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THERAPY AND PREVENTION

ARRHYTHMIA

Clinical pharmacology of propafenone

STUART J. ConNoLLY, M.D., RoBERT E. KaTEs, Pu.D., CYNTHIA S. LEBSAcK, PHARM.D.,
DonNaLp C. HArRISON, M.D., AND ROGER A. WINKLE, M.D.

ABSTRACT We determined the efficacy, pharmacokinetics, and plasma concentration—response
relationships of propafenone, a promising new antiarrhythmic drug. Thirteen patients with frequent and
complex ventricular premature beats were studied after receiving four increasing doses, during drug
washout and during a randomized double-blind placebo-controlled trial, to evaluate the optimal dose in
each patient. A nonlinear relationship was found between propafenone dose and steady-state mean
concentration with a 10-fold increase in drug concentration as dose increased threefold from 300 to 900
mg/day. There was great intersubject variability in elimination half-life (mean 6 hr, range 2.4 to 11.8),
steady-state mean concentration on 900 mg/day of propafenone (mean 1008 ng/ml, range 482 to 1812),
and ‘‘therapeutic’’ plasma concentration (mean 588 ng/ml, range 64 to 1044). The interaction of these
three parameters in individual patients determined the duration of the antiarrhythmic action of propa-
fenone during washout (mean 11.5 hr, range 4 to 22). There was a greater than 90% reduction of
ventricular premature beats in 10 subjects during dose ranging and in seven during double-blind
crossover. Side effects requiring discontinuation of the drug occurred in three patients and included
apparent worsening of arrhythmias in two. We conclude that propafenone effectively suppresses
ventricular arrhythmias and that nonlinear drug accumulation and intersubject variability in elimination
of half-life, steady-state mean plasma concentration, and therapeutic concentration indicate a need for

individual therapy.
Circulation 68, No. 3, 589-596, 1983.

PROPAFENONE is a promising new antiarrhythmic
drug. In microelectrode experiments with guinea pig
atria and sheep Purkinje cells, the drug slows the rate
of rise of the action potential and decreases the action
potential duration.!? Propafenone also has weak (-
blocking and Ca** antagonist properties in isolated
tissues.' Initial placebo-controlled trials in humans
show that propafenone is effective for suppressing ven-
tricular ectopic activity.* > Previous studies suggest
that propafenone has a short half-life of 3 to 4 hr but
that the duration of its antiarrhythmic effects may last
longer.% 7 Studies with limited data have yielded con-
flicting information on the ability to predict antiar-
rhythmic effect from propafenone concentration.® *
We undertook this study to assess the pharmacokin-
etic and pharmacodynamic profile of propafenone with
special emphasis on evaluating the relationship be-
tween drug dose and plasma concentration as well as
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between plasma concentration and antiarrhythmic ef-
fect.

Methods

Protocol design. Patients with high-frequency ventricular
premature beats (VPBs) were candidates for this study if they
did not have disabling angina, heart failure, or unstable intercur-
rent illness. A complete history was obtained, physical and
laboratory examinations were performed, and a baseline 48 hr
ambulatory electrocardiogram (ECG) was taken to establish a
minimum baseline VPB frequency of =1440 VPBs/24 hr after
antiarrthythmic drugs had been discontinued for at least five
half-lives. Digoxin was continued in one patient with atrial
fibrillation, and propranolol was continued in one patient with
angina pectoris.

All patients who met the entrance criteria and who gave
informed consent were entered into an outpatient dose-ranging
study in which they received progressively increasing doses of
propafenone for 3 to 7 days each. The doses used were 150 mg
every 12 hr, 150 mg every 8 hr, 300 mg every 12 hr, and 300 mg
every 8 hr. For reasons discussed later, two patients received
other doses. One patient received 150 mg every 6 hr, and one
patient received 300 mg every 6 hr. After 3 to 7 days on each
dose, each patient had a 24 hr ambulatory ECG taken, and blood
samples were obtained for propafenone plasma concentration
analysis throughout one complete dosing interval. After the
final dose in each patient, a 24 hr drug washout period followed,
during which a 24 hr ambulatory ECG was performed and
frequent blood samples were obtained. On the final day of
therapy at each dose, a 12-lead ECG and physical examination
were performed, and a complete history was obtained. Blood
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samples for propafenone plasma concentration analysis were
obtained at the following times after ingestion of the pill: 0, 0.5,
1,1.5,2,2.5,3,4, 6, and 8 hr. When a 12 hr dose interval was
used, a 12 hr sample was also obtained; during washout, sam-
ples were taken at 12, 15, and 24 hr.

After the drug washout, the patients who had a =75% reduc-
tion of VPBs during the dose-ranging study were entered into a
randomized double-blind crossover outpatient evaluation to
compare the results after the most effective dose of propafenone
(not causing intolerable side effects) with those after placebo. In
this phase of the study, patients received propafenone and place-
bo each for 2 weeks. During both propafenone and placebo
periods 24 hr ambulatory ECGs were taken after 1 and 2 weeks
of treatment. A 1 week washout period preceded the double-
blind crossover study and also separated the propafenone and
placebo periods. Control 24 hr ambulatory ECGs were taken at
the end of both washout periods. Propafenone and identical
placebo tablets were supplied by Knoll Pharmaceutical Co.,
Whippany, NJ. Patients were also evaluated weekly on the basis
of history and by physical examination. Laboratory examina-
tions were performed and trough plasma propafenone concen-
trations were determined after 2 weeks of both propafenone and
placebo therapy. Patient compliance was assessed by pill count.

Arrhythmia monitoring and ECG analysis. All arrhythmia
monitoring was performed with 24 hr ambulatory ECGs that
were analyzed by the Stanford computer-assisted method,
which provides accurate counts of all VPBs, paired VPBs, and
runs (=3 consecutive VPBs).!® When a tape was not exactly 24
hr in duration, the counts were normalized to reflect a 24 hr

-reading. Total counts of VPBs, pairs, and runs were also com-

puted for each hour of each reading. We measured the ECG
intervals from the 12-lead ECG performed on each study day,
using the mean of three blinded readings from lead II. Change in
the QT interval (QTc) was calculated by the following formula:
QTc = QT/\/RR, where RR is the mean beat-to-beat interval
of the three beats studied.

Plasma propafenone and pharmacokinetic analysis. Pro-
pafenone plasma concentrations were measured with a high-
pressure liquid chromatographic method already described.'!
The minimal detectable concentration of propafenone by this
method is 5 ng/ml. Propafenone elimination of half-life was
determined by standard methods from the negative slope of the
least squares fit to the terminal portion of the log plasma concen-
tration—time curve from the 24 hr washout in each patient. We
determined the steady-state mean plasma concentration (C,,) of
propafenone in each patient for each dose by calculating the area
under the concentration—time curve (AUC) for each complete
dosing interval and dividing by the number of hours in that dose
interval (C;; = AUC/duration of dose interval).

Pharmacodynamic analysis. In each patient, percentage re-
duction of VPBs, pairs, and runs were calculated. During dose-
ranging this was calculated as the percent reduction in the 24 hr
total of each ectopic beat form as compared with the mean 24 hr
total of the two baseline control recordings. During the double-
blind crossover phase, percent reduction of each ectopic beat
form was calculated for the propafenone period and the placebo
period. This was calculated from the mean of both 24 hr total
counts on both propafenone and placebo, which were compared
with the mean of the two control recordings done at the end of
each washout period.

The hourly counts of VPBs, pairs, and runs for each patient
from the 24 hr ambulatory ECGs and the mean hourly plasma
concentration for each corresponding hour calculated by inter-
polation on the propafenone log concentration—time curves
were entered onto a Hewlett-Packard computerized graphics
system, and concentration-response plots were constructed for
each patient. For each patient a ‘‘therapeutic’’ concentration
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could then be defined as the concentration at which the hourly
rate of ectopic beats fell below a level equal to 10% of the mean
hourly rate seen for that patient on the two baseline recordings.
Therapeutic concentrations for VPBs and pairs were determined
separately.

We determined the duration of antiarthythmic action during
washout in individual patients who responded. This was done
by finding the hour in which the hourly rate of VPBs rose above
10% of the mean hourly rate seen on baseline recordings.

The relationship between VPB, pair, and run suppression was
examined by expressing the number of VPBs, pairs, and runs
for each patient as a percentage of that patient’s baseline fre-
quency and by plotting the mean percent against the steady-state
mean concentration of the group. Only the 11 patients who
received all four doses were included in this analysis.

Statistical analysis. Group data are presented as the mean +
SEM. Friedman’s analysis of variance by ranks was used to
assess the stability of VPB, pair, and run counts on the 6 drug-
free days of the study. Spearman’s rank correlation method was
used to determine the coefficient of correlation between half-life
and steady-state mean concentration and between half-life and
body weight. Student’s t test for paired data was used to assess
the significance of differences in electrocardiographic intervals
between the baseline reading and that done at the highest dose.
Student’s t test for paired data was also used to assess the
significance of differences in the levels of VPBs, pairs, and runs
expressed as a percent of control levels (see figure 4) at each
propafenone dose.

A p value of .05 was required to disprove the null hypothesis
unless otherwise stated.

Results

Patient characteristics. Thirteen patients, 11 men and
two women, between the ages of 44 and 73 years
participated in this study. Seven patients had coronary
artery disease, four had no structural heart disease, one
had cardiomyopathy, and one had mild aortic stenosis.
Body weight ranged from 64 to 109 kg. On the two
baseline control ambulatory ECG readings the average
number of VPBs per 24 hr was 22,503 (range 5268 to
47,791), the average number of pairs per 24 hr was
1128 (range 2 to 7681), and the average number of
runs of three or more per 24 hr was 22 (range 0 to 102).
Although patients were not selected on the basis of
prior antiarrhythmic drug experience, they had been
treated with an average of 2.5 (range 1 to 4) other drugs
with unsatisfactory results. During the course of the
study, 11 patients had six drug-free 24 hr ambulatory
ECGs and two patients (because they did not enter the
double-blind crossover phase) had two. An analysis of
variance showed that there was no significant differ-
ence among the number of VPBs, pairs, or runs re-
corded on any of the drug-free days, indicating that the
frequency of ventricular ectopy was stable over the
course of the study.

Antiarrhythmic response. During the dose-ranging
phase, 11 of 13 patients received all four doses. Patient
13 developed a symptomatic increase in VPBs while
taking 200 mg every 12 hr and received no further
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propafenone. Patient 11 developed an asymptomatic
increase of 54% in QRS duration while taking 300 mg
every 12 hr. He was treated effectively with 150 mg
every 6 hr, which decreased the peaks of the plasma
concentrations (although his QRS was also prolonged
at this dose). Patient 10 also received, in addition to the
four usual doses, a dose regimen not originally in the
protocol design (300 mg every 6 hr), when it became
apparent that she was having a return of her arrhythmia
before the end of the 8 hr dose interval while taking
300 mg every 8 hr.

The 11 patients who received 300 mg every 8 hr
demonstrated an 82.0 * 10.2% reduction in VPBs
(table 1). Eight patients had greater than 90% VPB
suppression while taking 300 mg every 8 hr. Ten pa-
tients (77%) had greater than 90% VPB suppression
while on their highest dose. Of the remaining three
patients, one had 75% suppression, one had no sup-
pression, and one had an increase in VPBs. In the 11
patients who received 300 mg every 8 hr, pairs were
reduced by 94.5 * 3.3% and runs by 96.7 + 3.3%.
When data from each patient at their highest dose were
considered, pairs were abolished in eight patients and
runs in 11 patients. Neither pairs nor runs increased in
any patient.

Two patients were not entered into the double-blind
crossover phase of the study because of lack of benefi-
cial response during the dose-ranging phase; one pa-
tient failed to complete the double-blind crossover

THERAPY AND PREVENTION-ARRHYTHMIA

study because he had a 50 sec run of symptomatic
ventricular tachycardia while taking propafenone dur-
ing the double-blind crossover. In the 10 patients com-
pleting the double-blind crossover phase of the study,
the mean VPB suppression was 88.0 + 4.4%, which
confirms the findings of the dose-ranging study. One
patient had no antiarrhythmic response during the dou-
ble-blind crossover in spite of greater than 99% sup-
pression during dose-ranging — a difference which
could not be explained by differences in trough propa-
fenone plasma concentration. During the double-blind
crossover phase, pairs were reduced by an average of
97.0 = 1.2% and runs were abolished in all patients.

Pharmacokinetics. The mean elimination half-life of
propafenone was 6 hr (range 2.4 to 11.8).

Figure 1 demonstrates the relationship between
steady-state mean plasma concentration and daily dose
at each of the four doses for all patients. There is a
nonlinear relationship between dose and steady-state
mean concentration over the range of doses used in this
study. For a threefold increase in daily dose from 300
to 900 mg, there is a 9.9-fold increase in steady-state
mean concentration. At each dose there was a wide
range of steady-state concentrations among individ-
uals. For example, at the highest dose of 900 mg/day
the steady-state mean concentration ranged from 482
to 1812 ng/ml. Steady-state mean concentration did
not correlate significantly with individual body weight
(r = .25, p > .10). Steady-state mean concentration

TABLE 1
VPBs expressed as percentage of control
Randomized
Dose-ranging phase double-blind
150 mg 150 mg 300 mg 300 mg Other crossover
Patient Dose ql2hr q8hr ql2hr q8hr doses Propafenone Placebo
1 +17.4 -52.0 —56.1 —98.5 — -91.7 +7.9
2 +20.6 +0.9 -34 -93.6 — — -
3 -14.4 -55.6 -91.8 -75.3 - -90.9 +6.6
4 +14.1 -32.0 -90.1 -96.3 — -71.6 +8.1
5 —-42.3 —40.5 -72.1 —98.7 — -99.5 -31.1
6 +281.1 +193.9 +102.7 -99.7 — —59.6 —69.6
7 +6.2 -96.4 - 100 =100 — - 100 -0.5
8 -19.6 -76.3 -97.5 -99.6 — —98.7 -0.6
9 +75.0 +14.5 —74.8 —95.6 — -77.3 +43.0
10 -29.7 -24.9 -40.4 -56.0 —98.54 -91.7 -39.3
11 +61.0 +114.1 -60.8 — —-91.78 —-98.9- +182.1
12 -2.9 +9.7 +8.1 +11.1 — ' — —
13 -90.2 +100.9 +313.5 — — — —
Mean +21.3 +4.3 -30.2 —82.0 —88.0 +10.7
SE 24.7 234 31.9 10.2 4.4 21.5
n 13 13 13 11 10 10

AReceived 300 mg g6hr. Received 300 mg orally q8hr during crossover.
BReceived 150 mg g6hr both during dose-ranging and crossover phases.
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FIGURE 1. Relationship between steady-state mean plasma concentra-
tion and total daily dose. The dashed line indicates the response expect-
ed if the relationships were linear. Points and bars indicate mean and
SEM.

positively correlated with individual elimination half-
life (r = .58, p < .05). However, this correlation was
not strong and explains only part of the variability in
steady-state concentration.

Electrocardiographic intervals. The mean changes in
electrocardiographic intervals for the group are shown
in figure 2. There was no significant change in heart
rate. The PR interval increased 20.1% from 179 = 4.7
to 215 = 7.0 msec (p < .001). The QRS duration
increased 19.2% from 78 = 7.2 t0 93 = 8.7 msec (p
<< .05). The QTc interval increased 5.1% from 430 +
11.2 452 += 15.4 msec (p < .10).

Concentration-response relationships. A concentra-
tion-response relationship for VPB suppression was
observed in all patients (11/13) in whom an antiar-
rhythmic response to propafenone was demonstrated.
Eight patients also had significant numbers of ventric-
ular pairs to permit construction of concentration-re-
sponse plots for the suppression of pairs. In most pa-
tients a characteristic configuration of these plots was
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seen (figure 3). At lower concentrations no antiar-
rhythmic response is seen. In all patients a drug plasma
concentration was found at and above which maximal
ectopic beat suppression occurred. An approximately
log-linear relationship between concentration and re-
sponse occurred at intermediate concentrations in
many patients. In all but one of the patients who re-
sonded to propafenone, a concentration was defined
above which 100% suppression of all ventricular ec-
topy occurred; that one patient had only 90% VPB
suppression at the highest concentrations. In most pa-
tients, less than 100% suppression was recorded over
24 hr periods because the drug plasma concentration
was not maintained above this level throughout the
whole day. To achieve maximal antiarrhythmic re-
sponse in most patients, a more frequent dosing sched-
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FIGURE 2. Relbationship between electrocardiographic intervals and
steady-state mean concentration during the dose-ranging phase. Points
and bars indicate mean and SEM.
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FIGURE 3. Concentration-response relationships for ectopic beat sup-
pression for two subjects. Each point represents the hourly ectopic beat
frequency and the mean plasma concentration for that hour of treatment
during the dose-ranging phase. Top, Data for isolated VPBs for a patient
with a low therapeutic concentration. Middle, Similar data for a patient
with a high therapeutic concentration. Bottom, Concentration response
data for ventricular pair sippression for the latter patient.

ule would be required to reduce the peaks and troughs
of plasma concentration.

"There was a marked intersubject variation in the
therapeutic plasma corncentration, which was defined
as that concentration above which there was greater
than 90% VPB suppression as compared with the base-
line recordings. In figure 3, for example, patient 7 has
virtual abolition of VPBs above a concentration of 64
ng/ml. On the other hand, patient 10 does not have
complete VPB suppression below 1000 ng/ml. The
mean therapeutic concentration for VPB suppression
in the 11 responders was 588 + 88 ng/ml. The range of
therapeutic concentrations was from 64 to 1044 ng/ml.
In the eight subjects for whom separate curves for pair
suppression could also be made, the therapeutic con-
centration for pair suppression was 0 to 490 ng/ml less
than that for VPB suppression in the same patient (fig-
ure 3). The mean concentration for suppression of
pairs was 443 = 89 ng/ml.

Vol. 68, No. 3, September 1983
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Figure 4 graphically depicts the mean rates of VPBs,
pairs, and runs (expressed as percentages of control
values) plotted against mean plasma steady-state con-
centration for patients who received all four doses of
propafenone. At the lowest concentrations no antiar-
rhythmic effect is evident. At the intermediate doses,
pairs and runs are significantly more suppressed than
are VPBs (p < .05). At the highest concentration the
difference between the suppression of VPBs and com-
plex forms diminishes, since both are almost com-
pletely eliminated.

In the 10 responders who underwent washout while
taking the highest dose of propafenone, the mean dura-
tion of VPB suppression was 11.5 = 1.7 hr (range of 4
to 22) (figure 5). '

Adverse effects. Two patients developed apparent
worsening of their arrhythmias while on propafenone
that required discontinuation of the drug. One patient
who had 93% reduction of VPBs during the dose-
ranging phase of the study developed unsustained
symptomatic ventricular tachycardia lasting 50 sec
while on propafenone. A second patieént had a 314%
increase in VPBs while on propafenone and noted a
marked increase in palpitations. These two patients
had the lowest and fourth lowest steady-state mean
concentrations of the whole group, and we cannot ex-
clude inadequate drug therapy rather than toxicity as
the cause of their apparent arrhythmia increase. Nei-
ther patient had excessive QRS widening or QT pro-
longation. A third patient required drug discontinua-
tion after the double-blind crossover study because of
weakness and disorientation. Side effects not requiring
discontinuation of therapy included metallic taste in
two patients, dry mouth in three, and mild nausea in
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FIGURE 4. Relationship between VPBs, pairs, and runs expressed as a
percentage of control levels at different steady-state mean concentra-
tions. Each point and bar indicates the mean and SEM.
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FIGURE 5. VPB frequency and plasma propafenone concentration—time curves during drug washout for two patients. The solid
line represents plasma concentration (log scale) and the hatched area represents VPB frequency.

one. The patient who had a symptomatic increase in
VPBs while on propafenone was also found to have an
e’ightfold rise in serum transaminases levels, which
gradually returned to normal over 4 months. He had a
past history of chronic persistent hepatitis. Although
all patients had some increase in PR interval (to as long
as 255 msec), no patient developed second- or third-
degree atrioventricular block.

Discussion

The clinical usefulness of an antiarrhythmic drug
depends not only on its effectiveness in suppressing
arrhythmias but also on a favorable pharmacokinetic
profile. Favorable pharmacokinetic features usually
include little intersubject variability in bioavailability
and clearance, a predictably Iong half-life, and a linear
relationship between dose and concentration. Ideal
pharmacokinetics, however, do not guarantee an ideal
therapeutic response but only that the plasma concen-
tration will be predictable for a given dose. Concentra-
tion-response (pharmacodynamic) relationships may
be complex and may vary widely among individuals. It
is important in the initial investigation of a new drug to
understand both its pharmacokinetics and its pharma-
codynamics and their interactions. In this study we
have demonstrated the antiarrhythmic effect of propa-
fenone and also how pharmacokinetic and pharmaco-
dynamic factors influence the clinical effectiveness of
this drug.

Antiarrhythmic activity. Propafenone is a very effec-
tive drug for suppression of ventricular ectopy. Over
24 hr during the dose-ranging phase, 10 patients had a
greater than 90% VPB suppression. Pairs and runs
were abolished in eight and 11 patients, respectively.
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The double-blind crossover phase tended to confirm
the dose-ranging results, although one patient no long-
er appeared to respond. Previous placebo-controlled
studies with propafenone have shown similar degrees
of effectiveness.* * Recent reports of the effectiveness
of other experimental antiarrhythmic drugs have also
reported similar degrees of success.'>'*

Although a concentration at which 100% VPB sup-
pression occurred could be defined in 10 of 13 pa-
tients, VPBs were less well suppressed during 24 hr
monitoring. Maximal VPB suppression was not sus-
tained because of plasma concentration fluctuations
that occurred over 24 hr. Only one patient with a vé,ry
low therapeutic concentration had 100% suppression
over 24 hr.

Pharmacokinetics. The mean elimination half-life of
propafenone in our group of patients is 6 hr, which is
considerably longer than the mean half-life of 3.6 hr
previously reported.® We also found that there was
large interindividual variability in elimination half-life
(range 2.4 to 11.8 hr). This variability was not ex-
plained by clinical factors such as age, liver disease,
heart failure, or the presence of concomitant médica-
tions that could interfere with the elimination of a drug
that is highly metabolized. The rate of metabolism of
another antiarrhythmic drug, procainamide, has been
shown to be subject to interindividual differences in
enzyme activity related to genetic polymorphism. 'S In-
dividual differences in the metabolism of encainide can
markedly affect the rate of elimination of this drug."
Individual differences in drug metabolism may cause
the differences seen in propafenone elimination half-
life. _

Variability was also found in the steady-state mean

CIRCULATION
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concentration in different patients on the same dose of
propafenone. Some of this variability can be explained
by differences in elimination half-life; however, the
correlation between half-life and steady-state concen-
tration was not strong (r = .52), suggesting that other
factors are involved. A factor, not examined in this
study, that may affect interindividual differences in
steady-state mean concentrations is systemic bioavail-
ability. It is possible that a highly metabolized com-
pound that shows variability of elimination half-life
may be subject to interindividual differences in first-
pass hepatic metabolism. Variability in protein bind-
ing of propafenone could affect steady-state levels but
was not evaluated in this study.

A nonlinear relationship between dose and steady-
state concentration was seen. The practical implica-
tions of this finding are that dose increases must be
made with caution. The increases in drug plasma con-
centration resulting from a small increase in drug dose
can be quite large. This study does not provide an
explanation of why concentration increases nonlinear-
ly with dose; however, it is likely that either first-pass
clearance or elimination or both are decreased at higher
concentrations. Dose-related changes in bioavailabil-
ity have been demonstrated with another antiarrhyth-
mic drug, lorcainide, and have been attributed to satu-
ration of first-pass metabolism.'¢

Concentration-response relationships. A concentra-
tion-response relationship could be demonstrated in
each patient who had an antiarrhythmic response to
propafenone. In all patients a concentration could be
defined at which maximal antiarrthythmic effect oc-
curred. Below this concentration in several patients a
log-linear relationship between concentration and ef-
fect was seen. There was great variation (64 to 1044
ng/ml) in the concentration at which 90% suppression
of VPBs occurred (therapeutic concentration). Inter-
subject variability in therapeutic concentration empha-
sizes the need to individualize therapy to the patient.
Although the therapeutic concentration for VPB sup-
pression can be determined relatively easily, this may
be considerably more difficult in patients with sus-
tained ventricular tachycardia or fibrillation. The use
of the maximum tolerated doses and shorter dose inter-
vals may be the best approach to therapy in these
patients to avoid periods of subtherapeutic plasma con-
centrations. It is important to recognize that the ability
to suppress VPBs does not necessarily correlate with
antiarrhythmic efficacy in the treatment of more seri-
ous arrhythmias, as shown by the patient in this study
whose VPBs were significantly suppressed but who
had a 50 sec episode of ventricular tachycardia.
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Runs and pairs were suppressed at lower propafen-
one plasma concentrations than were VPBs in all but
two patients. Both procainamide and encainide sup-
press repetitive ventricular activity at plasma concen-
trations lower than those at which they suppress isolat-
ed VPBs."»'7 These data suggest that different
mechanisms may be responsible for single and repet-
itive forms of ventricular ectopy. Although this disso-
ciation between suppression of VPBs and repetitive
ectopy occurs, there is no controlled information as to
whether suppression of repetitive ectopy alone is ade-
quate prophylaxis for sustained ventricular tachyar-
rhythmias or sudden death.

Wiebringhaus et al.? did not find any relationship
between plasma concentration and antiarrhythmic ef-
fect, which is in contrast to our findings. Their inabil-
ity to do so is likely due to the fact that they only used
single samples drawn 3 to 4 hr after a dose in each
patient. Blanke et al.® measured plasma concentrations
throughout a complete dose interval to determine mean
concentration and did demonstrate a log-linear concen-
tration-response relationship for the group. They did
not assess concentration-response relationships in indi-
vidual patients. The findings of our study emphasize
the importance of sampling throughout complete dose
intervals at multiple doses if interindividual variation
in concentration-response relationships are to be ap-
preciated.

Pharmacokinetic-pharmacodynamic interactions. The
duration of antiarrhythmic response during long-term
therapy after each dose is related to an interplay of both
pharmacokinetic and pharmacodynamic factors, the
most important of which are drug plasma concentra-
tion, elimination half-life, and therapeutic plasma con-
centration. In our subjects, considerable interindivid-
ual variation occurred in all three of these parametets
to such an extent that a knowledge of all three is neces-
sary to predict duration of antiarrhythmic response in
an individual. Figure 5 demonstrates the interactions
of these three variables in individual patients. Patient 1
had a very short elimination half-life of 2.4 hr, but
because of a low therapeutic concentration for VPB
suppression, he had an 8 hr duration of VPB suppres-
sion during washout. Had his therapeutic concentra-
tion been as high as 600 ng/ml (the mean therapeutic
concentration for the group), the duration of antiar-
rhythmic action would have only been 4 hr and would
have resulted in treatment failure. Patient 10, in spite
of a longer elimination half-life, had a duration of VPB
suppression of only 4 hr because she had a very high
therapeutic threshold (figure 5). She required dosing of
propafenone every 6 hr to prevent a breakthrough of
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arrhythmias at the end of each dose interval. To-
cainide, another antiarrhythmic drug, shows a similar
degree of intersubject variability in concentration-
response relationships. Although tocainide pharmaco-
kinetics vary little between individuals, large differ-
ences in response to a given dose occur among patients
because of different concentration-response relation-
ships.’® The assessment of individual differences in
concentration-response relationship is as important as
and complements the assessment of the pharmaco-
kinetics of a new drug.

Propafenone seemed to exacerbate arrhythmias in
two subjects, one of whom developed unsustained
ventricular tachycardia and one who had a marked
increase in VPBs. It appears that all antiarrhythmic
drugs have some capacity for worsening arrhythmias. !
In the case of some class I drugs such as quinidine and
disopyramide, excessive QT prolongation is associat-
ed with arrhythmia aggravation. Propafenone, howev-
er, causes little change in QT interval, and our two
subjects had arrhythmia exacerbation without exces-
sive QT prolongation.

Elevation of serum transaminase levels was seen in
one patient who had a history of chronic persistent
hepatitis. Propafenone has previously been reported to
cause cholestatic hepatitis in two patients.” The rise in
serum enzyme levels occurred in our patient after 15
days of therapy. In the two reported cases as well as in
our patient, serum enzyme levels gradually returned to
normal levels over 2 to 3 months after propafenone
was discontinued.

Although propafenone has 3-blocking properties in
isolated tissues,> we found that propafenone had no
effect on resting heart rate in our subjects. Three of our
subjects underwent graded treadmill exercise testing
before and during propafenone therapy at 900 mg/day
and none showed attenuation of heart rate at submaxi-
mal exercise. Thus the clinical relevance of the in vitro
B-blocking properties of the drug remain to be eluci-
dated.

In conclusion, we found that propafenone is an ef-
fective drug for suppressing ventricular ectopy. The
drug has marked interpatient variability in elimination
half-life, steady-state mean concentration, and thera-
peutic concentration. In spite of a relatively short
elimination half-life in many patients, an 8 hr dosing
interval was adequate for treatment in all but one sub-
ject. However, in some patients a shorter dose interval
would have improved antiarrhythmic response. Indi-
vidualization of therapy where possible is recommend-
ed to optimize therapy. Minor side effects were com-
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mon and propafenone can apparently exacerbate
arrhythmias in some patients.

We acknowledge the technical assistance of Yin-Gale Yee
who analyzed the samples, of Inez Rodrigues, Betty Berdahl,
and Roy Skogstrom who analyzed the 24 hr ambulatory ECGs,
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