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Haemodynamic and electrocardiographic effects of
frusemide during supine exercise in patients with
angina pectoris
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suMmARY The influence offrusemide on haemodynamic, electrocardiographic, and symptomatic response

to exercise was studied in 19 patients with documented coronary artery disease. During the control
exercise period all patients experienced angina and showed ST segment depression, accompanied by
raised pulmonary artery wedge pressures (PWP). In 12 of these patients 40 mg frusemide was adminis-
tered intravenously and in the other seven patients 40 mg frusemide was given orally. After significant
diuresis (>400 ml), the exercise test was repeated. Data were collected at the same exercise work load
and duration as had been achieved before frusemide.

Both in the intravenous and oral group there was a reduction in cardiac output at rest and a less
obvious reduction during exercise. The PWP during exercise after intravenous frusemide decreased
from 32-9 to 11P8 mmHg and after oral frusemide from 30 7 to 15-7 mmHg. During the control period
there was evidence of mitral regurgitation in seven of the patients during angina, as shown by high
amplitude v waves in the PWP recordings. These alterations disappeared completely after the
administration of frusemide. Ischaemic ST depression improved in 15 of 19 patients after frusemide
(0-21 vs 0 09 mV). Furthermore, there was a reduction of complete suppression of anginal pain in 18
of 19 patients. Ten patients were capable of continuing exercise for a further period of time at the same

work load.
These data, demonstrating the antianginal properties of frusemide, may be explained by the

reduction in ventricular volumes and pressures, resulting in a decrease in myocardial wall stress and
oxygen demand. The effects may be the result ofboth the diuretic action offrusemide and its venodilator
capacity.

Frusemide has been extensively used in the
treatment of heart failure and its effects on cardio-
vascular dynamics in failure are well established.'-3
Clinical relief of symptoms of pulmonary congestion
frequently precedes any demonstrable diuretic
effect, suggesting that extrarenal factors may also
be involved.4 5 More recent studies on the extra-
renal action of frusemide showed an increase of
venous capacitance as an early haemodynamic effect
of the drug."

Little is known, however, about the effects of
diuretics in patients with left ventricular dysfunction
secondary to myocardial ischaemia. Dikshit et al.7
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suggested that similar haemodynamic changes may
occur after frusemide and glyceryl trinitrate in
patients with acute myocardial infarction. The
clinical observation of Wilkins,8 and Hollander et
al.9 that administration of diuretic agents may be
associated with amelioration of anginal pain, have
prompted us to study the possible role of frusemide
in patients with typical exercise-induced angina
pectoris. Spontaneous changes in the course of
coronary artery disease may obscure the effects of
any drug intervention after sustained oral treat-
ment in patients with angina pectoris. For this
reason, a single dose was used to assess the effective-
ness of intravenous and oral frusemide in patients
with angina pectoris and documented coronary
artery disease not in clinical heart failure. Because
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of the subjective nature of antianginal response
alone, emphasis is placed on the influence of the
drug on haemodynamic variables and on ischaemic
ST depression.

Subjects and methods

Nineteen patients, aged 42 to 61 years (average 52
years), with coronary artery disease and stable
exercise-induced angina pectoris were studied. All
patients had either a history of clearly documented
myocardial infarction (eight subjects) and/or angio-
graphic proof of more than 70 per cent narrowing
in at least one major coronary artery. None had
received diuretic drugs, antihypertensive agents,
nitrates, or beta blocking agents within 48 hours
before examination. The history of anginal pain
ranged from six months to eight years and was
induced by physical exercise in all patients. None
had clinical or radiological evidence of cardiac
enlargement or failure, valvular heart disease, or
arrhythmias. Informed consent was obtained from
each patient.

Thirty minutes before the study period, all
subjects exercised at a work load comparable to that
of the following main exercise periods. This allowed
us to observe the patients' response, the potential
occurrence of rhythm disturbances, and also to
attenuate the influence of previous exercise per se
on the haemodynamics during the study period.

Right heart catheterisation was performed with-
out premedication using Swan-Ganz flow-directed
catheters for the simultaneous determination of
right atrial pressure, pulmonary artery pressure, or
pulmonary artery wedge pressure. Pulmonary
artery wedge pressure was considered as a reason-
able approximation to left ventricular filling
pressure.'0 Cardiac output was determined in
triplicate by means of the thermal dilution
technique with the same catheter equipment." 12
Systemic blood pressure was recorded either by
introducing polyethylene cannulae percutaneously
into a brachial artery (10 cases) or by a sphygmo-
manometer (nine cases). All intravascular pressures
were determined with a Statham strain gauge from
a zero reference level 6 cm below the angle of Louis
and averaged over 10 heart cycles. The pressures
and the praecordial electrocardiographic leads V4 to
V6 were monitored on an oscilloscope throughout
the study and recorded simultaneously at a paper
speed of 50 mm/s on a multichannel recorder.
ST segment depression was measured during the
maximal horizontal or downsloping displacement
below the level of the PR interval.

Following recordings of the resting values the
patients performed supine leg exercise on a bicycle

ergometer at a constant, individualised work load
previously determined to evoke angina consistently
within three to six minutes. The pressure recordings
and electrocardiograms were repeated during exer-
cise at one minute intervals and during the exercise
angina episode. The exercise value of cardiac
output was measured during the final minute of
exercise, when the patients indicated the presence
of definite chest pain. The patients were familiar
with describing the degree of chest pain as "mild",
"moderate", or "severe" from previous examina-
tions.

After completion of the control study period
40 mg frusemide were given intravenously to 12
patients and 40 mg oral frusemide to seven patients.
Within 25 minutes after intravenous administration
of the drug, all patients in this group micturated
spontaneously more than 400 ml urine. At this time
each patient was restudied in an identical manner.
In the oral group the post-frusemide study was
performed 50 to 90 minutes (average 61 minutes)
after administration, depending on the time of
spontaneous micturition of more than 400 ml urine.
Data were collected at the same exercise work load
and duration as during the control study period.
Those patients who were free of complaints and
capable of continuing exercise were asked to do
so at the same level of work load for a further period
of time. Pressure values, as in the pre-frusemide
study, were obtained at one minute intervals during
exercise. Exercise cardiac output in the post-
frusemide study was measured at the same time as
during exercise before frusemide, irrespective of
the presence or absence of angina pectoris.

Statistical analysis of the data was carried out
using paired Student's t test.

Results

(A) HAEMODYNAMIC STUDIES
The haemodynamic response to intravenous and
oral frusemide is presented in Fig. 1 to 3. Left
ventricular filling pressure, as reflected by the mean
pulmonary artery wedge pressure (PWP), decreased
slightly at rest. Before frusemide, a precipitous
increase in PWP was observed during exercise in
all but one patient. After frusemide, at the same
exercise duration as before the drug, there was a
striking decrease of exercise PWP by 64 per cent
in the intravenous group (32 9 ± 111 mmHg vs.
118+±55mmHg, p<O0001) and by 49 per cent in
the oral group (30 7 ±5A4 mmHg vs. 15-7±9-1
mmHg, p < 0 01). Values of PWP in patients
receiving intravenous frusemide are shown in
detail in Fig. 3. Each of the 12 subjects showed a
reduction in exercise PWP after frusemide.
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Fig. 1 Mean values of cardiac
output (CO), pulmonary artery
wedge pressure (PWP), right
atrial mean pressure (RAMP),
and pulmonary artery mean

E- pressure (PAMP) of 12 patients
with coronary artery disease
during the control study period
(solid lines) and the
haemodynamic response to
intravenous frusemide (interrupted
lines) at rest (R) and during

T exercise (E).
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Fig. 2 Control values (solid
lines) and haemodynamic response
to oral frusemide (interrupted
lines) in seven patients with
coronary artery disease. Same
abbreviations as in Fig. 1.
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The occurrence of angina was associated with
high left ventricular filling pressures in all but one

patient in the pre-frusemide exercise test. Usually
the rise of left ventricular filling pressure preceded
the beginning of anginal pain. After frusemide
administration, filling pressures were lower in all
cases throughout the study. When angina was

encountered in the post-frusemide exercise test,
PWP was higher than in patients without angina,
though angina clearly was produced at lower filling
pressures compared with the pre-frusemide examin-
ation (Fig. 3).
Right ventricular filling pressure, as reflected by

right atrial mean pressure (RAMP), also decreased
slightly at rest. During exercise, at the same
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Fig. 3 Individual values ofpulmonary artery wedge
pressure (PWP) at rest and at one minute intervals
during exercise before and after 40 mg intravenous
frusemide. The circles indicate the occurrence of angina
pectoris. For comparison of data before and after
frusemide, the curves of the 12 patients are marked with
corresponding numbers. Patients free of symptoms after
frusemide at the same exercise duration continued
exercising for a further period of time (dotted lines).

exercise duration as before frusemide, RAMP in the
intravenous group decreased from 8-7 ±3-3 mmHg
to 3 7 ±2-4 mmHg (p < 0-001) and in the oral group
from 9 5 ±3 0 numHg to 5*6 ±4-3 mmHg (p < 0 01).
The decrease in pulmonary artery mean pressure

(PAMP) was similar to the PWP reduction after
frusemide. The exercise value of PAMP in the
intravenous group decreased from 45-2 +9-8 mmHg
to 273±6-3nmmHg (p<0001), and in the oral
group from 40'4 +417 mmHg to 31-4 ±11-3 mmHg
(p <005).

Cardiac output at rest after intravenous frusemide
fell by 16 per cent (6-3±1t01/min vs. 5-3±0-8
1/min, p<0-001) and after oral frusemide by 15
per cent (617 +0t9 I/min vs. 5-7 ±0-8 1/min, p < 0 01).
The reduction in cardiac output during exercise
after frusemide was 7 per cent in the intravenous
group (10.1 ±2-0 1/min vs. 94 ± 18 1/min, p < 0 005)
and after oral frusemide 10 per cent (10-9 ±2-3 1/min
vs. 9-8 ±t1-8 I/min, p < 0-01).
During the control exercise period an increase in

the v wave amplitude was observed in the PWP
recordings of seven patients during angina, suggest-
ing mitral regurgitation. These alterations dis-
appeared completely after administration of the
drug (Fig. 4a, b).

Heart rate did not change after frusemide, either
at rest or during exercise. The average resting
heart rate of the 19 patients was 76-3 ±13-4/min
during the control period, and 75-9 ±13 9/min after
frusemide; the exercise values were 114-7 ±18-9 and
113-9 ± 191/min, respectively.

Systolic brachial artery pressure was not affected
by frusemide (rest: 149-9 ±24-0 mmHg vs. 150-8
±23-4mmHg; exercise: 194-8 ±31-1 mmHg vs.
195-9 ±32-2 mmHg). Diastolic blood pressure
showed a slight, insignificant increase after fru-
semide (rest: 924±8-0mmHg vs. 959±9 1
mmHg; exercise: 1046 ±15-4 mmHg vs. 107-3±
12.3 mmHg).

(B) ELECTROCARDIOGRAPHIC ABNORMALITIES
The extent of electrocardiographic abnormalities is
shown in Fig. 5. Maximal ischaemic ST depression
during control exercise in the intravenous group
was 0-20 ±0t07 mV, and decreased by 60 per cent
to 0-08 ±0-04 mV in the post-frusemide exercise
test (p < 0 001). A similar reduction of ST depres-
sion at the same work load and duration occurred
after oral administration of frusemide (0-21 +
0-08 mV vs. 0 10 ±0-08 mV, p <0-01).

(C) ANGINA PECTORIS
During the control study period, all patients
experienced mild (n=3), moderate (n=8), or
severe (n =8) angina at a mean work load of 51 watt
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(range 10 to 110 watt). During exercise after
frusemide 10 patients were completely free of chest
pain at the same exercise duration. Three patients
indicated amelioration of chest pain from "severe"
to "mild", three patients from "severe" to "moder-
ate", and two patients from "moderate" to "mild".
In one patient the complaints were unchanged.
Nine of the ten patients who were completely free
of complaints continued exercising at the same
level of work load for an average of 3-5 minutes
(range 1 to 4-5 minutes). The exercise end-point in

these patients was a result of angina (three patients)
and exhaustion (six patients).

(D) SERUM POTASSIUM
Serum potassium levels were obtained the day
before and several hours after completion of the
study. No significant changes could be found after
a single intravenous or oral dose of 40 mg frusemide.
There were no side effects or complications

during the studv.

V5

Fig. 4 (a) Upper tracing:
recordings of electrocardiographic
leads V5 and V6 and simultaneous
pulmonary artery wedge pressure
(PWP) during severe exercise-
induced angina, showing
anomalous v ,wave amplitudes.

I
-V5.

(b) Lower tracing: electrocardio-
gram and PWP of the same
patient at identical work load after
intravenous frusemide. There is a
striking reduction of the PWP
value and a return to normal of
the v wave amplitude.

A. L. 58 J.

~v6
ImmHg
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Discussion

For the purpose of this study it was important not
to accept exercise results uncritically. In fact it has
been repeatedly shown that the first exercise
challenge is usually a learning experience for the
patient and that symptoms, pulmonary artery
pressures, and other haemodynamic variables may
improve during the second exercise period after
repeated exercise at the same work load.13 There-
fore, repeated exercise must be interpreted with
caution when studying the effect of pharmacological
intervention on haemodynamics. In order to
compensate for this phenomenon, an exercise study
after any drug intervention should be made during
the third rather than during the second exercise
test.14 This was achieved by an exercise test 30
minutes before the study period at a work load
comparable to that of the following pre- and post-
frusemide studies. The influence of previous
exercise per se on the haemodynamic data during
the study period is thus avoided.'4
The present study shows that the major and

most consistent effect of intravenous and oral
frusemide is a prompt reduction in right and left
ventricular filling pressures at the same level of
exercise in patients with angina pectoris. This effect
is accompanied in most patients by a reduction or
complete suppression of anginal pain during
exercise, in conjunction with an improvement in
ischaemic ST depression. During angina many
investigators have demonstrated a reduction of left
ventricular compliance and contractility, resulting
in an increase in filling pressure.'5-'7 The increase
in filling pressure is not only a consequence of
myocardial ischaemia, but results in a further
deterioration of oxygen supply in the ischaemic
zones, and thus initiates a vicious circle.'8 These
considerations suggest that any intervention aimed
at reducing left ventricular filling pressure may be
beneficial in the treatment of angina pectoris. It
has been shown by Parker et al.'9 that phlebotomy

during an anginal episode is of benefit in ameliorat-
ing pain; reduction of left ventricular volumes and
pressures was the postulated mode of action.
Likewise, the administration of diuretic agents
results in a reduction of blood volume and a
subsequent decrease in left ventricular dimensions
and myocardial fibre length.'-3 Since afterload
(that is myocardial systolic wall tension) is a func-
tion not only of intraventricular systolic pressure
but also of ventricular volume, it may be readily
appreciated that a diuretic agent that reduces pre-
load may lower afterload by reducing ventricular
volume. Furthermore, the action of frusemide is
not exclusively related to its diuretic properties.
Rather, the immediate haemodynamic effect of the
drug is primarily vascular in origin, since pro-
nounced changes in venous capacitance could be
shown, indicating a strong venous pooling effect.6 7
The haemodynamic effects of frusemide are
probably secondary to both fluid depletion and
increased venous capacitance.
Our haemodynamic data strongly suggest that

the "antianginal" effects of frusemide can be
attributed to the unloading action of the drug.
Fig. 3 shows that a steep rise in left ventricular
filling pressure precedes the occurrence of anginal
symptoms in most patients. After administration of
frusemide the rise in filling pressures is clearly
attenuated and the angina end-point delayed
relative to the pre-frusemide end-point. On the
other hand, angina in the post-frusemide test,
though mitigated, occurred at lower filling pressures
than during the control study. One patient (case 10)
experienced angina at a very low filling pressure
even in the pre-frusemide experiment. These latter
results indicate that other mechanisms apart from
left ventricular filling conditions are involved in
the precipitation and termination of angina pectoris
in patients with coronary artery disease.
We have plotted the changes in cardiac output

against left ventricular filling pressure after
frusemide to provide an approximate assessment of

Intravonous oral

pre post pre post

Fig. 5 The extent of ST segment
depression in the electrocardiogram
during exercise before and after 40 mg
intravenous, and 40 mg oral frusemide,
respectively.
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left ventricular function (Fig. 6). The diagram
shows only a slight reduction in cardiac output
compared with large reductions in pulmonary
wedge pressure in all but one patient. In this
exceptional case (case 10) initial filling pressure was
low in spite of severe angina, and a further decrease
in left ventricular filling pressure after frusemide
resulted in a substantial fall in cardiac output.
Nevertheless, even this patient showed clinical
improvement after frusemide. Any increase in
cardiac output that might have been expected
during exercise because of the improvement in
myocardial ischaemia did not result, because of a
pronounced reduction in pulmonary wedge pres-
sure, reflecting a large diminution of left ventricular
preload.

15-

13-

11-

09

7.

L/nin CO

_.

*. 0 op
O.

|-go,

,-

10 20 30 40 50

Fig. 6 Changes in cardiac output (CO) in relation to
changes in left ventricular filling pressure (PWP) during
exercise after 40 mgfrusemide in 19 patients with coronary
artery disease (solid arrows: intravenous frusemide;
interrupted arrows: oral frusemide).

reduces cardiac output during exercise. It also
reduces systemic arterial pressure, and baro-
receptor-mediated increases in heart rate tend to
have opposite effects on myocardial oxygen con-
sumption.'1 24 Beta blocking agents tend to
increase left ventricular filling pressure during
exercise in patients with coronary artery disease,
as well as in normal subjects,25-27 and thus
may attenuate the beneficial effect on myocardial
oxygen demand. In this study, frusemide improved
cardiac performance, as evidenced by a shift to the
left of the cardiac output/filling pressure relation,
but did not induce changes in systemic blood
pressure nor changes in heart rate.

It appears that the antianginal properties of
frusemide are the result of reduced left ventricular
volume in systole and diastole. This leads to
reduced myocardial wall tension and lower myo-
cardial oxygen requirements. Reduction of wall
tension during diastole will allow for improved
perfusion of the myocardium, especially of the sub-
endocardial layers of the left ventricle. These
effects are suggested as being related to the veno-
dilator capacity of frusemide, which is later sup-
plemented by its diuretic action.

Conclusions from these findings should be
restricted to the acute symptomatic and haemo-
dynamic response to frusemide, since maintenance
diuretic therapy could have substantially different
effects in patients with coronary artery disease.
Therefore, as long as no controlled clinical study
is available, we advocate the additional use of
frusemide in patients with angina pectoris only in
the presence of concomitant heart failure or
hypertension. This concept is compatible with
limited clinical observations9 that administration of
chlorothiazide may be associated with amelioration
of the anginal syndrome in hypertensive subjects.
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