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1H0ILATIONS FOR USE

Cordarone s 1ndicated only for the treatment of the following
documentied, 1ife-tnreatening recurrent ventricuylar arrnythilas waen
these have not responded to dccumented an>quate doses of other

available antiarrnythmics ar when alternctive agents could not be
tolerated

1 Recurrent ventriculars fibrillation
2 Recuwrrent nemodynam.cally unstable ventricular tachycardia

As 1s the case for other antiarnythmic agents, there 1s no
evidence from controlled tryals that the use of Cordarone favorably
affects survival Corda-one should be used only by physicians
familiar with and with access to {directly or through referral) the
use of all available modalities for treating recurrent
1i1fe-threatening veatricular arrhythmias, and who have access to
appropriate momitoring facilities, including in-hospital and
ambulstory continuous electrocavdiograpnic monitoring and
electrophysiolugic techniques  Because of the 11fe-threatetiny
nature of the arrhythmias treated, potential interactions wit:
prior tnerapy, and potential exacerbation of the arrhythmia,

nitiation of therapy witn Cordarone snould be carried jut In he
hospital

DUSAGE_FORM, RUUTE OF ADMINISTRATTON_AND RECUMMEWDED DOSAGE

Amiodarone .3 formulated as 200 mg white to slightly cream-Colored
tablets, scored on one side and embossed “Ives" "4183" on the
raverse s1age It 1s intended for oral admnistration

Because of tr= umique pharmacokineiic propertires, difficeit dosing
scheaule, and severity of the side »f-ects i1f vatients are
mmproperly wonitored, Cordarone should be administered orfy by
Fhysiclans who are eaperienced 1n tne treatment of li1fe threatening
arrhythrias, who are thoroughly fam 1i.r with the risks and
venefits of cordaerone therapy, and w! , have access tc laboratory

facvirties capable of adequately monitor ng the effcctiveness and
star effect. of treatment
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In order to insure that an antiarrhythmic effect ¥111 be observed '
without wafting several months, loading doses are requirad, A
uniform, optimal dosage schedule for administration of Cordarone
has not been determined. Individual patient titration {s suggested
according to the following guidelines for life-th,eatening
ventricular arrhythmias, such as ventricular fibrillation or
R hemodynamically unstable ventricular tachycardia.

Close monitoring of the patients is indicated during the loading

phase, particularly until risk of recurrent ventricular tachycardia

or fibrillation has abated. Because of the serious nature of the

arrhythmia and tne lack of predictable time course of effect,

lo3d*ng should be performed in a hospital setting. Loading doser .

of 80C to 1600 mg/day are required for | to 3 weeks (occasionally

longer) until initia) therapeutic response occurs (Administration

of Cordarone in divided doses with meals is suggested for total

daily doses of 1000 mg or higher, or when gastrointestinal

intolerance occurs ) If side effects become excessive, the dose

should be reduced Elimination of recurrence of ventricular

fibrillation and tachycardia, along with reductfon in complex and '
total ventricular beats, usually occurs in most patients within |
1-2 weeks but occasionally can take longer I

Upon starting Cordarone therapy, an attemp* should be made to
gradually discontinue prior antiarrnythmic drugs When adequate !
arrhythmia control is achieved or if side effects become

prominent, the Cordarone dose should be reduced to 600 to

800 mg/day for one month and then to the maintenance dose, usually

400 mq/day Some patients may require larger maintenance doses, up

to 600 mg/day, and some can be controlled on lower dcses

Cordarone may be administered as a single datly dose, or in !
patients with severe gastrointestinal intolerance, as a b t d

dose. In each patient, the chronic maintenance dose should be
determined according to antiarrhythmic comma-effect as assessed by
symptoms, Yolter recordings, and/or programmed elecrrical
stimulation and by patient tolerance Plasma concentrations may be
helpful in evaluating nonresponsiveness or unexpectedly severe
toxicity

The lowest effective dose should be used to prevent the occurrence
of side effects., In all instances, the physician must be guided by
the severity of the individual patient s arrhythmia and response to
therapy When dosage adjustments are necessary, the patient should
be closely monitored for an extended period of time because of the
long and variable half-1ife of Cordarone and the difficulty in
predic.1ng the time required to attain i new steady-state level of
-ug Dosage suggestions are summarized below

e e et

Loading Dose {Daily) Ad justment and Maintenance Dose (Daily)
vent cular Arrhythmias 1 to 3 weeks 1 month ucual maintenince

800 to 1400 mg 600 to 800 mg 400 mg
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MANUFACTURING AND COWTRO: S

A

Drug Preparation and Testing

Manufacture of tne new drug substance is performed by two
subsidlaries

Tne route{s) of synthesis are adequately described and ample

dats are presented to support the essigned structure of the
amiodarone molecule

Adequate tests and .pecifications are providid 4ur tie rolease

and acceptance py tne manufacture of the finished dosaje form

to assure the 1devtity, strength, quality and purity of tne
new drug suostance

Tne finisned dosage form 1s manutactured oy another

sudsidiary The controls over tne manufacturing procedures of

tne finisned dosage form give adequate assyrdance of tne
tdentity, strength, yuality and purity of the finisned dosage
form  Retesting of tne bulk tabnlets 31s done before packaging
to confirm assurance characteristics and properties

Stability Studies

The applicant nhas prov.ded satisfactory stability date to
support a 3-year (36-montn) expiration dating 1n approved
packsaging Intent to extend tms perrod has been made as
stabiiity studies progress and data are submitted

Methods Yalidation

Validation studies have been performed by tne designated
laporatories of tne laboratory gperations brancn and tne
methods with certayn adopted ~Jmmengations have beer found
suitaole for control and regulatury analysis

Laveling

AlY laoels and lapeling are 1n accord with the technical
requirements of prescription drug labeling

The trade name 1> not 1n conflict witn tne name of any other
Grity

Estapiyshment Jnspection

tvaluation of the operati2as uf tnc firws 1avglved n tnie
application indr aces compliance witn gMPs, and 1nr ludes

Topections of all estadlisriments producing tne new drug
suostance and timished Josage furms

-
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Environmental Impact Analysis Report

A report has been submitted snowing that further e vironmental
impact analysis conc<ideraticn 1s not necessary

PRECLINICAL PHARMACOLOGY

A

Antlarrhythmic Activity

Amiodarone exn110,ts antiarrhythm.z activity in several
experimental anwma: models Followy' q acute 1 v
administrativa tu ruuents, amiodarcne protected against
chloroforn-induced venrricu.ar tibrillation, and calcium
chloride and aconitine-1nduced ventricular tachycardias, in
isolated rat nearts 1t prevented 1schnemia-reperfisicn
a~riuythimas (Lupoe et al , 1974) In dogs acute 1 v
treatment with amiodarone suppressed ventr.cuiar arrnythmias
induced by epinephrine ra- .~ nloride, acomitine, cardiac
glycosides, and coronary artery ligation, and 1t was effective
ayainst acetylcnolire-induced atrial fiprillation (Charlter
and Deltour, 13970) Pretreatrent of rats and dogs with
aimodarone for 1 to 4 weeks prevented 1scnemia-related
ventricular tacnyca iias and fiprillatton (Luboe et al , 1973
Rosenvdaum et al , 1376)

Cardiac Electropnysiology

Acute intravenoys administration of amiodarone caused a
aose-dependent >1nus rdate clowing 1n dogs which was neither
influenced by atropine nor s-blockade  Also amiodarone
increased intra-atrial and A-Y nodal conauction times ard
refractory periods without cnang i+ conduction velocity within
the His-Purkin)e system or ventricular contractile tissue
(Cabasson et al , 1970)

Folluwing chronic oral administration, amiodarone 1acreased
tne action potential duration vf atrial, ventricylar, anu
Purkinje firoers, and sligntly reduced t e maximum rdate of
depolarization witnout altering tne resting membrane potential
or action potential amplitude (Singh ana Vaughan-Wirlliams
12/9) In dogs and rabbits, atr1a? and ventriycular refractory
periods wers 1ncreased follouwing chromic oral dosing
Amioderone also decredsed the spontaneous freguency of tne
sinus node by Increasing action poteatial duration (Goupil ard
Lenfant, 1876) In 1n vitro experime ts using voltage clamp
10 potn ampnIpidan and mammaltan cardiac tissJdes, amiodarone
decreased outward K*-megiated currents and decreased
reactivation rinetic. of inward ¢ ;r-ents (Neliat et al ,

1382)  Simultaneous Intrayeritoncal administration to rabbits
of 5 mg tnyroxine {less than a aboit's daily requirement)
with amiodarone tor 3 weebs preventen the effects of

a Modarune un action potential duratrun wherea, pretredatwent
witn i dime an an amount egqual to trnat toui 10 amiodarone did
mat v oot tag g T ptential durstion | agh end

viap ot oal daa LIFYARD)
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Otner Cardiovascular Effects

In anesthetized dogs amiodarcne, studied at doses ranging from
25 to 20 mg/kg v v , caused a fall .n systemic and coronary
vascular resistance, a decrease of systolic and diastolic
plooa pressures (Charlier et al , 1373, Singh et al , 1376,
Petta and Jaccneo, 1971), intracoronary artery administration
1s assoclated witn modest decrzases of left ventricular dp/dt
{kopayashl et al , 1983) Aniodarone increasad stroke volume,
wnile variaple effects on left ventriculdr end-drastolic
pressure have been reported Aniodarone 1 v decreased
ryocardrai ~xygen consumption ¥n a dose-dependert manner
(vrarlier, 1371), and reversed both electrical and b>ocherical
1ndices of experimental myocardial 1schema

Amtodaroune non-competitively 1anioits both alpha- and
y-receptor-mediated actions of catecholamines (Bautmer

et al , 1970, Polster and Broekhuysen, 1376)  Studies using
uU-receptor piInding tecnniques nave shown that tnis Inhipition
15 assoctated witn a decrease in the density of B-receptors
(Nokin et al , 1383a and o)

Hude of Action

Amiodarone’s ap*.arrnythmic action i1s attrivutadle to 1ts
apility to increase myocardial refractory pertods while not
appreciably affecting tne cardiac action potential maximum
upstroke velocity, and to 1ts conductior siowing properties in
rodal tissue Antiadrenergic actions may also contribute tu
tne antharrhythmc effects of amodarone.

Pharinacokinetics and Metapolism

Early studies ucing 1311 1apelea am vdarone showed tnat
folloang oral administration to the rat, the drug was well
apsurped and 1dentified no organ as preferentially
accumulating amiodarone  Recent studies employing HPI .

me L1 uds, however, showzd tnat after v v adminmistration
amtodarone exhib ted a long (but shorter tnan in humndns)
terminal plasma nalf-life 1n rats and dogs (approximately & 5
and 9 nours, respectively), witn ar apparent volume of
distripution of 30 and 3o 1/kg, respectively (Riva et al ,
11824 Broeinhuysen et al | 1378), and tnat amioddrone was
yreally concentrated n agipo>e tissue, witn a fat to blooc
rativ of approxisately 1000 at lo hours Metapolism of
amiodarune has been teds extensive'y studied 1n anmmals th oo
I Wmdn T4 Aumans, tre N-desechyl apalogue of amiodarone h s

veent 1dentified as a principal metavolite fLatiny et al
1983)
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Joxicology

1

Acute Toxicity

Tne median lethal dose (LD,,) of amicdarone in botn
mice and rats was greater than 3000 mg/kg by the oral
route and greater tnan 450 mg/kg by the intraperitoneal
route For rats, 1 v LDgq values of 135 mg/kg and 150
mg/kg were ootained 1n two separate studies The
estimaced oral LDgg value for amigdarone 1n dogs was
greater than K000 ma/Ky

Signs of acute toxicity 1n rogents after parenteral
administration of amiodarone i1ncluded CNS stimulatior
followea by sedation, tremors, convulsions and
respyratory difficuities. for dogs, enesis and paresis
of tne nind 11mbs were roted with oral Jdosing

Saochronic and Cnronic Toxicity

Subacute oral toxicity studies or up to 3 months
duration were conducted 1n rats  Animals rereilving datly
doses of 75 o« 150 mg/kg of amiodarone for up to 4 weeks
snowed a marked deterioration 1n general nealth,
Increased mortality, an altered ECG (increased PR
Interval and yTc segment, prolonged JRS complex, elevated
T-wave)}, nypercnolesterolemia, azotemia, elevated
thyroxine (T4) levels and a decreased trirodotnyronine
(Y3)/T4 ratio, elevated liver enzymes (SGPT, alkaline
phospastase) nd organ weight cnanyes (lung and adrenal
increased, reproductive organs and thymus decreased)
Microscopic examination revealed an accumuletion of foamy
macropnages in the mesenteric i1ymph node with spreading
tu the spleen, liver and lungs In anotner study 1t was
demonstrated that the mesenteric lympn ncde and lung
lesions 1nduced oy amiodarone were totally reversidle
dithin 2 weeks after termination of treatment No
adverse effects were observed with doses of 37 5> mg/ g or
Tower of amiodarone

In tne 3-montn rat study there was increased mortality,
reduced body weight ga ns, aneia and azotemia at daily
doses of 200 ng/kg or greater  Histopathslogic
examination showed centrilooular congestion ot the liver
at doses of 200 mg/kg or greater and myocarasral lesions
(unspecf1ed) at 300 mg/ky  Qther than hypertrophic
cnanges of the thyrtord giand, nu micvoscopic lesons were
evident at 10U my/Kg

.
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In a JU4-week chronic toxicity/carcinogenicity rat study,
amiodarone caused a statistically significant
dose-related 1ncrease 1n the incidence of thvro d tumors
(follicular adenoma and/or curcinoma) at oral doses of 5,
1o and 5U mg/xg/day There was no evidence cf goiter
(antemortem observations) although elevated thyroid
weights were found at 52 and 104 weeks for the high dose

group males  Thyroid stimulating hormone (TSH) levels
were not momitored

Rats receiving 50 mg/hg/day showed a decreased rate of
body weight gain during the first 78 weeks of study

Stigntly lowered red blood cell parameters (packed cell
volume, hemoglobin and erythroxd cell count) were found
durirg the first 52 wecxs of study 1n rats from the
nighest dose group (50 mg/kg) Tms change was noted
partict farl,; 1n the hiygh dose males

Lhange. In biochemistry paraneters found during the first
9¢ weeks of study 1ncluded elevated serum cholestero!}
levels and increased alkaline phosphatase (AP) activity
1n rats (males and females) from tne nighest dose group
An exception was found during study week 5] when the AP
activity of the high duse group males was lower than that
of the controls

Organ weight changes found after 52 wesks of treatment
included a marginal increcse 1n liver weight of tne hign

dose males and a trend toward 1ncreased thyroid wetghts
of the high dose males.

Histopathoiogy afrer 26 anJd o2 weeks of treatment
revealed a slignt increase In the incidence of foamy
daiveolar macrophages which was "sometimes assoctated with
pneumonitts® 1n the lungs of rats from the highest dose
group 153 weik3d  This finding wis mo~t prominent 1n the
50 mg/ky males after 52 weeks of treatment In adaition,
an increas» 1n aggregates of eosinophilic macraophages 1in
tre lymph 1odes of high dose rats (male and females)
after 57 weeks of treataent was found

A further investigation of the effect of amiodarone on
thyrola funiticn was undertaken with the 1denti-al dose
levels used i1n the rat tarcinogenicity oioassay, f e ,
0, », 16 and 5V mg/ky/day (See Amendment to NDA-13,472
submitted May 17, 1945) Dosing was conducted for at
Teast J months (lue days), with plasma samples being
obtained on days 1>, 29, and 10< for determination of
tnyroxine (T4}, titiodotnyronine (T3) and TSH levels

Analysis of plasna samples revealed increased Ty levels
from day 15 to day 102 1n rats recelving 16 and 50

mg/kg/day Tr1iodotnyrorine (I3) levels were slightly
Tower only in the hign yuse males on day YJ2  TSH levers
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were increased ir a dose-related manner Rats dosed with
5L mg/kg had elevated TSH levels by study day 15,
continuing throughout the lJdl-day study, A trend toward
increased TSH levels was apparent by day 102 in the low
and mid dose groups

Tnyroid hyperplastic cnanges observed with amiodarone in
mice (up to 2} months dietary administration at Same
doses as in rat) also suggest increased TSH stimulation
although a significant tumorigenic response was not
observed 1n tnat species —_

Subacute ora) toxicity studies were conducted 15 dogs at
dose levels of amiodarone ranging from 30 to 150 mg/kg
Dogs receiving 100 mg/kg for ) month showed a gecrease 1n
body weight gain and food consumption which resulted 1n
the moribund sacrifice of one female and alevations in
serum enzyte levels (S6°T, SGOT, LDH), cholesterol,
triglycerides and urinary p'i Postmortem examination
revealed increases 1n aarenal and }iver weignt, the
gisappearance of the thymus qland and a general1zed
dyslipidosis In another study, dogs receiving 150 mg/kg
{5 days/week) of amiodarone for 3 months exnibited
excessive salivation and sigrs ot gastrointestinal
distress (1 e , vomiting, diarrhea, anorexia) which was
accompan.ed by sowe 10ss 1n body weight The leukocyte
count 1ncreased in a dose-related manner at each dosage
level (30 and 150 mg/kg) and high dose dogs showed
decreases i1n neutrophils and i1ncreases in lymphocytes
during the end of the study Apart from occasional
increases in BUN, SGPT, alkaline phospnatase and
cnolesterol repcrted 1n several high dose dags, clin>. al
chemrstry values were generally similar to the control
values  Postmortom examination revealed hypertropny of

the thyroid 1n one nign dose doy and necrosis of the
stomach 1n another

In a cnronic (9 nontns) oral toxicity study 1n dogs,
amiodarone caused no clinical si1gns of toxicity at dairly
dose levels of 30 and 60 mg/kg  Serum cholesteroi 1=vels
were Increased 1n tne hign dose group and terminal serum
Tree fctty acids increased at both dose levels

Increases 1n blood and tissve 10dine levels and 11
protein-bound 10dine were fuund In drug-treated dugs
Hystopathology was unremarkable

A 3-month oral toxicity study with amiodarone (10, 20,
>0, or 150 mg/kg) 1n pigs deronstrated that tne cdrug was
wel) tolerated at doses up to 50 mg/kj Dose leveis of
150 mg/kg caused ataxia, hypotonia and lack of we _at
Jain  Two h13jh dose animals died within } 1/2 months and
autopsy showed gastrity, and gastr c ulceration The
elidIning pigs at the hign dose level were sacrificed 1n
txtremr, ¢l 7 1/¢ months  Histopathological lesitons of
T Bvser and « Ju(rine {prtustary, tnyroid, adrenai)
slonde w ru Prese o 1 trese antnals

SN Y iu
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Otner than anemia in one treated animal, amiodarone (50
mg/xg) appeared to be well tolerated in a chromic (10
montns) oral toxicity study in pigs Tne results of
histopathological examinations were not reported 1in this

study, however No drug-related postmortem gross
abnormaiities were found

A 6-week i1ntravengus toxicity study in rabbits at doses
of 5, 10, or 25 mg/kg 1evealed anemia, hyperlipidemia and
nypercholesterolemia at the high dose level. Non dase-
reiatpd nepatic degenerative lesions were found in

rabo;ts trum vach treated greup (2/8 low, 2/8 mid, 1/8
nign

Effects on Reproduction

Amiodarone had nou adverse effect on fertility or nating
pervYormance wnen adminisiered to male or female rats at
daily oral doses up to 30 mg/kg Higher deses of the
drug (o0 and Y9J mg/kg) adversely affecte female
fertility and significantly decreased litter size and
i1tter weight  For the F} veneration ¢ffspring {F2
pups), those votained from tne high dose amiodarcne grouo
were less viable and gained less weight than their
control counterparts for the first 10 days postpartum,
but developed normally thereafter

The teratoygenic potential of orally admnistered
amiodarone was investigated in mice, rats and rabbits

In Sprague-Uawley rats, Z00 mg/kg of amiodarane
administered on days 1 to 21 of gestation caused maternal
toxicity and marked embryotoxicity, therefore, no
conclusions regarding teratogenicity could be made. With
30 mg/kxg of amiodarone administered prior to mating,
during mating and tnrough gestation day 19, fertiiity
decreased and preimplantation loss increased lncreased
feta) resorption and growth retarrfation (ma.nly delayed
skeletal ossification) at 90 wg/k3) were 1ndicative of
drug-1nduced embryotoxicity In Wistar rats, howuwver,
doses of up to Y00 mg/kg administered on gestation days |
to 15 produced no embryotoxicity or skeletal

aebnormalitries  Amiodarone was not teratogenic in rdts at
any dose level

dice recetving b, 50 et 100 mg/kg of amiodarone op
gestation days 1-15 showed o dose-related reduction in
Iitter s3ze and an increase in the nurber of fetal
resorptions  There was ro suggestion ot diug-related
teratoygemicity  In another study employ ng a different
mouse sirain, up to 1J0 wg/ky administered during das»
l-1o of gestation was nerther teratogeric nor embryotodic

. S




—y =

Page 1 - HDA 18-972

In rabbits, amiodarone administered orally during
gestation days 1-18 at doses up to 100 mg/kg was not
teratogemic In a second rabbit study (employing a
different strain}, 11travenous admintstration of 5, 10,
or ¢» mg/kg amiodarone during days 3 to 16 of gestation
taused maternal deatr 2t the wigh dose level and a
non-gose-related Increase 1n “he number of resorptions at
the two higher dose levels No fetal abnormalities were
observed

In a perinatal and postnatal develooment sludy in
{Sprague~Dawley) rats, pregnant dams gained Tess weignt
during gestation at a dose level of 90 mg/kg amiodarone
Weanling body weight and neonatal survival were also
reduced at this dose level Lose Tevels of 10 and 30
mg/kg produced no adverse effects

4 Mutagenic Potential

Amiodarone was nct mutagenic 1n the Ames test {TA 1535,
1537, 1538, 98 or 100) performed with or without
merabgolic activation  Amrodarone was also neyative 1n
the micronucleus test, ard was not lysogenic to bacterial
indicator strains GY 5027 or GY 4015

CLIWICAI PHARMACOLOGY

Summaries of the clinical pharmacology studres are 1ncluded in
Appendix | and referenced publications are listed in Appendix IV

A

Pharmacokinetics/Pnarmacedynamics

The clinical use of amiodarone as an antrarrhythmic agent
predarted by over a decade the avarlaoility of reliable assay
methodology

Ear'y studires by Broekhuysen and co workers (1909} gave some
indication of the complexity of amiodarone pnarmacokinetics,
but their measurements were not specific for amiodarone since
tney followed the total radipactivity of " beled
amiodarone  MHore recently, however, HPLC tet iques have
allowed accurate measurement of bown am*odarone and 1ts
metapolite, desethylamiedarone, pravid ng « clearer profile ot
the drug's pharmacokinelics

i Single-Dose Pnarmacokinetics (1 v and oral

In a randomized, crossover study, dolt et ! (1943d)
evaluated the pnarmecokinetics of amiodarone In 6 healthy
wale volunteers after the adrministration of 3 single
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. doses (1) 400 mg given as an 1 v, infusion over 10
mnutes, (2) 400 mg oral ‘ormulation, Lordaroned,* and
(3) 400 mg oral formulation, Cordarone X2 *

Blood samples were collected up .0 34 days after 1 v

s dosing and up to 63 days after oral dosing, the second G!
and third treatments were adminfstered at least 1 moatn !
after amivdarone ¢ould no longer be detected. Assays
were performed using a highly sens tive HPLC methodology
witn a 1imt of sensttinty of 5 ug/? Table |

| summnarizes the findings in this study

) TABLE 1 PHARAACOKINETIC PARAMETERS OFf AHMIODARONE IN SIX

VOLUNTEER SUBJECTS AFTER SINGLE 400 ng DOSES

Parameter Mean + SD Range
Volume of distribution (Vdgg)** (1) 4930 + 3290 1375 - 11081
Volume of distribution {Vr o)** (1/Kkg) 61 3 + 305 200 - 112 o |
Zleaitance** (1/hr) 36+ 1 8d 65 -1114
g Terminal ralf-13fe** (days) 288 + 117 93 - 441
Time to peak concentration {n1)
Cordarone th+ 23 1656- 85
Cordarone X 5y + 17 256 - 70

**Described by polyexponential function after ¥ v dosing

Tne results demonstra.ed that amiodarone has a very large |
and variacle valume of distribution and a low totel i
clearance from plasma and blvod with a prolonged and
nighly variaole mean terminal elimination half-life of
25 days

Data after single dosirg are consisteat witn the biphasic ;
elimination profile noted after caronic dosing

Figure Y 1llus*rates a typical plasma 2limnation profile
atter a 400 mg 1 v dose I1n 1 supject and tne superior
fit of a 4-expo.ent curve compared with gither d
3-exponent rurve or power function

* (ordarone ana Cordarune X are cral preparetions of amiodarone, the fcimer
1s recrystallized from ¢o)iene, amiie tne latter s recrystallized from
ethanol  Cordavone s u ed ¥4 Edrope ant the U § , wnereas Cordarone X 1S (

*

vsed In the ¢ K \\
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FIGUR: | PLASHA CONCENTRATION-TIAE CURVE AFTER I V DOSING
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Tne nighly sensitive assay and the long-term coliection
of specimens make tie data from the Holt study the most
persuasive description of the Finetics of tne drug to

date
» Four other t v,/oral single-dose crossover studies nave ‘3
been performed (Andreasen et al , 1981, Anastasiou-Nana 4

et al , 1982, Riva et al , 19820, Sanof1, unpudblrshed
internal report, 1384} The Sanofy study in 12 normal
volunteers showed results very similar to tnose of Holt
Taole 2 summaryzes these findings,

TABLE 2 MEAN (#SE) SINGLE-DUSE PHARMACOKINETIC DATA FROM SANOFI

1 v Tabtet
Parameter {> mg/kg) {200 myg x Z)
Tyax (nrs) --- 47+09
Cpax (m9/1) --- 0 543 4 0 298
AUC/dose
{100 x hr/1) 35%00 21 +07

¥

LTax/body weignt --- 803+5 36
{1000 mg/lexg)
AUC/oody weight 045 + C V7 030 +013
(1000 nr/lekg)
Y2 (days)* 18 +4°6 -
clearance {1/hr)* 942 +1 3 -
Vass (1) 5950 + 2100 - )

* additronal Sancf) daws from unpuolished report (N=5, mean _ S D)
Note Ltimit of assay sensitavity was 5 ug/}

AJL = area ynder the plasma concentration-,ime curve,

Vqss = vol of distrioution at steddy state ty,, = half-1'te,

Cmax = peak plasma cont , Ty, = time to pea% plasma conc
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20 the otner three stud es {Andreasen et al,, 1931,
Axastasiou-Nana et al, 1932, Riva et al., 1982v),
ariodaropne concentrations were measured for a maximun of
up to only 96 hours post-dosing, leading to a merked
underestimation of tne nalf-life (ty,,,) In addition,
tnese studies were (imited in tneir abi1lity to define
amiglarone elimination by the poor seansitivity and
specificity of tneiyr assay methodology.

Results from these studies are sumnarized 1n Table 3

e P

- <28
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TABLE 3 SUMMARY OF I.V,/ORAL PHARMACOKINETICS

No. of Blood Assay
Author Subjects Dose Samples Sensitivity Results
Andreasen 7 patients 400 mg 1 v up to 96 hrs 100 ug/l Tmax = 7 3+2.3
et al. (1981) 400 mg p 0, up to 24 hrs (hr)
(after 2-4 vd = 400
days washout) (1/xq)
Anastasiou- 4 patfents 150 mg 1.v up to 16 hrs 100 pg/l vd = 1.040,1
Nana et al, 200/400 ng up to 30 hrs (1/xq)
(1982) p o. (after Cl =10 743 3
3-4 days (1/hr)
washout) W2 {v =48 8406
(hr) p.o <16 J+6 4
Riva et al 3 volun- 150 mg 1 v up to 32 hrs 20 ng/t vd = 12 94,0
(1982b) teers 400 mg up to 50 hre (y/kg) ~
p.o (after Cl = 35 7471
3 weeks (1/hr)
washout) t1/2, i,v =17.44 6

(hr)" p.o. = 35,9437 9

Note Clearance (C1) and volume of distributior (V4) are based on 1 v data
tys2 = half-1ife,
Tmax = time to peak plasma conc ~




Page ib - NDA 13-472

In several additional studies, peak piasma concentrations
ranged from 0.5 to 14 mg/1 for single oral doses of 200
to 1600 mg (Canada et al., 1981, Kannan et al,, 1982,
Haffajee et al , 1y81)

Absorption and Absolute Bioavarlability of tne Harketed

Formulatvoq

The 1v/oral studies described apove all measdyred the
apsolute byoavatrlaoitity of amiodarone

Tavte 4 sumuar1ces tonerr fiadings

TABLE 4 ABSOLUTE sIOAVAJLABILITY OF ORAL AMIODARONE

Autnor Preparat on Meon Value (+S0) Range
Hott et al (1933d) Lordarcne 35 + 9% 2 - 46e
AUL,p 0 Cordarone X 35 + 133 19 - 55%
AUC’ Vv

Andreasen et al 43 + 19% ---

{138Y) {28 nr time/
concentration curve}

Anastasiou- 35 +12 b} _—
Nana et al

(1932)
Riva e, al 53 + 33% ——-
Sanofi* Lorjarone (400 my) b5 + Zoi 22 -~ 1043
unpublisred
report, |J7d4 Cordarone X (400 wy) ol + 2Zs 29 - 105%
AUL¢ p o

—_ Orai .olution

ADE, v v of amodarone {400 mg) 63 *+ 0% 43 - 10u3
*Mean + SE

Peak plasma levels were not attained until a rean of
approximately 3 to / nours after oral dosing (Andredsen

et al , 1581, Holt ¢t al , 1983d, Sanof1 unpublisned
repory, 1934)

rigure 2 presents the apsorption rate over time in )
subject after oret Jdosing witn amiodarone

-—

B - 3
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FIGURE 2

Absorpltion Koate

LY

ORAL DUSING ABSORPTION RATE VS TidME

Y dese /80

61

2 L 6 8 10 2 W % 25

Time hours

(Holt et al , 19434d)

Apsorption cuntinued for up to approximately 15 hours
post-ingestion, suggesting 1t occurred across the entire
Gl tract. Pecycling might complicate tmis question,
since the pousibility of ente=chepatic recirculation nas
veen suggested dy several 1nvestigators wno have
demunstrated pile lesels 10 to 5" t.mes tnet of plasma
levels 2 nours post-dosing 1n a small number of patients
(Andrease: et al , 1981, Gobbato et al , 1982}

The pioavariability after oral aoministration was very
varianle and may have been du. to Incomplete absorption
across the Gl mucosa, since tre appareit hepat.c
extraction ratio was relatively low (0 13) {Holt et ai ,
1933d) However, first-pda<s ¢ffect of the drug 1a the
gut ar {iver cannot be excluded

ﬁc taboiism

To date, one majo metabolie, desetnylamiodarone, has
oeen dentified (Flanagar ¢t al , }332a) There 1s no
mtornation availlavle on t e pharmacological activity of
tMs derivative 1n man  Tre plasma concentrations ot
desetnylamiodarone attained during carenic amiotarore
tnerapy were similar to tnose seed for the parent compound

id the kinetics are probakly limitea by tne rate ot J
tormation !Holt et a) V983d) Figure 3 presents the
chemicar structures for amodirone and desetnylamiodurone .
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FIGURE 3  STRULTURES OF AHIODARONE AND DESETHYLAMIODARONF '

/ct"h
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4 txcretion

Studer et a v1979) postuleted trat the main excretory
pathWay was not urinary, but biliary, as less than 2ui
was excreted as urinary iodicde up to 56 days after single
oral dosing with 400 mg of emiodarone

Andregson et al  (1938)) demonstrated tnat for 2 hours
a‘ter 1 v dosing, urinary excretion of unchanged
amiodaror. was negligible or possibly below the Yimits of
tnen assay detaction {Yess than U 1 mg/l), wmile plasma
levels were about 2 g/l Jodide concentration n the
urine after 1 v aaministration of am.odarone suggested
that only 5% of the orally administered drug was
eliminated 1n tne urine after b otranstormation

Harrls et al  (1933b) evaiuated 10 pat.ent, with aormai
reral function receiving cnronic treatment witn 359+23:
iig/day and tound that the yrina ~y cuncentratiens of
parent drug ard metabolite were very lcw  Table b
sumnarize, their nean plasma and Jrinary drug leve's tor
these patients

(

-

- Y
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TABLE 5 _ MEAN (+SD) PLASMA AND URINARY CONCENTRATIONS OF
AMIQDARONE AND DESETHYLAMIODARONE 1d 10 PATIENTS

Paraneter Amiodarone Desethylamiodarone
Plasma conc (mg/1) 2UB 41 46 148 +090
urinary conc {mg/)) 0 uzy + 0 027 0 149 + 0132

Tnese da.a Support the contention that the kidney 1s not

a major route of elimination for either amiodarone or 1ts
metabolite

The possibility of an enterohepetic Circulation was
suggested by a preliminary study by Andreasen et al
(1981), performed 1n 1 patlienr underygoing endoscopic
examination, who vad received 400 mg t v of amiodarone
A rapi1d 1ncrease 'n the concentration of amiodarone 1n
the bile was observed which at 2 hours reached a
roncentration about »U times that 1n plasma  Gobbato et
al (1982) also demonstrated 17 & surgical patients that
pile levels 2 hours after a sin~le oral cose of 60D mg
were 10 to 30 times those ir pla.ma

b Pharmacokinetics During Chroaic Treatment

Holt et a! (1983d) measured levels of amodarone and
desethylamipodarone 1n 8 patients following cessation of
chronic oral therapy (greater than 2 wonths)  The mean
(*5D) elimination nalf-ii1fe was 52 6 + 23 7 days for
amiodarone and 81 2 + 31 | cays for 1ty metabolite,
desetnhylamipdarone Table & shows tne half-,ives for
these 8 patients, some of wnom d splayed approximately 2
4-folad drfference 1n their values

PSR S

LD
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TABLE 6  TE.MINAL ELIMINATION HALF-LIVES OF AAIODARONE AND DESETHYLAMIODARONE FOLLOWING
LESSATION OF LONG-TLRM ORAL THERAPY (N=8)

Terminal Elwmination

lfatntenance Duration Half-Life (days)
Dose of Tnerapy Desethyl-~

Patient {ng/day) {mo) Amiodarone amiodarone
Gr 2ul 2 54 6J
M ol 12 49 td
T8 200 20 <4 g2
RW 200 18 45 34
NS 436 25 107 118
RS 400 b2 44 %3
HL bJo 13 42 53
0A 400 11 26 2J
Hean 375 19 8 52 b bl 3
+50 166 9 14 3 237 311

{Holt et al , 1983d)

Blood sanples collected during tne first few days in 4
patients following witndrawa 7 therapy, however, showed
an ni1t1al halving of drug levels over the first 2 5 to
10 days, indicating a biphasic elimination In addition,
tnis initial phase «as followed by an unexplained recound
in plasma concentrations of amiodarone and
desetnylamiodarone at approrimately 20 days

Tanle 7 snows the w1nitial and terminal elimination uf
grug for 3 of the patients evaluated Figur2 4 shows a
typical plasma profile (patient P S }

TABLE /7  ELIMINATION FOLLOWING CESSATION OF .ONG-TERM THERAPY
W1TH AMIODARONE

Days
Patient Inrtral halvong Terminal nalf-iife
W 10 0 45
N3 15 197
PS 4y 44
Mean + 7 ¢ T 65 3
Sp 3 J 36}

—"(Nolt et al , ‘93de

-
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FIGURE 4 ELIMINATION OF AMIODAROWE AND DESE "HYLAMIODAROWE IN ONE PATIENT
AFTER CHRONIC DOSING

Plasma ¢ oncentration mej/ |

—® Amiodarone

‘b-—-\
\———*—'"fm\__.ﬁ-.

~— - -

»~—a Desethylamiodarone

(-L.-L

.

T T
20 a0 60 80
Days pos* therapy

(Holt et al,, 1982, unpublisned)

In patient KNS, with the longest terminal naltf-life, the
antirarrnythmic efficacy of amiodarone persisted for 18
weeks following cessation of therapy, consistent with the
clinical observations of other 1m/esti1ud.0rS SUCH as
Rosenbaum et al (1976)

Staubly et al (1983) d=monstratea a similar prolonged
nalf-11fe of elumination for amodarone ranginy from 2}
to /4 days (mean 41+1J days) 1n 14 petients who

01 continued cnromc amiodarone therapy ranging from 130y
to 880 days

O -
n
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’reliminary data from Haffajee et al, (1981} suggested
tnat when loading doses are given, apparent -teady-state
plasma levels are reached 1r approximately 2 to 4 weexs
fndicating achievemert of steady state levels may oe
retated to the imitial elimination pnase, rather than to
tne prolonged terminal disposition of tre drug
Theoretically, without loading doses steady state can be
expected to oe achieved in approximately 3 to 4 times the
terminal nalf-11fe, or after I>U to 200 days of
maintenance dosiny

" e T e e b St e o e
—

{nremyc 46sing 1s associated with mean amiodarore Diood
levels of approximately 1 U to 3.5 my/1 for maintenance
doses ranging from 200 to 600 mg‘day (Holt et al , 13982,
Boppana et al , 1983) More recertly Falik et al (1437)
reported that a loading dose of 1 4 g/day for 7 days
followed by 200-400 mg/day over 10 months among 42
patients resulted 1n apparent steady-state plasma levels
of 2 4 ma/}  However, .nasmuch as plasma levels were not
given at the end of loading dosing {7 days, one cannot
determine 1f steady state was achieved

The ratio of the parent compound to metavolite 1s
approximately 1 U (Holt et al , 198:a) wn patients on
iong-term amicdarone treatment, During the initial days
of tnerapy, however, metaboltte levels are relatively low

and a ratio of 0 3 or less has been ooserved (Storey et
al , 1982a)

6 Iogine Metabolism

Administration of amiodarone ._auses a large increase of
serun organic and 1norganic tudine  In addition to
desetnylamiodarone, amiodarone 1s metabolized to several,
as yet unidentified, jrodinated or dehalogenated
metaoolites (Staubii, 1985). At steady state these
wetacolites plus Inorganic r1odine account for
~ppruxtiatery 2/3 of tae total circulating serum iodine,
174 of wnicn 18 inorganic 1odine {Staubly, 1383, Staupl,
1985). Tne 1odine released from amiodarone and its
meteoclites can raise the seruin 1norganmic lod ne levels

%oaagprox1mate!y 40 times nvrmal {Rao, 1380, Staubly,
335
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In 15 patients receiving 300 mg amiodarone for 6 montns,
urinary 1odine increased from Z.1420.4 umol/day to

8737 umol/day (o1} mg/dday), a 40-fold 1ncrease above
pre-amodarone values, while renal 10dine clearance
remained uncnanged (Rao, 1986) Since 300 mg amodarone
HC1 contains 112 mg rodine by weight, tnese results
suggest that approximately 1U% of the jodine n the
administered amiodarone 1s freed to inorganic todine
(Rao, 1380}, a value whic1 corresponds closely to tnat
found oy Broekhuysen {196Y) wno determined radicactive
urinary lodine following ine aoministration of
radiotodinated amiodarone In 6 patients In whom tre
serum terminal elimination of amiodarone was 44X12 days
{range 35-638 days), tne terminal elimination half-11fe ot
10dine and the 1odine-containing metabolites that 1s,
other than amipdarone and desethylamiodarone) as

98*40 days {range 57 to 1by days, Staubly, 1985) Hign
serum 10dine levels are responsible for at least a
portion of the thyraid dysfunction cases reported among
amodarone-treated patiedts, and this prolonged
elimination narf-11fe of 1odine-cortaininj metabvlites
probably contryputes to tne observation tnat recovery to
norma} thyroid function requires severdl weeks tc mcnths
upon)d)scontanuat1on of amiodarone {Leger, 1984, Raeder,
1935

o ——————— ———

7 Do.e Proportionality

Holt et al (1933d and unpublished data) snhowed a linear
relatyonship between cose and the mean concentrations of
amiodarone and desethslamiodarone i1n 197 patients
receiving at least } montn of chronic therapy witn 10U,
2Uu, 400 or 6U0 mg of amiodarone daily, petween-Supbject
variation at each dose was, however, large HNote tnat
each patient was evaluated on only a single dosage, 1 e ,
tne tlassic crossover dose-progportionaiity study was not
carried out Table ¥ summarrzes the mean concentration
at eacn dose level

TABLE 8 RELATIONSHIP SETWEEN DAILY MAIHTENARNCE DOSE OF
AMIODARONE AND PLASHMA CONCENTRATIONS OF AMIODARUNE
ARD DESETHYLAMIQDARONE
. Plasma concentration (mg/1)
faily docse {ag) N Amyoudaone e Desethylamiodarone ik
mean * Sb mean + SD
190 15 052 *Jd¢v 3 0096+ 0.28 38
200 1u3 b Us tu a4l 4 104 +033 32
duv >l 1 ¥+ By 49 1/7 +0 oé 32
bUY 27 $ 3 )2y LD ¢ dU +1 05 43

Cy - coefficient 1f variation

. R e {

Flft 25“3 _T—\953d and JRbGETtshed data} \-§\..

Y. »
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FIGURE &

PLASMA CONCENTRATION ng/L

There was a good correletion between the plasma
amrodarone concentrations and dose (r = 0 76). In
additvon, the correlation coefficient for the plasma
amiodarone conceatration vs dese*nylamiodarone
concentration was 0 33 A straignt line relatiny plasma
concentration to darly dose, fitted tnrough the zero
ordinate origin, showed that fcr every 100 mg dose
Increase tnere 1s a Corresponding U 52 mg/) and O 47 mg/i
increase 1n amiodarone and desethylamiodarone
concentration, respectrvely

Figure 5 shows tne relationship of steady-state

concentrations (mean + SEM) and dose n these (47
patients

STEADY-STATE PLASMA AMIODARONE CONCENTRATICNS

VS DAILY HAINTENANCE DOSE OF AMIODARONE

44

Y
Az smiodarona (y = O 00521 » doMe)

A
DA = dessthylaasoaurons {y = 0 00468 » soad) /i/
.'m

 AaddasAdal adaddasd his e TYvvrTTY T MAddd Mdadinadsd Madaandiss AAAdAd ot Maddasas o) ¢

130 150 2@@ 258 2028 350 409 450 500 BERO &CQ 650

AMIODARONE DOSAGE (NMG/DAY) WHolt et at , 1983, unpuolished)

Boppans et al (19s3) and kotmer cn et al (1283a),
reporting on tne same group o+ patients, have also shown
d linedr relat onsnip between dose and plasma
concentrations  Table J summarizes the mean steady-state
plasma concentravions, duration of treatwent and body
Wergnt for the 3 maintenance doses evaluated (200, 400
and o0y my/day) oy the doppana and Rotmeascn group The
qroups had swmilar weignts and Jduration of treaiment

g - -
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TABLE 9  MEAN PLASMA CONCENTRATIOh> DURING CHRONLIC DOSING

A Dose (mg/day) 200 10V 600

N 0 44 23
Duration {mo) 5,1 +29 6. *5.4 4.0 +¢4
Body Weignt (kg) 77 + 13 "4+ 12 79+ 2 4
A (mg/1) 130 + 057 ¢ W+ u.9% 3.65 + 1.50
DA (myg/1) D82+ 0.30 1 43 +0 4 177 + 0 66
A = amiodarone T (Boppana et al , 1983,
DA = desethylamiodarone Rotmensch et al , 1983a)

Haffajee et al (1983p and unpupiisned) have also found a
good correlation between maintenance serur concentrations
and weignt-related doses of amiodarone

In tnese studies, wnich nade use of patient steady-state
values without attempting to use crossove" designs to
minimive patient varia%ility, amiodarone >nowed dose
proportionality over *ne range of 100 to 600 mg per day

8 Tissue Concentrations

Holt et al (19830) measured tissue concentrations using
samples optained from 3 patients during surgery and from
5 deceased patients who hod been on chrenic amiodarone
therapy.

Table 10 stiows the mean concentrations 1n various tissues
of amiodarone (A) and 1ts desetnyl metapolite (DA)
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TABLE Y0  MEAN CONCENTRATIONS OF AMIODARONE (A) AND ITS
DESETHYL METABOLITE (DA) IN VARIOUS TISSUES

Tissue Tissue concentrations {mg/kg wet weight)
A DA
liver N 1814
fat 236 05
lung 115 540
spleen* 114 3d>
wyocardtum 25 80
xidney 22 05
thyroyd 13 6o
skeletal muscle 12 28
sK1n 8 29
cornea 7 L}
brain 6 46

From dolt et al 1933o (N=8)
From  *Adams et al 1433 {N=7)

Mean (+5D) plasma concentrations were 1 7 + 0 6 mg/1 for A ano

19 +0 8 mg/l for DA

With tne exception of fat, the ratio of A/DA was lower 1n

tissue than in plasma, the overall range for plasma was
U 64 to 1 09 (mean of approximately 1 0) and for tissue,

012 to 0,70 (mean = 0 28)
of A/DA for fat was 4 3

In contrast, the mean ratio

Figure 6 presents tne mean concentration of amicdarone

and desethylamiodarone 1n & variety of postmortem tissues

-« -‘m

- n
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MEAN (+SE) TISSUE CUNCENTRATIONS
-
T 10 000 =
g ) P4 AMIODARONE
E m D DESETHYLAMIODARONE
w1000+
<
) ®
s .
3 {9)
b 100 ﬁé
- 8
O 2
< 5
E 10- \\ oK ;
= 1 o
o > ’
1Y 'A'g
Z E;; Syt Qﬂ;'
s lm 15
= B 4 ﬁfﬂ
Liaver Lung Myocardium Skeletal Thyroid Brain
’ Muscle
TISSUE

(Holt et al., 1983d) N=J

Note Numbers 1n parentheses are

tre numper of opservations

In ceneral, although tnere were large differences n
aosolute values of tissue drug levels among the patients
due to differences n the dose and duration of tnerap/,
the pattern of tissue distripution was almost i1dentical
1n eacn patient (1 e , mighly perfused organs such as tie
Tiver, lunyg and spleen had the largest concentrations of
votn compounds)

Hign fat contenirations vt emiodarone are consistent witn
1ts lipid solubriity, end fat represents a pooriy
perfused tissue reservo!r of drug Siow eliymnation from
tnese deep tissue depusits may explain the iong terminal
nalf-11fe and persistence of drug effect ooserved witn
trs Cwipound after dosing nas been discontinued

- 2D
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Y

Pnarmacodynam cs

a

Relationznip of Biood Levels to Efficacy

Tnere 1s good cu“relation between tne dose of
amiadarone and serum concentration of amiodarone
du~ing chronic therapy a: doses of 100 to 60U my/day
{see Section V A,7) and tnere are many documented
cases of arrnytnma recurring when amiodarone dosage
nas been reduced Some studies have tried to
address the correlation between serum drug icvel and
clinical efficacy, out v 48 Jifficult in a
context of 11fe-threatening arrnythmias and a mucn
delayed change 1n serum concentration following
changes 1a dose The typical dose-response stiudies
relating dose or plood level to control of frequent
vent=icular premature beats (VPBs) seer with most
antiarrhytnmics nave not been carrzed out for
amiodarone and would be difficult to Justify, 45 the
VPB population 1s not the target for tne druy,
patients ~i1th botn VPRs and ventricular tacnycardia/
ventricular fibrillation (VT/VF) wno would de a
target population, therapy must be directed at tne
YT/V so tnat dose-finding ‘or effects on VPBs
canrot be carited out  Nonetneless, 1t 1s possidle
to aescrioe the serum concentration where effects
are usually seen

Several jnvestigators have reported a correlation of
serum amiodarone levels to antiarrhythmic effect
Mostow et a (1934) observed that trough serum
amopdarone concentrations greater than ¢ 0 ug/mi
were assuclated witn a signiticant decrease 1n
frequency of premature ventricular complexes (PVCs)
per hour {p less than 0 01) and paired PYCs per day
(p Yess than O J2) witen compared witn serum levels
less than 2 0 ug/ml cutpoint Frequency of VT
eprsodes drd not show a const tart relaticn o Sleyd
level Based on this study » 2o patients with
complex ventricular arrnythm as, these a.thors
concluded tnat measuring serum levels may serve as a
useful adjunct to awmbalatory ECGS 1n monaivtoring
amiodarene therapy during the maintenance phase wnga

dsta we 2 vectan ed Results are summarized 1n
Taole 1

ﬁ.ﬂ-i

-
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TABLE ¥V SIGHIFICANCE OF AMICDARONE SERUM CORCcHTRATIONS OF 1 Sug/m}
ARD 2.0 ug/mi

1 5 yg/mt Cutpoint 2 U gg/ml Cutpoint
less than
less then greater or equal to greater
1o than ) 5 p 24 than 2.0 p
Arrhythmia (n =109) (n =109) value (r=153) (n =65) valye
PV{s/hour 3y 24 less 40 12 less
than than
0 02 N
Parred
PYLs/day 1} 5 Jess 11 2 less
than than
v 04 U vl
n = nunber of ambulatory electrocar 11pgrams n gcch group, NS = .ot
significant, PVLs = ,remature ventricular complexes V7 ventricular
tachycardta

From ostow et al 1384

Staubly et al (1983) observed effective arrnythmia
control (elrmination of VT by Hoiter, suppression cf
symptoms and ectopic focus of supraventricular
arrhythmia [SVA]) 1n 12 patients of 17 wno could ve
evaluated Of tihese 17 patients, 16 we~e treated
for arrhytnmas and one for angina In b patients
{4 could not be evaluated dnd one was treated for
anyinal, Wwhose amiodarone concentration was measured
during p.riods of 1neffective and effective therapy,
amicderune concentration was always higher when
arrnythmia was controlled Onlv ¢ patients {L-tn
had no on-therapy serum amioaarone concentrac ns,
and were not conirolled at serum levels measurcet

of f-therapy) still experienced arrhythmias at ser.”
a2 nodarone levels above 0 o umol,1, and none of the
I¢ patverts had arrhythmias at levels above

V5 pumol/t (=1 4 mg/1) (Figure 7) Tnese data,
predominantly 1n atrial arrnythmas, appear to give
a4 low estimate of the serum conceatrations needed to
controt ventricular arrhythmias

-
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1

A
3
SERUM AMIODARONE LEVEL VS ARRHYTHMIA CONTROL ¢
{STAJBLI et a1 , 1933) )
Ssrum Ammdarong Loved
104 (nmebt] R
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Sohd 1ymbous indicate controlied and
open symbols uncontraited arthvihmas @ O observauons du-
nng sntake of aguodarone & A observauons after covsauon of
therepy

Many 1nvestigators have ooserved marked vdariation of
amiodarone serum levels within groups of responders
and nonresponoers, as wel) as overlap between the
two groups, 1ndicating that nonresponsiveness 1s not
tne result 0* unu,ual kinetics In most cases
Hatfajee et a: (1983a) administered a mean loading
dose of 115U mysday (800-1600 mgsday) for 21 days
(8-28 days) n 173 patients and at the end of tne
loading pnase or wiea consistent suppression of
arrhytnimnias was seen {or sooner 1f severe adverse
effects were observed), amiodarone serum levels were
measurea If the level was greater *tnan 2 9 mg, 1,
tne meintenance dose was reduced (generally to 20U
to 600 my/day) to acn~eve a level of | to ¢ 5 mg/l
Serum conceantrations did not distinguish between
responders and ronresponaers (I / vs | 9 mg/},
respectively, 1n ventricular arrhythmas and 1 5 vs
V9 mgsl, respective'y, 1n supraventiicular
arrhytnmias), and tended to be righer in the
nonresponders, presumably reflecting attempts to

s
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AMIOUARONE CONCENTRATION OF RESPONDERS ANG NONRESPOMDERS (HAFFAJEE et a' , 1984b}

TABLS 12
Mairtenance Maintenance T
Serum No Serum .
No of Maintenance Anmiodarone of Non Matntenance Amfgdarone
No Res~ Follow-up dose conc Res- Follow up dose conc
Arrhythmia Pts  ponders (months) {mg/day) {mg/1) ponders {months ) (mg/cay} (mg/1} :
Sustained ventricular 50 38 1 5-53 200-600 04-313 12 1 515 400-800 i 1.2 8 '
tachyca=dfa {mean {mean (mean {mean (mean {mean
1€ 9) 37!:145) ! 840 7) 2 ») SG04+175; 1 40 7,
Unsustained VT and 18 17 15-36 200-600 10-25 L} 11 400 15
high-grade VEA {mean {mean {mean
8 9) 3704141) 2 040 6)
Recurrent A Fib-flutter 48 4 1549 200-600 05-390 7 1523 200-600 05-313
(mean {mran (mean (mean (mean {mean
10 1) 349422) 1510 6) 67) 460413%) 1740 7) B
Paroxy<mal S¥YT 6 ] 4 23 400-600 14-28 2 9 any 400 and §00 1 8and 32 <
{mean (mear {mean 23 months
9 8) 519) 2 0)
conc = cencentration, fT « ven*ricular tachycardia VEA = ve-tricular ectopic activity, SVT = supraventricular tachycardis
A fib-flutter = atrfal fibridlation f,utter
"

fmm e,
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Figure 8 shows arrnythmia response vs mainienance
serum amiodarone concentrations in 173 patients
receiving oral am.odarore ranging from Zu0 to 4u0
mg/day (mean 3824146 mg/day) for 2 to 62 months
(mean 12 3 montns). Interpatient variadility is
clearly demonstrated Host responses in VI/VF are
sern at serum concentrations of 1.0 to 2.5 mg/1,

- RN e e Ve
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FIGURE 8  ARRHYTHMIA RESPONSE VS PLASMA AMIODARONL
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In a small number of patients (4 treated for atrial
fiorillation LAF] and 4 for nonsustained VT) In
Haffajee's series, seram concentration was observed
to pe less than or equal %o 1 my/l dur'ng relapse
anu control was restored wnen doses were 1nc¢reased
and serum concentrations rose above 1 my/l, a fifth
AF patient nad a relapse at 1 2 my/l that was
controlled with a Figner dose (Figure 9)

FIGURE 9  RELAPSE ¥S PLASMA CONCENTRATION
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(Rafrajee et al , 1983a)

Most patients receiving 200 to 600 wmg/day of
amodarone thus had steady-state serws amiodarone
concentrations of 1 to 2 5 mg/1, but there was
consideravlie Intersubject variation Arrnsthmia
reSpoases, when they occurred, were seen 1a this
dose range, the 33 nonresponders, wiin one
exception, had amiodarone concentrations greater
than 1 mg/1 and 11 nad concentrations of at least
2 0 mg/l T1ese data do noti iIndicate, of course,
whetner tne nonresponders could respond at still
nmigner doses  Tney do snow that in this series,
poor apsurption or unusual KINELICS was not the
reason for nonresponse
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Grapoys et al. (1933) also found no difference 1n
serum amiodarone levels between responders and
nonresponders treated for refractory
supraventricular tachycardia Tne mean serum
concentration among tne 121 patients was 2 0 and was
correlated witn total daily dose Stewart et al
(1984) found a mean amiodarone serum concentration
of 24 +0 17 m3/1 1n a group of 41 patients treated
with 505 + 179 mg/day for 14 + o 8 months and serum
level ¢ 5+ U 5) mg/1 1n tne 7 patients among tne 41
Wil were unresponsive

Rutmenscn et al (1983a) showed that a total of 1]
of 12 patients (92%) had no recurrence of their
supraventricular arrnythmias at plasma
concentrations of 1 5 + 0 6 and 1 U + 0 4 my/}, for
amiodarone and 1ts desethyl metapolite,
respectively Forty-five of 52 patients witn
ventricular arrnytnmidas (87%) nad no recurrence uf
their arrhythmia at plasma level of ¢ 5 + 1 1 anu
1 5 + 0 o mg/l for the parunt compound and Tte
metadolite, respectively Tne 7 nonresponders had
syimilar plasma Tevels, 2 7 + 1 1 mg/1 fur amiodarone
and 1 5 + 0 6 m3/l for the desethyl derivative

There are a rurber of possiple explanations for tne
syimlarity of plasma concentrations in responders
and nonresponders It s possiplie that plasma
levels of amiodarone do not correspond tc some more
relevant tissue level, such as myocardial
concentration of tne drug More likely amiodarone
samply vehaves like otner antiarrhythmics and
indeed, as with other drugs, not every abnormal

roythin responds to 1T, aven at maximally tolerated
doses

Given the considerable vnaividual variability of
plasma concentration followinyg a y ven duse, prasma
concentration measurements may be useful 1n
1dent1fying unresponsive patients whose levels may
be unusually low (1 mgsl or less), and who miynt
dsenefit trom a dose Increase or better compliance,
or responsive patients with unusually high levels,
who mignt avoid eventual toxicity ar reduce toxicity
tney are already sufrering and retain response at a
Tower dgse S1nce serum amiodarone lev2ls are not
relt ole until the patient nas reached steady state,
ser  concentratiuis would not be useful in

ev luating tne unrzsponsive patient during tne
loading phase
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b Relationship of Blood Levels and Adverse Effects

Despite tne likelinood tnat some adverse drug

react ons (ADR, ¥ e , neurological and
gastrointestinal) are dose-related (Section VIl B 5)
and that amiodarone dose and plasma concentration
are correlated (Section V A 10), the measurement of
serum amiodarone levels nas not yet been shuwn tc be
a very useful tool 1n monitoring or predigting
toxicity Wher all s de effects were tallied 1n

173 patients, Haffajee et al (1933a) found
amodarone serum levels among patients experiencing
adverse reactions to be slightly, but not i
significantly, nigher than tho~e among patients
without adverse effects (2 0 vs 1 8 mg/l)
Similarly, Graboys et al (1943} found considerable
overlap 1n serum amiodarone concertration n 121
patients with and without ADR  On tne other nand,
Boppana et al (1983), using the same patient
populat.on, reported a mean (+5D) steady-state
plasma am odarone concentration n pacients with
adverse reartions as 3 1 + 3 2 myg/l (N=2o) vs 2 3 +
| 3 mg/3 (N=38) n those Tree of adverse effects, a
fairly s1zatle difference

Table 13 summarizes serum level data and adverse
effects noted by Haffajee and associates during
long-term treatment (up to 53 minths) 1n

173 patients.

TABLE 13 CLINICAL SIDE EFFECTS NOTED DURING LOWG-TERM
AMI00ARONE THERAPY IN 173 PATIENTS

Seruim concentrations

Side effect N 3 (mg/1)
Sun sensitivity 30 17 U v-4 3 (mean ¢ 3)
CNS (tremor, ataxia, nigntmare, 20 15 J B~3 6 (mean 1 o)
paresthesia, headache, hair
loss)
tI {constipation, anorexia or 20 12 J 8-4 4 (mean 2 U)
nausea
Exacerbation of heart failure 7 4 1 1-7 3 (mean 1 b6}
impotence 5 2 1 2-¢ . (mean 1 &)
Profound sinus node depression 5 2 26,25,24,17
Proximal muascle weakness 3 2 8, 14,13
Clinical nyperthyroidism 3 l 4 3,177,114
(linicav hypothyroidism 3 2 41,148,114
Pulimonary fibrusis s Ub 15
Total experiercing one 01 44 o 0 6-4 8 (mean 2 0)

mure side effects g;-~‘"‘ ‘
- i \Haffd}eéﬂ ¢ al f3§3a)
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Data suggest tnat there may be a relationsnip
petween amiodarone serum concentration and some
specific symptoms Harris et al, (1983) observed
that increased liver enzymes correlated well witn
nigher blood ievels n 15 patients (p less

than U Y01 ), while other symptoms (corneal deposits
ang facial pigmentation) were both dose and duration
dependent in 140 patients who had taken amiodarone
for an average of 2 years (mean daily dose = 360
mg) Contrary to tne findings bty Harris, however,
tne Haffajee group found no correlation between
asymptomatic elevations n liver enzymes and Serum
concentrations of drug 1r 35 patients who developed
these abnormalities

In a group of 3o patients wno, at some time duriig
follow-up, nad serum amilodarone concentrations both
apove and pelow 2 5 mg/l, Haffajee et al found tnat
tne 1ncidence of Jastrointestinal and neurological
symptoms was lower at amiodarone levels less tra

2 9 mg/l Altnougn the authurs reported no
significant increase 1n Gl side + Ffects with tne
nigher plasma concentration (gyreat r th n2 % mg/l},
tnis prodaply was erroneous, 1 e , tue InCreaseg
incidence (from 1 to 7) was significant Table 14
sumnarizes the distribution of side effects observed
by Haffajee 1n those patients

TABLE 14 SUMMARY OF SINE EFFECTS VS PLASMA CONCENTPATION

greater tnan

less than or equal to
Side Effect /5 mg/1 25 mg/i p (Chi-square)
Sun senstitivity 11 8 NS
CNS 3 H --
less than U U5

Gt } 7 NS
CHF 0 ¢ -
Otuer 4 8 NS
Total no of patients

wWwith side effects* lo 22 NS
*A patient may nave more than 1 ADR {Haffajee et a4} , 30db)

Fraser et al (unpublisned report) snowed that
peripneral neuropathy was associlated with jong-ierm
treatment (gredater tnan 13 montns) ard 2levated
plasma concentrations of amiodarone and especially
desetiylamiodarone {mean 3 ¢ mg/l) 1n patients given
ind1ntenance doses of amiodarore of 4U0 to

b00 mg/day In jJencral, 1t was wore common 1n older
patients  Sural niurve piopsy showed druy
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concentrations B0 times higher tnan tnose fourd In
plasma Tnese peripheral nerve levels were much
tighe= trnan tnosSe observed n patients treated with
antodarone witnout clinical evidence of peripherai
neuropathy

Heger et al., (1982) examined the plasma and red
plood cell hemolysate (RCh) levels of amiodarone and
1ts metabolite, and their association with adverse
effects 1n 28 patients of a group of 55 duriny
cnronic dosing Patients received a mean daily dose
of 444 mg for at least 1 month  Tne mean (+SD)
plasma concentrations of amodarone and -
desetnylamiodarone were 3 00 + 1 42 mg/1 and

243 + 1 22 mg/l, respectiveiy In plasna,
amiodarone level, were slightly greater tnan
desethylamiodarene levels, whereas in the same
patients (N=28), tne RCH had higher netabolite
concentrations than parent drag (3 65 vs 1 38 my/i,
respectively) Adverse effects (anorexia, nausea,
weakness, unsteady gait and impotence) occurred 1n 9
of the 28 pat ents who, when comparad to tne other
19 patients free of adverse effects, had
sigmficantly nigher RCH levels of amiodarone {2 o5
vs U 78 mg/}) and desetnylamiodarone (o 55 vs

2 28 mg/1), although doses of amodarone were not
significantly diffe ent It was concluded that the
concentration of amiodarone and 1ts metabolite 1n
R7H may represent intracelliular or membrane-bound
drug and may be a better ma-~ker for some adverse
effects of the druy thar pla.ma levels

-—

The significance of the hign tissue concentrations
of the parent drug and metapolite, especially in
liver and lung, anu their reiatioasmp to
amiodarune-induced adverse effects 15 under
nvestigation  Heger et al (19834} could not
Joredict tne occurrence of punmonary oxicity on tne
sas1s of cumulative dose or durat on of treatment
and stated that their datd do not suggest tna. tuny
tissue accumilation 1s predictable pased ov piasfa
smiodetone levels Pulmonary toxic ty occurred in
B patients witn plasma amiodaroue concentretions
available at tne twwe ot detection of pulmo ary
toxic ty, out for 2 of these patients the
concentrations were not unusually high {2 32 and

3 40 pg/wl}  In the 19b patients treated, mean
amiodatone cuncentrations were 1 45 + 0 50 and

378 + 1 bl after doses of 200 and 600 mg/day,
respe_tively (Heyer et al , 1983a)  The development
of blue >kin viscotoratios was relateg to the
cumulative dose ang duration of therapy am.od one
se ub Vevels were ~151tar, nowever, 1n b datient.

~
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witn skin discoloration (2 96 + 0 96 mg/1) and 8
unaffected patients (2 63 + 1.63 mg/1) These were
patients from a total of 53 wno received long-tern
treatment (greater thani’7 mcnths)

In 4 patients wno had amiodarone-induced facial
pigmentation, Holt et al (1982) studfied tissue

amiodarone concentrations associated with this

adverse effect compared to unaffected skin in the
iame patient Biopsy results are summarized in Tabie
5

TABLE 15  AMi1ODARONE (A) AND DESETHYLAMIODARONE (DA) CON-
CENTRATIONS IN BIOPSY SAMPLES FROM PATIENTS WITH
Ai410DARONE-IKDUCED FACIAL PIGMENTATION

Concentration A/DA (mg/kq wet weight)

Patient nffected skin Control skin
{Facral) {Forearm or cnhest wall)

} 1197539 17 4772 5

2 185/1214 19 7/11o

3 1077229 18 3/46/3

1 502/1590 35 3/4> 5
Hean +SD (4) 243 + 175 2¢ 7 +85
(DA) 344 ¥ 594 701 %331

(Holt et al , 1182, unpublisned)

Particularlv mign tissue levels of the parent drug
(A) and especially tne desethyl metabo'i1te (DA) are
assoclated witn tnis adverse effect Amiodarone and
1ts desethyl metabolite are usually present in high
concentrations n tissues rich in macrophages
Yyltrastructurally, ngh levels of todine attriputed
to these ¢ compounds nave besen detected in secondary
iysosomes when tissues are scanned by energy
dispersion analysis of x-rays These findings have
peen reported i1n a variety of cells including
dermatocytes, pnewnocytes, hepztocytes, leukocytes
and Schwann cells

Tnosgh tne nechanism of amindarone-related toxicity
1s nut yet! estapblished, nistochemical and alectron
#icroscopic studies suggest that the underlying
pathology may be due to an alteration of 1iprd
metadolism leading to a generalized lipoidosis,
propaply reiated tu accumulation of the drug and 1ts
metabolite 1n 1s,ue  an accumulation thac may flot
dlways corrcia’s widl 4itn plasma concentraticons
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Side effects seem to be generally more common when

plasma levels greater tnan < 5 mg/l are maintained - .o
for a long 1ime, but correlation of plasma levels

and adverse e€fects °s poor, and there 1> an overlan

cf plasma concentration between patients w tn and

without adverse reactions In some reports,

nowever, where object've measurements can be made to

evaluate specific adverse effects, such as liver

enzyme elevations or peripheral nerve conduction, .
there may be a relationship petweer plasma levels !
and adverse effects It may be po.sible to aveid

very high plasma levels by monitor.ig When advorse

effects are ooserved, monitorinyg of plasma levels at

tnat time may be useful n confirming the

ussociation of <ympto s and amiodarone-induced
toxicity Routine monitoring of plasma levels
can1ot at present pe said to forstall or reduce
toxicity, especially for tne potentially
11fe-tnreatening pulmunary and arrhythmogenic
adverse effects, or for possioly irreversible skin
discoloratiun

o e

Additional Tests Used to Monitor Therapy

Other studiass have ¢valuated parameters of potential
use 1n identifying the response to amyodarone

Debbas et al (1984} ooserved a correlation petween
plasma and myocardial concentration of amiodarone ;
and prolongation of QTc  However, Rosenpaum et al
{1976) and Harris et al (1981) dvd not find that
(Tc prolongation was closely related to
antiarrhytbmic effect In addityon, plasma and
ayocardial levels by tue Deboa> group did rot
correspond with those by other i1nvestigators

1rd> atinyg assay dirferences  Harric snowed that
85% of 70 arrhythmia patients on chronic amiodarone
treaiment had repolarization changes but YTc did not
alter significantly PR and RR 1intervals increased
(mean 33 msec Lp less than 0 U1J, mean 132 msec

Lp less than ) 00VJ, respectively)  These changes
were greatest witn tne hignest plasma levels of
amipdarone and 1t. metavolite, but overall, tne
correlation was wedx Furthermore, 1t may be
ditficult to neasure ylc interval accurately
espectally 1n tne presence of myvcardial disedse,
other antrarrnytnmics and U waves  QOther
1nvestijators (Nademanee et al , 19d2¢c) have found
correlations between reverse T3 (ri;) and
antvarrnythmc effect  However, stress and
intercur~ent 11lnesses are also known to elevate

rT; ond may 11t usefulness of this assdy Red
vlood cell concentrations of amir 1arone and the
aa,thy! metarulite nave alsv been studred (Heger ¢t (
al 1983 and 1984}  ynt1} suct results are T\
vo 3 raed 1n pro,pective studec> witr a farger
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numoer of patients, it 15 unc ear now useful tnese
tests re 1a the routine follow-up or patients
treatea with amiodarone. Clinical evaluation and ~ .~
ampulatory Holter monitoring are presently the most
reliaole metnods of adjusting dose and judging
efficacy

Onset of Action

Acute antiarrhythmic effects of amiodarone have been
postulated to result, in part, from the nanspecific
adrenol stic properties of the drug, whereus the
tong~-term action may be related to prolongation of
the action potential duration in all cardrac tissues
#1th the consequent lengthening of the effective
refractory periods (Singh ei1 al , 13983a) Observed
changes n R-V nodal conduction and refractoriness
during acute dosing, however, may not ve
sttributable solely to tne antiadrenergic effects
For example, Gloor et al (1982) raisea the
quaestion as to wnether or not acute changes In the
5-A ' A-V nodes following 1 v amiodarone 1n dogs
m . 1voke tne blockade af the slow calcium

che v Further work must .e perforaed to
elucidate the mechanisms invilving the acute
electrophysiological chanyges i1nduced by amiodarone
In contrast, tne electrophys.ological effects after
long-term therapy described above arec “easonaply
umyform and consistent

The unusually long half-11fe of amiodarone and
irtarsubject variability maxke 1t difficult to
precisely define the time to onset of initial and
maximal artiarrnytnmic effecl ¥n an ndividual
patient /ertneless, some general comments can be
made fh. t'me~course of the electrophysiorogic
respense to amiodarone has been discussed 1n several
papers  tarly studies 1n animals showed a stepwise
1perease 1n eftective refractory period (EP?) as a

function of time at a constant amiodarone dose
{Singh et al , 1974,

feranapazir et ol (unpuviisaed) compared the timing
of tie onset of ection and peak effect of oral and
intravenous preparations of amiodarone on the
ventricular effective refractory period  Twenty-one
patients receivea oral doses ot amigdarone, 6U0 nig
or 1200 per day Anotner 1/ patients were f'rst
treated witn an 1 v infusion {5 my/kg) over 30
minvtes, tollewed oy 1000 mg infused over the nej-
<4 nours, and ther an oral daily dose of 120U mg
Altavuyh the 1nvestigators observel markea
nterpatrent variations, generally, the onset of
rerractury period prolongation in patients receiving
only 97dr 4 Nyddrone oocurred tn 1 to 3 days, aud n
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17 of tne 2t patients after 24 hours. In contrast,
i v. amodarone prolonged tne refractory period ~
witnin 6 hours and 1n 9 of tne 12 patients within
the first 30 minutes, At the end of tne first

24 nours of therapy, refractory period prolongation
was significantly greater witn i.v. than w°th oral
amiodarone Tne timing of the peakx effect following
the 1.v loading and ¢ oral doses was simflar (j.v.
6 days, 600 mg orel 8 days, 1200 mg oral* 7 days).
A greater peak effect was achieved with the 1200 mg
oral dosage regimen than witn the 600 mq_schedule

Nademanee et al (1983a) reported that 1n 20
pattents with resistant ventricular arrnythmas,
monttored by 24-nour serial Holters, levels of serum
amiodarone and rT3, a latency period of 3 to 4 days
was observed for tne onset of PYC suppressant
effects wnetner or not an 1,v bolus of 5 my/kg
amiodarone preceded oval daily dosing witn

16U0 mg/day (Tne 3 v bolus, 350 mg for a 70 kg
man, may have been too small to maxe & difference
wnen added to the large loadinyg dose.) A similar
latency with respect to sustained PYC suppression or
signsficant slowing of ventricular tachycardia cycle
Tength was ev>dent after a continuous i v

ampdarone infusion of 50 mg/hour for 120 hours
followed by oral dosing with 1200 mg/day Nademanee
et al concluded that the overall effects of the

i v infusion regiren on latency were statistically
mdistinguishable from those of tne oral loading
doses

Raki1ta and associates (1983a) noted elimination of
all put infrequent ventricular ectopic beats (VEB)
(less tnan 6/min) after 11 to 12 days 1n patients
treated #1th loading doses of 1400 my/day

tcKenna et al (1983b) treated 24 hypertropic
cardromycpathic patients witn 800 to 1200 mj/day for
a l-weer loading period, followed by 400 mg/day for
1 month and tnen 200 to 600 mg/day After ) week,
Hulters snowed a significant decrease 1n the number
of patieats wita fregqueat and comp’ex VEB and Vi,
Results were similar after 1 montn and slight?,
oetter after 1 year  Paroxysmal SVA were
essenviclly eliminated, and 4 of 8 patients
converted from atryal fibrillation to sinus rhytim
{3 during loading pnase)

i
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Singh and Nademanee (1983b) judged onset of action
according to symptums and reduction in ventricular
tachycardia (VT) and VEB on Holter recordings. In .
18 patients with recurrent atrial or ventricular
arrhythmias, amiodarone was given at doses of 600 tu
1400 mg/day. Response was apparent within 2 to

3 weeks although in individual patfents, maximal
response was not seen until 2 to 5 months.
Interestingly, rT3 increased 1inearly for 2 to

S months, to reach a level in responders of 2 to

4 times baseline, rT3 was more relfable than heart
rate, Ty a9r O0Tc in predicting inset of action and
response,

Kaski et al. (1981) observed a latency of 9,5 + 4.5
days in 11 patients with d.{ly episodes of VT;
average loading dose at the time of arrhythmia
suppression was 918 mg,day. They also observed that
suppression of VT was usually preceded by a decrease
in the number of daily episodes and slowing of the
heart rate during each episode A laonger latenc,
(12 to 16 days) was seen in patfents with clinica:
signs of severe heart faitwe,

In the Detafled Study conducted by Ives {see Section
Vi), Holter responses showed a marked reduction in
VT after 8 to 14 days and in couptets and VEB after
more than 14 days of loading treatment (mean initial
lcading dose for all patients was 1081 + 37 7 mg/day
for 24 + 4 6 days). The reduction in VEB from
baseline appeared to improve with increasing
duration ot maintenance treatment (60 + 11.1%
reduction from baseline after 3 months or less of
treatment vs 70 + 13,7% after more than 3 months'
maintenance therapy), although fewer patients were
represented in the latter treatment intervals.

Despite differences in patient populations, dosage
regimens and methods of assessment, the above
studfes suggest that amiodarone's antiarrhythmic
effect may be noted as early as 3 days {72 hours)
but more often takes 1 to 3 weeks, even with a
loading dose regimen. Due to variation among
patients (difference in attafning steady state),
some may show inftial and peak antiarrhythmic
effects much later than the above. Prolongatton of
the effective refractory perfod has been shown to
occur as soon as 24 hours after aoral dosing,
Antiarrhythmic response probably increases to its
full potential effect some time later, depending on
the achievement of steady state, Some patients
(partirularly thnse treated for supraventricular
tachyarrhythmias) may respond with reduction in
heart rate after 1 or 2 loading doses (Graboys et
al , 1983), this probably reflects the
antiadrenergic properties of amiodarone
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e. Rationale for Loading Phase

- The above studies defining onset of actior initially
used nign loading coses. Because of amiodarcne's
long naif-life ana large volume of distridution,
loading doses are required to achieve effective drug
concentrations reasonanly promptly (Holt et al.,
19d3d). Heger and coworkers (1983a) found
significantly higher plasima and red blood cell
concentrations of amiodarone (A) and

7
g
{
i

desetnylamiodarone (DA) after 2 to 15 days of _
treatment with 1600 mg/day vs 800 mg/day (Taole 16)
TABLE 16  AMIODARONE CONCENTRATIGH DURING LOADING
(HEGER et al , 1483a)
800 mg/dev 1600 myp/day
Plasma Red ceil Plasma Red cell
Dey A DA Da A DA DAA A DA DA/A 4 DA DA/
2 0.60 013 oz i 010 091 148 036 023 048 033 073
028 =00 = 0.04 2008 =z 0.50 2014 2020 =016
5 108 028 oz8 o 0 238 092 039 o 0sT 113
=030 012 = 0.04 2 03¢ = 0.54 2032 =02 =02
10 L R Y 044 072 L& 27 133 0% 108 7 R W
=083 =020 2017 =019 =278 =058 =048 207 =
15 158 o T VY 0.43 088 205 273 Lo o8 L» 173 148
=041 =023 =008 2023 =208 2068 =038 =045

While they demonstrated that use of a high lexding
dose (1600 my/day) would achieve higher druyg o
concentrations earlier, this study did not deternine

whether tne antiarrnytnmic effect was also achieved

more prompi’;  Fananapazir and associates

(unpublished) ooserved a greater peak effect, as !
assessed Dy prolongation of effective refractory

period, witn 1200 than with 60u mys/day after 6 to 7

days of oral amiodarone Several other

Investigators addressed arrnythmia response

Tniesen et a1 (1983), in a dosage regwmen

essentially lacking a hign-dose foading phase (600

mg/day for } week, reduced thereafter to maintenance

level), found elimination of Lown arrnythma classes

IVa and b 1n only 12/22 patients after 1 week, which

tnen 1ncreased to 15/¢22, 17/24 and 23/28 patients

after 1, 3 and b to 12 months, respectively, perhaps

showing a slow attatnment of optimal response

withoul a loading dose (it 15 also possible there f
was spontaneous improvement over so jong a period) \\_.\.;‘

Ly
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Rakita e1 al. (1933b) demonstrated the need for nigh
loading doses to srorten tne time to control
ventricular arrh, hmias (VT) in 40 patients
refractory to otner antiarrhytnmic or pacemaker
tnerapy. Patients were assessed Dy weekly 24-nour
Holter monitoring and control was defined by
complete elimination of al} VT, except for 1solated
P¥Cs (less than 6/min). Tasle 17 sumririzes these
investigators' findings. Tne three loading dose
regimens were superior to the regimen lacking one,
but tnere was no clear differen~e among the three
even thouyn une (aumber 131} gave a dose almost
twice the other two.

Even with relatively high oral loading doses,
arrnytnmia suppression may not pe acmieved until

8 days to 4 weeks (mean 17 days) after initiation of
therapy (Haffajee et al , 1983p) The reason for
such a delay n the onset of drug effect s not
known.

Duration of Action

Consistent witn amiodarone's long half-li1fe, early
studies In anwmals showed that reduction of heart
rate, systemic arterial pressure and tension-time
ndex persisted for 5 weeks after amiocarone was
discontinued (Charlier et al,, 1968) Subsequently,
studies addressed the gradual decrease 1n
antiarrhythmic effects and recurrence of arrhythmia
after discontinuation of amiodarone Singn and
Nademanee (1983b) observed recurrence of arrhytnmia
1n hospitalized patients (5 witn ventricular and 4
w1th supraventricular arrhythmias) 2 to 20 weeks
following controlled witndrawal of amiodarone,
arrhythmia recurrence corresponded witn the fall 1in
serum rT3 concentration (Figure 10)
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TABLE 17  NUMBER OF DAYS AND DOSAGE REQUIRED FOR CONTROL OF VENTRICULAR TACHYCARDIA
{LOADING VS. NON-LOADING REGIMEN)

Group Dosage Regimen N Mean Days to Control Mean Dose to Control (g

1 200 mg/day x 1 week 8 23,5 +12.3 11,5 +6.36
—— 400 mg/day x 1 week ____ 600 mg/day x 1 week increased up to 800 mg/day x 4 weeks and then
titrated down by 200 mg/day/week if controlled

11 Initfal oral loading dose on Day 1 of 1400 mg 16 11.5 + 6.08* 10.84 + 6.82
——greater than 800 mg/day x 6 days, then 200 mg increase or decrease depending on achievement of control

151 Initial loading with 1400 mq x 1 week 9 12.1 & 6.75* 11 00 + 8.34 This
dose continued up to 4 weeks if needed. At the end of 7-day dosing pertods (f control reached reduction
to 200 mg/day. If contro! lost .. repeat 1400 mg/day x 1 week ___ reduction to 400 mg/day

Iv {.,v. loading with 5 mg/kg x 1 day . 7 11 7 +7.08* 10.42 + 6.46 then
800 mg/day. Doses changed at weekly intervals depending on control ~ -

* = statistically significant (Rakita et al,., 1983b and

Group 1 vs, II less than 0,02 personal communications)
Group I vs, III less than 0.05
Group I vs. IV less than 0.01
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J FIGURE 10  RESPONSE TO INITIATION AND DISCONTINUATION OF
AAIODARONE (SINGH AND NADEMANEE, 1933p) ’
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Within a mean of 11 days (range 3 to 28 days) of
resuming therapy, control was reestaplished, 1n
contrast to an initial latency of 2 to 5 months wuoen
amiodarone was first administered Since amiodarone
was restarted upon recurrence of arrhythma (2 to 20
weeks), patients probably still had remaining tissde
stores and a shorter latency for reestaolishing
control would not be unexpected

The prolorged antfarrhytnmic effect of amodarcne
coincided with a similar’y prolonged persistence of
tne electrocardiographic changes caused by the drug
(Pritchard et al , 137%) Holt et al (1983c) found
that the antiarrhythmic efficacy of tne drug lasted
up to 18 weeks following cessation of therapy 1n one
patient with a prolonged half-life of 107 days
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In general, antiarrnythmic effects may persist for
weeks or months after amiodarone witndrawal and the
effects of a dosage adjustment may similarly oe
delayed, tne difficulty is that the time of
recurrence is highly variable and unpredictaple, a

considerable proolem if }ife-threatening arrnytnmias
are nvolved

Minimal Effective Dose

Tne minimal effective dose ras not peen rigorousty
defined buc ciearty varies from person to person, as
recurrent arrnytimias have appeared following dosage
reduction from various effective doses Dosage must
be oased on 1ndi1vidual responses, weighing the
severity of the arrhythmia and tolerance In
addition, other possible factors snould be taken
wnto consideration, including body weight, age and
underlying cardiac status (e g , CHF)

Rationale for Daily Dosing Regimen

As efficacy may be related to the cnanges which are
seen 1n the more rapidly perfused tissues,
once-darly dosing 1s recommended despite the lony
terminal el mination nalf-11fe. Furthermore, the
risk of brecktnrough arrhythmia is minimized and
patient compljance is facilitated by daily dosing

10. Miscellaneous

a

Protein Binding

Andreasen et al. (1981) reported technical
difficulties i1n the measurements of plasma protein
pinding of amipdarone. Swymiarly, Holt et al

(1982, unpublished) encountered problems using tne
conventional techniques of equitorsum dialysis and
uitracentrifugation, however, they used an alternate
approach measuring salivary levels as an indirect
measurement of the free concentration Tneir
preliminary results demonstrated that tne drug is
nignl s protein-bound {0 98%) A more recent study
oy Lal]gg et al (1984) confirmed these findings
Using J-lapeled amiodarone, tne compound was
described as strongly and highly bound
(approximately 96%), specifically, to the albumin
and BZ-IIpOproteln fractions Amiodarone bindiny
was reduced oy quinidine, amitriptyline, and
cefazolrn but tne pinding of digoxin or warfarin was
not affected by amiodarone
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- - - Db Renal Insufficiency -

Harris et al. (1983p) evaluated 2 patients with
chronic renal failure who were receiving cnronic
amiodarone therapy while being treated oy
nemodialysis or peritoneal dialysis. For both
patients, amiodarone and tne desethyl metabolite
concentrations were witnin tne expected range for
the doses they were taking, and these levels did not
fluctuate during dralysis Neither tne parent
compound nor the metabolite was detected in the

- ;e % dralysate, probahbly reflecting their larye voltw® dt> """ -
distribution and poor water s~.ubility, and only
minimal amounts were recoverea 1n the urine

In tuese patients, tne ratio of metabolite to parent
drug was in the range of 0 8 to | 2 (approximately

1 0 has been found 1n patients on long-term
tnerapy), suggesting that tne plotransformation of
tne drug 1s not significantly altered 1n patients
with renal Insufficiency

In their study of 5 patients with cnronic renal
insufficiency maintained on regular hemodialysis,
Bonat1 et al (1933) obtained kinetic 1nformation
for amiodarone and tts N-dealxyl metabolite auring
amiodarone treatment for supraventricular
arrhythmias, Unfortunately, tnese investigators did
not monitor blood levels of amiodarone and its
metabolite long enough., The only meaningful
information provided by tnis study was the
observation that amiodarone was not detected In the
dralysate or 1n the dialyzer membrane, 1 e ,
amiodarone is nondialyzable

c Placental Transfer and Breast Milk Concentrations

Several insestigators (Candelpergher et al 1982, *°
Pitcher et al , 1933, McKenna et al , 1333a) have

demonstrated tnat tnere is limited placental

transfer of amiodarone and 1ts desethyl metabolite,

ranging from 10 to 25% ana 2o to 50%, respectively

Candelpergner et al (19382) reported some ECG
cnanges and bradycardia in tne newborn In
addition, Haffajee et al (personal communication)
monitored a woman receiving amodarone during the
course of ner pregnancy who gave birth to a small
nypotnyroia infant
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d.

- o

Gobbato et al, (1J82) and HcKenna et al. (1983a)
ooserved a wide variation i1n the concentrations of
amodarone and desetnylamiodarone in the breast milk
tnrougnout the day. In general, levels were nigh,
sugyesting tnat breast feeding could expose tne
nursing infant to a significant dose of drug.

Saliva and Bile Levels

Holt et al (unpublished) and Goboato et al. (1982)
found that salivary levels of drug were low, whereas

Geobato et al., 1982 repuricy vir1tary levels 10 to
30 times that of plasma

Conclusions of Pharmacokinetics and Pharmacodyna-cs

Tne data reveal the following pharmacokine* ¢ and
pharmacodynamic characteristics of amipdarone

a

C.

It 1s slowly absoroed after oral administration witn
a time to reacn peak plasma concentration (Tp,y)
1n the range of 3 to 7 nours

Amiodarone has absolute {compared to 1 v )

bioavairladility of 35-65% n various studies and
snows great individual variation,

One metabolite, desetnylamiodarone, has been
identified which displays formation rate-limited
elimination Kinetics, and for which the

pnarmacological activity in man has not been
established

Plasma levels with chronic dasing show
dose-proportional steady-state plasma concentrations
in tne range of 0.5 to 3.5 mg/l at maintenance doses
of 100 to 600 mg/day, with a roughly 0.5 mg/}
‘ncrease for eacn 100 mg/day, Tnose are means,

however, and include coansideraple i1ndividual
variability

Amiodarone has a large volume of distrioution (apout
5000 l1ters) because of extensive accumulation of
amiodarone in adipose tissue and highly perfused
organ (especially liver, lung and spleen),

Amiodarone has negligiple renal excretion but
considerable excretion 1nto orle with levels of drug
10 tne pile 10-to 30-fold greater than 1n plasma,

tnere 1S thus a possipility of enterohepatic
recirculation

¥
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Anioaarone has low total plasma cleardnce of
approximately 8 1/hr. It shows a pipnasic
elimination pattern witn a long terminal half-life
(tyyz;) after single dosing in normals a

term?nal elimination of approximately 25 days 1s
observed, agair with considerable variability
Following cessatisn of chronic oral tnerapy, plasma
levels of amiodarone decline vy nalf over a period
of 25 to 10 deys followed by a reoound at 12 to

21 days, pefore settling into tne terminal
e'imnation phase, with a half-1ife ranging from 2o
to 107 days !{mcan of approximately 53 days and most
patierts 1n tne 40-55 day range) For the

metaool  te, after chronic dosing the mean terminal
hatf-11fe was estimated at 61 days Tms final
phase prooahly represents very slow clearance from
deep, poorly verfused tissue compartments such as
fa. wnile t 2 initial elimination may represent tne
turnover from more highly perfused organs,
presumably including the sites where amiodarone has
its effect. Thi, would fit witn the observation
tnat arrnythmias can respond within weeks of tnerapy
and can return witnin a few weeks after the drug 1s
stopped, suggesting tnat the biologically pertinent
nalf-1ife may pe the shorter (but still several days
to a week or wore: i1nitial elimination pnase

Tnere 1s limited 1ransplacental transfer of parent
compound and its netapolite put secretion of nigh

levels of amiodariyne and desethylamiodarote into
preast milk

There 1s a low roncentration of amiodarone 1n saliva

Amodarone s ighly protein pound (about Joi) to
the albumin and Bp-11poprotein fractions

Significant correlations between steady-state blood
levels of drug and some adverse reactions may exist,
but a clea relationship nas not been demonstrated
for most idverse effects In general, serum levels
below 2 5 mg/l may be associated with oetter
toleran.e of tne drug Though the mechanism of
amioda: one-related toxicity 1s not established,
histo.nemical and electron microscopic studies snow
alteration of lipid metapolism 1n tne pattern of a
generalized lipoidosis, prodbably related to tissue
accumulation of the drug and 1ts desethyl metaboltte

- - -
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-
] Arrhytnmia control has oeen seen witn plasma

concenmurations ranging from 0,6 to 3 mg/) {and witn
doses o 200 to 600 mg/day), in treated cases,
effectiveness has not correlated with b'ood levels

> as nonresponders have had plasma concentrations
similar to those in responders Thus, non-response
does not usually seem to be caused by poor
absorption or rapid metavolism, rather, it seems to
relate to the innerent responsiveness of the
patient's particular arriythmia. Recurrence of

- - arranytnmia, nowever, ooviously does uctui “when

plasma concentrations fall and, specifically, has
oeen observed 1n some responsive patients whose
plasma levels fell »alow 1 O mg/}

tacidi

an
T

m In adults, tne onset of antiarrhythmic effect 1<
usually observed 1n about 1 to 3 weeks with loading
doses and after a longer period 1f no loading dose
¥s used Even #1th loacing doses responses may be
enhanced over several months

e = e

n The dura.ion of action has been reported as up to
several months after discontinuation of therapy in
one pattent with an extremely prolonged amiodarone
plasma haif-iife {107 days), out an the average,
antiarrhythmic el ficacy may persist for up to }
mo itn depending on the body stores of drug

- — o —— —

B Hechanism of Action f

1. Electrophysiology

Amodarone 1s a Vaughan-Williams Class 11I antiarrhythmic
agent The predominant effect of the druy 1s a
prolonyation of tne action potential (Elizarr et al ,
1980, Singh et al , 1930) and increased refractoriness
-0 sinus node tissue, tne slope of phase 4 prepotential ~
15 reducea (delaying the point wnere critical potential
1s reached) In contractile and Purkinje tissues, the
rate and amplitude of the upstroke* {pnase 0) is not
affected Tne net result is prolongation of the action
potential duration and refractor-ness (1 e , delay of
repoiarization) without Impairment of depolarization
(Singh et al , 1970)

* In one recent study (Mason et al , 1982} preliwwinary ammal data

di1d demonstrate sume slowinyg ot tre rate of depolartzation
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voltage clamp experiments performed on atrial and
ventricular fibers (Neliat et al., 1982) snowad that
amodarone’s predominant efect 1s the decrease of
outward K*-medirated current More precisely, in
ferret ventricular fibers, the decrease of outward K
current reachas 2>% and 42%, respectively, for
amiodarone concentrations of 2,10-% and 2,104 M,

Althougn electrophysiologic studies in man following

1 v and chronic oral administration showed similar
effects, in garc-3), 2ffects were more pronounced after
oral treatment (Touboul et al , 1382), Some differences
vere odserved, nowever, 1n electropnysiologic changes
following acute and chronic therapy Acute effects were
dominated by increased A-V nodal conduction time with
prolonged refractoriness of the A-V node (Singh et al.,
1483a) Long-term treatment was associlated witn effects
on all electrically active cardiac tissues (Donaldson et
al , 1932)

Gencrally 1n man, tne sinus rate 1s slowed by about 10%,
and SA conduction 1s depressed (Wellens et al,, 1976,
Rasmussen et al , 1979, Finerian et al , 1932) In some
cases, retrograde conduction witnmin the SA junction 1s
suppressed (Toubou! et al , 1979). Brown et al. (1978),
nowever, showed good response to amtodarone (200 to 600
mg/day for up to 9 months) in 5 refractory patients with
bradycardia-tacnycardia syndrome. These patients showed
no evidence of return of severe sinus bradycardia

Atrial and ventricular monophasic action potential
durations (Olsson et al,, 1973) and effective refractory
periods are 1ncreased (Wawman et al., 1932) A V nodal
conduction time 1s increased, as evidenced by 2
lengthening of the A-H interval oy about 10%, and the
functional and effective refractory periods of the A-V
node are prolonged The mnfranodal conduction time (H-V
1nterval) usuaily does not vary, Hut there have been
slignt i1ncreases 1n several cases (Rasmussen ot al,,
1979, Waxman et al , 1982) Tne relative effertive
refractory period of tne His-Purkinje system incredses
after aomnistration of amioaarone (Touboul et al ,
1376)  In patients with Wol ff-Parkinson-White (WPH)
syndrome, amiodarone 1ncreases tne refractory period of
tne A-V accessory patnways (antegrade and retrograde)
{Rowland et al , 1930) T7ap.e )8 summarizes the
electrophysiologic effe.ts of amlodarone
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TABLE 18  SUMMARY OF AMIODARONE ELECTROPHYSIOLOGY

- - + - Y

?
- “

Automaticity Conduct on Refractoriness
SA node - 0 {or -) 0 {or +)
Atrium - - +
AY node - -
Accessory patnway 0 (?) -
His-Purkinje 0 0 rr-)
Vontrjcle - r
U = no effect, + = Increased, - = decreased, i (Camm and Bexton, 1983)

Amicdarone exerts a wid‘ >pread action on myocardial
tissue, as well as on >-A, A-V, and aonormal accessory
conduction pathways These changes are, in general,
similar to tnose found In vitro In the human
His-Purkinje system, amiodarone does not significantly
depress conduction as do Class [ antiarrhythmics
Tnerapeutic doses prolong the T 1nterval on the surface

ELG by about 10% independently 3f cnanges 1n heart rate
(Toubou! et al., 1982).

+ + + o+
RPN ST A PRI

Tne unifo.m action on botn specialized and ordinary
myocaraial cells appears to be a unique property of
amiodarone In comparison, quinidine and quinidine-like
compounds do not aiways depress A-V node tunduction,
while B-blockers nave no significant effect on conduction
1n ordinary myocardias cells (other tnan A-V junction),
Digitalis derivatives and verapamil may increase
conduction in accessory pathways, although increased
ventricular rate on verapamil may ve due to a reflex
response to systemic hypotension

e i wn e e Al D R

2 Hemodynamics

Cote et al (1979) found tnat 1n patients undergoing
diagnostic cardiec catneterization, 1ntravenous
amodarone decreased mean arterial pressure, left
ventricular end-diastolic pressure, and systemic vascular
resistance with a mild out significant 1ncrease 1n the N
cardiac index. 1n addition, coronary vascular resistance
decreased and coronary sinus flow increased
sigmificantly, confirming apimal studies showing
amiloaaron2 to oe a potent coronary and peripneral
vasodilator. Despite falls in tne systemic vascular
resistance, reflex tacnycardia #as not observed
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After lonj-term oral dosing with amiodarone in the

tnerapeutic dose range of 200-600 mg/day, Singn et al,

(1983a) and Haffajee et al, (1983a) demonstrated no
significent decrease in left ventricular ejection
fractions even when the oasal ejection fraction was
markedly reduced. Figure 11 shows left ventricular
ejection fraction data pefore and during chronic
amiodarone treatment from these 2 studies.

Antiadrenergic Effect

Antodarone causes a é1ld sinus bradycardia and a 10%
increase in PR intervals which may be attriouted, 1n
part, to an antiadrenergic effect. It 1s a mild

noncompetitive antladrenergic agent wnicn relaxes smooth

muscle, including coronary and peripheral arteries,

reducing systemic vascular resistance (SVR) (Vastesager

et al , 1967, Salvador et al., 1979, Jewett et al.,
1980).

- o




8 2
- N - e LRy, S~ 2RI PR e

Page 56 - NDA 18-972

~ -

FIGURE 11 LEFT VENTRICULAR EJECTION FRACTIONS IN PATIENTS b
PRE- AHD POST-AMIODARONE TREATMENT
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4., Amiudarone and Thyroid Function

Tne amiodarone molecule contains 37% (oy weight) iodlne,s

to the extent tnat deiodination occurs, icdide effec*s on
the tnyrold are possipie ¥ncluding hypertryroidism and
nypotnyroidism. Amtodarone apparently can affect
peripneral deilodination of T4 to tne major

metabolically active T3 (Burger et al,, 1976, Jonckheer
et al,, 1378, Freeddery et al , 1970, Pritcnard et al,,
1975}, Like some other substances or factors whicn
interfere with normal wmetaoolism {g_cb 22 .f28%1rg or
Inflammation), amiodarune 1nn1D1ts tne peripneral and
intracellular thyroxine metabolic pathways, and 1nstead
of active T3, an Increased amount of the metabolically
1nactive reverse T3 (rT3) ts produced Wnether tnis
relates 1n any way to tne arrnythmic action of amiodarone
1s unclear, although the effect of amiodarone upon the
action potential of individual cells yn cardiac muscle
and upon tne surface ECG is very similar to effects
produced by thyroxine depletion, ? e., depolarization
currents are not altered, out repolarization currents are
delayed It has been suggested tnat increases 1n rT3
levels may constitute a useful technique for monitoring
tne drug's antiarrnytrmic efficacy and toxicity, but

ri; is a labile measurement that can easily be affected
by other concomitant drugs or 1ntercurrent illness,
tnerepy making the reliability of its usage still
questionable. For example, Holt et al. (1984) showed
tnat although rl3 is elevated during amiodarone
treatment, patients not receiving the drug nad a wide
range of rT3 concentrations wnich often overlapped witn
those of the amiodarone~treated patients

Drug Interactions

Amiodarone 1nteracts with a number of otner drugs, viz

Aarfarin, digoxin, phenytoin, quinidine, procainamide, s

u-olockers lidocaine, ang aprindine For warfarin, digoxin
and the antilarrhythmics, the interaction appears to oe related
to amlod rone's effect 1n altering tne pnarmacokinetics of tne
drugs, but the 1nteraction witn 8-blockers 1s probaoly due to
an additive effect, espectally 1n individuals who have sick
s1nus syndrome or partial A-V picck. Patients taking any of
these drugs concomitantly with amiodarone snould be carefully
monitored and the coses of tne concomitant drugs reduced
accordinyly or discontinued [f amiodarone 1s discontinued
due to treatment feilure, otner antilarrnythmic therapy should
oe wnitiated cautiously, since amodarone's long half-life may
give rise to significant Interactions

sl

x oo DR Ve BAdE ¥ Nms

-

~

—al28



