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Therapeutic monitoring of amiodarone: pharmacokinetics and evaluation
of the relationship between effect and dose/concentration

Erika Hrudikova Vyskocilova®", Milan Grundmann?, Jana Duricova®®, Ivana Kacirova®®

Amiodarone is the most effective agent in the therapy of arrhythmias. However, the clinical effect of acute and chronic
treatment is unclear and there are differences irrespective of comparable plasma/myocardial amiodarone and its me-
tabolite desethylamiodarone concentations as well. Its unusual pharmacokinetics results in interindividual variation
in plasma levels. The association between amiodarone and desethylamiodarone plasma levels and clinical efficacy is
difficult to evaluate. This review was carried out to assess whether there is any objective correlation between amioda-
rone and desethylamiodarone plasma levels and the clinical effect. We summarized the results of relevant studies and
clarified the relationship between plasma levels and effect vis & vis the pharmacokinetics and pharmacogenetics of
this drug. Certain correlation was seen with oral amiodarone therapy, in others, plasma amiodarone levels were unre-
lated to therapeutic response and showed no correlation with changes in electrocardiogram or electrophysiological
parametres. Several studies show that plasma concentration ranging between 0.5 and 2.5 mg/L appears to be the most
effective, others demonstrate no difference between responders and non-responders. One way of interpreting plasma
levels is to establish an individual patient’s effective concentration. Therapeutic drug monitoring can contribute to
determining optimal concentration.
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INTRODUCTION Amiodarone is highly bound to human plasma pro-
teins. Its free fraction is independent of the total drug con-

Amiodarone is the most effective antiarrhythmic medi-  centration and albumin level, indicating that the binding
cations available today for the treatment of both atrial  is not concentration dependent over the normal therapeu-
and ventricular arrhythmias. Its efficacy is likely related  tic range®. There is some evidence that DEA is less lipid
to diverse effects on a number of cardiac receptors and  soluble than the parent compound and is somewhat less

ionic currents!'. protein-bound’. Amiodarone is high lipid-soluble. This
could lead to a large volume of distribution (Vd) (ref.?).
Pharmacokinetics Duration of administration is a crucial factor in determin-

Amiodarone has a large individual variation in system-  ing the volume of deep compartments. With studies of
ic bioavailability after oral administration® because gastro-  shorter administration less drug has time to enter the pe-
intestinal absorption appears to be slow and incomplete®.  ripheral compartments, therefore the deep compartments
The relatively poor bioavailability is probably mediated by  appear smaller. It is quite possible that a true steady state
intestinal wall metabolism via CYP3A4 in addition to gas-  in terms of volume of distribution and elimination is never
trointestinal excretion mediated by P-glycoprotein. DEA  reached but rather amiodarone continues to accumulate
inhibits the activities of both CYP3A4 and P-glycoprotein,  with long-term therapy®.
thus it is suggested that the bioavailability of amiodarone The highest concentrations of amiodarone were found
is gradually increased over time in patients receiving long-  in fat, liver, bone marrow, and lung tissue. It was shown
term amiodarone therapy*. The time from oral intake to  that DEA was present in these tissues at several-fold
the peak serum concentration (C__ ) was estimated to be  higher concentrations than the parent compound, except
about 7.3 h (ref.’). AUC___ after the first oral dose was  for fat tissue'. This tendency of DEA to accumulate in
more than three times lower than the AUC ,, after the tissues more than amiodarone is in agreement with the
9" 37% and 11" dose in three patients (AUC normalized  higher red blood cell/plasma ratio of this compound'.
for the dose) (ref.?). With regard to myocardium, it was shown that the range

In the case of intravenous administration the C_~ of amiodarone concentration was wide after rapid intra-
of amiodarone after a 15-min intravenous infusion of = venous administration. This variability may explain the
5 mg/kg ranged between 8.604 and 19.441 mg/L, even time of myocardial sampling after amiodarone injection,
with 100% bioavailability®. as well as differences in the patients ~ body weights, in
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the variable regional coronary blood flow from patient
to patient at the time of sampling, in the extent of myo-
cardial fibrosis, and in the variations in myocardial con-
centration dependent on the specific site and depth of
biopsy'2. There was also demonstrated placental transfer
of amiodarone and DEA in humans®. It is surprising that
even at steady state, plasma amiodarone concentrations
can be expected to fall by 25% within a few days of the
cessation of therapy and 50% in 36 days. Thus a 2- to
3-day interruption of dosing could produce a clinically
useful decrease in concentration, potentially providing
relief to patients with acute onset of bradycardia, tremor,
ataxia, or gastrointestinal distress’. Although miniscule
amounts of amiodarone can be detected in serum for up
to 9 months, these minimal concentrations are unlikely
to confer antiarrhythmic protection'.

After administration of a single dose of amiodarone, a
wide interpatient variable half-life (t, /2) is found?. After in-
travenous administration the drug concentration declined
during the second phase with a mean half-life of 4.3 h
(ref."). The initial rapid elimination phase was observed
within 3-5 min, and the serum concentration declined to
less than 2.0 mg/L within 30-45 min after completion of
the infusion. This initial decrease in serum concentration
might be due to uptake into peripheral tissues high in fat.
In contrast, the elevation of DEA concentrations lagged
behind the change in amiodarone concentrations, which
were also below clinically effective levels. This discrep-
ancy presumably reflects slow biotransformation of the
parent drug®. The slow elimination may be understood
conceptually by means of a multicompartment model.
The long life of the terminal elimination phase of the
plasma curve reflects the slow release of amiodarone from
the reservoir, or deep compartment, into the plasma'.

Cytochrome P450 3A4 (CYP) is the major isoform in-
volved in amiodarone metabolism. Amiodarone undergoes
deethylation to the major metabolite DEA and it is fur-
ther metabolized by CYP3A4 to subsequent metabolites'.
DEA (probably together with amiodarone) is degraded to
other compounds by hydroxylation!. Furthermore, CYP
2C8 and CYP1A1 may also significantly contribute to
amiodarone metabolism'®.

CYP3A4 which constitutes 30% of the total CYP
content in human liver is expected to be the major iso-

form involved in amiodarone metabolism. The activity
of CYP1A1 might vary depending on smoking status as
smoking has been shown to induce CYP1A1 metabolic
activity. In this condition, the DEA formation by human
CYP1A1 might however be a consideration’. CYP2C8
activity might be influenced by genetic polymorphism.
Soyama et al. showed that the variant CYP2C8 P404A but
not CYP2C8*3 has a lower intrinsic clearance for amioda-
rone N-deethylation compared with CYP2C8*1. These au-
thors suggested that polymorphic alleles of CYP2CS8 may
lead to variations in the clinical response to amiodarone®.
A higher frequency of variant CYP2CS alleles is expected
in Caucasian Americans with a Southern European an-
cestry than in individuals with Northern European an-
cestry?'. The contribution of other metabolite enzymes,
CYP1A2, CYP2CI19, or CYP2D6, to amiodarone metabo-
lism seems to be minor, these isoforms might alternatively
contribute to metabolism in clinical situations in which
CYP3A4 or CYP2CS is inhibited by coadministered
drugs'®. Less than 1% of the dose is excreted unchanged
in the urine?? therefore minimal fluctuations of serum
levels between dialysis are observed®. The ratio of DEA
to amiodarone remained relatively constant over different
dosage or drug concentration ranges, but increased with
duration of treatment (reaching approximately 80% than
of amiodarone after several months), suggesting a time-
dependent metabolic function!'. Individual variation of
the clearance decreases in subjects receiving long-term
amiodarone therapy*. Age-related changes in amiodarone
and DEA disposition have been shown, but their clinical
relevance appears negligible?*. The pharmacokinetics pro-
file of amiodarone is summarized in Table 1.

MECHANISM OF ACTION

The cellular actions of amiodarone differ somewhat in
acute compared to chronic administration®.

Acute therapy

Acute amiodarone therapy results in a use-dependent
inhibition of inward sodium (Vaughan-Williams class I
effect) and inward calcium currents (Vaughan-Williams
class IV efffect) (ref.?), as well as a non-competitive al-

Table 1. Amiodarone pharmacokinetic profile(®!01524,

pharmacokinetic parameter

binding to plasma proteins

vd

Metabolism

enzyme inhibition

clearance (amiodarone) after single dose i.v. administraton

clearance (desethylamiodarone) after single dose i.v. administraton

Excretion

(amiodarone) after single dose

(amiodarone) after long-term therapy
(desethylamiodarone) after long-term therapy

t1/2
t1/2
tl/2

<99%

50-100 L/kg

CYP3A4, 1A1, 2B6

CYP3A4, 1A1, 1A2, 2B6, 2C9, 2D6
90-158 mL/h/kg

197-290 mL/h/kg

bile, renal elimination is minimal
1120 h

mean 50 days

mean 60 days

Vd - volume of distribution, t s elimination half-life
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Table 2. Intravenous administration of amiodarone (DEA levels were not measured.

n Dosage Amiodarone Type Effect Ref.
(mg/L)  of arrhythmia
5 5-10 mg/kg Sustained VT Terminated within 20 min in all patients 10
9 5 mg/kg 3.1£1.8 AV nodal reentrant tachycardia AVRNT terminated in 7 patients, reinducible 49
(AVRNT) tachycardia in 3 patients
9 10-20 mg/kg/day 1.7£1.0  Refractory sustained ventricular Terminated in 5 patients 50
for 4-7 days tachycardia
8 125 mg/day Incessant VT Terminated in 0.94 h 42
14 500 mg/day Terminated in 1.92 h
15 1000 mg/day Terminated in 0.85 h
13 125 mg/day Incessant VT Terminated in 4.58 h 51
12 1000 mg/day Terminated in 4.23 h
78 525 mg/day VT Successful response during 6-24 h in 41% 52
80 1050 mg/day Successful response during 6-24 h in 45%
79 2100 mg/day Successful response during 6-24 h in 53%
n - number of patient
Table 3. Oral administration of amiodarone.
n Dosage Amiodarone (mg/L) DEA Type Effect Ref.
(mg/1) of arrhythmia
18 single dose 30 mg/kg 5.2; 8.6 Permanent AF Sinus rhythm restored in 5 54
(in 2 patients) patients within 5£1.5 h
17 single dose 30 mg/kg 71% reached median <0.2 Chronic atrial tachycardia No patients converted 55
concentration 2.4 pharmacodynamically to
(range 0.96-4.7) sinus rhythm within 24 h
129 600 mg/day *2.0+0.8 * 1.4£0.7 Refractory atrial « 23 patients converted to 56
fibrillation/ flutter sinus rhythm during a
4-week period
* 1.4£0.7 * 1.0£0.5 * 106 patients not converted
to sinus rhythm during a
4-week period
23 - initial doses Sustained, recurrent, * No recurrences during a 57
600-2000 mg/day, symptomatic VT follow-up of 21.5 months in
average maintenance 15 patients
dose 713 mg/day
* initial doses « Isolated recurrences during
600-2000 mg/day, a follow-up of 32.2 months
average maintenance in S patients
dose 375 mg/day
8/10 1600-4400 mg/day 2.08-2.80 0.60-0.75 Refractory, sustained, The mean 3.6 days to the first 58
hemodynamically com- 24 h ECG showing no VT
promising ventricular
arrhythmias / potentially
life-threatening ventricular
arrhythmias
48 -« responders: mean ¢ responders Refractory symptomatic  Successfully controlled in 61
349+122 mg/day; 1.5+0.6; atrial tachyarrhythmias 41 patients during a mean
* nonresponders ¢ nonresponders follow-up of 10.1 months
460+135 mg/day 1.7+£0.7
50 -+ responders: mean ¢ responders Sustained VT 38 patients resonded during
3371£145 mg/day; 1.8+0.7; a mean follow-up of 10.9
* nonresponders ¢ nonresponders months
500+175 mg/day 1.9+0.7
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Table 3. Continued

n Dosage Amiodarone (mg/L) DEA Type Effect Ref.
(mg/L) of arrhythmia
64 200-600 mg/day 0.8-8.0 in responders Supraventricular/ Controlled in 87.5% of 10
ventricular patients during the mean 5.5
tachyarrhythmias months
127 loading doses * patients withount ¢ patients Resistant ventricular Supressed in 78% of patients 60
600-1600 mg/day for 10 reccurences: withount arrhythmis (VA) (81% of patients with VA /
to 18 days; maintenance 2.8£1.4 (VA) / reccurences:  / supraventricular 70% of patients with SA)
dose 200-600 mg either 1.7+£1.2 (SA) 1.6+0.6 (VA) arrhythmias (SA)
6-7 days per week /1.0+0.4 (SA)
* patients with * patients with
reccurences: reccurences:
1.9£1.0 (VA) / 1.2£0.6 (VA) /
1.3£1.2 (SA) 0.7£0.5 (SA)
25 «>2.0 Complex VA « Significant reduction of 62
PVCs and pairer PVCs
and VT
e >1.5 « Significant reduction in VT
12 600 mg/day 0.86+0.48 0.23£0.15 VPDs At least 75% suppression of 63
VPDs in 13.2 days (range
1-36 days)

24 loading: 900 mg/day 1.3 Refractory VT Reduced spontaneous 64
(800-1200 mg) (range 0.44-4.10) arrhythmia in 5 patients after
maintenance: 560 mg/ 31 days (range 21-88)
day (400-800 mg) of therapy

40 <« 825£357 mg/day * 1.37£0.63 * 0.83%0.16 Sustained VT/ VF * In 9 patients arrhythmia 65

could not be induced
e 776301 mg/day * 1.40+1.28 * 0.84+0.29 ¢ In 31 patients arrhythmia
could be induced
n - number of patient
pha- and beta - blockade effect (Vaughan-Williams class  Chronic therapy

II effect) (ref.?”). Acute amiodarone also caused a concen-
tration-dependent decrease in delayed rectifier potassium
current®® and inhibition of ligand-gated potassium chan-
nel®. Amiodarone significantly shortened action potential
duration (APD) in Purkinje fibers, while prolonging it in
ventricular muscle cells*’. Acute effects result clinically
in a depressed automaticity of the sinoatrial (SA) node
resulting in a decrease in sinus rate®! and increased re-
fractoriness of the atrioventricular (AV) node resulting
in depression of AV node function*. Amiodarone slows
AV nodal conduction by blocking the calcium current™®.
Howeyver, the effects of the drug on AV node conduc-
tion are often masked by the effects of the reduction on
the heart rate**. The QT interval has been shown to be
relatively unaffected and a prolongation of effective re-
fractory period (ERP) in ventriclular muscle is minimal
or negligible?®. In patients with impaired ventricular func-
tion though, intravenous amiodarone increased the right
ventricular ERP and showed rate-dependent prolongation
of the QRS interval®. In addition to electrophysiologic
properties, intravenous amiodarone also has effects on
hemodynamics. Despite negative inotropic effects on the
left ventricle, the decrease in systemic vascular resistance
and myocardial oxygen demand results in a slightly in-
creased cardiac output®.
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The major effect of chronic amiodarone therapy is
inhibition of outward potassium currents (Vaughan-
Williams class III efffect) resulting in a prolongation
of APD, not only in atrial and ventricular muscles but
also in the SA and AV nodes. This APD prolongation
is associated with a comparable prolongation of ERP
(ref.3%). APD prolongation is most likely explained by
a decrease of current density for delayed rectifier potas-
sium current and 4AP-sensitive transient outward cur-
rent. This may be due to a modulation of gene expression
of ion channels?. Oral amiodarone has been shown to
have significant effects on the QT interval in addition to
slowing the sinus rate3*. Desethylamiodarone (DEA), the
major amiodarone metabolite, has stronger class I prop-
erties and weaker class IV actions than the parent com-
pound’. DEA produced concentration-related increases in
QRS, QT, and QTc intervals with a potency significantly
greater than that of amiodarone®’. Therefore accumula-
tion of DEA probably accounts for some of the delayed
electrophysiologic effects in patients receiving long-term
treatment with amiodarone®. The antiarrhythmic effect
of DEA was shown to be in part dependent on gene ex-
pression rather than a direct effect on cell membrane
channels or receptors®.



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2017 Jun; 161(2):134-143.

ADVERSE EFFECTS

Amiodarone has been reported to cause a variety of
cardiac and extracardiac side effects, both in its oral and
intravenous formulation®. It alters thyroid metabolism
(clinically hypo- or hyperthyroidism), both as a result
of inhibition of deiodination of thyroxinE and as a re-
sult of iodine release from the amiodarone molecule.
Amiodarone may produce excessive bradycardia, which
is more likely in patients with sinus node dysfunction. It
is generally considered to have a smaller proarrhythmic
potential than other antiarrhythmic drugs’. Nevertheless,
female sex is associated with an increased risk of tors-
ades de pointes in the setting of potassium antagonists*.
The risk of severe hypotension after intravenous amio-
darone can be largely avoided by using a slower rate of
infusion, especially in patients with hypovolemic status*.
Hypotension may arise due in part, to polysorbate 80, an
excipient with vasodilator properties*. The development
of corneal microdeposits and their rate of progression is
dose-dependent, but discontinuation of amiodarone be-
cause of microdeposits is usually not necessary and in
cases where amiodarone is withdrawn the ocular changes
regress completely in 3-4 months. At normal doses, the
probability that amiodarone is the cause of liver toxicity
is actually quite low**. Dermatological side effects (for ex-
ample photosensitivity) are common** and several forms
of pulmonary disease occur among patients treated with
amiodarone with a prevalence about 5% (ref.*).

DRUG-DRUG INTERACTION

Amiodarone influences the activity of many CYP
enzymes and can lead to multiple drug interactions. It
inhibits CYP1A2, CYP2C9, CYP2D6, CYP3A4 and also
P-glycoprotein resulting mainly in increased concentra-
tions of other drugs metabolized via these pathways. E.g.,
amiodarone administration results in 70% higher digoxin
plasma concentrations after one day of concomitant ad-
ministration. Co-medication with amiodarone also results
in increased warfarin concentrations, which lead to el-
evated prothrombin time and international normalized
ratio®. The time course of onset of this interaction is
highly variable, ranging from 1 to 28 days, in most cases
the delay was longer than 6 days. Moreover the inhibi-
tion of warfarin metabolism may last 2 to 16 weeks after
discontinuing amiodarone administration?. A significant
interaction between amiodarone and metoprolol via DEA-
induced inhibition of CYP2D6 has been reported'®. On
average, metoprolol plasma concentration was doubled
after an amiodarone loading dose (1.2 g/day over a pe-
riod of 6 days). The interaction was more pronounced
in patients with >2 compared with 1 functional CYP2D6
allele, indicating a clear “gene-dose” relation*.

RELATIONSHIP BETWEEN AMIODARONE
DOSE/CONCENTRATION AND CARDIAC
EFFECTS

Differences between early and later antiarrhythmic
effects remain, despite the achievement of comparable
plasma amiodarone concentration?’. The discrepancy be-
tween short- and long-term effects of amiodarone cannot
be explained solely on the basis of amiodarone myocardial
concentration because coronary arterial concentrations
of amiodarone and myocardial concentrations after the
second hour of intracoronary infusion were in the same
range as those observed after long-term amiodarone treat-
ment, however only conduction velocity was affected*®.

Intravenous administration

It is well established that the onset of amiodarone
antiarrhythmic action after oral administration may
be delayed for several days. In contrast, an immediate
therapeutic effect has been obtained after intravenous
administration in a study by Rotmensch et al.'®. However
tachycardia re-occurred in 3 patients of 7 patients com-
pared with long-term oral therapy. The authors concluded
that oral therapy prevented recurrence and reinducibility
by its predominant effect in prolonging refractoriness
of the atrium and ventricle, and depressing conduction
through the retrograde fast pathway*. Saksena et al. also
observed no effect on cycle length of spontaneous ven-
tricular tachycardia after intravenous administration®.
Nanas et al. examined the time course of development
of electrophysiological effects during intracoronary infu-
sion of amiodarone in dogs*®. A significant correlation
was found between the extent of reduction of conduction
velocity and myocardial amiodarone concentration but
not coronary arterial or systemic concentration. In this
study, amiodarone levels in the myocardium increased
from a mean of 5.95 ug/g at 15 min of infusion to 188.88
ug/g at the 10th hour. However the effect observed was
initially very small and became pronounced only after
several hours. In addition, no significant change in repo-
larization interval was observed at any time*®. No change
in the repolarization interval was observed after 10 h of
amiodarone infusion in humans. At 2.5+1.2 min after
amiodarone administration, the mean myocardial con-
centration was 95.7+67.4 ug/g. In this study no significant
electrocardiographic changes were measured. Species
and methodological differences may account for these
discrepant electrophysiologic effects (small sample size
with wide range of amiodarone myocardial concentrations
in study in humans and absence of evaluation of early
antiarrhythmic effect) (ref.'?). Scheinman et al. found a
beneficial dose-response relationship using i.v. amioda-
rone in patients with life-threatening arrhythmias. Patients
treated with 500 to 1000 mg/day doses of i.v. amiodarone
showed significantly lower event rates and longer time to
arrhythmia recurrence than patients in the 125 mg/day
dose group. They found a significant dose-related increase
in the time to first event and a significant dose-related de-
crease in the number of supplemental boluses per hour*?.
Similar results were suggested in the study by Kowey et
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al. which was designed to compare the safety and efficacy
of a high and a low dose of intravenous amiodarone with
bretylium. The primary analysis of the arrhythmia event
rate during the first 48 h of therapy, showed comparable
efficacy between the bretylium group and the high - dose
(1000 mg/day) amiodarone group that was greater than
that of the low - dose (125 mg/day) amiodarone group.
Similar results were obtained in the secondary analyses of
time to first event and the proportion of patients requir-
ing supplemental infusion®'. In another study by Levine
et al. no clear dose-response relation was found in the
treatment of recurrent sustained hypotensive ventricular
tachyarrhythmias, with respect to success rates, time to
first recurrence of tachyarrhytmia or mortality over 24 h.
However, there was reported a significant dose-response
relation between the 500-mg dose group and the combined
1000- and 2000-mg dose groups in the time to first event
when the first 12 h were considered. This discrepancy
could be explained by the small sample size of the study
or the relative insensitivity of these end points®. Kinetic
analysis of plasma levels of i.v. amiodarone (5 mg/kg in 5
min) in four patients during the electrophysiological study
(before and 1 and 2 h after injection) did not support a
direct association between plasma concentration and its
effect’>. We were unable to gain more informations about
the study protocol.

Oral administration

Escoubet et al. showed the onset of the antiarrhythmic
effect of a single oral dose of a 30-mg/kg of amiodarone
within 4 to 5 h on premature complexes, within 3 h on
atrioventricular node and after 2 to 8 h on VT in about
60% of patients®*. In 28% of those with permanent fibril-
lation, amiodarone restored the sinus rhythm within 5+1.5
h. A significant relationship between amiodarone plasma
concentrations and the onset of the antiarrhythmic ef-
fect was observed, the threshold amiodarone plasma
concentration averaged 1.5 to 2.0 mg/L and the associ-
ated myocardial concentration ranged from 10 to 20 mg/
kg. In the analysis, patients with refractory arrhythmias
were excluded. On the other hand, Nielsen and Moller
using same dose of amiodarone were not able to convert
to sinus rhythm though 71% patients reached the rec-
ommended plasma concentration of amiodarone (2.0-
2.5 mg/L)(ref.’%). However, the concentration of DEA
remained low. The discrepancy between these two studies
may be caused by the type and duration of arrhythmias.
While in the first study, there were patients with constant
fibrillation which had been established for longer than 5
days, in the second, patients with chronic atrial fibrilla-
tion or flutter with a median duration of 10 months (range
3-45 months).

The importance of DEA plasma concentrations for
conversion to sinus rhythm was demonstrated by Tielman
et al. Conversion was related to increased desethylamio-
darone plasma levels and concomitant treatment with
verapamil. Patients with an amiodarone level < 1.2 mg/L
or a desethylamiodarone level < 0.9 mg/L were unlikely
to convert. This may be related to a high myocardium/
plasma concentration ratio in the case of desethylamio-
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darone. In contrast, reduction of the ventricular rate dur-
ing ongoing atrial fibrillation was clearly correlated with
plasma levels of amiodarone itself>®.

The long delay between initiation of therapy and the
onset of action remains a serious problem because with
conventional loading regimens, mean delays of 9.5 days
have been reported®”. Mostow et al. tested the hypothesis
that rapid loading with amiodarone to a target plasma
concentration can overcome much of the long delay be-
tween the initiation of therapy and the onset of effective
suppression of arrhythmia®. Dosage was adjusted on the
basis of amiodarone serum concentrations to maintain
the trough serum concentrations between 2.0-3.0 mg/L.
A significant reduction in premature ventricular com-
plexes (PVCs) and paired PVCs was observed beginning
on the first day of therapy and a reduction in ventricular
tachycardia beginning on the second day. In spite of the
large doses of amiodarone used, hemodynamic monitor-
ing revealed no significant change in cardiac output, pul-
monary capillary pressure or blood pressure.

Greenberg et al. compared electrophysiological pa-
rameters after 9 days of acute amiodarone loading dose
(1200-1400 mg/day) and after an additional month of
maintenance therapy (400 mg/day) in patients with sus-
tained ventricular tachycardia®. Both short- and long-term
amiodarone therapy caused significant changes in QTc,
right ventricular effective refractory period and ventricular
tachycardia cycle length. However, there was no significant
change in electrophysiological parameters between the end
of the acute amiodarone loading period and 1 month of
additional therapy. Amiodarone and desethylamiodarone
plasma concentrations remained stable after amiodarone
loading dose (1.19£0.13 and 0.72+0.06 mg/L after loading
dose; 1.08+£0.22 and 0.84+0.05 mg/L after an additional
month of maintenance therapy), but this did not correlate
with the magnitude of electrophysiological changes.

Rotmensch et al. found that in patients who had treat-
ment-resistant ventricular or supraventricular arrhythmias
or were intolerant to other drugs, arrhythmias recurred in
47% of patients with serum amiodarone concentrations
of less than 1.0 mg/L whereas in only 14% of patients
with higher concentrations recurrences were observed®.
Although in long-term amiodarone therapy of refractory
symptomatic atrial and symptomatic life threatening-ven-
tricular tachyarrhythmias, the mean serum amiodarone
concentration did not differ between responders and non-
responders, some of responders relapsed when their se-
rum concentration fell below 1.0 mg/L (ref.®"). Similarly,
in another study by Rotmensch et al. serum amiodarone
concentrations in patients whose supraventricular and
ventricular tachyarrhythmias were controlled were not
predictive of clinical efficacy'®. In a retrospective study
by Mostow at al., reduction in the frequencies of PVCs
and paired PVCs, as well as ventricular tachycardia was
linked with trough plasma amiodarone concentrations
greater than 2.0 mg/L, resp. 1.5 mg/L. Even negative cor-
relations between serum amiodarone concentration and
the frequencies of PVCs, paired PVCs and ventricular
tachycardia were found. No correlations existed between
amiodarone dose and these arrhythmias®’. From these



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2017 Jun; 161(2):134-143.

studies it can be concluded, that keeping plasma concen-
tration at least above 1.0 mg/L seems to be optimal for
prevention of recurrences.

In contrast, Conolly et al. observed that 67% of pa-
tients with frequent ventricular premature depolariza-
tions (VPDs) responded at amiodarone concentrations
below 1.0 mg/L (ref.%®). This concentration is consider-
ably lower than that reported previously. The main dif-
ference between this study and Mostow et al.®* is that in
the former, the lowest concentration associated with an
antiarrhythmic response was systematically determined
by repeated Holter monitoring during drug loading dose.
In previous studies, serum concentrations were analyzed
retrospectively in patients receiving amiodarone without
any systematic attempt being made to determine the low-
est concentration associated with an effect. A relationship
between amiodarone and DEA plasma concentrations
and suppression of VPDs was observed in all patients,
which suggests that concentrations of amiodarone and its
metabolite are an important factor in determining the an-
tiarrhythmic effect of amiodarone. There was a trend for
DEA to be more strongly related than amiodarone. For
each patient there was a progressive decrease in frequency
of VPDs as both amiodarone and desethylamiodarone
concentrations increased. The patients in this study were
not being treated for sustained ventricular tachycardia or
fibrillation. Therefore the results of this study should not
be extrapolated to patients with sustained ventricular ar-
rhythmias®,

In the publication by Saksena at al., serum amioda-
rone levels were unrelated to therapeutic response and
a multiple linear regression analysis did not show any
correlation of serum levels with the changes in ECG or
electrophysiologic parameters. In this study, serum DEA
concentrations were not assessed. Although the arrhyth-
mia recurrence rate on amiodarone was still substantial
(21%), these arrhythmias were much better tolerated®.
Similarly Greenberg et al. found no correlation between
either amiodarone plasma level or drug dose and any
electrophysiological effect measured after one month of
treatment with oral amiodarone®. The opposite results
were reported by Debbas et al. who found good correla-
tion between plasma and myocardial concentrations, and
both correlated well with the percentage increase in the
QTc interval®®. However, the sample was small and the
mean amiodarone concentration very low®.

With reference only to amiodarone dosage Ward et al.
observed that only six of 23 patients with total supression
required the maintenance dose of amiodarone more than
200 mg daily whereas Rosenbaum et al. reported a mainte-
nance dose greater than 300 mg/daily in 9 of 11 patients®’.
This discrepancy could be due to differences in patients.

The controversial results of individual studies may re-
sult from various criteria for efficacy (e.g. elimination of
spontaneous ventricular ectopic activity vs. supression
of sustained arrhythmias), patient selection, severity of
underlying heart disease, duration of follow-up and moni-
toring before study, the timing of the efficacy assessment
and drug dosage schedules. Each type of arrhythmia may
also require different dosage, resp. serum concentrations.
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Oral versus intravenous amiodarone administration

Intravenous amiodarone can be successful in sup-
pressing life-threatening ventricular arrhythmias even
when chronic oral amiodarone has failed, as concluded
by Kavesh et al. In this case report, the patient experi-
enced “electrical storm®“ despite long-term oral use of
amiodarone (400 mg/day) with an amiodarone plasma
level of 2.546 mg/L (DEA Ievel of 1.361 mg/L). However,
his arrhythmia was successfully treated by i.v. amioda-
rone (150 mg/10 min, then 1 mg/min for 6 h, followed
by 0.5 mg/min). After 6 weeks of continuous i.v. amio-
darone therapy, during which time sustained ventricular
arrhythmias did not occur, cardiac transplantation was
performed. The amiodarone level was 1.796 mg/L and
DEA level was 1.684 mg/L two days prior to transplan-
tation. This appears to be due to different mechanism
of action of the two formulations. Earlier experiments
in rats suggest that intravenous amiodarone has a much
more potent sympatholytic effect at the myocardial level
than the oral formulation. There are also differences in
the hemodynamic responses-i.v. amiodarone results in
vasodilatation, increased coronary artery blood flow, left
ventricular filling pressures and cardiac output, while oral
amiodarone can decrease cardiac index despite vasodila-
tation®®,

THERAPEUTIC DRUG MONITORING (TDM)

In 1969, the antiarrhythmic effect of amiodarone was
observed in experimental animal models. However, the re-
lationship between dose, plasma concentration and effect
is still unclear?®. The use of amiodarone is complicated
by its very unusual pharmacokinetics®. The plasma lev-
els resulting from orally administered amiodarone varied
considerably between individuals'* and considerable inter-
individual variation is found with regard to the minimum
effective concentration of amiodarone. This indicates
that measurment of amiodarone or DEA concentrations
alone cannot replace assessment of the clinical response
to treatment of individual patients®*. While efficacy has
been observed for amiodarone plasma concentrations as
low as 0.1 and as high as 11.9 mg/L (ref.??), there are some
studies showing that plasma levels of 1.0 - 1.5 mg/L are
associated with a decrease in the amount of ventricular
ectopy, and that levels > 2.5 mg/L do not provide any ad-
ditional antiarrhythmic benefit*. Other authors suggested
that lower amiodarone plasma concentration (above 0.5
mg/L) seems to be sufficient for efficacy, but there are
no convincing data showing a correlation between actual
plasma concentration and antiarrhythmic effect. Similarly,
serious toxicity seems to be more likely at concentrations
above 2.5 mg/L but its incidence correlates more with cu-
mulative dose, suggesting the importance of amiodarone
accumulation in target tissues over time®.

Plasma concentrations, although potentially useful for
monitoring long-term therapy, are likely to be unhelpful or
misleading during the 4- to 6-week loading period at the
beginning of treatment because rising plasma concentra-
tions before steady state are not in equilibrium with tissue
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concentrations®?. During maintenance therapy, plasma
amiodarone concentrations are probably in equilibrium
with the higher amounts of amiodarone found in body
tissues. This may explain why the plasma concentrations
during long-term therapy fluctuate little compared with
single-dose kinetics. Thus, plasma levels during chronic
therapy may reflect tissue levels and therapeutic effect
more accurately than they would during acute administra-
tion®. Robinson et al. indicated that neither the plasma
concentrations of amiodarone nor its metabolite show
any significant change with time once steady state has
been achieved, suggesting that amiodarone neither inhib-
its nor enhances its own metabolism’™. No relationship
between height and weight, and plasma concentrations
of the drug were found either and even dose was a poor
predictor of the steady state amiodarone concentration.
However in chronic oral therapy compliance should be
taken into account. In contrast, Mailing et al. defined
individual variability of amiodarone distribution during
long-term stable amiodarone therapy in plasma and eryth-
rocytes. The data underlined the highly variable cellular
distribution of amiodarone and DEA in the same patient
on stable dosage over time. The authors concluded that
no a clinically useful relationship between plasma con-
centration and effect could be consistently demonstrated
for amiodarone in the same individual during stable dos-
age”'. However, we were unable to find any information
about the study protocol. The absorption of amiodarone
following nasogastric administration is poor compared
with oral administration. To achieve similar concentra-
tions, an approximately 3-fold increase in dosage of amio-
darone was required when patients were given the drug
nasogastrically rather than orally. In this case, therapeutic
drug monitoring is necessary to optimize dose particularly
during the early stages of amiodarone therapy’?. Candinas
et al. found a good correlation between myocardial con-
centration of amiodarone and desethylamiodarone and
the cumulative ingested dose of amiodarone. Tissue drug
concentrations correlated only poorly with plasma amio-
darone and DEA levels. Their data confirm the slow equi-
librium of amiodarone and DEA concentrations between
plasma and myocardium. Therefore, monitoring of the
total cumulative dose may be more relevant clinically than
monitoring plasma levels™.

With respect to adverse effects, corneal deposits seem
to correlate with dosage and duration of treatment™.
Hypotension usually occurs during the highest rate of
intravenous drug delivery with no significant dose-relat-
ed increase®’. The majority of patients, who developed
pulmonary toxicity, were being given maintenance doses
greater than 400 mg/day”. Elevation of hepatic enzyme
activities was related to higher mean daily dose and plas-
ma concentrations of amiodarone in study by Greenberg
et al. whereas skin discoloration was related to accumu-
lated dose®’.

Another way of interpreting plasma amiodarone and
DEA levels is attempting to determine an “individual ther-
apeutic concentration””®, This means the concentration
at which a “pharmacological” arrhythmias is achieved.
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CONCLUSION

Association between amiodarone and desethylamio-
darone plasma level and their clinical efficacy is difficult
to evaluate. The effects of acute and chronic as well intra-
venous and oral amiodarone differ, independently of the
achievement of comparable plasma/myocardial amioda-
rone concentration. Although several studies show that
plasma concentration range between 0.5 and 2.5 mg/L
appears to be the most effective, others demonstrate no
difference between responders and non-responders in
terms of to plasma levels. Nevertheless keeping plasma
concentration at least above 0.5 mg/L, resp. 1.0 mg/L
seems to be optimal. Another way of interpreting plasma
amiodarone levels is to establish individual concentration
at which optimal therapeutic response is achieved.

Search strategy and selection criteria

Our research strategy was aimed at evaluating stud-
ies on any objective correlation between amiodarone and
desethylamiodarone plasma level and their clinical effect.
We summarized the results of studies using PubMed da-
tabase (English-language reports from 1967 to November
2015) and clarified the relationship between plasma lev-
els and effect with respect to the pharmacokinetics and
pharmacogenetics of amiodarone. The search terms used
included “amiodarone”, “plasma levels and effect”, "phar-

” <

s s

macokinetics“, “pharmacogenetics” and “therapeutic drug
monitoring”.
ABBREVIATIONS

ICD, implantable cardioverter-defibrillator; VT, ven-
tricular tachycardia; VF, ventricular fibrillation; APD,
action potential duration; SA, sinoatrial; AV, atrioven-
tricular; ERP, effective refractory period; DEA, des-
ethylamiodarone; MRP, multidrug resistance-associated
proteins; BCRP, breast cancer resistance protein; ABC,
ATP-binding cassette; t1/2, half-life; CYP, cytochrom
P450; PVCs, premature ventricular complexes; ECG, elec-
trocardiogram; VPDs, ventricular premature depolariza-
tions; VA, ventricular arrhythmis; SA, supraventricular
arrhythmias; TDM, therapeutic drug monitoring
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