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Amiodarone is commonly used to treat supraventricular and ven-
ricular arrhythmias in various inpatient and outpatient settings.
ver- and under-use of amiodarone is common, and data regarding
atterns of use are sparse and largely anecdotal. Because of adverse
rug reactions, proper use is essential to deriving optimal benefits
rom the drug with the least risk. This guide updates an earlier version
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ublished in 2000,1 reviews indications for use of amiodarone and
ecommends strategies to minimize adverse effects. The recommen-
ations included herein are based on the best available data and the
ollective experience of the member of the writing committee.

Heart Rhythm 2007;4:1250–1259) © 2007 Heart Rhythm Society. All

ights reserved.
Update to the Practical Guidelines for Clini-
cians Who Treat Patients with Amiodarone.
Goldschlager et al. Practice Guidelines Sub-
committee, North American Society of Pac-
ing and Electrophysiology (HRS). Arch Intern
Med. 2000 Jun 26;160(12):1741–8.

Approved by the Heart Rhythm Society
Board of Trustees on June 6, 2007

ntroduction
miodarone is one of the most widely used antiarrhythmic

gents, yet precise data regarding its use are largely unavail-
ble. In view of this, and because adverse effects of the drug
re not uncommon and can be serious, it was considered
rudent to provide this updated guide for all clinicians who
reat patients with cardiac arrhythmias.

ndications for use
ral Amiodarone

entricular Arrhythmias
miodarone is an iodinated benzofuran derivative that has

lass I, II, III and IV antiarrhythmic properties. Oral amioda-
one is approved by the Food and Drug Administration (FDA)
or the treatment of life-threatening, recurrent ventricular ar-
hythmias, such as ventricular fibrillation (VF) or ventricular
achycardia (VT) associated with hemodynamic instability.

ddress reprint requests and correspondence: Dr. Nora Goldschlager,
ardiology Division, San Francisco General Hospital, 1001 Potrero
venue, 5G1, San Francisco, California 94110 E-mail address:
goldschlager@medsfgh.ucsf.edu
his indication includes the stipulation that the arrhythmia is
ot responsive to, or the patient is intolerant of, other antiar-
hythmic agents that might be suitable for treatment.

It is the consensus of this committee that amiodarone is the
ntiarrhythmic drug of choice, in combination with other ap-
ropriate therapies such as beta-blocking agents, in patients
ho have sustained ventricular tachyarrhythmias associated
ith structural heart disease, especially if associated with left
entricular dysfunction, who are not candidates for an implant-
ble cardioverter-defibrillator (ICD). This recommendation is
ased on the following observations: 1) efficacy of amiodarone
t 2 years to prevent sustained VT/VF or death is approxi-
ately 60%2–4; 2) amiodarone has minimal negative inotropic

ffects; 3) amiodarone has low pro-arrhythmic potential5; 4)
rospective trial data demonstrate long-term neutral effects on
urvival and safety in patients with post-myocardial infarction
eft ventricular dysfunction, and in patients with either isch-
mic and nonischemic dilated cardiomyopathy6; 5) the empiric
se of amiodarone has been found to be more effective than the
se of class I antiarrhythmic drugs even though these drugs had
heir efficacy guided by serial invasive or noninvasive tests3;
nd 6) the efficacy of amiodarone is similar to ICD therapy in
atients with left ventricular ejection fractions greater than
5%.7

Several prospective trials such as The Antiarrhythmics ver-
us Implantable Defibrillators Study (AVID), the Cardiac Ar-
est Study Hamburg (CASH), and the Canadian Implantable
efibrillator Study (CIDS)7–9 have demonstrated that an ICD

s superior to empiric amiodarone in improving survival and
reventing sudden cardiac (presumed arrhythmic) death. This
nding has been demonstrated in patients with a history of
ustained VT/VF, high risk post-myocardial infarction patients
depressed ejection fraction, nonsustained VT and inducible
. doi:10.1016/j.hrthm.2007.07.020
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ustained VT), and patients with New York Heart Association
NYHA) II/III heart failure and left ventricular ejection frac-
ions �35%.10–12 Despite these observations, 30–70% of ICD
atients continue to require concomitant antiarrhythmic drug
herapy for suppression of recurrent VT or suppression of or
rophylaxis against atrial fibrillation (AF) with rapid ventric-
lar rates. Given that the majority of patients with ICDs have
tructural heart disease and left ventricular dysfunction, amio-
arone is the drug most often used. Because amiodarone may
ncrease the defibrillation threshold as well as slow the slow
ate of VT, repeat ICD testing may be helpful to optimally
rogram the ICD. The Optimal Pharmacological Therapy in
ardioverter Defibrillator Patients (OPTIC) study13 demon-

trated that amiodarone, in combination with a beta-blocker,
an statistically significantly reduce the number of ICD dis-
harges. Currently, there is disagreement regarding the predic-
ive value of electrophysiologic testing with respect to subse-
uent arrhythmia outcomes in patients receiving amiodarone
herapy.

Because amiodarone is effective in suppressing ventricular
rrhythmias and has had neutral effects on survival in patients
ith left ventricular dysfunction, the drug is often used to

uppress symptomatic, nonsustained VT in these patients.
owever, amiodarone adversely affected survival in NYHA

II patients in the Sudden Cardiac Death in Heart Failure Trial
SCD-HeFT).12 Thus, amiodarone should be reserved for pa-
ients with nonsustained VT that is symptomatic, refractory to
eta-blocker therapy, and concerning enough to warrant treat-
ent.

trial Fibrillation
lthough amiodarone is not approved for use in the treatment
f atrial fibrillation (AF) by the FDA, it is the most commonly
sed antiarrhythmic drug for this purpose. This is based on 1
ear efficacy rates for maintaining sinus rhythm of greater than
0%, compared to 50% or less for other antiarrhythmic agents.
he Canadian Trial of Atrial Fibrillation (CTAF) demonstrated

hat amiodarone was more effective than propafenone or so-
alol in preventing AF recurrences; although discontinuation
ates due to adverse effects trended higher in the patients
reated with amiodarone.14 In the Sotalol-Amiodarone Atrial
ibrillation Efficacy Trial (SAFE-T) amiodarone prolonged

he median time to AF recurrence compared to sotalol (P
.001) and to placebo (P �.001), but not in patients with

schemic heart disease.15 Maintenance of sinus rhythm with
miodarone improved quality of life and exercise capacity.

It is the consensus of this committee that amiodarone
hould be used to treat AF based on the recommendations of
he American College of Cardiology/American Heart Associ-
tion/European Society of Cardiology (ACC/AHA/ESC), pub-
ished in 2006,16 in the following patient groups: 1) patients
ost-myocardial infarction who are not candidates for sotalol
r dofetilide; 2) patients with congestive heart failure and left
entricular dysfunction who are not candidates for dofetilide;
) patients with significant left ventricular hypertrophy, and 4)
ntiarrhythmic drug-refractory, symptomatic patients as a
edical alternative to catheter ablation. Because of the end-
rgan toxicity, the drug should be considered after sotalol
nd/or dofetilide have been tried in the post-myocardial infarc-
ion setting, after dofetilide in patients with left ventricular
ysfunction, and only in drug-refractory idiopathic AF. Al-
hough amiodarone can be used to control ventricular rate in
F, it should be considered only in circumstances in which
igoxin, beta-blockers and calcium channel blockers are inef-
ective, contraindicated or not tolerated. In most of these re-
ractory patients, a more appropriate approach is atrioventric-
lar (AV) junction ablation and permanent cardiac pacing, or
F ablation in appropriate patients.
Although several studies,17 most recently the Prophylactic

miodarone for the Prevention of Arrhythmias that Begin
arly After Revascularization, Valve Replacement, or Repair

PAPA BEAR),18 have demonstrated that loading with oral
miodarone prior to aortocoronary bypass surgery can de-
rease the incidence of postoperative AF, this approach should
e considered only in high risk patients (prior history of AF,
alve replacement surgery) in whom beta-blockers alone might
e expected to still be associated with a high post-operative AF
ccurrence rate. The use of preoperative prophylactic amioda-
one has not been universally accepted because of the wide-
pread use of beta-blockers, logistical preoperative loading
ose issues, concerns for potential toxicity and cost.

ntravenous (IV) Amiodarone
ntravenous (IV) amiodarone is commonly used to treat atrial
nd ventricular arrhythmias.19 Even though tissue levels rise
apidly with IV infusion effective suppression and prevention
f these arrhythmias can take days. Sinus node suppression,
V nodal blockade, and very rarely, torsades de pointes VT

an occur within minutes to hours after IV loading.

entricular Arrhythmias
V amiodarone is approved by the FDA for treatment and
rophylaxis of recurrent VF and hemodynamically unstable
T in patients who are refractory to other antiarrhythmic

herapy. IV amiodarone is also approved to treat (suppress
nd prevent) VF or VT in patients who are candidates for
ral amiodarone but are unable to take the oral preparation.

IV amiodarone has a “class IIb” indication in the Advanced
ardiac Life Support (ACLS) guidelines.20 Based on 2 pro-

pective randomized parallel dose-response studies,21,22 IV
miodarone is now the antiarrhythmic drug of first choice for
ersistent VF or pulseless VT if standard (non-antiarrhythmic)
esuscitative measures are ineffective.

Two prospective double blind studies evaluated IV amio-
arone for shock-resistant arrest due to VT or VF in individ-
als experiencing out-of-hospital cardiac arrest.23,24 Compared
o placebo, a 300 mg IV bolus was associated with a greater
hance of survival to hospital admission (44% vs 34% in the
lacebo group; P � .03) but there was no survival benefit to
ospital discharge (13.4% vs 13.2% survival in the placebo
roup).24 Similarly, compared to lidocaine, a 300 mg IV bolus
f amiodarone was associated with a greater chance of survival
o hospital admission (22.8% vs. 12.0%, P � .009),24 but
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verall survival was poor and no survival benefit to hospital
ischarge existed.

Amiodarone has also been advocated for treatment of
T/VF refractory to lidocaine after acute myocardial infarc-

ion25 and as an adjunct for “electrical storm,” defined as
ultiple episodes of recurrent rapid poorly tolerated VT or VF

equiring multiple defibrillation attempts over a short period of
ime (24 hours or less) in which recurrent VT/VF can be only
ransiently terminated.25

Although not tested prospectively, IV amiodarone has been
sed to suppress recurrent, symptomatic, non-sustained (�30
econds) VT and recurrent episodes of VT in patients with
CDs who have frequent device activations (shock or anti-
achycardia pacing therapies).26–29

trial Fibrillation and Other Supraventricular
rrhythmias

V amiodarone is used to treat various supraventricular tachy-
rrhythmias, most commonly AF in acute settings, including
uring and after cardiovascular surgery (despite lack of robust
vidence), in intensive care units, and in emergency depart-
ents.30–32

IV amiodarone can help control ventricular rate control
uring AF of acute onset,31 especially in critically ill patients,
hrough its short-term calcium channel-blocking and sympa-
holytic effects; it is not FDA-approved for this use. Acutely
dministered, IV amiodarone has little effect on atrial refrac-
ory periods, possibly explaining why, in placebo-controlled
rials, it has not been shown to convert AF to sinus rhythm
ore effectively, compared to placebo.32

IV amiodarone can help to maintain sinus rhythm after
lectrical or spontaneous cardioversion and, even then, in
any instances, only after 24–48 hours. IV loading increases
yocardial tissue levels within hours, but an electrophysi-

logic effect can take days. The effective loading dose and
ime to effect are highly variable.

Several trials have addressed the potential benefits of IV
miodarone in the cardiovascular surgical setting. One re-
ent study suggests that the drug may reduce the occurrence
f AF in patients undergoing aortocoronary bypass graft
urgery.31 Another investigation33 showed a 37% relative
isk reduction in postoperative AF after 2 g IV amiodarone
iven prophylactically over 2 days following surgery (35%
s 47% in the control group), but the clinical impact (length
f hospital stay or reduction in adverse outcomes) was not
ifferent.

Benefits seen with IV amiodarone are related to the loading
egimen, patient selection, and other, undefined factors. IV
miodarone may be more effective at higher doses and given
or acute episodes of AF, but the risks, including hypotension,
iver function abnormalities, sinus bradycardia and AV block,
re dose-dependent and depend on infusion rate.34

Data supporting the use of IV amiodarone to reduce the
isk of AF and to decrease length of hospital stay in the
erioperative cardiac surgical period are not consistent.
ome reports suggest benefit at low doses,35 others support

he use of relatively large doses, and others suggest no real
enefit. Doses as high as 4500 mg over 5 days may achieve
small 1.4 day mean decrease in length of hospital stay.36

Double-blind, randomized studies (10 trials involving 1744
atients) comparing oral and/or IV amiodarone with placebo
ave found that prophylactic amiodarone decreases length of
ospital stay and mortality after cardiac surgery.37 Data in
atients with recent onset AF suggest that IV amiodarone, at a
ose of 5 mg/kg over 30 minutes followed by 10 mg/kg over
0 hours, was associated with significantly higher conversion
ate of AF to sinus rhythm38; high doses such as this are,
owever, only rarely used in clinical practice.

A meta-analysis evaluating IV amiodarone vs. placebo
s. another antiarrhythmic drug in 18 randomized controlled
rials showed a rate of cardioversion with IV amiodarone of
6% vs 72% using other antiarrhythmic drugs vs. 60% with
lacebo. Adverse events occurred in 17% taking amioda-
one vs. 14% taking other antiarrhythmic drugs and 11%
aking placebo.39 Although one meta-analysis suggests that
V amiodarone is effective in suppressing AF after cardiac
urgery,40 one large meta-analysis evaluating new onset AF
fter cardiac surgery showed consistent evidence favoring
eta-adrenergic blockade but little compelling data in favor
f IV amiodarone.41,42 The use of IV amiodarone as a
rst-line drug for management of AF in this setting may

herefore be overstated.
Adverse effects of IV amiodarone include sinus brady-

ardia or arrest, AV nodal blockade, liver function abnor-
alities, hypotension, and phlebitis. Very rare cases of

ulminant hepatitis and acute respiratory distress syndrome
ave been reported. The typical long-term side effects seen
ith oral amiodarone are seen rarely with acute IV dosing.

se in Pregnant Patients
miodarone is not well-studied in pregnant patients. Ami-
darone crosses the placental barrier, although fetal serum
evels are only 10–25% of maternal levels. Fetal thyroid
nd congenital malformations have been reported. Given
he drug’s complex pharmacokinetics, effects on thyroid
etabolism and significant end-organ toxicity, the drug

hould not be used in pregnant patients unless no other
ption exists. Currently, it has an FDA class “D” rating.43

se in Pediatric Patients
V amiodarone use in children is not well studied and may
e associated with a high incidence of side effects and/or
eath. In one report of 61 children with various tachyar-
hythmias, adverse events were common (87%), leading to
rug withdrawal in 10. There were 5 deaths in the 30-day
ollow-up period (2 possibly related to the drug).44 How-
ver, some tachyarrhythmias in children require rapid con-
rol as they may be lethal. Examples include transient tachy-
rrhythmias after congenital heart disease surgery and
achyarrhythmias that cause cardiomyopathy. Amiodarone
s often the antiarrhythmic drug of choice in these settings.
rrhythmias in pediatric patients may change or resolve
ith time, making long-term amiodarone therapy unneces-

ary. If the tachyarrhythmias persist, ablation is a possibility
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s the child gets older. The use of amiodarone in children
hould be supervised by a pediatric electrophysiologist.

ollow-up of the patient on amiodarone
ssues of importance in follow-up are the continued assess-
ent of drug efficacy, titration of drug dose after achieving
steady state, evaluation of adverse and toxic effects, ap-

ropriate management of toxic effects, and attention to
mportant drug–drug and drug–device interactions. To en-
ure safety, therefore, meticulous follow-up is central to the
are of patients taking amiodarone. Especially when used
or non–life-threatening arrhythmias for which the drug is
ot approved, such as AF, the risk–benefit ratio of taking
he drug may weigh in favor of risk rather than benefit if
dverse effects occur. Our recommendations for follow-up
pply to patients treated with amiodarone for either atrial or
entricular arrhythmias.

Adverse effects are common, with a prevalence as high
s 15% in the first year of use and 50% during long-term use
Table 1), indicating a cumulative effect with chronic
se.45–47 Furthermore, since the time to steady state on a
iven dose of drug may exceed 6 months, it may take more
han 6 months before an adverse drug effect is reversed.
ortunately, many of these adverse effects are manageable
nd the need to discontinue amiodarone therapy due to

able 1 Adverse reactions to amiodarone

eaction
Incidence
(%) Diagnosis

ulmonary 2 Cough and/or dyspnea, es
or diffuse opacities on hig
scan and decrease in DLCO

astrointestinal tract 30 Nausea, anorexia and con
15–30 AST or ALT level greater t
�3 Hepatitis and cirrhosis

hyroid 4–22 Hypothyroidism
2–12 Hyperthyroidism

kin �10 Blue discoloration
25–75 Photosensitivity

entral nervous system 3–30 Ataxia, paresthesias, perip
polyneuropathy, sleep dis
memory and tremor

cular �5 Halo vision, especially at

�1 Optic neuropathy

�90 Photophobia, visual blurri
microdeposits

eart 5 Bradycardia and AV block
�1 Proarrhythmia

enitourinary �1 Epididymitis and erectile

ALT � alanine aminotransferase; AST � aspartate aminotransferase; D
erious adverse reactions is relatively low, occurring in less
han 20% of patients. Nevertheless, evaluation of signs,
ymptoms, and certain specific test abnormalities helps to
dentify problems and prevent progression to serious organ
oxicity. Early assessment and intervention is required when
n adverse effect is suspected. Optimizing therapy with
miodarone entails using the lowest effective dose to min-
mize adverse effects.

When amiodarone first became available in the United
tates, it was prescribed only by electrophysiologists be-
ause of its potential toxicity. As the drug gained popularity,
hysicians not specializing in arrhythmia management be-
an both to prescribe and also to follow patients taking the
rug. While such physicians have generally been cardiolo-
ists, some internists and family practitioners may have
nough experience with, and comfort using, the drug to
rovide follow-up evaluation. This committee recommends
hat only experienced personnel should direct the follow-up
f patients taking amiodarone.

Routine evaluation requires an office visit to assess new
ymptoms possibly related to the drug (Table 1), recurrence
f arrhythmias, the need for upward or downward drug
itration, laboratory testing, and changes in drug therapy.
ollow-up should be most intensive initially, especially if

Management

y with local
lution CT
baseline

Usually discontinue drug; corticosteroids may
be considered in more severe cases;
occasionally, can continue drug if levels high
and abnormalities resolve; rarely, continue
amiodarone with corticosteroid if no other
option

on Symptoms may decrease with decrease in dose
times normal If hepatitis considered, exclude other causes

Consider discontinuation, biopsy, or both to
determine whether cirrhosis is present
L-Thyroxine
Corticosteroids, propylthiouracil or
methimazole; may need to discontinue drug;
may need thyroidectomy
Reassurance; decrease in dose
Avoidance of prolonged sun exposure;
sunblock; decrease in dose

ce, impaired
Often dose dependent, and may improve or
resolve with dose adjustment

Corneal deposits the norm; if optic
neuropathy occurs, discontinue
Discontinue drug and consult an
ophthalmologist

d

May need permanent cardiac pacing
May need to discontinue the drug

ction Pain may resolve spontaneously

diffusion capacity of carbon monoxide.
peciall
h-reso
from

stipati
han 2

heral
turban

night

ng, an

dysfun
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ose titration is expected to be necessary or if outpatient
ral dose loading is being undertaken. Initial assessment
hould occur every 3 to 6 months for the first year to assess
rrhythmia stability and adverse effects, after which fol-
ow-up visits should be scheduled every 6 months. As in-
icated above, adverse effects increase with time of expo-
ure, and they are partly dose-related. Some adverse effects
neurologic and gastrointestinal tract toxicity) are clearly
ose-related, and often occur in the first phases of amioda-
one loading. Visual changes, (e.g., “haloes” around lights)
re generally, but not always, dose-related. Serious long-
erm toxicity, especially pulmonary and, less frequently,
epatic toxicity, appears to be in part dose-related.

ulmonary Toxicity
miodarone-induced pulmonary toxicity is a well-described

nd highly morbid complication of amiodarone thera-
y.6,48,49 Clinical trials have suggested that the overall risk
f developing pulmonary toxicity is around 2%, and is more
ommon in older patients and with higher doses of therapy.5

pecific trials have been largely consistent with this esti-
ate.13,15,50 Although initially described with higher-dose

egimens, amiodarone pulmonary toxicity can occur with
ow-dose therapy,6 and can occur as early as the end of the
rst week of therapy. Patients with preexisting pulmonary
isease may be at higher risk of developing pulmonary
oxicity, although the available data are discordant.48,51 Se-
ial pulmonary function testing has been shown to be a
ensitive but nonspecific marker of pulmonary toxicity
likely due to a high incidence of heart failure in the pop-
lation receiving the drug) and is of unclear clinical bene-
t.52

Amiodarone-induced pulmonary toxicity may present at
ny time during the course of therapy, with data supporting
oth early and late presentation. The most common scenario
s that of acute or sub-acute cough; later manifestations
nclude progressive dyspnea; fever may be present. Pulmo-
ary function testing will show a decreased diffusing ca-
acity (DLCO) and evidence of restriction. Chest computed
omography (CT) will generally reveal diffuse ground glass
nd reticular abnormalities, evidence of ongoing inflamma-
ion, and fibrosis. An increase in lung (as well as liver and
pleen) attenuation on CT scan due to parenchymal accu-
ulation of amiodarone is well described but is not predic-

ive of current or future pulmonary toxicity.52 Surgical lung
iopsy should generally be avoided given reports of post-
perative acute respiratory distress syndrome (ARDS),53

ut, if performed, reveals a non-specific interstitial pneu-
onia pattern, with foamy alveolar macrophages filled with

miodarone–phospholipid complexes and focal organizing
neumonia.54 Bronchoscopy has little role in diagnosing
ulmonary toxicity, since the findings are non-specific.

The diagnosis of amiodarone-induced pulmonary toxic-
ty is often one of exclusion. A high index of suspicion,
onsistent clinical and chest CT findings and rigorous eval-
ation to exclude alternative etiologies (in particular infec-
ion and heart failure) should suggest the diagnosis. Treat-
ent consists of discontinuing amiodarone and, in more
evere cases, starting corticosteroids. There are no good
ata to guide dosing and duration of corticosteroid therapy.
ypically, 40 to 60 mg of prednisone (or equivalent) daily
as been prescribed; the response is often rapid. Because the
limination of amiodarone is slow, prolonged therapy, on
he order of months, may be required. The dose of steroids
an generally be decreased after the first few months to
inimize side effects. While mortality from amiodarone-

nduced pulmonary toxicity has been reported to be as high
s 10%,49 these data likely represent selection for the most
everely ill patients; it is therefore likely that the true mor-
ality rate is substantially lower, especially if the diagnosis
s made early.

hen to Consult a Pulmonologist:

. Abnormal chest radiography at baseline or follow-up
evaluation.

. Abnormal pulmonary function test value (particularly
forced vital capacity and (DLCO)) at baseline or fol-
low-up evaluation.

. New cough and/or dyspnea, especially if otherwise un-
explained or unexpected.

All patients referred for pulmonary consultation for sus-
ected amiodarone toxicity should undergo full pulmonary
unction testing (spirometry, lung volume determination,
nd diffusing capacity measurement) and high-resolution
T scanning of the chest.

ffects on Thyroid Function
reatment with amiodarone can lead to both hypo- and
yperthyroidism.55 Acutely, there is an increase in thyroid
timulating hormone (TSH) (although typically it remains
20 mU/L), an increase in both free and total T4, and a

ecrease in total, and, to a lesser extent, free T3.56,57 After
months, a new equilibrium is reached, and TSH normal-

zes, again becoming the most reliable marker of thyroid
tatus. T4, however, will remain high normal, or even
rankly high, while T3 will remain low normal or, rarely,
ow.55,57 Due to these acute changes, it is best to avoid
hecking thyroid function tests during the first 3 months of
reatment, if possible.

In iodine sufficient areas, such as the US, the prevalence
f amiodarone-induced hypothyroidism (AIH) is as high as
2%.55 Both female sex and the presence of anti-thyroid
ntibodies prior to the initiation of therapy increase the
isk.58,59 Typically, AIH occurs within the first 1–24 months
f amiodarone treatment.58,60 The diagnosis should be sus-
ected in the presence of an elevated TSH (generally �20
U/L) and a low or low-normal free T4. Symptoms of

ypothyroidism, while nonspecific and often subtle, can
lso aid in the diagnosis. Treatment is accomplished with
-thyroxine, with a goal of normalizing the TSH. The ma-

ority of patients who do not have underlying Hashimoto’s
hyroiditis will have resolution of their hypothyroidism after
iscontinuation of amiodarone.59 Consultation with an en-
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ocrinologist may be helpful to decide on whether or not
ubclinical disease (high TSH but normal T4 in an asymp-
omatic patient) should be treated.

Prevalence of amiodarone-induced thyrotoxicosis (AIT)
s much lower than that of AIH in iodine sufficient ar-
as.55,57 AIT can occur quite suddenly and at any time
uring treatment. The diagnosis is made based on a sup-
ressed TSH with an elevated free T4. Given the beta-
locking effects of amiodarone, the classic findings of thy-
oxicosis are often absent. Clinically, the most common
ndings may be weight loss or a required change in warfarin
ose. In addition, any change in cardiac status should pre-
ipitate a thyroid evaluation. In equivocal cases, a T3 level
an be helpful, with an elevated or high normal T3 indicat-
ng thyrotoxicosis.

The natural history and treatment of AIT should be
uided by the underlying etiology. While attempts to divide
IT into two distinct subtypes55,57 have provided insight

nto the pathophysiology of the disease, the practical utility
f this division has been limited. Some patients clearly have
re-existing thyroid disease (e.g., Graves’ disease or multi-
odular goiter) aggravated by the iodine load of amioda-
one. In other cases, toxicity to the thyroid results in thy-
oiditis. Unfortunately, many of the criteria proposed to
istinguish between these entities do not appear applicable
n iodine sufficient areas like the US,57,61 and, in practice, a
arge percentage of patients do not clearly fall into either
ub-type, and are thought to have mixed disease.62 Patients
ho clearly have underlying thyroid disease should have

miodarone discontinued, if possible, and be treated with
igh doses of antithyroid drugs (propylthiouracil or methim-
zole). Patients who have unequivocal signs of thyroiditis
tender thyroid gland, fever) can be treated with prednisone
ith continuation of amiodarone. The thyroiditis is typically

elf-limited, and patients often eventually become hypothy-
oid.63 For the remainder of the patients (perhaps the ma-
ority), one strategy is to start both antithyroid drugs and
rednisone initially. If there is rapid improvement in 1–2
eeks, the disease is prednisone-responsive and discontin-
ation of the antithyroid drug can be considered.

The decision to discontinue amiodarone is made based
n the cardiac needs of the patient. In patients with subclin-
cal disease (low TSH but normal free T4 in an asymptom-
tic patient), the decision to discontinue amiodarone can be
eferred while the response to antithyroid medication is
eing assessed with close clinical follow-up during that
ime. As the drug effects will last for months, discontinua-
ion will not result in immediate improvement. If combina-
ion drug therapy does not improve thyroid status, options
re limited. Due to the large iodine load, ablation with
adioactive I131 is not possible. Potassium perchlorate, an
gent effective in AIT, is no longer available in the US.
hyroidectomy is effective in high-risk patients (for exam-
le those being treated for VT) who need rapid treatment.64

nfortunately, this has recently become more difficult as
opanoic acid, important for controlling thyroxicosis prior to
urgery,65 is no longer available in the US. In light of these
reatment difficulties, AIT should be evaluated and treated
ggressively at the first hint of disease. For patients who
eed to restart the drug after discontinuation for AIT, pro-
hylactic ablative therapy with radioactive I131 is recom-
ended and has proven successful in preventing recur-

ence.66

Given the significant risk of thyroid side effects, patients
hould have a TSH, free T4 and total T3 checked prior to
nitiation of therapy. In addition, obtaining anti-thyroid per-
xidase antibodies (TPO) can be useful for predicting sub-
equent hypothyroidism. These tests, excluding TPO,
hould be rechecked in 3–6 months to establish a new
aseline. Subsequent testing of TSH and free T4 should be
onducted every 6 months or sooner based on clinical find-
ngs.

hen to Consult an Endocrinologist:

. Any time hyperthyroidism is suspected (even if suppres-
sion of TSH is mild and subclinical disease is possible).

. An acutely ill patient where interpretation of TFT’s will
be complicated by euthyroid sick syndrome.

. When considering treating subclinical hypothyroidism.

pecific Information To Be Acquired During
ollow-up Visits

istory
omplaints of fatigue (suggesting bradycardia, AV block,
r hypothyroidism), dyspnea or cough (suggesting pulmo-
ary toxicity), palpitations (suggesting hyperthyroidism or
ecurrence of arrhythmias), syncope, visual changes (in-
luding loss of vision), skin changes (including photosen-
itivity), weight change (suggesting hypothyroidism or hy-
erthyroidism), paresthesias or weakness (suggesting
eripheral neuropathy), changes in drug therapy (especially
dditional antiarrhythmic drugs, warfarin, beta-blockers,
nd digoxin) that require dose adjustment, newly implanted
evices (pacemakers, ICDs, or both), and sleep disturbances
hould be noted. Notably, amiodarone may change the rates
f tachycardias and the defibrillation threshold (the mini-
um energy to reliably terminate VF) in patients with ICDs

uch that a VT may occur below the device detection rate
nd not be recognized and treated, or VF may not be
erminated. In these patients, the drug should not be started
r the dose changed without the involvement of an electro-
hysiologist or cardiologist in charge of device follow-up.

hysical Examination
ocumentation of vital signs, skin color, regularity of pulse,

kin color changes, thyromegaly or thyroid nodules and
enderness, dry pulmonary rales, evidence of pulmonary
ypertension, left ventricular dysfunction (or both), hepato-
egaly, and evidence of neurologic effects (tremor, diffi-

ulty with writing, or gait disturbance) should be made. If
isual changes are reported, a thorough evaluation by an
phthalmologist, including a slit lamp examination, is re-
uired.
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outine Laboratory Evaluation
he minimum baseline studies that should be obtained are

isted in Table 2: liver function tests (because the drug is
epatically metabolized), thyroid function tests and pulmo-
ary function tests (including the DLCO). A decrease in the

LCO from baseline is compatible with amiodarone pulmo-
ary toxicity, but it can be difficult to assess in patients with
eart failure and pulmonary edema since the latter increases
he DLCO, and that itself may falsely normalize the test (see
bove). A baseline ophthalmologic evaluation should be
btained in any patient who has significant visual abnor-
alities; it is not required for all patients.
The follow-up evaluation should include, at a minimum,

yearly electrocardiogram and chest x-ray film, and, semi-
nnually, a thyroid profile (TSH, free T4) and profile of
iver enzymes. Amiodarone levels should be obtained if
rrhythmias occur or recur or if new symptoms develop,
specially after dose titration or a change in drug formula-
ion (to or from generic preparations); amiodarone levels
ay help determine if the drug can be titrated downward.
uch may be the case for patients who experience signifi-
ant weight loss. Surveillance amiodarone levels as gener-
lly obtained are of little use. Drug interactions with amio-
arone, especially digoxin, warfarin, and some statins must
e recognized and monitored as necessary (Table 3), since
ose adjustments of these agents will be required.

on-routine Laboratory Evaluation
s indicated above, laboratory tests should be ordered

ooner than scheduled if there are symptoms suggestive of

able 2 Recommended laboratory testing in patients
eceiving amiodarone*

ype of test Time when test is performed

iver function tests
hyroid function tests
hest x-ray film
phthalmologic evaluation
ulmonary function tests
(including DLCO)

igh-resolution CT Scan
lectrocardiogram

Baseline and every 6 mo
Baseline and every 6 mo
Baseline and then yearly
At baseline if visual impairment

or for symptoms
Baseline and for unexplained

cough or dyspnea, especially
in patients with underlying
lung disease, if there are
suggestive x-ray film
abnormalities, and if there is
a clinical suspicion of
pulmonary toxicity

If clinical suspicion of
pulmonary toxicity

Baseline and when clinically
relevant

DLCO � diffusion capacity of carbon monoxide; ECG �
lectrocardiogram.
If clinical circumstances warrant, more frequent follow-up will be
ecessary.
miodarone toxicity in a specific organ system, for example,
he thyroid or liver.57 Other testing may be required, de-
ending on changes in drug dose or changes in (or devel-
pment of) new symptoms. Event monitoring or Holter
onitoring may be required if new arrhythmia symptoms

ccur. Testing of ICDs and pacemakers for threshold
hanges should be performed if changes in clinical status
ccur, such as the development of heart failure or intercur-
ent myocardial infarction.

hen to Refer to an Electrophysiologist:

. Worsening arrhythmia symptoms

. Evidence of amiodarone toxicity requiring changes in
drug dosing or drug discontinuation. Until the arrhyth-
mia problem stabilizes, the patient may require intensi-
fied monitoring, electrophysiologic testing, ablative ther-
apy, or pacemaker or ICD implantation.

. Repeat defibrillation threshold testing is recommended
for patients with an ICD due to the drugs effect of
increasing this threshold.

. Assess amiodarone-induced slowing of VT rate in pa-
tients with an ICD such that VT would not be detected by
the device and therapy not delivered.

. Pregnant patients who require amiodarone.

. Pediatric patients who require amiodarone.

onclusion
lthough clinical judgment takes precedence over guide-

ines in clinical practice, it is nevertheless useful to attempt
o provide a consensus approach to the management of
atients with specific clinical conditions. This guideline
rovides such an approach. The physician who prescribes
miodarone and observes patients receiving amiodarone in-
urs a responsibility, outlined herein. Acceptance of this
esponsibility should lead to improved patient outcomes,
ost savings, and more rational patient care.

able 3 Major drug interactions with amiodarone

rug Interaction

igoxin Increased concentration and effect
with sinus and AV node
depression and gastrointestinal
tract and neurologic toxicity

arfarin sodium Increased concentration and effect
uinidine, procainamide
hydrochloride, or
disopyramide

Increased concentration and effect
and torsade de pointes
ventricular tachycardia

iltiazem or verapamil Bradycardia and AV block
Blockers Bradycardia and AV block

lecainide acetate Increased concentration and effect
henytoin Increased concentration and effect
nesthetic drugs Hypotension and bradycardia
yclosporine Increased concentration and effect
imvastatin, atorvastatin Can promote liver function

abnormalities
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