
Introduction

Amiodarone is a class III antiarrhythmic agent with
a delayed onset of action. Several weeks of treatment may
be necessary before its maximal electrophysiologic effects
become manifest (1,2). Moreover, there are significant in-
terpatient differences in both the pharmacokinetics and the
antiarrhythmic effects after a standard dosage schedule of
amiodarone (3). This makes it necessary to closely monitor
all patients during amiodarone therapy.

To reveal the reason for such delay in the onset of acti-
on and the wide interpatient variability in therapeutic out-
come, several studies have been conducted. According to
their results the amiodarone major metabolite, N-desethyl-
amiodarone, has been described as the most probable cause
of this difference (4,5). This metabolite is an electrophysio-
logically active compound with a pattern similar to that of
its parent compound (6,7). Moreover, peak antiarrhythmic
activity of the drug correlates better with the time course of
N-desethylamiodarone concentrations than with amiodaro-
ne levels (3,8). Taken together, it seems that conversion of
amiodarone to N-desethylamiodarone is the crucial step for

the onset and progress of positive electrophysiological
changes within the myocardium. Therefore, the activity of
the converting enzyme may be an important determinant of
the effectiveness of treatment. Consequently, subjects with
low enzyme activity may be nonresponders to such therapy.

The only enzymes involved in the conversion of amio-
darone to N-desethylamiodarone are enzymes of the cyto-
chrome CYP3A subfamily (9). This subfamily represents
the major group of human hepatic cytochrome P450. Many
drugs in common use are substrates of this cytochrome
(10). Nevertheless, interindividual variability in the expres-
sion of CYP3A is very high (20- to 40-fold) (11), which
accounts for large interindividual differences in the disposi-
tion and consequently in the efficacy and safety of some
drugs that are metabolized by CYP3A (12). It has therefo-
re been suggested that in such cases, administration of
a probe drug to assess CYP3A activity could help to guide
therapy. A number of CYP3A substrates have been investi-
gated as potential in vivo probes, such as the erythromycin
breath test (ERMBT) (13) and the midazolam clearance
(14). As an alternative to use of these probe drugs, measu-
rement of changes in the disposition of an endogenous sub-
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stance, which is metabolized by investigated enzyme, has
been attempted by some investigators. The urinary output
of 6β-hydroxycortisol (6β-OHC) has been successfully em-
ployed in this way for the assessment of CYP3A induction
by drugs such as phenobarbital, antipyrin, rifampicin, phe-
nytoin, and carbamazepin (15,16,17). Conversely, the po-
tent enzyme inhibitors cimetidine and ketoconazole have
been shown to decrease 6β-OHC excretion (18,19).
Moreover, Ged et al. found a high correlation between the
urinary level of 6β-OHC and liver microsomal cortisol 6β-
hydroxylase activity and hepatic CYP3A activity. Thus, 6β-
OHC excretion can by used as an in vivo marker of
CYP3A activity. To adjust for diurnal and interindividual
differences in adrenal cortisol production, 24-hour urine
collections may by used or 6β-OHC excretion should be ex-
pressed as its ratio to urinary free cortisol (6β-OHC/UFC)
(20).

In this study, we tested the hypothesis that interpatient
differences in the pharmacokinetics and pharmacodyna-
mics of oral amiodarone may at least in part reflect hetero-
geneity in CYP3A activity. Using 24-hour urinary 6β-OHC
excretion and the 6β-OHC/UFC ratio, we prospectively me-
asured CYP3A catalytic activity in amiodarone-treated car-
diac patients to determine if the results of 6β-OHC/UFC
would predict interpatient variation in: (A) the observed
trough blood levels of amiodarone or N-desethylamiodaro-
ne, (B) pharmacodynamic parameters.

Material and Methods

The protocol for the study was approved by the Human
Ethics Committee of the Charles University Teaching

Hospital in Hradec Králové. All subjects participating in
the study gave signed, written informed consent. The study
was conducted at the Second Department of Internal
Medicine in Hradec Králové.

Patients. Twelve patients (only men) were enrolled in
the study. All had recurrent symptomatic ventricular arr-
hythmias that were reproducibly induced during a baseline
electrophysiologic study. Their ages ranged from 41 to 75
years (median age, 63). The clinical features of these pati-
ents are presented in Table 1. Exclusion criteria included
history of amiodarone therapy during the last 1 year, hepa-
tic dysfunction, congestive heart failure and treatment with
any known inhibitor or inducer of CYP3A.

Study design. This was an open, three-period study.
Patients who were likely to benefit from amiodarone thera-
py were considered for enrolment.

During the first period, patients were hospitalized and
baseline electophysiologic studies were performed. Exactly
at 6:00 AM the following morning, patients emptied their
bladders. Urine was then collected over a 24-hour period.
Immediately after the urine collection, patients started ami-
odarone treatment with a loading dose of 800 mg/day (four
tablets of 200 mg Cordarone) for 14 days. The daily dosage
was then reduced to 600 mg for the next 14 days, followed
by a maintenance dose of 400 mg amiodarone each day.

Patients continued to receive amiodarone for a mean of
79 ± 11 days (range, 67 to 99 days), until they were hospi-
talized for the second period. During this period, follow-up
electrophysiologic studies were performed, and one venous
blood sample for the determination of amiodarone and N-
desethylamiodarone plasma concentration was drawn just
before the next amiodarone administration.
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Patient Age Diagnosis Arrhythmia I. phase II. phase III. phase
No. (years) Pht EPB Pk EPF Pk
1. 51 CAD, MI nonsustained VT + + + + –
2. 75 CAD VF + + + + +
3. 67 CAD nonsustained VT + + + + +
4. 72 CAD, MI SUO + + + + +
5. 65 CM sustained VT + + + + +
6. 62 CAD, MI sustained VT + + + – +
7. 59 CAD, MI VF + + + + +
8. 54 CAD SUO + + + – +
9. 61 CAD, MI nonsustained VT + + + + –
10. 41 CM SUO + + + + +
11. 64 CAD sustained VT + + + + +
12. 74 CAD VF + + + – +

CAD - coronary artery disease, MI - myocardial infarction; CM - cardiomyopathy; VF - documented ventricular fibrillati-
on; sustained VT - documented symptomatic sustained ventricular tachycardia; nonsustained VT - documented sympto-
matic nonsustained ventricular tachycardia; SUO - syncope of unknown origin with inducible tachyarrhythmia; Pht -
measurement of urinary free cortisol and 6β-hydroxycortisol; EPB- baseline electrophysiologic study; EPF - follow-up elec-
trophysiologic study; Pk - measurement of amiodarone and N-desethylamiodarone plasma concentrations; + = patient un-
derwent this measurement; – = patient omitted this evaluation.

Tab. 1: Characteristics of study patients.



After 182 ± 25 days (range, 152 to 223 days) from the
start of amiodarone therapy, 10 patients underwent the
third phase of this study. It consisted only of collection of
one venous blood sample for the determination of amioda-
rone and N-desethylamiodarone plasma concentration as
described above.

Electrophysiologic study. All patients underwent a base-
line electrophysiologic study after all antiarrhythmic drugs
had been discontinued for at least 5 half-lives. Surface ECG
was recorded simultaneously with intracardiac electro-
grams from the high atrium, His bundle recording site, and
right ventricular apex (EPLab, Quinton). Electrophysio-
logic intervals were determined from the mean of five su-
ccessive cycles during both sinus rhythm and constant rate
pacing. Cardiac pacing was performed with a programmab-
le stimulator (UHS 20, Biotronic). Our ventricular stimula-
tion protocol has been previously reported (21) and
consists of serial introduction of 1, 2, and 3 premature ven-
tricular extrastimuli introduced during both sinus rhythm
and ventricular pacing at cycle lengths of 600, 500 and 429
ms. The stimulus was a rectangular impulse (1 ms in dura-
tion) delivered at twice the diastolic threshold. Stimulation
was performed at the right ventricular apex in all patients,
and if no arrhythmia was induced, then at the right ventri-
cular outflow tract. The end point was the induction of sus-
tained ventricular tachycardia or fibrillation or completion
of the protocol. Patients with sustained monomorphic ven-
tricular tachycardia induced at any point in the stimulation
protocol and those with sustained polymorphic ventricular
tachycardia or ventricular fibrillation induced by 1 or 2 ex-
trastimuli were candidates for amiodarone therapy. Follow-
up electrophysiologic studies were performed using the
same stimulation protocol as in the baseline study. Nine
patients agreed to undergo a follow-up electrophysiologic
test.

Responses to stimulation during the baseline and fol-
low-up studies were categorized as: (A) sustained ventricu-
lar tachycardia VT; defined as a tachycardia which lasted
more than 30 seconds or required termination prior to that
time because of hemodynamically significant symptoms,
(B) non-sustained VT; defined as a tachycardia which las-
ted less than 30 seconds, and (C) ventricular fibrillation
VF; defined as the induced rhythm when, within 3 seconds
of the initiation of a ventricular tachyarrhythmia, the intra-
cardiac electrogram showed VF.

Measurement of enzyme activity. The activity of
CYP3A was estimated either as the ratio of urinary 6β-hyd-
roxycortisol to urinary free cortisol (6β-OHC/UFC) or as
the amount of 24-hour urinary 6β-OHC excretion. Urine
was collected over a 24-hour period before dosing in a sing-
le container. The total voided volume was measured, and
aliquots were frozen and stored at -20 °C. The concentrati-
ons of 6β-hydroxycortisol in urine were measured with an
HPLC method previously described (22). The CORTISOL
RIA kit (IMMUNOTECH, Prague, Cat. No. 1841) was
used for the determination of cortisol in urine samples (di-

rectly, without extraction). This RIA system is based on
specific monoclonal antibody-coated tubes and a 125I-label-
led cortisol tracer.

Amiodarone and N-desethylamiodarone plasma concent-
ration. Amiodarone and N-desethylamiodarone plasma
concentrations were determined by a high-performance li-
quid chromatographic method (23).

Statistical analysis. Nonparametric statistical tests were
used to analyze these data. The Spearman rank correlation
test was used to determine the degree of association betwe-
en pharmacokinetic or pharmacodynamic parameters of
amiodarone therapy and CYP3A metabolizer status. For
amiodarone pharmacokinetics prediction, the dependent
variables chosen were the amiodarone and N-desethylamio-
darone whole-blood trough concentrations alone or divided
by the total cumulative dose (mg) of drug received. A p va-
lue less than 0.05 was regarded as statistically significant.
In the enzyme activity-effect relation, the effect was trans-
formed by use of the relative change from baseline values
computed as follows:

Ei
E = ____

E0

in which Ei is the value of the electrophysiologic effect
at time i, and E0 is the corresponding value at baseline. The
pharmacodynamic data before and during amiodarone the-
rapy were compared with use of the Wilcoxon matched-pa-
irs signed-rank test. All data are reported as the median and
range.

Results

Amiodarone was well tolerated in all patients. Of 12
consecutive consenting patients seen during a 30-month pe-
riod, three declined to undergo follow-up electrophysiologic
tests during the second period, and two discontinued amio-
darone treatment before the third phase (Tab. 1). Seven pa-
tients entirely completed the study.

All urinary samples could be analyzed for the determi-
nation of 6β-hydroxycortisol and free cortisol. There were
comparably high interindividual differences among the sub-
jects investigated. The urinary 6β-OHC/UFC ratios ranged
from 2.5 to 13.2 (median, 4.29) and the 24-hour excretions
of 6β-OHC were within the interval 215.6 to 1161 nmol/24h
(median, 729 nmol/24h), both corresponding to a six-fold
difference. Nevertheless, there was a significant correlation
between both parameters (r = 0.73, p < 0.01, Fig. 1).

The maintenance dose of amiodarone was 400 mg/day.
The time dependence of amiodarone and N-desethylamio-
darone concentrations and N-DEA/amiodarone ratios are
shown in Fig. 2. During the second period trough plasma
concentrations of amiodarone and N-desethylamiodarone
ranged from 0.6 to 1.99 mg/L (median, 1.4 mg/L) and 0.47
to 1.45 mg/L (median, 0.96 mg/L), respectively. Trough
plasma concentrations of amiodarone and N-desethylamio-
darone during the third period ranged from 0.92 to 2.94
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mg/L (median, 1.85 mg/L) and 0.84 to 2.04 mg/L (median,
1.43 mg/L), respectively. There was a significant increase in
both the plasma amiodarone (p < 0.003) and N-desethyla-
miodarone (p < 0.003) concentrations between the second
and third phases. Moreover, median N-DEA/amiodarone
concentration ratios significantly increased (p < 0.02) from
the second periods 0.63 (range, 0.37 to 0.94) to the third
periods 0.78 (range, 0.44 to 1.1). The basic electrophysio-
logic data of the atria, AV nodes and ventricles are presen-
ted in Tab. 2. After 79 ± 11 days of amiodarone therapy,
significant increases of AV nodal effective refractory period
(p < 0.036), ventricular effective refractory period (p <
0.014), and corrected QT interval (p < 0.034) were obser-
ved. We were unable to find an association between amio-
darone or N-DEA plasma concentrations and changes in
electrophysiologic parameters (Tab. 3).

In general, no correlations were found between either
the 6β-OHC/UFC ratio or the 24-hour urinary excretion of
6β-OHC at the baseline and amiodarone pharmacokinetics
or pharmacodynamics (Tab. 4). The exception was an in-
verse relationships between the 6β-OHC/UFC ratio and the
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Tab. 2: Electrophysiologic effects of amiodarone in 9 pati-
ents.

Values are median values (msec); range is given in parent-
heses (msec).
SSCL - spontaneous sinus cycle length; AERP - atrial effec-
tive refractory period; AVERP – AV nodal effective refrac-
tory period; QTc – QT interval corrected by spontaneous
sinus cycle length; VERP – ventricular effective refractory
period.

Tab. 3: Concentration-effect relations in 9 patients.

Amiodarone (mg/L) A-DEA (mg/L)
rs p rs p

ESSCL -0.4 0.15 -0.56 0.1
EAERP -0.07 0.45 -0.2 0.35
EAVERP 0.12 0.45 -0.25 0.35
EQTc 0.57 0.1 0.15 0.4
EVERP -0.52 0.1 -0.53 0.1

EY – change in electrophysiologic parameter Y (follow-
up/baseline); SSCL - spontaneous sinus cycle length;
AERP - atrial effective refractory period; AVERP – AV no-
dal effective refractory period; VERP – ventricular effective
refractory period; QTc – QT interval corrected by sponta-
neous sinus cycle length.

Fig. 1: Correlation between the 24-hour urinary 6β-hydro-
xycortisol excretion and urinary 6β-hydroxycortisol/free
cortisol ratio (6β-OHC/UFC) in 12 patients.

Baseline Follow-up p
SSCL 1009 (541-1248) 1058 (695-1453) 0.07
AERP 280 (240-360) 320 (300-400) 0.36
AVERP 300 (220-480) 420 (320-520) 0.036
QTc 418 (357-502) 430 (354-490) 0.014
VERP 280 (200-320) 330 (220-380) 0.034

Fig. 2: Plots of time-dependence of plasma amiodarone and
N-desethylamiodarone (N-DEA) concentrations and N-
DEA/amiodarone ratios in 10 patients. 2nd period = 79 ± 11
days; 3rd period = 182 ± 25 days of amiodarone therapy.



trough plasma concentrations of amiodarone in the 3rd pe-
riod (rs = -0.58, p < 0.05, Fig. 3). Correlations were also
seen between 24-hour urinary 6β-OHC excretion and either
trough plasma concentration of amiodarone in the 3rd peri-
od (rs = -0.64, p < 0.025, Fig. 3) or N-DEA/amiodarone ra-
tio in the 3rd period (rs = 0.56, p < 0.05).

Discusion

We found a significant correlation between the
CYP3A activity, as measured by the 6β-OHC/UFC ratio or
24-hour urinary 6β-OHC excretion, and the trough blood le-
vel of amiodarone. These correlations, as expected, were in-
verse. Thus, patients with a higher 6β-OHC/UFC ratio or
higher 24-hour urinary 6β-OHC excretion, reflecting grea-
ter CYP3A activity, generally had lower trough amiodarone
levels at a given standard dose. This supports our hypothe-
sis that variability in the catalytic activity of
CYP3A accounts, in part, for the interpatient difference in
the pharmacokinetics of amiodarone.

The use of the 6β-OHC/UFC ratio as a marker for the
determination of CYP3A activity has been debated. Only
very recently several authors have simultaneously clearly re-
ported limitations in the applications and interpretation of
this method (24, 25, 26, 27). First, cortisol is a substrate for
both CYP3A isoforms present in adult humans, e.g.
CYP3A4 and CYP3A5 (28); accordingly, using this probe
assay, metabolism of whole CYP3A is measured. Therefore,
if the drug is metabolized by only one of the CYP3A iso-
forms or the contribution of both isoforms is poorly un-
derstood, such nonselectivity in probe-reaction results in an
overestimation of overall CYP3A activity. However, to what
extent CYP3A5 contributes to the production of 6β-hydro-
xycortisol is currently unknown. It is unlikely that CYP3A5
would mask changes in CYP3A4 activity because it has not
been shown to be inducible (28) and is present in much
smaller concentrations than CYP3A4 (24,29). A second
potential limitation of the urinary 6β-hydroxycortisol/free
cortisol ratio is that it reflects CYP3A-mediated metabo-
lism in the liver as well as in extrahepatic tissues (30,31).
For example, in one study involving a patient undergoing li-
ver transplantation, the 6β-hydroxycortisol/free cortisol ra-
tio fell during the anhepatic phase, but only to
approximately 50% of pre-operative levels (32). Despite all
these potentially confusing factors, experience with dia-
gnostic inducers and inhibitors (16,17,19,24,33) clearly re-
vealed that the urinary ratio of 6β−OHC/UFC and 24-hour
urinary 6β-hydroxycortisol excretion are useful parameters
for the measurement of CYP3A activity. Moreover, this as-
say has important advantages over other markers in that it
is noninvasive and it requires no drug administration. Thus,
we decided to use this method in the cases of our seriously
ill cardiac patients.

Concerning the pattern of absolute amiodarone levels,
a more than 3-fold interpatient differences has been obser-
ved during both periods. These results are consistent with
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Fig. 3: (A) Relationships between the urinary 6β-hydroxy-
cortisol/free cortisol ratio (6β-OHC/UFC) and the trough
plasma concentrations of amiodarone in the 3rd period. (B)
Relationships between the 24-hour urinary 6β-hydroxycor-
tisol excretion and the trough plasma concentrations of
amiodarone in the 3rd period.

Tab. 4: Relations between CYP3A activity and amiodarone
pharmacokinetics and pharmacodynamics.

6β-OHC/UFC 6β-OHC
(nmol/24h)

rs p rs p
Camiodarone

1* -0.35 0.15 -0.2 0.3
Camiodarone

2* -0.58 0.05 -0.64 0.025
CN-DEA

1* -0.36 0.15 0.05 0.4995
CN-DEA

2* -0.43 0.15 -0.14 0.49
CN-DEA/Camiodarone

1* 0.28 0.2 0.25 0.25
CN-DEA/Camiodarone

2* 0.25 0.25 0.56 0.05
ESSCL** 0.25 0.3 0.03 0.475
EAERP** 0.43 0.15 -0.5 0.15
EAVERP** -0.12 0.45 -0.29 0.3
EQTc** -0.36 0.25 -0.39 0.2
EVERP** -0.1 0.495 -0.24 0.3

CX – concentrations of X (mg/L); 1 – measurements in the
2nd phase; 2 – measurements in the 3rd phase; EY – change
in electrophysiologic parameter Y (follow-up/baseline);
SSCL - spontaneous sinus cycle length; AERP - atrial effec-
tive refractory period; AVERP – AV nodal effective refrac-
tory period; VERP – ventricular effective refractory period;
QTc – QT interval corrected by spontaneous sinus cycle
length; * n = 10 patients (Tab. 1); ** n = 9 patients (Tab. 1).



previously reported findings (3). According to our results,
such variability could be at least in part attributable to
CYP3A activity. However, the enzyme activity-trough blood
amiodarone levels correlation was less significant at the
time of the second period than at time of the third period.
This probably reflects the changes in the prescribed daily
doses during the first four weeks after amiodarone therapy
initiation (loading dose). Patients may therefore not have
been at a steady state at the time of the second period. In
contrast, no significant correlation was shown between
CYP3A activity and N-desethylamiodarone plasma con-
centration. This disassociation may be because the plasma
N-desethylamiodarone levels are determined not only by
the rate of N-deethylation but also by its further eliminati-
on. A large part of the formed N-DEA is excreted in bile in
a conjugated form (34). Therefore the 6β-hydroxycortisol
test does not predict the plasma concentrations of N-DEA.

In contrast to the kinetic data, the results of the present
study point toward other factors than CYP3A metabolizer
status as the major determinant of the interindividual vari-
ation in amiodarone pharmacodynamics. These data are
difficult to explain because no similar studies have been
conducted with amiodarone. We are well aware that the
number of patients studied is small in view of the many con-
fusing factors such as age, gender, environmental agents
and drugs. On the other hand, most of these factors rema-
in constant during the study. Therefore, the most probable
explanation for our results is that both amiodarone and its
major metabolite have unusual pharmacokinetics which
have still not allowed us to clearly establish the relation to
clinical efficacy. Several investigators have found a clear
concentration-related effect of amiodarone and especially
N-DEA on AV node and ventricular function refractory pe-
riod prolongation, and suppression of atrial and ventricular
arrhythmias (3,8,34). Conversely, our data, together with
findings reported by others (35,36,37), demonstrate that
plasma concentrations of amiodarone and its active meta-
bolite within the ranges observed are not a useful guide to
the electrophysiologic effects of the drug during long-term
therapy. Regardless, these findings provide no basis for the
measurement of CYP3A activity as an indicator for amio-
darone therapeutic outcome.

Clinical implications. Several investigators have shown
that plasma amiodarone levels of more than 2.5 mg/L cor-
relate with an increased incidence of adverse drug effects
(35,38,39). Use of amiodarone at conventional dosages to-
gether with potent inhibitors of CYP3A therefore carries an
enhanced risk of thyroid, hepatic, gastrointestinal and der-
matological toxicity.

In conclusion, this study shows that the CYP3A meta-
bolizer status significantly affects the steady state plasma
concentration of amiodarone. We suggest that CYP3A ca-
talytic activity should be taken into consideration in amio-
darone treatment of patients, who have a low activity of
these enzymes or who are going to be medicated with
drugs, which are inhibitors or substrates for CYP3A.
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