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Adverse Effects of Amiodarone

MAHTAB JAFARI-FESHARAKI* and MELVIN M. SCHEINMAN

From the *School of Pharmacy and Department of Medicine. University of California.
San Francisco, and the College of Pharmacy, Western University of Health Sciences,
Pomona. California

JAFARI-FESHARAKI, M., ET AL.: Adverse Effects of Amiodarone. Amiodarone was introduced 30 years
ago as an antianginal agent and subsequently has been used as an antiarrhythmic agent. This drug was
initially used for patients with malignant ventricular arrhythmias; however, currently it is being used
broadly for rate and rhythm control in patients with atrial fibrillation. At first, amiodarone was primarily
used by cardiologists and today it is used throughout the medical profession, Amiodarone therapy can po-
tentiaUy result in a wide range of adverse effects. The majority of these adverse effects are dose related
and reversible. The foUowing is a review of the adverse effects and drug interactions of amiodarone along
with recommendations for identification and management of these adverse effects, (PACE 1998; 21IPt.
IJ: 108-120)

amiodarone, digoxin, warfarin, antiarrhythmics, adverse effects, drug interactions

Amiodarone is an iodinated benzofuran
derivative which is extremely effeGtive in the
treatment of life-threatening ventricular and re-
fractory supraventricular arrhythmias.^ Its use. es-
pecially at high doses exceeding 400 mg/day, has
heen associated with the development of numer-
ous adverse reactions that require discontinuation
of the drug in 2%-26% of patients.^ The adverse
effects are seen less in patients treated with 200
mg/day or less as used in patients with supraven-
triGular tachycardia. Some of the most Gommon
adverse reactions include nausea, vomiting, con-
stipation, anorexia, blue-gray skin discoloration,
and corneal microdeposits. The most serious ad-
verse reactions are, pulmonary toxicity, hepato-
toxicity, and exacerbation of arrhythmias. These
side effects are often reversible upon dose reduc-
tion or cessation of the drug. The mechanism of
amiodarone induced toxicity is thought to be mul-
tifactorial with varying tissue effects. Reasons for
the potential side effects include the wide distri-
bution of amiodarone in all tissues containing adi-
pose cells, accumulation in organs such as the
lungs and liver, and the long elimination half-life
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of 25-50 days (average of 26 days).^ ^ Direct accu-
mulation of amiodarone and iodine, phospholipi-
dosis, free radical formation, immunologic injury,
and altered cellular function all play a role in the
mechanism of toxicity.^'^

Gastrointestinal Effects

Up to 33% of patients receiving oral amio-
darone experience gastrointestinal disturbances,
which are most common during the loading pe-
riod when high doses are prescribed. Gastroin-
testinal disturbances appear to be dose dependent
and occur more frequently with doses exceeding
600 mg/day.'*'̂  The most common symptoms in-
clude hut are not limited to: nausea, vomiting,
constipation, and anorexia and have been re-
ported in up to 80% of patients.*'"" Other rare gas-
trointestinal side effects include epigastric full-
ness or burning, abdominal pain, abnormal
salivation, and abnormal taste. The mechanism of
amiodarone induced gastrointestinal toxicity is
unknown. Discontinuation of the drug is rarely re-
quired and the signs and symptoms of gastroin-
testinal side effects are usually alleviated by dose
reduction, administration in divided doses with
meals, and discontinuance of the

Hepatic Effects

Amiodarone induced elevations in serum as-
partate transaminase (AST, SGOT], alanine
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transaminase (ALT. SGPT), aminotransferase, and
alkaline phosphatase concentrations are usually
mild, transient, and not accompanied by clinical
symptoms. These abnormalities are generally re-
versible with dose reduction or discontinuation of
the drug.^-^^

Elevation of liver function tests have been re-
ported in 5%-20% of patients receiving oral amio-
darone, the incidence has been reported as high as
96% in some studies.^^ Hepatic toxicity is gener-
ally dose dependent and reversible. Even though
elevation of liver enzymes have been observed
within 1 week of onset of therapy with doses as
low as 200 mg/day, it usually takes several months
for this adverse effect to become manifest. The in-
cidence of severe symptomatic hepatic injury
such as clinical hepatitis, cholestatic hepatitis,
and cirrhosis is < 3% and, therefore, the need to
discontinue the drug is unusual in the majority of
patients experiencing hepatic side effects."'''^

Signs and symptoms of amiodarone induced
hepatotoxicity may include hepatomegaly, gener-
alized muscular weakness, jaundice, fatigue,
malaise, ascites, abdominal pain, nausea, vomit-
ing, anorexia, and weight loss. Hyperbilirubine-
mia, leukocytosis, and increased prothrombin
time have also been reported. Histologic abnor-
malities are very similar to those of alcoholic hep-
atitis or cirrhosis. Microscopic tissue changes may
include Mallory bodies within hepatocytes, mild
lymphocytic infiltrates, collagen deposits, fibro-
sis, steatosis, hepatocyte destruGtion, cholangitis,
and portal inflammation.^^'^^ The results of elec-
tron microscopic studies demonstrate phospho-
lipid laden lysosomal inclusions within hepato-
cytes, bile duct epithelium, Kupffer cells, and
endothelial cells. The exact mechanism of hepatic
injury has not heen established, however, limited
evidence suggests that amiodarone may form com-
plexes with phospholipid and hepatic lysosomes
resulting in phospholipidosis.^"^

HepatiG dysfunction may not resolve upon
withdrawal of the drug. The slow elimination of
amiodarone (mean half-life of 26 days) accounts
for the persistence of elevated levels of amiodarone
and its metabolite desethylamiodarone in plasma
and tissue for weeks to months following with-
drawal of the drug.^"^'^ It is recommended that lev-
els of serum hepatic enzymes be checked prior to
initiating therapy and be monitored every 6

months thereafter. The dose of amiodarone should
be reduced or discontinued in patients with per-
sistent serum hepatic enzyme levels of three times
the upper limit of normal values. If elevations per-
sist or hepatomegaly develops, a liver biopsy
should be performed in order to ascertain and char-
acterize the type and degree of hepatic injury.̂ **

Dermatological Effects

Dermatological side effects such as photosen-
sitivity and blue-gray skin discoloration are com-
monly reported with amiodarone."^ Dermatologi-
cal adverse effects due to amiodarone occur
universally in unprotected skin areas exposed to
light. Amiodarone photosensitivity manifests as a
sunburn with erythema and varying degrees of
edema. Microscopic evaluation of the pigmented
skin specimens of patients with amiodarone in-
duced dermatological problems show that the
concentration of amiodarone and its metabolite,
desethylamiodarone, are 10 times higher in skin
areas exposed to light compared to nonexposed
areas. Because of these characteristics, amio-
darone skin reactions are classified as phototoxic
rather than photoallergic reactions. Zachary et
al.,^^ using monochromator light tests, reported
that UV-A and UV-B radiation predisposed the
skin to this phototoxic reaction. Although reduc-
ing the amiodarone dose appears to alleviate some
of tbe symptoms, it is still unclear whether or not
amiodarone induced photosensitivity is dose re-
lated.̂ •^^•^" Photosensitivity to amiodarone is con-
sidered a mild adverse reaction that can be mini-
mized by educating patients to use sunscreens
that contain zinc or titanium oxide.

Amiodarone induced blue-gray pigmentation
is commonly observed in unprotected light ex-
posed skin.^' However, Raeder et al.^^ report that
skin discoloration occurs in two of their patients
in nonexposed areas. The incidence of amio-
darone induced blue-gray skin discoloration
ranges from 2%-57% and it appears to be dose re-
lated.^ Histopathological studies by Zachary et
al.̂ ** confirm the presence of iodine bound to lipo-
fuscin granules within the dermal macrophages of
skin biopsies of patients who developed blue-gray
skin discoloration with amiodarone therapy.
These findings demonstrate that lipid-soluble
amiodarone molecules are phagocytosized by the
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macrophages of the dermis cells and appear as a
blue-gray skin discoloration. Amiodarone in-
duced blue-gray skin discoloration usually fades
slowly after discontinuation of the drug.'^

Hair loss, allergic-type reactions such as pru-
ritic rash, and exacerbation of psoriasis have also
been infrequently reported with amiodarone ther-
apy. Raeder et al.^^ reported the occurrence of hair
loss in nine of their patients (4%) after an average
of 10 months of therapy. Of note, they reported
that hair growth resumed when amiodarone was
discontinued.^^ Hair loss may be secondary to se-
vere hemodynamic compromise.

Even though the incidence of dermatological
side effects with amiodarone therapy is high,
amiodaione is rarely discontinued for this reason.

Ophthalmological Effects

Ocular adverse effects during amiodarone
therapy are asymptomatic in the majority of cases
but they are universal. The development of
corneal microdeposits is the most common side
effect observed with amiodarone therapy. In a
small number of patients, Gorneal microdeposits
lead to symptoms such as photophobia, blurred
vision, and halos. Despite these symptoms, dis-
continuation of the drug is rarely required. Ingram
retrospectively evaluated the ocular complica-
tions of amiodarone in 103 patients. He reported
that microdeposits were observed in 98% of pa-
tients after a total dose of 9 g or less and about 1
month of therapy.^" Morphological studies of
amiodarone induced keratopathy reveal that mi-
crodeposits have a whorl-like pattern, and are bi-
lateral, often symmetrical, golden-brown, and lo-
cated in the epithelium anterior to Bowman's
membrane. The pattern of keratopathy evolves
over tbe duration of therapy and it is believed to
be dose related. Histological studies suggest that
microdeposits are composed of intracytoplasmic
lysosomal-like inclusions of drug or drug-lipid
complexes.^^•^•* In addition, Ghosh and McCul-
loch^^ reported the presence of intracytoplasmic
membrane bound lamellar bodies in all layers of
cornea and conjunctival epithelium. The structure
of these lamellar bodies were very similar to
myelin. Ghosh and McCulloch supported the the-
ory of drug induced lipidosis in the formation of
amiodarone induced corneal microdeposits.^^

The progress of amiodarone induced ker-
atopathy is related to the dose and duration of
therapy.^'^^'^^"^^ However, discontinuation of the
drug is not necessary even in symptomatic pa-
tients, dose reduction may alleviate ocular symp-
toms. Discontinuation of amiodarone is recom-
mended only in patients with severe retinal
abnormalities.

Nervous System Effects

Neurological adverse effects occur in approx-
imately 20% of patients receiving long-term amio-
darone treatment.^'^ The most common signs and
symptoms include tremor, ataxia, and peripheral
neuropathy and they all appear to be dose depen-
dent occurring as early as 1 week after initiating
therapy.̂ '̂ ^•'̂  Although, in the majority of studies
these adverse effects are rarely reported, some in-
vestigators have reported incidences as high as
74%."' In a retrospective study on 408 patients ex-
amining the neurological problems with amio-
darone, paresthesia (8.8%), gait ataxia (9%), ver-
tigo (8.6%), and tremor (7%) were considered the
most common adverse effects. Several studies in-
dicate that the neurological effects with amio-
darone were dose and duration related, other stud-
ies did not find any correlation based on serum
concentration of amiodarone.^"

Amiodarone induced peripheral neuropathy
is well documented, it affects all four limbs, and is
generally symmetrical.'^^ Neuropathy usually
manifests after several months of therapy.^^ Neu-
ropathological and nerve conduction studies in
animals receiving amiodarone have revealed pure
demyelination and complete axonal degeneration
resulting in reduced nerve conduction veloci-

Tremor is generally the earliest reported ner-
vous system adverse effect and is classified as a
mild adverse effect, which subsides with dose re-
duction and it rarely requires discontinuation of
the drug.̂ ^-^^

Ataxia is another common side effect with
amiodarone with gait ataxia being the most com-
mon form. Gommon complaints are reported as
frequent falls and impaired ambulation, which
Gould be dangerous in the elderly population,
which compromises the majority of patients on
long-term amiodarone therapy. Amiodarone in-
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duced nervous system effects can be alleviated
within a few days by dose reduction and rarely re-
quire discontinuation of the drug.

Pulmonary Effects

Pulmonary complications are the most seri-
ous side effects attributed to long-term amio-
darone therapy.̂ "" '̂̂ •̂ '̂ •̂ ^^^ Amiodarone induced
pulmonary toxicity has been observed in approxi-
mately 0.5%-10% of patients and in some in-
stances has been associated with mortality.^ It is
not clearly established whether or not pulmonary
toxicity is dose dependent but it appears to be rare
in patients receiving < 400 mg of amiodarone per
day. The total cumulative dose or duration of ex-
posure may possibly be more important than the
daily dose.^'*" Amiodarone induced pulmonary
toxicity is rarely reported with doses below 400
mg/day when the drug is administered for < 2
months.^• '̂̂

Amiodarone induced pulmonary toxicity has
been described as pulmonary alveolitis, pul-
monary infiltrates, pneumonia, and pulmonary fi-
brosis.̂ ^~^** Amiodarone induced pleural effusions
are very unusual. Signs and symptoms are non-
specific but the most common manifestations of
amiodarone induced pulmonary toxicity include
exertional dyspnea, malaise, decreased breath
sounds, bilateral rales, pleural rub, pleuritic chest
pain, weakness, myalgia, myopathy, and weight

Polkey et al.^^ have suggested two distinct pat-
terns of amiodarone induced pulmonary toxicity.
The more common symptoms in patients with
amiodarone induced pulmonary toxicity include
the onset of a new nonproductive congh, dyspnea,
weight loss, occasional fever, and diffuse intersti-
tial infiltrates. The less common symptoms in-
clude the acute onset of fever and peripheral alve-
olar infiltrates, which occur early during therapy
and may represent an allergic or hypersensitivity
reaction.^'^^ However, clinicians should not at-
tribute these symptoms to amiodarone without rul-
ing out congestive heart failure or pulmonary em-
bolism.^^ Tbe hypersensitivity reaction hypothesis
is based on the findings of increased suppressor
and cytotoxicT cells (GD8 + ,T8-i-} and neutrophils
in bronchoalveolar lavage in most patients with
amiodarone induced pulmonary toxicity.^"^'^^^^

It may be difficult to distinguish between
amiodarone induced pulmonary toxicity and
signs and symptoms of congestive heart failure in
patients with underlying left ventricular dysfunc-
tion or pulmonary infection.^ Right heart catheter-
ization may be required to exclude the diagnosis
of cardiac failure. Laboratory abnormalities are at
best suggestive and include leukocytosis, hypox-
emia, hypercarbia, and a slight increase in lactate
dehydrogenase levels.̂ "^^ Ghest X ray findings are
variable and may consist of peripheral, apical, bi-
lateral diffuse interstitial infiltrates, or patchy
alveolar infiltrates.^•^^•'''•*'* Pulmonary function
tests reveal a decrease in diffusion capacity,
which is the most consistent abnormality. A de-
crease in diffusion capacity is not useful in pre-
dicting amiodarone induced pulmonary toxicity
in asymptomatic patients. It should be noted that
usual symptoms, abnormal chest X rays, abnormal
pulmonary function tests, decreased lung compli-
ance, and a positive gallium scan do not provide
specific diagnostic criteria for a diagnosis of amio-
darone induced pulmonary toxicity.̂ •̂ ••''•̂ •̂'* '̂*''

Broncboalveolar lavage reveals "foamy" cyto-
plasmic inclusions, which may represent drug im-
pregnation rather than a manifestation of toxicity
since they can be seen in up to 50% of patients
without toxicity.̂ '̂ '̂ ^•^"•^^ Figures 1 and 2 show
sections of transbroncheolar biopsies of a patient
with amiodarone induced pulmonary toxicity.
Figure 1 shows alveolar spaces filled with large
foamy macrophages. These macrophages contain
multiple laminated bodies. Figure 2 shows late
patchy architectural distortion with "honey
combed" air spaces and fibrosis in their walls.

The exact mechanism of amiodarone induced
pulmonary toxicity is unknown. However, an ac-
cumulation of phospholipids within the lung tis-
sues, free radical formation, increased iodine con-
tent, and altered cellular function secondary to
the amphophilic nature of amiodarone have been
suggested as causative factors. Phospholipid ac-
cumulation is thought to be caused by amio-
darone inhibiting phospholipase A. Since the
lung is the main organ of phospholipid
metabolism, it is very susceptible to amiodarone's
toxic effects.''^ Phospholipidosis results in an ac-
cumulation of lamellar bodies, membrane stiff-
ness, and cell damage. Damage of immunological
cells such as macrophages is of particular concern
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Figure 1. Section of transbronchiolar biopsy of a pa-
tient with amiodarone induced pulmonary toxicity.
Some alveolar spaces filled with large foamv
macrophages which contain multip!e laminated bodies
(magnification X275).

since they are able to release immunological or
toxic mediators inducing inflammation. No defi-
nite mechanism of amiodarone induced hypersen-
sitivity has been established.

It is not clear whether patients with preexist-
ing lung diseases have a higher risk of developing
amiodarone induced pulmonary toxicity. It is
likely that such patients have the same risk but are
more symptomatic with the development of amio-
darone induced pulmonary toxicity.

Symptoms of amiodarone induced pul-
monary toxicity usually diminish with dose re-
duction, discontinuation of the drug, or adminis-
tration of steroids.^''

Thyroid Effects

Amiodarone contains two atoms of iodine,
which represent approximately 37% of the molec-
ular weight of the compound. There are 75 mg of
organic iodine in a 200-mg amiodarone tablet. The
average daily intake of iodine is 0.5-1 mg. There-
fore, 75 mg of iodine is far in excess of the normal
daily iodine intake. In addition, there are struc-
tural similarities between amiodarone and thyroid
hormones. Because of these features, the effects of
amiodarone on thyroid function are of particular
importance to clinicians. A number of studies have
reported the effects of amiodarone on thyroid hor-
mones. Although long-term administration of
amiodarone increases significantly thyroxine (T4)

and reverse T3 (rT3), and increases moderately
thyroid stimulating hormone (TSH), and decreases
triiodothyronine (T3), yet the overt clinical effects
of amiodarone on thyroid function remain com-
plex.**'' Amiodarone decreases the peripheral con-
version of T4 to T3, inhibits T3 binding to thyroid
receptors, and inhibits entry of thyroxine and T3
into peripheral tissues. As a result of various
metabolic effects of amiodarone on thyroid func-
tion, both hypo- and hyperthyroidism may de-
velop with amiodarone.""^* The overall incidence of
thyroid dysfiinction with amiodarone is 2%-24%.
Thyrotoxicosis is more common in areas with low
iodine intake and hypothyroidism is more com-
mon in areas with high iodine intake.•'^'•"'

Thyrotoxicosis

ThyrotoxiGosis occurs in about l%-23% of
patients and this inoidence may be as high as 10%
during long-term amiodarone therapy.^" Although
the exact mechanism of amiodarone induced thy-
rotoxicosis is not well defined, it is postulated
that the high iodine content of amiodarone in-
creases tbyroid hormone synthesis. Glassic symp-
toms of amiodarone induced thyrotoxicosis are
unexplained weight loss, goiter, tremor, muscle
weakness, recent OGGurrence of sinus tachycardia,
a significant increase in T4 and T3 levels, and
marked decreases of 96% in TSH levels. Treat-
ment of amiodarone induced thyrotoxicosis is dif-

Figure 2. Section of transbronchiolar biopsy of a pa-
tient with amiodarone induced pulmonary toxicity.
Late patchy architectural distortion with enlarged
"honey combed" air spaces with fibrosis in their walls
(magnification X85).
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ficult because of the long half-life of amiodarone
and more importantly in situations when the drug
may not be discontinued in cases of refractory
ventricular arrhythmia. Thionamides, methima-
zole, and propylthiouracil have been tried as med-
ical therapy with as an effective first line treat-
ment. Medical regimes can take many weeks and
often requires discontinuation of the amiodarone.
In patients with severe refractory ventricular ar-
rhythmia thyroideGtomy is considered a safer and
more effective approach. Thyroidectomy controls
thyrotoxicosis without risking discontinuing
amiodarone therapy.'*'' Thyrotoxicosis occurs
mostly after 3-5 years of treatment with amio-
darone.""*

Hypothyroidism

Hypothyroidism occurs in l%-32% of pa-
tients receiving amiodarone and it usually occurs
early in the therapy (< 12 months). The mecha-
nism of this side effect is even less well under-
stood and it is thought to be multifactorial. Some
investigators believe that this Gould be mediated
by the iodine content of amiodarone. Amiodarone
metabolism releases iodine, which inhibits thy-
roid hormone biosynthesis and release. Thyroid
hormone biosynthesis resumes with further expo-
sure to iodine. However, in patients who remain
in a hypothyroid state, inhibiting effects of iodine
persists. Some suggest that this is secondary to a
defect in thyroid hormonogenesis. On the other
hand, some investigators suggest that underlying
autoimmune thyroiditis increases the risk of amio-
darone induced hypothyroidism. Preexisting thy-
roid antibodies in women increases the risk of
amiodarone induced hypothyroidism by 13.5-

Amiodarone induced hypothyroidism can be
transient or persistent. In general, persistent hy-
pothyroidism develops in patients with underly-
ing thyroid abnormalities, such as nodular goiter
or autoimmune thyroid disorders.''^ Glassic signs
and symptoms of amiodarone induced hypothy-
roidism include fatigue, intolerance of cold, dry
skin, and a low level of T3, elevated levels of thy-
rotropin, and low or normal levels of T4.^-''̂

Treatment of amiodarone induced hypothy-
roidism seldom requires amiodarone discontinua-
tion and dosage reduction. Supplementation with

thyroid replacement therapy usually suffices.
Thyroid replacement agents must be administered
with extreme caution in patients with angina pec-
toris or other cardiovascular diseases because
such drugs Gan aggravate these conditions. It is ad-
vised to test thyroid function at the baseline, 3
months after initiation amiodarone therapy, and
every few months thereafter.

Cardiovascular Effects

GardiovasGular complications secondary to
amiodarone are rare and mostly result from the
potentiation of the pharmacological properties of
the drug. Among cardiovascular adverse effects of
amiodarone, exacerbation of congestive heart fail-
ure, sinus bradycardia, and arrhythmia such as
torsades de pointes (TdP) have been mentioned in
the literature.^** The incidence of amiodarone in-
duced TdP is reported to be < 2% with the high-
est prevalence when amiodarone was used con-
Gomitantly with other antiarrhythmic agents, such
as Glass I agents (quinidine and proGainamide)."'
Although amiodarone prolongs QT intervals, it
rarely induces TdP.^""^'* The low incidence of
amiodarone induced TdP Gould be due to the fact
that amiodarone decreases QT dispersion as well
as lengthening the repolarization. This electro-
physiological property of amiodarone is very sig-
nificant and makes the drug very safe in patients
with a history of quinidine or procainamide in-
duced TdP.^^ Amiodarone is Gommonly used in
patients with refractory congestive heart failure
due to its vasodilatory and anti-ischemic effects.
Preliminary results from GHF-STAT trial, re-
ported that amiodarone can actually increase the
ejection fraction in patients with cardiac failure.^°
Middlekauff et al. studied 205 patients to assess
amiodarone safety in patients with congestive
heart failure who have bad prior episodes of an-
tiarrhythmiG drug induced TdP. They concluded
that prior history of drug induced TdP Gould be a
risk factor for the development of TdP during
amiodarone therapy only in patients with ad-
vanced heart failure. '̂̂ '̂

Sinus bradycardia occurs in approximately
2% of patients on amiodarone. This adverse effect
is usually not profound enough to require amio-
darone discontinuation or pacemaker therapy.
Bradycardia often resolves with dose reduction.^^
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Although cardiovascular side effects are of con-
cern in some patients, they occur very rarely and
it is usually difficult to differentiate them from the
pharmaGological properties of the drug.

Intravenous Amiodarone

Hypotension, bradycardia, and worsening of
GHF are reported with intravenous amio-
darone.̂ ^~^^ The safety of intravenous amiodarone
has been evaluated in controlled and open labeled
trials. Overall, intravenous amiodarone was well-
tolerated and the drug was only discontinued in <
5% of patients due to life-threatening adverse
events such as asystole, hypotension, and cardio-
genic shock."'- '̂*

Intravenous amiodarone is administered as a
loading infusion (15 mg/min over 10 min and 1
mg/min over tbe next 6 hours) followed by a main-
tenance infusion (0.5 mg/min). Hypotension and
bradycardia, the most commonly adverse events
reported with intravenous amiodarone, usually
occurs during the loading infusion.

Although vasodilatory and negative inotropic
effects of amiodarone may contribute to hypoten-
sion, it is postulated that benzyl akohol and
polysorbate 80 diluent, which possessed vasodila-
tory properties, rather than amiodarone itself
cause hypotension. In a dose ranging study,
Scheinman et al. reported that intravenous amio-
darone induced hypotension and bradycardia
were infusion rate related and not dose related.^^
Although the need for vasopressor therapy was re-
ported as high as 14% in a multicenter study con-
ducted by Levine et al.,̂ *̂***̂  in the majority of
cases, these adverse events were self-limiting and
vasopressor therapy or the placement of a pace-
maker were rarely used to treat these adverse

The use of intravenous amiodarone is usually
warranted for critiGally ill patients with refractory
ventricular arrhythmias and who often have pre-
existing heart failure.*̂ -̂̂ ^ On the other hand, the
worsening of congestive heart failure has been re-
ported with intravenous amiodarone. As it was
previously mentioned under the cardiovascular
effects of amiodarone, the extent to which amio-
darone contributed to GHF is not well-established.
Because of amiodarone's negative inotropic activ-
ity, a temporary depression in left ventricular

function develops after initiating intravenous
amiodarone. Tbis effect in general is only clini-
cally significant in patients with severe heart fail-
ure.'̂ '* Therefore, close hemodynamic monitoring
is highly recommended during intravenous amio-
darone therapy.

Typical adverse effects seen with chronic use
of oral amiodarone were not observed with intra-
venous amiodarone, hepatic toxicity was seen in
9%-17% of patients. Among the liver function
tests abnormalities, elevated alanine aminotrans-
ferase (AST), y-glutamyl transferase, and bilirubin
were most common. Of note, hepatic dysfunction
was not considered to be dose related and changes
in liver function tests returned to normal within a
few days of therapy with or without withdrawal of
the drug.̂ °-^^ Glinicians should be cautious in in-
terpreting elevated AST since the value may be el-
evated in patients with severe congestive heart
failure and not reflecting an adverse effect caused
by amiodarone.^^

The underlying mechanism for acute hepato-
toxicity associated with intravenous amiodarone
is unknown. However, Rhodes et al. suggested
that polysorbate 80 contributes to intravenous
amiodarone induced hepatoxicity.^" Similar ad-
verse reactions have been observed with polysor-
bate 80 in association with the "E-ferol" syndrome
in infants.̂ "^

The occurrence of hepatitis due to intra-
venous amiodarone does not necessarily require
withdrawal of the drug nor preclude its oral ad-
ministration.''^ However, close monitoring and
conservative does adjustments of intravenous
amiodarone allow a more favorable outcome.^^
Table I summarizes the most common adverse
events reported with intravenous amiodarone in
large scale clinical trial.^^•^^''^

Other Rare Adverse Effects

Amiodarone has been associated with a few
rare, but nonetheless significant side effects. Epi-
didymitis has been reported in a few cases and
may be related to high semen concentration of de-
sethylamiodarone, which in one case was re-
ported as five times higher than in the serum.^ It
has been speculated that high concentrations of
desethylamiodarone in the epididymis causes epi-
didymal pain and swelling in some male patients.
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Table 1.

Adverse Effects Associated with iV Ami

Adverse Effect

Hypotension
Bradycardia
EMD/Asystoie
Congestive heart failure
Nausea
Abnormai LFTs
Fever

Incidence

26-40%
14-17%

12%
10%

6-11%
9-17%
7-14%

Other side effects include hair loss,^'^^ hyper-
glycemia,^'^^ hypertriglyceridemia,^'^ thrombocy-
topenia, vasculitis, polyserositis,^ and elevated
serum creatinine.'*

Drug Interactions with Amiodarone

The bioavailability of amiodarone is about
40% following oral administration and the drug
undergoes extensive enterohepatic recirGulation.
The drug is highly protein bound (> 94%) and
lipophilic, and it distributes throughout all adi-
pose tissues. Amiodarone is primarily metabo-
lized by hepatic cytochrome P450 (CYP3A4J to the
active metabolite desethylamiodarone (DEA). Bil-
iary excretion is the major route of elimination of
amiodarone (renal excretion < 1%). The terminal
elimination half-life is highly variable, ranging
from 8-107 days. '̂̂ ^

Due to its unique pharmacokinetic properties,
amiodarone may alter the pharmacokinetic and/or
the pharmacodynamic activity of several com-
monly used drugs.̂ '*-̂ ^ The major mechanism of
its drug interactions is the inhibition of hepatic
metabolism, however, it can also affect the
bioavailability, protein binding, and renal excre-
tion of other drugs. Amiodarone significantly in-
creases the plasma concentrations of digoxin, war-
farin, several Class I antiarrhytbmic drngs, and
phenytoin, sometimes resulting in overt signs of
clinical toxicity. Additive pharmaGological inter-
actions between amiodarone and p-blockers or
calcium channel blockers have been associated
with electrophysiological and hemodynamic toxi-
city, including sinus bradycardia and sinus arrest.
Due to the long and variable half-life of amio-

darone, the potential for drug interactions exists
not only with concomitant use of other medica-
tions, but also for drugs administered after recent
discontinuation of amiodarone.

Digoxin

Amiodarone has been shov̂ n̂ to significantly
increase plasma concentrations of digoxin by
60%-70% within 24 hours of coadministra-
tion.^^-^^ This effect may progress for up to 2
weeks after amiodarone withdrawal. The mecha-
nism of the amiodarone-digoxin interaction is
multifactorial. There are several theories suggest-
ing that amiodarone prolongs intestinal transit of
digoxin, decreases its renal and nonrenal clear-
ance by reducing the renal tubular secretion of
digoxin. inhibits the metabolism of digoxin in the
liver, and displaces digoxin from tissue binding
sites.^'^ In addition, hypothyroidism is one of the
amiodarone adverse reactions and may result in
clinically significant changes in the pharmacoki-
netic and pharmacodynamic properties of
digoxin. This interaction may also increase
plasma digoxin concentrations and sensitivity to
its therapeutic and toxic effects.^^

The interaction between amiodarone and
digoxin is clinically significant and results in
clear signs and symptoms of digitalis toxicity
(sinoatrial node depression, atrioventricular node
depression, gastrointestinal and/or central ner-
vous system adverse effects). Therefore, it is rec-
ommended to reduce the digoxin dose by approx-
imately 50% at the initiation of amiodarone with
regular monitoring of serum digoxin concentra-
tions, thyroid function tests, and signs and symp-
toms of digoxin toxicity [Table 11).̂ ^

Warfarin

Amiodarone may also affect the prothrombin
time in patients taking warfarin.^" The potentia-
tion of the anticoagulant etfec:ts of warfarin may
occur as early as 3 days after starting amiodarone.
The persistence of amiodarone-warfarin interac-
tion have been observed for up to 4 months after
discontinuing amiodarone. According to in vivo
studies, amiodarone inhibits the oxidation of both
enantiomers [R and S) of warfarin; however, the
effect of amiodarone on the metabolism of S-war-
farin (via CYP2C9) is the primary cause of the en-
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Table II.

Summary of the Commonly Reported Amiodarone-lnduced Adverse Effects

Adverse Effects Incidence Recommendations

GastrointestJnai (Nausea, vomiting, anorexia,
and constipation)

Hepatic (Elevation of LFTs)

Derm atoiogi cal
Photosensitivity

Blue-gray skin
Ophthalmological (cornea! microdeposits)

Nervous System (tremor, ataxia. and peripheral
neuropathy)

Pulmonary (Pulmonary alveolitis. pulmonary
infiltrates

Thyroid
Hypothyroidism
Hyperthyroidism

Cardiovascular (Torsades de pointes,
bradycardia, CHF)

33%

5-20%

2-57%

1-7%
98%

20%

0.5-10%

1-32%
1-23%

reduce dose, take the drug with food, divided
dosing

reduce dose, discontinue if abnormal LFTs
persists

check baseline LFTs and monitor LFTs every
6 months

use sunscreen with total sun blocking activity
(i.e. Zinc)

opthalmological exam if patient becomes
symptomatic

reduce the dose

reduce dose, discontinue drug

thyroid supplements
methimazole or ootassium Derchiorate.

thyroidectomy. or discontinue drug
reduce dose, discontinue drug

hanced anticoagulant effect observed with this
drug interaction. Other possible mechanisms iu-
clude the direct displacement of warfarin from
protein binding sites hy amiodarone, or an indi-
rect effect of amiodarone on the absorption or
metabolism of vitamin K and clotting factors/^'"

Bleeding has been frequently reported in pa-
tients taking both warfarin and amiodarone. there-
fore the dose of warfarin should be empirically de-
creased hy one-third to one-half at the initiation of
amiodarone to minimize bleeding events.''^''^ Fre-
quent determinations of prothrombin times and
close observation of patients for signs and symp-
toms of bleeding are highly recommended when
amiodarone and warfarin are used concomitantly
(Table III).

Antiarrhythmics

Interactions between amiodarone and antiar-
rhythmic agents such as quinidine, procainamide,
flecainide. disopyramide, and propafenone are
among the most serious adverse effects.^'' Drug in-
duGed TdP with marked prolonged QT interval

has heen reported in patients receiving amio-
darone and quinidine, disopyramide. pro-
pafenone, or mexiletine. Amiodarone-antiar-
rhythmic interactions may be due to alterations in
pharmacokinetic and pharmacodynamic proper-
ties of these drugs (Tahles III and IV).̂ ^

P-Adrenegic Blockers and Calcium Channel
Antagonists

Amiodarone exhihits both mild |3-adrenergic
and calcium channel blocking activities. Sinus
node depression, atrioventricular nodal block,
and hypotension have been reported with con-
comitant use of amiodarone, p-blockers. and cal-
cium channel antagonists. These effects are partly
due to the potentiation of the cardiovascular phar-
macological properties of these agents when used

Other Rare Drug Interactions

There are isolated reports of possible drug in-
teractions between amiodarone and other drugs in
the medical literature.^'^""^ The clinical signifi-
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Table III.

Most Common Drug-Drug Interactions with

Interaction

Drug

Digoxin

Warfarin
Quinidine

Procainamide

Onset
(days)

1

3-4
1-5

< 7

Magnitude Recommendation

Increases digoxin serum concentrations by Decrease digoxin dose by 5
60 to 70%

Increases prothrombin time by 100%
Increases quinidine serum concentrations

by 33%
Increases procainamide serum

concentrations by 55%, and NAPA
concentrations by 33%

Decrease warfarin dose by 3 to 5
Avoid combination, or decrease quinidine dose

by 5
Avoid combination, or decrease procainamide

dose by 5

cance of these reactions has yet to be determined
[Table IV).

Conclusion

The use of amiodarone has increased signifi-
cantly over the past decade, primarily due to an
increased understanding of its therapeutic indica-
tions and toxicities. Prolonged use of amiodarone
may result in a variety of adverse effects involving
all organ systems. Although, the majority of these
side effects are mild and do not occur at doses <
400 mg/day, some are potentially fatal. The patho-

physiology of these adverse reactions is not well-
established, which makes early clinical diagnosis
more difficult. Patients taking amiodarone on a
regular basis should be carefully monitored for
the development of any toxicity associated with
amiodarone. Careful follow-up of these patients is
essential in order to diagnose early and reversible
side effects prior to irreversible damage (Table II).
It is recommended to obtain liver function tests,
chest X rays, and thyroid function tests at the ini-
tiation of therapy. These tests should be obtained
no less than every 6 months to monitor for poten-
tial adverse effects.

Table IV.

Rare Drug-Drug Interactions with

Drug Interaction
Case

Reports

(J-blockers
Calcium channel blockers
Clonazepam

Cyclosporine

Disopyramide
Fentanyl
Flecainide
Lidocaine
Methotrexate
Phenytoin

Symptomatic bradycardia, sinus arrest 3
Sinus arrest, AV block 1
Decreased clearance of clonazepam, increased sensitivity to donazepam 1

effects, likely due to amiodarone-induced hypothyroidism
Increased cyclosporine serum concentrations resulting in increased 3

serum creatinine
Prolongation of QT interval, Torsade de pointes 2
Profound bradycardia, sinus arrest, hypotension 3
Increased flecainide serum concentration, increased toxicity 2
Oral amiodarone-seizure; IV amiodarone-sinoatrial arrest 1
Increased methotrexate serum concentration, increased toxicity 1
Increased phenytoin serum concentrations 6
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Because of the presence of an extensive ad-
verse drug reaction profile associated with amio-
darone, the henefit of therapy should be weighed
against the risks of toxicity prior to Initiating ther-

Although few drugs appear to influence the
pharmacokinetics of amiodarone, amiodarone has
significant effect on the pharmacokinetics and

pharmacodynamics of several commonly used
drugs, particularly drugs used for cardiovascular
diseases. The interactions between amiodarone
and digoxin, warfarin, and several different an-
tiarrhythmics have led to documented adverse ef-
fects. Clinicians should be aware of these drug in-
teractions in order to prevent toxic effects of drugs
administered concomitantly with amiodarone.
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