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propranolol on the heart it is no good only looking
at the left ventricle end-diastolic pressure; you must
also know what is happening on the right side.
Unless you know that the pressure is staying the
same on the right side, all the changes could be due
to changes in the blood volume or to alterations in
the balance between the blood volume and the total
circuit compliance.

PROFESSOR GOODWIN: That's what I meant by sug-
gesting that perhaps propranolol worked peripherally.
DR OAKLEY: The volume of the left ventricle was

measured in the acute experiments in the second
batch of patients.
DR DICKINSON: You found the volume decreased

and the pressure decreased. I think you might get
just the same results by putting up your dose of
frusemide without having put the patient to bed for
8 months. Perhaps you should bleed them as well,

because if you dehydrate them very suddenly with
frusemide you will considerably concentrate the
haemoglobin.

PROFESSOR GOODWIN: Back to the old days when
you bled and purged a patient for everything!
DR BENGTSSON: We studied a series of patients

with cardiomyopathy, and after a period of 30 days'
strict bed-rest they had decreased about 30% in
heart volume.
PROFESSOR GOODWIN: It seems that at the present

time there is no effective drug therapy or other regi-
men for congestive cardiomyopathy. It is probable
that until we know the cause, we will not have effec-
tive forms of treatment. In terms of physical activity,
we should probably use a moderate approach, to
allow these patients the amount of physical activity
you would allow a patient with a healed myocardial
infarction.

PANEL DISCUSSION

The treatment of hypertrophic cardiomyopathy with beta-adrenergic blockade

DR OAKLEY: We are attempting to treat a condi-
tion in which compliance failure follows the develop-
ment of hypertrophy. Surgery has shown no evidence
of bringing about an improvement in the diastolic
dysfunction of these hypertrophied ventricles. When
one considers these hearts as they appear in the
gross it would be amazing if a surgical nibble in the
region of the septum could really bring about much
improvement in this main fault! Moreover, it has
been our experience that surgery carries a high risk
(seven out of twenty-four patients died) and the late
mortality does not seem to have been diminished.
We have had four late deaths. So, the results of
surgery are not very encouraging. In addition, others
of our postoperative HOCM patients have gone on
to develop atrial fibrillation, failure, embolism and
all the problems of the patients who have not had
surgery. This has made us become much more
interested in drug treatment to try and improve the
functional disability.

I want to point out the extraordinary effect of
inotropic stimulation on the diastolic pressure in the
left ventricle. All the attention previously has been
on the effect of isoprenaline on the outflow tract
gradient, but there is also the effect on the left
ventricle end-diastolic pressure (LVEDP), which
rises tremendously after a dose of isoprenaline
which has only a very modest effect on the heart rate.
The usual effect of isoprenaline either in healthy or

in diseased ischaemic, congestive cardiomyopathic
or hypertensive hearts is to reduce the end-diastolic
pressure (LVEDP) or for it to remain the same; it
is quite abnormal for this rise to occur after iso-
prenaline. Of course, this post-isoprenaline rise can
be blocked by a competitive antagonist such as
practolol or propranolol. And so perhaps it is no
surprise that beta-blockade allows the left ventricle
in these patients to perform work at a lower end-
diastolic pressure than it could without the drug.
Doctors Michael Webb-Peploe and John Graber at
this hospital have shown the effect of practolol on
left ventricular stroke work, and end-diastolic
pressure. The HOCM hearts mainly perform an
unduly low amount of stroke work and they all
perform at an unduly high LVEDP, which rises
smartly at low exercise loads (Fig. 1). After practolol
the same work is performed at a lower end-diastolic
pressure, a most useful effect of the drug which could
lead to reduction in exercise dyspnoea. We know
that the metabolic cost of exercise is reduced by
beta-adrenergic blocking drugs because the cardiac
output response to exercise is dampened, the same
exercise being performed at a lower cardiac output.
This is true with HOCM as it is also in ischaemic
heart disease. We also know that this work is done
at a lower end-diastolic pressure, two very useful
contributions of the beta-blocking drugs. The
responses were very different between the HOCM
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FIG. 1. Effect of practolol on stroke volume index at rest
and during exercise (a) Before practolol; (b) after
practolol. *, Rest; 0, exercise; A, average.

hearts and the normal or otherwise diseased hearts;
practolol caused no change in the normal hearts but
it produced a tendency to a rise in end-diastolic
pressure in the abnormal hearts. I should mention
that the normal hearts were those of patients who
were investigated for suspected coronary artery or
other disease but found to be normal. You might
have thought that the fall in LVEDP was associated
with a fall in end-diastolic volume (LVEDV). This
would be a very unexpected effect of a,beta-blocking
drug, but was shown not to be so either. You can
see that in the HOCM hearts, the practolol caused
no change or a slight rise in LVEDV and in other-
wise diseased hearts practolol again caused a slight
rise in volume. In a few of the more ill patients it was
a rather substantial and unwelcome rise in volume.
So, we achieved a fall in end-diastolic pressure with
no change or a rise in volume, which suggests an
increase in the distensibility of the left ventricle. As
we measure the post-'a'-wave pressure it is important
to note that the fall in the left ventricular end-
diastolic pressure was not accompanied by any
increase in the PR interval. The normal, the ischae-
mic and the COCM hearts all behave similarly, with
a rise in end-diastolic pressure associated with a rise
in end-diastolic volume. On the other hand, the
HOCM hearts show an increase or no change in
volume but a decrease in end-diastolic pressure after
practolol. Unfortunately, preliminary data suggest
that in the most advanced cases practolol may not
have such useful effects.

In a double blind trial which has recently been
completed by Dr Hubner, Dr Ziady, Dr Lane and
Dr Pridie (at the Royal Postgraduate Medical
School) patients were treated with propranolol,
practolol or placebo. Obviously, the criteria had to
be data obtained by non-invasive means. Along

with the improvement in the end-diastolic pressure
shown in the haemodynamic studies, a diminution
of the pre-systolic atrial beat was shown while on a
beta-blocking drug. While on the latter, the apex
cardiogram became more normal; in one example
the atrial beat virtually disappeared and the systolic
impulse was far less sustained-a virtually normal
record. Mitral ultrasound records also showed some
improvement with acceleration of the diastolic filling
slope but no change in systolic re-opening when this
was present. In acute studies practolol has not
diminished the outflow tract obstruction. Slowing
of the heart rate lengthens the duration of the cycle
during which the mitral valve is open for diastolic
ventricular filling, which, as you know, is very slow
in these patients. While this may be purely a rate
effect, it may also reflect what we believe to be an
improved ventricular compliance in these patients
after practolol. Either seems to be a useful drug but
propranolol appeared to be more effective than
practolol in the treatment of these patients.
PROFESSOR GOODWIN: Thank you very much, Dr

Oakley. It would appear that there is good acute ex-
perimental evidence that these drugs should help by
reducing left ventricle diastolic pressure on effort.
So far it looks as if they are actually helping and
that we are at last getting objective evidence from
the double blind trial. The evidence from previous
experience, using much less satisfactory and much
cruder indices of progress such as symptoms, was
more difficult to evaluate and the only thing that
came out of the previous trial was the improvement
in angina. In patients with HOCM who have angina,
improvement on beta-adrenergic blocking agents
presumably comes from the diminution of the work
of the heart and of its oxygen demand.
DR SCHLESINGER: May I address a question to Dr

Oakley? You talked about the ejection fraction.
Would you care to say something about how you
measured it?
DR OAKLEY: It was measured by a modification

of Arvidsson's technique, checked also in some
instances by a thermodilution method which pro-
duced very similar results. We are also beginning to
use ultrasound to measure ejection fraction and it
looks promising, probably more promising for the
measurement of ejection fraction than it is for
absolute volumes.

QUESTION: Dr Oakley, when you say that propran-
olol is superior to practolol, what sort of doses do
you compare?
DR OAKLEY: The patients were getting 400 mg b.d.

of practolol and 80 mg t.d.s. of propranolol.
QUESTION: Why do you prefer these doses rather

than any others? Would they perhaps be better on
higher doses than they were on the 400 mg b.d.?
DR OAKLEY: Possibly, but it's been my experience
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that one reaches a ceiling with practolol and that
further increments in the dose don't make any
difference. One can always criticize a trial of two
drugs where only a fixed dosage of either is being
used. One can always say, double the doses of one
of the drugs and this will alter the results. This may
be true of this trial but we were primarily looking
to see if beta-adrenergic blockade was useful, rather
than to test one drug against the other. What one
may find with practolol is that it is impossible to
slow the heart rate of the HOCM patient adequately
on exercise. Since this is probably the main reason
why these drugs are so helpful I would always choose
propranolol in a patient with HOCM, despite its
shorter duration of action.

PROFESSOR GOODWIN: IS the diastolic-pressure-
lowering effect purely rate-mediated?
DR OAKLEY: Oh no, although rate comes into it

because (i) angina is a very frequent symptom and
(ii) maintenance of stroke volume during exercise
depends upon diastolic filling time.
PROFESSOR GOODWIN: Could it be crucial in pre-

venting sudden death?
DR OAKLEY: This may be the main benefit of the

rate-slowing effect.
PROFESSOR GOODWIN: YOU feel that the rate-

slowing effect of practolol is less dramatic than
that of propranolol?
DR CORTINA (Spain): Has digoxin any place in

the treatment of cardiomyopathy?
DR OAKLEY: I am sure that digoxin is the main-

stay of the treatment in congestive cardiomyopathy.
DR CORTINA: What about obstructive cardio-

myopathy?
DR OAKLEY: Braunwald showed in 1964 that in

HOCM, any inotropic agent can increase outflow
tract obstruction so everybody became terribly
excited about the ill-effects of digoxin. We are now
less concerned about the adverse effects of outflow
tract obstruction on the patient and we need to know
the effect of digoxin on the end-diastolic pressure in
the left ventricle. In the acute haemodynamic studies
that we have done the end-diastolic pressure has
stayed the same or even gone down a little bit after
ouabain has been given. I personally believe that
there may be a place for digoxin in the treatment of
HOCM in the advanced stages, when the left
ventricle end-diastolic pressure is very high and
there is no outflow tract obstruction. It is also useful
in slowing atrial fibrillation when this occurs in
advanced HOCM, particularly in combination with
propranolol.
DR HALLIDIE-SMITH: If we accept that most of

the patients with HOCM have inflow problems are
there not a few who perhaps have outflow obstruc-
tive problems? If we think of these, you have
virtually dismissed the place of surgery. There are

many people who would not agree, and we have to
admit that practolol has no effect whatsoever on the
outflow gradient.
DR OAKLEY: I don't think either propranolol or

practolol have any effect on the basal level of out-
flow tract obstruction. Some of our early data with
propranolol may have been somewhat misleading,
because either practolol or propranolol will prevent
an increase in gradient which has been provoked by
an injection of isoprenaline or by medullary cate-
cholamine release because the patient was frightened.
We have seen spontaneous loss of a high gradient
in a patient who was perfectly co-operative but
anxious at the beginning of the procedure. By the
time we came to get our base-line measurements, a
gradient of over 100mmHg had completely vanished.
I think that this is quite common. In this respect I
don't think there is a lot to choose between pro-
pranolol and practolol (although, admittedly,
practolol has shown a rather unexplained tendency
to increase the gradient in one or two patients). I
don't think that the outflow tract obstruction is very
important. Surgery relieves it by depressing left
ventricle systolic function, which is hardly welcome
and which, in any case, is going to happen during the
natural course of the disease. Dr Gibson's paper
suggested that left bundle branch block may relieve
the obstruction by causing paradoxical septal move-
ment, but I think that these results are still subject
to confirmation. We have had at least one HOCM
patient with naturally acquired LBBB who also had
outflow tract obstruction.
DR BESCOS: I would like to ask Dr Oakley if she

has any theory to explain the decrease in end-
diastolic pressure caused by those drugs, because
with such a thick left ventricular wall it is difficult to
imagine how the distensibility can be modified.
DR OAKLEY: Dr Olsen may permit me to mention

once again both the untidy myocardial fibre arrange-
ment and the fibrillary crossovers at EM level. We
should first try to explain the surprising effect of
isoprenaline in increasing the diastolic pressure as
the effect of the blocking drugs is simply a removal
of this. If we think of these cross-overs, the effect
of drugs which decrease end-diastolic volume may
have something to do with this malalignment of the
contractile structures. I certainly prefer to try and
work out how the end-diastolic pressure is raised
by the inotropic stimulus because the beta-blocking
effect is just a reversal of this. It might, perhaps, have
something to do with these abnormal 'cross-overs'.
DR OLSEN: If you look at the electron micro-

scopic examination you find the fibres running in
one direction but some fibres suddenly veer off and
run up and into those of the next fibre. These are
the contractile elements. There is evidence that when
a patient's heart weight increases over a certain
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critical weight (which Linzbach has suggested may
be 500g for the whole heart and 200g for the
individual ventricles), the myocardial fibres begin
to split. So in fact this 'cross-over' may purely be
the expression of intense hypertrophy and hyper-
plasia and we do know that it is not unique to
hypertrophic obstructive cardiomyopathy but can
be seen in other conditions.
DR OAKLEY: IS it more frequent in HOCM?
DR OLSEN: Perhaps it has been more carefully

looked for in HOCM!
DR OAKLEY: If you consider organic aortic

stenosis, the beta-blocking drugs cause a rise in end-
diastolic pressure and not a fall, so that if they have
the same cross-overs, the paradoxic effect of iso-
prenaline and beta-blockers on left ventricle filling
pressure can't be explained in this way.

PROFESSOR GOODWIN: But there does seem to be
this very different specific response to the inotropic
and inotropic-blocking drugs in HOCM, which we
can tell is different from anything else. In a recent
patient with HOCM who sustained an anterior in-
farction, all the evidence of outflow tract obstruction
disappeared completely. Presumably this was due
to reduction in contractile function with an akinetic
or dyskinetic area increasing left ventricular volume.
Anything which will make the cavity larger will
perhaps tend to remove the gradient but not alter
the diastolic compliance.
DR VAN DE WALL: I don't feel fully satisfied with

the lowering of the end-diastolic pressure. One has
seen, during operation, this firm, ill-contracting and
ill-expanding ventricle lying like a ball and not even
rotating in the thorax. I can't imagine how an agent
like practolol or propranolol could lower the end-
diastolic pressure through enhancing the distensibility
of that non-compliant grey-bluish ventricle. I just
can't imagine it! How can you explain that? I
suppose the experiments showing the influence of
practolol are acute experiments?
DR OAKLEY: Yes.
DR VAN DE WALL: We did the same with pro-

pranolol before and after exercise and got the same
results as you showed upon the end-diastolic pressure.
Then we repeated the same experiments after a year
and found quite different responses. The patients
were given propranolol orally for a year and then
we repeated the catheterizations and the experi-
ments before and after exercise with a dosage of
propranolol 5 mg intravenously. We then generally
saw an increase in the obstruction.

PROFESSOR GOODIWN: What you are saying is that
acute experiments with propranolol have shown a
lowering of end-diastolic pressure, particularly after
effort, but in your patients treated for a period of
time by oral propranolol you did not find this when
you studied them again.

DR OAKLEY: How did you make the two studies
comparable?
DR VAN DE WALL: We stopped the propranolol at

least 5 days before the repeat experiment to be sure
there was no propranolol in the body. So we have
the impression that there may be a difference
between the beta-blocker in acute experiments and
the response to it in the long term.
DR OAKLEY: But how about the results of our

double blind studies? The apex cardiograms were
very impressive in showing a loss in the altitude of
the pre-systolic beat.
DR VAN DE WALL: For example, we have one

patient who, before the acute experiment, showed an
'a'-wave ratio in his apex cardiogram of 41% and
after a year of propranolol it had diminished to 18 %.
DR OAKLEY: To argue against myself, one explana-

tion could be that the beta-blocking drug simply
paralyzed the atrium so that it was no longer con-
tracting as strongly as before.
DR VAN DE WALL: That provides an explanation

for the lowering of the end-diastolic pressure
perhaps.
DR OAKLEY: If one looks at the pre-'a'-wave

pressure it is not so dramatically raised in these
HOCM patients and if you then look at the mitral
echocardiogram it appears that there is negligible
ventricular filling accomplished until after atrial
contraction. This is why these patients deteriorate so
much with atrial fibrillation. Atrial activity is very
important to them and I doubt if we could abolish
this atrial contribution to ventricular filling with
beta-blocking drugs without the patient deteriorating
rather obviously; and our patients improved.
DR KHAN: Dr Oakley has stressed that the out-

flow tract obstruction is not very important in this
disease. Yet the outflow tract obstruction is there,
the left ventricle is already hypertrophied and this
may be a further stimulus. I think we can't ignore
the obstruction; it may be a bad handicap and its
removal may account for some of the good surgical
reports on the effects of resection of the septum.
What do you think about this?
DR OAKLEY: I agree with you that the obstruction

to outflow is undesirable. It may impose what is
virtually a second isometric period, a period of high
metabolic demand on the left ventricle. During the
obstructed period there is very little forward outflow
from the ventricle but it develops only after most
of the blood has been freely ejected without obstruc-
tion. I think that the results from NIH (Bethesda)
(although impressive) omit to tell us the one thing
we want to know, which is the effect of operation
on the end-disastolic pressure. They comment on
the end-diastolic pressure at rest but do not comment
on it during a measured amount of exercise. The
end-diastolic pressure is every bit as labile as the
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outflow tract obstruction and until we get this infor-
mation from NIH, we will not be able to comment on
their surgical results. I don't think that the patients'
symptoms are enough to go on, because everybody
knows of the enormous placebo effect of 'heroic'
cardiac surgery on patients who have rare diseases.
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