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Beneficial effects of diltiazem in coronary artery disease
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suMMARY The effects of the new calcium channel blocking agent diltiazem were evaluated in 11
patients with stable angina pectoris and confirmed obstructive coronary artery disease at rest and
during rapid atrial pacing. Symptomatic, metabolic, coronary, and systemic haemodynamic indices
were monitored at rest and during pacing induced ischaemia. At rest, after the administration of
intravenous diltiazem, potent vasodilator effects were observed with a significant fall in mean blood
pressure and an increase in cardiac index. Importantly, however, the systemic vasodilator effect of
diltiazem was associated with no significant increase in heart rate. During pacing there was similar
decrease in mean blood pressure after diltiazem, and mean pacing time to angina increased
significantly. Three patients did not develop angina on repeat pacing. Coupled with an improved
pacing time to angina there was a significant improvement in myocardial lactate extraction during
pacing, changing from lactate production to lactate extraction after diltiazem.

This study confirms the antianginal effects of diltiazem and suggests that this agent may have
advantages in the management of angina pectoris. The results suggest that diltiazem may exert its
beneficial effect not only by reducing afterload reduction but also by a direct metabolic effect on the
myocardium.

The calcium channel blocking agents are a heterogen-
eous group of drugs having in common the ability to
reduce transmembrane transport of calcium ions in a

variety of tissues. They differ in chemical structure
and in pharmacological activity.' Clinical interest,
however, centres round their value in the manage-

ment of ischaemic heart disease and cardiac arrhyth-
mias. In angina pectoris due to obstructive coronary

artery disease conventional medical treatment is
directed towards reducing myocardial oxygen demand
and improving myocardial oxygen supply. Calcium
channel blocking agents may reduce myocardial
oxygen demand by afterload reduction through
peripheral vasodilatation and by reducing myocardial
contractility.2 They may also improve myocardial
oxygen supply through direct coronary vasodilatation.

Verapamil, a phenylalkylamine derivative, and
nifedipine, a dihydropyridine derivative, have quite
different pharmacological properties but are well
established in the management of angina pectoris.3 4
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Diltiazem, a benzothiazepine derivative, is a new
addition to the calcium channel blocking agents.5
Studies in dogs with artificially induced coronary
arterial stenoses subjected to rapid cardiac pacing
have indicated that diltiazem exerts a protective effect
on the ischaemic myocardium by promoting a rapid
recovery from ischaemia.6 Further animal studies
have shown that it has a less negatively inotropic
effect than either verapamil or nifedipine.8 Although
in humans diltiazem improves exercise tolerance, its
mechanism of action has not been clearly defined.9 10
We studied the effect of diltiazem on systemic and
coronary haemodynamic indices and myocardial
metabolism at rest and during ischaemia induced by
rapid atrial pacing in patients with coronary artery
disease.

Patients and methods

Eleven patients (10 men, one woman; mean age 55
years) with stable angina pectoris and angiographi-
cally confirmed coronary artery disease were studied.
Patients with valvular heart disease, diabetes, and
evidence of renal or hepatic impairment were

excluded from the study. Six patients had a previous
history of transmural myocardial infarction. All
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patients, however, had an ejection fraction of >500%o
and a left ventricular end diastolic pressure of <15
mm Hg at left ventricular angiography. In reporting
the coronary arteriogram, stenoses of the luminal
diameter -75% were considered to be significant.
Seven patients had stenoses in three major vessels,
one had two vessel disease, and the remaining three
had single vessel disease. Antianginal medication,
including specifically beta adrenergic blockade, was
withdrawn for at least 72 hours before the study apart
from sublingual glyceryl trinitrate, which was taken
as required. Written informed consent was obtained
in each case and approval for the study was obtained
from the hospital ethical committee.

ATRIAL PACING
Under local anaesthesia catheters were introduced
into the coronary sinus and pulmonary artery per-

cutaneously via the left subclavian vein, and a 19
gauge needle was positioned in the femoral artery.
Haemodynamic measurements of coronary sinus
blood flow (thermodilution),"I cardiac output (ther-
modilution), and right atrial and pulmonary artery
pressure were recorded. Blood samples from the
coronary sinus and femoral artery were obtained
simultaneously and later analysed for myocardial
metabolites as previously described.'2 Thirty minutes
after the insertion of catheters atrial pacing was
started and rapidly increased to 85% of the maximum
predicted heart rate for that patient. At the onset of
angina haemodynamic and metabolic measurements
were made and pacing discontinued. After a rest
period of 40 minutes resting haemodynamic and
metabolic measurements were made and diltiazem
was then administered intravenously in a bolus dose
of 0-25 mg/kg over two minutes followed by a con-
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tinuous infusion of 0.005 mg/kg/min. Ten minutes
later resting haemodynamic and metabolic measure-

ments were repeated and atrial pacing was then
started at the same rate as used during the control
pacing period. At the point equivalent in pacing time
to the onset of angina during the control pacing period
haemodynamic and metabolic measurements were
repeated. If angina had not occurred pacing was con-

tinued to the new onset of angina or until 13 minutes
had elapsed.

CALCULATIONS
Myocardial extraction ratios (ER) for specific subs-
trates were calculated as ER=A-V/A x 100 where A
and V are arterial and venous substrate concentrations
respectively. The extraction ratio was expressed as a

percentage. Myocardial oxygen consumption was
derived as (arterial oxygen content minus coronary
sinus oxygen content) x coronary blood flow, and
expressed as ml/min. Statistical analysis of the resting
and paced variables was performed using Student's
paired t test.

Results

The Table shows the haemodynamic and metabolic
effects of diltiazem at rest and during pacing.

HAEMODYNAMIC AND METABOLIC EFFECTS
At rest
At rest diltiazem caused systemic vasodilatation with
significant falls in mean (SEM) arterial pressure and
total systemic vascular resistance (19.0 (1.7) v 14-6
(1*3) units, p<0*001). Vasodilatation was accom-
panied by an increase in cardiac index (2-9 (0-2) v 3 4
(0.3) 1/min/m2, p<0(02) and stroke volume index.

Table Haemodynamic and metabolic indices before and after diltiazem at rest and during atrial pacing. Values are means (SEM)

Haemodynamic and metabolic indices At rest During pacing
Control After p value Control After p value
value diltiasem value diliasem p value

Heart rate (beats/min) 70 (4) 71 (4) NS 129 (3) 129 (3)
Blood pressure (mm Hg)

Systolic 149 (3) 141 (5) <0-05 153 (5) 137 (5) <0-02
Diastolic 81 (2) 72 (2) <0.001 95 (4) 86(3) <0-01
Mean 104 (2) 95 (3) <0-002 115 (4) 103 (4) <0-001

Pulmonary artery diastolic pressure (mm Hg) 11 (1) 11 (1) NS 14 (2) 14 (1) NS
Right atrial pressure (mm Hg) 5 (1) 6 (1) NS 5 (1) 5 (1) NS
Cardiac index (Vmin/m2) 2-9 (0-2) 3-4 (0-3) <0 02 3-5 (02) 3-6 (0-2) NS
Stroke volume index (mIM2) 41 (3) 47 (3) <0-001 28 (2) 28 (2) NS
Total systemic vascular resistance (units) 19-0 (1-7) 14.6 (1-3) <0-001 16 5 (1-5) 15-1 (1-5) NS
Rate pressure product (mm Hg. beat/min. 10-3) 10.5 (0.7) 10-1 (0-8) NS 19-8 (0-8) 17-7 (0-7) <0-02
Coronary sinus flow (ml/min) 127 (14) 138 (13) NS 201 (13) 171 (15) <0-05
Coronary vascular resistance (units) 0-91 (0-11) 0-74 (0-08) NS 0-58 (0-03) 0-62 (0-05) NS
Arterial lactate (,umolI/) 870 (97) 813 (85) NS 885 (112) 840 (78) NS
Lactate extraction ratio (%) 19 (5) 21 (3) NS -16 (12) + 14 (4) <0-02
Arterial free fatty acid level (gmo1/) 1092 (100) 1428 (145) NS 1230 (132) 1322 (142) NS
Free fatty acid extraction ratio(%) 10 (13) 23 (5) NS 18 (13) 19 (6) NS
Myocardial oxygen consumption (mlmin) 14.8 (1-7) 15-4 (1-6) NS 22-8 (1-6) 19-2 (1-3) NS
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Diluiazem in coronary artery disease

Despite the fall in systemic vascular resistance, how
ever, there was no significant change in resting hear
rate (70 (4) v 71 (4) beats/min) after diltiazem. Pul
monary artery diastolic and right atrial pressures were
not significantly altered. Although diltiazem pro
duced a small increase in coronary sinus flow and a
reduction in coronary vascular resistance, thest
changes did not reach statistical significance. At res'
there was no significant alteration in metabolic indice;
after diltiazem.

During pacing
During pacing diltiazem again produced a significan
fall in mean arterial pressure and a concomitan
reduction in rate pressure product (19.8 (0.8) v 17*'
(0-7) mm Hg. beats/min. 10-3, p<0*02). In contras
to the findings at rest, however, there were n(
significant changes in cardiac index, stroke volum4
index, or total systemic vascular resistance. There wa
a small but significant decrease in coronary sinu
blood flow during pacing. After diltiazem there was;
significant change in lactate extraction ratio fron
mean (SEM) lactate production of -16 (12)% to meat
lactate extraction of + 14 (4)% (p<0.02). There wer
no significant changes in arterial lactate or arterial fre
fatty acid concentation or in free fatty acid extractio,
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Figure Individual and mean (SEM) pacing times to angina
(S) before and after intravenous administration of diltiazem.
*Denotes three patients who did not develop angina on repeat
pacing.
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ratios. Although myocardial oxygen consumption was
reduced after diltiazem, this change was not statisti-
cally significant.

PACING TIME TO ANGINA
After the administration of diltiazem angina did not
occur in three patients on repeat pacing. In the
remaining patients, with the exception of one whose
pacing time to angina remained virtually unchanged,
the onset of angina was delayed. Consequently mean
pacing time to angina after diltiazem was significantLy
increased from 165 (49) to 455 (79) s (p<0O005) (Fig-
ure).

Discussion

* The haemodynamic findings at rest in this study indi-
* cate the potent vasodilator effect of diltiazem. A study
Ls in dogs using intracoronary diltiazem showed it to
Is have a negative inotropic effect, although this was less
a than that produced by equimolar doses of nifedipine

or verapamil.8 In this study cardiac output at rest
* increased significantly after administration of the
e drug, and there were no significant changes in pulmo-
e nary artery diastolic pressure suggesting the absence
n of negative inotropy. Any negative inotropic effect

might, however, have been offset by the positive inot-
ropic effect of increased sympathetic discharge in
response to systemic vasodilatation.

In this study systemic vasodilatation occurred
without any significant change in resting heart rate.
This is in contrast to an increase in resting heart rate
seen after acutely administered nifedipine.'3 The
absence of heart rate response to systemic vasodilata-
tion after diltiazem has been reported in an exercise
study of long term oral administration.9 In addition,
electrophysiological studies have shown that diltiazem
depresses sinoatrial node automaticity, and this may
in part account for its effect on heart rate.14 This
absence of an increase in heart rate and thus in
myocardial oxygen demand may have important
advantages in the management of angina pectoris.

In ischaemic heart disease angina may be induced
by rapid atrial pacing and is associated with a change
from aerobic to anaerobic metabolism. The repro-
ducibility of pacing time to angina and the degree of
change in lactate metabolism are well established and
thus each patient may be reliably used as his own
control.'5 In this study the beneficial effect of dil-
tiazem in angina pectoris was shown by a significant
prolongation of mean pacing time to angina concomit-
ant with an improvement in myocardial lactate extrac-
tion. Such a beneficial effect in stable angina pectoris
may have been multifactorial in origin. Calcium
channel blocking agents may increase myocardial
oxygen supply and decrease myocardial oxygen

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.52.1.53 on 1 July 1984. D
ow

nloaded from
 

http://heart.bmj.com/


56

demand. In addition, by inhibiting the rise in
myocardial calcium induced by ischaemia they may
prevent or delay the consequences of ischaemia.2 In
this study diltiazem did not produce any significant
change in resting coronary sinus blood flow but
resulted in a small but significant decrease during pac-
ing. A similar effect has been reported with ver-
apamil, which, although reducing coronary sinus flow
at rest and during pacing, prolonged pacing time to
angina and improved myocardial metabolism.'6 This
would suggest that the antianginal effect is not due to
increased coronary blood flow. In animal studies,
however, under conditions simulating unstable angina
pectoris, diltiazem increased collateral blood flow to
collateral dependent myocardium.'7 We cannot
exclude the possibility in this study that diltiazem
caused a redistribution of the available blood supply
by increasing collateral flow.

During pacing diltiazem reduced left ventricular
afterload and rate pressure product. This might be
expected to reduce myocardial oxygen consumption,
as rate pressure product during pacing induced
tachycardia is a good indicator of the level of myocar-
dial oxygen demand.'8 Surprisingly, in this study we
failed to show a significant reduction in myocardial
oxygen consumption during pacing, although a trend
towards reduction was seen. This suggests that dil-
tiazem may have had a direct metabolic effect on the
myocardium. The calcium antagonist nifedipine has
been shown to have an antianginal effect unrelated to
its effect on systemic and coronary haemodynamics
indices,'9 perhaps through inhibition of calcium ion
flux at a cellular level. In a similar way, diltiazem may
have exerted a direct effect on the myocardium so
delaying the onset or reducing the consequences of
ischaemia. Our study design, however, did not permit
evaluation of a possible beneficial effect at cellular
level.

In conclusion, this study showed the potent vas-
odilator effect of diltiazem, which occurred without a
significant change in resting heart rate. The beneficial
effect in angina pectoris is indicated by an increased
pacing time to angina and an improvement in
myocardial metabolism. The results suggest that dil-
tiazem acts by a combination of effects, such as after-
load reduction and a direct effect in the myocardium.
Diltiazem may have certain advantages over other
presently available calcium channel blocking agents.
It can be given both orally and intravenously, and a
multicentre study to assess drug safety showed a low
incidence of side effects.'0 Comparisons between dil-
tiazem and other calcium channel blocking agents
would be of interest. The results of this study indicate
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that diltiazem may well prove to be a very useful addi-
tion to the present treatment of angina pectoris.
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