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Use of exercise Doppler for non-invasive haemodynamic
optimization of dose and identification of poor responders
to an oral anti-anginal agent. A double-blind dose-finding
study of nisoldipine

M. Singer and I.F. Trotman
Department of Medicine, Mount Vernon Hospital, Northwood, Middlesex, UK.

Summary: Nisoldipine, a new dihydropyridine calcium antagonist, was examined for its dose-
related haemodynamic effects using exercise-induced changes in aortic blood flow as measured by
Doppler ultrasound. Following a two-week placebo run-in, 24 patients with stable angina pectoris
were assigned double-blind to one of three groups receiving doses ranging from 2.5-20mg/day over 8
weeks, given once or twice daily. Doppler studies identified the low dose group as responding less
well at the placebo phase compared to the other two groups. There was an overall improvement in
percentage change of peak velocity and stroke distance with exercise at all doses, with a dose of
5mg/day giving optimal benefit in both variables (P<0.05) and no additional benefit being seen on
twice-daily dosage. Six patients reporting increased chest pain exhibited a significantly worse rise in
peak velocity and a fall in stroke distance to exercise (P<0.05) whilst on active drug compared to
those who responded favourably. Doppler ultrasound can be of benefit in the haemodynamic
assessment of new drugs, the recognition of non-responders and the optimization of therapeutic
regimes.

Introduction

Nisoldipine, a dihydropyridine calcium antagonist
structurally related to nifedipine, is a putative treat-
ment for the prophylaxis of angina pectoris. 1- 2
This study was undertaken to investigate the effects
of different dosages, given either once or twice
daily, on left ventricular function using changes in
aortic blood flow on exercise as measured by
Doppler ultrasound. Any relationship between the
degree of change and symptomatic response could
also be assessed. Furthermore, exercise Doppler has
been shown to be a sensitive method of identifying
patients with significant heart disease3- and the
effect of a potent anti-anginal agent on these
measured variables would be seen.

Materials and methods

Patients with a typical history of stable angina
pectoris were sought and informed consent was

obtained prior to entry. Exclusions were heart
failure; significant valvular disease; high degree
atrio-ventricular block, bradycardia or tachyarr-
hythmias; females capable of child-bearing; those
with significant hepatic, renal or gastro-intestinal
disease; known intolerance to calcium antagonists;
and unstable angina.

All anti-anginal medication other than glyceryl
trinitrate was discontinued. After a 2-week placebo
(I tablet twice daily) run-in period, patients were
randomly allocated double-blind to receive nisoldi-
pine 2.5mg, 5mg or 10mg. This was initially taken
every morning for 4 weeks with matching placebo
in the evening, and then twice daily for a further 4
weeks.

Severity and frequency of angina were assessed
by daily diary cards kept by the patient, from
fortnightly interviews and from counts of glyceryl
trinitrate tablets returned. Compliance was meas-
ured by fortnightly tablet counts.
On entry and at the end of each treatment phase

(weeks 0, 2, 6, 10) patients were exercised on a cycle
ergometer (Borsch ERG 555) while positioned semi-
erect on a couch. A minimum of 2 hours elapsed
between glyceryl trinitrate ingestion and exercise
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testing. Patients were required to maintain a con-

stant speed of 50 rev/min and the workload
increased automatically by 10 watts every minute.
Exercise was terminated by angina, dyspnoea,
fatigue or leg pains.

Blood pressure (BP), using a standard sphygmo-
manometer, and heart rate were recorded under
baseline conditions immediately before exercise

following a minimum of 3 minutes' rest, at 3-
minute intervals during exercise and, finally, at
completion.

Doppler recordings of aortic blood velocity were
made after a minimum of 3 minutes' rest and at
peak exercise using a Spectrascan Analyser (Doptek
Ltd., Chichester, Sussex, UK). Continuous wave
2MHz Doppler ultrasound was used via a supra-

sternal approach with the transducer aimed at the
ascending aorta. Optimization of the received signal
was achieved using pitch heard through a loud-
speaker and visual inspection of the velocity wave-
form produced by spectral analysis. Aortic blood
peak velocity (PV) was measured from the Doppler
recordings; stroke distance (SD) was obtained by
integration of the area under the velocity-time
waveform envelope and minute distance (MD), a

value analogous to cardiac output, calculated as the
product of SD and heart rate6 7 (Figure 1).
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Figure 1 Doppler recordings at rest and exercise.

A minimum of 5 beats was averaged for the
calculation of stroke distance and peak velocity.
These beats were consecutive where possible; how-
ever, breathing artefact did not allow this in the
majority of exercise recordings. To compensate for
beat-to-beat changes in respiration and transducer
movement any measurement less than 75% of the
maximum obtained was disregarded for calculation
purposes.
An index of systemic vascular resistance was

measured as:

diastolic BP+ 0.33 (systolic-diastolic BP)
minute distance

Statistical analysis was performed using analysis of
variance, Wilcoxon rank sum and 2-sample tests
and Student's t-test.
The study was approved by the Hillingdon Dis-

trict Ethical Committee.

Results

Twenty-four patients were studied, 8 in each treat-
ment group. Patient details are shown in Table I.

Adverse events were reported by 10 patients,
leading to the withdrawal of 6 of them, and are

shown in Table II. A total of 6 patients complained
of increasing severity or frequency of chest pain.

Table I Group characteristics

2.5 mg 5.0mg 10.0 mg
group group group

Sex I f 7m 5f 3m 2f 6m
Age (y)
(mean + s.d.)
(range) (57-82) (56-70) (45-83)
Previous
myocardial
infarction 2 1 2
Median
duration of
angina 4y 1.2 y 0.5 y
(range) (0.35-7.9) (0.35-4.0) (0.25-1.75)

Table 11 Unwanted effects and withdrawals

2.5mg 5mg 10mg
Chest pain 2(1) 2(2) 2(1)
Oedema 1 1(1) 1
Headache, flushing I(1) 1

Figures in parentheses indicate withdrawals.
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EXERCISE DOPPLER ASSESSMENT OF NISOLDIPINE 757

Subjective improvement

During the 14-day placebo phase there was no
significant difference in angina frequency between
the three treatment groups, the median number of
days in which angina was reported being 8, 6.6 and
12 days for those allocated to 2.5 mg, 5mg and
10mg nisoldipine, respectively.
After the once-daily phase there was a reduction

in frequency of angina, more so for those on 5 mg
and 10mg groups respectively (Figure 2). Although
daily phase all 3 treatment groups showed improve-
ment in symptoms compared with placebo, the
median number of days with angina in the final
fortnight being 2, 3 and 5 days for the 2.5 mg, 5mg
and 10mg groups respectively. (Figure 2) Although
these reductions were not significant, a trend is,
however, apparent.

Exercise testing

An increase in exercise duration was noted with all
doses and through both once- and twice-daily
phases with significant increases at the twice-daily
phase of each dose (P<0.05) (Table 111).

All three groups showed non-significant decreases
in resting blood pressure, more so at the twice-daily
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Figure 2 Fortnightly frequency of angina
(median + s.e.m.). O.D. = once daily; B.D. = twice daily.

Table III Exercise test duration (mean+ s.e.m.)

Total exercise duration
(min)

Dose (mg) 2.5 5.0 10.0
Placebo 6.3+2.5 6.3+2.7 6.2+3.0
Once a day 7.1+2.2 7.4+2.3 6.9+2.5
Twice a day 7.5 + 3.0* 8.0 + 2.0* 8.1 + 2.6*

*P<0.05.

dosage, with average falls of 5-8.5%. With exercise
there were similar percentage increases in systolic
and diastolic blood pressure for each treatment
group at both once- and twice-daily phases com-
pared with placebo. There were no significant
changes in heart rate at any dose level compared
with placebo, either at rest or at maximal exercise.

Exercise Doppler

Satisfactory recordings were achieved on all
patients before and at peak exercise. Difficulty in
insonation of the aorta was experienced in I patient
in the 10mg group at week 10 on peak exercise.
This resulted in a delay of 30-40 seconds and, as a
consequence, his measured minute distance (MD)
would be lower and stroke distance (SD) higher
than might have been the case at peak exercise.
There was no significant difference in resting

values of stroke distance, peak velocity (PV). minute
distance and heart rate between dosage groups, or
between placebo, once- and twice-daily phases.
On exercise there was no significant difference in

% increase in heart rate, either between groups or
phases. Percentage change in PV, SD and MD with
exercise increased after the once-daily phase, with
no significant further improvement on twice-daily
dosage. This difference was most marked with those
in the 5mg group (Figure 3). The fall in systemic
vascular resistance (SVR) with exercise was greater
than placebo values in all three treatment groups
though did not reach statistical significance.
Of the 6 patients complaining of increased chest

pain 4 were exercised after commencement of active
drug. Two of these patients had noted little change
in angina symptoms but subsequently withdrew
during the twice-daily dosage phase following a
single severe episode of chest pain, one being a
proven myocardial infarction. At the placebo phase
the percentage change in PV and SD on exercise in
these 4 patients was not significantly different to
that shown by the other 17 subjects who were also
able to exercise at least once on active drug. At the
end of the once-daily treatment phase there was a
significantly poorer response in both Doppler vari-
ables in those with increased chest pain compared
to the others (P<0.05). Whilst patients responding
to the drug showed a marked improvement
(P<0.01 for % change PV, P<0.05 for % change
SD), those with increased chest pain exhibited a
non-significant deterioration (Figure 4).

Correlation was also found (P < 0.05) between
the degree of improvement in both % change SD
and MD and subjective improvement in symptoms
at the once-daily phase, irrespective of dose. No
inter-group differences were noted.
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Figure 3 Percentage change with exercise in stroke distance (SD), minute distance (MD), peak velocity (PV)
and systemic vascular resistance (SVR) (mean+s.e.m.).

Discussion

The majority of subjects tested in this study showed
a beneficial response to nisoldipine in both symp-
toms and haemodynamic response as measured by
changes in Doppler variables on exercise. A daily
dose of 5-10mg nisoldipine/day appeared to
provide optimal benefit. No further change was
noted in the haemodynamic response to a twice-
daily dosage regime in all groups. No added symp-
tomatic benefit was seen in the 5mg and 10 mg
groups on twice-daily dosage although the once-
daily dose of 2.5mg appeared to have little effect
on the frequency of angina attacks. Six patients
complained of increased severity or frequency of
chest pain; 4 of these were exercised whilst on
active drug and showed no significant change in
either blood pressure or heart rate but did exhibit a

significantly worse haemodynamic response to exer-
cise compared with the other subjects.

Exercise Doppler has been shown to be a sensi-
tive means of identifying patients with ischaemic
heart disease.3- I Allowing for variation due to
differing techniques and exercise protocols, a dimi-
nished exercise response in peak velocity and stroke
distance is seen in patients with ventricular dysfunc-

tion. Values obtained in our laboratory for normal
subjects (n = 10, mean age 49.8 5.8 years, range 42-
60) using the same exercise protocol and equipment
revealed an average rise on exercise of 38+6% in
peak velocity and a virtually unchanged stroke
distance (-3%). Reproducibility of exercise
Doppler findings in these patients was 12% (Singer
& Trotman submitted for publication). This com-
pares with an overall fall of -0.8 + 6% in peak
velocity (P<0.001) and -9.6+5% in stroke dis-
tance (P<0.05) on exercise at the placebo phase of
this study in patients with angina pectoris. There
was, however, no significant difference in Doppler
variables between ischaemic heart disease and
control groups measured at rest. Thus the addition
of stress in the form of semi-erect exercise enabled
differentiation.

This study is the first reported in which Doppler
ultrasound has been used to systematically evaluate
on a double-blind basis the haemodynamic dose
effects of an orally cardio-active drug. Changes in
peak velocity provide a good indication of myocar-
dial performance.89 In those patients who res-
ponded favourably to nisoldipine, peak velocity and
stroke distance did increase further with exercise
when on active drug (overall to + 17 +6% and
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Figure 4 Comparison of exercise Doppler response in
those showing a beneficial response and those com-
plaining of increased chest pain.

-1 + 3%) and there was a non-significant reduction
in systemic vascular resistance. Nisoldipine has
been shown to be 4-10 times more potent than
nifedipine in the inhibition of vascular smooth
muscle contraction with less myocardial depressant

effects.10 Thus the improvement in left ventricular
performance as reflected by changes in Doppler
variables on exercise may well be due to a combi-
nation of improved myocardial perfusion from
coronary artery vasodilatation with afterload reduc-
tion by its peripheral actions. In those whose
symptoms worsened there was no such improve-
ment. Whether this can be attributed to the drug is
open to conjecture; previous reported studies have
reported only isolated unwanted effects1"' and
further evaluation is obviously warranted.
The improvement seen in the Doppler variables

on nisoldipine in those who had a beneficial res-
ponse resulted in no significant difference being
seen in stroke distance on exercise between this
ischaemic heart disease group and the group of
normals previously tested. Statistical significance
was however still noted in the peak velocity res-
ponse to exercise (P<O.001) which appears to be a
more sensitive parameter. This finding indicates
that the maximum sensitivity of the technique in
diagnosing left ventricular dysfunction is in the
absence of cardio-active drugs and further studies
are necessary to assess the effect of beta-blockers
and so forth.
The degree of improvement in Doppler-measured

variables on exercise was shown to correlate with
subjective improvement in symptoms; it further
appeared to be a highly sensitive indicator of
individual deterioration as, of the 6 poor res-
ponders, 3 withdrew due to chest pain and 1 noted
increasing frequency of angina.
The technique may therefore be used not only for

the assessment of new drugs where more invasive
methods are either impossible or inappropriate but
also to haemodynamically optimize therapeutic
regimes and identify negative responders.
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