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Abstract

To investigate the mechanisms of ventricular arrhythmia sup-
pression by propranolol, we determined the antiarrhythmic ef-
ficacy of d-propranolol in 10 patients with frequent ventricular
ectopic depolarizations (VEDs) and nonsustained ventricular
tachycardia. After an initial placebo phase, 40 mgd-proprano-
lol was administered orally every 6 h with dosage increased
every 2 d until arrhythmia suppression (> 80% VED reduc-
tion), intolerable side effects, or a maximal dosage (1,280
mg/d) was reached. Response was verified by documenting
return of arrhythmia during a final placebo phase. Arrhythmia
suppression occurred in six patients while two more had partial
responses. Effective dosages were 320-1,280 mg/d (mean
920±360, SD) of d-propranolol with corresponding plasma
concentrations of 60-2,280 ng/ml (mean 858±681). For the
entire group, the QTc interval shortened by 4±4% (P = 0.03).
Arrhythmia suppression was accompanied by a reduction in
peak heart rate during exercise of 0-29%. To determine
whether arrhythmia suppression could be attributed to beta-
blockade, racemic propranolol was then administered in dos-
ages producing the same or greater depression of exercise
heart rate. In 3/8 patients, arrhythmias were not suppressed
by racemic propranolol indicating that d-propranolol was ef-
fective via a non-beta-mediated action. By contrast, in 5/8 pa-
tients racemic propranolol also suppressed VEDs. We con-
clude that propranolol suppresses ventricular arrhythmias by
both beta- and non-beta-adrenergic receptor-mediated effects.
(J. Clin. Invest. 1990.85:836-842.) propranolol * antiarrhyth-
mic * ventricular arrhythmias * dextropropranolol- beta-
adrenergic receptor blockade

Introduction

Although propranolol has been used clinically in the United
States for over 20 years, its mechanism(s) of action are not
fully understood. Recently in the Beta-blocker Heart Attack
Trial (BHAT), propranolol was found to reduce mortality after
acute myocardial infarction (1). Since other beta receptor an-
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tagonists have demonstrated similar results with reduction in
both nonsudden cardiovascular mortality and reinfarction rate
(2-4), the antiischemic effects of beta-adrenergic receptor
blockade almost certainly played a role in this beneficial effect.
However, a significant reduction in the incidence of sudden
cardiac death was also observed during BHAT, raising the
question of an additional antiarrhythmic effect. Subsequent
data analysis from the trial supported this hypothesis, as pro-
pranolol blunted the usual increase in ventricular ectopic de-
polarizations (VEDs)' seen 6 wk after enrollment (5) and re-
duced mortality to the greatest extent in patients with me-
chanical and electrical complications such as ventricular
tachycardia or fibrillation (6).

In addition to its beta-adrenergic receptor antagonism,
propranolol also possesses "local anesthetic" activity in that it
reduces sodium channel conductance. In an early report, this
effect could be demonstrated in vitro at only very high con-
centrations of propranolol that are not routinely achieved
during clinical use (7). Because of these data as well as the fact
that propranolol is generally less effective than standard antiar-
rhythmic agents such as quinidine in suppressing ventricular
arrhythmias (8-10), many investigators have attributed its an-
tiarrhythmic effects to beta-adrenergic receptor blockade (11,
12). In a more recent study (13) using a wide range of pro-
pranolol dosages to treat frequent VEDs, 40% of the patients
with arrhythmia suppression required plasma propranolol
concentrations > 150 ng/ml, a level associated with a high
degree of beta blockade (14, 15). These results raised the possi-
bility that some property other than beta-adrenergic receptor
blockade was responsible for ventricular arrhythmia suppres-
sion in some patients. It now appears that propranolol pro-
duces local anesthetic effects in vitro at much lower concen-
trations than previously reported (16-18). Moreover, we have
demonstrated electrophysiologic effects in man using intracar-
diac recordings during propranolol administration that are
unrelated to beta-adrenergic receptor blockade (19, 20). The
contribution of these non-beta-mediated effects to the antiar-
rhythmic efficacy of propranolol has remained unclear.

Commercial propranolol is a racemic mixture of dextro-
and levo-rotatory stereoisomers (21) with the i-isomer far
more potent in producing beta-adrenergic receptor antago-
nism than the d-isomer (22). However, the two stereoisomers
are equipotent as local anesthetics (18, 23). The purpose of this
study was to examine the antiarrhythmic efficacy of d-pro-
pranolol in patients with chronic, stable ventricular arrhyth-
mias. When antiarrhythmic efficacy was demonstrated, we
sought also to determine the contribution of non-beta-receptor
mediated actions to the antiarrhythmic effect.

1. Abbreviations used in this paper: APD, action potential duration;
AUC, area under the curve; CD25, chronotropic dose25, IDR, isopro-
terenol dose ratio; Kr,, elimination half-life; VED, ventricular ectopic
depolarization; VERP, ventricular effective refractory period.
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Methods

Patient selection. Adult patients were eligible for participation in the
study if they demonstrated symptomatic chronic, frequent VEDs
(> 60/h) and nonsustained ventricular tachycardia (< 15 beats) at
baseline in the absence of any antiarrhythmic drug therapy. Patients
were excluded who had a recent myocardial infarction, symptoms of
angina and/or congestive heart failure indicating New York Heart
Association functional Class III or IV, clinically significant or sus-
tained supraventricular tachyarrhythmias, or evidence of significant
conduction system disease (sinus node dysfunction, Mobitz II second
degree or greater AV block, left bundle branch block, prolonged QT
interval). Patients in whom beta-adrenergic receptor blockade was

contraindicated (history of bronchospasm or chronic pulmonary dis-
ease requiring bronchodilator therapy) were also excluded (2).

Study design. Informed consent was obtained and all antiarrhyth-
mic agents were discontinued for at least four elimination half-lives
before enrollment. Patients were admitted to the Clinical Research
Center at Vanderbilt University Hospital where they were contin-
uously monitored via telemetric ECGthroughout the study. A ques-
tionnaire was administered daily to detect the occurrence of adverse
effects. The arrhythmia suppression trial was conducted in a single-
blind fashion. During the initial placebo phase (one placebo taken
orally every 6 h), 24-h ambulatory electrocardiographic recordings
were obtained for at least 48 h as well as a 12-lead electrocardiogram
and a blood sample to demonstrate that propranolol was not detect-
able. Data from the entire placebo period were averaged to obtain
baseline VEDfrequency. Patients also underwent exercise testing using
the Bruce protocol (24).

After baseline data were obtained, patients were given d-proprano-
lol 40 mg orally ever 6 h. On the second day of dosing, a 12-lead
electrocardiogram and blood sample for plasma propranolol concen-

tration were obtained before the morning dose and 24-h ambulatory
electrocardiographic recording was repeated. The dosage of d-pro-
pranolol was increased every 2 d until the occurrence of either arrhyth-
mia suppression, adverse effects limiting dose escalation, or a maximal
dosage of 320 mg orally every 6 h. Effective arrhythmia suppression
was defined as 2 80% VEDsuppression with elimination of nonsus-

tained ventricular tachycardia. At the highest dosage of d-propranolol
administered during the study, exercise testing was repeated. Patients
then underwent a drug withdrawal phase lasting at least 72 h during
which placebo was administered and multiple blood samples were

obtained for pharmacokinetic analysis. If patients with arrhythmia
suppression on d-propranolol also had a reduction in peak exercise
heart rate during therapy, dl-propranolol was then administered in a

dose that produced a similar or greater degree of reduction in exercise
heart rate. The choice of dl-propranolol dosage to be administered was

based on the degree of reduction in peak exercise heart rate observed
with d-propranolol: for patients in whom the peak exercise heart rate
decreased 5-15 bpm, dl-propranolol 5 mgorally every 6 h was given;
for those with a 16-30-bpm reduction, 10 mg orally every 6 h was

administered; for those with a > 30-bpm reduction, 20 mgorally every
6 h was given. Arrhythmia frequency was reassessed by 24-h ambula-
tory electrocardiographic monitoring. d-Propranolol tablets (40 mg)
and matching placebos were kindly supplied by Imperial Chemical
Industries, Ltd., Macclesfield, UK.

Electrocardiographic analysis. 12-lead electrocardiograms were re-
corded at a paper speed of 25 mm/s and intervals were recorded from a

single limb lead. Interval measurement was performed using a digitiz-
ing board (Bit Pad I, Summagraphics) connected to a microcomputer.
Ambulatory electrocardiographic recordings were analyzed by a user-
interactive template-matching computer system previously validated
at our institution (25).

Pharmacokinetic analysis. During the drug withdrawal phase of the
study, blood samples were obtained for measurement of plasma pro-

pranolol concentration at 0, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 18, 24, 30, 36,
48, 60, and 72 h after the last oral dose of d-propranolol. Plasma
propranolol concentrations were measured using a high performance

liquid chromatographic assay with fluorescence detection previously
described (26). Linear regression analysis was performed on the termi-
nal phase of the semilogarithmic plot of plasma propranolol concen-
tration vs. time. Elimination half-life was calculated as 0.693 divided
by Kd where Kq equals the negative slope of the terminal phase. The
area under the plasma concentration-time curve for the dosing interval
0-6 h (AUC") was determined using the log trapezoidal rule method.
Clearance was calculated by dividing the dose by AUC0".

Analysis of beta-adrenergic receptor blocking potency of d-propran-
old. To examine the potency of d-propranolol with respect to that of
racemic propranolol, we compared the degree of beta-blockade pro-
duced by the d-isomer with that produced by dl-propranolol in a sepa-
rate group of normal adult volunteers. After obtaining informed con-
sent, normal adult volunteers were brought to the Clinical Research
Center in the fasting postabsorptive state for baseline assessment of
sensitivity to isoproterenol. A heparin-filled intravenous catheter was
inserted and continuous electrocardiographic monitoring was per-
formed using a four-channel (model 1572; Hewlett-Packard Co., Palo
Alto, CA) recorder with heart rate monitor. Isoproterenol sensitivity
testing, as previously described (27), was performed to determine the
dose required to raise the baseline heart rate by 25 bpm (chronotropic
dose25 or CD25). Subjects were then given an oral dose of dl-proprano-
lol 10 mg every 6 h for 48 h, with isoproterenol testing repeated 2 h
after the subsequent morning dose. The isoproterenol dose ratio (IDR)
was calculated by dividing the CD25 obtained during propranolol ad-
ministration by the CD25 at baseline. Isoproterenol sensitivity testing
was also repeated after treatment for 48 h with dl-propranolol given
orally every 6 h at both 20- and 40-mg doses, and d-propranolol 320
mgorally every 6 h. Values obtained from blood samples drawn before
and after isoproterenol administration were averaged to give the
plasma propranolol concentration at the time of testing.

Statistical analysis. Comparison of all data in patients at baseline
and following d-propranolol administration (maximal dosage admin-
istered) were made using Student's paired t test. A P value < 0.05 was
required to reject the null hypothesis. Linear regression analyses were
performed using standard least-squares fit. All results are expressed as
mean± 1 SD.

Results

Patient population. 10 male patients ages 35-71 (mean 53) y
participated in the arrhythmia suppression trial. The charac-
teristics of this population are shown in Table I. Mean VED
frequency for the group averaged 599/h. During trials with
previous antiarrhythmic agents, patients had been refractory
to treatment with two to seven (mean 3.8) drugs, and four
patients had failed to respond to therapy with beta-adrenergic
receptor antagonists. 8 of the 10 patients were receiving inves-
tigational antiarrhythmic drugs at the time of enrollment. In
all patients, VEDfrequency decreased with the sinus tachycar-
dia that occurred during baseline exercise testing and as such,
there was no obvious evidence of adrenergically mediated ar-
rhythmias in any participant.

Ventricular arrhythmia suppression. The plasma propran-
olol concentration-response relationship for VEDsuppression
for all patients is illustrated in Fig. 1. The d-propranolol dosage
administered is shown for each trough plasma concentration.
Arrhythmia suppression is expressed as percentage of baseline
VED frequency. Six patients had an excellent response with
2 80% VEDsuppression and elimination of nonsustained VT
during treatment with d-propranolol. This occurred at total
daily dosages of 320 mg (one patient), 640 mg(two patients),
960 mg (two patients), and 1,280 mg(one patient). Two addi-
tional patients had a partial response (2 50% VEDreduction)
having 73%and 66%VEDsuppression. Both patients required
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Table L Patient Population

Patient Age Diagnosis Baseline VEDs/h Runs (>3 VEDs)/d

1* 61 CAD 886 3
2* 48 PED 179 4
3 71 PED 199 3
4 36 Cardiomyopathy 817 26
5 59 CAD 351 632
6 62 Mild COPD, HTN 161 9
7* 64 CAD, HTN 243 7
8 35 Cardiomyopathy, 2438 4

MVprolapse
9* 47 Cardiomyopathy, 183 2

MVprolapse
10 50 CAD 537 2

(Refractory to 2-7, x = 3.8 previous antiarrhythmic drugs)

VEDs, ventricular ectopic depolarizations; CAD, coronary artery dis-
ease; PED, primary electrical disease; COPD, chronic obstructive
pulmonary disease; HTN, hypertension; MV, mitral valve.
* Patients whose arrhythmia was refractory to prior treatment with
beta-adrenergic receptor blockers.

320 mg orally every 6 h for this effect with elimination of
nonsustained ventricular tachycardia in one patient and per-
sistence of rare, three-beat episodes in the other. Two patients
had no evidence of arrhythmia suppression despite treatment
with the maximal dosage of d-propranolol.

Ventricular arrhythmia suppression and degree of beta-
adrenergic receptor blockade, expressed as reduction in peak
exercise heart rate from baseline, are shown in Fig. 2 for the
patients who responded to d-propranolol and subsequently
received dl-propranolol. These data include patients with ei-
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Figure 1. The plasma concentration-response relationship for sup-

pression of VEDs is shown for all patients receiving d-propranolol.
Plasma propranolol concentration is displayed on a logarithmic
scale, while ventricular arrhythmia suppression is expressed as the
percent of VEDs recorded at baseline. The dosage of d-propranolol
being taken at the time of each plasma concentration measurement
is shown using the filled and unfilled symbols as displayed on the fig-
ure.
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Figure 2. For patients responding to d-propranolol and subsequently
receiving therapy with dl-propranolol, suppression of VEDsand as-
sociated reduction in peak heart rate at exercise testing are shown
during d-propranolol therapy, after d-propranolol withdrawal, and
during dl-propranolol therapy. Percent of baseline VEDs is illus-
trated by the shaded bars while percent reduction in peak exercise
heart rate is represented by the unfilled bars.

ther a partial or excellent antiarrhythmic response. The degree
of reduction in exercise heart rate with dl-propranolol
(15±7%) was similar to that seen with d-propranolol (14±7%).
However, antiarrhythmic efficacy of d-propranolol (84±10%
VEDsuppression) was greater than the efficacy of dl-propran-
olol (46±40% VEDsuppression).

For each patient responding to d-propranolol, the relation-
ship between VEDsuppression and reduction in exercise heart
rate while receiving d- (filled symbols) and dl- (unfilled sym-
bols) propranolol is shown in Fig. 3. Two patients had no

reduction in exercise heart rate at the time of arrhythmia sup-
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Figure 3. For each patient responding to d-propranolol, degree of re-

sponse (percent suppression of VEDs) is shown concomitantly with

percent change in peak exercise heart rate when taking d-propranolol
(filled symbols) and dl-propranolol (unfilled symbols). Patients repre-
sented by circular symbols demonstrated ventricular arrhythmia sup-
pression that could not be attributed to beta-adrenergic receptor
blockade, while patients denoted by square symbols demonstrated
antiarrhythmic effect that correlated with evidence of beta-adrenergic
receptor blockade. Patients represented by triangular symbols were

felt to have a combination of these two effects. (See text for further
description.)
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pression with d-propranolol and hence no dl-propranolol was
administered. For an additional patient, VEDsuppression fell
from 95 to 4%during treatment with dl-propranolol despite a
similar degree of beta-adrenergic receptor blockade. In these
three patients (circular symbols), ventricular arrhythmia sup-
pression was therefore attributed to properties other than
beta-adrenergic receptor blockade. Moreover, each of these
patients also had failed to demonstrate evidence of arrhythmia
suppression during therapy with a beta-adrenergic receptor
blocker before the study. Of the remaining five patients, three
(square symbols) had little change in VEDsuppression during
therapy with dl-propranolol as compared with d-propranolol,
indicating that arrhythmia suppression was therefore likely re-
lated to beta-adrenergic receptor blockade. In the final two
patients, therapy with dl-propranolol was associated with a
partial reduction in VED frequency, but less than that seen
with d-propranolol. In these patients (triangular symbols), ar-
rhythmia suppression probably represented a combination of
beta and non-beta receptor mediated effects. Peak heart rate at
exercise testing and the dose of dl-propranolol administered to
each patient are displayed in Table II.

Electrocardiographic changes. During therapy with d-pro.
pranolol, no significant changes occurred in either the QRS
interval (95±17 to 98±11 ms) or the QT interval (384±24 to
400±20 ms). Plasma propranolol concentration-response data
for changes in the PRand QTc intervals are illustrated in Fig.
4. For the entire group, the PR interval (top panel) increased
significantly with d-propranolol treatment (154±17 to 164±18
ms), while a reduction was seen in the QTc interval (421±32 to
404±29 ins) that was also statistically significant (bottom
panel). Of note despite a reduction in the PR interval, the two
patients who were nonresponders developed a significant de-
gree of beta-adrenergic receptor blockade when taking d-pro-
pranolol with reductions in peak exercise heart rate of 1 1%and
15% as compared with baseline.

Blood pressure and heart rate. No significant changes were
found in systolic blood pressure, diastolic blood pressure, or
mean blood pressure during therapy with d-propranolol. How-
ever, resting heart rate did fall significantly from a baseline
value of 66±8 bpm to 56±6 bpm during treatment.

Pharmacokinetic analysis. Table III displays the results of
the pharmacokinetic analyses. In patients with either a partial
or excellent response to d-propranolol therapy, the mean ef-
fective dose was 920±360 mg/d with an associated mean

Table I. Exercise Testing during d- and dl-Propranolol Therapy

Peak exercise heart rate (beats/minute)

Patient Baseline d-Propranolol dl-Propranolol dl-Propranolol dosage

1 129 118 121 5mgq6h
2 124 127 -
3 150 107 100 20mgq6h
4 158 138 145 l0mgq6h
5 173 148 140 10 mgq 6 h
6 141 125
7 141 121 134 l0mgq6h
8 163 138 -
9 142 143

10 158 139 133 10 mgq 6 h
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Figure 4. The plasma concentration-response relationship for
changes in the PR (top panel) and QTc (lower panel) intervals are
shown for each patient receiving d-propranolol. Plasma propranolol
concentration is displayed on a logarithmic scale while changes in
ECGparameters are expressed as percent change from baseline
values. Data from patients having an excellent antiarrhythmic re-
sponse are represented by filled circles while patients with a partial
response. are shown by unfilled circles and nonresponders are repre-
sented by unfilled squares.

trough plasma concentration of 858±681 ng/ml. The range of
values for AUC, clearance, and elimination half-life are shown
for each patient.

Adverse effects. Four patients experienced side effects,
which included fatigue and drowsiness, during dose titration.
In each case, these adverse effects were felt by the patients to be
mild to moderate in severity and did not limit dose escalation.
The total daily dosages at which side effects were experienced
were 640 mg (1), 960 mg (1), and 1,280 (2).

Beta-adrenergic receptor blocking potency of the d-pro-
pranololformulation. Six male normal volunteers, ages 21-35
y, participated in this phase of the study. The IDR vs. plasma
propranolol copcentration for the group when taking dl-pro-
pranolol and'd-propranolol is shown in Fig. 5. Using linear
regression analysis of the relationship IDR vs. log (plasma dl-
propranolol concentration) for each subject, the ratio of the
d-propranolol to dl-propranolol plasma concentrations which
produced similar degrees of beta-blockade (equivalent IDRs)
was individually calculated. For the group, the average value of
this ratio was 155.1±106.2. Thus, dl-propranolol was over 100
times more potent than d-propranolol in producing beta-
adrenergic receptor blockade.

Ventricular Arrhythmia Suppression by d-Propranolol 839
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Table III. d-Propranolol Pharmacokinetics

Trough
effective

Effective plasma Elimination
Patient dose concentration AUC Clearance half-life

mg/d ng/ml ng h/ml mil/min h

1* 640 430 2,921 913 6.3
2* 320 60 4,113 1,297 4.3
3* 960 970 7,134 561 8.0
4$ 1,280 680 4,066 1,312 4.8
5* 640 350 2,078 1,283 6.6
6 7,629 699 6.7
7$ 1,280 2,280 13,133 406 6.7
8 - - 5,599 953 7.0
9* 960 1,180 7,829 511 4.3

10* 1,280 910 6,290 954 7.5

Mean 920 858 6,079 889 6.3
Standard

deviation +360 ±681 ±3,171 ±338 ±1.5

AUC, area under the plasma concentration-time curve.
* Patients with an excellent antiarrhythmic response.
* Patients with a partial antiarrhythmic response.

In the arrhythmia suppression trial, plasma concentrations
of dl-propranolol were also obtained for two patients whose
arrhythmias were suppressed by d-propranolol and who sub-
sequently received the racemic preparation. In dosages that
produced equal degrees of beta-adrenergic receptor blockade,
the ratio of d-propranolol to dl-propranolol plasma concen-
trations exceeded 100 in both patients (120 and 432).

Discussion

The results of our study demonstrate that d-propranolol is
effective in suppressing chronic, stable ventricular arrhythmias
in man. In some patients, antiarrhythmic effect was probably
related to beta-adrenergic receptor blockade, while in others,
arrhythmia suppression developed in the absence of evidence
for beta-adrenergic antagonism. In this latter group of patients,
antiarrhythmic response was either not associated with a re-
duction in peak exercise heart rate, or diminished when dl-
propranolol therapy was substituted to produce a similar de-
gree of beta-blockade. In the remaining patients, ventricular
arrhythmia suppression appeared to represent a combination
of beta- and non-beta-mediated effects. However, conclusions

*0-9 d, -propronolol /Figure 5. IDR data for60-od- propronolol /subjects receiving se-
quential doses of dl-pro-

40- ;4 pranolol and a single°/LIR-246+330* log Cp dose of d-propranolol
are plotted against

a 20 plasma propranolol
concentration expressed

/,asma Pop~a~olol
on a loganthmic scale.

I ,0 ,oo 1;t; '°°0° Data points during dl-
Pl lCo~ntrtion (ag/mi)

propranolol therapy are
illustrated by filled circles while data during d-propranolol therapy
are shown with unfilled circles.

regarding mechanism of arrhythmia suppression in this group
are at best somewhat speculative, as the differences observed
during d- and dl-propranolol therapy are small and perhaps
influenced by spontaneous day-to-day variability in VEDfre-
quency. For patients in whom arrhythmia suppression ap-
peared related to beta-adrenergic receptor blockade, the con-
tribution of non-beta-mediated properties cannot be ruled out.
However, it is likely that beta blockade played an important
role in the pharmacologic effects of d-propranolol in these
patients, given the low dosages of dl-propranolol that repro-
duced such effects. At the time of baseline exercise testing,
there was no obvious evidence of adrenergically mediated ar-
rhythmias in any of the patients studied. For this reason, it is
possible the incidence of arrhythmia suppression due to non-
beta-mediated effects was higher in our patient group than
expected in the general population of patients with chronic
ventricular arrhythmias.

Considerable controversy exists regarding the mecha-
nism(s) by which propranolol suppresses arrhythmias (28),
and our report describes for the first time antiarrhythmic ef-
fects that are unrelated to beta blockade. A review of previous
investigations in this area suggests that the additional pharma-
cologic property involved (besides beta blockade) may be local
anesthetic or sodium channel blocking activity. Vaughan Wil-
liams and co-workers (7) first noted that racemic propranolol
produced evidence of sodium channel blockade with a reduc-
tion in the maximum rate of rise of the phase 0 upstroke slope
(Vman) of the cardiac action potential in rabbit atrium and
shortening of action potential duration at a single bath con-
centration of 3,000 ng/ml. In an early concentration-response
study, a propranolol bath concentration of 3,000 ng/ml was
necessary to cause a reduction in Vmax in canine Purkinje
fibers and ventricular muscle using a brief period of drug ex-
posure (15 min) (16). More recent data using the pharmaco-
logic probe tetrodotoxin suggest that sodium channel blockade
in vitro reduces action potential duration at concentrations
lower than those depressing Vma. (29). With this information,
Pruett and co-workers concluded from a series of experiments
that electrophysiologic changes that could represent local anes-
thetic activity were present at lower concentrations of d- and
dl-propranolol (17, 18) than those used previously. They
found that d- and dl-propranolol shortened action potential
duration in canine Purkinje fibers with similar potency at bath
concentrations as low as 100 ng/znl, and that progressive
changes occurred up to 120 min of exposure. Antiarrhythmic
activity actually correlated better with tissue propranolol con-
tent than with bath concentration, and when this was taken
into account, the minimum plasma propranolol concentration
expected to produce an electrophysiologic effect in patients
was determined to be 150 ng/ml. Such a value is well within
the range of plasma concentrations observed during routine
clinical therapy with propranolol.

Before this investigation, severaf studies were performed to
determine if propranolol could produce electrophysiologic ef-
fects that were unrelated to beta-blockade, both in intact ani-
mal models and in humans. In two groups of dogs, high-dose
d-propranolol prolonged His-Purkinje conduction time and
increased the ratio of ventricular effective refractory period
(VERP) to monophasic action potential duration (APD) when
compared with a dose of dl-propranolol that produced a simi-
lar degree of beta-blockade (30). These findings were con-
firmed in a subsequent study in which a single group of dogs
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received infusions of both drugs (31). In a cohort of patients
undergoing electrophysiologic study, Duff and colleagues
found that infusion of high-dose racemic propranolol caused a
reduction in the QTc interval and monophasic APDwith an
increase in the ratio of VERPto monophasic APDas com-
pared to a low-dose infusion which nonetheless produced sig-
nificant beta-blockade (19). This again suggested the participa-
tion of additional pharmacologic properties in producing such
changes. To eliminate the possibility that these effects were
due to progressive beta-blockade at the higher dosage, a subse-
quent investigation was performed by the same authors in
which patients received low-dose dl-propranolol and high-dose
d-propranolol infusions, matched to produce equal degrees of
beta-blockade (20). Treatment with d-propranolol caused a
significant reduction in monophasic APD and QT interval,
with an increase in the ratio of VERPto monophasic APD.
Such changes were not present during therapy with dl-pro-
pranolol. These results demonstrated conclusively that electro-
physiologic effects could be seen in man with d-propranolol
therapy that could not be attributed to beta-adrenergic recep-
tor blockade. However, the role of these effects in arrhythmia
suppression was not known.

Our results regarding the antiarrhythmic effects of d-pro-
pranolol are consistent with previous reports by other investi-
gators. This property was initially described by Lucchesi and
colleagues (32) in a canine model of ouabain-induced ventric-
ular arrhythmias. In the isolated rat heart, d-propranolol was
as effective as racemic beta-adrenergic antagonists in prevent-
ing arrhythmias after coronary occlusion (33) and subsequent
reperfusion (34). In small groups of patients, there have been
anecdotal reports ihat d-propranolol can suppress premature
atrial and ventricular depolarizations (35, 36). However, none
of these investigations explored the mechanism of its antiar-
rhythmic actions.

In the present study, racemic propranolol was found to be
over 100 times more potent d-propranolol in producing beta-
adrenergic receptor blockade. These findings are consistent
with the early results of Barrett and Cullum (23) in anesthe-
tized rats. In patients in the present study whose antiarrhyth-
mic response was felt to be unrelated to beta-blockade, predose
effective plasma d-propranolol concentrations were 60, 430,
and 1,180 ng/ml. Corresponding values for dl-propranolol
plasma concentrations would be exceedingly low (< 12 ng/ml)
and unlikely to result in substantial beta-blockade. Moreover,
the arrhythmias of these three patients were previously found
to be refractory to beta-blocker therapy, lending additional
support to the argument that their response to d-propranolol
was not due to beta-blockade.

In assessing beta-blockade in our patient population, we
chose to use peak heart rate during exercise rather than iso-
proterenol sensitivity as employed in the normal volunteers.
All of the patients participating had nonsustained ventricular
tachycardia at baseline, and it is known that isoproterenol
administration can facilitate induction of sustained ventricular
tachycardia during programmed ventricular stimulation in pa-
tients with a history of only nonsustained ventricular tachycar-
dia (37, 38). In addition, plasma propranolol levels correlate
well with reduction in exercise heart rate (39), especially in
individuals undergoing repeated evaluations (40). For these
reasons, we felt that exercise testing was a reliable, safe method
to use in this patient population.

In general, therapy with d-propranolol was associated with

a reduction in the QTc interval, although this was not a prereq-
uisite for successful therapy as two of the six patients with an
excellent antiarrhythmic response developed QTc prolonga-
tion from baseline values. This is consistent with previous data
in humans (noted above) showing a reduction in the QTc
interval and monophasic APDduring treatment with d- and
dl-propranolol (19, 20), suggesting that ventricular repolariza-
tion is shortened. However, it should be recognized that mea-
surement of the QT interval during normal sinus rhythm as
performed in this study probably does not correct sufficiently
for variation due to either heart rate or underlying cholinergic
tone (41). It has also been shown that use of Bazett's formula
in calculating QTc to correct for heart rate may be more inac-
curate after pharmacologic interventions (42). During d-pro-
pranolol therapy, the PR interval lengthened for the group as a
whole. This is probably due to contribution of beta-adrener-
gic receptor blockade in some patients, as prolongation of
atrioventricular nodal conduction in this situation is well de-
scribed (43).

In summary, d-propranolol is an effective antiarrhythmic
agent in patients with chronic, frequent ventricular ectopic
depolarizations and nonsustained ventricular tachycardia. In
some patients, arrhythmia suppression could not be attributed
to beta-adrenergic receptor blockade based on results of exer-
cise testing and determination of plasma propranolol concen-
trations. Overall, shortening of ventricular repolarization was
seen during therapy consistent with the concept that in some
patients, local anesthetic activity may play a role in these non-
beta-mediated effects. As propranolol has been shown to re-
duce the incidence of sudden death following acute myocar-
dial infarction and because many patients at highest risk (those
with poor left ventricular function) may not tolerate beta-
adrenergic receptor blockade, d-propranolol merits further in-
vestigation as an antiarrhythmic agent.
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