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Acute and chronic haemodynamic and
electrophysiological effects of nifedipine in patients
receiving atenolol
E ROWLAND, P RAZIS,* D SUGRUE, D M KRIKLER

From the Division of Cardiovascular Disease, Royal Postgraduate Medical School, London

SUMMARY The action of nifedipine given first intravenously and then orally was studied in nine
patients undergoing investigation for angina pectoris who were already receiving atenolol (100-200
mg/daily) and who had been shown to be fully beta blocked (reduction in maximal heart rate by
>25%). Intravenous nifedipine 7-5 ,ug/kg reduced both systolic blood pressure and left ventricular
pressure (dP/dt) transiently; both values were significantly lower five and 10 minutes after the
infusion of nifedipine but were not significantly different from control values at 20 minutes. There
was minimal but pronounced depression of atrioventricular nodal function after giving intravenous
nifedipine, though this was detected only when sensitive tests of atrioventricular nodal function
were used. These effects were also transient, showing no significant change from control values at 20
minutes. Atrioventricular nodal conduction time and sinus rate were unchanged. Radionuclide
angiography of patients taking the oral combination of atenolol and nifedipine for chronic angina

showed no change in ejection fraction compared with those taking atenolol alone, but there was a
small increase in peak ejection rate. Resting blood pressure and heart rate were unchanged and the
PR interval did not lengthen. Peak heart rate and systolic blood pressure showed no alteration on
exercise testing when the drugs were combined compared with the response with atenolol alone.

Despite the negative inotropic influence when nifedipine was given intravenously, the absence of
haemodynamic deterioration when oral nifedipine is combined with atenolol has confirmed that this
combination can be used safely in patients with normal left ventricular function. The minimal
changes in atrioventricular nodal function cannot be detected on the surface electrocardiogram and
are not of clinical importance in patients with normal conduction.

Beta adrenoceptor blocking drugs are used exten-
sively in the treatment of angina pectoris and hyper-
tension. Their efficacy is not, however, uniform and
their use often limited by side effects when given in
maximal doses.' More recently, the calcium antagon-
ists have been shown to possess a variety of cardiovas-
cular actions which are also of value in the treatment
of these diseases.2 Although these two groups of com-
pounds have similar indications, their modes of action
are quite different. The calcium antagonists influence
the ionic currents that are associated with the electri-
cal activity of ventricular myocardium, parts of the
specialised conducting system, and vascular smooth
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muscle.34 It has been recognised, however, that there
are important differences between the various mem-
bers of the group which appear to refledt different
cellular mechanisms of action.56 While verapamil and
diltiazem have both electrophysiological and vasoac-
tive effects, nifedipine is selective for vascular smooth
muscle.7 8 Nifedipine has been shown to be of value in
the treatment of angina9-11 especially when combined
with beta adrenoceptor blocking drugs.12-'4
The differing properties of beta blockers on the one

hand and calcium antagonists on the other have been
combined to advantage in the treatment of angina pec-
toris. Two aspects of their combination have, how-
ever, given cause for concern. Isolated cases of
haemodynamic deterioration have been reported
using the combination of beta blockers with both
nifedipine' 5-17 and verapamil. 18- 22 Formal studies of
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the haemodynamic effects of nifedipine in combina-
tion with atenolol, acebutolol, metoprolol, and prop-
ranolol have, however, shown no deterioration with
acute or short term administration, even in patients
with moderately depressed left ventricular func-
tion.2226 There has not, however, been a long term
evaluation of using beta blockade alone against
atenolol and nifedipine in combination, nor has the
effect of nifedipine been observed in patients who are
shown to be uniformly beta blocked. The second
aspect of concern centres on the possibility of an elec-
trophysiological interaction. Asystole has occurred
when intravenous verapamil was given in the presence
of chronic beta blockade.27 Further prolongation of
atrioventricular nodal conduction is seen when oral
verapamil is added to propranolol.2 Nifedipine, by
contrast, produced no change when combined with
propranolol22 and lacked the depressant elec-
trophysiological properties of verapamil when used
alone in clinical doses.28 29 Electrophysiological
impairment of atrioventricular nodal conduction with
nifedipine can be shown experimentally when
sufficient doses are used, and the sensitivity to these
effects is enhanced when sympathetic innervation is
removed.30
This study was undertaken to provide a systematic

evaluation of the electrophysiological and haemo-
dynamic interaction between nifedipine, given both
acutely and chronically, and atenolol given in full beta
blocking doses.

Patients and methods

Nine patients were recruited for the study before
undergoing routine cardiac catheterisation for the
investigation of exertional chest pain. Informed con-
sent was obtained. Patients with clinical signs of heart
failure, atrioventricular block, obstructive airways
disease, or recent (<6 months) myocardial infarction
were excluded from the study. The ability to exercise
adequately was established beforehand and only those
patients who had ejection fractions of .0-40 on both
radionuclide and contrast angiography were included.
Control recordings were made only after all cardioac-
tive medications with the exception of glyceryl trini-
trate had been discontinued for at least five times the
half life.

PROTOCOL
The control recordings comprised supine and erect
heart rate and blood pressure, exercise testing, and
multigated radionucide angiography. Supine heart
rate and blood pressure were recorded after 10
minutes recumbency and the erect values after the
patient had stood for two minutes. Maximal exercise
testing on an electronically braked bicycle ergometer
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(Siemen-Elema) was performed to the point of
fatigue, tiredness, shortness of breath, or angina. The
protocol incorporated stepwise increments of 25 W,
starting at 50 W, and maintaining the pedal rate at 50
rpm. The load was increased every minute and subse-
quent exercise tests followed the same regimen. The
heart rate and systolic blood pressure were recorded
for each minute during and for 10 minutes after peak
exercise. Where the duration of exercise was limited
by beta blockade peak blood pressure and heart rate
measurements were compared at the same point of
exercise with each treatment. Left ventricular func-
tion was assessed non-invasively by technetium-99m
multigated radionuclide angiography. Red blood cells
were labelled in vivo using 15 mCi technetium-99m as
pertechnetate and then equilibrium blood pool images
were acquired in frame mode using a gamma camera
with a large field of view (GE Maxi 400T). Ejection
fraction (%) and peak ejection rate, expressed as
change in end diastolic volumes per second (edv/s),
were calculated according to our usual method.3'

Atenolol 100 mg/day was then given for 10 days at
which point the exercise test was repeated. Adequate
beta blockade was confirmed by a reduction in max-
imum heart rate of >25%; in three patients it was
necessary to increase the atenolol to 200 mg/day for a
further three days to achieve this criterion. Patients
were then admitted to hospital for routine cardiac
catheterisation on the fourteenth day of treatment
with atenolol. Within six hours before catheterisation
radionuclide angiography was performed, as was
measurement of supine and erect heart rate and blood
pressure and exercise testing, in the three patients
requiring the higher dose of atenolol.

After contrast angiography a catheter tip transducer
advanced through a 120 cm introducing sheath
recorded left ventricular pressure continuously: the
sheath was withdrawn from the left ventricle and
positioned in the ascending aorta to allow the con-
tinuous display of aortic blood pressure. The left ven-
tricular pressure trace was recorded and also fed to a
differential amplifier (Electronics for Medicine) to
provide the peak positive first derivative (dP/dt) aver-
aged over 25 cardiac cycles to compensate for
respiratory variability. Technical difficulties in posi-
tioning the catheter tip transducer and associated ven-
tricular irritability prevented the recording of left ven-
tricular pressure in one patient. Two electrode wires
were introduced via the right femoral vein and
advanced to the right atrium and adjacent to the bun-
dle of His. Heart rate and intracardiac conduction
intervals (PA, AH, and HV intervals) were recorded
continuously. In addition to the continuous recording
of atrioventricular nodal conduction time (AH inter-
val) two other methods of assessing atrioventricular
nodal function were used. Firstly, the effective refrac-
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tory period was measured at two basic atrial pacing
rates (80 and 100 beats/minute). In one patient atrial
refractoriness was longer than that of the atrioven-
tricular node and a value could not be obtained. Sec-
ondly, continuous incremental atrial pacing was per-
formed until second degree atrioventricular nodal
block occurred and this interval was recorded as the
Wenckebach cycle length. One patient developed
chest discomfort and could not be re-evaluated at 20
minutes. Pacing was performed at twice diastolic
threshold using rectangular stimuli of 2 ms duration
generated from a programmable stimulator (Bloom
Associates Ltd, Narberth, Pennsylvania, USA).

Nifedipine was drawn up under sodium light into a
light proof syringe and delivered into a peripheral
vein via a light shielded cannula. After measurement
of baseline haemodynamic and electrophysiological
variables nifedipine 7-5 ,g/kg was given intravenously
over five minutes. Electrophysiological reassessment
of atrioventricular nodal function was performed bet-
ween five and 10 minutes and again between 15 and 20
minutes after the end of the infusion. On the day after
catheterisation nifedipine 30 mg/day was given orally
in addition to the atenolol, and after three days was
increased to 60 mg/day. On the tenth day the patients
were re-evaluated with exercise testing, measurement
of erect and supine heart rate and blood pressure, and
radionuclide angiography.
Changes in the variables were analysed statistically

by Student's t test for paired samples.

Results

Coronary arteriography showed that five patients had
two vessel disease (defined as stenosis >700/%), two
had single vessel disease, and two were normal: in all
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Fig. 2 Heart rate, atrioventricular nodal conduction time (AH
interval), and His-Purkinje conduction time (HV interval) before
(0) and 10 minutes after intravenous nifedipine. Results are
means + SEM.

cases the left ventricular end diastolic pressure was
normal (s, 18 mmHg).

EVALUATION OF INTRAVENOUS NIFEDIPINE
Nifedipine produced a brief but significant fall in the
left ventricular systolic blood pressure and peak posi-
tive dP/dt in the eight patients in whom it was
recorded. The systolic pressure fell from a control
value (mean + SEM) of 117+6mmHg to 110+5
mmHg (p<0-05) 10 minutes after the infusion (Fig.
1). The reduction in mean systolic pressure at 20
minutes (113±6 mmHg) was, however, no longer
statistically significant. The changes in left ventricular
peak dP/dt followed a similar pattern: at 10 minutes
the control value (1366±101 mmHg/s) had been
reduced to 1267±_88 mmHg/s (p<0 05) but had

Lett ventricular
systolic pressure er

(mmHg)
I ~~~~~~~15

~~~~10

I- T o
C 10 20
(minutes)

Lett ventricular
nd diastolic pressure

(mmHg)
Peak dP/dt
(mmHg/s)

1500 p<O

1400

T ~~~~*
1300 h

1200-

C 10 20 C 10 20
(minutes) (minutes)

AV nodal ettective retractory period
ms
450

400k_

350F

300 .

250~

C 10 20
(05 inutes)

P<O 05

AV nodal Wenckebach cycle length
ms

500

450

400-
350

300

250

C 10 20
L- (minutes)
p<0 01

Fig. 1 Changes in left ventricular systolic pressure, left
ventricular end diastolic pressure, and peak positive dPldt after
intravenous nifedipine (7-5 pglkg overfive minutes) in eight
patients receiving atenolol. Bars represent means ( + SEM) for
control (C) and at 10 and 20 minutes after the infusion.

Fig. 3 Effect of intravenous nifedipine on atrioventrncular
nodal effective refractory period and Wenckebach cycle length.
Results for each patient are shown before (C) and after (10 and
20 minutes) the drug, as is the mean (-) for each group of
recordings.
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Fig. 4 Changes in (a) supine and (b) erect heart rate and blood
pressure with atenolol (A) and with the combination ofatenolol
and nifedipine (A +N) compared with control (C). Bars represent
means t SD.

returned to 1302±86 mmHg/s (p>0.05) by 20
minutes. The left ventricular end diastolic pressure
remained unchanged throughout.
There were no significant changes in sinus rate or

atrioventricular nodal or His-Purkinje conduction
times (Fig. 2). There were significant increases in
both the effective refractory period (control, 327±+17
ms; nifedipine, 345±15 ms (mean SEM) p<0*05)
and the Wenckebach cycle length of the atrioventricu-
lar node (control, 363±18 ms; nifedipine, 381+17
ms; p<001) at five to 10 minutes (Fig. 3).
Signifcance was lost when these values were reasses-
sed at 15 to 20 minutes.

EVALUATION OF THE ORAL COMBINATION
There was a minimal increase in resting mean heart
rate in both supine and erect positions when
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Fig. 5 Effects ofatenolol (A) and atenolol combined with
nifedipine (A +N) on heart rate, systolic blood pressure, and rate
pressure product at peak exercise compared with control (C).
Bars represent means ± SEM.
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Fig. 6 Changes in ejection fraction (%) and peak ejection rate
(edvis) as assessed by 99mTc radionuclide angiographyfor control
(C), with atenolol (A), and with atenolol and nifedipine
combined (A +N). The mean (-)for each group is given at each
assessment.

nifedipine 60 mg/day was added to atenolol, though
neither change was statistically significant (Fig. 4).
The small rise in supine systolic blood pressure was
also insignificant as was the small fall in erect systolic
blood pressure. The diastolic pressures were not
changed significantly in either position. The surface
electrocardiogram showed no prolongation of the PR
interval when nifedipine was added to atenolol. The
reductions in systolic blood pressure and rate pressure
product seen at peak exercise with atenolol (Fig. 5)
were not enhanced by the addition of nifedipine nor
was there sinus acceleration. Neither the ejection frac-
tion nor the peak ejection rate (Fig. 6) was
significantly modified by atenolol. With the combina-
tion of oral nifedipine and atenolol there was, how-
ever, a significant increase (p<0.01) in the peak ejec-
tion rate but not in the ejection fraction.

Discussion

This study was designed to evaluate the
haemodynamic and electrophysiological effects of
nifedipine given intravenously and then orally to
patients with normal left ventricular function who
were receiving concurrent beta blocking doses of
atenolol. A uniform and pronounced degree of beta
blockade was confirmed in each patient before the
administration of nifedipine.
The negative inotropic effect of intravenous

nifedipine given in the presence of beta blockade was
almost identical to that seen in a previous study in
which sublingual nifedipine was given to patients who
had received a single dose of atenolol.24 In our study
the combination of oral nifedipine with atenolol did
not change the ejection fraction as assessed by
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radionucide angiography, nor was the rate pressure
product further reduced from the changes induced by
atenolol alone. The increase in peak ejection rate
shown by radionuclide angiography is consistent with
a vasodilator action of nifedipine, although there was
a trivial rise in resting systolic blood pressure.

Nifedipine given alone produces a predominant
reduction in afterload as systemic vascular resistance
falls.3234 The strong reflex sympathetic response that
is elicited counteracts the potential negative inotropic
action and is reflected as sinus acceleration.35 As a
result left ventricular performance is unchanged or
enhanced, and there may be increases in cardiac out-
put and ejection fraction.22 3 3-36 Such improvement
in left ventricular function may be evident in patients
with diminished left ventricular contractility.2637 38
Furthermore, the improvement may be significantly
greater in patients with impaired left ventricular func-
tion compared with that in normal patients,39 an
effect that may be maintained during exercise.26
Others, however, have shown that when left ventricu-
lar function is impaired nifedipine can produce a pro-
found fall in systemic vascular resistance accompanied
by a decrease in myocardial contractility and cardiac
failure.40
The degree of beta blockade has not been evaluated

in previous studies of the haemodynamic effects of
combining nifedipine with beta blockers. Various
beta blockers have been used and, furthermore, in all
but one study25 nifedipine 10 mg sublingually was
used. Koch23 combined nifedipine with both the
acute and chronic administration of metoprolol. The
improvement in stroke volume and cardiac output fol-
lowing nifedipine given after a single dose of metop-
rolol was accompanied by a rise in catecholamines.
When metoprolol had been given chronically
nifedipine did not improve left ventricular perfor-
mance although there was still a rise in
catecholamines. The negative inotropic effect of
nifedipine, seen experimentally but disguised by
reflex autonomic changes when nifedipine is given
alone, was shown by a study of nifedipine given in a
single sublingual dose to patients receiving atenolol;
there was no change in ejection fraction.24 In another
study the negative inotropic effects of acebutolol on
left ventricular performance were balanced by the
vasodilator action of nifedipine, even in a subset of
patients with borderline heart failure.26 A more recent
study, in which nifedipine was given to patients with
normal left ventricular function taking variable doses
of propranolol, did not find a fall in dP/dt but
confirmed the improvement in left ventricular per-
formance.22 The safety of the combination was, how-
ever, questioned by Monassier et al.,25 who gave
nifedipine in a higher dose (20 mg sublingually) to
patients given acebutolol acutely. Compared with

acebutolol alone there was a significantly greater
degree of myocardial depression with the combina-
tion; all patients had normal left ventricular ejection
fractions at rest. Despite these contradictory findings
numerous studies have attested to the beneficial
effects of combining beta blockers with calcium
antagonists in the treatment of patients with angina.
The occasional reports of the precipitation of severe
heart failure with the combination'5-'7 have
confirmed that a proper understanding of the interac-
tion between nifedipine and calcium antagonists is
required and have stressed the importance of taking
the underlying ventricular function into considera-
tion.

Nifedipine has been shown to lack appreciable elec-
trophysiological action in man when used in doses
sufficient to produce its antianginal effects.28 29 The
only change observed after intravenous nifedipine
given alone is a reflex mediated sinus acceleration.
Experimental work has shown that if nifedipine and
verapamil are given in equal doses they impair
atrioventricular nodal function to the same extent.7
The vasoactive effects of nifedipine, however, neces-
sary for its antianginal efficacy, are produced at much
lower concentrations than those of verapamil, allow-
ing nifedipine to be used in quantities that have no
direct electrophysiological inhibition. The reflex
mediated increase in sympathetic tone consequent on
the vasoactive effects produces sinus acceleration; it
also acts on the atrioventricular node, though junc-
tional acceleration can be seen only when there is
sinus node disease.4' There is no change in atrioven-
tricular nodal conduction or refractoriness in the
normal patient. In experimental studies using the
denervated dog heart, however, it has been shown
that nifedipine prolongs atrioventricular nodal con-
duction times and refractoriness at concentrations
which have no effect when innervation is intact.30
Similarly, the sensitivity of atrioventricular conduc-
tion to verapamil can be increased profoundly by
depletion of catecholamines.42 Our study indicated a
depressant action of intravenous nifedipine on
atrioventricular nodal function in patients who were
adequately beta blocked. This influence was trans-
ient, however, and seen only when sensitive tests of
atrioventricular nodal function were used: the absence
of any change in resting atrioventricular nodal con-
duction time means that simple electrocardiographic
scrutiny (for example, the PR interval) would not
show these minimal changes. These changes are in
clear contrast to the profound electrophysiological
effects of two other calcium antagonists, verapamil
and diltiazem, evident in all the tests of atrioventricu-
lar nodal function and seen when the drugs are given
in the absence of beta blockade.
Our results suggest that the use of these drugs in
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combination is safe in patients with normal left ven-
tricular function. The protocol specifically excluded
patients with impaired left ventricular function, as
assessed by contrast and radionuclide angiography,
and we are at present exploring the safety of the com-
bination when left ventricular function is impaired.
Similarly, our electrophysiological results, though
suggestive of increased sensitivity of atrioventricular
nodal function to nifedipine in the presence of beta
blockade, indicate that patients with normal atrioven-
tricular nodal function will not be affected adversely
by the combination.

Intravenous nifedipine was kindly supplied by Bayer
(UK) Ltd.
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