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Intravenous amiodarone was approved in 1995 for the treatment of malignant and resistant ventricular arrhythmia. Although it is an “old drug,” much has been learned recently about
this complex drug and its application in a variety of cardiac
arrhythmias. The objectives of this review were to summarize what
is known about intravenous amiodarone, including its pharmacologic and electrophysiologic effects, to review its efficacy for the
treatment of patients with highly malignant ventricular arrhythmia and to provide specific information about its clinical use for
this and other indications. The studies that were reviewed were
selected on the basis of time published (from 1983 to 1995) and
the completeness of information provided regarding patient clinical characteristics, drug dosing and methods of evaluation,
efficacy analyses, long-term follow-up and complications. The full
data from the three controlled trials that formed the basis of the
drug’s approval are contained in published reports that were also

extensively reviewed. Intravenous amiodarone has demonstrable
efficacy for the treatment of frequently recurrent destabilizing
ventricular tachycardia and ventricular fibrillation, with suppression rates of 63% to 91% in uncontrolled trials. The three pivotal
trials confirmed these findings and demonstrated a dose–response
relation, with at least comparable efficacy to bretylium, a drug
with a similar indication. The safety profile has also been well
described; cardiovascular adverse effects are the most frequent,
especially hypotension. Intravenous amiodarone is a useful addition to the drugs available for the treatment of patients with very
severe ventricular arrhythmia. Its use in patients with other
rhythm disorders appears promising, but final recommendations
must await development of definitive data from ongoing clinical
trials.
(J Am Coll Cardiol 1997;29:1190 – 8)
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Amiodarone has emerged as an important drug for the treatment of cardiac arrhythmia (1,2). Its clinical use is increasing
as evidence mounts as to its utility for a variety of forms of
atrial and ventricular arrhythmias. It can be anticipated that
indications for its use may broaden in the next few years as
several key clinical trials conclude (3,4). For example, the
European Myocardial Infarct Amiodarone Trial (EMIAT) and
the Canadian Amiodarone Myocardial Infarction Arrhythmia
Trial (CAMIAT) have been completed and the preliminary
results presented (5,6). It would appear that amiodarone has
the potential to reduce arrhythmic mortality in patients after
myocardial infarction, even though there was no difference in
overall survival.
Intravenous amiodarone, like the oral form, has been
available in several countries for many years (7,8). It was
originally used in the United States under licenses obtained by
individual investigators (9). When a U.S. firm obtained marketing rights in the mid-1980s, individual licenses were revoked, and the company began controlled clinical trials that

were completed in 1992. The data from those trials were
presented to the Food and Drug Administration in 1994, and
the drug was approved in August 1995 for the acute suppression of hemodynamically destabilizing ventricular tachycardia
(VT) and ventricular fibrillation (VF) refractory to therapy
with conventional antiarrhythmic drugs. The purpose of this
report is to review intravenous amiodarone, including its
pharmacology, efficacy and safety data, dosing recommendations and other relevant information, to provide a framework
for its proper clinical use.
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Pharmacology
Pharmacokinetics. As with the oral form, intravenous amiodarone has a complex pharmacology that begins with its
formulation (10). Because it is not water soluble, the commercial preparation uses a solvent—polysorbate-80 —that may
contribute to the hypotensive effect of the commercially available compound (11). Polysorbate-80 has also been shown to
decrease heart rate, depress atrioventricular (AV) node conduction and increase atrial and ventricular refractory periods
(12). Once infused, a large percentage of amiodarone is
protein bound predominantly to albumin and also to betalipoprotein and alpha-1 acid glycoprotein, an acute-phase
reactant (13,14). The drug is metabolized mainly by a P450
cytochrome oxidase (CYP3A4)-dependent oxidative deethylation. The principal metabolite is desethylamiodarone, which is
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Abbreviations and Acronyms
AV
5 atrioventricular
CAMIAT 5 Canadian Amiodarone Myocardial Infarction Arrhythmia
Trial
CHF
5 congestive heart failure
EMIAT 5 European Myocardial Infarct Amiodarone Trial
VF
5 ventricular fibrillation
VT
5 ventricular tachycardia

active and has an electrophysiologic effect similar to the parent
compound (15). Many other metabolic pathways are known to
exist, including glucuronidation, which precedes biliary clearance. A much smaller amount of metabolite is produced when
the drug is given intravenously rather than orally unless the
drug is infused for several days (16). Amiodarone is widely
distributed in the body after intravenous administration, and a
three-compartment model best explains its distribution kinetics (17). In addition to a relatively small central compartment,
there appears to be both a peripheral and deep compartment.
Highest levels of amiodarone and its primary metabolite have
been found in the deep compartment, which consists of lymph
nodes, liver, lung, and fat and has a steady state partition
coefficient relative to plasma of 100 to 1,000 (15). The peripheral compartment is composed of muscle and brain that
provide a smaller volume of distribution and a lower solubility
coefficient. This model helps to explain the observed phases of
plasma elimination after drug discontinuation, including a
fairly short initial half-life followed by a much longer elimination period as amiodarone redistributes from deep stores (18).
The longer the infusion of intravenous amiodarone, the
greater the amount of parent and metabolite that is deposited
in the deep compartment. The presence of a large, deep site of
distribution accounts for the delay in the onset of antiarrhythmic activity when smaller loading doses are used; a higher dose
is necessary to attain a myocardial and plasma concentration
during the time that the deep compartment is being filled (19).
Elimination is through the biliary system, with essentially no
renal component, so that doses need not be adjusted in renal
failure (20,21). Amiodarone cannot be removed with dialysis
(22). With the possible exception of massive hepatic failure,
systemic diseases, including congestive heart failure, do not
mandate intravenous amiodarone dose reduction, nor is there
any need to use lower doses in the elderly (23).
Drug interactions. Intravenous amiodarone, like the oral
form, would be expected to interact with a large number of
other drugs, either pharmacokinetically or pharmacodynamically, especially when used for several days (24). Amiodarone
inhibits the action of subtypes of the cytochrome P-450 enzyme
system. It will increase the levels of several drugs that are thus
metabolized, including quinidine, procainamide and warfarin
(25,26). The mechanism of the interaction between amiodarone and digoxin is complex, but amiodarone may double
steady state digoxin plasma levels when administered concomitantly (27). In addition, drugs such as barbiturates should
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decrease, and cimetidine may increase, serum amiodarone
concentrations. Perhaps more relevant to the use of the
intravenous formulation is the pharmacodynamic interactions
between amiodarone and a variety of drugs that slow the sinus
node and retard conduction through the AV node, including
beta-adrenergic and calcium channel blocking agents as well as
digitalis (28,29). This is particularly relevant in the treatment
of patients with underlying conduction system disease.
Electrophysiologic actions. Intravenous amiodarone has a
number of electrophysiologic actions by virtue of its diverse
effects on specialized and nonspecialized atrial and ventricular
tissue (30,31). It slows intraventricular conduction by blocking
the sodium channel; slows the heart rate and impedes AV
node conduction by blocking beta-adrenergic receptors and
calcium channels; and prolongs atrial and ventricular repolarization by inhibiting potassium channels (32). Sodium channel
block probably results from interaction with a number of
channel conformations (33,34). The net effect is slowing of
conduction that is frequency dependent (exaggerated at higher
heart rates). Nanas and Mason (35) have reported a significant
correlation between conduction velocity slowing and canine
ventricular myocardial concentrations during intracoronary
infusion. This early electrophysiologic effect was not accompanied by changes in repolarization. The antisympathetic effect is
caused by a noncompetitive alpha- and beta-blockade (36).
Although this effect may not be detected by a decrease in heart
rate, it may be an important factor in the suppression of acute
electrical instability. Depression of sinus rhythm and AV node
function in the early phases of treatment is a net result of
variable contributions of beta-adrenergic and calcium channel
blockade, either or both of which suppress triggered activity
and thus may explain the low proarrhythmia potential of
amiodarone (37). It may also be that these early electrophysiologic effects may be the most important factor in distinguishing the intravenous from the oral form of the drug. The class
III action of the drug may be the least identifiable during the
early phases of intravenous therapy. Right ventricular effective
refractory periods, prolongation of which is an index of class
III effect, are minimally increased during the early phases of
intravenous dosing (38,39). A potassium channel blocking
action may be more relevant and important during long-term
therapy (40). The effects of intravenous amiodarone on pacing
and defibrillation thresholds have not been well studied, but a
clinically significant increase in defibrillation threshold in
animal models or humans has not been shown (41,42).
Hemodynamic effects. The predominant hemodynamic effect of intravenous amiodarone is hypotension caused by a
combination of arterial vasodilation and negative inotropy
(43). The former may be caused in part by its solvent
polysorbate-80 (11). Blood pressure decreases commonly, even
in patients without preexisting left ventricular dysfunction, but
hypotension may be ameliorated by slowing the rate of infusion. The direct negative inotropic effect of the drug is minimal
and transient, may be partially caused by its antisympathetic
effect and usually does not lead to a decreased cardiac output.
The net hemodynamic effect in patients with antecedent left
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Table 1. Selected Clinical Trials
Daily Dose
Study (ref no.)

Arrhythmia

No. of
Pts

Initial

Infusion
(24 h)

Acute
Efficacy
(% of pts)

Morady et al. (46)
Klein et al. (47)
Helmy et al. (48)
Schmidt et al. (49)
Ochi et al. (50)
Schutzenberger et al. (51)

VT
VT
VT/VF
VT/VF
VT/VF
VT/VF

15
13
46
36
22
26

5 mg/kg
5 mg/kg
5 mg/kg
300 mg
240 – 480 mg
5 mg/kg

600 –1,000 mg
10 mg/kg
1,000 mg
900 –1,200 mg
900 –1,600 mg
1,050 mg

80%
69%
72%
81%
64%
73%

Williams et al. (52)

CA

14

150 – 600 mg

N/A

79%

Mooss et al. (53)

VT/VF

35

5 mg/kg

20 –30 mg/kg

63%

Nalos et al. (54)

VT

22

300 mg

1,440 mg

91%

Follow-Up
Adverse Effects
(% of pts)

Mean
Time

Survival
Rate

AV block (7%)
Shock (8%)
Hypotension/shock (13%)
Hypotension (20%)
CHF (9%)
Hypotension (19%),
bradycardia (4%),
proarrhythmia (4%)
CHF (14%),
bradycardia (14%)
Hypotension (23%),
bradycardia (14%)
Hypotension (41%),
bradycardia (23%)

8 mo
N/A
24 mo
10 mo
22 mo
N/A

92%
N/A
54%
62%
36%
N/A

14 mo

21%

19 mo

34%

N/A

86%

AV 5 atrioventricular; CA 5 cardiac arrest; CHF 5 congestive heart failure; N/A 5 not applicable; Pts 5 patients; ref 5 reference; VF 5 ventricular fibrillation;
VT 5 ventricular tachycardia.

ventricular dysfunction is of particular importance because
these patients are the usual treatment targets. This has been
addressed in small trials in which such patients have been
studied and have had no significant change in hemodynamic
profile and no deterioration in functional status (44). Individual cases of hemodynamic collapse have been reported in this
impaired population, especially when the drug is infused
rapidly (45).

Efficacy
There have been numerous observational studies regarding
the efficacy of amiodarone for VT and VF (Table 1) (46 –54).
There is so much diversity among these studies in terms of
patient populations, drug doses and methods of evaluation that
it is difficult to derive any firm conclusions about efficacy. Most
of these trials included patients in whom previous attempts to
control VT or VF, or both, with available drugs had failed.
Nevertheless, these studies have value because they indicate
that intravenous amiodarone can reduce the frequency of
recurrence of VT and VF and can terminate ventricular
arrhythmias in very ill patients, including some undergoing
resuscitation at the time they received the drug. The studies
also provide some guidance as to selection of an effective drug
dose and have identified potential adverse effects that helped
in designing proper clinical trials.
Three large clinical trials of the relative safety and efficacy
of intravenous amiodarone were initiated in the late 1980s and
were completed and published within the past year (55–57)
(Table 2). The enrollment criterion for all three studies was at
least two episodes of hemodynamically destabilizing VT or VF
within 24 h of entry despite treatment with lidocaine, procainamide and bretylium (except in the bretylium comparison
study). The index arrhythmias were not associated with QT
prolongation and were not caused by a drug or electrolyte

abnormality. The patient population was similar in the three
studies. The average age was 60 years, with a male preponderance. Most of the patients had coronary artery disease and
acute or old myocardial infarction. The mean left ventricular
ejection fraction was 30%. Approximately 25% of patients
were on a ventilator or intraaortic balloon pump before
enrollment; 11% were having an acute myocardial infarction;
10% were undergoing cardiopulmonary resuscitation; and
.20% could not give informed consent because of altered
consciousness.
Because placebo-controlled studies were not deemed feasible and were probably unethical in such ill patients, alternative designs were sought. The first was a randomized, doubleblind, dose-ranging study in which a clear difference in
response rates among the three dose groups could be considered a surrogate for efficacy (55). This study used doses of 500,
1,000 and 2,000 mg/24 h. Dosing started with 75 to 300 mg
administered over 10 min, followed by an infusion of 0.5, 1.0 or
2.0 mg/min for 6 h and then a maintenance infusion of 0.25, 0.5
or 1.0 mg/min for the next 24 h. Differences in event rates and
time to first event did not reach statistical significance. Adverse
effects occurred with about equal frequency among the three
dose groups. Total and cardiac mortality rates were not
different among the groups.
The second trial was also a dose-ranging study but used a
lower range of doses of 125, 500 and 1,000 mg/day (56). As in
the other trials, ;90% of the patients enrolled had VT, and the
remaining 10% had VF. There were more events per hour and
a shorter time to first event in the low dose group, and the
outcome differences among groups were of borderline statistical significance. In addition, provisions had been made in the
protocol for supplemental boluses of 150 mg of intravenous
amiodarone for recurrent arrhythmias. The number of supplemental doses per hour of study was significantly greater in the
patients assigned to the 125-mg dose than in those in the
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Table 2. Results From Three Pivotal Trials

Study (ref no.)
Levine et al. (55)

Dose
Groups
(mg/24 h)

500
1,000
2,000
Scheinman et al. (56)
125
500
1,000
Kowey et al. (57)
125
1,000
2,500
(bretylium)

Presenting
Arrhythmia

No. of
Events/
VT IVT VF 24 h
60
56
61
68
62
64
71
64
71

22
32
27
37
43
29
21
25
18

6
4
5
12
14
13
7
11
11

N/A
N/A
N/A
1.68
0.96
0.48
1.68
0.48
0.96

Pts
Event
Free at
24 h
(%)

Mean No. of Mortality
Cardiovascular Adverse Event Rate (%)
Supplemental Rate at
Boluses/h
48 h (%) Hypotension Bradycardia Asystole Proarrhythmia CHF

30
40
38
37
42
43
38
43
46

0.24
0.18
0.15
0.21
0.14
0.11
0.16
0.16
0.22

20
21
22
21
19
22
13
12
17

17
10
17
24
27
26
24
27
26

6
3
6
5
7
5
2*
3
4

6
3
4
5
7
5
—
—
—

5
1
1
0
2
1
1
0
1

1
2
2
3
2
4
0
0
5

*Reported as heart block/node rhythm. IVT 5 incessant ventricular tachycardia, other abbreviations as in Table 1.

1,000-mg dose group (0.21 vs. 0.11, p , 0.04), a finding that
was a confirmation of dose responsiveness.
The third major efficacy study was a double-blind comparison with bretylium, a drug previously approved for similar
indications (58,59). Patients were randomized to receive treatment with conventional doses of bretylium and either 125 or
1,000 mg of intravenous amiodarone (57). The higher dose of
amiodarone and bretylium had comparable response rates
(using the same end points) in this trial, and patients receiving
either of those treatments fared better than those in the low
dose amiodarone group (Table 2). The intention to treat
analysis was partially confounded by a high rate of crossover
from bretylium to open label amiodarone, primarily because of
intolerable hypotension that occurred about twice as often with
bretylium as with high dose amiodarone. Once again, there was
no mortality difference among the three therapies. A post hoc
analysis of all three controlled trials was carried out to
determine whether there were any clinical characteristics in
this patient population that could predict a favorable response
both in terms of event and mortality rates (60). Patients with
preserved left ventricular function (ejection fraction .35%)
who received a dose of 1,000 mg/24 h had a median of 1.0
events/48 h compared with 3.8 events/48 h in patients with an
ejection fraction ,35%. The difference in mortality between
these groups was also statistically significant.

Safety
Observational studies of intravenous amiodarone have provided some data regarding its potential short- and long-term
toxicity. Unfortunately, none of these trials were large enough
or of sufficient duration to permit definitive conclusions (46 –
54,61– 64). The three large clinical trials were useful because
the data were carefully collected and catalogued; some patients
received the drug for several weeks; and follow-up information
was immediately available. In addition, when the controlled
trials were concluded, investigators were permitted to enroll
patients in an open label trial. At last analysis, 1,836 patients

were in this data set (65). Interpretation of this large body of
information is confounded by the fact that there was no
placebo group in any of the trials. Thus, in this sick patient
population, it is not possible to discern which adverse effects
are due to drug or to the underlying disease process.
Cardiovascular adverse effects were most common, and the
most frequent of these was hypotension, occurring in 10% to
30% of patients in the controlled trials. It was observed more
commonly with rapid rates of infusion, but in the clinical trials
there was no significant difference in the incidence of hypotension among the dose groups. Less than 10% of the patients
who developed hypotension in the controlled trials had blinded
therapy discontinued. The majority responded to adjustment
of the rate of infusion, fluid administration or judicious use of
a parenteral vasopressor or inotrope. Severe bradycardia and
second- and third-degree AV block, both intranode and infranode, have also been reported and were seen in the clinical
trials with a frequency of ,2% (66,67). However, 10% to 20%
of patients who developed this complication required a temporary transvenous pacemaker for rate support if the drug was
continued. Although intravenous amiodarone causes QT prolongation, the incidence of torsade de pointes was low (,1%)
(37,68). However, identifying worsening arrhythmia in a patient population with such frequent episodes is difficult. The
prospective definition of ventricular proarrhythmia for all the
clinical trials was torsade de pointes (long QT interval and
polymorphous VT initiated with a typical short–long–short
cycle length) or the development of VF after drug infusion in
patients who only had VT before the drug. Approximately
1.3% of patients in these trials had arrhythmia aggravation
using these criteria (65).
Noncardiac adverse effects have been reported frequently
both in published reports and in the clinical trial experience
(69). Many of these were nonspecific and possibly related to
the underlying disease process. A variety of pulmonary, hepatic, endocrine and cutaneous complications were reported in
the clinical trials, but none appeared to have the typical
features of the organ toxicity reported during long-term oral
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therapy, and they frequently resolved despite continuation of
the drug. Organ toxic side effects, such as transaminase
elevation and thyroid abnormalities, did increase in frequency
in the patients who were treated with the intravenous preparation for a longer period of time. This observation supports
the notion that the duration of therapy is an important factor
in the emergence of certain noncardiac adverse effects.

Clinical issues
Dosing. On the basis of the pharmacologic profile of
intravenous amiodarone, there appears to be a large interindividual variation in time to response during the initiation of
intravenous therapy (70). Consequently, dosing recommendations derived from the clinical trial experience provide a
guideline only. Close patient observation and dose adjustments
are essential. For example, hypotension and other cardiac
adverse effects that may be seen during initial rapid infusion
may improve substantially with a decrease in the rate of
infusion. In contrast, supplemental boluses are frequently
needed for patients who have recurrent arrhythmias during the
early phases of dosing. The recommended initial loading dose
is 150 mg administered over 10 min, followed by an intermediate infusion of 1 mg/min for 6 h and then 0.5 mg/min
thereafter. Supplemental boluses of 150 mg may be given over
10 to 30 min for recurrent arrhythmias, but because hypotension occurs more frequently at daily doses .2,000 mg/day, no
more than six to eight supplemental boluses in any 24-h period
may be possible. Plasma levels are not routinely used because
they are high and uninterpretable in the early phases of
therapy and because there is a wide variation in “effective
concentrations” of parent and metabolite (16,19,71). In clinical
trials with the oral preparation, there has been only a rough
correlation between dose and serum level and no correlation
between serum level and efficacy or toxicity (56,57). Serum
levels of the metabolite are very low in patients dosed for only
a few days.
When given intravenously, amiodarone should be mixed in
a 5% dextrose solution and should be infused with a volumetric
pump. If used in high concentrations (.2 mg/ml), it must be
delivered through a central vein because it can cause peripheral phlebitis in ,3% of patients. It has been stated that the
drug should be placed in glass bottles because it absorbs
polyvinyl chloride and that adhesion in plastic tubing is prevented by flow, but those recommendations have been challenged (72,73). Amiodarone does not need light protection but
is physically incompatible with a number of drugs such as
heparin with which it is frequently used. Although it was
thought that amiodarone was physically incompatible with
normal saline, Campbell et al. (73) showed that this is a
satisfactory admixture.
In the multicenter trials, the median duration of intravenous amiodarone therapy was 4 days, but there was wide
variation. Patients who could not take oral medication were
treated for .3 to 6 weeks without difficulty. Over 95% of
patients in the controlled trials went on to receive oral therapy.
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The bioavailability of oral versus intravenous amiodarone has
varied from 30% to 70% in assorted studies (10,15). Bioavailability also appears to be lower in elderly patients and those
with cardiopulmonary disease (74). Recommendations regarding the transition to oral therapy take into account these
properties in addition to the fact that there may be a delay of
4 to 5 h between ingestion of the oral drug and an increase in
the plasma level. Generally, the longer the patient has been
receiving intravenous therapy, the less the need for the customary large oral loading doses.
Transition to oral therapy and follow-up testing. Over
90% of the patients who received intravenous amiodarone in
controlled clinical trials went on to receive oral therapy. This
conversion rate was high because the patients had severe
arrhythmias that were not due to an easily reversible cause
(75). When the drug is used in clinical situations in which the
underlying condition can be remedied, such as in patients with
acute myocardial infarction and successful revascularization,
the rate of conversion to oral therapy will probably diminish.
Patients who have been receiving intravenous therapy for .2
to 3 weeks can be started safely on maintenance doses of oral
amiodarone (300 to 400 mg/day). Those treated for ,1 week
should probably receive the usual oral loading regimen of 800
to 1,400 mg/day, whereas an intermediate dose of 400 to
800 mg/day might be suitable for patients who fall in between
these time frames. If there is any concern about gastrointestinal function, oral and intravenous therapy should both be
maintained for a few days. These recommendations are empiric, based on the usual target total drug dose for in-hospital
loading and are not based on careful pharmacologic trials.
A situation may arise in which a patient who is receiving
long-term therapy temporarily cannot take oral medication.
Because amiodarone is slowly eliminated, cessation of therapy
for a few days is probably of little consequence, but patients
should have electrocardiographic monitoring within 5 to 7 days
because of the drug’s biphasic elimination profile. If oral
therapy cannot be started after that time, and if there is doubt
about adequate gastrointestinal absorption, intravenous therapy can be substituted. A loading dose is not necessary; based
on the known range of its bioavailability, infusion of 30% to
70% of the patient’s daily oral dose will suffice.
Intravenous amiodarone has been used for treatment of
patients who have received long-term oral therapy and have
had recurrent arrhythmias. Under these circumstances, it
should be assumed that the patient has insufficient myocardial
tissue concentrations, especially if the QT interval is not
prolonged (76). It is customary in these situations to use the
recommended loading and maintenance doses of the intravenous formulation until the arrhythmia is suppressed and then
to prescribe oral therapy, as previously described.
After a patient has received loading doses of either the oral
or intravenous preparation, the question may arise as to the
need for an evaluation to confirm clinical efficacy before
patient discharge because suppression of arrhythmia with an
intravenous antiarrhythmic drug does not necessarily predict
efficacy of its oral formulation. Furthermore, the sporadic
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nature of recurrent VT/VF often makes short-term suppression of clinical arrhythmia difficult to interpret. The options are
either to monitor the patient to determine whether repetitive
forms, especially nonsustained VT, have been suppressed or to
carry out electrophysiologic testing. Although proof of ambient
arrhythmia suppression is frequently obtained before discharge, there are no definitive data to prove the value of either
method. Two small studies that have attempted to examine the
role of predischarge electrophysiologic testing arrived at contradictory conclusions (77,78). It is our custom to perform
electrophysiologic testing and to consider implantation of an
arrhythmia control device in those cases in which the arrhythmia can be induced and causes hemodynamic instability despite treatment with intravenous and then oral amiodarone.
Such testing is generally done after the patient is clinically
stable and has received the equivalent of 6 to 10 g of oral
amiodarone, a dose that has been shown to produce a variable
but reasonable plasma concentration and to suppress spontaneous ventricular ectopic beats (10,15,79).
Other indications. Most of the information available about
intravenous amiodarone relates to ventricular arrhythmias.
Because it has some effect on atrial myocardium, the sinus and
AV nodes and accessory pathways, some investigators have
explored the efficacy of the drug for supraventricular indications (31,80 – 82). In patients with accessory pathway-related
tachycardias, including AV reentry tachycardia and anterograde conduction during atrial fibrillation/flutter, the drug may
slow conduction or terminate the arrhythmia (38). It may work
synergistically with other negatively dromotropic drugs to slow
the ventricular response rate during atrial arrhythmias. However, the rate of conversion of atrial fibrillation or flutter to
normal sinus rhythm within 24 h of administration is lower
than that reported with class Ic or even some other class III
agents (83,84). Nevertheless, because of its safety in patients
with poor left ventricular function and the relatively low
incidence of ventricular proarrhythmia, it is occasionally used
in the urgent treatment of atrial fibrillation with rapid conduction that causes hemodynamic embarrassment (85– 87). In a
recently reported study, Galve et al. (88) confirmed that
patients treated with intravenous amiodarone whose rhythm
did not convert to sinus rhythm had a significantly slower heart
rate response than those treated with digoxin alone. The
reported experience with the drug in patients after coronary
artery bypass graft surgery is similar (83,85,87– 89). It is less
effective than class Ic drugs for conversion but is useful for rate
control and may prevent recurrence of atrial fibrillation in
those with electrical conversion to sinus rhythm after drug
loading. Intravenous amiodarone may prevent postoperative
atrial fibrillation when given prophylactically either before or
immediately after operation, but this question requires more
detailed investigation (90).
There are no data to support the use of intravenous
amiodarone for primary prophylaxis against ventricular arrhythmias in any clinical situation. Likewise, there have been
no studies that have directly compared the efficacy of the oral
and intravenous preparations for the suppression of VT or VF.
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One recent study by Russo et al. (91) found that doses of 1,200
to 1,400 mg/day of the oral form might be beneficial in a cohort
that was similar to the patients in the clinical trials (91). Nine
of the 12 patients entered into that study survived to hospital
discharge. Because that study was uncontrolled and had a
small number of patients, adequate conclusions about the role
of oral therapy are not possible. However, because of the
vagaries of bioavailability, oral loading in patients with highly
malignant arrhythmia should be implemented with caution.
Although time to effect may be shortened by administration
of intravenous rather than oral amiodarone, giving clinically
stable patients loading doses of the intravenous formulation
provides little potential benefit. The total daily dose that can be
delivered safely may be higher with the oral formulation
because hypotension is usually not seen, even with oral doses
of up to 3 g/day (gastrointestinal side effects at these doses are
more common) (92). In addition, the cost of the intravenous
formulation should be a consideration in this strategy. Not only
does the drug itself cost more, but its administration obligates
extended observation periods in an intensive care setting, with
a higher level of nursing care than that required for oral
loading. The concept of combining oral and intravenous doses
to truncate the loading period has not been studied adequately.
Special patient groups. There is some reported experience
with intravenous amiodarone in infants, children and adolescents (93,94). A recent study from Figa et al. (95) and earlier
smaller published reports have indicated that the drug, when
used in proportionate per kilogram doses, has efficacy similar
to that reported for adults. The principal adverse effect was
symptomatic bradycardia requiring a temporary pacemaker in
a small percentage of children. Recently, Perry et al. (96)
published the results of a small multicenter protocol in which
intravenous amiodarone was administered to critically ill pediatric patients. They concluded that the intravenous form is
safe and effective in young patients with critical tachycardias,
including supraventricular arrhythmias.
Intravenous amiodarone is toxic to embryos in selected
animal species (97). In humans, amiodarone and desethylamiodarone cross the placenta and reach levels in the fetus of up
to 50% of maternal serum levels (98). The principal toxicity
that has been seen in such fetuses has been hyperthyroidism,
hypothyroidism and congenital goiter (99). A recent report by
Ovadia et al. (100) described one major and two minor
congenital anomalies in which amiodarone was administered
throughout the embryonic period. Amiodarone has no effect
on the duration of gestation or labor in rats, but inadequate
data are available in humans. Amiodarone and desethylamiodarone have been found in breast milk in humans, and nursing
offspring of rats fed amiodarone have reduced body weight
gain and life expectancy (101). For all these reasons, pregnant
woman should receive the drug only if other options have been
exhausted. Breastfeeding is contraindicated for women taking
amiodarone.
Guidelines for clinical use. How might intravenous amiodarone fit into an algorithm for the treatment of patients with
recurrent, hemodynamically destabilizing VT or VF? Intrave-
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nous lidocaine should and will remain first-line therapy for this
patient group. Although it has a low efficacy rate, it is very
familiar to practitioners and is relatively safe when used in
proper doses (102). Its short half-life after rapid loading makes
interactions with successive drugs less likely. For patients who
do not respond to lidocaine, procainamide is frequently chosen. The evidence of procainamide’s efficacy comes mainly
from studies in which it was used to terminate or prevent the
reinduction of monomorphic VT (103). Bretylium is generally
considered a third-line drug primarily because of its tendency
to cause severe hypotension (104,105). Data from the recent
clinical trials provide reassurance that bretylium is beneficial in
this clinical situation, although hypotension occurs frequently
and can be sustained over several days (57). Intravenous
beta-blockers should also be considered on the basis of results
of small series in which such agents have been effective (106).
Their principal liability is myocardial depression, which is a
particularly important problem in this patient population.
According to the controlled clinical trials, intravenous
amiodarone can be considered effective therapy for patients in
whom conventional therapy fails. Although a myocardial depressant, intravenous amiodarone does not appear to cause
congestive heart failure as frequently as intravenous betablockers, possibly because of its vasodilator properties. For
patients who continue to have frequent arrhythmias despite
the use of supplemental boluses of intravenous amiodarone,
other parenteral agents may be added. Although there is scant
experience with parenteral antiarrhythmic drug combinations,
procainamide, quinidine and propafenone have been added to
oral amiodarone with evidence of supplemental efficacy
(107,108). The mortality rate for patients with incessant ventricular arrhythmias that do not respond to such aggressive
pharmacologic therapy is high despite emergent surgical or
catheter ablation (109,110).

References
1. Podrid PJ. Amiodarone: reevaluation of an old drug. Ann Intern Med
1995;122:689 –700.
2. Mason JW. Amiodarone. N Engl J Med 1987;316:455– 66.
3. Connolly SJ, Gent M, Roberts RS, et al. Canadian Implantable Defibrillator Study (CIDS): study design and organization. Am J Cardiol 1993;72:
103F– 8F.
4. Siebels J, Cappato R, Ruppel R, Schneider MA, Kuck KH. Preliminary
results of the Cardiac Arrest Study Hamburg (CASH). Am J Cardiol
1993;72:109F–13F.
5. Camm AJ, Julian D, Janse G, et al. The European Myocardial Infarct
Amiodarone Trial (EMIAT). Am J Cardiol 1993;72:95F– 8F.
6. Cairns JA, Connolly SJ, Roberts R, Gent M. Canadian Amiodarone
Myocardial Infarction Arrhythmia Trial (CAMIAT): rationale and protocol. Am J Cardiol 1993;72:87F–94F.
7. Singh BN, Venkatesh N, Nademanee K. The historical development,
cellular electrophysiology and pharmacology of amiodarone. Prog Cardiovasc Dis 1989;31:249 – 80.
8. Tran HT, Kluger J, Chow MSS. Focus on IV amiodarone: a new formulation for acute arrhythmia treatment. Formulary 1995;30:509 –19.
9. Singh BN. Amiodarone: historical development and pharmacologic profile.
Am Heart J 1983;106:788 –97.
10. Andreason F, Agerbaek H, Bjerragaard P, et al. Pharmacokinetics of
amiodarone after intravenous and oral administration. Eur J Clin Pharmacol 1981;19:293–9.

JACC Vol. 29, No. 6
May 1997:1190 – 8

11. Gough WB, Zeiler RH, Barecca P, et al. Hypotensive action of commercial
intravenous amiodarone and polysorbate 80 in dogs. J Cardiovasc Pharmacol 1982;4:375– 80.
12. Torres-Arraut E, Singh S, Pickoff AS. Electrophysiologic effects of
Tween-80 in the myocardium and specialized conduction system of the
canine heart. J Electrocardiol 1984;17:145–52.
13. Lalloz M, Byfield P, Himsworth R. Binding of amiodarone by serum
proteins and the effects of drugs, hormones, and other interacting ligands.
J Pharm Pharmacol 1984;36:366 –72.
14. Veronese ME, McLean S, Hendricks R. Plasma protein binding of amiodarone in a patient population: measurement by erythrocyte partitioning
and a novel glass-binding method. Br J Clin Pharmacol 1988;26:721–31.
15. Freedman MD, Somberg JC. Pharmacology and pharmacokinetics of
amiodarone. J Clin Pharmacol 1991;31:1061–9.
16. Talajic M, DeRoode MR, Nattel S. Comparative electrophysiologic effects
of intravenous amiodarone and desethylamiodarone in dogs: evidence for
clinically relevant activity of the metabolite. Circulation 1987;75:265–71.
17. Anastasiou-Nana M, Lewis G, Moulopoulos S. Plasma levels of amiodarone
after intravenous and oral administration. J Clin Chem Clin Biochem
1981;19:599 – 600.
18. Holt DW, Tucker GT, Jackson PR, Storey CGA. Amiodarone pharmacokinetics. Am Heart J 1983;106:840 –7.
19. Venkatesh N, Somani P, Bersohn M, et al. Electropharmacology of
amiodarone: absence of relationship to serum, myocardial, and cardiac
sarcolemmal membrane drug concentrations. Am Heart J 1986;112:916 –22.
20. Harris L, Hind CRK, McKenna WJ, et al. Renal elimination of amiodarone
and its desethyl metabolite. Postgrad Med J 1983;59:440 –2.
21. Ujhelyi MR, Klamerus KJ, Vadiei K, et al. Disposition of intravenous
amiodarone in subjects with normal and impaired renal function. J Clin
Pharmacol 1996;36:122–30.
22. Bonati M, Galletti F, Volpi A, Cumetti C, Rumolo R, Tognoni G.
Amiodarone in patients on long-term dialysis. N Engl J Med 1983;308:906.
23. Anastasiou-Nana M, Levis GM, Moulopoulos S. Pharmacokinetics of
amiodarone after intravenous and oral administration. Int J Clin Pharmacol
Ther Toxicol 1982;20:524 –9.
24. Marcus FI. Drug interactions with amiodarone. Am Heart J 1983;106:924 –
30.
25. Saal AK, Werner JA, Greene HL, Sears GK, Graham EL. Effect of
amiodarone on serum quinidine and procainamide levels. Am J Cardiol
1984;53:1264 –7.
26. Hamer A, Peter T, Mandel WJ, Scheinman MM, Weiss D. The potentiation
of warfarin anticoagulation by amiodarone. Circulation 1982;65:1025–9.
27. Moysey JO, Jaggarao NSV, Grundy EN, Chamberlain DA. Amiodarone
increases plasma digoxin concentrations. BMJ 1981;282:272.
28. Lee TH, Friedman PL, Goldman L, Stone PH, Antman EM. Sinus arrest
and hypotension with combined amiodarone-diltiazem therapy. Am Heart J
1985;109:163– 4.
29. Nademanee K, Kannan R, Hendrickson J, Ookhtens M, Kay I, Singh BN.
Amiodarone-digoxin interaction: clinical significance, time course of development, potential pharmacokinetic mechanisms and therapeutic implications. J Am Coll Cardiol 1984;4:111– 6.
30. Morady F, DiCarlo LA, Krol RB, Baerman JM, de Buitleir M. Acute and
chronic effects of amiodarone on ventricular refractoriness, intraventricular
conduction and ventricular tachycardia induction. J Am Coll Cardiol
1986;7:148 –57.
31. Gomes JAC, Kang PS, Hariman RJ, El-Sherif N, Lyons J. Electrophysiologic effects and mechanisms of termination of supraventricular tachycardia by intravenous amiodarone. J Am Coll Cardiol 1984;107:214 –21.
32. Mostow ND, Vrobel TR, Noon D, et al. Intravenous amiodarone: hemodynamics, pharmacokinetics, electrophysiology, and clinical utility. Clin
Prog Electrophysiol Pacing 1986;4:342–57.
33. Hariman RJ, Gomes JAC, Kang PS, El-Sherif N. Effects of intravenous
amiodarone in patients with inducible repetitive ventricular responses and
ventricular tachycardia. Am Heart J 1984;107:1109 –17.
34. Whalley DW, Wendt DJ, Grant AO. Basic concepts in cellular cardiac
electrophysiology. Part II: block of ion channels by antiarrhythmic drugs.
PACE 1995;18:1686 –704.
35. Nanas JN, Mason JW. Pharmacokinetics and regional electrophysiological
effects of intracoronary amiodarone administration. Circulation 1995;91:
451– 61.
36. Charlier R. Cardiac actions in the dog of a new antagonist of adrenergic

JACC Vol. 29, No. 6
May 1997:1190 – 8

37.

38.

39.

40.

41.

42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.

excitation which does not produce competitive blockade of adrenoceptors.
Br J Pharmacol 1970;39:668 –74.
Hohnloser SH, Kleingenheben T, Singh BN. Amiodarone-associated proarrhythmic effects: a review with special reference to torsade de pointes
tachycardia. Ann Intern Med 1994;121:529 –35.
Wellens HJJ, Brugada P, Abdollah H, Dassen WR. A comparison of the
electrophysiologic effects of intravenous and oral amiodarone in the same
patient. Circulation 1984;69:120 – 4.
Mitchell LB, Wyse G, Gillis AM, Duff HJ. Electropharmacology of
amiodarone therapy initiation: time courses of onset of electrophysiologic
and antiarrhythmic effects. Circulation 1989;80:34 – 42.
Kadish AH, Marchlinski FE, Josephson ME, Buxton AE. Amiodarone:
correlation of early and late electrophysiologic studies with outcomes. Am
Heart J 1986;112:1134 – 40.
Fain ES, Lee JT, Winkle R. Effects of acute intravenous and chronic oral
amiodarone on defibrillation energy requirements. Am Heart J 1987;114:
8 –17.
Frame L. The effect of chronic oral and acute intravenous amiodarone
administration on ventricular defibrillation threshold using implanted electrodes in dogs. PACE 1989;12:339 – 46.
Schwartz A, Shen E, Morady F, Gillespie K, Scheinman M, Chatterjee K.
Hemodynamic effects of intravenous amiodarone in patients with depressed
left ventricular function and recurrent ventricular tachycardia. Am Heart J
1983;106:848 –56.
Remme WJ, Kruyssen HACM, Look MP, van Hoogenhuyze DCA, Krauss
XH. Hemodynamic effects and tolerability of intravenous amiodarone in
patients with impaired left ventricular function. Am Heart J 1991;122:96 –
103.
Kosinski EJ, Albin JB, Young E, Lewis SM, LeLand S. Hemodynamic
effects of intravenous amiodarone. J Am Coll Cardiol 1984;4:565–70.
Morady F, Scheinman MM, Shen E, Shapiro W, Sung RJ, DiCarlo L.
Intravenous amiodarone in the acute treatment of recurrent symptomatic
ventricular tachycardia. Am J Cardiol 1983;51:156 –9.
Klein RC, Machell C, Rushforth N, Standefur J. Efficacy of intravenous
amiodarone as short-term treatment for refractory ventricular tachycardia.
Am Heart J 1988;115:96 –101.
Helmy I, Herre JM, Gee G, et al. Use of intravenous amiodarone for
emergency treatment of life-threatening ventricular arrhythmias. J Am Coll
Cardiol 1988;12:1015–22.
Schmidt A, Konig W, Binner L, Mayer U, Stauch M. Efficacy and safety of
intravenous amiodarone in acute refractory arrhythmias. Clin Cardiol
1988;11:481–5.
Ochi RP, Goldenberg IF, Almquist A, et al. Intravenous amiodarone for
the rapid treatment of life-threatening ventricular arrhythmias in critically
ill patients with coronary artery disease. Am J Cardiol 1989;64:599 – 603.
Schutzenberger W, Leisch F, Kerschner K, Harringer W, Herbinger W.
Clinical efficacy of intravenous amiodarone in the short term treatment of
recurrent and sustained ventricular tachycardia and ventricular fibrillation.
Br Heart J 1989;62:367–71.
Williams ML, Woelfel A, Cascio WE, Simpson RJ, Gettes LS, Foster JR.
Intravenous amiodarone during prolonged resuscitation from cardiac arrest. Ann Intern Med 1989;110:839 – 42.
Mooss AN, Mohiuddin SM, Hee TT, et al. Efficacy and tolerance of
high-dose intravenous amiodarone for recurrent, refractory ventricular
tachycardia. Am J Cardiol 1990;65:609 –14.
Nalos PC, Ismail Y, Pappas JM, Nyitray W, DonMichael TA. Intravenous
amiodarone for short-term treatment of refractory ventricular tachycardia
or fibrillation. Am Heart J 1991;122:1629 –32.
Levine J, Massumi A, Scheinman MM, et al. Intravenous amiodarone for
recurrent sustained hypotensive ventricular tachyarrhythmias. J Am Coll
Cardiol 1996;27:67–75.
Scheinman MM, Levine JH, Cannom DS, et al. A dose-ranging study of
intravenous amiodarone in patients with life-threatening ventricular arrhythmias. Circulation 1995;92:3264 –72.
Kowey PR, Levine JH, Herre JM, et al. A randomized, double-blind
comparison of intravenous amiodarone and bretylium in the treatment of
patients with recurrent, hemodynamically destabilizing ventricular tachycardia or fibrillation. Circulation 1995;92:3255– 63.
Anderson JL. Bretylium tosylate. In: Messerli F, editor. Cardiovascular
Drug Therapy. Philadelphia (PA): W.B. Saunders, 1990:1257– 68.
Rosalion A, Snow NJ, Horrigan TP, et al. Amiodarone versus bretylium for

KOWEY ET AL.
INTRAVENOUS AMIODARONE

60.

61.

62.
63.

64.
65.
66.
67.

68.
69.

70.
71.

72.

73.

74.

75.

76.
77.

78.

79.

80.
81.

82.

83.

84.

1197

suppression of reperfusion arrhythmias in dogs. Ann Thorac Surg 1991;51:
81–5.
Kowey PR, Herbertson R. Clinical predictors of response to intravenous
amiodarone in patients with highly malignant ventricular arrhythmias
[abstract]. PACE 1995;18:811.
Saksena S, Rothbart ST, Shah Y, Capello G. Clinical efficacy and electropharmacology of continuous intravenous amiodarone infusion and chronic
oral amiodarone in refractory ventricular tachycardia. Am J Cardiol
1985;54:347–52.
Alves LE, Rose EP, Cahill TB. Intravenous amiodarone in the treatment of
refractory arrhythmias. Crit Care Med 1985;13:750 –2.
Leak D. Intravenous amiodarone in the treatment of refractory lifethreatening cardiac arrhythmias in the critically ill patient. Am Heart J
1986;111:456 – 62.
Chapman JR, Boyd MJ. Intravenous amiodarone in ventricular fibrillation.
BMJ 1981;282:951–2.
Kowey PR. Overall safety survey for the intravenous amiodarone trials
[abstract]. Circulation 1994;90 Suppl I:I-545.
Touboul P, Atanah G, Gressard A, et al. Effects of amiodarone on sinus
node in man. Br Heart J 1979;42:573–9.
Gloor HO, Urthaler F, James TW. Acute effects of amiodarone upon the
canine sinus node and atrioventricular junctional region. J Clin Invest
1983;71:1457– 66.
Brown MA, Smith WM, Lubbe WF, Norris RM. Amiodarone-induced
torsades de pointes. Eur Heart J 1986;7:234 –9.
Vrobel TR, Miller PE, Mostow ND, Rakita L. A general overview of
amiodarone toxicity: its prevention, detection, and management. Prog
Cardiovasc Dis 1989;31:393– 426.
Siddoway LA, McAllister CB, Wilkinson GR, et al. Amiodarone dosing: a
proposal based on its pharmacokinetics. Am Heart J 1983;106:951– 6.
Venkatesh N, Padbury JF, Singh BN. Effects of amiodarone and desethylamiodarone on rabbit myocardial beta-adrenoceptors and serum thyroid
hormones—absence of relationship to serum and myocardial drug concentration. J Cardiovasc Pharmacol 1986;8:989 –97.
Peter PG, Hayball PJ. A comparative analysis of the loss of amiodarone
from small and large volume PVC and non-PVC infusion systems. Anaesth
Intensive Care 1990;18:241–5.
Campbell S, Nolan PE, Bliss M, Wood R, Mayersohn M. Stability of
amiodarone hydrochloride in admixtures with other injectable drugs. Am J
Hosp Pharm 1996;43:917–21.
Adams PC, Holt DW, Storey GC, Morley AR, Callaghan J, Campbell RW.
Amiodarone and its desethyl metabolite: tissue distribution and morphologic changes during long-term therapy. Circulation 1985;72:1064 –75.
Haffajee CLL, Love JC, Canada AT, et al. Clinical pharmacokinetics and
efficacy of amiodarone for refractory tachyarrhythmias. Circulation 1983;
67:1347–55.
Torres V, Tepper D, Flowers D, et al. QT prolongation and the antiarrhythmic efficacy of amiodarone. J Am Coll Cardiol 1986;7:142–7.
Kowey PR, Marinchak RA, Rials SJ, Rubin AM, Smith L. Electrophysiologic testing in patients who respond acutely to intravenous amiodarone
for incessant ventricular tachyarrhythmias. Am Heart J 1993;125:1628 –33.
Fogel RI, Chamberlain-Webber R, Hill JN, Evans JJ, Johnson S, Prystowsky EN. Intravenous amiodarone: acute efficacy predicts long-term success
[abstract]. Circulation 1994;90 Suppl I:I-546.
Siddoway LA, McAllister CB, Wilkinson GR, Roden DM, Woosley RL.
Amiodarone dosing: a proposal based on its pharmacokinetics. Am Heart J
1983;106:951– 6.
Holt P, Crick JCP, Davies DW, et al. Intravenous amiodarone in the acute
termination of supraventricular arrhythmias. Int J Cardiol 1985;8:67–76.
Noc M, Stajer D, Horvat M. Intravenous amiodarone versus verapamil for
acute conversion of paroxysmal atrial fibrillation to sinus rhythm. Am J
Cardiol 1990;65:679 – 80.
Chapman MJ, Moran JL, O’Fathartaigh MS, Peisach AR, Cunningham
DN. Management of atrial tachyarrhythmias in the critically ill: a comparison of intravenous procainamide and amiodarone. Intensive Care Med
1993;19:48 –52.
Donovan KD, Power BM, Hockings BE, Dobb GJ, Lee KY. Intravenous
flecainide versus amiodarone for recent-onset atrial fibrillation. Am J
Cardiol 1995;75:693–7.
Horner SH. A comparison of cardioversion of atrial fibrillation using oral

1198

85.

86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

KOWEY ET AL.
INTRAVENOUS AMIODARONE

amiodarone, intravenous amiodarone and DC cardioversion. Acta Cardiol
1992;47:473– 80.
Installe E, Schoevaerdts JC, Gadisseux PH, Charles S, Tremouroux J. Intravenous amiodarone in the treatment of various arrhythmias following
cardiac operations. J Thorac Cardiovasc Surg 1981;81:302– 8.
Blandford L, Crampton R, Kudlac C. Intravenous amiodarone in atrial
fibrillation complicating myocardial infarction. BMJ 1982;284:16 –7.
Cochrane AD, Siddins M, Rosenfeldt FL, et al. A comparison of amiodarone and digoxin for treatment of supraventricular arrhythmias after
cardiac surgery. Eur J Cardiothorac Surg 1994;8:194 – 8.
Galve E, Rius T, Ballester R, et al. Intravenous amiodarone in treatment of
recent-onset atrial fibrillation: results of a randomized, controlled study.
J Am Coll Cardiol 1996;27:1079 – 82.
DiBasi P, Scrofani R, Paje A, Cappiello E, Mangini A, Santoli C.
Intravenous amiodarone versus propafenone for atrial fibrillation and
flutter after cardiac operation. Eur J Cardiothorac Surg 1995;9:587–91.
Butler J, Harris DR, Sinclair M, Westaby S. Amiodarone prophylaxis for
tachycardias after coronary surgery: a randomized, double-blind, placebocontrolled trial. Br Heart J 1993;70:56 – 60.
Russo AM, Beauregard LM, Waxman HL. Oral amiodarone loading for the
rapid treatment of frequent, refractory, sustained ventricular arrhythmias
associated with coronary artery disease. Am J Cardiol 1993;72:1395–9.
Mostow ND, Vrobel TR, Noon D, Rakita L. Rapid suppression of complex
ventricular arrhythmias with high-dose oral amiodarone. Circulation 1986;
73:1231– 8.
Perry JC, Knilans TK, Marlow D, Denfield SW, Fenrich AL, Friedman RA.
Intravenous amiodarone for life-threatening tachyarrhythmias in children
and young adults. J Am Coll Cardiol 1993;22:95– 8.
Soult JA, Munoz M, Lopez JD, Romero A, Santos J, Tovaruela A. Efficacy
and safety of intravenous amiodarone for short-term treatment of paroxysmal supraventricular tachycardia in children. Pediatr Cardiol 1995;16:
16 –9.
Figa FH, Gow RM, Hamilton RM, Freedom RM. Clinical efficacy and
safety of intravenous amiodarone in infants and children. Am J Cardiol
1994;74:573–7.
Perry JC, Fenrich AL, Hulse JE, Triedman JK, Friedman RA, Lamberti
JJ. Pediatric use of intravenous amiodarone: efficacy and safety in critically
ill patients from a multicenter protocol. J Am Coll Cardiol 1996;27:1246–50.

JACC Vol. 29, No. 6
May 1997:1190 – 8

97. Hugill JAC. Amiodarone in pregnancy. Lancet 1983;1:597– 8.
98. McKenna WJ, Harris L, Rowland E, et al. Amiodarone therapy during
pregnancy. Am J Cardiol 1982;51:1231–3.
99. Laurent M, Betrimieux P, Biron Y, Lehelloco A. Neonatal hypothyroidism
after treatment by amiodarone in infants and children [letter]. Am J Cardiol
1987;60:942.
100. Ovadia M, Brito M, Hayes GL, Marcus FI. Human experience with
amiodarone in the embryonic period. Am J Cardiol 1994;73:316 –7.
101. Penn IM, Barrett PA, Pannikote V, et al. Amiodarone in pregnancy. Am J
Cardiol 1985;56:196 –7.
102. Haynes RE, Chinn TL, Copass MK, Cobb LA. Comparison of bretylium
tosylate and lidocaine in the management of out of hospital ventricular
fibrillation: a randomized clinical trial. Am J Cardiol 1981;48:353– 6.
103. Callans DJ, Marchlinski FE. Dissociation of termination and prevention of
inducibility of sustained ventricular tachycardia with infusion of procainamide: evidence for distinct mechanisms. J Am Coll Cardiol 1992;19:111–7.
104. Koch-Weser J. Drug therapy: bretylium. N Engl J Med 1979;300:473–9.
105. Nowak RM, Bodnar TJ, Dronen S. Bretylium tosylate as initial treatment
for cardiopulmonary arrest: randomized comparison with placebo. Ann
Emerg Med 1981;10:8 –15.
106. Nademanee K, Taylor RD, Bailey WM. Management and long-term
outcome of patients with electrical storm [abstract]. J Am Coll Cardiol
1995;25 Suppl:187A.
107. Levy S. Combination therapy for cardiac arrhythmias. Am J Cardiol
1988;61:95A–101A.
108. Toivenen L, Kadish A, Morady A. A prospective comparison of class IA, B,
and C antiarrhythmic agents in combination with amiodarone in patients
with inducible, sustained ventricular tachycardia. Circulation 1991;84:
101– 8.
109. Scheinman MM. The role of catheter ablation in the management of
patients with ventricular tachycardia. In: Podrid P, Kowey P, editors.
Cardiac Arrhythmia: Mechanisms, Diagnosis, and Management. Baltimore
(MD): Williams & Wilkins, 1995:660 – 6.
110. Kron IL, Lerman BB, Nolan SP, Flanagan TL, Haines DE, DiMarco JP.
Sequential endocardial resection for the surgical treatment of refractory
ventricular tachycardia. J Thorac Cardiovasc Surg 1987;94:843–7.

