The risk of this exposure in
children, however, would be somewhat greater, because of
their somewhat longer life expectancy . In addition, the
calculations of Calkins et al . were based on measurements
made in their laboratory with adult patients . The estimated
absorbed doses in different laboratories in smaller body sizes
would most likely be different .

Importance of follow-up studies in cwt-benefit analyses .
The use of radiofrequency catheter ablation in the manage-
ment of patients with symptomatic tachyarrhythmias has
become widespread in both adult and pediatric age groups
(29) . The rapid adoption of this technique is certainly due to
the macellent success rate of the technique in such patents,
as well as to the remarkably low initial complication rate
observed by most physicians performing these procedures.
Recently, investigaturs have compared the cost-effectiveness
of radiofrequency ablation techniques to the principal olter-
natives previously available in such patients . namely s urgi.
al ablation and long-term anliarrhythmic therapy (9,30-32) .
In adult patients who would otherwise be considered candi-
dates for surgical ablation, the cost of radiofrequency abla-
tion is dramatically lower than the cost of surgical abiation
(9,30) . Furthermore, even when patients were considered
who would otherwise be offered antiarrhythmic medication,
the costs of radiofrequency ablation were still significantly
lower than the costs of medical management (31,32) . The

JACC Val . 23. No. 7
June 19901651-9

latter prediction should apply to children with Wolff-
Parkinson-White syndrome, and the cost advantage of cath-
eter ablation should be at least as large considering the
longer expected life span during which children may incur
medical costs. These analyses rely on assumptions that the
creation of cardiac lesions using radiofrequency energy will
have little or no long-term adverse consequences . If this
assumption is incorrect, and long-term cardiac problems
develop as a result of these procedures, then the conclusions
that radiofrequency ablation is cost-effective could be incor-
rect. Therefore, before the use of radiofrequency ablation
becomes the standard of care for the management of pedi-
atric patients with tachyarrhythmias, it is critically important
that careful follow-up studies of patients undergoing these
procedures be performed. This report provides some initial
data to support these analyses and conclusions, but even
longer term follow-up of these patients will certainly be
necessary.

Study limitafions, The findings of this study are limited in
the following areas: 1) Although the follow-up interval in our
study is longer than in previously reported pediatric series,
this study cannot exclude a risk of very late development of
complications, and continued follow-up will be necessary .
2) Patients in this series did not undergo either follow-up
coronary angiography or routine follow-up electrophysio-
logic study unless there was evidence of recurrence or an
additional substrate for tachycardia. It is debatable whether
the additional risk involved in such procedures is warranted
in asymptomatic patients without signs of coronary abnor-
malities or new arrhythmias on noninvasive studies, and
Saul et al . (6) have reported normal coronary angiogtams in
14 pediatric patients after catheter ablation . Future studies
will address these questions by less invasive techniques .
such as exercise testing and cardiac scintigrphy . 3) The
group of patients aged <2 years at the time of ablation
represents a small subset in which short- and long-term risks
may well be different that in the larger pediatric population .
Multicenter studies will most likely be necessary to accu-
rately assess these risks. 4) The true risk of malignancy may
be difficult or impossible to determine because it is an event
that may require a20 years to detect, and the sample size
necessary to determine an increased risk is likely to be very
large.

Concluslas. We found that the short- and intermediate-
term risk of complications after rdiofrenuer-.y ablation in
pediatric patients is quite low . Our findings in a carefully
followed-up group are very encouraging. Studies to evaluate
the long-term risk of radiofrequency catheter ablation in
pediatric patients will be critically important when assessing
the place of these innovative techniques in the overall
management of children with cardiac arrhythmias.

We am indebted to Jdien 1 . E . Hof , MD, for help and advice eoocemiog
ealisliW analysts.
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