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SUmmARY We studied the acute effects of nifedipine on left ventricular function and haemodynamics
at constant heart rate in patients on beta-blocker therapy. Nifedipine significantly depressed left ventri-
cular peak dP/dt and peak dP/dt P-'. Nifedipine also significantly reduced systemic vascular resistance:
this was associated with decreased systolic blood pressure and increased left ventricular stroke output,
with slight non-significant increases of ejection fraction and mean circumferential shortening velocity.
There was no change in left ventricular end-diastolic pressure. This clinical study shows that nifedipine
increases cardiac output in association with arterial dilatation despite evidence for a negative inotropic
effect. Such intrinsic negative inotropic effects would normally be masked by compensatory sympathetic
activity.

Nifedipine, like other "calcium antagonists", has a
negative inotropic effect on isolated heart muscle
preparations' and it is also a potent vasodilator of
coronary arteries and other vessels.' It is generally
claimed, however, that nifedipine has no negative
inotropic effect in clinical use, where it is advocated
for its vasodilator properties.2 Clinical studies,
generally not performed at constant heart rate,
have been reported as showing, for example, in-
creased left ventricular peak dP/dt and peak
dP/dt-P-', stroke volume, ejection fraction, mean
circumferential shortening velocity, and correspond-
ing changes in systolic time intervals.3-6 In the
present study we examined the possibility that this
apparent discrepancy between clinical and experi-
mental evidence might be the result of compensa-
tory sympathetic activity masking an intrinsic
negative inotropic action of the drug.

Methods

Twelve patients (nine men, age 47±3 years; three
women, age 55 ±2 years) undergoing cardiac
catheterisation for investigation of chest pain were
selected for study after obtaining informed consent.
Patients with congestive cardiac failure, conduction
abnormalities, or valvular heart disease were ex-
cluded. Eight of the patients studied were subse-
quently shown to have coronary artery disease but
no regional or general impairment of left ventricular
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function and no other cardiovascular abnormality:
four had no abnormal cardiovascular findings.
None showed evidence of ischaemia during the
study.

All drugs except beta-blockers were stopped for at
least 48 hours before the study and all patients
received atenolol (100 mg orally 6 hourly) during
the 24 hours before the study, with diazepam
(10 mg orally) as premedication. Percutaneous
catheterisation was carried out from the femoral
artery and vein. Systemic pressures were recorded
using catheter tip transducers. Mean arterial pres-
sure was obtained by electronic integration of the
aortic pressure signal. Left ventricular pressure
signals were processed using analogue circuitry
(Siemens) to derive dP/dt and dP/dtP-', recorded
at fast paper speed, averaged over 20 beats and thus
at least over two respiratory cycles for each measure-
ment. Cardiac output was measured by dye dilution,
each result being given as the mean of three estima-
tions. Left ventricular angiography was performed
in the right anterior oblique projection. Right atrial
pacing at a rate of 100 beats per minute was insti-
tuted during all pressure recordings, during cardiac
output estimations, and during left ventricular
angiography.

Thirty or more minutes after recording haemody-
namic measurements and performing left ventricular
angiography (when haemodynamic measurements
confirmed full recovery from the haemodynamic
effects of contrast material) 10 mg nifedipine was
given sublingually. Haemodynamic measurements
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Table Effects of nifedipine on haemodynamics and left ventricular function

Control Nifedipine i p

LVP Systolic (mmHg) 141-8 ± 6-4 129-6 8-3 - 9 < 0 05
End-diastolic (mmHg) 9 5 ± 1-7 9-9 1-7 + 4 NS

Aortic Systolic (mmHg) 141-8 ± 6-8 128-1 8-2 - 10 < 0-02
Diastolic (mmHg) 84-8 ± 2-9 79 5 3-9 - 6 NS
Mean (mmHg) 108-8 ± 4-7 98-1 5-3 -10 < 0 01

RAP Mean (mmHg) 0 5 ± 0 7 0-6 ± 0-7 +20 NS
Cardiac index (1/min per m2) 4-2 ± 0 3 4-7 ± 0 3 +12 < 0 01
SVR (dynes s cm-5) 1188 ±109 951 ± 94 -20 < 0 01
Peak dP/dt (mmHg/s) 1579 ±109 1457 ±105 - 8 < 0 01
Peak dP/dt-P-' (per s) 18-3 ± 2-6 16-7 ± 2-5 - 9 < 0-02
EF 0-61 ± 0-02 0-64 ± 0-05 + 5 NS
Mean VCF (circ/s) 1-36 ± 0-02 1-48 ± 0-14 + 9 NS

Results are given as mean ± SE of mean.
LVP, left ventricular pressure; RAP, right atrial pressure; SVR, systemic vascular resistance; EF, ejection fraction; VCF, ventricular
(left) circumferential fibre shortening velocity.

and left ventricular angiography were repeated 20
minutes later. Venous blood samples were obtained
for assay of plasma nifedipine levels 10 and 30
minutes after treatment. Coronary arteriography
was then performed on each patient.

Volumetric analysis of left ventricular angio-
grams was performed7 and mean velocity of circum-
ferential fibre shortening8 was calculated. Data
before and after treatment are given as the mean ±
standard error and compared by paired t test,
p < 0 05 being considered statistically significant.

Results

Haemodynamic effects of nifedipine are summarised
in the Table. Left ventricular systolic pressure and
systolic arterial pressure were reduced by nifedi-
pine, as was systemic vascular resistance. Systemic
vascular resistance was reduced by 20 per cent,
whereas arterial pressure fell by only 10 per cent, in
association with a 13 per cent increase in cardiac
output. Left ventricular end-diastolic pressure was
unaltered. Slight increases in left ventricular
ejection fraction and mean circumferential shorten-
ing velocity were observed, attributable to the re-
duction in load implied by the lower systolic pres-
sures. Left ventricular peak dP/dt and peak
dP/dt-P-1 were both significantly depressed by
nifedipine. Plasma levels of nifedipine were 42-7 ±
8-7 ,tg/l at 10 minutes and 92-5 ± 14-3 ,ug/l (p < 0 05)
at 30 minutes after treatment.

Discussion

The significant and parallel reductions in peak
dP/dt and peak dP/dt P-1 induced by nifedipine in
this group of patients together indicate a negative
inotropic effect.9 10 Despite this, the reduction in
systemic arterial resistance was associated with an
increase in cardiac output, ejection fraction, and

mean circumferential shortening velocity. The
clinical evidence for a negative inotropic effect
accords with the findings in isolated heart muscle
experiments, but it differs from previously reported
clinical studies, many of which noted even an ap-
parent increase in contractility.3-6 We attribute the
discrepancy to the compensatory increase in
sympathetic activity which normally occurs in
response to vasodilatation.
An intrinsic negative inotropic action of nifedipine

at therapeutic plasma levels may become apparent
clinically during beta-blocker treatment, or possibly
in congestive heart failure where sympathetic
mechanisms are impaired."' 12 These are potentially
important considerations in the clinical use of
nifedipine. Nevertheless it should also be noted that
a negative inotropic effect is not inconsistent with an
increase in cardiac output as a consequence of the
vasodilatation of peripheral arteries, where there is
no associated outflow tract obstruction.
The present study also illustrates the general

point that it may be necessary to block com-
pensatory mechanisms in order to demonstrate an
intrinsic negative inotropic action of a pharmaco-
logical drug in vivo.
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