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Long-Term Follow-Up of Amiodarone Therapy in the Young:
Centinued Efficacy, Unimpaired Growth, Moderate Side Effects

PAOLO GUCCICNE, MD,* THOMAS PAUL, MD,¥ ARTHUR GARSCN, Jr., MD, FACC%

Rome, ltaly, Hannover, West Germany and Houston, Texas

Long-term follow-up daia om young patients recelving
amlodarone is lacking, especially in relation to growth and
fate side effects. The records of 95 young patients (mean age
12.4 years; range 3 weeks to 31.5 years) who recelved
amiodarone were reviewed, Minimal follow-up time for
those continuing to take amlodarone was 1.5 years; the
mean duration of therapy was 2.3 years (maximal 6.5). The
mean malntenance dosage was 7.7 (1.5 to 25) my/kg body
welght per day, Initial success (based on symptoms and 24
h electrocardiogram) was achieved in 23 of 34 patients with
ventricular tachycardia, in 32 of 33 with atrial flutter and in
21 of 28 patients with supraventricular tachycardia. How-
ever, inn 7 of 33 patients with atrial Rutter, the archythmin
returned after 6 moenths, Patient growth continued in the
same percentiles achieved before amiodarone in all but
eight patients, improving in six and worsening in two with
severe underlying disease,

Proarvhythmia occurred in three patients: one had

torsade de pointes that disappeared when amiodarone
administration was stopped; (wo with severe anatomic
heart disease died suddenly during the loading period (one
with atvial futter and one with ventricular tachycardia).
Side effects occurved in 28 (29%) of the 95 putients:
keratopathy (In 11), abnormal thyrold fumction test (in 6),
chemical hepatitis (in 3), rash (in 3), peripheral neuropathy
(in 2), hypertension (in 1) and vomiting lin 1). All side
efiects disappeared when amiodarone was discontinued or
the dose was reduced.
1t is concluded that 1) amiodarone was an effective drug
for these young patients with tachyarvhythmins; 2) growth
was unimpaived; and 3) side effects were relatively common
but not severe (no pulmonary side effects). Amiedarene is
recommended only for young patients with life-threatening
arrhythmias that are resistant to conventional drugs.
{(J Am Coll Cardiol 1990;15:1118-24)

Treatment of arrhythmias in selected groups of children and
young adults has been shown to lessen symptoms and reduce
the incidence of sudden death (1-3). After the atrial switch
operation for transposition of the great arterics, 20% of
patients have atrial flutter and 21% of those with flutter have
been reported to die suddenly (3). Patients who undergo
ventriculotomy for repair of congenital heart disease have
been found to be at risk for sudden death from ventricular
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arrhythmias (1). Supraventricular tachycardia is generally
benign, but in some patients it is incessant (>90% of day and
night). These patients are at risk for the development of
cardiomyopathy, sometimes progressing to referral for
cardiac transplantation (4,5). Many children with life-
threatening arrhythmias respond to conventional antiar-
thythmic drugs (6-8), but many do not and have required
amiodarone.

Long-term follow-up data on young patients receiving
amiodarone is lacking, especially in relation to patient
growth and development of late side effects. The long-term
beneficial effects and toxicity of amiodarone have been well
described in adults (9). Coumel and Fidelle (10) reported on
135 children with a mean follow-up interval of 5 months; the
first 39 patients of their series were reported on after a mean
follow-up interval of 12 months (11). The 30 patients of
Bucknall et al. (12) were followed up for 23 months.

This report reviews our long-term results on efficacy and
toxicity of amiodarone in treating patients with resistant and
life-threatening arrhythmias. Each patient who is still receiv-
ing amiodarone has been followed up for >18 months.
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Methods

Study patients, We revicwed the charts of 95 patients
{mean age 12.4 vears. range 3 weeks to 31.5 years) who
received amiodarone. Of the 98 patients, 22 (23%) were >2
years of age, 33 (35%) were between 2 and 15 years and 40
(42%) between 15 and 31 years. The criteria for inclusion in
the study were: 1) children <18 years of age (those >18
years were inciuded only if they had congenital heart dis-
case); 2) All had “life-threatening” arrhythmias. Atrial
flutter or veetricuiar tachycardia were considered “life-
threatening” if the patients were symptomatic and the ar-
rhythmiz was sustained and required at least one hospital
admission for cardioversion. Supraventricufar tachycardia
was defined as “life-threatening™ if it was incessant, (that is,
>80% of u 24 h period): 3) The arrhythmia was unresponsive
to conventional drugs. Patients received an average of 2.7
drugs before amiodarone therapy was begun. Nonresponse
to conventional drugs was assessed by incicasing dusage
until symptematic side effects occwrred or the serum con-
centrations were well above the ““therapeutic range.” 4)
Follow-up of at lcast 1.5 years for the patients still receiving
the drug. Every patient started on amiodarone was included
regardless of duration of treatment. The mean duration of
therapy was 27 months (range i day to 6.5 years). Forty-six
patients (49%) received amiodarone for >2 years, 34 (36%)
for >3 years and 23 (24%) for >4 years.

Amiodarone protocol. All patients were admitted to the
hospital for initial loading therapy. All antiarrhythmic drugs
except digoxin were discontinued 3 days after beginning
amiodarone therapy. Digoxin dosc was reduced by half on
the third day of amiodarone therapy (13.14). During the
entire hospitalization (before and during treatment), cardiac
rhythm was monitored continually with 24 h electrocardio-
grams (ECG). Pretreatment laboratory data included: a 1§
lead ECG, chest radiogram, echocardiogram, complete
blood count with differential, serum glutanmic pyruvic trans-
amtinase (GPT), serum oxaloacetic transaminase (GOT),
urinalysis, serum triiodothyronine (T3}, thyroxine (T4) and
reverse T3. The laboratory tests were performed 1, 3, 6 and
12 months after beginning therapy and were repeated every
6 months thereafter. Ophthalmologic examination. including
slit lamp examination, was performed after 6 months; in all
patients after this time, the drug was approved and follow-up
ophthalmologic examination became voluntary. In a group
of 25 selected patients, trough serum concentrations of
amiodarone and desethyl-amiodarone were determined by
standard methods (15).

Amiodarone was administered orally in a dose of 10
mg/kg per day for 10 days and then decrcased to 5 mg/kg
aace per day. Since the findings reported in 1985 (16) that
infant dosage should be proportional to body surface arca,
ve have used a higher maintenance dose of 7.5 mg/kg per
¢ay in infants <2 years of age (keeping the dose per square
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meter approximately constant). The mainienance regimen
was continued for at least 1 month of therapy. If the
arrhythmia did not return, attempts were made (o decrease
the dose cvery 3 to 4 months. When a stable dose was
achieved, the patient was placed on the same daily dose for
5 of 7 days. If the arrhythmia recurred or did not respond
during initial loading treatment, the long-term dose was
increased 1o 10 mg/kg per day. if the arrhythmia was still
present after 3 weeks, the drug was considered to have
failed. The dosage was increased up to 25 mg/kg per day in
patients in whom the drug was initialy effective, but who
had recurrence of arrhythmia. If the reverse T3 was > 100
ng/dl, attempts to increase the dose were discontinued (17).

The drug was considered 10 be successful if patients had
no symptoms related to the arvhythmia and if the 24 h ECG
revealed no episodes of ventricular tachycardia (three or
more beats), atrial futter or supraventricular tachycardia for
at least 6 months. A partial success was defined as both a
decrease i the rate of atrial flutter, supraventricular tachy-
cardia or ventricular tachycardia and improvement of symp-
toms of congestive heart failure. This group was "acluded in
the analysis because the drug led to clinical improvement.
The arrhythmia was said to have “recurred™ if the arrhyth-
mia had been absent for at least 4 months and then reap-
peared with the patient on the same dose that had previously
been effective.

Data analysis. Electrocardiographic intervals (heart
rate. PR interval. QRS duration, corrected QT interval
[QT/VRR)D were compared before und during treatment.
However, a patient was excluded from this comparison if
1) an ECG with sinus rhythm was not available both before
and during treatment, 2) the patient had a pacemaker im-
planted, or 3) the patient was taking other drugs at the
beginning of amiodarone treatment that might have affected
ECG intervals,

Each patient's data before treatment were compared with
the same data after treatment by the paired ¢ test. Group
comparisons of numeric data were made by chi-square
analysis. Statistical significance was inferred if the probabil-
ity of a difference occurring by chance was <0.05.

Results

Cardiac arrhythmia and diagnosis (Fable 1). The most
commen cardiac diagnosis was postoperative repair of con-
genital heart disease in 33 (35%) of the 95 paticnts. The most
common arrhythmias treated were ventricular tachycardia
(36%) and atrial flutter (34%). OFf the 28 patients (29%) with
supraventricular tachycardia, the mechanism determined at
electrophysiologic study in 20 patients was: reciprocating
tachycardia through a Kent accessory bundle in 11 patients.
junctional ectopic tachycardia in 4, atrial ectopic tachycardia
in 3 and atrioventricular (AV) node reentry tachycardia in 2.
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Table 3. Follow-Up Data in 95 Patients

No. of Mean Duration of
Outcome Patients Treatment (yr)*
Success 42 (43%) 38 (1.5-6.5
Initial success with B (85%) 0.8 (0.5-3.8)
elective suspension
Initial success and 14 (15%) 1.4 (0.2-4.3)
nondrug-related death
Partial success 4 (5%) 1.3 (0.4-4.3)
Side effects leading to 12 (13%) 1.7 (0.2-4.9)
drug discontinuation
Failure 15 (16%) 0.3 (0.1-0.6)

*Range is shown in parentheses,

patients, the drug was effective and the patients continued to
receive amiodarone; mean duration of treatment in this
group was 3.8 years (range 1.5 to 6.5). Seven of these 42
patients experienced recurrence of atrial flutter after at least
six months of successful treatment with amiodarone (Fig. 2).
2) In cight patients, the drug was successful, but it was
stopped because the patient elected to have surgical treat-
ment of the arrhythmia (five patients) or the arrhythmia
stopped spontaneously (three infants).

3) Fourteen patients with congenital heart disease in
whom the drug was effective had in-hospital nonsudden
death due to progressive heart failure at a mean of 17 months
after beginning treatment (five after surgical repair, four after
surgical palliation and five with pulmonary vascular obstruc-
tive disease or surgically noncorrectable anatomy) (Fig. 3).
4) In four patients, the drug was partially effective, and in
three of them it was discontinued. Two infants had junc-
tional ectopic tachycardia; the first unuerwent successful
catheter ablation (18) of the ectopic focus and the other
patient died suddenly while asleep after 3 months of amio-
darone treatment. Sudden death is common in infants with
junctional ectopic tachycardia (19,20) and, therefore, the
relation of amiodarone and death is questionable. A 20

Figare 2. Percent of patients taking amiodarone by duration of
treatment. In each time interval, all patients not taking amiodarone
were removed (for example, ineffective treatment. elective discon-
tinuation, side effects, death).
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Figure 3. Percent of 95 paticnts remaining alive by duration of
treatment. The majority of the deaths were nonsudden (see text),

month old patient with incessant ventricular tachycardia
underwent successful surgical excision of veatricular tumor
(21) after 6 months of partially effective therapy with amio-
darone. The fourth patient, who is still receiving amio-
darone, is a 10 year old girl with atrial ectopic tachycardia
due to multiple foci (22); she underwent unsuccessful surgi-
cal therapy (23) at 6 years of age. [n this patient, amiodarone
is now partially effective in reducing the rate of the tachy-
cardia. 5) The drug was discontinued for side effects in 12
patients in whom it had been effective (see the discussion of
side effects).

6) In 15 patients, the drug failed. Five had incessant
ventricular tachycardia caused by a ventricular tumor; four
of these had subsequent successful surgical therapy (21), and
the fifth died from heart failure 3 months after the arrhythmia
had been successfully treated surgically. Two patients had
ventricular arrhythmia and severe congestive cardiomyopa-
thy, and both died sudd:nly after drug discontinuation.
Ventricular tachycardia was present in two additional pa-
tients. aged 11 and 17 years, both with pulmonary vascular
disease; in both, the drug was ineffective. Two patients, aged
6 weeks and 17 years, had supraventricular tachycardia
caused by a Kent accessory bundle. One of these patients
with severe Ebstein's anomaly died during an intractable
episode of supraventricular tachycardia after the drug had
been discontinued; the other underwent successful surgical
therapy (23). The drug was ineffective in two patients, one
with atrial repair of transposition of the great arteries and
atrial flutter (the only nonresponder in this group); the other
had atrial ectopic tachycardia and underwent subsequent
successful surgical therapy (23).

The mean duration of treatment in the unsuccessful group
of 1S patients was 3.1 months (range 0.1 to 7). The mean
dosage in the nonresponder group was significantly higher
than that in the responder group (11.7 * 6.9 versus 6.9 = 2.9
mg/kg per day; p < 0.001). Reverse T3 measurements were
performed in these patients, and were >50 ng/dl in all. The
last two patients included in the failure group were the
patients who died during the loading period.
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Diiscussion

Amiodarone efficacy. Our resulis confirm the long-term
high efficacy of amiodaronc in the management of young
patients with life-threatening arrhythmias that are not re-
sponsive to conventional drugs. The efficacy of amiodarone
in our study is similar to that reported by Coumel and Fidelle
{10) in a series of 135 pediatric paticnts, even though the
follow-up period in the present study is longer. Coumel and
Fidelle (10) observed complete control of the arrhythmias in
60% of their paticnts (compared with our 80%), partial
control in 33% (compared with our 4%) and failure in 7%
(compared with our 16%). In our expericnce, ventricular
tachycardia in paticnts with ventricular tumor or congestive
cardiomyopathy is the only arrhythmia that is relatively
resistant to amiodarone in young patients. Ventricular tachy-
cardia related to ventricular tumor in infants is rarely respon-
sive to any medical regimen, and surgery is an established
effective and curative therapy (21). The high mortality rate in
patients with drug-resistant symptomatic ventricular tachy-
cardia related to cardiomyopathy (24) may prove to be an
indication for heart transplantation. Excluding these two
groups of patients, the efficacy of amiodarone in treatment of
ventricular tachycardia was high (91%).

It has been demonstrated (2) that suppression of atrial
futter reduces the likelihood of sudden death. In our expe-
rience, amiodarone was extremely effective in the long-term
treatment of resistant atrial flutter. The arrhythmia recurred
in 27% of our patients with atrial flutter, but it was slower,
well tolerated and did not result in death. Many reports
(10,12,25) show a high efficacy of amiodarone in children
with Wolff-Parkinson-White syndrome and supraventricular
tachycardia. We have no comparable experience because we
prefer surgical treatment (23) of Wolff-Parkinson-White syn-
drome instead of long-term pharmacologic therapy. Our
results confirm the efficacy of amiodarone in the treatment of
junctional ectopic tachycardia. This arrhythmia is associated
with a poor prognosis when it occurs in neonates or infants
(19). A recent multicenter study (26) showed that amio-
darone was the antiarrhythmic drug with the highest rate of
success in the treatment of this arrhythmia. Therefore, we
recommend amiodarone treatment before catheter ablative
procedures (18) or surgical therapy (23) for junctional ec-
topic tachycardia.

Proarrhythmia. Torsades de pointes has been reported in
several children during amiodarone therapy (27) and was
documented in one teenager in our study. The death of two
of our patients during the loading period may be explained
by the severe heart disease and the terminal condition of
these patients. However, it is possibie that the drug contrib-
uted to their death. Therefore we consider it mandatory to
hospitalize all patients for initiation of amiodarone therapy.

All eight patients who required pacemaker implantation
were young adults with atrial flutter after atrial repair of
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complete transposition of the great arteries. Each patient
developed severe bradycardia during amiodarone treatment.
The American College of Cardiology and the American
Heart Association (28) recommend that a pacemaker be
implanted in all patients in whom ‘‘severe bradycardia
resulted from underlying sick sinus syndrome and treatment
with an antiarthythmic drug that suppresses the sinus
node.” We currently implant a pacemaker before beginning
amiodarone therapy in patients who previously had an
*“atrial switch’" procedure performed for transposition of the
great arteries.

Side effects. Our resuits confirm the relative safety of
amiodarone in children (10-12), with an overall lower inci-
dence of side effects than in adults. Al side effects were
reversible after the drug was discontinued or the dosage
reduced. Our data suggest that many side effects can be
avoided if doses are kept as low as possible. An overall 8%
incidence of side effects has been reported by Coumel and
Fidelle (10) after a mean duration of therapy of 5 months;
patients in the present series have been treated for a mean of
27 months of therapy, with a 29% incidence of side effects.
However. our patients developed fewer side effects (5.2%)
within the first 6 months of treatment, and we observed no
increase in incidence of side effects with longer duration of
treatment. In adult patients, however, the incidence of side
effects appears to increase with a longer follow-up period
(29). There are also major differences between adults and
children concerning the incidence and type of side effects.
Side effects were rare in patients <10 years of age (10-12).
In our study, only 4% of the patients <10 years of age had
side effects, in contrast to 44% of patients >10 years of age.
Pulmonary toxicity has not been reported in children (10~
12). Changes in thyroid hormone levels were demonstrated
in all studies of adult patients taking amiodarone (29--35). In
our series, the incidence of thyroid dysfunction was lower
(9%), and no patient developed symptoms. Thyroid test
results returned to the normal range in two of six patients
after the dosage of amiodarone had been reduced. Behav-
ioral changes, such as aggressiveness and nightmares, have
been interpreted to be the precursor of hyperthyroidism (10),
but our two patients with these symptoms had normal
thyroid tests. The incidence of dose-dependent hepatic ab-
normalities and their reproducibility in experimental animal
models suggest a toxic effect rather than host idiosyncrasy
(29). In our experience, the changes were transient and did
not progress. In two of our patients, hepatic function test
results normalized when the dose was reduced.

The different incidence of side effects in children, adults
and elderly patients (occurrence of myxedema is reported in
patients >70 years of age [29]) may be related to different
pharmacokinetics and pharmacodynamics of amiodarone at
different ages (36). Coume! and Fidelle (10) suggested that
amiodarone is more rapidly metabolized in young children.
Because severe side effects appear to be less frequent in
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young patients, if the pharmacodynamics and pharmacoki-
netics of amiodarone in children were better understood, it
might be possible to devise a method for reducing toxicity in

adults.
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