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Abstract
Objective—To compare the eVects of a
lipophilic and a hydrophilic â1 blocker on
cardiac sympatho-vagal balance during
daytime activity and stress in patients four
to six weeks after myocardial infarction.
Design—Randomised, double blind,
crossover study comparing the eVect of
atenolol (50 mg once daily) with metopro-
lol CR (100 mg once daily) with treatment
periods of four weeks.
Setting—Large teaching hospital.
Patients—50 patients (45 male, 5 female,
age range 40 to 75 years), four to six weeks
after an acute myocardial infarction.
Methods—At the end of each treatment
period the 24 hour heart rate variability,
heart rate variability power spectra
during head up tilt and mental stress,
baroreflex sensitivity, and exercise per-
formance were evaluated.
Results—During daytime activity and
during orthostatic and mental stress, both
heart rate and the ratio between the low
and high frequency spectral components
of the heart rate variability were signifi-
cantly lower with atenolol. Conversely,
there was no diVerence between treat-
ments in baroreflex sensitivity and resting
plasma catecholamines. Exercise duration
and peak oxygen consumption did not dif-
fer between treatments, but the heart rate
during submaximal and peak exercise was
significantly lower with atenolol.
Conclusions—At the doses used in this
study, atenolol achieved greater â1 adren-
ergic blockade than metoprolol CR and
this was associated with significant inhibi-
tion of vagal withdrawal during stress.
This suggests that peripheral blockade of
â1 adrenergic receptors may be more
important than central blockade in pre-
venting stress induced vagal withdrawal in
patients after myocardial infarction.
(Heart 1998;79:153–160)
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It is now well established that long term â
adrenoceptor blockade is eVective in lowering
mortality in patients surviving myocardial
infarction.1 Several â blockers have been shown
to have a protective eVect in patients after
myocardial infarction; however, the largest

trials have all been carried out with lipophilic
agents.1

Theoretically there are several reasons why
lipophilicity might be advantageous. Lipophilic
â blockers can readily pass the blood–brain
barrier and eVectively block â receptors in the
brain.2 This has been associated with an anti-
fibrillatory eVect in animal models of stress
induced arrhythmias during acute ischaemia.3

Furthermore, it has been suggested that â
blockade in the CNS might exert part of its
antiarrhythmic eVect by counteracting stress
induced vagal withdrawal4 and by reducing the
level of sympathetic eVerent discharge.5 Treat-
ment with hydrophilic â1 blockers such as
atenolol, however, has also been found to
increase indices of vagal tone in man6 7 and to
cause a reduction in sympathetic outflow,8 sug-
gesting that these eVects might be a result of
peripheral â adrenergic blockade. Consistent
with this, Tuininga et al9 have shown no signifi-
cant diVerences between treatments with the
hydrophilic â1 receptor blocker atenolol
(100 mg once daily) and the lipophilic meto-
prolol CR (200 mg once daily) in the auto-
nomic response to mental tasks and to exercise
in patients three to 12 months after myocardial
infarction. At this late stage, however, the
alterations in cardiac sympatho-vagal balance
that follow myocardial infarction would have
substantially recovered10 11 and the patients
would be at lower risk of arrhythmic death.
Our present study aimed to compare the

eVects of metoprolol CR (100 mg once daily)
and atenolol (50 mg once daily) on the cardiac
sympatho-vagal balance during exercise and
orthostatic and mental stress in patients en-
rolled four to six weeks after an acute
myocardial infarct. The eVect of the two agents
on the sensitivity of the arterial baroreflex (an
index of reflex vagal activity) was also evaluated.

Methods
STUDY DESIGN

The study was a double blind, crossover com-
parison of the eVects of treatment with atenolol
(50 mg once daily) and metoprolol CR
(100 mg once daily) (fig 1) in 50 patients (45
male, 5 female, age range 40 to 75 years), four
to six weeks after an acute myocardial infarct.
Heart failure (New York Heart Association
class > II), moderate to severe angina, diabetes
mellitus, atrial fibrillation, cardiac conduction
abnormalities, chronic obstructive lung dis-
ease, and liver or kidney failure were exclusion
criteria. At entry patients were familiarised
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with the procedures (with the exception of the
mental stress test) and randomised to receive
one of the two â1 blockers for a four week
period (period I). They were then crossed over
to receive the other â blocker for two further
periods of four weeks (periods II and III).
At the end of each of the three four week

periods the patients came to the cardiovascular
laboratory, where the electrocardiogram
(ECG) and breathing rate (derived from
changes in chest impedance) were recorded
while they were resting in the supine position,
and during 60° head up tilt and mental stress.
After 30 minutes in the supine position a
venous blood sample was taken for the
measurement of plasma catecholamines and
the baroreflex sensitivity was assessed by the
phenylephrine technique.12 Patients were then
asked to perform an incremental exercise test
until exhaustion, during which ventilation (V~ i),
oxygen uptake (V~O2), CO2 production (V~CO2),
and heart rate were measured. After 15
minutes of rest, they were fitted with an ambu-
latory ECG recorder for 24 hours.
Patients were instructed to take their tablets

between 0700 and 0800; laboratory tests were
consistently performed between 1100 and
1300 in 24 patients, and between 1600 and
1800 in 26 patients.
A questionnaire evaluating CNS related

symptoms13 was completed by the patients on
the last morning of each treatment period.
Data from periods I and II were used for

comparing the eVects of the two â blockers,
while data from period I, II, and III, irrespec-
tive of treatment, were used for the assessment
of time eVects after myocardial infarction.
The study was performed according to the

Declaration of Helsinki and the protocol was
approved by the central Oxford research ethics
committee. Written informed consent was
obtained from each patient before entry into
the study.

24 HOUR RR INTERVAL VARIABILITY

The ECG recordings were digitised at 256
samples per second and submitted to standard
algorithms for QRS labelling (Biomedical Sys-
tems Corporation, St Louis, Missouri, USA).
Measurement of the RR intervals were taken
from the zero crossing point of the first deriva-
tive of the signal. The appropriateness of auto-
mated QRS triggering and labelling was then
checked visually by superimposing the QRS
complexes classified in each of the bins by their
trigger point. Finally, we plotted the frequency
histogram of all normal RR and of the ratio

between adjacent RR; the ECG strips contain-
ing the beats forming the tails of the distribu-
tion curve were then disclosed and, when nec-
essary, re-edited. Tachogram files were then
automatically created for the whole 24 hours.
Irregularly spaced time series were used,
defined by the succession of normal RR.14 Gaps
in the tachograms resulting from noise or
ectopic beats were interpolated, taking into
account the prevailing RR immediately before
and after the gap. A rectangular window15 was
then applied and a fast Fourier transform was
computed for the 24 hour interval. The
spectral power in ms2 was calculated in the fol-
lowing frequency bands: ultra low frequency
(ULF, from 1.157 × 10−5 to 0.0033 Hz); very
low frequency (VLF, from 0.0033 to 0.04 Hz).
The spectral density of shorter time windows

(that is, daytime and night time) and of the 24
hour low frequency (LF, from 0.04 to 0.15 Hz)
and high frequency (HF, from 0.15 to
0.40 Hz)16 was calculated, as described by
Rottman et al.17 Briefly, the time windows were
divided into consecutive, non-overlapping seg-
ments of five minutes’ duration. At least 95% of
RR in a five minute segment were required to
be normal, otherwise the segment was ex-
cluded from further processing. After subtract-
ing the mean RR, a Welsh window15 was
applied to the time series and a fast Fourier
transform was computed. The spectra of all
usable five minute segments were averaged to
obtain the spectral power in the LF and HF
range for the 24 hour and for the daytime and
night time periods. Since the numbers of hours
that each patient slept varied, a five hour period
ending one hour before the patient’s awakening
was designated as “asleep.” Likewise, an inter-
val of five hours between 1200 and 2000 was
taken as the “daytime activity” period. The
power of the spectral components was calcu-
lated in absolute units (ms2).

SHORT TERM RR INTERVAL VARIABILITY

Lead II of the ECG and a non-calibrated signal
of respiration induced changes in chest imped-
ance (Minimon 7136, Kontron Instruments,
UK) were measured for 10 minutes during rest
in the supine position, during 60° head up tilt,
and during a mental stress test, in a quiet room
at a controlled temperature of 22°C. ECG
recordings from 12 patients had to be excluded
from spectral analysis because they contained
more than 5% of ectopic beats. The signals
were digitised on-line by a 12 bit analogue to
digital converter (AT-Codas, USA) at a sam-
pling rate of 400 Hz and stored on an optical

Figure 1 Study protocol. Patients were familiarised with the procedures (with the exception of the mental stress test) before
randomisation and were tested at the end of each four week period (arrows).

Period I

Atenolol 50 mg

Metoprolol
CR 100 mg

Metoprolol
CR 100 mg

Metoprolol CR
100 mg

Atenolol 50 mg Atenolol 50 mg

Period II Period III
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disk (Panasonic LF-5010E, Slough, UK). The
QRS complex was then identified by using
a classic adaptive derivative/threshold
algorithm.18 The mean RR and its variance
were computed from series of 256 consecutive
RR. Autoregressive spectral analysis was used
to evaluate the power spectral density of the
time series. This technique has been described
in detail before.19 Spectral analysis of the chest
impedance signal was performed on the signal
sampled once every cardiac cycle. These spec-
tra were used as a reference to identify the fre-
quency of respiratory sinus arrhythmia (that is,
of the HF component). The spectral power was
computed in the LF and HF range and was
expressed both in absolute (ms2) and normal-
ised units (nu) calculated as: [power of the
component, ms2]/[total power, ms2 − very low
frequency power (< 0.03 Hz), ms2].

MENTAL STRESS TEST

Patients, in the semireclined position, were
asked to click the right or left button of a com-
puter mouse to identify the hand in which a red
or green balloon was held by a figure appearing
on a computer screen. The balloon had to be of
the same colour as the figure’s trousers. The
figure could appear full frontal or from the rear
and would normally hold a balloon in each
hand. A correct answer was accompanied by an
increase in score and in the speed by which dif-
ferent combinations appeared on the screen. A
wrong answer was associated with a noise and a
decrease in score. Patients were encouraged to
aim for a high score.

BAROREFLEX SENSITIVITY AND PLASMA

CATECHOLAMINES

Baroreflex sensitivity was assessed by the
phenylephrine method.12 Three to six rapid
intravenous injections of phenylephrine hydro-
chloride were given at approximately three
minute intervals. The initial dose of 0.05 mg
was adjusted to obtain an increase between 15
and 25 mm Hg in systolic blood pressure (Fin-
apres BP Monitor, Ohmeda, Hatfield, Herts,
UK). The baroreflex sensitivity, expressed in
ms/mm Hg, was obtained from the average
slope of at least three regression lines relating
beat to beat change in RR to the change in the
preceding systolic pressure. Plasma catecho-
lamines in the venous blood were measured by
high performance liquid chromatography.20

The blood was collected in chilled heparinised
tubes and immediately centrifuged. Plasma
was stored at −70°C until assayed.

EXERCISE STRESS TEST

Symptom limited, incremental upright cycle
ergometry (Tunturi-piora, Turku, Finland) was
performed at the end of each visit. The starting
work rate of 50 W was increased by 25 W every
four minutes. Vi (litres/min) (Harvard Appara-
tus, Kent, UK), V~O2 (ml/min), and V~CO2

(ml/min) (Servomex 570A and Servomex
PA404, Sussex, UK) were measured for five
minutes at rest, sitting on the cycle ergometer,
and during the exercise test. The gas analysers
were calibrated with gases of known composi-
tion before each test and all volumes were cor-

rected to standard temperature and pressure.
The peak V~O2 was taken from the mean over
the last completed minute of exercise. A 12
lead ECG was recorded throughout the test
and heart rate was calculated over the last
minute of each work rate.

QUALITY OF LIFE ASSESSMENT

CNS related symptoms were assessed using the
minor symptom evaluation (MSE) profile.
This questionnaire is specifically designed to
evaluate subtle changes in subjective symp-
toms, such as contentment, vitality, and sleep.13

The answers were recorded using a visual ana-
logue scale; low values on the scale indicate
positive feelings, and high values indicate nega-
tive ones.

STATISTICAL METHODS

Data were examined for balanced allocation
and absence of carryover eVects, according to
the recommendation of Hills and Armitage21

for crossover trials. Since the frequency distri-
bution of the spectral measures of RR interval
variability were positively skewed, data were
analysed after log transformation. Repeated
measures analysis of variance (SuperANOVA,
Abacus Concepts, Berkeley, California, USA)
was used to test for diVerences within the trial
stages. Data from the three treatment periods
were compared (irrespective of the â blocker
treatment) for assessing time eVect after
myocardial infarction. Finally, since the phar-
macokinetic properties of atenolol and meto-
prolol CR diVer,22 the interaction between time
after drug intake and eVect of treatment was
also evaluated using analysis of variance. Values
are presented as mean (SEM) and as 95% con-
fidence intervals (CI) for the quality of life
assessment. Significance was accepted at p val-
ues < 0.05.

Results
PATIENTS

Of the 50 patients who entered the trial, 10
were withdrawn for the following reasons:
development of congestive heart failure (3),
reinfarction (1), unstable angina (1), claudica-
tion (1), impotence (1), and introduction of a
new therapeutic agent (3). The occurrence of
adverse events did not diVer between treat-
ments. The mean (SD) age of the 40 patients
who completed the study was 57 (1) years
(ranging from 40 to 75 years); 35 were male
and 5 female. Twelve patients had an anterior
myocardial infarct, five had an anterolateral
myocardial infarct, and 23 had an inferior
myocardial infarct. Eighty five per cent of the
patients received thrombolytic treatment. Be-
fore randomisation 98% of the patients were on
aspirin, 100% were on â blockers, 14% were on
nitrates, and 9% were on angiotensin convert-
ing enzyme inhibitors. Eighty three per cent of
the patients were smokers, 20% had a past his-
tory of high blood pressure, and 47% had a
raised plasma cholesterol.

24 HOUR RR VARIABILITY

Data from seven patients had to be excluded
because of the poor quality or failure of the
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ECG recordings (4) or because of a high
incidence (more than 50% of the beats) of
supraventricular and ventricular premature
complexes (3). The mean and maximum heart
rates in the 24 hours were significantly lower
with atenolol than with metoprolol CR (56 (2)
v 60 (2) beats/min, and 94 (2) v 102 (3) beats/
min, respectively, p < 0.05), while the mini-
mum heart rate was not diVerent (41 (1) v 42
(1) beats/min). The total number of ventricular
and supraventricular premature complexes in
the 24 hours did not diVer significantly between
treatments (68 (19) v 138 (67), and 74 (20) v
163 (79) for atenolol v metoprolol, Mann-
Whitney U test: p = 0.55 and p = 0.60, respec-
tively).While there was no significant difference
between treatments in the standard deviation of
all normal RR intervals (SDNN), or in ULF
and VLF, the spectral power in the LF and HF
range was significantly higher during treatment
with atenolol (table 1). This trend was more
obvious during daytime activity (table 2), when
treatment with atenolol was associated with a
significantly lower LF/HF ratio. Conversely,
there were no diVerences between treatments
during sleep (table 2).

HEAD UP TILT AND MENTAL STRESS

During mental stress the LF/HF ratio was sig-
nificantly lower with atenolol than with meto-
prolol CR (fig 2). This was due to a
significantly greater HF power with atenolol,
while the LF power did not diVer between
treatments (table 3). Furthermore, during
treatment with atenolol there were no signifi-
cant diVerences between rest and mental stress

in SDNN, HF power, and the LF/HF ratio;
however, during metoprolol CR the stress test
caused a significant reduction in SDNN and
HF (both in normalised and absolute units)
(fig 2, table 3) and an increase in LF/HF ratio
(fig 3). Heart rate was not significantly
increased by either test but it tended to be
lower during treatment with atenolol than with
metoprolol CR. The analysis of variance
showed no significant interaction between the
time after drug intake and eVect of treatment
(data not shown).
No diVerence between treatments was found

in the baroreflex sensitivity (10.97 (7.04) ms/
mm Hg with atenolol v 10.20 (6.41) ms/
mm Hg with metoprolol CR, p = 0.56) or in
the concentration of circulating catecho-
lamines (adrenaline 39.8 (6.1) v 43.4 (5.8) pg/
ml; noradrenaline 461.4 (41.6) v 505.7
(62.9) pg/ml, atenolol v metoprolol CR,
p = 0.88 and 0.71, respectively).

EXERCISE STRESS TESTING

Neither V~ i, V~O2, and V~CO2 (table 4), nor exercise
duration (10.0 (0.6) v 9.8 (0.5) minutes,
p = 0.65) and peak work rate (93.7 (4.0) v
95.6 (3.9) W, p = 0.32) diVered between treat-
ments with atenolol or metoprolol CR. Heart
rate at submaximal and peak exercise, however,
was significantly lower during treatment with
atenolol than with metoprolol CR, at 78 (2) v
86 (2) beats/min at 50 W, and 101 (2) v 111 (3)
beats/min at peak exercise, p < 0.0001 for both.
When the data were analysed taking into
account the diVerences in time after drug
intake, the results did not change—that is, aten-
olol achieved a comparably lower exercise heart
rate than metoprolol CR four to six and 10 to
12 hours after dose intake (p = 0.52 for the
interaction between exercise heart rate, time,
and treatment).

CNS RELATED SYMPTOMS

There were no diVerences between metoprolol
CR and atenolol in the dimensions of content-
ment, vitality, or sleeping. Likewise, the analy-
sis of the single items of the MSE profile (for
example, sexual interest, sociability, appetite,
physical activity) did not show significant
diVerences between treatments. The mean val-
ues and 95% CI for the three dimensions dur-
ing atenolol and metoprolol CR were: 33.8
(28.8 to 38.8) and 33.2 (28.9 to 37.5) for con-
tentment; 30.6 (26.6 to 34.6) and 31.8 (27.0 to
36.6) for vitality; and 31.8 (25.4 to 38.2) and
34.8 (26.4 to 43.2) for sleep.

TIME EFFECTS AFTER MYOCARDIAL INFARCTION

The mean data for each of the four periods are
summarised in table 5. Twenty four hour RR
variability and the power spectra at rest and
during tilt and mental stress did not change
significantly with time. Baroreflex sensitivity
tended to increase throughout the study but
the change was not statistically significant.
Conversely, exercise duration, peak work rate,
and peak V~O2 were significantly higher at the
end of period III compared to period I.

Table 1 Time and frequency domain measurements of the
24 h RR interval variability

Atenolol Metoprolol CR

RR means (ms) 1076 (32)* 1006 (26)
SDNN (ms) 155 (8) 159 (9)
ULF (ms2/Hz) 23 006 (2625) 24 855 (3035)
1n ULF 9.85 (0.10) 9.89 (0.11)

VLF (ms2/Hz) 2153 (313) 1858 (199)
1n VLF 7.35 (0.14) 7.29 (0.13)

LF (ms2/Hz) 985 (131) 832 (116)
1n LF 6.60 (0.14)* 6.45 (0.14)

HF (ms2/Hz) 639 (90) 471 (64)
1nHF 6.13 (0.14)* 5.83 (0.14)

LF/HF ratio 1.89 (0.17) 2.30 (0.28)
1n LF/HF 0.47 (0.11) 0.62 (0.12)

Values are means (SEM).
*p < 0.05 between treatments.
SDNN, standard deviation of all normal RR values; ULF, ultra
low frequency power; VLF, very low frequency power; LF, low
frequency power; HF, high frequency power; 1n, natural
logarithm.

Table 2 Daytime and night time RR interval variability

Day Night

Atenolol Metoprolol CR Atenolol Metoprolol CR

RR mean (ms) 1033 (32)† 929 (24) 1194 (35)‡ 1146 (32)‡
SDNN (ms) 109 (6) 104 (6) 97 (6) 97 (7)
LF (ms2/Hz) 792 (163) 584 (94) 1287 (218) 1225 (240)
1n LF 6.16 (0.16) 6.02 (0.16) 6.70 (0.18)‡ 6.58 (0.20)‡

HF (ms2/Hz) 458 (67) 295 (45) 749 (127) 723 (159)
1n HF 5.77 (0.15)† 5.25 (0.17) 6.18 (0.16)‡ 5.99 (0.19)‡

LF/HF ratio 1.78 (0.16) 2.96 (0.55) 2.25 (0.30) 2.31 (0.31)
1n LF/HF 0.45 (0.11)* 0.74 (0.13) 0.52 (0.13) 0.59 (0.11)

Values are means (SEM)
*p < 0.05, †p < 0.005 between treatments; ‡p < 0.005 between day and night.
SDNN, standard deviation of all normal RR values; LF, low frequency power; HF, high frequency
power; 1n, natural logarithm.
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Discussion
In a crossover trial of 50 patients four to six
weeks after an acute myocardial infarct we
found that treatment with atenolol (50 mg once
daily) was associated with a significantly lower
24 hour mean heart rate and a higher spectral
power in the LF andHF ranges when compared
with metoprolol CR (100 mg once daily). The
diVerences between â1 blockers were more pro-
nounced during daytime activity and during

orthostatic and mental stress, when both heart
rate and LF/HF ratio were lower with atenolol
than with metoprolol CR (figs 2 and 3).
Conversely, baroreflex sensitivity, plasma cat-
echolamines, and the spectral power of RR
interval variability at rest in the supine position
or during sleep did not diVer between treat-
ments.Although there was no diVerence in peak
V~O2 or in exercise duration between the two â1

blockers, the heart rate during submaximal and

Figure 2 Power spectra of RR interval variability and of the non-calibrated respiration signal in a representative patient
at rest in the supine position and during mental stress during treatment with atenolol (50 mg once daily) or metoprolol CR
(100 mg once daily). Note that the low frequency to high frequency (LF/HF) ratio during mental stress is higher during
treatment with metoprolol CR than with atenolol. This reflects a greater stress induced vagal withdrawal with metoprolol, as
indicated by the more pronounced reduction in HF power (0.15 to 0.4 Hz) during mental stress with this agent.
Conversely, the LF component (0.04 to 0.15 Hz) increased with mental stress but its power did not diVer between
treatments.

Lipophilic v hydrophilic â blockers after myocardial infarction 157
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peak exercise was significantly lower with aten-
olol. Consistent with the results of others,23 we
did not find a significant diVerence in the CNS
related symptoms between the two treatments,
indicating that a higher degree of â1 blockade in
the CNS is not associated with a worsening of
the quality of life. Our data indicate that
atenolol 50 mg once daily prevents stress
induced sympathetic activation and vagal with-
drawal more eVectively than metoprolol CR
100 mg once daily in patients shortly after an
acute myocardial infarct. Since the concentra-
tion of atenolol in the CNS is lower than that of
metoprolol,24 the diVerences between treat-
ments must be due to a greater peripheral â1

adrenergic blockade with atenolol. This finding
was unexpected as previous studies in healthy
subjects22 and in patients with mild to moderate
essential hypertension23 have shown that meto-
prolol CR 100 mg once daily and atenolol
50 mg once daily attain the same degree of â1

adrenergic blockade (as assessed by the per-
centage reduction in exercise induced tachycar-
dia achieved with either agent at these doses). It
should be noted, however, that the two agents
have diVerent pharmacokinetic properties: at-
enolol (50 mg once daily) achieves higher
plasma concentrations and a more pronounced
â1 adrenergic blockade than metoprolol CR
(100 mg once daily) two to four hours after
dose intake, while between eight and 24 hours
after intake the eVects of the two drugs are
equivalent.22 Since our patients were studied
either at noon or late in the afternoon, we
evaluated whether time after drug intake was a
significant factor in determining the diVerence
between treatments.We found that atenolol was
more eVective than metoprolol CR in blunting
the autonomic response to stress and in reduc-
ing exercise heart rate both at the time of its
peak concentration and 10 to 12 hours after
dose intake.

HYDROPHILIC v LIPOPHILIC â BLOCKERS IN

ISCHAEMIC HEART DISEASE

The majority of long term trials of the use of â
blockers in postmyocardial infarction patients
have involved lipophilic agents.1 The analysis of
pooled data, however, indicates that hy-
drophilic â blockers might be equally eVective
in improving prognosis, although the small size
of the trials in which they have been involved
makes it diYcult to evaluate their beneficial
eVect accurately.1 Furthermore, the largest
long term trial of hydrophilic â blockers in
postmyocardial infarction patients employed
sotalol, an agent that combines â blocking
properties with a class III antiarrhythmic
eVect.25 Although this trial showed a significant
reduction in reinfarction rate and an 18%
decrease in mortality, the latter might have
been adversely aVected by the potential proar-
rhythmic eVect of this agent.26

Crossover studies comparing treatment with
atenolol and metoprolol have shown that both

Table 3 Time and frequency domain measures at rest, during head up tilt, and during mental stress test

Supine Head up tilt Mental stress

Atenolol Metoprolol CR Atenolol Metoprolol CR Atenolol Metoprolol CR

RR mean (ms) 1126 (31) 1065 (28) 1107 (32) 1040 (30) 1115 (30) 1043 (27)
SDNN (ms) 37 (3) 36 (3) 36 (2) 34 (3) 34 (3) 30 (3)
1n SDNN 3.55 (0.07) 3.50 (0.08) 3.55 (0.06) 3.48 (0.07) 3.42 (0.09) 3.33 (0.08)†

LF (ms2/Hz) 384 (144) 275 (72) 211 (35) 195 (42) 303 (76) 297 (91)
1n LF 5.03 (0.21) 5.07 (0.18) 5.13 (0.15) 5.16 (0.20) 5.16 (0.23) 5.14 (0.21)

LF nu 37 (4) 36 (4) 37 (4) 44 (5) 42 (5) 49 (4)
HF (ms2/Hz) 456 (106) 365 (69) 322 (70) 262 (83) 331 (83) 166 (47)
1n HF 5.59 (0.21) 5.37 (0.22) 5.33 (0.19) 4.80 (0.24)*† 5.28 (0.22) 4.57 (0.21)*†

HF nu 49 (4) 46 (4) 46 (4) 41 (5) 45 (5) 29 (3)*†
HF c 0.23 (0.01) 0.23 (0.01) 0.24 (0.01) 0.22 (0.01) 0.27 (0.01)† 0.29 (0.02)‡

Values are means (SEM).
*p < 0.05 between treatments; †p < 0.05 v rest in supine position; ‡p < 0.05 v rest in supine position and head up tilt.
SDNN, standard deviation of all normal RR values; LF, low frequency power; HF, high frequency power; 1n, natural logarithm; nu,
normalised unit; HF c, centre frequency of the high frequency power.

Figure 3 Ratios between the low frequency (LF) and high
frequency (HF) power of the RR interval variability at rest
in the supine position, head up tilt, and mental stress during
treatment with atenolol (50 mg once daily) or metoprolol
CR (100 mg once daily). *p < 0.05 between treatments,
p < 0.05 from rest.
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Table 4 Ventilation and gas exchanges during exercise

Rest 50 W Peak exercise

Atenolol Metoprolol CR Atenolol Metoprolol CR Atenolol Metoprolol CR

V~ i (l/min) 10.4 (0.5) 9.9 (0.4) 24.7 (0.9) 25.4 (1.2) 41.3 (1.8) 43.2 (1.7)
V~O2 (ml/min) 260 (10) 257 (11) 933 (26) 942 (24) 1414 (60) 1436 (56)
V~CO2 (ml/min) 230 (10) 221 (10) 797 (26) 817 (26) 1356 (73) 1433 (60)

V~ i, ventilation; V~O2, oxygen uptake; V~CO2, carbon dioxide production.
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â1 blockers are equally eVective in increasing
24 hour RR variability in patients with ischae-
mic heart disease.9 27 In patients with severe
angina (n = 18), however, indices of cardiac
vagal activity during the daytime tended to be
higher during treatment with atenolol (100 mg
once daily) than with metoprolol CR (200 mg
once daily).27 Likewise, consistent with our
results, Tuininga et al9 reported a significantly
lower 24 hour mean heart rate during treat-
ment with atenolol (100 mg once daily) as
compared to metoprolol CR (200 mg once
daily) in patients three to 12 months after
myocardial infarction. Unlike us, however, they
did not find significant diVerences in peak
exercise heart rate and in the LF/HF ratio dur-
ing mental performance tasks (although there
was a tendency for these variables to be lower
during treatment with atenolol). This might be
due to the diVerent time after myocardial
infarction in which the patients were studied,
or to diVerences in the exercise and mental task
protocols. In particular, while the mental
performance task used by Tuininga et al9 was
essentially a mental work test, the one used by
us, by including an element of competition,was
also an emotional stressor. Consistent with
this, while they reported an increase in HF
power during the mental performance task, we
observed a reduction in HF (both in absolute
and in normalised units) with our mental stress
that was statistically significant only during
treatment with metoprolol CR (fig 2, table 3).
Furthermore, in our study â1 adrenergic block-
ade with atenolol was associated with a signifi-
cantly higher HF power during daytime activity
(table 2), mental stress, and head up tilt (table
3, fig 2) when compared with metoprolol CR.

While both metoprolol CR and atenolol have
been shown to increase RR variability in
patients with ischaemic heart disease,9 27 they
appear to have no eVect on baroreflex
sensitivity.28 As with all measurements taken at
rest in the supine position, we found no diVer-
ence in baroreflex sensitivity with the two â1

blockers (table 1).However, it would have been
interesting to ascertain whether this would
have held true during mental stress.

TIME COURSE OF RECOVERY OF RR INTERVAL

VARIABILITY AND BAROREFLEX SENSITIVITY AFTER

MYOCARDIAL INFARCTION

Bigger et al11 have shown that four weeks after
myocardial infarction, frequency domain
measures of 24 hour RR variability are one
third to one half those found in age matched
healthy subjects. They also found that these
measures increase significantly with time
(though they never reach normal values), and
the recovery is generally complete three
months after myocardial infarction.11 Although
our patients were studied on average one to
four months after myocardial infarction, we
saw no significant changes in frequency
domain measures of 24 hour RR variability
with time. Treatment with â blockers or the
exclusion of patients with congestive heart fail-
ure, or both, might be responsible for this dis-
crepancy since a study of uncomplicated post-
myocardial infarction patients treated with
atenolol similarly found that the pNN50 (a
time domain measure of 24 hour RR variability
that is strongly correlated with HF power) did
not change significantly 42 to 140 days after
myocardial infarction.29 Conversely, in our
patients baroreflex sensitivity tended to in-
crease during the study (table 5). This is
consistent with the findings of Schwartz et al10

who found that baroreflex sensitivity recovers
towards normal values two to five months after
an uncomplicated myocardial infarct. Like-
wise, exercise duration and peak V~O2 increased
with time. Since patients were exercised only
once before randomisation, this could reflect
an habituation to the test rather than a real
improvement in exercise performance.30

SUMMARY

Our study showed that in patients four to six
weeks after myocardial infarction, atenolol
50 mg once daily achieved a greater â1

adrenergic blockade than metoprolol CR
100 mg once daily. This was associated with a
higher HF power and a lower LF/HF ratio
during day time activity, head up tilt, and men-
tal stress. When taken together with the results
by Tuininga et al,9 our findings indicate that
peripheral rather than central â adrenergic
blockade plays an important part in preventing
stress induced cardiac vagal withdrawal. In
addition we have shown that the results of
dose–response studies with â adrenergic block-
ers in healthy or hypertensive subjects may not
apply to patients early after an acute myo-
cardial infarction. This may be due to the effect
of concomitant treatment with nitrates and
aspirin on the hepatic metabolism of metopro-
lol. Indeed, unlike atenolol, metoprolol is

Table 5 Time eVects after myocardial infarction

Period I Period II Period III

24 Hour RR interval variability
RR means (ms) 1047 (33) 1015 (28) 1063 (39)
SDNN (ms) 158 (9) 185 (31) 154 (9)
1n ULF 9.88 (0.12) 9.84 (0.13) 9.83 (0.13)
1n VLF 7.27 (0.18) 7.34 (0.14) 7.27 (0.16)
1n LF 6.49 (0.18) 6.49 (0.16) 6.38 (0.19)
1n HF 6.06 (0.15) 5.86 (0.18) 5.75 (0.19)

Short term RR interval variability
Supine rest
RR mean (ms) 1108 (26) 1100 (32) 1078 (29)
SDNN (ms) 34 (2) 40 (3) 33 (2)
LF/HF ratio 1.01 (0.21) 1.32 (0.22) 1.63 (0.39)

Head up tilt
RR mean (ms) 1071 (29) 1073 (32) 1053 (30)
SDNN (ms) 36 (2) 35 (3) 34 (2)
LF/HF ratio 2.12 (0.49) 1.86 (0.46) 2.08 (0.59)

Mental stress
RR means (ms) 1060 (23) 1084 (31) 1092 (31)
SDNN (ms) 30 (2) 31 (3) 33 (2)
LF/HF ratio 1.66 (0.36) 2.14 (0.49) 2.06 (0.54)

Exercise test
Exercise duration (min) 9.60 (0.54) 10.40 (0.57) 10.60 (0.62)*
Maximum work load (W) 93 (3.5) 98 (3.8) 99 (4.1)*
Peak V~O2 (ml/min) 1396 (58) 1462 (61) 1505 (63)*

BRS (ms/mm Hg) 9.8 (0.86) 11.5 (1.24) 12.2 (1.84)

Noradrenaline (pg/ml) 499 (66.2) 478 (39.3) 483 (48.4)

Adrenaline (pg/ml) 0.424 (0.063) 0.429 (0.058) 0.603 (0.097)

Values are means (SEM).
*p < 0.05 between periods I and III.
SDNN, standard deviation of all normal RR values; ULF, ultra low frequency power; VLF, very
low frequency power; LF, low frequency power; HF, high frequency power; 1n, natural logarithm;
BRS, baroreflex sensitivity; V~O2, oxygen uptake.
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extensively metabolised in the liver by enzymes
belonging to the cytochrome P-450 system.31

This metabolic pathway is also involved in the
bioactivation of organic nitrates and can be
induced by acetylsalicylic acid.32 33

We gratefully acknowledge the support of Astra Hässle,
Mölndal, Sweden, and of the Norman Collisson Foundation,
UK.BC is supported by the GarfieldWeston Trust, UK and AK
is a research fellow of the European Society of Cardiology.

1 Yusuf S, Peto R, Lewis J, et al. Beta blockade during and
after myocardial infarction: an overview of randomized tri-
als. Prog Cardiovasc Dis 1985;27:335–71.

2 Conway PG, Tejani-Butt S, Brunswick DJ. Interaction of
beta adrenergic agonists and antagonists with brain beta
adrenergic receptors in vivo. J Pharmacol Exp Ther
1987;241:755–62.

3 Parker GW, Michael LH, Hartley CJ, et al. Central
â-adrenergic mechanisms may modulate ischemic ven-
tricular fibrillation in pigs. Circ Res 1990;66:259–70.

4 Wikstrand J, Kendall M. The role of beta receptor blockade
in preventing sudden death. Eur Heart J 1992;13(suppl
D):111–20.

5 Lewis PJ, Haeusler G. Reduction in sympathetic nervous
activity as a mechanism for the hypotensive eVect of
propranolol.Nature 1975;256:440.

6 Coker R, Koziell A, Oliver C, et al. Does the sympathetic
nervous system influence sinus arrhythmia in man?
Evidence from combined autonomic blockade. J Physiol
(Lond) 1984;356:459–64.

7 Cook JR, Bigger JT, Kleiger RE, et al. EVect of atenolol and
diltiazem on heart period variability in normal persons. J
Am Coll Cardiol 1991;17:480–4.

8 Scott EM. The eVects of atenolol on spontaneous and reflex
activity of the sympathetic nerves in the anaesthetized cat.
Br J Pharmacol 1981;73:609–16.

9 Tuininga YS, Crijns HJGM, Brouwer J, et al. Evaluation of
importance of central eVects of atenolol and metoprolol
measured by heart rate variability during mental perform-
ance tasks, physical exercise, and daily life in stable postin-
farct patients. Circulation 1995;92:3415–23.

10 Schwartz PJ, Zaza A, Pala M, et al. Baroreflex sensitivity and
its evolution during the first year after myocardial
infarction. J Am Coll Cardiol 1988;12:629–36.

11 Bigger JT, Fleiss JL, Rolnitzky LM, et al. Time course of
heart period variability after myocardial infarction. J Am
Coll Cardiol 1991;18:1643–9.

12 Bristow JD, Brown EBJ, CunninghamDJC, et al. The effects
of hypercapnia, hypoxia and ventilation on the baroreflex
regulation of the pulse interval. J Physiol (Lond) 1971;216:
281–302.

13 Dahlöf C, Dimenäs E, Olofsson B. Documentation of an
instrument for assessment of subjective CNS-related
symptoms during cardiovascular pharmacology. Cardiovasc
Drug Ther 1989;3:919–27.

14 De Boer RW,Karemaker JM, Strackee J. Comparing spectra
of a series of point events, particularly of heart rate
variability data. IEEE Trans Biomed Eng 1984;31:384–7.

15 Harris FJ. On the use of windows for harmonic analysis with
the discrete Fourier transform. IEEE Trans Biomed Eng
1978;66:51–83.

16 Bigger JT, Fleiss JL, Steinman RC, et al. Frequency domain
measures of heart period variability and mortality after
myocardial infarction. Circulation 1992;85:164–71.

17 Rottman JN, Steinman R, Albrecht P, et al. EYcient estima-
tion of the heart period power spectrum suitable for physi-
ologic or pharmacologic studies. Am J Cardiol 1990;66:
1522–4.

18 Ripley KL, Murray A. Introduction to automated arrhythmia
detection. New York: IEEE Comp Society Press, 1980.

19 Casadei B, Moon J, Caiazza A, et al. Is respiratory sinus
arrhythmia a good index of cardiac vagal activity during
exercise? J Appl Physiol 1996;81:556–64.

20 Mathias CJ, Bannister R, Cortelli P, et al. Clinical,
autonomic and therapeutic observations in two siblings
with postural hypotension and sympathetic failure due to
an inability to synthesize noradrenaline from dopamine
because of a deficiency of dopamine beta hydroxylase. Q J
Med 1990;75:617–33.

21 Hills M, Armitage P. The two-period cross-over clinical
trial. Br J Clin Pharmacol 1979;8:7–20.

22 Blomqvist I, Westergren G, Sandberg A, et al. Pharmacoki-
netics and pharmacodynamics of controlled-release
metoprolol: a comparison with atenolol. Eur J Clin
Pharmacol 1988;33:S19–24.

23 Dimenäs E, Östergren J, Lindvall K, et al. Comparison of
CNS-related subjective symptoms in hypertensive patients
treated with either a new controlled release (CR/ZOK) for-
mulation of metoprolol or atenolol. J Clin Pharmacol 1990;
30:S82–90.

24 Cruickshank JM, Neil-Dwyer G, Cameron MM, et al.
â-Adrenoreceptor-blocking agents and the blood–brain
barrier. Clin Sci 1980;59:453–5s.

25 Julian DG, Prescott RJ, Jackson FS, et al. Controlled trial of
sotalol for one year after myocardial infarction. Lancet
1982;i:1142–50.

26 Soyka LF, Wirtz C, Spangenberg RB. Clinical safety profile
of sotalol in patients with arrhythmias. Am J Cardiol 1990;
65:74–81A.

27 Niemelä MJ, Airaksinen KEJ, Huikuri HV. EVect of
beta-blockade on heart rate variability in patients with
coronary artery disease. J Am Coll Cardiol 1994;23:1370–7.

28 Airaksinen KEJ, Niemelä MJ, Huikuri HV. EVect of
beta-blockade on baroreflex sensitivity and cardiovascular
autonomic function tests in patients with coronary artery
disease. Eur Heart J 1994;15:1482–5.

29 Flapan AD, Wright RA, Nolan J, et al. DiVering pattern of
cardiac parasympathetic activity and their evolution in
selected patients with a first myocardial infarction. J Am
Coll Cardiol 1993;21:926–31.

30 Elborn JS, Stanford CF, Nicholls DP. Reproducibility of
cardiopulmonary parameters during exercise in patients
with chronic cardiac failure. The need for a preliminary
test. Eur Heart J 1990;11:75–81.

31 Sandberg A, Abrahamsson B, Regårdh C-G, et al. Pharma-
cokinetic and biopharmaceutic aspects of once daily treat-
ment with metoprolol CR/ZOK: a review article. J Clin
Pharmacol 1990;30:S2–16.

32 Schroder H. Cytochrome P-450 mediates bioactivation of
organic nitrates. J Pharmacol Exp Ther 1992;262:298–302.

33 Pankow D, Damme B, Schror K. Acetylsalicyclic acid—
inducer of cytochrome P-450 2E1? Arch Toxicol 1994;68:
261–5.

160 Kardos, Long, Bryant, et al

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.79.2.153 on 1 F

ebruary 1998. D
ow

nloaded from
 

http://heart.bmj.com/

