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PROPRANOLOL, METOPROLOL AND PINDOLOL
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1 After abrupt propranolol withdrawal a rebound increase in cardiac sensitivity to isoprenaline
occurred in 9/9 patients and persisted up to 14 days. A mild brief rebound in resting heart rate
occurred in 4/9 patients and a rebound in blood pressure occurred in 6/9 patients. These withdrawal
phenomena were prevented by gradual withdrawal on a prolonged small dose of propranolol.

2 After abrupt metoprolol withdrawal a rebound increase in cardiac sensitivity to isoprenaline
occurred in 8/8 patients but had resolved by 8 days. A marked persistant rebound in resting heart
rate occurred in 8/8 patients while a small brief rebound in blood pressure occurred in only one
patient. These withdrawal phenomena were largely prevented by gradual withdrawal on a prolonged
small dose of metoprolol.

3 After abrupt pindolol withdrawal there was no rebound in isoprenaline sensitivity but a mild
brief rebound in resting heart rate occurred in 9/10 patients. There was no rebound in blood
pressure.

4 The type, magnitude and frequency of withdrawal phenomena after various B-adrenergic
receptor blockers probably reflects substantial differences in their basic pharmacological charac-
teristics.

5 Caution must be exercised when withdrawing any patient from any B-adrenoceptor blocker since

an adverse cardiac event is unpredictable.

Introduction

A withdrawal syndrome after abrupt cessation of the
B-adrenoceptor blocker, propranolol, is gaining
progressive recognition (Gerber & Nies, 1979;
Shand & Wood, 1978). It has been observed mainly
in patients with coronary artery disease, manifesting
as worsening of angina, myocardial infarction, atrio-
ventricular arrhythmias and sudden death (Mizgala
& Counsell, 1976; Nattel et al., 1978; Miller et al.,
1975). In hypertensive patients, abrupt withdrawal
of B-adrenoceptor blocking drugs has resulted in
symptoms of malaise, headache, tremor, sweating,
anxiety and palpitations (Lederballe Pedersen, 1976;
O’Brien & MacKinnon, 1972). These initial reports
led to several prospective studies which attempted to
determine the incidence, time course and mechanism
of the phenomena. The most viable theory, tested by
our group and others (Nattel et al., 1979; Boudoulas
et al., 1977) is an adaptive increase in cardiac B-
adrenergic receptor sensitivity perhaps as a result of
increased receptor number (Glaubiger & Lefkowitz,
1977, Aarons et al., 1980). The majority of case
reports and formal studies concern withdrawal from
propranolol, but other B-adrenoceptor blockers may
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also be implicated. Indeed, a few reports suggest
withdrawal features after metoprolol (Lederballe
Pedersen, 1976; Rangno et al., 1982a), practolol
(Nellen, 1969), oxprenolol (Nellen, 1969), and
atenolol (Jackson et al, 1979). It is unknown
whether any difference in frequency or severity of the
withdrawal phenomena is due to limited experience
with other B-adrenoceptor blockers or to real differ-
ences in their pharmacology. We have completed
studies in three groups of hypertensive patients and
have shown differences after withdrawal from pro-
pranolol (non-selective) (Nattel et al., 1978), meto-
prolol (selective) (Rangno et al., 1982a) and pindolol
(non-selective with intrinsic sympathomimetic activi-
ty) (Rangno et al., 1982b). This paper is limited to a
comparison of four measurements made in those
three studies, namely cardiac B-adrenergic receptor
sensitivity to isoprenaline, resting blood pressure,
resting heart rate and symptoms. Gradual dose re-
duction schedules for propranolol and metoprolol
were developed to prevent withdrawal manifesta-
tions (Rangno et al., 1982a, c).

© The Macmillan Press Ltd 1982



346S ROBERT E. RANGNO & SERGE LANGLOIS

Table 1 Patient characteristics and dose of B-adrenoceptor blocker

Number of Age (years) Dose Post-withdrawal
patients median range (mg/day) placebo
Propranolol 9 48 (26-79) 240 No
Metoprolol 8 52(42-82) 300 Yes
Pindolol 10 51(28-64) 20 Yes

*Daily doses were divided into three times daily for propranolol and twice daily for metoprolol and pindolol.

Methods
Subjects

Ethical considerations precluded studies in patients
with angina. Therefore the study population con-
sisted of patients treated for mild to moderate essen-
tial hypertension, who were free of historical or ECG
evidence of coronary artery disease. Table 1 shows
the patient characteristics and drug doses before
abrupt withdrawal. Some patients participated in
more than one study. All patients were on therapy for
at least 1 month before withdrawal. Seven patients
receiving propranolol continued to take a thiazide
diuretic throughout the study, while others received
no other antihypertensive medication.
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Design — Abrupt withdrawal

Patients were studied initially, on day O, 12 h after
their last dose of B-adrenoceptor blocker, and serially
thereafter at the same time of the day at approxi-
mately 2 day intervals for 2 to 3 weeks. Patients
refrained from tobacco and caffeine beverages for at
least 12 h before each study.

Design — Gradual withdrawal

After completion of the abrupt withdrawal studies
some patients again received propranolol or meto-
prolol as described before abrupt withdrawal. After 1

month of propranolol (240 mg/day), three patients
had a stepwise 50% dose reduction at 3 day intervals

S @ein

Propranolol

withdrawal (days

Figure 1 Median isoprenaline CD;; values (ug) after abrupt withdrawal of propranolol, metoprolol and pindolol.
The dashed areas represent the period of increased B-adrenergic receptor sensitivity after propranolol and
metoprolol. After propranolol and metoprolol, day 2 to 6 significantly less than day 20 (P <0.05).
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and six patients received a prolonged low dose of
10 mg three times a day for 14 days. After 1 month of
metoprolol (300 mg/day) seven patients received a
prolonged low dose of 25 mg twice daily for 10 days.
Placebo was substituted after propranolol and
metoprolol were completely discontinued. Studies
were performed on the last day of full dose and
serially for 10 to 14 days during dose reduction and
an additional 10 to 14 days during placebo.

Measurements

On each study day, the same procedure was per-
formed. A brief history was taken using a checklist to
elicit complaints possibly related to withdrawal. A
19-gauge butterfly needle was inserted into an an-
tecubital vein. After 30 min of bed rest in a quiet
room, blood pressure was measured three times by
sphygmomanometer. The heart rate changes pro-
duced by small incremental doses of isoprenaline
were measured to obtain an index of cardiac B-
adrenergic receptor sensitivity, according to the
method of Cleaveland et al. (1972). Before each dose
of isoprenaline, baseline heart rate was obtained by
measuring the two shortest RR intervals on a resting
ECG strip. Isoprenaline 200 pg/ml was used, with
20 pg/ml and 2 pg/ml solutions obtained by serial
1:10 dilutions. Each bolus dose of isoprenaline was
administered by a rapid intravenous push and fol-
lowed by a rapid infusion of 20—-30ml of 5% dex-
trose solution. The logarithm of each isoprenaline
dose was plotted against the resulting change in heart
rate, to obtain a log dose-response curve. A
minimum of four points was obtained and plotted by
linear least-squares regression. The isoprenaline
dose required to produce an increase in heart rate of
25 beats/min was obtained from this line of best fit.
This dose will be referred to as the isoprenaline CD,5
(chronotropic dose 25). The median CD,;s on days 14
to 20 after withdrawal was considered the ‘baseline
CD,s’ reflecting B-adrenergic receptor sensitivity off
B-adrenoceptor blocker. A decrease of CD,s below
baseline reflects a withdrawal-induced increase in
cardiac B-adrenergic receptor sensitivity. The me-
dians of heart rate and blood pressure on days 14-20
were termed ‘baseline heart rate’ and ‘baseline blood
pressure’.

Analysis of data

All data for the groups is expressed as median and
range. Changes in measurements over time were
analysed by the Friedman non-parametric analysis of
variance with multiple comparison and one-tailed
probability (Hollander & Wolfe, 1973). Statistical
analysis was performed within each of the three drug
groups and between the groups.
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Figure 2 Median heart rates after abrupt withdrawal of
propranolol, metoprolol and pindolol. After meto-
prolol, days 2 to 8 significantly greater than day 14
(P<0.05). After pindolol days 2 to 6 significantly grea-
ter than days 14 to 20 (P <0.05).

Results
Isoprenaline CD;s values — abrupt withdrawal

The comparative changes in CD,s values after with-
drawal from propranolol, metoprolol and pindolol
are shown in Figure 1. Comparable and reproducible
stable baseline CD,s values were achieved by days
14-20. The values were 2.4 ug (range 1.4 to 7.6)
after propranolol, 2.6 ug (range 0.9 to 5.1) after
metoprolol and 3.0 ug (range 1.6 to 16.7) after pin-
dolol. This contrasts with initial CD,s of 57 ug (range
4.6 to 355), 8.7ug (range 3.1 to 24) and 181 pug
(range 16.0 to 800) measured 12 h after the last dose
of propranolol, metoprolol and pindolol respectively.
Not only these initial values but also the subsequent
course of CD,s values differed notably between
drugs. After propranolol, the period of increased
B-adrenergic receptor sensitivity extended from day
3 to 13. This was manifested by a median CD,s value
below baseline during this interval, with all nine
subjects having a value 2 to 5 fold below baseline (i.e.
increased sensitivity) somewhere between day 5 and
9 (P<0.05). A similar pattern in CD;s values was
observed in each patient after withdrawal of meto-
prolol, but differed from propranolol by an earlier
onset and shorter duration of increased B-adrenergic
receptor sensitivity. Median CD,s values were sig-
nificantly below baseline between day 2 and 8, with
individual values 2 to 3 fold below baseline for the
eight subjects (P <<0.05). After pindolol, the median
CD,s fell gradually to the ultimate baseline, and in
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Figure 3 Median systolic and diastolic blood pressures
after abrupt withdrawal of propranolol, metoprolol and
pindolol. After propranolol, systolic and diastolic pres-
sure on day 6 significantly greater than on day 20
(P<20.05).

none of the ten subjects was the CD»s ondays O to 10
lower than on day 14 or 20.

Heart rate — abrupt withdrawal

Comparative changes in resting heart rate after drug
withdrawal are shown in Figure 2. Two days after
propranolol, heart rate had returned to baseline of 78
beats/min (range 60 to 105), from an initial value of
55 beats/min (range 48 to 70) onday 0. Four patients
showed a rebound increase in heart rate of about 6
beats/min between days 2 to 8.After metoprolol,
patients had a comparable initial heart rate of 61
beats/min (range 54 to 79) on day 0, and all patients
had a significant rebound between days 2 to 8 during
the period of increased B-adrenergic receptor sen-
sitivity (median 6 beats/min, £ <C0.025). Pindolol did
not produce the same bradycurdia as propranolol and
metoprolol, the median initial heart rate being 79
beats/min (range 74 to 86). After pindolol withdraw-
al, a significant rebound of heart rate occurred in nine
of ten patients between day 2 and day 6 varying from
6 to 22 beats/min (median 10) (P <<0.05).

Blood pressure — abrupt withdrawal

Comparative changes in resting blood pressure after

Table 2 Symptoms after withdrawal of B-
adrenoceptor blockers

Propranolol  Metoprolol  Pindolol
(n=9) n=2_8) (n=10)
Headache 3 1 1
Tremulousness 1 1
Anxiety 1 1
Chest pain 1 0
Total 6 3

drug withdrawal are shown in Figure 3. After pro-
pranolol, six of the nine patients experienced a sig-
nificant rebound of both systolic and diastolic pres-
sures (P<(0.05); the median of these six subjects
were 135/85 mm Hg initially, 154/98 mm Hg at peak
and 139/86 mm Hg at ultimate baseline. Median
pressures for all nine patients were 140/87 mm Hg
(range 97/74 to 159/100) initially. 145/95 mm Hg
(range 128/84 to 180/107) on day 6 and
140/89 mm Hg (range 112/79 to 180/120) at
baseline. After metoprolol, systolic and diastolic
pressure rose progressively from 149/90 mm Hg
(range 131/74 to 187/108) on day 0 to
178/107 mm Hg (range 147/91 to 206/125) on day
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Figure 4 Serial changes in B-adrenergic receptor sen-
sitivity, as measured by isoprenaline CD;s (ug) in pa-
tients withdrawn from propranolol by serial dose reduc-
tion (group A). The dashed horizontal line indicates the
ultimate stable CDjs. Values below the stable CD;s
(hatched area) indicate increasing B-adrenergic receptor
sensitivity seen in patients WK and GR. Arrows indicate
the end of propranolol dose tapering schedule.
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Figure 5 Medianisoprenaline CD3s (ug) median arter-
ial blood pressure (mmHg) and median heart rate
(beats/min) during and after prolonged low dose pro-
pranolol withdrawal in group B patients (n= 6). Dashed
horizontal lines represent the ultimate stable values.

14. There was no rebound except for one subject, on
day 8 (systolic and diastolic). The same progressive
rise was observed after pindolol from 144/90 mm Hg
(range 130/70 to 184/116) on day 0 to
161/102 mm Hg (range 140/80 to 190/122) on day
20.

Symptoms — abrupt withdrawal

Clinical symptoms suggestive of withdrawal were
described by six patients after propranolol, by three
after metoprolol and by two after pindolol (Table 2).
These were of variable duration, but did not last for
more than 4 days except in two patients who had
progressive headache concomitant with a rise in their
blood pressure after withdrawal of metoprolol or
pindolol.

CD;s, heart rate, blood pressure and symptoms —
gradual withdrawal

Figure 4 shows that stepwise dose reduction of prop-
ranolol prevented hypersensitivity to isoprenaline in
only one of three patients. Figure 5 shows that pro-
longed treatment with a low dose of propranolol
largely prevented all the changes in isoprenaline
hypersensitivity and rebound in heart rate and blood
pressure.

Figure 6 shows that prolonged low dose metop-
rolol administration largely prevented all of the
changes in isoprenaline hypersensitivity and rebound
in heart rate.
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Figure 6 Effect of gradual metoprolol withdrawal on
the dose of isoprenaline required to increase chrono-
trophy 25 beats/min (CD;s,-a), blood pressure (BP, b)
and resting heart rate (HR, c). Full dose metoprolol
(150 mg twice daily) was gradually reduced to 25 mg
twice daily for 10 days before being completely with-
drawn and replaced with placebo. All the data points are
median values for the group (n= 7).

Discussion

There were substantial differences in cardiac respon-
siveness as measured by isoprenaline and resting
heart rate between withdrawal of propranolol,
metoprolol and pindolol. The explanation for these
divergent observations may lie in the hypothesis of
Ariens & Simonis (1976) and the recent observations
of Bryan et al. (1981) and Bake et al. (1980). These
investigators propose that cardiac g-adrenoceptors
are primarily stimulated by local adrenergic neurone
release of neurotransmitter noradrenaline (hence ‘B-
T’ receptors) while cardiac B,-adrenoceptors are
primarily stimulated by the circulating hormone ad-
renaline (hence ‘B-H’ receptors). Resting heart rate
would be a measure of f,-adrenoceptor responsive-
ness and the isoprenaline test a measure of f,-
adrenoceptor responsiveness. Differing adaptive
changes may occur in these receptors after chronic
exposure to B-adrenoceptor blockers with different
pharmacological properties. After abrupt withdrawal
and rapid elimination of B-adrenoceptor blockers
these changes in receptor responsiveness may be
unmasked.

After propranolol withdrawal there was a com-
mon, marked and prolonged rebound sensitivity to
isoprenaline but a less common, mild and short lived
rebound in resting heart rate. This would be consis-
tent with an increase in B-receptor density as shown
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by others (Glaubiger & Lefkowitz, 1977; Aarons et
al., 1980) but with a greater change of B,- v B;-
adrenoceptors. This suggests that propranolol’s grea-
ter antagonist action is at the B,-adrenoceptor and
that it is non-selective.

After metoprolol withdrawal there was a common,
marked and prolonged sensitivity to both isop-
renaline and resting heart rate. This would be consis-
tent with a more equal increased density of both B;-
and B,-adrenoceptors. This is in keeping with the
known B,-adrenoceptor selectivity of metoprolol and
the fact that progressive B,-adrenoceptor blockade
occurs at greater doses such as used in this study.

After pindolol withdrawal there was a brief, small
rebound in resting heart rate at the same time as
directly opposite common, marked and persistent
decrease in isoprenaline responsiveness. This would
be consistent with mild enhanced B,-adrenoceptor
density and marked suppressed p,-adrenoceptor
density. This latter phenomenon has been shown
after chronic administration of the B,-adrenoceptor
agonist terbutaline (Galant et al., 1978; Wolfe et al.,
1977). The known partial agonist activity of pindolol
at higher concentrations could occur predominantly
at B,-adrenoceptors and result in down regulation.
There could be a much lower effective concentration
of pindolol at the B,-receptor since there is a relative-
ly much greater concentration of agonist (norad-
renaline) at this site (Frishman et al., 1979). Thus a
predominant antagonist action of pindolol at low
concentration could result in up regulation of the
B.-receptor.

The rebound in heart rate or blood pressure and
the symptoms as part of the withdrawal features after
propranolol, metoprolol and pindolol were statisti-
cally significant in some instances but we believe
were of potential clinical significance even if they
occurred in only one patient. Because the patients
were resting during our observations, both the fre-
quency and magnitude of the changes could have
been underestimated. Some authors have suggested
that increased adrenergic sensitivity will only become
clinically manifest when the sympathetic drive is
elevated, as for example by assuming a standing
position, exercising or using a vasodilator (Lewis et
al., 1979). In addition, our relatively healthy patients
without measurable cardiac disease, probably had a
higher threshold to possible life-threatening conse-
quences of these changes. The clinical implications of
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