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mechanism linking stress and subtle alterations of lipid con-
centrations.
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Blood pressure and heart rate in patients with ischaemic
heart disease receiving nifedipine and propranolol

LOUISE HARRIS, HENRY J DARGIE, PETER G LYNCH, CHRISTOPHER J BULPITT,
DENNIS M KRIKLER

Abstract

A randomised controlled crossover trial was performed
to assess the anti-anginal effects of nifedipine and
propranolol separately and together. The effects of these
treatments on blood pressure and heart rate were
assessed at rest and after the cold pressor and mental
arithmetic tests. Nifedipine and propranolol together
produced the greatest reduction in supine and erect
systolic and diastolic blood pressures. Propranolol
(480 mg daily) lowered resting systolic/diastolic blood
pressures by 7/6 mm Hg and nifedipine (60 mg daily)
lowered it by 10/8mm Hg, while in the erect position the
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hypotensive effect of these agents averaged 9/8 mm Hg.
During the cold pressor test propranolol lowered the
maximum pressure by an average of 11/6 mm Hg and
nifedipine by 19/10 mm Hg. For the mental arithmetic
test, the results were 7/2 mm Hg and 16/7 mm Hg
respectively. Propranolol (480 mg daily) reduced supine
and erect heart rate by 19 and 25 beats/minute
respectively, while nifedipine did not alter heart rate
significantly.
The favourable haemodynamic responses to nifedipine

suggest that it may be of value in the management of
hypertension.

Introduction

Since the principal haemodynamic abnormality in essential
hypertension is an increase in peripheral vascular resistance,
there is a rationale for using drugs that lower peripheral
vascular resistance by a direct action on arteriolar smooth
muscle. Contraction of vascular smooth muscle depends on the
influx of calcium ions across the cell membrane through the
"slow channels."' Drugs which selectively block such transport,
the calcium antagonists, relax vascular smooth muscle with an
effect not only on peripheral vessels but also on the large
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extramural coronary arteries.2 The demonstration of increased
calcium transport in arteriolar smooth muscle of rats with
experimental hypertension3 provides a further stimulus to
investigate the role of calcium in essential hypertension and
the scope for calcium antagonists in its treatment.

In a study of the anti-anginal effects of the calcium antagonist
nifedipine in comparison and in combination with propranolol4
we investigated the hypotensive effect of these agents in relation
to heart rate at rest and during the cold pressor and mental
arithmetic tests.

Patients and methods

We recruited 18 patients (15 men, 3 women, aged 41-71 (mean 58)
with chronic stable exertional angina pectoris. At the end of a two-
week run-in period on placebo all showed signs of ischaemia on
exercise tests and had a resting diastolic blood pressure < 100 mm Hg
after ten minutes' quiet recumbency. No patient had a history of
cardiac failure or major obstructive airways disease, and none had
suffered a myocardial infarct in the six months before the study.

Trial design-Four treatments were given, each for four weeks-
nifedipine, propranolol, the combination ofnifedipine and propranolol,
and placebo. The trial was conducted double-blind and the order of
administration was randomised with a Latin square balanced for
order and carry-over effects. During the first two weeks of each
period the agents were given at the lower doses (10 mg nifedipine
and 80 mg propranolol three times a day) and during the second
fortnight at the higher doses (20 mg and 160 mg three times a day
respectively). The use of identical placebo tablets ensured that the
treatments appeared visually identical to the patients at all times
(double-dummy technique).
Assessments-Blood pressure was measured automatically with an

Arteriosonde ultrasonic sphygmomanometer after 10 minutes'
lying and 2 minutes' standing and also during cold pressor and
mental arithmetic tests. In the cold pressor test one hand was
immersed in iced water for two minutes, and the mental arithmetic
test comprised serial subtractions. Blood pressure was recorded
every 30 seconds and heart rate was counted from a continuous
electrocardiographic recording. These measurements were made in a
quiet clinical laboratory ,by the same observers at approximately the
same time of day. Each patient completed a questionnaire on side
effects at the end of each treatment period.

Statistical methods-The data obtained were subjected to an
analysis of variance for a factorial experiment, such that the effects
of nifedipine and propranolol could be determined alone and in
combination, and any interaction between them could be estimated.5

Results

Supine blood pressure-The combination of nifedipine and pro-
pranolol reduced systolic and diastolic blood pressure at both low
and high doses; nifedipine reduced diastolic blood pressure at the
lower dose and both systolic and diastolic blood pressure at the
higher dose, whereas propranolol reduced only diastolic blood
pressure and only at the higher dose (table I). While the combination
of nifedipine and propranolol produced the greatest reduction in
blood pressure, the joint effect was additive but not synergistic-
that is, there was no positive interaction. In patients whose systolic
blood pressure was 100-119 mm Hg on placebo there was little or no
decrease on nifedipine, whereas those patients with systolic blood
pressures of 140-180 mm Hg on placebo had the greatest response
(table II). Similarly, those patients with diastolic blood pressures of
75-84 mm Hg on placebo had little or no change on nifedipine,
whereas those with pressures of 95-105 mm Hg had the greatest
response.

Erect blood pressure-Systolic blood pressure was reduced by
nifedipine and propranolol at the higher doses and by the combination
of the two at both doses. Diastolic blood pressure was reduced by
both treatments at low and high doses (table I). As with supine
blood pressure, there was no positive interaction between propranolol
and nifedipine when administered together.
Cold pressor test-On placebo all patients showed the usual

haemodynamic response with a sharp rise in systolic blood pressure
(mean 277 ±3-2 mm Hg) and a modest rise in the heart rate (mean
9 3±1 6 beats/min). All active treatments at high doses reduced the
maximum systolic and diastolic blood pressure (table III). Propranolol
did not attenuate the maximum rise in diastolic blood pressure during
the test, but the high dose of nifedipine reduced it by 6 mm Hg
(p < 0 05).
Mental arithmetic test-The haemodynamic response to the mental

arithmetic test during placebo was similar to the response seen with
the cold pressor test (table III). The combination (in high doses)
significantly reduced the maximum systolic and diastolic blood
pressure but did not significantly attenuate the maximum increase in
blood pressure during the test. The effect of the combination was

TABLE I-Supine and erect blood pressure in response to propranolol, nifedipine, and their combination

Mean (± SEM) blood pressures (mm Hg) on:
Effect of Effect of

Placebo Propranolol Nifedipine Combination propranolol Nifedipine

Supine blood pressure
Systolic pressure
Low dose 134-3 ±4-6 132-2 ±4-2 128 4±3-1 118-7 ±3-2 -5 9 -9-7
High dose 133-6 ±4-2 128-2 ±5-1 124-9 ±2-6 115-8 ±3-8 -7-3 -10-6**

Diastolic pressure
Low dose .. 87-6 ±2-3 86-3 ±2-0 83-8 ±1-5 78-9 ±1-8 -3-1 -5-6**
High dose 88-6±2-2 82-3±2-2 80-6±1-6 75-8±2-2 -5-6** -7-3***

Erect blood pressure
Systolic pressure
Low dose 134-8±4-4 130 6±5-1 131-1±3-9 120-8±3-8 -7-3 -6-8
High dose 134-8 ±4-6 128-8 ±5-4 127-5 ±2-7 115-9 ±4 0 -8-8* -10-1*

Diastolic pressure
Low dose 94-9 ±2-3 88-6±2-5 89-0±2 0 83-1 ±2-1 -6-1** -5*7**
High dose 92 9 ±2-3 86-7±2-0 86-2 ±1-7 77-8 ±1-8 -7-4*** -7-8***

*p<0-05; **p<0 01; ***p<0.001.

TABLE iI-Breakdown of response of supine blood pressure to treatment:
patients grouped according to blood pressure on placebo

Blood pressure No Mean Propranolol Nifedipine Combination
on placebo of on
(mm Hg) patients placebo °0 0

Mean Fall Mean Fall Mean Fall

Systolic
100-119 5 116 107 8 117 -1 102 12

-129 3 126 119 6 120 5 105 17
-139 5 135 133 1 133 1 121 10
-180 5 155 140 5 130 16 130 16

Diastolic
75-84 8 81 77 5 80 1 73 10
- 94 6 90 81 10 78 13 71 21
-110 4 103 93 10 88 15 88 15

largely due to the effect ofnifedipine (60 mg), which reduced maximum
pressure by 16/7 mm Hg. The corresponding reduction due to
propranolol was not significant and averaged 7/2 mm Hg.

Heart rate-Nifedipine did not significantly change the resting,
standing, or maximum heart rates during the cold pressor or mental
arithmetic tests. Propranolol reduced the resting heart rate by
14 beats/min in the low dose and by 19 beats/min in the high dose
(table IV). Erect pulse rate was reduced by 19 beats/min by low-dose
propranolol and 25 beats/min by high-dose propranolol, and the
high dose reduced the maximum heart rate during the cold pressor
and mental arithmetic tests by 22 and 26 beats/min respectively
(table IV).

Side effects-The commonest side effect with nifedipine was mild
ankle oedema (p < 0 05), while coldness of the extremities and
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paraesthesiae were most often seen with propranolol (table V). No
patient developed cardiac failure or conduction abnormalities on the
ECG.

Discussion

The combination of nifedipine and propranolol produced
the greatest fall in both supine and erect systolic and diastolic
blood pressures, but there was no interaction between the
two and their effects were additive. When administered alone
nifedipine reduced supine systolic and diastolic blood pressure
slightly more than did propranolol (table I). Despite the
exclusion of hypertensive patients at entry, six nevertheless
had resting systolic blood pressures of 140-190 mm Hg and
six had resting diastolic pressures of 90-105 mm Hg during
the placebo phase. The greater the blood pressure on placebo
(systolic and diastolic), the greater the reduction obtained with
nifedipine, whether measured in absolute units or as a percentage
of the placebo value. This was not seen with propranolol or the
combination (table II). Our data showed that a sharp reduction
in blood pressure is not to be expected in normotensive subjects.
This is consistent with the findings in one study6 on young
normotensive subjects, in whom nifedipine produced a rise in
heart rate but no fall in blood pressure. Interestingly only
nifedipine significantly lowered the maximum blood pressure
achieved after performing mental arithmetic. Propranolol

BRITISH MEDICAL JOURNAL VOLUME 284 17 APRIL 1982

tended to have the same effect, and the differences between
the drugs might have been due to a failure to use equipotent
doses. Against this, the effects on standing pressure of 30 mg
of nifedipine and 240 mg of propranolol were very similar, as
were the effects of 60 mg nifedipine and 480 mg propranolol.
When considering the maximum blood pressure after performing
mental arithmetic, however, nifedipine had over twice the
hypotensive effect of propranolol.

In contrast with findings in acute studies,7 nifedipine did
not significantly increase the heart rate despite significantly
reducing blood pressure. To examine heart rate and blood
pressure responses in individual patients, the change in heart
rate with nifedipine was plotted as a function of the change in
systolic blood pressure (see figure). Heart rate fell in those
patients who had the greatest reductions in supine systolic blood
pressure when compared with pressures on placebo. During
the propranolol and combination phases, the heart rate responses
in these patients were similar to those of the rest of the group.

In normal subjects8 and in patients with ischaemic heart
disease9 intravenous or sublingual nifedipine appears to have
no direct depressant effect on the sinus node. Indeed, in acute
studies nifedipine increases the sinus rate, probably secondary
to reflex sympathetic response. An electrophysiological effect is
therefore unlikely to account for our findings.

Bristow et al'0 have shown reduced sensitivity of the baro-
receptors in hypertensive patients with respect to controlling
heart rate: hypertensive patients have a reduced ability to

TABLE iII-Blood pressure responses to cold pressor and mental arithmetic tests during treatment with propranolol, nifedipine, and their
combination (high doses)

Mean (± SEM) blood pressures (mm Hg) on:
Effect of Effect of

Placebo Propranolol Nifedipine Combination propranolol nifedipine

Cold pressor test
Maximum systolic pressure 168-6 ±5-3 160-1 ±7-3 152-2 ±4-2 138-6 ±4-0 - 11.0* -19-0***
Maximum rise in systolic pressure 30-2 ±3 4 32-0 ±3-1 28 2 ± 2 7 22-8 ±3 2 - 1-9 5-6
Maximum diastolic pressure . . 109-8 ±3-7 99-1 1:21 95-3 ±2-6 93-2 ±2-8 -6.4* -10 2***
Maximum rise in diastolic pressure 25-1 ±3-2 18-9 ±1-9 15-9 ± 1-7 16-8 ±2-1 -2-7 5-7*

Mental arithmetic test
Maximum systolic pressure 157-2±52 152-9±7-1 143-8±3-9 133-9+45 -7-1 -16-2**
Maximum rise in systolic pressure 27-7±3-2 25-6±3-3 22-7±3-2 21-1 ±2-7 -1 9 -4-8
Maximum diastolic pressure 99-2 ±2-2 96-1 ±2-8 91 4 ±2-4 90-4 ±3-1 - 2-1 -6-7*
Maximum rise in diastolic pressure 17-0 ±3-1 17-1 ±2-4 13-6 ±2-1 13-9 ±1-9 + 0-2 -3-3

*p<005; **p<0-01; ***p<0-001.

TABLE iv-Response of heart rate, supine and erect, and during cold pressor and mental arithmetic tests, to treatment with
propranolol, nifedipine, and their combination

Mean ( SEM) heart rate (beats/min) on:
Effect of Effect of

Placebo Propranolol Nifedipine Combination propranolol nifedipine

Supine blood pressure:
Low dose 69-4 ±2-5 54 2 ±1 4 71-1 ±2 2 57-4 ±2-0 -14 4*** 2-5
High dose 72-6 ±2-2 54-1 1-5 74.3 ±2-4 56-6 ±1-7 - 19 1*** 2-2

Erect blood pressure:
Low dose 77-8±2-8 58.4±2 0 80-1±29 60 8±21 -19 3*** 2-3
High dose .. 81-4±2-6 57-8:2-2 860±28 59-9 2-1 -24.9*** 3.4

Cold pressor test:
(high dose) .. 80-8±26 60-7 ±2-2 87-6±2-6 622±2 3 - 22.8*** 4 2

Mental arithmetic
(high dose) .. 84-2±3-4 59-3±25 88-1 £3 0 61-3±2-1 -25.9*** 3-0

*p`-0-05; **p<0-01; ***p<0-001.

TABLE v-Side effects and numbers (and percentages) of patients experiencing
them during treatment with propranolol, nifedipine, and their combination

Placebo Nifedipine Propranolol Combination

Faintness on
standing 3 (17) 7 (39) 4 (22) 5 (28)

Weakness in limbs 4 (22) 5 (28) 4 (22) 7 (39)
Nausea-anorexia 0 1 (6) 1 (6) 1 (6)
Headaches 6 (33) 6 (33) 6 (33) 7 (39)
Sleepy during day 12 (67) 11 (61) 11 (61) 7 (39)
Sleep disturbance 1 (6) 5 (28) 5 (28) 5 (28)
Cold fingers or

toes 5 (28) 3 (17) 9 (50) 6 (33)
Ankle oedema 2 (11) 11 (61) 4 (22) 8 (44)

reduce heart rate in response to phenylephrine-induced hyper-
tension. A similar finding was observed in patients with heart
disease"; patients with heart disease also do not have the.same
ability as normal people to increase heart rate when the para-
sympathetic system is inhibited by atropine, suggesting that
parasympathetic cardiovascular regulation is abnormal in heart
disease. As all of our patients had ischaemic heart disease and
six had some increase in systolic blood pressure, we could not
determine whether the heart rate-blood pressure responses with
nifedipine reflected abnormal autonomic regulation or true
physiological resetting of the baroreceptors.
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+20
Nifedipine 60mg daily (n=18)
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Ln ~~~~~~~~~~~~0a %** 0
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c~ ~ ~ 00
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.C -100

-20
-50 -40 -30 -20 -10 0 +10
A Supine systolic blood pressure (mm Hg)

Supine heart rate versus supine systolic blood pressure: change from
placebo to nifedipine (60 mg/day).

In our previous report4 we showed that both nifedipine and
propranolol were effective in managing angina of effort but that
the combination was significantly better than either drug alone.
Though it has been suggested that a reduction in blood pressure
in patients with coronary artery disease may precipitate angina
or ischaemia by reducing myocardial blood flow, the phase
which produced the greatest fall in blood pressure also produced
the greatest reduction in angina. Hypertension and ischaemic
heart disease often co-exist and hypertension predisposes to and
possibly aggravates atherosclerotic vascular disease.'2 A regimen
that lowers blood pressure and effectively improves ischaemia is
thus advantageous. The combination of propranolol and
nifedipine satisfies this need.
The hypotensive potential of beta-blocking agents was first

noted during a clinical trial of propranolol in patients with
angina pectoris." The favourable haemodynamic responses to

calcium antagonists will probably also prove valuable in
managing patients with hypertension.

Requests for reprints should be sent to Dr D M Krikler.

References
Fleckenstein A. Specific inhibitors and promoters of calcium action in

the excitation-contraction coupling of heart muscle and their role in
the prevention or production of myocardial lesions. In: Harris P,
Opie LH, eds. Calcium and the heart. London, New York: Academic
Press, 1971:135-8.

2 Fleckenstein A. Specific pharmacology of calcium in myocardium,
cardiac pacemakers and vascular smooth muscle. Annu Rev Pharmacol
Toxicol 1977 ;7:149-66.

3Wei JW, Jarvis RA, Daniel EE. Alterations in calcium transport and
binding by the plasma membrane of mesenteric arteries from
spontaneously hypertensive rats. Blood Vessels 1977;14:55-64.

4 Lynch P, Dargie H, Krikler S, Krikler D. Objective assessment
of anti-anginal treatment: a double-blind comparison of propranolol,
nifedipine and their combination. Br Medy 1980;280:184-7.

5 Armitage P. Statistical methods in medical research. Oxford: Blackwell
Scientific, 1971:266.

6 MacGregor GA. Evidence from studies with nifedipine of a functional
abnormality of smooth muscle in essential hypertension. In: Richardson
RG, ed. National cardiovascular symposium: the role of calcium antagonists
in cardiovascular disease. Haywards Heath: Bayer UK, 1982.

7 Guazzi M, Olivari MT, Polese A, et al. Nifedipine, a new antihypertensive
agent with rapid action. Clin Pharm Ther 1977;22:528-32.

8Rowland E, Evans T, Krikler D. Effect of nifedipine on atrioventricular
conduction as compared with verapamil. Br Heart3' 1979;42:124-7.

9 Kawai C, Kanishi T, Matsuyama E, Okazaki H. Comparative effects of
three calcium antagonists, diltiazem, verapamil and nifedipine, on the
sinoatrial and atrioventricular nodes. Circulation 1981;63:1035-42.

10 Bristow JD, Honour AJ, Pickering G, Sleight P, Smyth HS. Diminished
baroreflex sensitivity in high blood pressure. Circulation 1969;39:48-54.

1 Eckberg DL, Drabinsky M, Braunwald E. Defective cardiac para-
sympathetic control in patients with heart disease. N Engl Y Med
1971 ;285:877-83.

' Kannel WB. Role of blood pressure in cardiovascular disease: The
Framingham study. Angiology 1975;26:1-14.

13 Prichard BNC, Gillam PMS. Use of propranolol (Inderal) in treatment
of hypertension Br MedJa 1964;2:725-7.

(Accepted 143January 1981)

Acute haemolysis due to concentrated dialysis fluid

I MULLIGAN, P PARFREY, M E PHILLIPS, E A BROWN, J R CURTIS

Abstract

Fatal acute haemolysis occurred in a 65-year-old man
undergoing regular home haemodialysis for terminal
renal failure. Circumstantial evidence indicating that
the haemolysis resulted from exposure to concentrated
dialysis solution was supported by in-vitro studies.
Frank haemolysis in blood samples occurred at a dilution
of > 1/2 of dialysis fluid. Osmotic fragility tests of
surviving red blood cells showed 47% haemolysis at a
dilution of 1/2 and >90% haemolysis at a dilution of 1/1.
Urgent design modifications to the proportionating
machine are being undertaken to prevent such an accident
recurring.
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Introduction

Acute haemolysis is a rare complication of haemodialysis. There
are a wide variety of medical and drug-related causes of haemo-
lysis which may occur incidentally in patients undergoing
maintenance haemodialysis. Several technical causes may also
complicate haemodialysis and result in acute haemolysis. These
include dialysis against hypotonic dialysis fluid, contamination
of dialysis fluid by toxic concentrations of copper, zinc, chlora-
mine, nitrate, and formaldehyde" and haemolysis due to over-
heated dialysate.' We report the case of a patient who developed
acute haemolysis as a result of exposure to very concentrated
dialysis fluid.

Case report

A 65-year-old man had started regular twice weekly haemo-
dialysis in July 1977 because of terminal renal failure due to
rapidly progressive glomerulonephritis. He started on home dialysis
in May 1978 and dialysed for 10 hours twice weekly using a Meltec
Multipoint dialyser (1-05 m2) and a single pass Dylade DII pro-
portionating machine. On the day ofadmission to hospital in May 1981
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